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P-ROGEEDI-NGS
8:31 a.m

CHAI RVAN APOSTOLAKI S:  The meeting wil |
now conme to order. This is a neeting of the Advisory
Conmittee on Reactor Safeguards, Subconmttee on
Reliability and Probabilistic R sk Assessnent. | am
Geor ge Apostol akis, Chairman of the Subcomm tt ee.

Subcommi ttee nenbers in attendance are
Mari o Bonaca, Steve Rosen and WIIiam Shack. The
pur pose of this neeting is to discuss the status of
the Probabilistic Ri sk Assessnment Research Program
with representatives of the Ofice of Nuclear
Regul at ory Research

The Subcommi ttee wi I | gat her i nformati on,
anal yze relevant issues and facts, and formnulate
proposed positions and actions as appropriate for
deliberation by the full commttee. M chael Snodderly
is the designated federal official for this neeting.

The rules for participation in today's
nmeeti ng have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on Cctober 1, 2003. A transcript of the
neeting is being kept and will be nmade avail abl e as
stated in the Federal Register notice.

It is requested the speakers first
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identify thenmsel ves and speak with sufficient clarity
and vol une so that they can be readily heard. W have
received no witten comments or requests for tine to
make oral statenents from menbers of the public
regardi ng today's neeting. We will now proceed with
the neeting and | call upon M. Prasad Kadanbi of the
Ofice of Research to begin.

MR, KADAMBI : Thank you very nuch, M.
Chairman. | would |ike to ask the Branch Chi ef of the
Regul atory Effectiveness and Human Factors Branch,
John Fl ack, to perhaps cone up

CHAI RVAN APCSTOLAKI S: "' msorry, John.

MR. FLACK: That's fine. Good norning.
My nanme is John Flack, Branch Chief of Regulatory
Ef f ecti veness and Hunman Factors Branch. | just wanted
to nention that this work actually evolved from
recomrendati ons fromthe ACRS about a year ago to use
formal decision nmaking in order to provide nore
t ranspar ency, reducibility, consi st ency, and
traceability inlight of the uncertainties basically.

What you will hear today is we will give
you an overvi ew of where we are on that effort and how
we are nmoving forward in its application to other
areas which we are constantly entertaining.

The key eventual |y woul d be to get to the
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Conmi ssion wi th sonet hing and have them support this
effort. One of the things | think is advantageous in
the effort came up recently when we were just
di scussing on how to docunent know edge and
understanding in some formal way to be passed on to
t he next generation.

By appl yi ng nethods | i ke this you do | eave
t hat behi nd. Peopl e can understand better how
deci sions were made and what the basis of those
deci sions were. W are seeing this comng up againin
anot her arena as another inportant area.

Having said that, let me turn it over to Prasad who
will wal k you through.

CHAI RVAN APOSTOLAKI S: Very good.

MR. KADAMBI: Thank you very nuch, John.
The outline of ny presentation is basically just to
introduce a docunent that we have prepared and
i ntroduce the Subconmm ttee to sone i deas about how we
can use the information in this docunent.

VWhat this represents is the conpletion of
the first phase of an activity that we undertook as
t he recommendati on of ACRS. The second phase we see
as the applicationto denonstrate the utility of these
i deas. Then we have to get eventual |l y Conm ssi on buy-

in on this approach. That's what we are aimng

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

t owar ds.

MR. ROSEN. | shoul d acknow edge t hat was
t he wong nunber, 6833.

MR. KADAMBI : Yes, |I'msorry. | was going
to point that out. In sone places | have i nterchanged
t he nunbers and it should be 6833 of the NUREG CR

CHAI RVAN APOSTOLAKI'S:  You are the only
one so far dealing with this issue? Cbviously John
knows what you're doing but you are the only one
exploring this?

VR,  KADAMBI : Qur branch, | think, is
really the one that is focusing on this.

MR. FLACK: Yes, we have the lead on it.
Basically Prasad's work is doing the format. Now, we
recogni ze that methods like this are being applied
wi t hout recognizing --

CHAl RVAN  APOSTOLAKI S: Sur e. Sur e.
You' ve been maki ng deci sions since 1974.

MR. KADAMBI: Yeah. And | think we want
definitely to acknowl edge the role of the ACRS in
bringing toour attentionthe nmerits of this approach
W did tell you back nore than a year ago that we
woul d be exploring the feasibility of applying these
met hods.

I n order to provide the context for this,
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| would like to find out, again, as John al so poi nted
out, that the agency is really nore than a |ot of
activities that have elements of formal nethods.

What is seens these activities would
benefit fromis an overal |l structure and a predictable
process that would at a higher level bring these
concepts together so that we wll have greater
assurance of consistency, transparency, and a way to
assess effectiveness and deficiency, | believe.

We got started on this really as part of
the advanced reactor research plan when we were
| ooking for different ways that we mght prioritize
t he research t hat woul d becone necessary i f we started
getting applications for advanced reactor concepts.

In addi tion to t he phenonmena
identification and ranking table approach which has
been sort of the standard way that we have pursued
this, we wanted to see are there other ways of
achi eving sone kind of prioritization sothat's howwe
got started on it.

Wat we found is that really the
nmet hodol ogi es have w despread applicability. Also
what we found is that there are many ongoing
activities such as the planning, budgeting, and

performance nanagenent effort, the PBPM which is
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central to a lot of things that the agency is doing.
It is an effort that tries to consider the four
performance goals of the agency.

I n many ways it represents an application
of nmulti-attribute utility. W would like to see if
that and the PIRT process, and also | would like to
find out the effort in performance based regul ation
whi ch the Commission has identified as a strategic
goal to inprove risk inforned and performance based
regul at ory approaches.

Al'l these would benefit from a fornal
structuring of objectives. Wat | see is significant
support for this whole effort is the success of the
ROP which we would attribute substantially to this
formal structuring of objectives.

CHAI RMAN APOSTOLAKI S: Whi ch t he ACRS al so
requested at the tine and the staff perforned
beautifully.

MR ROSEN: And quickly.

CHAl RVAN APOSTOLAKI'S:  So we all deserve
credit for this. Alot of tines people think of, you
know, all the analysis and | have to have this and |
have to have that. Sure there is a lot of effort
going into that but sinple things |ike structuring

your objectives, thinking about them as are they
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i ndependent; am | double, triple counting;, am I
| eavi ng anyt hi ng out.

This is a great value. Al  formal
mat hemati cal theory is that they take you by the hand
and they say, "Now ny friend you have to think about
this. The next stepis to think about that." | think
you real | y poi nted out sone of the great benefits even
bef ore you put any nunbers in by just structuring your
approach and saying, "This is what | really care
about. | care about reactors. | care about this and
| care about that."

Initiating events |i ke the ROP does and in
anot her context you have sonething else. That's
already a najor step because it forces you to think
about what are the objectives of your analysis and
some structure. | think the ROP has benefitted
tremendously fromit.

That sinple diagramthat shows the four
top tiers is great. People look at it now and think
this is what the NRC staff really cares about. They
care about initiating events. They care about the
pri mary human boundary. You know, this is wonderful.

MR. FLACK: And just tofollowupto that,
we actually when we responded to the need to do

advanced reactor research we fol |l owed t hat sane | ogi c
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and it just carried us through.

CHAl RVAN  APOSTOLAKI S: It structures
everyt hi ng. It has many, many applications so |I'm
really glad you guys are doing this.

VMR,  KADAMBI : Well, this particular
NUREG CR, in fact, does have a whol e section devoted
to the structuring of objectives. W use the reactor
oversi ght process as an exanpl e t hat denonstrat es sone
of these concepts and how they can be nore w dely
appl i ed.

The NUREG CRitsel f, again, | point out at
6833, is not a cookbook. What we try to do is after
| ooking at this whol e vast area of decision analysis
try to identify certain inportant concepts and the
literature init. | have to point out our Chairmanis
responsi ble for a substantial part of the literature
and we have benefitted considerably fromit.

CHAl RVAN  APOSTOLAKI S: Comm ssi oner
Modarres is doing all these things?

VMR. KADAMBI : No, the Chairman of the
Subconmmittee right here. W have conpiled this sort
of catalog of tools and nethods which we hope wll
make it easier for staff to get intoit and to pursue
it tothe depth that they find necessary to apply it

inany particul ar application because, of course, the
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context determines a lot of exactly what actually
happens in any application.

We di d have a peer revi ewof this NUREG CR
and it was very valuable to get the kind of feedback
that we did fromthe ot her programoffices. Everybody
recogni zed the merits of a structured deci sion process
and they al so recogni zed how in their own work they
see el enents of these things.

But what did seemto throw everybody off
was the unfamliar term nology and the conceptual
conplexity of a lot of things in here. What we felt
was this is something that needs to be addressed
recogni zing this as an i nportant part of the feedback.

Again, it can be addressed by actually
showing how it would work in specific cases using
fam liar exanples. The bottom line is that the
evidence from this work provides strong support to
pursue these net hods.

Again, it's 6833. \What a staff nenber
usi ng this docunent would be introduced to a certain
concept such as utility theory, val ue-of-information
t echni ques, performance neasures, sonmething that |
believe is quite key to this whole approach as to
understand how qualitative objectives can be

represented by appropriate performnce nmeasures and
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t he concept of hypothesis testing whichis, you know,
a very famliar thing in science but quite often we
don't really use it as nmuch as we can in our work.

There is sonmething called Receive
Operation Characteristic that we devote quite a bit of
time to in this docunent. | have to tell you that
this is term nol ogy that goes way back to the end of
t he second Worl d War when they were devel opi ng radar
techniques to differentiate between false and true
signals. The way | use it in this work is basically
a formal way of considering the probability of being
ri ght versus the probability of being wong.

CHAI RVAN APOSTOLAKI S: Fal se positive,
fal se negati ve.

MR. KADAMBI: Right. Exactly. Alsothere
is a section on objectives hierarchies which | think
will help a great deal

W have also tried to cover in this
techniques that the staff is sonewhat famliar with
such as the anal ytic hierarchy process and CSAU, Code
Scaling, Applicability and Uncertainty Eval uation.

CHAI RVAN APOSTOLAKI S:  One comment here
trying to hel p you avoi d sone of the pitfalls. If you
mention the analytic hierarchy process to decision

theorist, they wll attack you because the AHP
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unfortunately was presented as an alternative to
deci si on theory.

But if you use it to support decision
theory, in other words, you know, getting the
utilities or eliciting information from experts but
not making the decision using the AHP. Then it's a
different story. It has its own problens.

| thinkit's simlar towhat happened with
expert systens. They were oversold in the beginning
t hat expert systens woul d sol ve everybody's probl ens
and it turns out that they have not sol ved everybody's
probl ens but they are very useful. Havinginteractive
problems in the English | anguage is great.

So this one is a tool that supports the
deci sion theory and you probably know that already
because it's like hold a red flag. |If you nention

this to people Iike Keene Neale or those guys it's
somet hing to be careful about.

MR. KADAMBI: | fully agree, M. Chairnman,
and | would say that sonething in ny m nd we want to
be careful in the whol e decision analysis area is we
shoul d not oversell it because it may really create
unnecessary problens in the future.

CHAI RVAN APOSTOLAKI'S:  So the AHP is not

an alternative. [It's just another tool.
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MR. KADAMBI: No. This is just to point

out that --

CHAI RVAN APOSTOLAKI' S: | under st and.

MR. ROSEN:. Cone back to why you want to
do this and you would like to have the agency use
these techniques or recognize the aspects of the
t echni ques and what they're now doi ng. Maybe expand
t he way they do business now to take on sone nore of
the attributes of these techniques to nake the
deci sion processes even nore formal and nore
transparent and that sort of thing.

So if you think of what vyour final
objective will be which is to convince people to do
sonething different, then the idea that you not nake
themnmad in the process is very useful.

MR. KADAMBI: Exactly. That's the whole
point of it.

CHAI RVAN APOSTOLAKI'S: | really found it
interesting that the revi ewers conpl ai ned that there
was conception conpl exity. | thought conceptually the
method isreally sinmple. Inplenenting and applyingit
is a problemand | keep getting surprised nyself.

For exanpl e, one of the |atest problens
we've had is how do you accomopdat e t hrough team ng

and maybe |osses, economc |osses from routine
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failures, and t he sane problemw th core danage whi ch
i s huge. You have this trenmendous difference. You go
froma few thousand dollars to billions of dollars.

That creates a big problemin accessing
utilities and all that. The inplenmentation, if seens
tome, is nore conplex and subtl e than the conceptua
frame work. But, you know, if people found it
daunting, then what can you do? W have to educate,
right?

MR. KADAMBI : We have to address the
i Ssue.

CHAl RVAN APCSTOLAKI S: Sure.

MR. KADAMBI : And hoping that is the sort
of thing that we pursue.

MR. ROSEN: | may very well be that the
way to introduce this is to tal k about way deci sions
are made now. What aspects of what you do noware, in
fact, parts of this which is talk about the way
busi ness i s done now and say now t he formal decision
maki ng theory would add this piece to that.

CHAI RMAN APOSTOLAKI S: Exactly. That
woul d be a great way of doing it.

MR. ROSEN:. Rather than top down and say
these are all the things you have to do.

CHAI RVAN  APOSTOLAKI S: Ri ght. Use
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somet hi ng that people are already famliar wth.

MR. ROSEN. And are doing.

CHAI RVAN APOSTOLAKI S: And puttinginthis
formnow you will have gotten extra hel p here.

MR, ROSEN:  Yes.

MR. KADAMBI: In effect, that's exactly
what | was trying to do by pointing out how the
pl anni ng, budgeting, and perfornmance nanagenent
activity of the agency is really doing just that. |
nmean, if you |ook at what planning involves, it is
really a careful identification of objectives and
trying to structure it in such a way that you can, in
fact, budget appropriately to the priorities.

MR. ROSEN: But, you see, even that is
just a piece of a bigger structure which includes the
agenci es overall goals first and then down to the
pl anni ng and budgeting. Wen you see an aspect of a
budget come up, there's always the question how does
this relate to the agency's goals so it's in this
formal structure.

MR. KADAMBI: Exactly. That's the point
l"m trying to mnake. And also | think it sort of
encourages one to be nore creative in identifying

per f ormance measures as you go through this effort and
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identify the neasures at the right level in this
structure so that you don't get too deep into details
and into the noise |evel of things and you focus on
those things that are inmportant as Dr. Apostol akis
poi nted out. It's a way to identify what is
i mportant.

Again, | go back to the success of the ROP
and the Conm ssion's enphasis on perfornmance based
regul ation as offering opportunities to use formal
deci si on nethods. The PBPM process can be seen as a
way to express nulti-attributeutility theory. W are
eval uating opti ons to consi der private projects and we
certainly would |ike suggestions from the ACRS on
this. What is key is that we do involve the other
offices. | think we need to get nore peopl e invol ved
fromall the difference areas of agency activity.

We have to, | think, point out that the
basic benefits that we see fromthis is a focus on
structure, transparency, and treat nent of uncertainty.
Quite often that is where we, | think, can show
i nprovenent in our work. \What we are suggesting is
that there are sone things that we can take from
deci sion analysis to help us do that.

W have tried to identify a five-step

process to do this. The first step would be to
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construct utility function. Again, that sounds to
some peopl e, you know, |i ke sonething conplex but it's
basically just identifying what is inportant for the
deci si on maker to nmake sure that we i ncorporate inthe
things that we observe and that we try to neasure
t hose t hi ngs that the deci si on maker and t hat depends,
of course, on who it is.

Sonetinmes it's the Comm ssion and
sonmetimes it is the branch chief. It could be anyone
in between, too. So, you know, we just formally go
through this process and try to identify what the
constraints are. Then the second step would be to
have a way to think about alternatives.

Quite often what we end up doing is we
identify an alternative and all the activity goes in
either sort of proving success or failure of an
alternative rather than spend nore tinme and effort
t hi nki ng about what are the different alternatives
that will help us optimze the decision naker's
pr ef erences.

MR. ROSEN: Well, you hear about the
Presi dent's deci si on maki ng process. You al ways hear
that heis presented with a slate of alternatives from
do nothing to whatever. That is clearly evidence that

down the street they are using it.
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MR KADAMBI: Right.

CHAI RVAN APOSTOLAKI S:  One of the senior
menbers of the Cinton adm nistration, Secretary of
t he Treasury Robert Ruben, he said in aninterviewin

the New York Tinmes that every major decision to be

made used this. They asked him you know, if you have
t his big thing about the financial crisisin Korea and
Japan and all that, the question was whether the
United States should intervene and hel p them

Congress was against it. He said he used
the utility theory. They asked him "How can you put
probability to sonme of these things?" He said, well,
he puts sonme nunbers in and you do sone sensitivity
studi es, the Secretary of the Treasury.

MR. ROSEN. You didn't call himup and
| ecture himon uncertainty, the fact that sensitivity
studi es are not substitutes for uncertainty anal ysis?

CHAI RVAN APOSTOLAKI'S:  |'m sure he knew
that. He's a Harvard graduate. | was so inpress. |
shoul d have kept that interview

MR. ROSEN: He got it right and al so the
Vice Chairman of Citigroup

CHAl RVAN  APOSTOLAKI S: He said that
t hroughout his career --

MR.  ROSEN: He did have a job after
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gover nnent .

CHAI RVAN APOSTOLAKI S:  And even before.

MR, ROSEN: Before that he was wth
Gol dman- Sachs.

CHAl RVAN APOSTOLAKI S: Yeah, and he said
using this --

MR. ROSEN. He's done all right.

CHAI RVAN APOSTOLAKI S: He decided to hel p
Mexico with their economic crisis. He said he had
young peopl e around hi mwho under st ood t hese net hods
so they prepare alternatives using these and then he
woul d rmake a deci sion. It was a very inpressive
interview

MR. ROSEN:. He's an inpressive guy.

CHAI RVAN APOSTOLAKI' S: You see, you don't
have to be too occulant. | nmean, if you followthe
t hought processes, it hel ps you.

MR. KADAMBI : Again, by way of how we
woul d go about using this, we coul d generate expected
utilities so that we could subject it to sone kind of
atesting processif we doinplement it. W would use
qualitative and quantitative factors. Quite often we
get trapped into thinking that if you can't quantify
it, then we should reject it.

VWhat this approach would tell us at | east
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t hink about constructive neasures that would be
applicable to the qualitative aspects. W could | ook
for figures of nerit sonetines in very conplex
situations that may not be easy to do. |In fact, it
may turn out to be not just one figure of nmerit but a
conbi nati on of them

Agai n, dependi ng on the context it may or
may not be very conplex. Also the key is to identify
t he decision rules to think about this. For exanpl e,
when the option 2 effort, the risk categories are, in
fact, decision rules that have been set up. If we
ook at it nore formally, that way | think it my make
it easier to inplenent sonme of these.

MR. ROSEN: If | were to think about the
ROP in the context of these last few thoughts you
offered, I would say that performance index are the
performance i ndi cators and the decision rules are the
action nmakers. Am| correct?

MR. KADAMBI: Yes. That's how | would
translate it, too.

MR. ROSEN:. Because what we are trying to
do with the ROP is decide where to apply agency
resour ces.

CHAI RVAN APOSTOLAKI S: And the thought

that the various colors should be consistent in the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

23

parity of the colors comes fromthis theory that says
when you say yel | ow here and yel l owthere, you have to
mean the same thing in terns of preference.

MR. ROSEN:. O herw se --

CHAI RVAN APOSTOLAKI'S: Ot herw se you are
arbitrary. That is an interesting input or insight
fromthe theory that woul d have hel ped t he devel opers
of the matri x.

MR. ROSEN: But ny point here is nade to
reinforce an earlier point | made which was that one
needs to personify this for the agency. If you want
to get your ultinmate objective whichis to get people
tothink noreinterns and use it which is a val uabl e
objective | support, then as you go along in these
presentations, say, for exanple, in the ROP, here's
how we did it.

We figured up performance i ndex and t hese
are our decision rules. W didn't call them those
things at the time. W just used our good judgnent
and set it up that way. But, in fact, here are the
pi eces of formal decisi on net hod bei ng enbodi ed inthe
way we do busi ness.

We just didn't know it so don't be too
surprised if you find out that two-thirds of what we

do followthese informal ways in thinking. It's just
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a way of heuristically approaching the subject for
your audi ence that |'m suggesting.

MR. KADAMBI : Yes, absolutely. | fully
agree with what you said.

MR.  BONACA: Anmong these steps you
mentioned a nunber of tinmes the treatnent of
uncertainty so it would be also part of this steps
that you are describing here?

MR. KADAMBI : Yes. | think you would
incorporate it at each step really because
uncertainty, in fact, determnes a |ot of how you go
from step to step and what you would consider as
i mportant and what you woul d pay nore attention to and
what you would pay | ess attention to.

| think it's sort of one of those
background ki nds of things that you have to keep in
mnd. M feelingis that as you start applyingit you
will be forced to think about it if you do it in a
formal way.

MR.  BONACA: So really probably the
devel opnent of nortality is tied to it.

MR KADAMBI: Yes, it is.

MR. ROSEN: And one alternative that is
nore preferable than another is one that is |ess

uncertai n.
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CHAI RVAN  APOSTOLAKI S: That's right.

O her things being equal.

MR. KADAMBI: Again, | don't know how it
will work out in specific cases. There may be certain
times when it doesn't quite work out that way but if
it doesn't work out that way, | woul d submt you woul d
at least knowwhy it isn't and so you woul d know how
to either confirmor deny your basic assunption.

MR. ROSEN: Well, I'ma control freak so
| I'ike alternatives that have | ess uncertainty rather
t han nore. Maybe others would not follow that.
That's one of nmy high priority itens. | wouldliketo
get where |I' mgoi ng, knowwhere |I' mgoing to start and
get there with sone reasonabl e assurance.

MR.  KADAMBI : Sur e. | under st and.
Anyway, these are the basic steps that we m ght think
about using and how coul d we i npl enent these. Again,
| offer these as possibilities that we m ght pursue.
VWhat we will try to do along the lines of what M.
Rosen pointed out is try to close the gap in
term nol ogy by pointingout simlarities between al ot
of what is al ready bei ng done and what formal deci sion
t heory approach it really calls for.

One way of doing this mght be to set up

an interoffice working group which would provide a
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focal point for these formal decision nmethods and
devel op a nucl eol us of know edgeable staff in this.
W could identify case studies and apply themwth
i nt ernal stakehol der i nput, you know, invol ved i n many
of the steps where really having stakehol der input is
quite critical.

O course, at sone point we woul d have to
address the resource i ssues because all these things
t ake resources and resources are always at a prem um
We woul d have to work t hrough t hese i ssues one by one.

CHAI RMVAN APOSTCOLAKI S: Have you found
positive response from peopl e when you tal k about an
i nteroffice working group?

MR. KADAMBI: Well, not yet. Maybe if the
ACRS helps me, | will be able to get nore positive --

MR. ROSEN: W coul d open up each neeti ng
with a discussion what it appears and who is
presenting it to us and what they know about forma
deci si on nmet hods and whet her they are supporting the
ot her agency.

MR. KADAMBI: | would go along with that.
That woul d make you popul ar.

MR ROSEN: W could start with our
col | eague Dana Powers.

MR. KADAMBI : What we woul d be | ooki ng f or
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is sort of a ripple effect of wder and w der
participation in it and gradually have enough peopl e
that we can rely on to inplenment this. Wat | would
foresee is that we prepare sone ki nd of a NUREG r eport
but it has to be sonmething that we can go back to the
Conmi ssion and say one way or another the staff has
expl ored thi s approach, has denonstrated one thing or
anot her, and then nake sure that the Conm ssion does
support this activity.

MR. ROSEN: Do you have a training branch
in this agency?

MR, KADAMBI : There is a whole -- you
know, it's part of human resources. Training is a
very inportant function.

CHAI RVAN APOSTOLAKI S: Short courses you
mean?

MR. ROSEN: Vell, we're tal king about
t rai ni ng. We're tal king about training people to
understand the value of formal decision nethods.

CHAI RVAN  APCSTOLAKI S: That's a good
poi nt. Maybe you can -- | don't know, maybe it's too
soon now but after you've heard sone of these case
studi es of where you denonstrate. You have it right
t here?

MR KADAMBI: Well, no.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

28
CHAI RVAN APOSTOLAKI S: | nmean, it woul d be

wort hwhil e having a two to three-day training short
course as part of the agency's arsenal.

MR. ROSEN. | would start with a hour just
to get the idea to people. Really, ny point was that
what you are really doing is -- research has | ooked
i nto these nmet hods and det erm ned t hat t hey have val ue
and suggest to the agency that they be used. It seens
to ne the rest of the job other than sonme advocacy
fromyou is to support the training organization.

These are the kinds of things that are
enbedded in a culture, the agency's culture through
managenent training, not through the research group
trying to set up an i nteragency wor ki ng group pushi ng
on a rope. Wat you need to be doing is putting in
your formal training programfor nmanagers so that the
managers come to their jobs equi pped understandi ng
what FDM is and understanding how to -- where it's
applied in the agency already.

When t hey set up a new project to take out
their FDM nethods and say, "Ckay, let's make sure
we're following through this." O herwi se, | feel
research is the wong person to do it and, secondly,
pushing on a rope anyway.

MR. KADAMBI : Wll, | think that is a
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val uabl e suggesti on and we ought to do sonet hi ng about
it.

CHAI RVAN APCSTOLAKI S:  You have to have
case studi es. You have to have case studies
meani ngful to the agency.

MR. ROSEN: You have to support training.
You can't just tell trainingto doit but you would be
t he support for training. You would hel pthemdevel op
the nethods. You would train their trainers. You
would sit in on the sessions initially. It's a
function of human resources to train nanagers,
supervi sors, and enpl oyees in general on techni ques
t he agency wants to use.

MR. KADAMBI: It appears to ne that could
be the central nmessage of a Conm ssi on paper as we go
up to the Commission with the results of this case
study and all the information.

CHAI RVAN APOSTOLAKI S:  Are you doi ng any
at all? | mean, what is the plan for this next year
now?

VR. KADAMBI : Actually we haven't
formul ated a plan as such.

MR. FLACK: That's part of what we are
here to discuss when Prasad was nentioning

i npl emrentati on and how to go about doing that and |
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think the focus would be to try to get sonmething to
t he Comm ssi on and draw out a pathway to get us there
to denonstrate and to show that it works.

Then as part of that integrating it, |
would think it's nore a tool that you could integrate
it into nodul es that nmay be al ready on t he books where
you woul d have a certain part of that in the context
of that application and showhowit works so there are
di fferent ways. Again, we are still trying to figure
out in some way the next step in trying to get this
laid out and that's what you're hearing today.

CHAI RVAN APOSTOLAKIS:  So you are in the

process then of thinking about what case studies to

do?

MR. KADAMBI: Right. And howto go about
doi ng that.

CHAI RVAN APOSTCOLAKI S: Wl |, you can start
by hel ping M. Thadani. | nmean, he has to prioritize

research efforts every year and | understand that's a
contentious issue usually.
MR, FLACK: Well, that's not an easy one.
CHAl RVAN APOSTOLAKI'S:  It's not an easy
one. Maybe you can pick a subset and ask yourself how
woul d one go about it. You have a lot of these

qualitative attributes there, of course, but if you
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can convince himthat this would nmake his |ife easier,
then you made a major step forward | think and that

doesn't have to be the only case.

MR. ROSEN: | think, George, you have a
good idea. | think using the case studies is val uable
and useful. The trouble is with themis they tend to
feel like they are isolated. It's just a story for
research. It's just away for research to prioritize

efforts. Wen, infact, it should be viewed, | think,
t he ot her way.

The agency has core val ues or m ssions.
It has a PBPMprocess, pl anni ng and budgeti ng process,
which i s structured around those m ssions. One of its
mssions is research which has to support the
structure above it. And there is a case study here on
how you can prioritize research usingthis. Don't see
this as in isolation is ny point.

See this as sinply an enbodi nent of a
structured formal decision making approach that the
whol e agency is really -- | mean, this is the nost
formal of agencies -- of enterprises conpared to a nom
and pop shop which may or may not have to do these
things but, in fact, would be better off if they did.

The agency has a congressional act that

establishes it, a set of regulations. This huge vast
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structure which all you are really doing is saying,
"Well, in this formal structure we are going to use
formal decisiontools."” Case studies are inportant as
anecdot al al nost successes, but it should be seen as
an overal |l enbodi ment of the formal structure you are
operating in.

MR. KADAMBI: In fact, | would submt that
if you |l ook at our strategic plan you could actually
buil d an obj ective hierarchy just fromthe way that is
set up. If you go into the plan itself it defines
very formally what is a regulatory framework and it
defines it exactly the way you did which is it begins
with the enabling | egislation and cones all the way
down to i nspection procedures. That is theregulatory
framework. | think it's all there.

CHAI RVAN APOSTOLAKI S: You have to be
careful. It seens to ne we have nultiple objectives
here. One objective is to do what you and M. Rosen
have been discussing the last few m nutes. But
anot her objectiveis to build support. You need sone
i nfluential people to support you.

That's why | said if you prove to M.
Thadani that this can help you, then you have a
power ful man behind you. |If you only go up and say

this is a good way of doing things, people will say,
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"Cee, that's probably good," but you will not get the
same ki nd of support.

The other thing regarding what you said
about a strategic plan. It's not enough to say that
what is in the strategic plan really confornms wth
this. Then you have to go an extra step and show how
devel opi ng the plan woul d have been easier had they
used this. Then people will conme back and say, "Ckay.
We are already doing it." You have to denonstrate
that there is sonme value to this.

That what you are doing already is not
orthogonal to this but had you used this, you would
have gotten sonet hing that i s val uabl e t hat woul d have
made your |ife easier, you know, sone value. | think
if you start doing these things youw Il see what wil|
cone.

MR. KADAMBI: | fully agree with you. The
point I was also going to nake was that we in the
staff don't have really nuch by way of guidance on
i npl ementing this strategic plan, you know. Thi s
approach and if we sort of decide to use it could
of fer an easier way for staff which my experience is
t hey sonetinmes have difficulty in thinking about the
rel ati onshi p between the strategic plan and their own

work. This would be a way to help them in fact,
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align their activity.

MR. ROSEN. Let ne give you an anecdote
t hat supports, | think, very nicely your point, the
one you're just maki ng about the need to support the
strategic plan and to understand it. In utilities
t hat 1 have been associ ated with they have core val ues
whi ch i s the kind of thing that the Conm ssion has for
its strategic goals.

Wienit's used appropriately and the staff
of the utility understands it, those core val ues
become inportant day-to-day things and | have
experience with decision making groups within a
utility asking each other whether or not certain
actions of one group or one party is aligned with the
core val ues or not.

I n di scussi ons about whether this was a
good thing or a bad thing, the discussions brought up
-- refer back to the core val ues and say t hese acti ons
bet ween t hese two groups are not consistent with this
core val ue. You should see it in that l|ight and
whet her |' m having a good di scussion or I'mnot, and
correcting behavi or and adjusting approaches.

This is the anecdote | wi sh to add and
that is exactly the kind of thing |I think you're

suggesting is whether the staff here is working on
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somet hi ng and tryi ng to nake a deci si on bet ween A and
B. You can think about the formal structure he's
operatinginincludingthe Comm ssion's objectives and
say better or worsethis will align us better or worse
with the core value, the structure.

CHAI RVAN APOSTOLAKI S:  So the purpose of
today's neeting was really not to call into the
details of what you're doing. As you know, it's nore

like to famliarize ourselves with the various

activities for the Ofice of Research. | takeit this
is a fairly lowlevel in the sense of funding
activity. It's not into the hundreds of thousands of
dol I ars.

Al t hough I' msure your sal ary woul d take
care of it. But you will pursue it this year? You
will try to identify some case? We will be happy to
hear from you when you have sone case studies and

di scuss themw th you. Cbviously the Subcomrittee is

interested. | think fromthe full commttee you will
have some skepticismbut they will be willing to be
convi nced, | think.

MR. ROSEN: That's because the full
commttee i s popul ated by structuralists rather than
rationalists, or sone structuralists who we are

wor ki ng on
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CHAI RMAN APOSTCLAKIS:  No, you have to

denonstrate val ue. You have to denonstrate val ue and
case studi es and perhaps the gl obal approach that was
di scussed earlier.

Anything el se fromthe nenbers? Prasad,
you want to say anything el se?

MR. KADAMBI: No. | want to thank you for
t he opportunity to nake this presentation.

CHAI RVAN  APOSTOLAKI S: Thank you for
com ng. And John.

MR FLACK: | appreciate it.

CHAl RVAN APOSTOLAKI S: Ckay. G eat .
Thank you very nuch

The next item is overview of the PRA
Saf ety Research Program but the presenters are not
here. W're take a fewmnutes. Ch, there's a break
schedul ed.

MR. ROSEN:. You're right on schedule, M.
Chai rman, even though you're don't know it.

CHAI RMVAN APOCSTOLAKI S: Ckay. W'l |l recess
until 9:30.

(Whereupon, at 9:19 a.m off the record
until 9:33 a.m)

CHAI RVAN  APOSTOLAKI S: We're back in

sessi on. The next presentation is beginning the
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overview of the PRA Safety Research Program M.
Cunni ngham

MR. CUNNI NGHAM  Yes, sir. |'mhere. M.
Newberry couldn't be here today because he had a
wedding in the famly that he decided was nore
i mportant than this. Wat can | say?

CHAI RVAN  APOSTOLAKI S: We'll  renenber
t hat .

MR. CUNNINGHAM |'mgoing to give you a
real quick overviewof what's going oninthe division
and then pat will cone in and spend a good bit of the
nor ni ng tal ki ng about the details of what's happeni ng
in one branch and then after lunch, | guess, we'll
tal k about the other branch, PRAB

W're allocated in FY '04 to have 55 FTE
in the division, 55 people, and a budget of about $15
mllion. You' ve heard many of the things that we do
but it's basically we | ook at operating experience
froma risk perspective. W |ook at sone aspects of
security.

MR. ROSEN. | hope you're not doing all
the security work.

MR. CUNNI NGHAM No, sir. No, we're not.
This doesn't include the security noney. This is the

non- honel and security.
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MR,  SHACK: Mark, the 55 FTE are staff

here. The $14 mllion is your contracted budget?
MR, CUNNI NGHAM Correct. Correct.
That's right. It doesn't include the security. The
security in FY ' '04 for the Ofice of Security Research
budget in '04 is about $8.5 mIlion. That includes a

wi de variety of things, not just in PRAB, not just in

DRAA.

CHAI RMAN APOSTOLAKI S: So what exactly is
14. 87

MR. CUNNI NGHAM 14 i s the budget for the
PRA -- it's for these things except security.

CHAI RVAN APOSTOLAKI S Ckay.

MR, ROSEN: Contractor support.

MR, CUNNI NGHAM Contractor support. It's
separate fromthe 55 FTE.

CHAI RVAN APOSTOLAKI S Ckay.

MR, CUNNI NGHAM Okay. Devel op risk
nmet hods, perform risk anal yses, devel op standards,
apply PRA to advanced reactor issues.

Wthinthe Qperating Experi ence Programwe
have t he SPAR Model Devel opnment Program Anal ysi s and
t he Acci dent Sequence Precursor Program a new data
system to look at basic events comng from the

i ndustry, Mtigating Systens Performance | ndi cat or or
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| ndex. Indicator? Index. GCkay. | never get that

right. Recommendations comng fromthe Davis Bessy
Task Force and a series of things related to
i nternational cooperative efforts.

CHAI RVAN APCSTOLAKI' S: Which task forceis
t hi s?

MR, CUNNI NGHAM Davis Bessy Lessons
Learned Task Force.

In the security area we've got basically
the application of risk nethods to certain security
i ssues. We've got the devel opment of guidance for
using risk information and security decision maki ng.
W' ve got the |l ead for the office for integrating the
research program supporting answer. Then we do a
vari ety of briefings donestically andinternationally
to ot her gover nnment agenci es, i nt ernati onal
organi zati ons for foreign governnents basically. That
sort of thing.

MR. SHACK: Ckay. And you have a separate
contractor budget for this but the 55 FTEs covers the
whol e kit and caboodl e.

MR, CUNNI NGHAM  Correct. Correct. In
terms of risk nethods devel opnent | think | nmentioned
yesterday the big areas we tend to focus on, or have

focused on for the last few years, are HRA and Fire
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Ri sk Analysis. W heard about HRA yesterday. W'l

talk a little about fire risk this afternoon after
lunch, 1 guess. | guess we're not going to discuss
materi al s and waste | ater but we are wor ki ng wi t h NVSS
to develop risk analysis methods and decision
criteria, safety goals, that sort of thing.

CHAI RMAN APOSTOLAKI S: So who is revi ewi ng
this, ACNW

MR. CUNNI NGHAM ACNW correct. The | ast
part. W have talked to them several tines | think.

CHAI RMVAN APCSTOLAKI S:  You have al ready
done that?

MR CUNNI NGHAM  Yes.

CHAI RVAN APOSTOLAKIS: O is it the joint
subcommi ttee?

MR. CUNNI NGHAM It was just ACNW

CHAl RMAN APOSTOLAKI S: So what is the
pur pose of the joint subcommttee? The whol e i dea was
| thought to bring sonme perspective fromthe reactor
where we have had experience with these things.

MR. CUNNI NGHAM  That's a good idea for
next year when we review the research prograns maybe
to have a joint mneeting.

CHAl RVAN  APOSTOLAKI S: Not just the

research programbut actually the research that they
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are doing in establishing the safety goals for NMSS.
Some perspective fromthe NMSS woul d have been useful .
It just occurred to me |I'm a nenber of that
subcommittee so it's okay. You go to ACNW

MR. CUNNI NGHAM  ACNW of course, is not
bereft of risk anal ysis experiencew th Dr. Garrick on
it as chairman.

CHAI RMAN APOSTOLAKI S: | never inplied
that. There is a certain perspective that the ACRS
al ways brings having dealt with it for a long tine.

MR. CUNNI NGHAM Ckay. In terms of risk
studies we have the lead in the office for
i nvestigating potentiallyrisk-informed changes. 5044
is basically done now. 50.46 is in the works.

CHAI RVAN APOSTOLAKI S: Were we briefed on
50.46 recently, Bill, or has it been a while?

MR. SNODDERLY: It's been a while. W
have one com ng up. Novenmber 21st it has been
tentatively schedul ed.

CHAI RVAN APOSTOLAKI S: Al ready?

MR. SNODDERLY: Yeah, to be briefed onthe
expert elicitation and success.

CHAl RVAN APOSTOLAKI S: November? Am |
invited to that?

MR. ROSEN. No. 50.69 is really an NRR
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probl em at the nonent.

MR CUNNI NGHAM 50. 69. The techni cal
work has been turned over to NRR W are in the
process of getting a peer review of our work, the
research work. The first formal mneeting of the peer
review is sonmeti ne before Thanksgi vi ng.

MR. ROSEN:. When t hey pay attention, coul d
you explain that to nme?

CHAl RVAN APOSTCOLAKI S:  Novenber 21st is
valid. |Is that set in concrete?

MR. SHACK: | thought we contacted George
for an expert elicitation.

CHAI RMAN APOSTOLAKI S: Yeah, an expert
elicitation. Nobody asked nme if | can make it.

MR, SHACK: W'l talk.

CHAI RVAN APOSTOLAKI'S:  Can we change it?
It's eight weeks fromnow. Six or eight weeks.

MR, SHACK: Novenmber 21st is when it's
schedul ed for?

CHAI RMAN APOSTOLAKI S: Yeah. Are you
avai | abl e?

MR. SHACK: Yeah. |'mokay with the 21st.

CHAI RVAN APOSTOLAKI S: Then t he next week
we have the ACRS 508 neeting, right? On the 2nd we

have -- we're going to have to nove here again.
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MR. SHACK: Ckay. Wiat does your peer

review i nvolve now in the 50.69?

MR. CUNNI NGHAM | haven't been greatly
involved in it but it's basically |ooking at, |
bel i eve, both t he basic nethod that's been applied and
getting into some of the nastier technical issues

related to nore the materials aspects of it, |

believe. |If | could, maybe when |'m back here after
[unch 1"l come back and give you a better answer.
MR.  SHACK: Is there a docunent or a

report? It's not Appendix T because that's been --

MR. CUNNI NGHAM That's correct. It's the
techni cal basis report that research provided to NRR
is the subject of the peer review

CHAI RMVAN APOSTOLAKI S: You' re talking
about whi ch peer review?

MR CUNNI NGHAM  50. 69 PTS.

CHAI RMAN APOSTOLAKI S: That is a peer
revi ew group?

MR CUNNI NGHAM  Yes.

CHAl RVAN  APOSTOLAKI S: Who are these
peopl e?

MR. CUNNINGHAM [|'Il have to get you the
nanes after |unch.

CHAI RMVAN APOSTOLAKI S: Have we revi ewed
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the | atest 50.69?

MR. CUNNI NGHAM No. W haven't seen the
NEI | nplenentation Guide. That's the nost inportant
pi ece that we haven't seen.

MR. SNODDERLY: The next step is to have
a briefing on resolution of the public coments.

MR, CUNNI NGHAM " m saying 50.69. I
don't mean 50.69. | nean PTS just to be clear.

MR. SNODDERLY: That sounds better.

CHAI RVAN APOSTOLAKI S:  So there is a peer
review on PTRS. Oh, yeah, sure. That was a huge
effort.

MR. CUNNI NGHAM  Yes. (kay.

MR. SNODDERLY: But 50. 69 you have washed
your hands of the whole affair?

MR, CUNNI NGHAM Research doesn't have
much of a role in the inplenmentation of 50.69.

CHAI RMVAN  APOSTOLAKI S: I's expert
elicitation the only thing that's going on?

MR. CUNNI NGHAM  No, no, but that's the
bi ggest aspect of things right now.

CHAlI RVAN APOSTOLAKI S: | s t here a docunent
| can read at least if |I'mnot here?

MR CUNNI NGHAM There is a draft

Conmi ssi on paper in concurrence now that tal ks about
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next steps of 50. 46.

VR.  SNODDERLY: On the 21st we plan to
spend about four to six hours on the expert
elicitation and then an hour and a half on the second
t hat Mark just nmentioned where they are goingto -- it
will be a negative consent paper that says, "Here is
what we think we heard from your March 31st SRM and
here's what we're doing. Unless we hear differently,
we're going to provide you the follow ng."

CHAlI RVAN APOSTOLAKI S: So whi ch
subconmittee is nmeeting on the 21st?

MR. SNODDERLY: We call it a subcomm ttee
but when you i ncl ude Thernmal Hydraulics, PRA, and Bill
that's everyone.

MR. ROSEN:. We're sort of fixated on the
21st. Maybe the 20th you're thinking?

VR, SNODDERLY: The 20th was not an

option. There were two dates that we consi dered.

MR. ROSEN. What was the other one? Do
you remenber?

MR SNODDERLY: The ot her one was very
early in Novenber but then there really wasn't -- the
staff couldn't provide us with the results.

CHAI RVAN APOSTCLAKI S: How about Tuesday
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of that week which is the 18th?

MR. SNODDERLY: Rob Tregoning is going to
be away t hose first two days. He could do it Thursday
or Friday. There's another neeting schedul ed on
Thursday so Friday was it.

MR. CUNNI NGHAM Ckay. So we' ve | ooked at
the risk associated with dry cask storage of fuel and
that's being discussed with ACNW W did the risk
evaluation of GSI 191 on sunp performance that |
bel i eve you saw fairly recently. W're doing a risk

eval uati on of accident induced steam generator tube

ruptures.

You' ve seen DG 1122 and heard a | ot about
it. The ANS external events standards, to ny
understanding, is just going to publication here

within the next week or two so that is basically done
for now W supported the devel opnent of that. We
are supporting the devel opnent of the ANS | ow power
and shut down st andard.

I n January there's a mul ti-
organi zati onal | y sponsored wor kshop in Vi enna on PRA
equality. | AEA and a nunber of others, NEA and
oursel ves are sponsoring this workshop and we are --

CHAI RVMAN APOSTCOLAKI S: What i s t he pur pose

of it?
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VR CUNNI NGHAM To | ook for

conmonal ities, | believe, across countries and
organi zati ons about what we can do to get to the --
where do we want to be and what is needed to get there
i s my under st andi ng.

CHAI RVAN APOSTOLAKI S:  What happened to
sensitivity?

MR, CUNNI NGHAM W are going to be
devel opi ng anot her guide that covers those specific
i ssues.

CHAI RVAN APOSTOLAKI'S:  This is what Mary
nmenti oned when she was here.

MR. CUNNI NGHAM  Correct. For advanced
reactors we're hel ping NOR and the revi ews of sone of
the reactor types, developing some basic tools to
support those reviews. W are also trying to work
with what we call the technol ogy neutral franmework.
|'mnot sure if the Conmttee has seen that or not.

CHAI RVAN APOSTOLAKI S: Is there still
activity going onthere? That's based on Option 3, is
it not?

MR. CUNNI NGHAM  Yes. Take Option 3 and
overlay it onto advanced reactor design.

CHAl RVAN APOSTOLAKI S: There is sone

activity or is it very low |level?
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MR.  CUNNI NGHAM It's noderate |evel |

woul d say.

MR. SNODDERLY: Next nonth, George, Mary
is going to be down with Tom King to present the
framework to us.

CHAl RVAN APOSTOLAKI S: W have sel ected
t he date again, M chael?

VR, SNODDERLY: No, it's to the full
commi ttee.

CHAl RVAN  APOSTOLAKI S: To the full
comm ttee?

MR. SNODDERLY: To the full committee.

CHAl RVAN APOSTCOLAKI S:  Those dates have
been selected. So ny question was meani ngful .

MR. ROSEN. And we hope you will attend,
Geor ge.

CHAI RVAN APOSTOLAKI S: \What a | ow bl ow.

MR. ROSEN: It's no fun wthout you.
Coul d you go back to that one?

MR. CUNNI NGHAM  Yes, sir.

MR. ROCSEN: Could you tell me where ACR-
700 is? I'mlost onit entirely.

CHAI RVAN APOCSTOLAKI'S:  It's Canadi an.

MR, ROSEN: Is this still active? MW

notice in the research plan is there's a kazillion
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efforts on it. |'msurprised by that.

CHAI RMAN APOSTOLAKI S: What does ACR st and

for?
MR SHACK: Advanced Canadi an Reactor.
MR. ROSEN: Sonething |ike that.
MR. CUNNI NGHAM My understandingis, yes,
it's still one of the active ones.

MR. ROSEN: That neans the Canadi ans are
going to conme down here and make presentations and
ultimately apply for certification.

MR, CUNNI NGHAM  Correct.

CHAl RVAN  APOSTOLAKI S: So it will be
handl ed t he sane way as AP-1000.

MR.  CUNNI NGHAM Yes, that's correct.
Because it's a different design it introduces
di fferent issues.

MR. ROSEN: And they have done the sane
thing inBritain, | think. The British my decide to
do sonething different than this agency m ght and
that's difficult. 1t causes difficulty

MR, CUNNI NGHAM It makes life nore
conplicated. Yes, it does.

MR. ROSEN: Ckay. |'masking that in the
context of research decisions we have to say we |ike

or don't. One of the puzzling things about the plan
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that | saw now is the anmbunt of effort that's going
into ACR-700.

CHAI RVAN APOSTCLAKI S: What about passive
equi pnrent ? What's going on there?

MR, CUNNI NGHAM  |'m sorry?

CHAI RVAN APOSTOLAKI S: You have a program
on PRA passive equi pment or processes? Phenonmenon?

MR. CUNNI NGHAM  Phenomenon. It's nore
phenonenon.

CHAl RVAN APOSTOLAKI'S:  It's not passive.

MR. CUNNI NGHAM That's right. 1It's how
do you nodel the reliability of functions.

CHAI RVAN APOSTOLAKI S: Does anyone have
any idea how to do that or you are searching for
i deas?

MR CUNNI NGHAM W are searching for
i deas at this point.

MR. ROSEN: This is |like reactor vessel
heads?

MR. CUNNI NGHAM This is | i ke passive ECCS
systems. Passive ECCS systens.

MR. ROSEN: Onh, okay.

MR. CUNNI NGHAM  That sort of thing.

CHAl RVAN APOSTOLAKI S: Yeah. So, you

know, the AP-1000 is inside the containment at high
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el evation so gravity works right.

MR. ROSEN: W hope.

CHAI RMAN APOSTCLAKI S: But nobody has cone
up with any potential failure nodes as far as | know.
Peopl e are skeptical but it says this m ght happen.

MR. CUNNI NGHAM  That's my under st andi ng,

t 00.

CHAI RVAN APCSTOLAKI S: How can we build
sonething that cannot fail? It goes against our
nat ure.

MR CUNNINGHAM | don't know.

CHAI RVAN APOSTOLAKI S Ckay.

MR.  CUNNI NGHAM The divi sion provides
support to a number of different things. W are

responsi bl e for updating the i npl enentation plan for
managi ng the PRA steering commttee, the internal
comm ttee.

CHAl RVAN  APOSTOLAKI S: How do you
pronounce the second acronynf

MR. CUNNINGHAM RIRIP. O IPfor short.

CHAl RVAN  APOSTOLAKI S: Now you're
shorteni ng acronyns. And the other one is RILP? The
third one?

MR. CUNNI NGHAM | ' msorry? The ot her one

i s already taken by i nternational prograns |' mafraid.
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CHAI RVAN APOSTCOLAKI' S:  Ckay.

MR. CUNNI NGHAM Ckay. So that's kind of
t he overview.

CHAI RVAN APOSTOLAKI S: So al | of these are
active prograns?

MR, CUNNI NGHAM  Correct.

CHAI RVAN APOSTOLAKI S Ckay.

MR CUNNI NGHAM Active in "04, if you
will. Some of these things nay not be very far al ong
but they are active. Wth that, Pat Baranowsky and
Conpany will present the program in the Operating
Events Ri sk Anal ysis Branch.

CHAI RVAN APOSTOLAKI S: W' re nmovi ng nowt o
our advanced technol ogy.

MR. BARANOWBKY: We're now noving to the
real world. Not things that coul d possibly occur but
t hi ngs that have occurred.

CHAI RVAN  APOSTOLAKI S: You' re going
backwards. You're using transparencies.

MR.  BARANOWBKY: Every time | bring a
Power Poi nt presentation that doesn't work.

MR  ROSEN: This is why operating
experience i s your job because you know fromoperating
experience that this works.

MR BARANOWSKY: Bri efing experience, yes.
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MR. ROSEN: And you have a backup bulb in

there in case it bl ows.

MR. BARANOWBKY: |If need be, we'll go up
and get a little cartridge and stick in and add the
Power Poi nt .

MR. ROSEN.  You could also, if need be,
cone over here and hold it up in front of us.

MR. BARANOWBKY: We do have hard copi es,
" m sure. | have some people here that should be
coming up and sitting down around the table. I
t hought this would be nore of a sort of roundtable
di scussi on.

| guess |'d better introduce nyself for
the record. Patrick Baranowsky, Chief of the
Oper ati ng Experi ence Ri sk Anal ysi s Branch. | brought
a few people fromny branch here that are responsible
and involved in the key areas. |'ll just start from
this side.

Don Mar ksberry who has been doi ng program
management work for the Accident Sequence Precursor
Program for the | ast couple of years at least. Dr.
Pat O Reilly who is heading up the SPAR devel opnent
work, Dale Rasnuson who is working on both Data
Systens and I ndustry Trends Program and Dr. Don Dube

who is working on support for performance indicator

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

54

devel opnent for the Reactor Oversight Process.

We have ot her fol ks, M ke Cheok who i s the
Assi stant Branch Chief, Gary DeMbss who i s pretty nuch
our Senior Risk Analyst for ASP events, and Dr.
Bennett Brady who is a key person working on data
systens and interfaces with I NPO al so avai |l abl e here.

So, what we are going to cover are pretty
much progranms |'ve just identified. "Il give a
l[ittleintroductionto howthe branchis organized and
what we're about. Then we'll cover data collection
anal ysis, the Accident Sequence Precursor Program
i ndustry trending, SPAR work, and then Mtigating
Syst em Per f ormance | ndex.

I ntroduction. Just a quick overview of
t hese t hi ngs. The Acci dent Sequence Precur sor Program
is used not only to have a resource that gives us
information on significant events over a period of
time but now al so becom ng part of what the agency
uses in their report to Congress to identify how well
we' re doi ng.

It's sort of an NRC and i ndustry report,
if youwll. W |ook at both significant events. |If
there are certain nunbers of them they would be
getting reported to Congress. And whether or not the

trends in Acci dent Sequence Precursors are degrading
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in some way.

The other thing | woul d nention about the
Acci dent Sequence Precursor Program which has been
going on for quite awhile, is that it does provide an
i ndependent assessnent by the O fice of Research apart
from |icensing types of analyses. W try and be
realistic without any consi derati on of whether we are
trying to license a plant and have some conservati sm
or not in there. Sonetinmes it gives a little bit
different spin but usually not too much from what
we're seeing in the regulatory area.

I n the oversi ght process we have a coupl e
of activities ongoing. The first is to support the
| ndustry Trends Programwhich |I'll discuss. And al so
to devel op performance i ndi cators, the nost recent of
which is the Mtigating SystemPerfornmance I ndex. In
both of those things we have briefed the ACRS on
before. 1'll say alittle bit about it but if there
are any updat ed types of questions that you woul d |i ke
to ask, we are prepared for that.

We have done quite a bit of work on our
data collection and analysis to streanline that. It
was sort of all over the place in terns of howwe were
collecting and staring and coding and we really

conpressed it into a fairly efficient operation.
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Now we have a | ot of work going on in the
SPAR nodel devel opnent area. |It's kind of stretched
us to the Iimt on resources. "1l go over the
various things there but it's full power, | ow power
shutdown, LERF, and even sone consideration of
external events. That's the full scope of what we do
in this branch.

The next chart is neant to show how sone
of thisis organized. It's organized sothat thereis
a good interaction between the activities or else we
woul dn't be able to do this with a relatively snal
staff.

Just | ooking fromthe bottom up the way
our work is organi zed we have identified a nunmber of
dat abases or sources, if you wll, of operating
experience information that we process into the
dat abases or that we share with others |ike I NPO, for
i nstance and their EPI X data.

Then you'll see also in this lower tier
herereliability and availability data system That's
sort of our common way of treating the i nformation so
that we don't have one project with a slightly
different approach to calculating parameters or
whatever. |It's all done in a fairly consistent way.

This information gets fed into a nunber of
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anal ytic activities that usedto be done i ndependently
when we were first studying initiating events and
conponents to see howwe m ght | ook at i ndustry trends
and get some what | would call industry average or
generic insights on these things.

We actual |y published a nunber of reports
whi ch we presented before the ACRS several years ago.
Now what we have done i nstead of updating the reports
as we had one tinme planned, because that's just way
too costly, we have taken what | will call algorithms,
if youwll, that we devel oped to do t he anal yses and
t he standard approach for collecting the data and t he
standard approach for displaying the inportant
contributors and insights.

That's all going into a web-based system
so that for 10 or 20 percent of the cost we can do al
this not only for all the different aspects but we can
update it much nore rapidly because publi shi ng NUREGs
is just a tinme-consunm ng process.

The only thing that we would want to be
careful about is if we nodify our nmethods and
approaches we woul d want to have an interaction with
peers before we i ncorporate that i nto our nmethodol ogy
because every one of these reports had pretty

wi despread review inside of NRC with ACRS and with
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external entities likelNPO EPRI, and owner's groups.

MR. SHACK: Now, how do you handl e that
with the web base? Do you put up a private site
somewher e and people discuss it?

MR. BARANOWSBKY: No. The way it works is
if we've already had the nmet hodol ogy and the process
peer reviewed, then we just carry it out as a routine
production activity. Al we're worried about thenis
QA and that's where we are on this.

But if there is a new elenent to this
that's added, then it has to go through a nuch nore
ri gorous process, nost likely with NUREG production
and the usual peer review activity. If we were to
expand the itens that you see on this |ist here but
suppose we said external event issues, we would do a
study that would go through the usual process of
devel opnment, peer review, resolution of conments
finalizing the nethodology and then it would get
i ncorporated i nto what | would call a production sort
of node.

MR. SHACK: Just on the SPAR, too, when
peopl e are using SPAR for SDP that's done by NRR, do
you support that or you support it only to the extent
that you just hand them a SPAR bottle?

MR. BARANOWBKY: No, we are avail abl e for
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consultation and we are actually working on a nore
i nt egrat ed approach for us to deal wi th SPAR anal ysi s,
SDP and ASP anal yses so that we can all use a conmon
set of tools and procedures.

| think just the tools alone are not
enough. M experience has been that if we don't have
a process and procedures to use the tools in a
consi stent way, we can use themanyway we want and get
anything we want and it's not trustworthy as a
production activity.

Once we get to the point where we t hi nk we
know how to do certain types of analyses, we should
have i ngrai ned i n the process an approach that i n nost
cases gets us to a result we can believe in wthout
havi ng t o go back and rei nvent t he wheel on whet her we
know howto do an anal ysis of the reactor cool ant punp
seal type of accident.

That does lead us up to the next |evel
whi ch i s the plant specific anal yses and t here we have
bot h t he SPAR nodel s get devel oped to support that and
t he Acci dent Sequence Precursor Program which takes
information fromthe |ower tiers.

You will notice |l have al so added anot her
little item under the Accident Sequence Precursor

Program inspection reports, because at one tinme we
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were just analyzing what cane in fromLERs |I'm goi ng
to say about five or six years ago, nmaybe it was nore.
More? Ckay.

Well, we decided that a precursor is a
precursor no matter where it cones from Evenif the
LER format isn't set up to capture it, perhaps there
are other things such as two or three inspections
m ght uncover problens that don't get reported in a
single LER so we woul dn't want to miss that if it was
signi ficant.

Now, | don't knowthat we've run into any
like that but | think a fewyears ago there were sone
concerns so that gives us sone confort to know that
we're not being blinded by just the format and
restrictions associated with LER reporting. Then
we' ve taken this information from --

MR. ROSEN: Have you been i npacted by the
rather sparse nature of recent inspection reports?
The ROP seens to have caused i nspection reports to be
| ess descriptive perhaps than earlier inspection
reports of performance.

MR. BARANOWBKY: The ones that we worked
with onthe nore significant events | think are pretty
det ai | ed. Maybe you can help nme out here, Don

Mar ksberry.
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MR. MARKSBERRY: Yeabh. Mbst conditions

which are identified in inspection finding usually
results in LER so that's our first gois we read the
i nspection report and the associated LER |If we need
addi tional information we call the inspector up. W
call the SRA in the region to get additional
i nf ormati on.

MR. ROSEN: So the kind of things that
reach your programare i nportant enough to ultinmately
generate an LER and you nmaybe get a clue of it in
i nspection report. And the kind of thing I'mtalking
about is there used to be alot of flowery descriptive
| anguage in inspection reports before the ROP.
| nspectors were wax poetic about performance at the
pl ants and you could get all kinds of insights from
t hat . Now with the ROP they're a lot nore
constr ai ned.

Even though they do many of the sane
things they don't wite themall in the reports so
there is | ess peripheral, as we call it, information
in these reports than there used to be. But since
you're working on the mainline, | can see how that
probably hasn't inpacted you much

MR. BARANOWBKY: And plus we follow up

informal Iy on many of these things. That's what takes
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a lot of time sonetimes is interacting with the
regi onal inspectors and/or the licensee to get sone of
t hat additional information that's not in either the
i nspection report or the LER

MR, ROSEN: But you're really talking
about something that rises to sonme |level of
i mport ance.

MR. ROSEN: But you woul d have an SDP to
work from wouldn't you?

MR. BARANOWBKY: Not necessarily. |'mnot
sure of the nunbers but | think about 60 percent of
t he Acci dent Sequence Precursors have an overlap with
t he SDP and about 40 percent don't. Renenber, the SDP
will look at performance deficiencies per their
definition. Wat we're | ooking at is what is the risk
out there. | don't care whether it's because you
intended it or didn't intend it. It is what it is.
Qur scope is broader in that respect.

We al so | ook for overlapping conditions
even if they mght be related to different aspects of
performance, whereas the SDP says we look at this
performance issue once and then we go and | ook at
anot her performance i ssue. Wat we're | ooking for is
how is the risk building up as a result of

combi nations of things or individual itens so it's
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really a different perspective.

The top of the chart here everything sort
of feeds up to our ability to develop risk-based
performance indicators. W did a study a couple of
years ago on risk-based performance i ndi cators which
was reviewed by the ACRS. Then since then we did a
spin off activity working at NRR and the industry on
adapting some of that for the mtigating systens
cor ner st one. W'l talk about that a little bit
toward the end of the discussion.

CHAI RVAN APOSTOLAKI S:  Question. One of
t he probl ems, Mark, as you know associated with this
work is dissem nation of the infornmation we generate
and even, you know, Carl Flem ng's report points out
that some fromthe staff nmeaning that 20 percent of
t he events that youidentify don't findtheir way i nto
the PRAs, which is sonething that is debatable.

This is really -- | nean, there is a |ot
of useful work that conmes out of these precursor
studi es and ot her studies that your branch is doing.
By in large that is not inform ng the work that the
i ndustry i s doing on PRAs. Are we naki ng any progress
at all? MR. BARANOWSKY: You rmake a good
point. | can't say we have made progress but | think

it's being addressed finally. The Davis Bessy Lessons
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Learned Task Force resulted in a followon activity
call ed the Operating Experience Task Force, 1 think.

| think one of the issues that cones out
of that is the dissem nation of operating experience,
information, and insights. It just so happens one of
ny key staffers, Don Marksberry, was on that task
force. The report is in draft and I'"'msure it wll
cone to the ACRS.

MR. MARKSBERRY: | think we're schedul ed
to brief you in a couple of weeks or so. A couple
t hree weeks.

CHAI RMAN APOSTOLAKI S: A day | cannot
cone?

MR. BARANOWEBKY: That's the way we
schedul e it.

CHAI RVAN APOSTOLAKI S: Full conmittee.
Does ny col | eague here want to nake a coment ?

MR. ROSEN: | don't like it when he m sses
full committee meetings. Neither does t he chairman of
the Comm ssion. | would like to point out that sone
of your col | eagues wer e here yest erday, John Fl ack and
J. Persensky, tal ki ng about t he Human Fact ors Resear ch
Program

They gave us three slides on potenti al

performance indicators for the Corrective Action
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Program safety consci ous work envi ronnment, and human
performance. Those were thrilling to me because, you
know, we've conplained that the ROP needs to have
i ndicators of cross-cutting the issues. Are you the
guy that was supposed to do that?

MR. BARANOWBKY: | don't know. If | am
| need to have the resources.

MR. ROSEN:. Here they are.

MR, BARANOWBKY: | need to have the
resources to do the work.

CHAI RMVAN APOSTOLAKIS: As a dean of ny
school once said, if there is such a set avail abl e,
anybody can do it.

MR. ROSEN. Exactly. And he was right.
You don't need to be smart or determned. | recomrend
to you if you haven't seen this to get hold of
Persensky and Flack's presentation to the ACRS
yesterday, to the Subcomrittee on the 9th, and to | ook
at the last three charts in their presentation which
are potential performance indicators in the areas of
the cross-cutting issues.

MR. BARANOWSBKY: Ckay. | appreciatethat.
So that's sort of an overvi ew of howwe are organi zed.
| guess the one point is that things sort of fit

together and if we didn't have sone of these things
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going on, we would actually not be able to operate
with the small group and the ki nd of budget size that
we have. W take advantage quite a bit of formng
smal | interactive teans to work up and down thi s chart
and it seens to be working out.

CHAlI RVAN APOSTOLAKI S: Thisis really what
happens. This is data. This is real data. W have
a course at MT every June for md-|evel nmanagers for
utilities onrisk formulation. We run it tw ce now.
This is one of the nost popul ar talks. People really
appreci ate. Wen you start tal ki ng about data peopl e
really get excited. It has always been a very
successful popul ar talk.

MR. BARANOWSKY: Okay. Thanks. So |et ne
now j ust cover the data collection and analysis. This
| ast fiscal year we made significant progress on our
i ntegrated data col |l ecti on and codi ng system Wat we
do is we have identified the types of factors and
informati on that we want to extract for all the kinds
of studies or risk paraneters that we want to
gener at e.

Then in a codi ng book we have that laid
out so that we can take an individual coder and train
t hem and have one person -- or, | should say, do it

one tinme because there nmay be a couple of people
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involved -- go through, say, an LER and extract
information that feeds into alot of analytics, if you
will. Many of the charts and paranmeter type
estimations that were in all of our systemstudies are
now just together in one activity and we have the
algorithnms to do the cal cul ati ons.

We' ve al so wor ked pretty cl osely wi th | NPO
so that we can extract information out of the EPIX
system which is becomng a nore and nore quality
system Now, it doesn't have the kind of rigor and
perfection to it that sone folks in licensing
applications like to see.

What that neans is there i s an occasi onal
failure event that is either not include or that is
i ncl uded when called a failure that we m ght not cal
a failure which one has to be aware of on a plant
speci fic basis because the nunbers of failures to key
conmponents on a specific plant are relatively small.

But across the industry if you want to
| ook at, say, certain types of valves or punps or
what ever, there's a pretty good data base there
Let's say there's 100 failures per year of certain
types of valves and we're probably getting 98 of
those. That's pretty good.

MR ROSEN: Is it true that EPI X al so
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collects runtime data for operating equipnent and
successful tests?

MR.  BARANOWEKY: They collect some of
that. Dale, can you? Dale Rasnuson

MR RASMUSON: They col | ect i nformation on
a quarterly basis for some of the systens such as
runtimes and dermands and that. In others they
estimate it. They should have coll ected i nformation
over |like the past year or two years and t hen t hey put
in an estimate of what the runtime would be for that
time.

MR ROSEN: Wll, this is the fanous
denom nat or problemthat we've tal ked about. Right?

MR. RASMUSON: Ri ght.

MR. ROSEN: Which EPI Xreal |y takes a shot
at .

MR, RASMUSON:. Wiich it really does.

MR. ROSEN: VWhich is a whole |lot better
t han not hi ng.

MR. BONACA: Now, we asked questi ons about
EPI X three years ago. W actually recomrended t hat
everybody woul d report so | tal ked to | NPO about that.
| s everybody reporting?

MR. BARANOWSKY: Everybody is reporting

and, in general, they are doing pretty good. If 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

69

want a better characterization, | would have to ask
Dal e.

MR. RASMJUSON:. Mbst utilities are doing a
good job of reporting on the components that we're
interested in. W haven't taken a |look at all the
things. What we want is just a small subset of all
t he conponents there. There are sone utilities that
report but not real well. | would say like 90 or 95
percent of themare really doing a good job.

MR. ROSEN: Isn't it true, Dale, that | NPO
checks that?

MR. RASMUSON: They have.

MR. ROSEN:. Sonebody actually goes to the
pl ant as part of the eval uation and has a | ook at what
t hey' re doi ng and nmake sure they are at | east getting
the main report.

MR. RASMUSON: | don't think that happens
but they do have what they call right now-- Bennett,
correct ne onthis if | make a m stake here but right
now t hey have noved to a new data system where they
are submitting their data onthe Internet. That cones
in. They have devel oped prograns to check the data to
make sure that the data is coded and that errors are
not inthere. Like, for instance, negative val ues for

demands or things.
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As we have been getting a submttal from
| NPO and we | oad it, we have our checks in there and
we are finding that -- well, this time we just got one
yesterday and | sent it out to |daho and they | oaded
the data into RADs and there were no negative val ues
in the thing. W've had them before. Just a few.
The qual ity of the data is increasing and we have good
data now. W can do sone good anal yses and cone up
wi th some good esti nates.

MR. BONACA: | see the LERs | ooking for
comat ose failures so you are | ooki ng under EPI X. You
find consistency in those assessnents that you get
fromthem |'masking nore about the quality of the
information you are getting and if it is, in fact,
consistent or if it gives you signs that there are
sone problens to the reporting.

MR. RASMJUSON: Basically | think EPIX is
a great inprovenent over NPRDS

MR, BARANOASKY:  NPRD.

MR, RASMUSON: Over NPRDS. Sorry. Over
NPRDS. W get a lot nore narrative in EPI X where in
NPRDS you were limted to like three fields of 240
character. Now we have lots and lots of text that
goes in there.

MR, ROSEN: You have to renenber it 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

71

done in an era when you had to nane a file with no

nore than ei ght characters.

MR RASMUSON: Right. | know
MR.  BONACA: My question is nore
directional. |In the past we relied heavily on LERs

for identification of conmon cause failures but they
are alimted set of information comng in. Now you
get EPI X Does the information comng from EPIX
confirm what you had?

MR.  RASMUSON: Yes. In our database
before -- our common cause database before about 60
percent of our conmon cause failures were com ng from
NPRDS where we actual |y were buil ding up the fail ures.

MR.  BARANOWBKY: So we have nore
confidence in EPI Xto provide the rawi nformation t han
we did from NPRDS, plus we've got the LERs. W can
cross conpare and we have done that to make sure.

MR. BONACA: Common cause i s a bad exanpl e
because, of course, | nean they | ook at those and t hey
would be in LERs anyway. What about conponent
reliability? Do you get really different information
or do you | ook at the two sources?

MR, RASMUSON: W are just getting to
where we can really do sone conparisons in that. The

system studi es had not been updated for quite a while
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and we have that now. W have just posted on our
webpage new systemresults and now we're working on
getting down at the segnent train | evel where we can
actual Iy do sone conpari sons. Some of the conparisons
that we did for auxiliary feed water punp, just a real
qui ck spot check, EPI Xin our systemstudi es gave very
good results.

MR. ROSEN: | would beremss if | didn't
ask a question about fire events. The question | have
is fire events that last nore than 15 minutes are
reportable, I think, under LER, but those fires are --
all fires are inportant froma risk anal ysis point of
vi ew because little fires becone big fires.

Even short duration fires ultimtely
become bigfires if you don't do somet hi ng about t hem
My question is are the fire events in EPIX only the
reportable fire event or is there sone |ower
categori zation of fire?

MR.  RASMUSON: There's sone | ower
categorization of fires also and our fire events are
al so supplenmentedwithinformati onfromNeal, thefire
i nsurer.

MR. ROSEN: So you are getting some robust
fire database or anal ysis?

VMR, BARANOWASKY: Yes, | think we have a
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pretty extensive fire database down to snoke events
and don't have fires.

CHAI RVAN APOSTOLAKI S:  Interesting.

MR ROSEN: This is very inportant, of
course, because the inportance of fire in the overal
ri sk perspective.

MR. BARANOWSKY: That really covers the
consol i dat ed dat a. | would just mention what the
status is on this because we did have to do a fire
amount of software work so we've gone through the
devel opnent and trial testing in August and we have a
webpage now that we put together that allows sone
access for NRC staff. | presune that nmeans ACRS
nmenbers, too.

W' retesting this out and nodifyingit to
see if the information that's conveyed when soneone
gqueries the system is wuseful or could change.
Eventually we are going to have this set up so it can
be avail abl e externally but we have sone additi onal
work to do to nake that happen

MR. SHACK: Does that nean sonebody can

downl oad t he Excel database?

VMR, BARANOWBKY: | think we want to | et
them have access to raw information but | don't
believe they will be able to downl oad a dat abase.
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MR. SHACK: On the internal webpage?

MR. BARANOWSKY: | don't think so.

MR,  RASMUSON: No, not really. Not at
this tine. Ri ght now we're working our way -- we've
got some phases outlined here.

MR. BARANOWBKY: Let me just show this
picture. This will show you the kind of things that
you can find on the website. 1In other words, all the
analysis work that | tal ked about, we're trying to
figure out howto get that out to fol ks because now we
have it avail able here. W need to not only make it
avai |l abl e on the website but then the next stepisto
make sure that those who use this informati on woul d be
aware of it.

Activities along that |line are going on
now. In fact, | think we have a comruni cation pl an
that we put together. | noticed recently that NRRis
giving a briefing on how to get access to operating
experience events, information which includes this
website. W have the ability on the left-hand side
here to do some word searches fromreports. R ght now
it's LER but that can be expanded t o what ever anybody
wants to put in there.

Then we have t he ki nd of raw data and what

"1l call processed data that we've collected which
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feeds into the charts, tables, etc., that are rel ated
to initiating events, conponents, and so forth.
That's the bulk of it, by the way. Then on the far
right we do al so support the --

MR. ROSEN: VWhich right? Your right or
our right?

MR, BARANOWSKY:  Your right.

MR, ROSEN: (Kkay.

MR. BARANOWSKY: On the far right we have
some work that we're doing to nake available, for
i nstance, ASP programresults and i nsi ghts as opposed
t o havi ng sonmeone go and use a speci al dat abase whi ch
i s al so avai |l abl e but maybe not quite as readily known
and accessi bl e.

MR. ROSEN: What |' mtaki ng away fromthis
is that | could go in and look at the fire event
dat abase today if | wanted to if |I was at ny conputer.

MR. BARANOWSKY: You can go i n and | ook at
the output of the fire event database. | don't know
if you could go in and yank the whol e database out.
Eventually we are going to |let you be able to query
t he dat abase.

The first step was we've collected
information on all kinds of fire events, put theminto

bins, and we have nunbers and so forth and sone
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paranmeters that we cal cul ated and that kind of thing
is being put into -- is either in or being put into
t he website now

MR, RASMUSON: Ri ght. That's on the
website now.

MR. ROSEN: What kind of things? Do you
nmean | i ke fire event databases in bins |ike fires that

| asted longer than five mnutes, 10 mnutes in

dur ati on?

MR. BARANOWBKY: It coul d be duration. It
could be Ilocation. It could be damage. | don't
remenber what all is storedinthere. Theideais to

get soneone |ike you or another interested person to
go in and say, "I couldn't find this that | was

| ooking for," and then as we col |l ect that, what fol ks
are actually trying to extract out of the database we
can adjust it to be able to do that.

It's not set up so that anybody can do
anything. That's way, way too costly for us to do.
Utimately you'll get to the point where you can query
t he database to sonme extent but we've got to put the
tags and flags in there and we can't tag and fl ag
every single possibility. W are trying to flag and
tag them based on how they are used in risk analysis

but we are open to other ideas, too. | woul d ask
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anybody who's interested to go in and take a | ook.

The next item is the action sequence,
precursor analyses. This project has been going on
for 20 sonething years. | don't think the objectives
have changed very nuch in ternms of systematically
anal yzi ng operating experience events to understand
their risk inplications.

The nmet hodol ogy and sophistication has
actually changed and it's sophisticated enough, |
t hink, that we can use it to understand where there
m ght be sonme areas in PRAs that we would want to
i mprove the capability not necessarily so nuch because
the total risk mght be significantly underestimted
but if you want to get down into details where you
want to make changes in regul ati ons or plant specific
t hi ngs, you need to know nore than the overall ri sk.

| think we've got a pretty good handl e on
t he overal | core damage frequency but when we get down
to the lower |levels that we make decisions on tech
specs or licensing anendnents or even changing
regul ations, that's another story.

MR ROSEN. This webpage that you talk
about in the prior slide, that's accessed through
NRC. gov?

MR. BARANOWBKY: Yeah. We shoul d have
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given you the -- it's not on here. W should have
gi ven you -- does anyone here know the website?

MR. RASMUSON: | will see that you get the
URL for it. It's on our internal webpage right now
and you can get to it through the RES webpage but |'1|
get you the address.

CHAl RMAN  APOSTOLAKI S: If a graduate
student wants to get sonme curves for the failure rate
of a particular conmponent, they can do it?

MR, RASMUSON:  Yes.

MR. ROSEN: Well, he has to get to the
i nternal webpage.

MR. BARANOABKY: Onh, yeah. He has to have
access to internal. Because of security we haven't
been able to get the external one working.

CHAI RVAN APOSTOLAKI S: But howcoul d -- so
that means it's not accessi ble.

MR. BARANOWSKY: Well, it's not accessible
if you' re not considered an internal cleared person.

MR. ROSEN. So it's not off NRC. gov.

MR. SHACK: It's internal .NRC gov.

MR. BARANOWBKY: And we just rolled this
out a couple of nonths ago, by the way, so it's like
a beta test version.

CHAI RVAN  APOSTOLAKI S: And then what
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happens? W can do that?

MR. BARANOWSKY: If Citrix happens to be
wor ki ng t hat day.

MR. ROSEN:. It doesn't work on Gover nnent
hol i days.

MR. BARANOWSKY: Wthin a year | think we
would like to have this thing well accessible and
i nproved to provide information so it's sonething to
t hi nk about .

So t he acci dent sequence precursors, let's
give you a little picture here of what we've been
seei ng. Normally we trend the accident sequence
precursors over about an eight to 10-year period and
we have been trendi ng nowfor the 1993 events. |f you
trend that batch of events there, you can't cone up
with an increasing or decreasing trend with any
statistical conpetence.

But if you |l ook at ' 97 on, you'll see that
we' ve seen nore events. You know sore of the big ones
as well as us. W' ve been actually swanped wth
trying to analyze sone of these pretty significant
events. They are inportant to us and they are
important to |licensees because many of themgo into
the SDP so there's really a lot of attention to how

the anal ysis is done.
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Si mpl e assunptions that used to meke it

quick and dirty get within a factor of 2 or 3 that I'm
happy with are not acceptable anynore. People are
concerned about whether the best estimate is 8 x 107’
or 1 x 10°°

MR ROSEN: Vell, it mght only be a
liberal distinction to that whether or not it goes
from white to yellow That's the thing. Most of
these are on the edge when you start arguing about
what shoul d be in the nodel and how t he nodel should
be adj ust ed.

One thing that we have been doing is
spending a | ot of tinme | ooking at nodel uncertainties
and paranetric uncertainties. | don't think anybody
is systematically incorporating insights from node
and paraneter uncertainties into their thinking about
what does this all mean. They are all taking the
poi nt estimates and running with them

For instance, |'ve seen 9.7 x 10°° cal |l ed
something that's in the 10° range. If | draw a
di stribution about that and I show you the nodeling
uncertainties that go along with the paranetric
uncertainties, over half of what we're worried about
is up over the --

CHAI RMAN  APOSTOLAKI S: W try not to
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sensitize people to the inportance of nodeling
uncertainties. In a couple of years you're going to
see sone results.

MR. BARANOWBKY: Decisions in light of
uncertainty is not sonething that we're taking on.
VWhat we are trying to do, though, is bring the
uncertainty out. Don, you had sonme exanpl es here t hat
maybe | can show. These are backups. Let nme show
t hese.

Let ne start with this one. This was a
low service water flow incident to the diese
generator cool ers at the Cook plant. This chart shows

the end result of our analysis which included both

nodel and paraneter uncertainties. If I can read
this, you can see -- | don't know what the point
estimate i s but -- what are these two marks here, Don?

MR. MARKSBERRY: The |icensee.

MR. BARANOWBKY: Ch, licensee doing an
esti mat e. This one? Sorry. This one is the
licensee's estimate. This one is --

MR. MARKSBERRY: The STP

MR. BARANOWSKY: The STP estimate. This
range represents our best estimate including both
nodel and paraneter uncertainties. Then we had sort

of a low and a high nodel result. This is the high
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end of nodel uncertainties and the | owend. W don't
know how to put these --

CHAI RVAN APCSTOLAKI S: | wonder how you
did that. Do you have a report?

MR. BARANOWBKY: We have a report. Here
was the key nodeling uncertainty that had to do with
debris in the forebay and howthat i npacted t he di esel
generator cooling system

CHAl RVAN APOSTOLAKI' S:  Boy, this is --

MR. BARANOWBKY: This is a routine ASP
event .

CHAI RVAN APOSTCOLAKIS: This is an ariato
ny ears. W are naking a note here that we will get
the witten docunment from you guys?

MR. BARANOWBKY: Yes. You can get it. |
need to let you know that it's classified sensitive
because of the PRA information in general neets a
condi tion and guideline that was set out al nost two
years ago. We're trying to get that changed so it can
be released to the public because | don't personally
think there's any security information in the ASP
anal yses that we have to worry about.

But, in theory, one could use precursor
anal ysis with location and vul nerability information

toidentify security issues. W pretty nmuch scrubbed
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this so you don't have that in there and we're trying
toget thecriteriachanged. But certainlyinternally
ACRS you can see this so just be aware that wl|
have - -

CHAl RVAN  APOSTOLAKI S: The nodel
uncertainty, | mean, | don't knowif you' ve seen the
last letter fromthe ACRS on this.

MR CHEOK: This is Mke Cheok. | have a
conment on t he Cook anal ysis. That's draft right now.
W will put the file out in about a nonth so we m ght
want to wait until a nonth fromnow before we sent out
the final analysis.

CHAl RVAN APOSTOLAKI S: Do you have any
ot her exanpl es?

MR CHEXK: W have several other
exanpl es.

MR. BARANOWBKY: We can send you probably
three or four.

CHAI RMVAN APOSTOLAKIS:  If you can. |I'm
not interested in just Cook.

MR. SHACK: Now, that SDP, that was a SPAR
anal ysi s point estimate or that's a notebook anal ysi s?

MR. BARANOWSKY: No, no. Ch, who knows?

DR. O REILLY: It was -- this is Pat

OReilly. | believe it was a Phase 3 analysis and it
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was not necessarily using a SPAR nodel. It was kind
of a hybrid type of analysis.

MR,  SHACK: We're supposed to get
conservative results. Right?

MR. BARANOWSKY: Well, normally you are
supposed to but when you read the report on Cook you
will the level of sophistication that went into our
anal ysi s. | doubt that the SDP at this point can
afford to nove up to that standard. The question is
whether or not what they did is adequate for
i dentifying performance i ssues t hat shoul d be fol | owed
up on as opposed to whether they got the risk nunber
right to within a factor of 10.

MR SHACK: What does right nean?

MR.  BARANOWBKY: The thing about the
acci dent sequence precursorsis we apply this standard
basically to all of our work so you can conpare and
add A and B together and not have appl es and oranges
if you want to get sonme notion of whether we're
| ooking at the really significant ones or not.

| think fromthe SDP point of view they
are identifying things that we ought to follow up on
ininspections and that is what they are supposed to
do. Hard to explain to the public sonetinmes why they

are different but that's the thing.
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Geor ge, you had nmenti oned t hat we had sone
insights. These are what | would call pretty high-
| evel insights. \Wat we haven't done is gone and
really scrubbed the ASP work to see if there are nore
profound things than just saying 20 percent of the
incidents have sonme unique characteristics to them
that are not usually captured in PRAs.

| f you are nmaki ng deci sions at that |evel
in the PRA, you m ght have sone problens draw ng the
right conclusionif these things weren't incorporated
inthere. There are reports on each of these. There
was one that was an RCS bl owdown into the refueling
wat er storage tank at hot shutdown which was a fairly
high risk contributor. A couple of strange things
happened when the reactor tripped and | oss of surface
wat er .

CHAI RVAN APOSTOLAKI S:  So the questionis
if 1 go now to the PRA,  which is done for hot
shut down, aml going to see a failure node |like this?

MR SHACK: | don't think so.

CHAI RMVAN APOSTOLAKI S:  That's the thing
that we need to spread the word and nmake them nore
realistic.

MR. SHACK: Yeah. This is something like

an event B sequence but not exactly. It's an
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interesting way that it got there. There weren't
dials that failed or anything. This was an operator
made a m stake or got confused.

DR. O REILLY: They had conflicting
operations going on at the sane time, George, and
neither of the two were in comunication with the
ot her .

CHAl RVAN APOSTOLAKI S: Ckay. So the
i ndustry doesn't know this but do our own guys know
t hese things? Wen they receive a PRA or a piece of
a PRA in support of a risk informed decision do our
own guys know about these things?

MR. BARANOWBKY: Well, the informationis
avail able and, as | said, it's not always so easy to
go to so they may not go to it. One of the insights
fromthe operating experiencetask forceis we needto
make this easy to get to.

CHAI RVAN APOSTOLAKI S: I f areviewer from
NRR i s dealing wi th shut down nodes, is there anyway he
or she can press a coupl e of buttons and get all these
i nsi ghts regardi ng t hese nodes? Do we have t hat yet?

MR. BARANOASKY:  No.

CHAl RVAN APOSTOLAKI S: Thi nk about it.
Maybe that's what we need.

MR, BARANOWEKY: You are right. As |
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said, if we had the resources we woul d go t hrough and
put together alittle better package that would al | ow
you to dig down. Start off wth high-Ileve
consi derations and then | ead you down to the details
so you could use it appropriately.

Right nowthe way it is is you woul d have
to just go in and scroll through all the ASP events
and be able to figure out which ones you want to | ook
at. W don't have them categorized and cl assified.

CHAI RVAN APOSTOLAKI S: They' re never goi ng
to do that.

MR. BARANOWSKY: They aren't going to do
that. You're right.

CHAI RMAN APOSTOLAKIS:  Unless it's easy
access, they're not goingtodoit. They have so nmany
ot her pressures. | nmean, it's not because they are
bad guys. They have lots of things to do.

VR, BARANOWSBKY: I'"'mtrying to get Don
Marksberry to work Sundays -- he's already got
Sat urday booked -- to do this but he just says he's
got to have a day off.

CHAI RVAN APOSTOLAKI' S: | don't know about
t hat .

MR, BARANOWSBKY: This is an identified

i ssue.
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' m not going to say too nuch about the
| ndustry Trends Program because we had a briefing --
how | ong ago was that, Dale?

MR. RASMUSON:. Just a nonth ago.

MR. BARANOWBKY: Two nmont hs maybe. Let's
talk alittle bit about it for the benefit of anyone
who either wasn't there or sone update things. |1'll
| et Dal e do sone updating, too.

The Industry Trends Program is a
conpl ement to the reactor oversi ght process. It's not
actually a part of it.

CHAl RMAN APOSTOLAKI S: You guys want to
take a five-mnute break?

MR. BARANOWSKY: That's fine.

CHAI RVAN APOSTOLAKI S: Okay. Back infive
m nut es.

(Whereupon, at 10:42 a.m off the record
until 10:50 a.m)

MR. BARANOWSKY: Ckay. Just briefly on
the I ndustry Trends Program it focuses primarily on
i ndustry-w de i nplications of things and trends so it
conmpl ements sonme of the nore generic activities that
t he NRC does. What we are doing is supporting NRR on
this project and they are wusing a l|lot of the

information that we have in our initiating event and
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systems studies that trend the performance of
equi pnent or initiators over tine.

If there is a significant deviation in
time for this integrated | ook, then that should spur
us on to |l ook nore closely at whether or not thereis
a generic issue here. Then we could take either the
| ack of such conditions or their exi stence and report
themto Congress as part of the NRC s perfornmance and
accountability requirenents. That is one of the ngjor
t hi ngs that pushes this project.

There is a process, and thisis really an
NRR process but | just wanted to show it, in which
data is fed into the process and we analyze it and
| ooks for trends on specific things. The itens that
are going to be trended are not just any old thing.
We go through a process of picking what's going to be
trended, what the scope is and so forth.

For instance, | think we picked six
specific initiating event categories with specific
definitions and the counts for those things are sort
of rigorously defined so that we don't have
di fferences every year that's based on the way peopl e
count things or do their work and we woul dn't be abl e
to get a reasonable trend.

That goes into the process, as | said, in
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whi ch we, neani ng t he agency, | ooks to seeif thereis
somet hi ng evolving here. |If there is a significant
degradation, then the senior nanagers have their
nmeeting once a year and talk to the Conmm ssion and it
could be identified there and discussed in terns of
agency response activities which normally would be
underway by that tine.

And if it nmeets certain criteria, it can
actually get report up to Congress where it's a
devi ation in performance that's degradi ngtothe point
we t hi nk we have to go and tell Congress that thereis
a problem evolving here. That's the process.

VWhat we've been working on lately is an
i ntegrated i ndicator in which we can take nost of the
risk significant, if not all the risk significant,
events which have different risk inportances and
wei ght them accordingly and cone up with a single
indicator nore for the reporting to Congress than
anyt hi ng el se.

e still have t he i nformati on
di saggregated down into the 10 or 15 types of
i ndi cators and we use that as safety engi neers at the
NRC. But how do we report trends on 15 or 20
initiating events with different risk significance.

And if this ever gets expanded into the other
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cornerstones, we could have literally 100 indicators
and that wouldn't make any sense. The idea was to
cone up with a way of rolling this up.

Currently what happens is they're just
counted. Al arge break LOCA woul d be count ed t he sane
as an innocuous reactor trip, turbin trip, in which
the plant started up a few hours later. That's not
the way this is set up. It goes into the risk
i mportance neasure and it weightsit andits potenti al
i npact on core damage frequency for the specific plant
t hat had the incident and we used t he SPAR nodel s for
this.

Then we col | ect theinformation for ayear
and then year by year we can put it together and show
the trend. That's what we presented at the | ast ACRS
neeting. The point that we got to nowis we finished
the initial devel opnent at work and we're sending it
over to NRR shortly and a deci si on needs to be nmade as
to whether or not they want to do some trial and
specific inplenmentation kinds of activities while we
fine tune things. You know, make sure it has QA
Make sure it's a production thing instead of a
research activity. That's pretty nmuch where we are on
t hat .

The next item is the SPAR nodel
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devel opnent program "1l go through this in the
order that we identified types of SPAR nodel s t hat we
are developing. First thingis the so-calledlevel 1
Revi si on 3 nodel s which are the full power SPAR nodel s
and we now have 72 of these nopdels devel oped which
represent all the operating reactor configurations.

A coupl e of themare cl ose enough that we
can use virtually the sane nodel but we can nake as-
necessary adjustnents on, say, performance data or
even sone recovery factors. Are there any other
t hi ngs we woul d change?

We're done the on-site QAreviews for all
of these which actual |l y was an ACRS recommendati on t wo
years ago. W went out to every site. W gave our
nodel to the |licensees, we got theirs, and we conpared
t hem and we saw where there were differences. \Were

we had t he designation "i" nmeans we haven't addressed
t hose differences yet so there's quite a few of them
t hat we haven't been able to address the differences
yet. Wien we do address them then we just call them
3.

DR O REILLY: W have about 25 nodels
left to conplete the followup on those on-site QA

revi ews.

MR. ROSEN: |'mdelighted to hear that.
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| think I was one of the people who sort of suggested
that. In fact, | went further. | suggested why don't
you just throw these away and get an agreenent wth
the |icensee to use their nodel.

| think | understandthe reasons you don't
do that now, but clearly you didn't want to be in the
situation you're in where your nodel was just plain
wong and the |licensee would tell you that the first
time youtriedtouseit. Youwanted to find out your
nodel was wrong and not up to date before youtriedto
use it in some contentious proceeding.

DR. O REILLY: Well, you should be aware
that there are sone cases in which we have agreed to
di sagree with the licensee's PRA

MR. ROSEN: As long as you know that the
pl ant has three of these and not two.

DR. O REILLY: Correct. That was the main
pur pose of these on-site QArevi ews which, by t he way,
we did in conjunction with NRR s benchmarki ng of the
SDP not ebook for the plant.

MR. ROSEN. And nore than just three of
t hese, not two, that there's a connection between here
and here which is nodel ed that they can take credit
for intheir analysis. You ought to understand that,

t 0o.
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DR. O REILLY: Yes.

VR. BARANOWSKY: W have a good
under st andi ng now of the physical plant as operated
which we're trying to incorporate into the nodel s at
the | evel of detail that we work with. W also went
one step further and that's this third bullet here as
part of our Mtigating System Performance |ndex.

There were 20 pl ants that were part of the
pil ot programand we did what | call an enhanced SPAR
nodel which now goes down to the | evel necessary to
nodel the plant for the key systens in the Mtigating
System Performance I|ndex, support systens and all
their interconnections some of which were put in as
undevel oped events in our sinpler nodels.

This work has been getting pretty high
marks from fol ks that we worked with because we are
real |y understand where there are any di fferences and
what those differences are between what an NRC node
and standard set of assunptions mght give versus
licenses. | believe we have a very good agreenent in
many cases.

W have identified a few issues which
whil e we have our standard of approach m ght be to,
say, use a RELAP generated success criteria and a

i censee might be using MAP. W' re just saying those
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are differences which should be resolved and we're
| ooki ng at howthat m ght happen over the next year or
so.

At | east we're aware of it. W are aware
if their risk nunber is a little bit different than
ours, we understandit's because of slightly different
success criteria. W can now focus in on the things
t hat are driving those success criteria and hopefully
get to a nuch closer result.

Don Dube gave a presentationto-- | don't
remenber which subconmittee it was but we had sone
extrenel y cl ose cal cul ati ons and cor e damage frequency
and inportance neasures. These are our own nodels.
We did themoursel ves and all we wanted to knowi s how
is the plant designed and operated. W didn't use
t hei r nodel .

MR. ROSEN: What do you nean by cl ose?

MR. BARANOWBKY: Cl ose to the core danmage
frequency.

MR. ROSEN: Close to the licensee's
esti mate.

MR. BARANOWSKY: The |icensee's estinmate
and thenif it was different we could say exactly why
it was different. What we are trying to come up with

is alist of itens that we can work in sone form
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W're not sure how. Possi bly through the ASME

standard activity to resol ve these things so that we
don't argue about those kind of nodeling things on
regul atory applications. W argue about ot her things
i ke thresholds and risk phil osophy and what ever.

MR. BONACA: This is level 1, no external
events at power?

MR. BARANOABKY: Yes. We've done a |l ot of
work at the at power. | think we either have very
good nodels or where there are limtations, we
understand what we're mssing in the nodels.

In fact, we're planning on putting I'l1
call it a warning of sonme sort or an advisal up front
i n our SPARnodel s indicatingthe specificlimtations
for their use so that when those folks who didn't
devel op themgo out and use them they will know t hat
t hey have to be concerned about the | evel of detail
say, in the service water across connect nodel and
you've got to use accordingly. Supposedl y these
things are to be used by skilled practitioner stuff,
just push button.

| " mgoing to skip the next one. Let's go
to | ow power shutdown. Wth | ow power shutdown I
think we had a briefing on this.

DR O REILLY: A year ago.
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MR. BARANOWSKY: COkay. We have conpleted

t he BWR and PWR tenpl ates. W have sone SPAR nodel s.
This | ow power shutdown is a little bit different
because plants don't go through the sane exact
evol utionary characteristics or process every tine
t hey shutdown so it's not a push-button nodel by any
stretch of the imagination. It's nore of a nodel with
procedure for meking it fit what you have actually
observed.

MR.  ROSEN: And the difference is
enor nmous.

MR, BARANOWSBKY:  Yes.

MR. ROSEN: For instance, if a PAR does a
hot early md LOOP or doesn't, the risk numnber for
t hat shutdown will be enornously different. WIldly
het erogeneous in tinme and enornously different from
out age to out age.

MR. BARANOWSKY: | nmean, nore so than for
sure the normal operating condition plants you have to
have an anal yst who can work with these nodel s.

DR O REILLY: Because of that, we are
concentrating on an approach that does plant
categories versus trying to have a | ow power shut down
for each individual plant.

MR. BARANOWSKY: So it woul d be sort of a
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general nmodel, if you will, that you have to nake
adjustments for sone guidelines.

DR. O REILLY: Correct.

MR. ROSEN: So when you advertise this to
t he agency and say here is the standard outage for
PWR, let's say, and put a risk nunber onit, you wll
be maki ng a m stake. You're going to have to say here
is a range of outages.

Someone i s going to ask you ulti matel y and
you're going to have to say sonething like, "Well, it
depends what you do. Here's a range of outages.
Here's one that is pretty low risk and here's one
that's pretty high risk and you'll notice the
di fferences.”

DR. O REILLY: Ri ght . We've tried to
capture the several nost riskinportant configurations
for | ow power shutdown but you'reright. Aparticular
pl ant one of those m ght not be quite as risky.

MR. ROSEN: O you can do it at a
different time during the outage when decay heat is
down and it will change the structure again. Not only
whether you do it but when you do it wll be
i mportant.

DR. O REILLY: That's right.

MR. BONACA: You could blow the whol e
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core.

MR. ROSEN. Right.

MR. BONACA: | nean, so you have no md
LOCA concern.

MR. ROSEN:. Right. Sonetinmes it's zero

MR. BARANOWBKY: You' d have to go back and
| ook at their past history of what they did and | can
only tell you what their risk exposure was. O if
they will tell us what they are going to do in the
future, then we can do that, too.

MR ROSEN: They won't do that because
t hey don't know.

MR. BARANOWSKY: Sothat'sthelimtation.
You're going to have to be an anal yst that can work
this thing as you go through it.

So we'll be conducting QA reviews and we
have a coupl e of nore, what do you call these, these
standard nodel s or what ever.

DR O REILLY: Lead plant nodels.

MR, SHACK: Now, is this built on top of
t he enhanced SPAR or is this a 3 or 3i7?

MR. BARANOWSKY: It's different.

DR. O REILLY: "1l tell you what wll
happen is enhancing the Revision 3 SPAR nodels can

result in enhancenents to the | ow power shutdown
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nodel s because we pull in the fault trees fromthe
Rev. 3 nodels into the | ow power shut down
confi gurati on.

MR.  SHACK: Okay. But in the event
diagram this all overl aps. There are | ow power
shutdowns on enhanced nodels and on non-enhanced
nodel s.

DR. O REILLY: It could happen that way,
yes.

MR. ROSEN: So this fiction that's being
perpetrated that there' s norisk anal ysis for shutdown
is clearly denonstrated to be wong here.

DR. O REILLY: W hope so.

MR. ROSEN: You need to contest the people
who some up with this fiction nowand then that plants
only know yel |l ow, red, and orange. There are |ots of
plants that do better than that.

DR. O REILLY: There are a few. W are
finding out there aren't amajority but there are sone
out there, yes.

MR. SHACK: Have you conputed sone
conmpari sons with yellow, red, and orange?

DR. O REILLY: W've only gotten one on-
site QA review of | ow power shutdown nodel conpl eted

because nost of the ones that we have nodels for are
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al so participating in this MSPI conparison exercise
and we did not want to put additional burden on the
licensee's PRA staff so we had to delay the rest of
t hose.

W reported to the subcommttee | ast
Cct ober about the results of the one on-site QAwe did
at the Surrey plant. As | said before, we got m xed
results out of that. Part of the problemwas the | ack
of know edge on the part of the |icensee's PRA staff
about their | ow power shutdown nodel. They had it
done by a contractor and were no | onger working with
that contractor at the tine.

MR BARANOWEKY: Okay. The next thing
that we're doing is we are devel oping the large early
rel ease frequency nodel s. W' ve done sone devel opnent
wor k here that we conpl eted i ncludi ng the bridge trees
and contai nment of entries. The bridge trees bridge
fromthe Il evel 1 nodels basically to the core damage
states and containment failure states. W have
i ncor porated peer reviews. W0 was involved in that
peer review? Can you renenber?

DR. O REILLY: It was an internal peer
review but | do believe that the reports canme to the
ACRS.

MR. BARANOWSKY: | don't knowt hat we have
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briefed the ACRS on this. Have we?

DR. O REILLY: No. W tal ked to you about
this last year but you couldn't fit it on your
schedul e.

MR. BARANOWBKY: So | et us know. W woul d
like to hear nore about it. There's not a |ot of
ability to do LERF analysis w thout going through
extrenely detailed and tine consum ng and costly
process |ike the NUREG 1150 type of things. O just
pul I'ing things out of the air saying, "I think that's

going to be a big rel ease and an early one,"” and j ust
calling it that.

Thi s gives us some capability in between
t here. It's not perfect but based on what we
understand to be i nportant in tal king to fol ks who are
doi ng the nore sophisticated devel opnental activity,
we are i ncorporating those features that seemto have
t he bi ggest drive in here. Again, it's another one of
t hese things that is going to have to have procedures
for its application.

DR O REILLY: Yes.

MR. BARANOWSBKY: More than just the | evel
1 core damage frequency nodel s.

MR, CHEOK: Let nme say sonething about

that, Pat. Renmenber when we were tal king when you
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were developing the 174 reg guide and we had this
NUREG on LERF, a lot of the small LERF nodels starts
up with that NUREG where we can convert from CDF to
LERF.

MR BARANOWEBKY: So we'll continue to
devel op these nodels for lead plants and if it seens
appropriate, we would be glad to brief the commttee.

"1l al so mention that we haven't started
yet but have future plans to do external event nodel s.
Again, we don't know exactly whether they would be
nore of a procedure and process approach or a hard
nodel that is nostly push button. W would have to
come up with a schene.

MR. ROSEN: | think you know you' re goi ng
to treat fires as an external event. Right?

MR BARANOWSKY: Fire, flood, seismc, and
external wi nds.

MR. ROSEN:. Hi gh w nds.

MR. BARANOWEKY: Hi gh wi nds. And t hey are
all different enough in the way you are going to
anal yze themthat it's not just a sinple matter. W
put that off to the end, but there is a crying need
for us to have that, in particular, in the
signi ficance determ nation process.

Wien we did it for the power states, we
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had fairly detailed PRAs and lots of them that we
could work back from including our own. | nean,
i censees and PRAs. You go to the external events and
there's just a few studies and a few PRAs.

MR. ROSEN. If | asked you what happened
during Hurricane Isabel to certain plants that
tripped, you know, what was the risk, do an ASP
anal ysi s?

MR. BARANOWBKY: We coul d do the anal ysis
but it would cost.

DR. O REILLY: We woul d have to create our
own custom nodel .

MR. BARANOWSKY: We've done that.

MR. ROSEN:. Those plants tripped because
of salting on the insulators because there was a | ot
of high winds and they are seacoast sites and there
was no rain to wash the i nsulators. How do you nodel
that, the high wi nds?

MR. BARANOWEKY: Actually it becones
easi er to nodel sonething that has already fail ed and
just what the consequential situation is and we
predicted just that.

MR. ROSEN: But I'mnot interested in just
that. I'minterested in how |likely was the event.

MR. BARANOWSKY: That's different. That's
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what we woul d have to spend sone tine on

The last itemis the Mtigating System
Per f ormance | ndex whi ch we briefed the commttee on a
fewnonths | guess. | think | nmentioned that this did
evolve from sonme work that we did on risk-based
performance indi cators.

It was put together in response to a
request to pronptly address sone probl ens associ at ed
with the current performance i ndicators. It's what we
call highly risk inforned but there are a nunber of
t hings that are done that make it not risk based per
se but it's highly risk infornmed.

It accounts for unavailability and
unreliability consistent with PRAs which gives us a
nice connection there. 1It's nore plant specific by
far than the current set of indicators, it elimnates
the fault exposure tinme problem elimnates the
cascade of cooling systemsupport systemfailures onto
front |line systemi ssue.

MR. ROSEN:. In other words, it treats it
properly.

MR. BARANOWSKY: Well, treatsit properly.
And the thresholds are consistent with the current
per f ormance indi cators.

MR ROSEN: And it's DOA, | understand.
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MR BARANOWBKY: And it's DOA. No, it's

not DQA.

MR. ROSEN. Good. Wiy isn't it dead on
arrival ?

MR.  BARANOWBKY: |"m going to explain
that, | hope.

MR. ROSEN: | hope it's not dead on
arrival.

MR. BARANOWSKY: Let nme just finish this
and 1'|l|l address that and then we'll see if it's DOA.

We did do a pilot programon this. D d we report the
pilot programthe |ast tinme we canme here?

SUBCOW TTEE MEMBER:  No.

MR.  BARANOWSKY: Ckay. And we are
pl anni ng, by the way, a future ACRS briefing to fol |l ow
up the last one plus the new stuff that happened.
Don, when did we have that approximtely schedul ed?

MR. DUBE: | think probably early January
or sonetimne.

MR. BARANOWSKY: And in Decenber we are
shooting torelease the draft report that anal yzes al |
t he i ssues t hat evol ved fromthe pil ot programand how
we cane to a conclusion as to how they could be
addressed technically. So the pilot program went

t hrough an exercise, the original version of what the
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Mtigating System Perfornmance | ndex was.

Until you try somet hi ng out you never know
what ki nd of bugs are in there and whatever. And then
we found t hings that needed to be fixed up and we di d.
"' mnot going to go through the details but this was
part of our validationandverificationeffort because
the |licensees were the ones who were actually trying
out the performance i ndex and we were just doi ng sone
doubl e checking validation verification work.

That included the need for us to upgrade
t he SPAR nodel s which | described earlier in order for
us to do that. W couldn't even do it with the
ori gi nal SPARnodels. They weren't detail ed enough or
accur ate enough.

They were good enough to get the overal
core damage frequency and sone key sequences but you
have to go down into a | evel where the inportance of
key conmponents isreally fairly closeif you are going
t o be maki ng deci si ons t hat may change and perf or mance
pushes you over a threshold with a delta CDF 10°
which is basically in the second or third decim
pl ace of your overall know edge on the core damage
f requency.

MR. ROSEN: It turns out when you go out

to plant, systens they are nade of conponents.
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MR. BARANOWSBKY: You do what ?

MR. ROSEN. It turns out when you go out
to plants and put your hands on t he equi pnent, systens
are made of conponents together.

MR. BARANOWABKY: Right.

MR ROSEN. It's a nasty fact of life.

MR. BARANOWSBKY: It is. W came up with
aneat little approach to i ncorporate conponents into
the systemin whatever |levels allowus to work with a
performance threshold that is based on what was
promul gated in SECY 99007 when we did the reactor
oversi ght process which is these 10°° | evel s that get
you fromthe green to white to yellow to red and so
forth.

kay. So what's the status now? W' ve
had several neetings to go over technical issues. O
concern are whether or not we will be getting false
positive or fal se negative i ndications of degradation
and performance and equipnent that is highly risk
signi ficant.

It only takes a few failures if you are
| ooking at a short period of time to call a failure
rate high, let's say, when normally you woul d col | ect
data over a longer period of tine. That's an issue

and we have come up with schenes for dealing with that
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whi ch we did not present to the ACRS.

Way don't you give a summary of a couple
of the key itens that we resol ved and then we're j ust
going to conme and talk to you again.

MR. ROSEN: Put your |ast slide back on
just so |l don't have to | ook at that white background.

MR. DUBE: This is Don Dube. There were
a nunber of issues identified but there were really
Si X maj or issues. O those we presented proposed
solutions in the July 23rd neeting and had some go
arounds. Industry has concurred with five out of the
six resolutions that we have proposed.

These have to do with invalid indicators
where thereis only onefailure -- onefailureresults
in a white indication. O, at the other extrene,
insensitive indicators where it takes dozens and
dozens of failures to reach a white indication. What
we have proposed is putting a front stop and a back
stop to address both sides of the issue.

They have agreed on those approaches
pretty whol e heartedly. The only outstandingissueis
the extent to which we include the contribution of
conmon cause failures to the inportance measures and
whet her that should be part of the MSPI nethodol ogy.

Really there's only one outstanding i ssue and | think
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we can conme up with a resolution on that.

MR ROSEN. So it's not that other arm
The m nds have been greatly exagger at ed.

MR, DUBE: No.

MR. BARANOWSKY: Let's tal k about sone of
t he things that have come out. You m ght have even

read about these in Inside NRC There are issues

rel ated to whet her or not we can use |icensees, PRAs
as they exist to dothe Mtigating SystemPerformance
| ndex cal cul ati on nainly because of the concern about
PRA quality and what that neans.

VWhat we have done is try to identify the
specific aspects of the PRAs that if you make a
different assunption such as wusing the success
criteria fromRELAP versus the MAP code, what inpact
t hat has on cal cul ati ng the MSPI val ues.

Because we are putting in these
per f or mance based approaches with front st ops and back
stops, it becones | ess sensitive to the precision of
the PRA. We need to run sone sinmulations to verify
how sensitive any of those issues are. W haven't
done that yet.

MR. DUBE: Well, we've started. In fact,
one interesting result is that at the July neeting

presented to you and | said that one particul ar pl ant
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has a difference in success criteria than what we
assunme in the SPAR nodel. They said their success
criteriais one out of two PORC for feed and bl eed and
many plants of that design have two of two PORC as a
success criteria. W know the change in core damage
frequency.

Now what we're doing is our ©MSP
sensitivity studi es and | ooki ng at howdi fferences in
t he PRA nodels and outputs affect the MSPI results.
Inthis particul ar case dependi ng on whi ch assunpti on
you use you nay either get a white indication because
of sonme failures of feed water punps or a yellow
i ndi cati on. It's extrenely sensitive. But ot her
cases what we found is there are differencesinlet's
say failure rates between t he SPAR nodel and i ndustry
PRA. Sone peopl e are saying those are unacceptabl e.
VWhat we've done is rolled all the differences and
doing sensitivities on those and we find, hey, it
doesn't even affect the results to nore than a factor
of 1.5 or 2.

We ar e doi ng t hese sensitivity studies and
getting a feeling for how sensitive is the output,
which is the MSPI result, to the input. As you do
enough of these you start to see aninterestingtrend.

CHAI RMAN  APOSTOLAKI S: M. Cunni ngham
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nmentioned it today but Mary also a nonth or two ago.
The stuff is devel oping a regul atory gui de on how to
do sensitivity and uncertainty analysis. It's al
within the bigger context of PRA quality and PRA
standards and so on. | think it will benefit a |ot
fromthe insights that you gentl eman have col |l ected
over the years.

| n particul ar howsensitive certainthings
are to assunptions because this is one of the
requirements in the PRA standard, the ASME standard,
that you have to identify the key assunptions that
affect your results. The regulatory guide will dea
with how to do that. | think you have to talk to
them Are youin contact with themat all or shall we
i ntervene?

MR. BARANOWSBKY: No, the PRAquality issue
needs to be resolved in a manner that is consistent
with what they're doing. W're testing some things
out. In theory, they are going to learn from what
we' re doi ng.

CHAI RVAN APOSTOLAKI S: No, but this issue
of two PORCs versus one and so on, these are exanpl es
t hey have to be aware of. These are key assunpti ons.

MR. BARANOWBKY: We are feeding this into

t hem The feed is fromus to them W have the
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actual experience of doing the anal yses.

CHAI RVAN APOSTOLAKI S: That's what |'m
asking. There is a connection?

MR. BARANOWSKY: Yeah, and we are trying
to feed that in.

CHAI RVAN APOSTCOLAKI S: But t hey never tell
you what they do, right? It's only one way?

MR. BARANOWSKY: Well, the concern that |
have is we are working with specifics and then when
you start getting into generalities of what PRA
quality is, it beconmes a discussion of phil osophy as
opposed to -- what I'minterested inis can | get a

reasonably cl ose anal ytic result so that when | apply

it in a quantitative situation | don't get two
potentially different decisions. That's all | care
about .

CHAI RVMAN APOSTCLAKI S: But this regul atory
guide is not really dealing with the big issue of
quality. It's dealingwiththe specific issue of what
does it nean to do sensitivity anal ysis and what does
it mean to do uncertainty anal ysis and howshoul d | do
t hese two things.

Qobvi ously they have to be fully aware of
some of the Kkey assunptions that you guys are

identifying. Anybody can tal k about success criteria
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that are inportant but here is an exanple where it
does make a difference what kind of success criteria
you assune. That's all 1'm saying. And this is
happeni ng.

MR, BARANOWEBKY: | think | can give
acci dent sequence precursor cases where we did the
sane thing. We would run through point analysis. W
had i ke 20 i ssues rai sed. W went through 19 of them
that had no inpact but it took a lot of effort to go
t hrough them We said only one causes the bottomline
to change. The others are peripheral.

CHAI RVAN APOSTOLAKI S: | woul d I'i ke to get
sone of this information for ny own benefit.

MR. BARANOWSKY: We're going to get you
sonme of these accident sequence precursor things.

MR. ROSEN: So tell us the bottomline on
MSPI .

MR. BARANOWSKY: Ckay. The bottomlineis
we think we can resolve all the technical issues and
there arestill issuesrelatedtoits acceptability as
a replacement for the current process which invol ves
a performance indicator and/or a significance
det erm nati on eval uati on on si ngl e conponent fail ures.
| think that's about the bottomli ne.

Sonme people want to do SDPs on single
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component failures and our position is that is best
done through reliability analysis because of the
context of fal se positives and fal se negatives if you
don't look at it in that regard. W factored that
into the front and back stop issues that Don has
t al ked about.

MR. ROSEN: Wy doesn't that resolve the
i ssue? Now you have an MSPI that recogni zes that you
ought to not meke broad generalizations based on one
event. You use the back stops and front stops to nake
sure that you don't and now you nove the MSPI into the
ROP repl aci ng those ot her outdated -- let's say those
ot her partial indicators which | began devel oping in
the '80s with something that is much nore robust. |
think you're doing great. Don't give up early.

MR. BARANOWSBKY: We're going through the
process and we' re trying to address i ssues t hat peopl e
are raising about why they like to do it one way or
another. | think we're slowy just making progress.
It's a little bit nore difficult than we thought it
woul d be. | don't think we can just say it's our
opi ni on you --

MR. ROSEN: Not necessarily disabling.
Things that are difficult sonetines turn out to be

good things. | think working with the industry is

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

great but at sone point you can decl are victory and go
ahead and make a recommendati on to t he agency that you
nove the ROP along. W didn't ever expect ROP to be
the way it was on day zero forever.

MR, BARANOWBKY: | think we need to
recogni ze t hat what we' re proposing i s not the perfect
fix to performance indicators but a pretty good
i nprovenent that gives us a good handl e on where we
shoul d spend our inspection resources.

MR. ROSEN: Look at the chart behi nd you,
the one | had you put up. It just so happens to be
that those bullets that you list, unavailability and
unreliability are consistent with the PRA |t
accounts for plant specific design and performance
dat a whi ch was one of ACRS' big conplaints about it.

It elimnates fault exposure time which
t he i ndustry conpl ai ned about. 1t cascades properly
t he support systens, especially the cooling support
system and so on. Those are very significant
advantages and | don't want to lose them | think
t hey are val uable. The | onger we wait to accrue t hose
advant ages, that's |ost opportunity.

MR. BARANOWSKY: One last point on that
also is that this is new and different fromthe way

anybody has done detailed performance indicator
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calculations and so there is a concern about what
effort will be involved in inplenmenting this.

We think we figured out howto handl e the
industry side and | think the industry folks are
confortable with it but there is a concern about how
much i nspection activity is appropriate and woul d be
required. Do they have to inspect the PRAs? Do they
have to inspect all the interpretations of data?

MR ROSEN. Got it across the line into
t he agency, the concerns, which is wonderful because
we could help you with that. This is the right
direction for the ROP and | support it. You' ve
presented nme with a target rich environnent so ||
confine nmy comrents besides MSPI to just two others.

These Pls for the cross-cutting issues
t hat we have been | ooking for and worried about, you
gave ne a troubling answer to what | said before when
| said, "Look, you need to |ook at Persensky's and
Fl ack's presentation fromthe other day and | ook in
t he potential performance i ndi cators that he proposed
on Saf ety Consci ous Work Envi ronnment Corrective Action
Program and Hurman Perfor mance. "

You said, "I don't knowif I'mthe right
guy.” Well, I'Il hold you responsible. | don't know

if you are either but I see you. It's troublingto nme
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t o have an agency person of your cali ber and el evati on
inthe agency to say, "I don't knowwho's i n charge of
this," because, you know, sonebody has to be and
you're as good a target as anybody.

This is inportant. Very inportant, Pat.
W need to get this resolved. W brought it up in
letters fromACRS to the Conmi ssion that here is an
avenue. Pl ease, between you and Fl ack and Persensky
and whoever else, would you take the lead to say,
"Ckay, here's a way to go forward. Let's at | east

| ook at it. |"mnot saying do it. |'mjust saying
here is a suggestion.

CHAI RVAN APOSTOLAKI S: Maybe we can say
somet hi ng i n our research board about this because he
needs help with that. He cannot take the | ead.

MR. ROSEN: | know. [|'mjust troubled by
sonmebody |ike him saying, "I don't know who's in
charge."

CHAI RVAN APOSTOLAKI S: W' I | make sure we
raise that when we wite the appropriate report
because then | think sone people may pay attention.

MR ROSEN: "Il try. 1'Il try. Ckay.

CHAI RMAN APOSTOLAKI S: W'l | turnyouinto
a psychol ogi st .

MR, BARANOWSKY: Well, I'msure you'll get
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me in trouble, but okay.

MR, ROSEN: I"m trying to get you in
troubl e.

CHAI RVAN APOSTOLAKI S:  Because you don't
get into trouble on your own.

MR. ROSEN: | want to get you into trouble
and then out of it as a hero.

MR. BARANOWSKY: All right.

MR. ROSEN:. All right. One nore. On your
slide 18, this was on integrated initiating event
i ndi cat ed devel opnent, you tal ked about rolling upthe
i ndi cators and col | ect communi cations to Congress and
ot her stakeholders. It seens to nme that you' ve gone
a l ong way to nmake some very i nportant integrations of
thisinformation. Thisis just for initiatingevents,
right?

MR, BARANOWSKY:  Um hum

MR. ROSEN: But, at least, it says froma
perspective of the industry and over tine now as you
trend this stuff you're going to be able to say
whet her this really is neaningfully going up or down.
| think that's a very big value of it. I n other
words, it doesn't say howwel |l the events were handl ed
but it says whether they are occurring or not.

| think you can say over tine that it has
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alot todowith howwell the industry is maintaining
the plants and other things like grid reliability.
It's a very inportant statistic to be watching over
time now It becones val uabl e because of the things
you' ve done wi t h t hi nki ng about risk. For exanple, as
you've quantified, don't just add numbers and send
themto Congress.

My God, what coul d be worse than handi ng
t hose guys | oaded guns. They could shot them any
pl ace. They coul d shoot thenselves withit. | think
it's a very valuable thing and over tine | think it
coul d becone even nore val uabl e as long as we trend it
properly and draw appropri ate ri sk- based concl usi ons,
ri sk-infornmed concl usions. Thank you.

CHAI RMVAN APCSTOLAKI S: Any ot her conment s
by any nenbers? You want to make any conmmrents?

MR. BARANOWSKY: No, but we appreciatethe
bri efing.

CHAI RVAN APOSTOLAKI' S: Thank you very nmuch
for com ng. This has been excellent as usual.
Appreciate it. Thank you.

Ckay. We will recess until 12:30.

(Whereupon, at 11:32 a.m off the record

for lunch to reconvene at 12:30 p.m)
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AAF-T-EERNOON S-E-S-S1-ON
12:34 p. m

CHAI RVAN APOSTOLAKI S: The next itemis
Pl anned Activities in Devel opnent of PRA Met hods and
Standards. Mark Cunni nghamwi ||l open it up.

MR. CUNNI NGHAM Yes, sir. Thank you. We
have four speakers this afternoon in addition to
nysel f.

CHAI RVAN APOSTOLAKI'S: W have to finish
by 2: 30.

MR. CUNNI NGHAM  No probl em

CHAl RVAN  APOSTOLAKI S: If you don't
finish, we're gone.

MR, CUNNI NGHAM W' || be done by 2:30.
We're talking in the broad category of things about
SAPHI RE peer review. W' ve talked in the past about
two aspects of it. One is how do you review and try
to i nprove the basic nodels that are in PRAs t hat show
up in codes |ike SAPHI RE.

Then there is also how do we test the
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code, if you wll, itself to ensure that it's
representing the nodels correctly and that sort of
t hi ng. You'll hear a little bit about both this
af t ernoon. Qur friends from the University of
Maryl and are here, Dr. Mdarres and Dr. Mosl eh, and
they will be tal king about inprovenents and how we
nodel things in PRAs.

Following them we'll have a  brief
di scussion on the work we're doing in fire risk
analysis fromJ. S. Hyslop of the staff. That's one
slide, | believe. Then we'll tal k some nore about the
technical review, the DVMB review of SAPH RE. And
we'll talk a bit about what we're doing in | ow power
and shut-down risk analysis. Both of those could be
very short if we are pressed for tine.

CHAI RMAN APOSTOLAKI S:  Geez, are you goi ng
to go through all of these?

MR CUNNI NGHAM  No.

MR. ROSEN: But | ook at the subject,
George. This is what you' ve been buggi ng us about.

CHAl RVAN APOSTOLAKI S: Not on a Friday
afternoon. Not on Friday afternoon.

MR. ROSEN: Nowthey deliver it and you're
in a hurry.

MR. CUNNINGHAM |Is every other slide a
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good nove?

CHAI RVAN APOSTOLAKI S: Yeah, every ot her
slide woul d be good.

DR. MOSLEH: | shoul d probably start with
sonme introduction.

CHAI RVAN APOSTOLAKI S:  Sure. Tell us who
you are first of all for the record.

DR. MOSLEH: | am Ali Msleh. [|'mthe
Prof essor of the University of Marylandin Reliability
Engi neeri ng. W have had a nunber of research
projects with the Ofice of Research in the genera
area of uncertainty and various applications. W were
i nformed of the desire to have a presentati on on some
of our work and progress.

It was short notice, Wednesday norni ng, so
we tried to put together sonmething that is
representative of what we have done and what we are
currently working on. About four separate topics
under the broad topic of uncertainty treatnment and we
will try to cover as nmuch of those and as many of the
details as possible.

In fact, if it is preferred, we can take
one of the several topics and spend nore tine on it.
These are the topics that we have plans for

presentation. These are a subset of several topics
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under the topic of uncertainty. The first one was a
project that we had |i ke about four years ago or five
years ago. It was kind of a two-year project under
t he col | aborative agreenent that we have between NRC
and CTRS, Center for Technol ogy R sk Studies.

The second one is topics that we have
addressed and those that are kind of subject of
ongoi ng research. I'm here with my colleague
Prof essor Mohammad Mddarres. W are kind of the co-
project principal investigatorsinthis activity. And
one of our graduate students M. Paul Copahanna.

| planto start with the first topic, the
i ntegrated nodel and paraneter uncertainty with the
stated objectives of devel oping a conceptual unified
framework and nethodology for treating node
uncertainty, nodel and paranmeter uncertainty.

To provide guidance for practical
applications. That was kind of a key requirenent.
And apply the nmet hod and techni ques to representative
cases fromfire risk nodels. Later we extend that and
expand that to other applications including thernal-
hydraul i ¢ nodel uncertainty.

The results can be summarized in this
vi ewgr aph where we devel op t he Bayesi an framework for

treating nodel uncertainty in which the Baysesian
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framework treats nodel as a source of evidence and
i nformation concerning the unknown of interest.

Denonstrated that nany popul ar methods
such as nodel averagi ng can be denonstrated to be a
speci al case of the general Baysesi an franmework so as
a general framework that's a good property to |ook
for.

For mul at ed sol utions for several inportant
cl asses of nodel uncertainty probl enms encountered in
PRA, nanely the types of evidence that we have the
types of nodels which we try to address a good subset
of those interns of devel opi ng net hods and al gorithns
within the general Baysesian franmeworKk. And
demonstrated that the nethod, you know, could be
applied in two cases involving fire nodels.

One case was COVBRN nodel uncertainty,
ki nd of a renmake and reassessnment of the work that was
done several years back using a variation of the sane
general principles. Another one is the line fire
tenperature nodel wuncertainty in two applications
within the fire risk discipline.

Wat we nean by nodel uncertainty,
essentially we're talking about capturing the
di fference between reality and nodel that we devel op

for various applications. That delta, which is the
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di fference between reality and M neani ng the node
representation of that reality, whatever t he source of
that delta or that difference mght be we try to
capture that in our nodel uncertainty framework.

We view nodel s as at | east having these
key conponents. They rely on certain input from
reflecting characteristics of the environnment and
other parts of the boiler system They provide an
out put function or product. In the mddle you have a
nodel that is based on some concept, the conceptua
desi gn and i npl ement ati on.

Bot h of these could result inuncertainty.
Certainly wuncertainty in the input. Certainly
uncertainty in conceptually capturing aspects of
reality and how you fornul ate t hat nodel inplenented
i n what ever | anguage, nunerical nethods or anal yti cal
equations and the like, that all these could be
subj ect or sources of uncertainty.

We tried to clarify a kind of subject or
terns that people have used in this context, form
versus paraneter. We realize that paraneter and form
distinction is kind of arbitrary and it's a context
and | evel of tecal dependent. For instance, sonething
that at one level is a paraneter is a structured

el enment of a nodel.
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In this case you' re | ooking at a gradua
degradati on or el aboration of a conceptual nodel for
heat rel ease rate recognized as a function of tine.
Then when you go down to kind of the next |evel you
have two structural kind of nodels. Oneis linear and
the other one is exponential. 1In each of these two
nodel s you have a set of paraneters.

Now, the nmoment you specify these

paraneters they becone structure properties of them

all. 1In the left-hand side if alpha is one it's a
linear nodel. If alphais two, it becones a nonlinear
nodel. There is no solid |ine between paraneter and

nodel and that is something that one needs to be
careful when we talk about nodel uncertainty
propagati on and paraneter uncertainty propagation.

MR. ROSEN: Let me conplain at the outset
and maybe M ke and you can fix it. Wen you put siXx
of these on one slide -- on one page, as you have, |
can't read them

DR. MOSLEH. It's useless. | agree.

MR. ROSEN. Wbul d you see if you can't get
themtwo on a page so | can read the term nol ogy?

MR. WOODS: This is Roy Wods. |'msorry.
| did that. | got those about a half hour ago and

t hought you woul d probably conplainif I killed atree
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with all these slides so | did it that way.

MR. ROSEN: |If you could get themtwo on
a page, | could at |least study themlater.

MR SHACK: O send us a pdf file.

MR WOODS: | can do that, too

DR. MOSLEH: These are available in
electronic format. One of the points is that
effectively a case of successful treatnent of nodel
uncertainty is a case where you can state wth
certainty if you have confidence that you think the
true value falls in the range that you expressed.

OQovi ously we know fromhi story of science
and engineering that a |lot of cases non-negligible
probability that the true val ue woul d fall outsidethe
nodel s that you use to nmake a prediction

This is kind of represented in this
pi cture where we have -- the question here is which
question here are we trying to answer? The first
guestion, the ideal case, is the case where you have
the true val ue captured within the uncertainty range,
t he best representation.

The other case is sonething that is a
little nore practically achievable, although falls
short of addressing the fundanmental question in the

br oadest possible sense, and that is what can | say

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

129

about the unknown of interest if | have input and
i nformati on from various nodels so unknown i nterest
being X and there's no guarantee that obviously the
true value would fall within range and there needs to
be some nodification and correction in this second
representation on the lower right to bring it back to
t he types of representation that we have on t he upper
left.

We took inthe first round at this and at
the point we closed this project under the NRC
col | aborative agreement we addressed the | ower right.
We said what can we say about the unknown interest
given IM and IM being information from nodels and
i nformati on about nodels.

If you state the problem this way,
remenber one of the issues we wanted to westle is
there a franework, a rational, |ogical framework for
addressing the question of nodel uncertainty. The
nonment you phrase the question this way, in other
wor ds, what can you say about the unknown X given IM
i nformati on from and about nodel .

Then based here is really the natural
choi ce as a framework because exactly mat hematically
based theoremtries to answer that question. Gven a

piece of information what can you say about the
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unknown of interest.

This is a famliar equation formto the
Commttee. Again, synbolically we have a posterior
distribution given the information fromthe
si ngul ar nodel .

CHAI RVAN APOSTCLAKI S:  There are a | ot of
slides. Can you skip the mathematical details?

DR. MOSLEH: Sure. GCkay. | think maybe

CHAI RVAN APOSTCOLAKI S: Maybe an exanpl e or
sonet hi ng.

DR. MOSLEH: Yes. The key step we took
is, of course, inthe base theoremthe key questi on we
need to address is the construction of the |likelihood
function fundanentally. One of the first steps we
t ook was the information on nodels would go into the
structure of the l|ikelihood function. I nf ormati on
about nodels fromnodels will go as a condition just
as given a pi ece inside the |likelihood function. This
is how we capture both types of information.

I nconstructingthelikelihoodfunctionin
terms of capturing information about nodels, we use a
paranmetric representation. In other words, you
structure the likelihood function in such a way that

the parameters of the I|ikelihood would represent
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i nformati on about the nodels of interest.

CHAI RVAN APOSTOLAKI S: The fundanent al
issue hereisreally -- I don't know how fam liar the
menbers are with the I|ikelihood function but the
i kelihood function is essentially the probability
that if you knew the true answer, the nodel would be
closedinqualitative terns whichisreally ajudgnent

about how good the nodel is.

In other words, if you had infinite
confidence in the nodel, it wuld be a dental
function. |If you know the true value, then it gives

you the true val ue. When you start having doubts
about the nodel, then you have a distribution.

You know, if the true value is here,
there's a probability that the nodel will give nme
sonet hing over there. This is where you have to
evaluate the credibility of the nodel predictions.
How are you doing that? | mean, in qualitative termns.
What inputs do you use?

DR. MOSLEH. | have a coupl e of exanpl es.
For instance, here on the second bullet, informtion
about nodel s, performance data is a piece of evidence
like you have experinmental neasures and then
prediction of the nodel. Assessnent, this is now a

qualitative or quantitative judgnent, subjective
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j udgnent about qual ity and applicability of the nodel.

Not only the quality or credibility of the
nodel withinits domain applicationasit was intended
and desi gned for, but al so sonetines you use nodels in
ot her domains of applications so applicability is
anot her questi on.

Taking this information from nodel and
this conbination of performance data or other
subj ecti ve assessnment about the quality of the nodel
woul d be the two pieces of information that woul d go
into the likelihood function, the second going into
paraneters you define to capture this type of
i nf ormati on.

So, for instance, in the case of when you
have performance data, a set of nunmbers from
experiment, that's E1 through En neasurenents, then
you can use a sinple error, nodel which we have used
i n ot her applications such as expert opi ni on nodel i ng,
to basically relate the prediction of the nodel and
t he actual data.

CHAI RVAN APOSTOLAKI'S:  But this is where
your judgment conmes into the picture, right?

DR. MOSLEH: Right. Including the choice
of the error nodel.

CHAI RVAN APOSTOLAKI S: Have you devel oped
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any gui dance as to how|l'mgoing to do that? | nean,
the fornmulation is fine, and it's the right
formul ati on, of course, but when it comes to saying
sonmething, let's say, | have one nodel and sonmehow I
have t o deci de howcredi bl e the results are. You have
an exanple, | think. Maybe you can speak in terns of
an exanpl e because we don't have nuch tine.

DR. MOSLEH: Here is a case where you have
data so | think the question of using data to see how
good t he nodel has performed with respect to the data
is a sinpler problem You have the actual data to
tell you the magni tude of error. For that you use the
error nodel .

CHAI RVAN APCSTOLAKI S: Let' s | ook at this.

DR. MOSLEH: | think another one is better
because t his one tal ks about use of data, performance
data. Here is a case where we have a prediction of
poi nt source nodel, fire nodels. Then we are dealing
withtheline firelike the cable along the | ength as
a fire. | f you are using a code designed for one
application, how do you now take it for a different
appl i cati on.

Here we are assessing applicability which
i s nowreduced i nto one paraneter, one nunber between

zero and one. That nunber woul d be used to adj ust the
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i keli hood function. You can raise the likelihood
function to a nunber between zero and one and you
woul d change that nunber.

The strength of the |ikelihood function,
therefore, data representation of your confidence in
your nodel woul d change going froma flat distribution
tofully, as Dr. Apostol aki s menti oned, delta function
that represents the full confidence in a nodel

Now, who do you estinate such quantities
in a nunber, a credibility factor, or applicability
factor? W use a sinple nethod of deconposition of
attributes of a nodel. You have a context al pha. The
nodel is designed for context al pha and you are using
it for context beta.

You list the attributes w thin context
al pha that are i nportant in context al pha and you | i st
the attributes, the physical nodels, the aspects of
t he physical process, for instance, that you need to
address, and a nunber of other things that go deeply
i nside the specifics of the nodel

So you list those and you go through this
conparison of what | have in context A and the way
that the nodel is treating those. To what extent in
t hat particular case, say in the case of attribute E

how well is it addressing the question. Do | need,
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for instance, to introduce a bias term Do | need to
introduce like take it totally as being applicable.

Do | need broaden ny uncertainty range
because this t hing woul d gi ve t he answer but wi th ki nd
of a bigger error. That kind of a one-to-one
assessment is the nmethod we use to take a compari son
between the two context and the nodel attributes
within the two context, and reduce themto a single
nunber . We use sonething like AHP in that area.
That's anal ytic hierarchy type process.

At the end you get a nunber that is an
overall qualitative assessnment of applicability of a
nodel al pha to context beta.

CHAI RVAN APOSTOLAKI S:  So essentially you
are structuring the judgnent process.

DR. MOSLEH: Exactly. Right. Inthe area
of confidence in the nodel in its context, also
cont ext al pha, we use the sane type of approach. Here
is the specific case that you work with an expert in
the fire phenonenol ogy | ooking at the point source
fire model and a line fire nodel and |ooked at
different attributed in the ternms of geonetry,
ventil ation, fire characteristics, pl ume
characteristics, and the attributes of each of these

cat egori es.
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They wi Il judge one by one once. Then at
the end the expert, in this case there were two
experts, collectively | ook at the nunber that was j ust
a single nunmber as a result of this process, and
essentially to converge to kind of one nunber to be
used.

CHAI RVAN APOSTOLAKI'S: Inthis particul ar
case, though, wouldn't you meke also a point -- |
nmean, it is a nodel uncertainty issue but you are
really trying to take a nodel that was devel oped for
one physi cal situation appliedto another froma point
source to a line source. The question is why don't
you go straight and devel op a |line source nodel.

Do you have any exanples where for the
same physical situation there were nore than one
nodel s? I n other words, people have made different
assunptions. Like in the human reliability you are
famliar with the benchnmark exerci se. Have you deal t
with any problens |ike that?

DR. MOSLEH: Not in areal applicationin
t he exanple | can give you. There is another project
that we have and and that's the software reliability
where you use the exact same thing but on nultiple
nodel s.

The process of judging -- accordingtothe
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procedure that we've been following in every case
there are judgnents in terns of conparing nodels in
terms of their relative strength and weaknesses. W
| ook at the structure and the details of the nodel.
But we have not nmade an attenpt in ternms of covering
t he unknown or nonexi sting nodel. |n other words, the
i ssue of conpl et eness.

CHAI RVAN APOSTOLAKI S: But you have deal t
with a situation where | can say si x nodel s attenpting
to do the sane thing but they are using different
assunptions and different nethods. Again, it's a
matter of structuring the judgnent process that wll
tell you eventually | believe the nodel is biased or
| believe this and that.

DR. MOSLEH. Precisely.

CHAl RVAN APOSTOLAKI'S: | mean, there is
no -- ultimately you have to rely on experts.
Anyt hing el se you want to tell us?

DR. MOSLEH. That's basically -- | wanted
to say --

CHAl RMAN  APOSTCLAKI S: The thernal
hydraul i c uncertainties, you want to do that?

DR. MOSLEH: If | may add one point in
terms of [imtations of this thing, this nethodol ogy

has focused on nodel output andif it's a nodel out put
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net hodol ogy. When you deal with nore conpl ex systens
such as thermal hydraulic nodels and you need to
really go inside and then construct nodel uncertainty
froml ooki ng at nodel uncertainty withthese subnodel s
you need to do a | ot nore obviously.

That's the type of thing that we're
dealing with in the nodel uncertainty application to
thermal hydraulics. Dealing with conplex situations
where you have --

CHAl RVAN APOSTOLAKI'S: | renenber in the
PTS a couple of years ago it was either you or
Mohammad who told us that the various boxes there in
the big diagramthere i s nodel uncertainty and had to
do with material s.

DR, MOSLEH: Yes.

CHAI RVAN APCSTOLAKI S: Have you done t hat ?

DR, MOSLEH: Yes.

CHAI RVAN APOSTOLAKI'S:  Okay. So you're
going to talk about it?

DR. MOSLEH: After |I'm done, Mhanmmuad
will. | do need to | eave about 10 m nutes before 2:00
for a conference and then | think you have until 2:30
to cover that material.

I need to go back to the other

presentation. Thisis -- | have two presentations on
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t hermal hydraulic uncertainty. Oneis the work we did
under the PTS risk assessnment. The other one is a
nore general uncertainty for thermal hydraulic codes.
| make a few comments on this one and then try to
focus on the other one in the interest of tine.

Inthis case we were in the m ddl e of many
activities and disciplines. As you can see, there was
a PRA event sequence analysis, thermal hydraulic
anal ysis, and PFManalysis. Initially we started j ust
focusi ng on t hermal hydraulic and uncertainty anal ysis
and imrediately realized that it's just alnost
i mpossible. Inthe mddle of anintegrated assessnent
you have to be involved pretty much in all --

MR. ROSEN: Not i npossi bl e. It's not
irrel evant.

DR MOSLEH: Yes.

MR.  ROSEN: What woul d be the good of
doing a good thernal hydraulic analysis and
uncertainty analysis in the mdst of a see of other
uncertainties that are unquantified?

DR. MOSLEH: You have to really | ook at
t he context you're doing the uncertainty.

MR. ROSEN.  You've got to do the whole
thing if you're going to do it at all

DR. MOSLEH: Yes. W shoul d have known
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that maybe by taking two mnutes but we junped in
thinking it was going to be a small task but we ended
up being invol ved pretty muchin all the activities of
PTS just to address the uncertainty.

So t here wer e ki nd of genetic | essons t hat
we drew fromthis experience and becanme kind of the
notive for another task or activity to see if you are
addressi ng a conpl ex techni cal assessnent how do you
address the uncertainties, what would be the
procedures, techniques, and tools. That's kind of a
nore recent activity.

Inthis project sone of the things that we
had to address obviously other than -- you know, we
have an overall process to follow. Nanely, you have
uncertainties fromthe PRA side event sequences in
ternms of frequencies. You go through a process of
reduction intermnms of the nunber of sequences t hat you
want to carry, grouping and cl assifying.

You have to westle with the limts and
the nunber of RELAP runs you could run. Then
ultimately you have interface constraints. 1n other
wor ds, the PFManal ysis code woul d take an input in a
particul ar format of representation. These establish
certain constraints over what we coul d do.

MR, ROSEN: Wuld you go click on the
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nodel so we can expand this?

DR. MOSLEH: Yes. So there is this
di sci pline, this discipline, the connection, and then
we have to do through the binning and representation
of the uncertainty of the three key paraneters, nmany
of those, and the PFManal ysis. But the point that |
wanted to make is that in context when you do
uncertainty anal ysis you have now addi ti onal concerns
t hat are i nposed on you and t hat changes t he nature of
t he net hodol ogy or tools that apply.

In this case we have to al nost kind of
completely rely on a diskatized version of the
uni verse by treating uncertaintiesinbins, ingroups,
in categories and go through the systematic and force
reduction of number. A 100 or 200 thernmal hydraulic
runs reduce to 50 or so runs that would go ultimately
to PFManal ysis. The runs were supposed to represent
t he range of uncertainty that you have for each of the
groups or categories, nanely the ones in the mddle
right here. Three curves per set of --

CHAI RVAN  APOSTOLAKI S: The age of
uncertainty, the al eatory uncertain so nowyou have - -

DR. MOSLEH: This is a one scenario cl ass
and then you're tal king about epistem c uncertainty.

CHAI RMAN APOSTOLAKI S: You had 50 runs for
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one scenari o and these 50 are presented different from
the neasures of the paraneters that appear in the
scenari o.

DR, MOSLEH: Yes.

CHAI RVAN APOSTCOLAKI S: Anot her scenario
you had anot her 50.

DR. MOSLEH: That's right, 50
conbi nati ons. The lines that you see represent the
epistemc uncertainty of the paraneters in an
interesting way. Then when | go to the other one,
wi |l comment on this because this is sonethingthat is
a common mi st ake on many peopl e who are doi ng t herma
hydraul i ¢ uncertainty and maybe physi cal phenonenon.

CHAI RVAN APOSTOLAKIS: (Ckay. So this is
maki ng m st akes?

DR,  MOSLEH: It's not the therm
hydraul i c expert who makes the m stake but those who
try to do uncertainty.

CHAl RVAN APOSTOLAKI S: That was a very
good way of getting out of it, Ali. Have you seen any
nunbers fromthe PFM anal ysis that are higher than
10787

DR MOSLEH  Ch, yes.

CHAlI RVAN APOSTOLAKI S: They ar e capabl e of

doi ng this?
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DR. MOSLEH  Absolutely, after a |ot of

conpl ai nts.

CHAI RVAN APOSTOLAKI S: | have yet to see
a PFM cal cul ation that is nore than 10°°

MR SHACK: | have.

CHAI RMVAN APOSTOLAKI' S: You have?

MR. SHACK: Oh, yeah. | can pop nozzles
of f the SRDM housi ngs.

CHAI RVAN APOSTOLAKI S: | have never seen
t hat . | would like to see that just as a new
experience in life.

kay. Go ahead.

DR. MOSLEH. So in this process given the
constraints obviously one thing that really these
constraints or context really helped us is that
sonmetime the boundary condition uncertainties were
dom nant so you change the boundaries that were kind
of well defined physical --

CHAI RVAN APCSTOLAKI S:  What do you nean
boundary conditions?

DR. MOSLEH: Such as the tenperature and
t he season. Seasonal change in the tenperature as a
boundary condition. Then it was the judgnent of the
RELAP and the thermal hydraulic experts that some of

the uncertainties and the actual code cal cul ati ons
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were much smaller in those cases conpared to the
variation ininput paraneters. That hel ped us ki nd of
escape and skip sone of the nore difficult TH
uncertainty issues we were not kind of equipped or
prepared or had the time to address in that project.

MR,  SHACK: You're not addressing the
uncertainties in RELAP itself.

DR. MOSLEH: That's right, yeah. It's the
uncertainty in the boundary conditions or the way of
devel opi ng the boundary conditions that the al eatory
part now takes over.

CHAl RVAN  APCSTOLAKI S: Some of the
boundary conditions are aleatory, right?

DR. MOSLEH. They are, nostly.

CHAI RVAN APOSTOLAKI'S:  Oh, nostly.

DR. MOSLEH: The ones that don't vary.
Not all.

MR. SHACK: Aren't they really epistemc?
| mean, if you knew when the event was going to take
pl ace at the tinme of year --

CHAI RVAN APOSTOLAKI S: Then you woul d
know.

MR. SHACK: -- then you woul d know.

MR. ROSEN: |If we knew when the event was

goi ng to take place, we woul d know a | ot nore about it
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and we woul d make sure the event didn't occur.

DR. MOSLEH: On phil osophi cal grounds
there's only one type of uncertainty. They are all
epi stemc, right? But, you know, in terms of how nuch
control we have on those, we have a line that puts
sone of themin the aleatory domain and other in the
epistemic but it's an arbitrary line depending on
anal ysi s resources and know edge.

CHAI RVAN APCSTOLAKI S: It's not arbitrary.

It's convenient.

DR MOSLEH It's convenient.

CHAI RVMAN APOSTCOLAKI S: It's not arbitrary.
Peopl e are not doing it capriciously.

DR MOSLEH: No.

CHAI RMAN APOSTOLAKI S: That' s a ni ce wor d.

DR. MOSLEH: | think in a sense the
phi | osophers woul d say, "Look, this is a m nor point.
I f you want to drawthe |ine here and there, you need
certain criteria but fundanentally it's the sane
uncertainty. Uncertainty is uncertainty.

CHAl RVAN APOSTOLAKI S: So when you say
RELAP nodel uncertainty there, what do you nean?

DR,  MOSLEH: Meaning you have two

subnodel s that you ki nd of invoke one versus anot her
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or two nunerical conversation criteria. When you
i nvoke one versus anot her you get a difference in the
results.

CHAI RVAN APOSTOLAKI S: Didn't you just
answer that the uncertainty RELAP itself is not --

DR MOSLEH:. In those cases we didn't need
to address the RELAP uncertainty that we uncovered.

MR. SHACK: If | only knowthe tenperature
within plus or minus 70 degrees but | don't know what
time of year it is, it doesn't matter that when |
specify the tenperature exactly RELAP has an
uncertainty in the cal cul ati on because | get such a
wi de variation because | don't know the --

CHAI RVAN APOSTOLAKI S: But that presunes
t hat they have sone idea what the RELAP uncertainty
iS.

MR,  SHACK: Yes. It is an inplicit
assunpti on.

CHAI RVAN APOSTOLAKI' S: And you know t hat .

MR. SHACK: Yeah.

DR. MOSLEH. These were | ooked at case by
case and exam ned in context, specifically what case
you' re tal king and what sources of uncertainty in
RELAP exi st, whether those are covered or not. So

it's not a general statement or generic statenent.
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That was sonmething that helped us again doing
anal ysi s.

CHAI RVAN APOSTOLAKI' S:  Let ne understand
this. How did you find out that the boundary
condi tion had such an inpact? Sonebody told you or
you found out?

DR. MOSLEH: No, we would run. W would
actually run the cases.

CHAl RVAN  APOSTOLAKI S: So you filed
t hr ough si nmul ati ons?

DR. MOSLEH. Absolutely. In order to zoom
in on inportant paraneters, the nunbers that we need
to run, we ran about 1, 000 RELAP cases to kind of get
a feel for it.

CHAI RVAN APOSTOLAKI S: But one could
concei vably have a formal sensitivity analysis to
gui de you.

DR, MOSLEH: Yes.

CHAI RVAN APOSTOLAKI'S:  This is inportant
by the way, Mark, to the regulatory guide that you
guys are t hi nki ng of devel opi ng nowin sensitivity and
uncertainty.

MR. CUNNI NGHAM  Certainly.

CHAI RVAN APOSTOLAKI'S: It would be niceto

have a nmethod that guides you to do the sensitivity
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anal yses that will uncover cases |i ke that rather than
relying on the expertise of the analyst who bury
things. | think that is one of the npbst inportant
t hi ngs.

DR. MOSLEH. | think | agree in the sense
that the way we have to kind of develop our own
procedure because how many and which particles we
change and then nodify so we develop kind of an
internal set of guidelines to help us mnimze the
nunber of runs we have to make until we get the
i nsights that we need.

CHAI RVAN APOSTOLAKI' S:  Very good.

DR. MOSLEH: Sone of t hose were summari zed
and shared with ACRS before in the PTS presentation
but al so sone of themare here. Here is a quick |ist
of uncertainty sources that we | ooked at and tried to
address. This is the entire process of uncertainty
propagati on fromthe PRA side all the way to the i nput
to the PFM fracture nmechani cs code input.

Model uncertainty, of course, sequence
nodeling and grouping and napping those thernmal
hydraulic runs i s a source of uncertainty. The way we
treated themsoneti mes by recogni zi ng t hat we needed

to add nore details or further rebinthings to address
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t hi ngs properly. 1In sone cases they were not treated
because they were judged to be snall

MR.  SHACK: You nean, you did the
rebi nni ng basically to reduce your uncertainty, right?
If you left the bins the original way you woul d have
just been left with huge uncertainty bands.

DR. MOSLEH: To reduce the uncertainties
i ke binningis uncertainty nanagenent in a way. Some
of it was dictated not by a desire to reduce or nmanage
uncertainty but j ust basi cal |y i nput/ out put
requi rement fromthe parts of the analysis, fromthe
PRA side all the way to PFM

For instance, in the PFM we have to
produce 30 sets of uncertainty curves, 30 tinmes 3, 90
inputs to the code. We have to kind of conpress
things into fewer bins defined by that requirenent.

So one i s how you structure the nodel in
terms of its interface with the rest of the nodel.
The ot her aspect of uncertainty we tried to capture
obviously was use of the TH code itself, interna
nodel uncertainties, and input nodel uncertainties.
Then the caliber of paraneter uncertainty --

CHAI RVAN APOSTOLAKI S:  Aren't the input
par anet er - - i nput uncertainties par anet er

uncertainties?
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DR. MOSLEH: By input deck preparationis

the structure aspect of it. You know, nodalization,
how many nodes do you use.

CHAI RVAN APOSTOLAKIS: Ch. Did you find
t he paraneter uncertainty was not inportant?

DR. MOSLEH: | can't say that because
actual |y we have al eatory uncertainties. W al so call
them parameters of the nodel such as tenperature
vari ations or state of conponents, degradation and al |
that. W really didn't do the separati on.

CHAI RVAN APOSTOLAKI'S: In PRAs there's a
growi ng belief that the so-call ed paraneter insurance
which is failure rates and initiating figures. I
really found that useful because the results of the
PRA are not affected.

MR ROSEN: Just in the PRAs but, of
course, this was bigger. W had tal ked about physi cal
phenonena and paraneter uncertainties can be very
| ar ge.

CHAI RVAN APOSTOLAKI S: But even in the
PRAs when we say paraneter uncertainty, we really nean
initiating event frequency and failure rate.

MR. SHACK: We end up treating everything
as a paraneter uncertainty.

CHAI RVAN APOSTOLAKI S: Eventual |y
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everything is a paraneter uncertainty.

MR. SHACK: In the context that you're
nmeani ng paraneters.

CHAI RVAN APOSTOLAKI S: Yes. So we have to
be careful.

MR. ROSEN:  You used a | ot of crackgos in
your stuff and it can never be small

CHAI RVAN APCSTOLAKI S: Well, you can
al ways nodel the acceptance rate for potentia
paraneters. Then those paraneters are inportant.

Okay. Geat. Let's keep going.

DR. MOSLEH Certainly | believe --

CHAI RVAN APOSTOLAKI S: So your nessage
here is thereisn't one thing that can be call ed nodel
uncertainty. Depending onthe problemthere are |lots
of things --

DR. MOSLEH: It's very context dependent.
There are certain principles that you can share that
draw fromthese things and then share and devel op as
ki nd of a procedural nethod. In applicationit's very
context dependent in ternms of even, you Kknow,
obviously the types of tools that you use, the
attention you pay to one aspect versus anot her.

In the fire case the focus was on, for

i nstance, the rel evance of the datato the application
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sothere's alot of detailed statistical nodeling. In
this case a |l ot of decisions is about the quality, the
interface, the | ogic nodel

CHAI RVAN APCSTOLAKI S: If we want to
sensitize people in general wthout referring to
specific context, to sensitize people to the issue of
nodel uncertai nty as opposed to paraneter uncertainty,
first of all, we have to nake sure we under st and what
par anet er uncertai nty neans because, as we just said,
there are certain instances where that's inportant.

| guess what peopletendtoignoreis, for
exanpl e, the possibility that you may use nore than
one nodel to nodel the same thing. The possibility
that certain things that you are doing |i ke the noda
skin thensel ves i ntroduce uncertainty so we will have
to sensitize themto that.

| don't know, there are things that you
mentioned like formal inputs and so on, things that
are not obvious, in other words, but | doubt thereis
a generic approach to these things. | nean, thereis
a phil osophi cal approach but --

DR, MOSLEH | think -- 1'msorry?

CHAI RVAN  APCSTOLAKI S: Mat hemat i ca
appr oach?

DR. MOSLEH: No, not mathematical. That's
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why | nentioned the fact that the statistical
procedure is insufficient in terns of the full
spectrumof issues that you need to deal with in nodel
uncertainty.

But in the other areas as well, | think
t here are comon characteristics that you can ki nd of
abstract out of these various experinments and
exercises and applications that is quite prom sing.
For instance, | nentioned, | think -- let nme see.
This is a case where we have to generate three curves
and the meani ng of these curves.

There are three actual traces of therma
hydraulic power which is pressure and tenperature.
Each has an assi gned probability that is the result of
our binni ng, reduction, and probability mani pul ati on,
paranet er, and propagati on of uncertainty.

The reason t hat this particul ar
representation had to be the way it is is not only
because of the input requirenents for anot her part of
the analysis required this type of thing, but also it
goes back to a fundanental question that if you have
a physical coat that generates results on behavi or of
the physical systemin tinme. You change the input
paranmeters or the nodel paraneters and all that and

you get a spaghetti of results.
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CHAI RVAN APOSTOLAKI S: Expl ai n what t hese

curves are.

DR MOSLEH: Say that this one is the
downcomer tenperature as a function of time and then
you have three curves that are, say, inthis casethis
one is the result of a RELAP run for a specific
conbi nati on of paraneter val ues, input values. The
red one is also for another one and the green.

These were sel ected as representati ves of
many, many conbi nations that you get out of varying
t he parameters which on the left-hand side you see a
density function and when you vary 11 paraneters, each
woul d require a thermal hydraulic RELAP run.

You get many, many results, of course,
1, 000 combi nati ons, and we have to sel ect three out of
these to represent the whole spectrum And for each
of these conmbi nati ons we' || have probability -- out of
900 conbi nati ons you have the probability that add up
to one so you're tal king about the density function.

You ki nd of collapse these into three --
you go t hrough ki nd of three possible conbinations in
ternms of expected average tenperature here and there.
If I run a case that conmes close to this area, that
covers this range of probability |ike about 30

percent. This is another 30 percent and another 30

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

155

percent .

All this range of output or thernal
hydraul i c cases are now going to be represented by
just a single run carrying the probability of that
range. It's acharacterization of the spaghetti up of
di stributions, a continuum At the end then you end
up with these three curves each of which has maybe 30
percent or 35 percent probability.

When you go to the PFManal ysi s, you take
the green curve and the probability of that green
curve is the probability of the initiating event that
led to that thermal hydraulic condition nultiplied by
.35 which is the probability that --

MR. ROSEN: The events that class w |l

have.

DR MOSLEH  That class will have.

CHAl RMAN  APOSTOLAKI S: So you have
significant uncertainty there. | nean, if you |l ook at

5,000 seconds, you can go anywhere from 320 all the
way to 470 on the left. Right?

DR MOSLEH  Yeah.

CHAl RVAN APOSTOLAKI S: By the way, you
said you would finish at 1:50. No, you have until
2: 30 because you have the SAPHI RE di scussi on.

MR CUNNI NGHAM That's correct. W can
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shorten that dependi ng on what you would |i ke to hear
nore of.

DR. MOSLEH: Tell ne hownuch tine | have.
Ten m nutes?

CHAI RMVAN APOSTOLAKI'S: | woul d say so.

DR MOSLEH  Ckay.

CHAI RVAN APOSTOLAKI' S: Then Mohamrad wi | |
need what ?

DR. MODARRES: Ten or 15 minutes will do.

DR MOSLEH: Maybe | go to the other
presentation that is kind of the general thermal
hydraul i ¢ uncertainty because there's a few things
that 1| want to nention there.

Initiallyinthe SADthere is observations
fromthe PTS experinent or experience. Sone of the
generic |lessons are there. These are inportant
i nsights but we are working on those to see if we can
get nore of these | essons | earned.

Treat ment of uncertainties in conplex TH
codes. These are our objectives. W are currently
wor ki ng on these so it's a conputational approach for
propagati on of uncertainty in the conpl ex nodel s and
codes, identification of various sources of
uncertainty, and nethodol ogy for characterizing and

quanti fying the uncertainties and the i npact of those

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

157

uncertainties.

Then hopeful |y at the end suggesti ng sone
says of nodifying the code that it will be a |ayer
over the typical TH code that would kind of guide it
to do uncertainty.

W |looked at initially a nunber of
nmet hods, what GRS is doing, University of Pisa is
doi ng, and a nunber of other known methods |ike at
CSAU in terns of assessment and characterization of
uncertainty. |If you |look at these nethods, they | ook
at one aspect or the other put none of themin a
conprehensive way as in terms of our desired
obj ectives. W are addressi ng a nunber of di nensi ons.

For instance, one net hodol ogy focuses on
t he propagati on of uncertainty using nulti-col or maps.
Anot her approach tries to nodify and adj ust the final
results of codes based on experinental data, test
facility, and special effects to test the facility
data to adjust and nodify.

But our objectives go beyond that. W
want to have kind of a conprehensive coverage. The
maj or steps of the nethodology is evolving now and
i nvol ved a nunmber of -- conbining sone of the best
features of various nethods that they have seen and

t hen some of the techniques that we are introducing
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under a broader unbrell a.

You can see the steps, identification of
uncertainty, inportant phenonena nodels, sonething
that PIRT could initially obviously help there;
assessnment of uncertainty, nodel and paraneter,
propagati on and applicati on.

I n each case | think we have pretty nuch
have a framework. In sone cases we have deci ded and
settl ed and tested t he nmet hodol ogy and we know t hat it
wor Kks.

CHAl RVAN APOSTOLAKI S: VWhat is WIks
met hod?

DR. MOSLEH: It's a statistical nethod of
ki nd of reducing the nunber of sanples that you want
to run a conplex code with. As you can inagine, you
have so many paraneters and how many sanples do you
need to ensure certain coverage.

CHAl RVAN APOSTOLAKI S: So why not use
lati n pi pes?

DR MOSLEH: This, | am told by the
experts including our student, that this is by far
nore efficient. It's really good if -- | nmean, have
you tested that?

CHAI RVAN APOSTOLAKI S: | think Gahans
paper .
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DR. MOSLEH: Yes.

CHAI RVAN APOSTOLAKI' S:  What did you see?

DR. MOSLEH: It was exchanged within Dr.
Wallis and --

CHAI RVAN APCSTCOLAKI S: Ri ght, but now
there is a new paper from Gaham Wallis and WIIiam
Knot .

MR. SHACK: Which hasn't appeared yet.

CHAI RVAN APOSTOLAKI S:  No. That's why |
was surprised.

DR MOSLEH  Yeah.

MR. SHACK: The original exchange.

CHAI RVAN APOSTOLAKI S: Yeah, the ori gi nal
exchange.

DR. MOSLEH: | view this purely and
strictly as kind of a statistical, numerical nethod.
W found it, we tested it. CRS uses in their code
uncertainty assessnent and they are happy.

CHAI RMVAN  APOSTOLAKI S: Sonmething is
replacing latin hypertism

DR. MOSLEH: In this case, yeah. Thereis
alot to be said obviously about the differences and
nerits and all that but all | can say at this point
given the time is that it works based on the tests

that we have done whi ch have been the snmll est test
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and the largest test, namely testing with RELAP.

Here i s an overvi ewof the types of things
that we are trying to adjust and how we adj ust them
If we end with this viewgraph |' mhappy because | can
coomment about a lot of the attributes and
characteristics of the nmethodol ogy we are devel opi ng.
One is obviously we need to do --

CHAI RVAN APOSTOLAKI S: Where do you start
inthis figure, fromthe left?

DR. MOSLEH: \Where do | start? | start
with the biggest box here in the background. That
ki nd of takes care of an obvi ous thing, that one needs
to do uncertainty propagation. Howis the question.
The other thingis internally you need to invest nodel
uncertaintiesinternal, structural nodel uncertainties
inside the code. That's this box.

Then you have certain types of evidence
i nformati on. That's in this box here. Analytical
solutions, field data, test data, and expert opi nion.
That's kind of your base infornmation. You see a
nunber of nodifiers or processes or procedures. One
is that obviously there is a scaling that needs to be
done i n sone cases fromtest facility or nodifications
and adjustnents that should go into kind of an

assessnment of the nodel uncertainty. That's the
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nmeani ng of this box.

You have i nput to the power process which
is the user affects or nodalization as an exanple.
And you see a nunber of places where we say Baysesi an
nodel uncertainty. Hereis a Baysesian uncertainty on
input to the nodel so, if you renmenber, you have a
soft nodel of paraneters.

You see a Bayesian updating using a
standard procedure. The Bayesi an nodel uncertainty
trying to adjust the structural as well as parametric
aspects of subnodels and the overall nodel refers to
the nmethodology that | presented in the first
presentation and the extensions of that.

There are a couple of places where we do
Bayesi an updating with the evidence. One is here any
evidence that they have in terns of enpirical
correlations or test data that would help us
understand the credi bility, the nature and accur acy of
specific nodels within the code. That's one.

Another one is at the end if you have,
say, integratedtest results and sonething that points
to the performance, the entire code, we do another
Bayesi an updating of nodifying the code results with
what ever evi dence we have fromtest and experience so

that's anot her one.
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And there's another issue of code, the
out put representation whichis very context dependent.
A couple of points. One is when you're | ooking at
propagati on of uncertainty, for instance, inside the
code, it is not a straightforward process of taking
sanpl es and runni ng those through.

There are inportant points to consider
such as if | have alternative nodel s one and two, and
suppose | use a methodol ogy that would enable ne to
ki nd of ook at the credibility of this nodel and this
nodel or even a conpact assessnent of those, one
guestion that one needs to address is that does it
make sense to, for instance, m x these nodels in sone
wei ght ed average or procedure |like that or any other
nunerical m xing and then proceed.

In some cases yes and in sone cases nho
because the m x may not be physically meani ngful and
the m x may not max with the rest of the procedure or
process that you wll encounter. Going from this
point to this point maybe this nodel matches this
nodel .

MR ROSEN. Like a plant where you have
t hree feed water punps i n one cases and two i n anot her
and the nodel is either two are running or three are

runni ng and sonebody wants to say two and a half are
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runni ng.

DR MOSLEH: Yes.

MR ROSEN: Well, you can't have that.
That doesn't sound reasonabl e.

DR. MOSLEH: I n sone cases it nmakes sense
and it some cases it doesn't nmke sense. The
procedure for propagation of uncertainty, youtraceit
inside the code, would be different obviously. W
have a number of structural characteristics that we
have i dentified that we need to address i n devel opi ng
t he procedure for uncertainty propagation. That is
beyond just the assessnment w thin individual blocks
and boxes.

Anot her feature is the dynam c nature of
such codes. You have in one tinme step you' re i nvoki ng
subnodel 2 and then you go to 4 but not 2. [In another
time step you go from subnodel 2 you go to 3 and 4
maybe. So as you exerci se the nodel the structure of
t he nodel changes and you're uncertainty tracking
overlay needs to track these things, needs to be
sensitive to these.

It's alnmost running risk scenarios or
probabilistic scenarios inside the code. I n ot her
wor ds, you need to do uncertainty as it relates to the

specific cases or path through the conputational
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process. | have exanples of these. Wat | wanted to
say about this thing was that this is the result of
appl yi ng t he sanpl i ng nmet hod usi ng t he PTSuncertainty
data involving 11 paraneters.

Al'l the color curves that you see are
actual PH runs based on WI ks sanpling nmethod so you
get 100 runs. That gives you a spectrumof vari ati on.
Just for fun or just to see howwell we performin the
PTS case, we |look at the PTS uncertainty bounds we
sel ected based on our own procedure and they nicely
fit.

Gves us a little bit nore confidence
about the performance of the WIks wuncertainty
propagation and also a little bit of verification of
what we did in the previous one. The W ks
nmet hodol ogy works i ntermnms of generating the spaghetti
of distribution.

The question is actually what do you t ake
out of that spaghetti as a representative uncertainty
found in the | ower box. The conmment | made earlier
about the thermal hydraulic uncertainty procedures
t hat we have seen, sone of them-- couple of them the
prom nent ones, nmake a m stake that you can actually
trace the upper bound of these curves just right over

the top of this spaghetti or right under using a
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certain counting procedure |ike, you know, the nunber
of curves that fall within or the percentile of the
statistical distributionat the specific time w ndows
and cal | those upper bound and | ower bound. GCbvi ously
these are not physical. The upper bound is not a
physi cal representative.

CHAlI RVAN APOSTOLAKI S: This is the sanein
t he waste depositories where they cal cul ate the dose
and they report the results with a 90 percentile
curve. These curves are not actual runs. They are
the 90 percentile of many, many curves underneath
whi ch are the actual runs.

MR. ROSEN: And they end up with a human
receptor who eats so nuch that he woul d expl ode if he
ate that.

DR,  MOSLEH: That's the sane thing.
Exactly.

CHAl RVAN APOSTOLAKI S: So it's a bunch
over 90 percentile but it's not one run.

MR, SHACK: But sonetines it's the right
way to do it.

DR. MOSLEH: And sonetines it's not. |
woul d say that in the cases we had, the TH runs we
were dealingwithinall that, to ne, and obviously to

everybody el se al so, they did not accept. That's why
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we went through an el aborate process of selecting
three curve representative and it confused a | ot of
people. But the point was this, that you can't just
go to upper bound and | ower.

MR, SHACK: But, you know, just taking
this case, | mean, why wouldn't |ooking at the 90th
percentile -- if you wanted to look at the 90th
percentile of the tenperatures and pressure that the
vessel would see, | nmean, you're not using it to
really judge the thermal hydraulic nodel but you want
to know what's the whol e range of tenperatures and
pressures that the vessel would see.

DR MOSLEH: If you just want to see at
any nonment what would be the maxi mum pressure or
tenperature that the vessel would see, yes. But
connecting those points of design is not a physical
trace. Basically the systemw || not experience that.

CHAI RVAN APOSTOLAKI S: For communi cati on
purposes it's good but if you want to use it as an
i nput - -

MR.  SHACK: If you were looking for a
state dependent thing that wasn't history dependent,
then it would be reasonabl e.

DR. MOSLEH. Exactly.

MR, SHACK: But if it's history dependent
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t hen --

CHAI RVAN APOSTOLAKI S: O j ust
communi cati on

DR. MOSLEH: Just communi cation. And |
t hi nk, unfortunately, msleading. It'sreally amzing
that people came wth physics and hydraulics
background woul d just accept this even though it is
the type of thing that should get a kind of rapid
qui ck negative reaction fromthat perspective. These
are not physical places. |I'mgiving you a sanpl e of
a nunber of issues that you're addressing.

CHAI RVAN APOSTOLAKI S: Ckay. Geat. 1Is
this work continuing nowor is it over?

MR CUNNINGHAM It will continue.

CHAI RVAN APOSTOLAKI'S:  Are you done?

MR. CUNNINGHAM O a followup to it or
somet hi ng.

CHAI RMAN APOSTCOLAKI S: Thank you very
much. Professor Modarres.

MR ROSEN: | would coment while
Prof essor Mbdarres i s com ng up that the presentation
t hat you ski pped, the one on observati ons of treatnent
of uncertainties and conplex nulti-disciplinary
technical assessnments is very useful for comon

under st andi ng of why doing uncertainty analysis is
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i nportant and al so when to do uncertainty anal ysi s and
who should do it and how it should be done. | think
it has some useful insights so thank you

CHAl RVAN APOSTOLAKI S: Let nme ask what
would it take for these nmethods to becone usable
routinely by people other than Mdarres and Msl eh?

DR MOSLEH Are you asking ne?

CHAI RVAN APOSTOLAKI'S: | mean, shoul d t he

agency always conme to you? That would be nice for

you.

DR.  MODARRES: Good afternoon. Let ne
i ntroduce nyself. ["'m Mohanmad Mbdarres from
Uni versity of Maryl and. I'"'m also a professor of

nucl ear engi neering and al soreliability engineering.
The answer to Dr. Apostolakis' question is that
actual Iy one of the objectives of this researchis to
bring at the end the | essons that we | earned into the
code devel opnent.

There is a task at the end to put sone
procedure of the analysis that will be perhaps we are
t hinking of a P process or kind of a thing before a
RELAP or trace which is being done now which then the
anal yst would | ook at the aspects of the uncertainty
anal ysis that should be considered before actually

enbarki ng on the cal cul ation. We haven't started
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t hi nki ng about it but ultimately the ideais to bring
it down to sonething that everyone can use it. That
was the original idea and still is.

CHAI RMAN APCSTOLAKI S:  Okay. Go ahead.

DR. MODARRES: (kay. Wat | wanted to
tal k about here is an aspect of the fracture nmechanic
uncertainty anal ysis that we were invol ved sone t hree
or four years ago we started and ended about two years
ago. | actually originally borrowed this from a
previ ous presentation made by Mark Kirk but this kind
of captures the totality of the aspects of what the
PTS analysis is involved that be used as fracture
mechani ¢ uncertainty as part of it.

Basical |y the focus was on the
probabilistic fracture mechani cs box which is the --
Ali talked about the thermal hydraulic analysis
uncertainty aspects also here. That box was
traditionally analyzed prior to the PTS anal ysis as
primarily determnistic.

Essentially the stresses were cal cul at ed
at a given scenario and the strength was used using a
redesi gned curve of determnistically and thenif the
two crossed each other it was assuned that the vessel
will fail and if it doesn't, they don't fail.

Basically they wll go through the
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variations and distribution of flaws and then test
this for every flaw there and then find out the
i kelihood that the vessel would fail because of the
variability and the nunber of fl aws.

We t ook t hat and we sai d, okay, what about
t he uncertainties which are involved in actually the
nodel s representing the strength of the vessel and
al so the nmeasurenment of the stress which applies to
t he vessel given a scenario occurs. The focus was
basically on the fracture nechani cs here.

The first steps that we got involved, of
course, we were PRA analyst and tried to actually
understand the physical phenomena which was the
underlined physical phenonena which goes here. W
have to break down the elenents here down to the
i ndi vi dual contributors to the uncertainty to
under st and t hat.

First the stress, the box H on the top
left basically describes what we are trying to
calculate ultimately which is the toughness of the
vessel. You can think of it as the strength of the
vessel. Then that changes over the -- there are two
factors that are affecting this.

One is the tenperature that is applied on

the vessel, and the second one is, of course, is the
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enbrittlenent which over the time changes this
characteristic. So we wanted to see howto cal cul ate
t hat . O course, this is the value that was
consi dered as a fixed nunber prior to us entering and
we wanted to bring this distribution into it.

We want ed t o see what actual |y contri butes
to this so we can represent it by distribution. By
going throughthis it was realized that actually there
are two kinds of wuncertainties here. One is the
uncertainty associated with the basic variabilityinto
t he vessel to vessel variabilities and the materi al
variabilities that exist in the vessel which gives
rise to this distribution.

The second one is, of course, this
tenmperature shift, what is called a tenperature shift
whi ch i s a product of the vessel beingirradi ated over
the time. |In order for the NRCto take care of this
tenperature shift, there was a neasure called RT
whi ch was cal cul ated based on -- |I'msure Dr. Shack
knows far better than me howthe history of this cane
up.

Technical l'y this RT\or canme from
cal cul ati ons of the current tenperature and sone ot her
irradiation here which was cal cul ated from anot her

paraneter, delta T,;, which invol ved, again, a nunber
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of other assunptions.

There were quite a bit of uncertainties
here was com ng actually to the picture of how this
RTor i tsel f was cal cul ated. There were uncertainties
as to the neasurenent of the X axis and there were
uncertainties to the value of the Y axis both here.
The question was howto characterize and conmpute this.

O course, thereis the | ower box hereis
a toughness uncertainty and that is that once a crack
starts to grow, it's possible to be arrested and t hen
this is the arrest toughness is how that can be
stopped from actually grow ng and goi ng through the
vessel wall conpletely and then causing a failure of
t he vessel

So here if you're | ooking at actual ly by
going through the history of this, we found out
actually that if you re |l ooking at it there were about
200 or so data points which are shown on the | eft box
here to calculate this K. which is the strength
di stribution. Then a nodel by assunption of viable
nodel was forcedintoit to see howactually a Wi bul
nodel fits into it.

Oiginally this is the ASME curve which
NRC used. Soneone at AME sat and basically drew a

| anguage in the bottomof all of these to say this is
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t he nost conservative line | can get. Therefore, it
enconpasses everything. O course, this doesn't
include all this variability you see in the data, as
you can see here.

O course, one process was to go through
these data and either use this Weibull distribution
which is a function of the tenperature here, or use
sone other -- use this determnistic. O course, our
standing was that you should capture sonehow this
variability.

But by going to a nore careful eval uation
of this, we wanted to see what part of this is
al eatory in nature and what part of it is epistemc in
nature. Wen we went through the data here and | ooked
at the data very carefully 1looking at this
tenperature, we found actually that this variability
here conmes because of a cleavage fracture in the
steel .

Thi s cl eavage fracture cones because of a
break basically on the weakest |ink of the carbides.
In other words, it was very dependent on the carbide
distribution itself. In fact, the weakest |ink and
the distribution of carbide gave rise to the Wi bul
di stribution.

In fact, if you take this weakest |ink
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nodel and try to find a weakest link with the sizes of
t hese carbi des and conbi ne the two together, you can
derive, infact, a Weibull distribution. That is how
originally Weibull distribution cane about to begin
with.

This was very well described by an
al eatory distribution because the carbides then-- the
size of the carbides distribute thenselves in an
al eatory way and, therefore, the Wei bull distribution
is actually an inherent physical characteristic
representing that kind of a distribution. That was
the first thing.

We said, okay, this nust be treated and
nmust be treated as an al eatory representationin this
case of the K. W went back and sai d, okay, one way
is to, of course, take the data and use the fitted
Wei bul | distribution that you have. The second one
was actual |y anot her net hod which is a conmon tal k and
we | earned about it.

The other thing that we had to deal with
was that indexing tenperature which brought in -- we
have to understand what kind of uncertainty invol ves
in that indexing. The indexing, as | earlier noted,
cones about because of the enmbrittl ement and because

of the tenperature variation that cones i n because of
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the cooling scenario of the reactor vessel it.

So this indexing tenperature i s al so very
inmportant to bring the heat-to-heat variability
between the vessels and also the enbrittlenent
aspects. But it causes actually a significant
uncertainty into the result that you would get
ultimately. We looked at this in three ways.

We said, "Ckay, you can | ook at it and the
first graph represents a case that we said earlier a
Wi bul | distribution of K.as it's shown for a given
tenperature is basically an aleatory distribution.
Then the i ndexi ng coul d be precisely nmeasured i s one
way to | ooking at it.

In fact, this is what is done currently
with a nethod call ed Master Curve. This was actually
st andar di zed and, t her ef or e, this reference
t enper at ur e can be neasured exactly for a gi ven vessel
and, therefore, there would be no variability here
gi ven that you know exactly the enbrittlenment in the
vessel .

Therefore, this woul d be t he case t hat you
have only an aleatory distribution. O you have
uncertainty about this indexing tenperature and,
t herefore, you woul d have a di stri bution here but that

distribution is epistem c in nature because you can't
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really determine if there is a real tenperature of
i ndexi ng.

Finally, originally Oak Ri dge came with
sone kind of the mxing of the two so we tried to
actually separate and that was a third way of
anal yzi ng. This is the Master Curve that | was
tal king about. This is actually the trend and NRC had
sone reservations at thetime to use it because of the
newness and there were sonme i ssues to be addressed at
that tine. It actually is the cleanest and nore
physi cal | y based nodel that coul d be used and it woul d
lead into, if I go to the previous graph, it would
really represent this situation.

The second way was to use basically an
enpirical nodel of the K. That is, to use the data,
fit a Wibull distributionto the data, and then cone
up with an indexing tenperature which is appropriate
which is systemc in nature and that's what we cane up
Wit h.

Because of the fact that actually NRC had
a reservation on the wuse of the Mster Curve
originally because of a nunmber of factors invol ved we
came up with a procedure here, an enpirical procedure,
for Cak Ridge to use and, therefore, to cal cul ate the

RTor @and bring in only the epistenm c aspects of this
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cal cul ati on.

Note that these data, in order to
cal cul ate these data, these particul ar data points to
pl ot them you have to use this RT to actually cone
up with the Weibull distribution originally. To
separate themwe have to go through this procedure.

In other words, you have to go through
this procedure to actually come up wth the
distribution itself by going through and findi ng how
much bias this has with the original nodel of the --
if | go actually to ny backup here.

I f you go through the data here, the Rl
and T, which i s exact tenperature has a bias here. It
has a consi stent bias. W canme up with a nmet hodol ogy
to sanmple fromthis distribution so that you can find
t he correspondi ng RT;; and then correct the data for
t hat .

Once you correct the data, then what you
woul d be left with is just the aleatory distribution
and then you <can really plot the enpirical
di stribution here and using this adjustnent.

So the idea was here to go and represent
the -- if | gois tothis case. This was ultimately
what we set out to be used at the code which GCak Ri dge

i s devel opi ng, favor code, and this is the nodel that
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they are now using. Basically the RT is cal cul ated
and is an epistemc distribution and that procedure
was devel oped so that the sanpling is done properly.

That is, for instance, a sanple of RT,y
was taken and this whole area of distribution was
actually propagated for the calculation of the
probability of the vessel fracture all the way
t hrough. Consistent with this procedure was devel oped
that ultimately then Gak Ri dge used for that. So the
nmessage here is that -- | think going back to your
question earlier, Dr. Apostol akis, the 10 4 there are,
indeed 10 and so on. It just depends on the
t emrper at ur e.

CHAI RVAN APCSTOLAKI' S:  That was done in
j est.

DR MODARRES: Ckay.

CHAI RVAN APOSTOLAKI'S:  From nry col | eague
on ny left.

DR. MODARRES: Okay. But there are sone
of that. There were a nunber of other uncertainties.
For instance, one issue was the treatnment of nultiple
flaws in a vessel. Oiginally we proposed the use of
this nodel that the probability of each flaw failing
due to a given trace or a given scenario is

probability is given by this, then the total vessel
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failure probability would be calculated fromthat.

Favor used that and | ater the i ndustry had
reservations about this because they couldn't
under st and why probability cones |ike that. |In other
words, there was a difficulty understanding what is
the margi nal contribution of each flawto the tota
probability of the whole vessel.

Then we had to go through, for instance,
an exercise to showthat, indeed, this is exactly the
sane as saying that because the question was that
there is only one bad fl awwhich is the worse fl aw and
then that's the flaw that actually ulti mtely causes
the vessel to fail so why not only calculating for
that one flaw this probability and that's the one.

Then we showed fromthe fact that if you
go through and cal culating the mninmumthat if you
calculate the tinme that each of these flaws would
ultimately go to failure if this scenario wll
continue that the mnimumof that tine is really the
one you are interested because that is the first flaw
that ultimately will break

This woul d yi el d exactly the sane answer.
W have to go through mathematical proof that this
actual Iy cones exactly the sanme as t he previ ous nodel .

Utimately we settled on a sinpler approach which is
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t hi s approach. These were ki nds of things that we had
also go through the process of comng up in the
anal ysi s of uncertainties.

Again, the experience here is that
bringing probability into the physical analysis is
ki nd of you cone to these kinds of issues that are on
the surface quite obvious for us but fromthe people
who are only nechani stic anal ysis is not too obvi ous.
We have to go t hrough sone | earni ng curves here of how
to comruni cate with each other in a way because t hese
two nodels are exactly the same, in fact.

MR  SHACK: Wiy isn't that a product
rather than a sunf?

DR. MODARRES: Sorry. This is a m stake
her e. Sorry. This is last mnute. Sorry. This
shoul d be product. You're right.

CHAI RVAN APOSTOLAKI'S:  Well, they're all
Geek letters.

DR. MODARRES: They are all G eek | etters.
Thi s shoul d be a product. This is last mnute that we
put together.

CHAl RVAN APOSTOLAKIS:  That's it?

DR MODARRES: Yeah.

CHAI RVAN APOSTOLAKI S Ckay.

MR, SHACK: You mnmissed sone of this,
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George, but this was a very interesting case where it
was very inportant to track between t he epi stem c and
the aleatory. 1t nmade a real difference in the way
that you did the cal cul ati on.

CHAI RMVAN APOSTOLAKI S: Yeah, sure.

DR. MODARRES: You could find the answers
by several of these factors. | wouldn't say order of
magni tude but several factors different if you are
taking sanples differently. This nmade a big
di fference.

CHAI RVAN APOSTOLAKI S: Very good.

MR. ROSEN: You know, | pointed out when
Ali was still here that this presentation that he
ski pped on treatnent of uncertainties and conplex
mul ti-disciplinary technical assessnments was very
valuable. It's only six slides. It seens |like the
nost i nportant one and t he easi est oneto graspto the
staff.

Certain things Ilike the fact that
uncertainty analysis is not an isolated task that
could be done by uncertainty specialists. It's
integrated intothe analysis. It's sonethingthat the
anal ysts need to under stand and do as t hey devel op t he
nodel s and use as part of what they are doing. There

i s such athing as uncertainty managenent when you are
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usi ng nodel s.

You can use nodel s t hat create uncertainty
and, therefore, cast ultimte doubt on your answers or
you can use nodels that are less uncertain and
contribute to better acceptance of your nodels. And
t hat technical and organizational coordination and
conmuni cation are essential during the process of
anal ysis to reduce uncertainty.

Those are just a couple I read off the
first slide. | think this is a particularly useful
presentation and m ght be useful to us in discussing
uncertainty in the future. | w sh he had actually
spent a little tinme with this.

CHAI RVAN APOSTOLAKI S: Maybe | gave you
t he wong i npressi on, Mark, when we spoke on t he phone
but this is really sonething that shoul d be di scussed
in a separate neeting on the subject of uncertainty.

MR. CUNNI NGHAM  Certainly.

CHAI RVAN APOCSTOLAKI S:  Today really we're
trying to figure out what the problemis, where it's
goi ng. But it was good you guys gave us these
presentations because | don't think we've had -- |
mean, we've had pieces in the past but from the
per spective of uncertainty we haven't had. | hope you

are going to go out and present these in conferences.
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DR. MODARRES: Yeah, we have --

CHAI RVAN APOSTOLAKI'S:  The problemis in
order to appreciate the subtle points thereis so nuch
el se you have to learn that the | ocal people are not
willing to learn. | mean, how much woul d t he aver age
attendee be willing to |l earn about PTSand all that in
order to reach the point where he would appreciate
calling sonething al eatory or epistemc. It'sreally
a maj or problem

MR. ROSEN: You mi ght di sconnect fromPTS
and just tal k about in general.

CHAI RVAN APOSTOLAKI S:  But can you do it,
t hough, in general w thout the context of PTS?

MR. ROSEN:. Take a |l ook at this point. It
says here, "Initially we adopted t he phil osophy that
uncertainty anal ysis can be perforned after the best
estimte anal ysis is produced.” This is the standard
practice. \Wen you get soneone to do uncertainty,
they do a best estimate and then they think about
uncertainty and the answer.

The i nsi ght hereis that this practice can
easily resolve not only inadequate uncertainty
anal ysis but also an incorrect best estinmate. In
other words, you have to inbed the uncertainty

analysis in what you do as you devel op your best
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estimte, not |ater.

MR. SHACK: It took sonebody's ingenuity
to figure out howto cone up with that uncertainty in
the RT,, the way that they did so they can break that
thing out. |'mnot sure who the clever guy was that
came up with the schene but it was a good idea and it
sort of made the whole thing possible because
ot herw se you were left with an intractable kind of a
probl em

CHAI RVAN APOSTOLAKI S: | suspect part of
the reluctance on the part of sone of the industry
groups to do uncertainty anal ysisis preci sely because
they have not integrated it into analysis and they
don't appreciate the value of uncertainty anal ysis.
We have seen nmany ti nes peopl e say that you don't need
to do it.

MR. ROSEN: Well, | think you pointed out
in the past, Dr. Apostolakis, that's because people
have equated uncertainty analysis in general wth
parameter uncertainties. They struggle through a
par anet er of uncertainty analysis and cone out with 9
percent uncertainty and they say, "Conpared to what |
know | have never clained it was better than a factor
of 2 or maybe 5 away fromthe real answer. Here is 9

percent and you're beating ne up about 9 percent so
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this is irrelevant.”

O course, that wasn't the point. The
poi nt wasn't just to do paraneter uncertainty. It was
to do uncertainty which includes nodel uncertainty in
the way you're treating the data and all these other
t hi ngs, not just the paraneter.

CHAl RVAN APOSTOLAKI S:  Very good. \Very
good. Now, given that we are rapidly running out of
time, we will thank you. Thank you, Mbhanmad.

Who i s next, Mark?

MR. CUNNI NGHAM Dan O Neal fromthe staff
i S next.

CHAl RVAN APOSTOLAKI S: kay. How much
time do you need? Are you com ng?

MR. O NEAL: |'mon the way.

MR CUNNINGHAM  Dan will need no nore
than 27 m nutes.

CHAI RMVAN APOSTOLAKI S: For this?

MR. CUNNI NGHAM  Yes. And we'll just --

CHAI RVAN APOSTCOLAKI S: How about SAPHI RE?

MR. CUNNI NGHAM  That's in this.

CHAl RMAN  APOSTOLAKI S: Oh, that's in
t here?

MR. CUNNI NGHAM Yes. Danis covering two

subj ects, SAPH RE, | ow power and shut down.
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CHAI RMAN APOSTOLAKIS: Oh. Peer review.

Didn't we ask for it two years ago?

MR CUNNI NGHAM  Yes.

MR. O NEAL: Good afternoon. ["'m Dan
ONeal. I'mthe man for SAPHHRE. | would like to
di scuss the peer review that we did.

CHAI RVAN APOSTCOLAKI S: W' re devel oping a
pattern here, you know. A pattern. You propose
somet hi ng, the staff says no, and two years later it's
done.

MR. ROSEN: So we coul d save a lot of tine
by not saying no up front.

CHAI RVAN APOSTOLAKI S:  Go ahead.

MR. O NEAL: W earlier this year did a
peer review for SAPH RE

CHAl RMAN  APOSTOLAKI S: Do we have a
handout of this?

MR O NEAL: It's over on the chair over

t here.

CHAl RVAN APOSTOLAKI S: On the chair.
These?

MR. ROSEN: As long as it's not six to a
page.

CHAI RVAN APOSTOLAKI S: SAPHIRE 7. 1f | go

now to the website this is what | downl oad?
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MR. O NEAL: You can downl oad bot h ver si on

6 and version 7. Actually, version 7 is the current
| east nodel. As I'll talk about, we also have in the
concept stage version 8.

What we did earlier this year was forma
peer revi ewof the SAPH RE verification and val i dation
process. | just wanted to say very quickly SAPH RE
itself is the code which hel ps devel op and run the
probabilistic safety assessnent nodels. Wat we did
was we actually did the TV&V for the code.

TV& is testing, verification, and
validation. It's the process basically which ensures
that the underlying code is performng correctly to
its requirenments. There's a pretty detailed
verification validation process set up at the
| abor at ory where SAPH RE i s mai nt ai ned and devel oped.

MR. ROSEN:  Wich is?

MR. O NEAL: Which is the Idaho Nationa
Envi ronment al Laborat ory.

MR ROSEN: |'ve heard of it.

MR. O NEAL: What | would i ke to do today
is to discuss what were the objectives of the review
and a little --

CHAI RMVAN  APGOSTCLAKI S: VWo were the

reviewers? Can | ask who the revi ewers were?
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MR. O NEAL: Yes. We put together an

internal teamof risk analysts and a TV&V expert. It
was basically an internal teamreview.

CHAI RMAN APOSTOLAKI S: By internal you
nmean internal to what?

MR. O NEAL: NRC teamrevi ew of SAPH RE.

CHAI RVAN APOSTOLAKI S: Di d you get anybody
from ot her national |aboratories?

MR. O NEAL: No. Actually the team was
j ust NRC personnel. There are other users of SAPH RE
but they weren't involved in the review of this.

CHAI RVAN APOSTOLAKI S Ckay.

MR. O NEAL: And so the objective
basically, you know, we're going to take a | ook and
see how does the cold -- how does the verification
val i dati on neet what we expect it to do for the NRC
That's basically how we are gearing this review
t owards, to determ ne what type of inprovenents m ght
be needed, if any. [I'Il talk alittle bit about all
t hose obj ecti ves.
| would also like to give a brief discussion of what
is the TV&V currently. Finally, 1'll talk about our
i nsights and recomendati ons.

We took a | ook to see if any i nprovenents

wer e actual | y needed based upon whet her or not we felt
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it mght be -- whether or not it m ght be applicable
to staff applications. For exanple, if the current
TV&V process if there were any specific or genera
reconmendati ons that we m ght have devel oped based
upon our review, that we woul d put together a proposed
pl an which | can talk about a little bit later, too.

Inaddition, we felt it m ght be useful to
consi der the possibility of taking a | ook at what we
vi ewed, what we saw fromthe results of our reviewin
determining if there was a need to have a conpliance
with a formal software standard for verification and
val i dati on. Also we tried to cover a broad area
whet her or not the types of reviews that were being
done for SAPHI RE code was sufficient or if it needed
to be inproved.

Currently there's the automated testing

verification and validation process. It's a
beneficial process since it's very quick. It relies
upon -- basically it takes a |l ook at a change or a new

feature and it runs the tests for that change or new
feature. There's a large data base of test suites
that can be run. The automated process is a useful
feature but it also has some boundaries which we
consi dered in our review

The bases for the current process is
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docunented in that NUREG It considers the |EEE
standard for software verification of validation, as
well as the NRC s software procedure guidance,
software quality assurance procedure guidance, in
determ ning the current TV&V. Those two docunents or
verification of validation were considered in
determ ning for the current TV&V what type of actions
m ght actually inprove the process.

Thi s docunent, of course, as you see, is
for the year 2000. It |ooked at -- it has the bases
for what has occurred prior to 2000. Since this
publication we have provided additional -- we have
provi ded addi tional, | guess, structure to the design
and testing process by establishing a procedure for
testing, for evaluating a change and docunenting it.

It | ooks at the change to ensure that it
neets the expected goal. It also |ooks at the
interactions of SAPHI REs features that mght be
affected by the change. Alsotryingtolook at the --
make t he change in the nost useful way. For exanple,
if you want to make a specific change because of a
speci fic request, make t hat change i n t he nost gener al
way that would be nost useful. O course, we have
docunentation and we want to update the test suite.

Was all this satisfactory for the current
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NRC appl i cations? This is the approach that we | ooked
at that we used to evaluate the current testing, the
verification of validation process. It invol ved
| ooking at the processes that are in place at the
| aboratory, | ooking at the changes that were nade over
the time period as the subversi ons of the SAPH RE code
were changed to account for various errors or new
features or new requirenents. W took a |look at --

MR. SHACK: Who devel oped the test suite?

MR. O NEAL: The test suite is devel oped
by the I daho Nati onal Laboratory. That was one thing
we consi dered here, whet her or not the test suite, for
exanmpl e, has an adequate -- is it conplete enough.
Are the test acceptance criteria adequate for what we
expect for staff applications. The TV&V process has
to be mai ntai ned consi stent and synchroni zed with t he
applications that the staff uses SAPH RE for. That
was anot her aspect to be consi dered.

In particular we had two supporting
activities. One was to see how the current TV&V
process mat ched up with the | EEE st andard for software
verification validation. There's various life cycle
processes that a software project goes through so we
took a | ook to see if what we're doi ng now mat ches up

with the fornal standard.
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We al so made a dat abase for the nunber of
changes that were nade and we anal yzed t he dat abase.
For exanpl e, we | ooked at whet her or not the change in
t he change | og for the SAPH RE code was related to a
vital feature of the SAPH RE code or a vital feature
of sonething which would affect the PRA results.

W woul d al so take a | ook at whether or
not the change was repetitive, for exanple. Wether
or not it was related to a risk nmeasure, inportance
nmeasure, uncertainty anal yses, and whether or not it
was significant. W had a pretty |arge database of
whi ch we coul d anal yze t he changes and, in fact, there
wer e about 500 changes that we | ooked at. Those were
over version 6 and version 7.

We want ed t o det erm ne of the verification
val i dati on process was okay or if we needed to make
some i nprovenents, specific or general, and whet her or
not there was enough -- if there were insights that
woul d support or suggest that conpliance with a nore
formal standard, a nore formal approach than what is
currently being done is warranted.

O course, we also wanted to ensure that
t he SAPH RE V&V and the underlying code for the PSA
nodel s are receiving the types of reviews that they

shoul d be receiving. Qur general insights --
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CHAI RMAN APOSTCLAKI'S:  That's where you

lose ne. It seens to ne you are review ng the revi ew
process. | don't see anything here that has to do
with SAPH RE. Are you tal ki ng about the process? You
found it to be formal? The process this or the
process that? \WWere are your findings regarding
SAPH RE itself? |Is the code usable? 1Is it useful?
Does it have probl ens?

MR, O NEAL: The SAPHI RE code, as |
nmentioned, is subjected to the process. Wen | say
the process, it nmeans it's subjected to a series of
tests which test the vital features of the code. Does
it calculate risk neasures?

CHAl RVAN APOSTOLAKI S: So what are you
findings? The third bullet seens to touch upon t hose.
The other bullets refer to the process itself. That
may be useful but it doesn't tell ne about SAPHI RE

MR. O NEAL: That's right. As | pointed
out, we did an assessnment of the performance of the
code by an analysis of the change |og, for exanple.
And we al so | ooked at what are those findings telling
us.

CHAI RVAN APOSTOLAKI S:  So what are they
telling us? What are they telling us about the code?

MR. O NEAL: kay.
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CHAI RVAN APOSTOLAKI S: You say a nunber of

changes in the change 1logs they viewed were
significant. "Code error that affects the correct
result for risk measures.” What does that nmean? That
the results of SAPH RE was produced but not right or
what ?

MR O NEAL: VWhat it means is in the
change |og which documents the changes over the
versions 6 and 7, it nmeans that when the change was
made, it was made for a reason. W eval uat ed whet her
or not the change could affect the correct result for
t hese types of considerations.

If it does, what it means is that it puts
a |l ot of enphasis on the user to understand that there
was an error in the code and to detect it hinself.
The TV&V process is the process which is set up to
detect the errors in the code.

CHAI RMVAN APOSTOLAKI S:  Fine. So you did
find an error then. That's what you're saying.

MR. ROSEN: Significant errors.

CHAl RVAN  APOSTOLAKI S: Did you find
significant errors?

MR. O NEAL: Yes. Well, this is what |
meant by significant was that when we | ooked at the

changes, did the change result in an error. | nean,
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was it related to an error in the code which could
affect the correct numerical results but it does not
alert you if you are a nodel devel oper.

CHAI RVAN APOSTOLAKI'S:  Ch, so you didn't
get the error fixed. You just identified it.

MR. O NEAL: These were fixed. Once they
are identified, of course, they are fixed.

CHAI RMVAN APOSTOLAKI S: So there is no
reason to alert the user because the user doesn't
know.

MR. O NEAL: It becones inportant if it
bypasses the TV&V process and t he user, for exanple,
is using a nodel with the underlying code that still
has the error init.

MR. ROSEN. Do you alert past users who
may have used it for inmportance to 6 or 7 or whatever
and you |l ater found an error in the code? Do you have
a nethod to alert the users as to what was found and
what the inportance m ght be?

MR. O NEAL: Well, we do have a website
whi ch has the change logs on it so anytinme that there
is an error or a change nmade to the |og because of
sonething that was found it's posted but that is a
very recent feature.

CHAI RVAN APOSTOLAKI S: NASA, for exanpl e,
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isusing this to do a major PRA. Are they using the
version that has the error? Shouldn't you let them
know? | don't think that they are going back to the
websi te every week to check whether there were errors
found. The code has w de use.

MR. O NEAL: There's goingto be errorsin
al nost every PRA conputer code. There has to be a
process to alert anybody who needs to know that.

MR. ROSEN: There's a user's group I'm
sure.

MR. O NEAL: There is a SAPH RE s users
group.

MR. ROSEN:. They can alert and they talk
to each ot her.

MR. O NEAL: The NRC has neetings for both
t he SAPH RE and SPAR nodel users group so there are
nmechani sns to relay these things.

CHAI RVAN APOSTOLAKI S: | hope that at sone
poi nt there would be no major errors.

MR. O NEAL: That's what we were | ooking
at when we | ooked at the database. Are there errors
that we m ght have -- are we seeing anything in the
dat abase whi ch coul d have bypassed TV&V process. That
was one of the objectives to see if we were

confortable with the nunber of changes that mi ght
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represent this type of condition.

CHAl RVAN  APOSTOLAKI S: So the bullet
before last is kind of om nous. "The nunber of
changes representing both non-significant and
signi ficant changes." What does that nmean? You nean
errors. Somewhere there should be errors.

MR, O NEAL: There are errors that are
changes in the change log corrected. Once they're
corrected, they are updated in a new subversion so
that's why there's the second bullet. It shows that
every time --

MR,  SHACK: This is indicating these
errors were found by users rather than by the TV&V
process.

MR. O NEAL: Well, actually, | think it
was a m xed bag. The docunentati on was not very cl ear
on who found it, whether it was a TV&V, whether it was
users. But | amaware that there have been users that
have found significant change errors in the code and
those get fed back to us and we provide it to the
| aboratory. The | aboratory corrects it and puts up a
new subversion. \What we also wanted to see by our
review were things getting better. As you rel eased a
new subversion are you inproving the reliability?

CHAI RVAN APOSTCOLAKI' S:  There is one | ast
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guestion. Are these changes controlled? One of the
complaints | heard from people outside is that
somebody picks up the phone, calls and says, "Hey, |
found this error.” The guy on the phone goes and
fixesit and that's it. There is no formal nechani sm
evidently for actually evaluating the error or fixing
it and announcing to the world. Has that been fixed
now?

MR. O NEAL: Thereis a formal process for
maki ng the changes and | discussed that earlier.

CHAI RVAN APOSTOLAKI'S:  This guy you talk
to hi mand he goes and changes the code. That's too
sl oppy.

MR. O NEAL: Vell, there's nmany, nmany
users of SAPHI RE and the person who is using it may
conme froma national | aboratory, may be an NRC user or
sonmebody el se. The nmechanismis --

CHAI RMAN APCSTOLAKI S:  He can change his
own version but the center one shoul dn't change t hat
way. Anyway, we are running out of tinme so | guess
we' re going to have anot her opportunity to tal k about
it sonetinme. Do we need to give sone tine to J.S.?

MR. CUNNI NGHAM W have two options at
this point in the remaining time. W can talk about

| ow power and shut down, we coul d tal k about fire risk.
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MR. ROSEN: Yes. Let's get fire up here

and then | ow power and shutdown right after that.

CHAI RMVAN  APOSTOLAKI S: It's only one
sl i de.

MR. HYSLOP: MW nane is J. S. Hyslop. |
have one slide that | inmagi ne was put in back for the
presentation. |I'min the PRA branch of the Ofice of

Research and | ' mthe proj ect manager for the Fire Ri sk
Resear ch Program

| have a general remark. W have a plan
for the Fire R sk Research Program which is being
updated for 2004 to 2006. We're in that process. |
think you'll see fromny slide that the programis
continuing to provide critical support to regulatory
activities for nuclear power plants.

MR,  ROSEN: Is that plan a NUREG or
sonmet hing |like that?

MR.  HYSLOP: At this time it's not
publicly avail able. We've received sonme interna
comments and we're updating it. | would have to talk
to ny managenent to find out what's been done in the
past .

MR. ROSEN: Typically it's an internal
docunent, a menorandum from sonebody t o sonebody not

publ i shed as a NUREG
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MR,  HYSLOP: I'll go ahead and start

because you' ve got the slide.

MR. ROSEN. Go ahead.

VR. HYSLOP: There's about eight
activities on the slide for the Fire R sk Research
Program The first is the fire protection SDP
revision. The fire protection SDP is to evaluate the
risk significance of fire protection inspection
findi ngs.

Research is playing a large role. We
devel oped a tinme based framework. W are |leading a
task group to resolve issues on frequency and
dat abase, providing support in other areas |like the
fire scenario group and circuit analysis.

W are also witing the revision wth
i nputs fromtask groups. | guess you guys if you're
not famliar with this revisionprocess there are nmany
t ask groups have been devel oped to address technical
i ssues consi sting of NOR, research, industry, and EPRI
playing a role also.

MR. ROSEN. That's on the SDP?

MR. HYSLOP: That's onthefire protection
SDP revision alone. The next topic is circuit
anal ysi s. About a nonth ago in front of the fire

protection subcomm ttee | present research activities
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and circuit analysis. Basically fromthe history of
research we supplenented the Orega Point Test to
identify the probability of spurious operations and
support ed t he expert elicitation for t he
interpretation of that data.

More recently we supported public
neetings. W helped to identify inportant circuit
anal ysi s features for planned resunpti on of associ at ed
circuit inspections. W just published a NUREG whi ch
|"msure you're on the distribution list for, NUREG
CR-6834 entitled Circuit Analysis, Failure Mde, and
Li kel i hood Anal ysi s.

We' re supporting NOR and devel opnent of a
NUREG particularly for associated circuits. W've
recently accepted a user's need from NOR. W will
determneif there are any additional circuit features
beyond those identifiedinthat neetingthat shoul d be
added when the associated circuit inspections begin.

The third bullet, we are providing revi ew
gui dance for NOR specialist to support changes which
woul d occur duringthe risk informed perfornmnce based
rul emaki ng which endorses 805. In particular we're
provi di ng gui dance to enabl e people to evaluate fire
nodel s.

To do that we're perform ng a V& on a set
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of fire nmodels from sinple to sophisticated fire
nodel s runni ng fromenpirical zoneto CFD. W will be
usi ng an ASTM standard 135597 which is specifically
devel oped for fire nodel V&/. We'l| al so be providing
gui dance to hel p revi ewers eval uat e t he wort hi ness of
inputs to fire nodels, in particular heat release
rates.

Heat rel ease rates have been one of the
nore interesting areas because you need to make sure
you covered it all. You need to nmake sure you cover
those |ow probability potentially high-consequence
fires. O course, lastly we're going to be providing
revi ew gui dance for FRA nethods tools and dat a.

The next bullet, the ANS full power fire
standard. That standard will eventually provide a
bases for changes under 805 and Research i s providing
two witing nenbers to the standard conmittee.

MR.  ROSEN: Do you know if they are
addressing fire in the | ow power shutdown nodel ?

MR HYSLOP: No, they're not. The
standard is not. However, later in ny talk | wll
talk to you about alittle sonmething we're going to be
doi ng.

MR. ROSEN: I"'m worried about fire,

especi ally during shutdown because of the nunber of
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people and activities increases so nuch over
oper ati on.

MR. HYSLOP: Right. This is a full-power
st andar d.

MR. ROSEN. You need to do nore for the
| ow power standard.

CHAI RVAN  APOSTOLAKI S: The dat abase
nostly.

MR. ROSEN: Right. | think he knows that
and I"mreinforcing the point.

MR HYSLOP: ['Il talk alittle bit nore
about that later in my presentation. The next topic
is the NRC/EPRI fire risk requantification studies.
These studies are being perfornmed under a joint
menor andum of under st andi ng bet ween NRC and EPRI. The
goal thereis to provide state of the art gui dance for
t he conduct of FRA

In that programthere is debate between
EPRI and NRC speci al i sts and t hat debate i s based upon
our exi sting research prograns. Theresults will have
broad applicationtoregulatory activities and i ssues.
It's inpacting the SCP revision.

It's going to be providing a support for
technical bases on the nmanual actions rul emaking.

It's going to be assistingthe ANSfire risk standard.
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And it will assist in reviewguidance, as | said, for
t he 805 rul emaking. Alsoit will provide guidance for
| i censees who are devel opi ng applications.

MR. ROSEN: The firerisk requantification
studi es debat e bet ween you and this EPRI? |s that the
word you used, debate?

MR.  HYSLOP: Yes. Del i beration and
debat e. Yes, because there are two parties.
Qoviously we have research programs and we are
debati ng wi th t he goal of devel opi ng consensus. W' ve
been very successful in that endeavor so far.

CHAI RVAN APOSTOLAKI S: Do you di sagree in
sone areas?

MR. HYSLOP: At this point we have cone to
resolution on all areas.

CHAI RVAN APOSTOLAKI S: Very good.

MR. HYSLOP: Now, we've gone further in
sone areas than others. The HRA in particular. W
haven't gotten as far in that area as sone of the
others and naturally it's a harder area. The research
prograns aren't as far devel oped as you m ght be for
circuit analysis where we put several years in fire
i nduced circuits.

Now regardi ng your comment on | ow power

and shutdown, net week we're going to have a neeting
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with EPRI and a |licensee about | ooking at doing a | ow
power and shutdown requantification study. Thi s
nmeeting is the first part of a couple of nmeetings to
eval uate the feasibility of doing that.

W are hopeful. W' ve had good
experiences in the | ow power. W've got a range of
players who can sit around the table and nmake
deci si ons about where we need to go and what the
chal | enges are. It's a feasibility study and we
haven't agreed to do it yet.

MR. ROSEN: Okay. Good. You're working
on it.

MR, HYSLOP: Working onit. Now, the next
bull et is the FAR nodel benchmarki ng and val i dati on.
My days |l eading this activity and we' ve perforned sone
anal yti cal exercises on cable tray fires and fires in
turbo halls. This has been a part of a fairly large
i nternational collaboration called the International
Benchmar k St udi es.

We conpleted a fire test at N ST and we
are currently analyzing the data on that test. W
have addi ti onal test planned. The tests at N ST whi ch
are planned are to be determ ned. However, we are
pl anning test with the French at the DIVAfacility and

those particularly tests are for multi-conpartnent
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effects.

The next to the last bullet is a planned
activity. This is Henyc and MI fire barrier testing.
This has been tested before. However, these forma
tests have come into question so NOR has devel oped a
test plan which identifies configurations to be
tested, includes public coment.

Research is going to perform that test
plan. W are al so considering devel opi ng a nodel to
extrapol ate the results of the test beyond the test
confi gurations. W are going to assess if any
addi tional testing is appropriate.

Last comment or bullet is international
activities. Theinternational activities besides the
fire nodeling support circuit analysis and fire event
data. The circuit analysis there's a group called
FI DEC under the Cooper Working G oup. FIDEC stands
for the Fire Induced Damage to El ectrical cables and
circuits and they are performng sone tests. The
Germans will perform some tests in Novenber and
Decenber on that.

The | ast activity, fireevent data, that's
being done in the auspices of the OECD. They are
devel oping an international fire events database and

we are participatingin-- it's ny understanding from
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talking to the people running that that we are
suppl yi ng LER dat a.

That's it. | hope |l haven't gone too fast
but I was aware that we were trying to get through
this quickly.

MR. ROSEN. Well, I'"msorry to have to ask
you to cone here because you know I'm the Fire
Protection Subcomittee Chai rman and have hear d nost
of this before but | think the reliability of the PRA
subconm ttee pl ayers who were here and needed to hear
sone of this. At least it's on the record and they
did hear it. Thanks very much, J.S.

MR HYSLOP: You're wel cone.

MR. CUNNI NGHAM  One | ast topic woul d be
| ow power and shut down.

MR. ROSEN:. Right.

MR. CUNNI NGHAM  Dan, if you want to go
ahead and do that.

As Dan is getting up, I'lIl rem nd the
Conmittee nenbers that this is a topic where we have
been sonewhat constrained in what we can do in the
area of | ow power and shutdown ri sk anal ysis by sone
Conmmi ssi on deci si ons on budget and t hat sort of thing.

You don't see as robust a programin | ow

power and shutdown risk as you do, for exanple, as in
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firerisk analysis. Dan w |l kind of tal k about nost
of the work that we're doing is supporting the
devel opnent of standards for | ow power and shutdown
PRAsS.

MR. O NEAL: |'Il quickly talk about the
other activities that we've been doing. | think you
heard earlier about the SPARnodels. There's a nunber
of other activities going on. First and forenost, we
are actively supporting devel opment of |ow power
shutdown standard which is being witten by the
Aneri can Nucl ear Society.

We're on the witing comrittee so we are
actively involved in witing those standards. The
standard itself is projected to be conpleted around
Decenber 2004. Just recently work started again on it
back in the early spring of this year so there's been
alittle bit of delay.

MR. SHACK: When is a draft going to be
avai | abl e?

MR O NEAL: That's wusually -- | would
project around summertime next year. It's usually
avai | abl e about six nonths before.

The supporting work that we're doing for
t he ANS | ow power shutdown standard is a revision to

our NUREG CR- 6595 whi ch provides a sinmplified nethod
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for evaluating larger release frequencies. W' ve
added a chapter specific to shutdown conditions, how
toestimate | arger rel ease frequency for | owpower and
shut down conditions. That's in our draft NUREG whi ch
is actually out for public comment right now. The
public comrent period ends the end of Cctober. In
addition to | ow power shutdown standards work --

MR ROSEN: Do you have these review
graphs for us to take hone and thi nk about?

MR. O NEAL: Yes, they are back on the
chairs over there.

MR. SNODDERLY: In the SAPH RE packet ?

MR O NEAL: |It's separate. We're also
taking a | ook at expanding the scope for the fire
requantification project fromfull power to | ow power
shut down. W are going to be doing a feasibility
study for that which is actually underway ri ght now so
there's not nmuch right now to tal k about but nmaybe
| ater.

| n addi ti on, we are supporting the worker
fatigue rule effort by | ooking at | ow power shutdown
events, reviewing the LERs to see what type of
insights we may gain and provide that to the staff
that's working on the rul emaking.

Anot her inportant topicis our activities
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in the international conmmunity for trying to learn
about the |ow power shutdown risk. We actively
participate intheinternational neetings for acouple
of the international |ow power shutdown groups. One
is called the Cooperative PRA Wrking Goup for |ow
power shut down. The other one is CSN, or the
Conmittee on the Safety of Nuclear Installation.

Bot h of t hese organi zati ons have sonet hi ng
in conmmon in terns of wanting to inprove the
regul atory decision-making process by sharing the
i nformation on | ow power shut down PRAs, the different
approaches that have been taken, the different
insights, different types of data and net hods that are
avai |l abl e. It's a learning process and we are
actively participating in those.

Alittle bit nore about what we're doing
for COOPRA group. The United States had the | ead for
witing a topical report on initiating events. That
was based upon responses to a questionnaire fromthe
vari ous nenber countries taking a | ook at what can we
learn from initiating events in ternms of the
uni queness of the |ow power shutdown initiating
events, the types of, | would say, data that's not
there and the types of data that m ght have to be

obtained to i nprove the insights.
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MR. ROSEN:. Well, there's a |ot of data

there. Right? For instance, RHR flow interruptions
during shut down.

MR. O NEAL: That was one of the things.
One of the objectives was to see. For exanpl e, what
i s based upon operational experience and what i s not.
Those types of initiating event questions have been
asked in that questionnaire to help gain sone
insights. What is the conpl eteness, you know. Do we
have enough data to look at the initiating event
frequency. Do we have enough dat a.

MR. ROSEN: Let me see if maybe the
regul atory guys. If you're in shutdown nobde and
you're on RHR and you have a flow interruption that
| ast 1 ong enough to actually get sone heat up, is not
that an event that is reportable, LER reportable?

MR. CUNNI NGHAM | believe the answer is
yes it is.

MR. ROSEN. So you have data. You have
sone data, at |east.

MR, O NEAL: Yes.

MR. ROSEN: The presunption al ways i s that
reportabl e events are reported.

MR. O NEAL: Right, but this is for the

COOPRA group itself soit's not only the United States
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but other countries.

MR. ROSEN: Vell, we will eventually
include the foreign data but just the donestic
dat abase so that you have sone view of ability to at
| east attenpt tocalculatethereliability of residual
heat renoval. G ven that, you al so have the ability
to study the events that happened and fortunately none
of themhas resulted in really serious problens.

But if you have an initiating event
frequency, you can then understand that there are
peri ods when you are eight to 10 m nutes away from
boi I i ng, a maxi numreduced i nventory situation and PWR
at md LOOP for a hot early md LOOP.

Then you can nmake sone estinates of how
likely it would have been to get into a really
signi ficant bi nd. Ilt's only a matter of
probabilities. The point is there have been these
interrupts. They just haven't happened at the worse
possible tinme yet.

MR. O NEAL: Yes. That data is out there
and we have incorporated it into the nodels that we
are developing. | think there are also i ssues about
human i nduced initiating events so that's another --

MR. ROSEN:  Well, loss of RHR could be

human i nduced. | don't care how it's induced.
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There's lots of different ways but the point is the
first output of sonething like this mght be sone
peopl e are feeling about the global risk of |oss of
RHR in ternms of frequency conseguences. W know
somet hi ng about frequency nore than you seemto i nply
but I think when you study it, you'll see that it's
t here.

MR. CUNNI NGHAM  There's a docunent that
was conpleted a year or two ago by this same COOPRA
group that got i nto what are t he perspectives gl obally
about the risk associ ated wi th | owpower and shut down.
That report got to just what you' re saying, it can be
significant and it's this type of scenario and that
sort of thing so there is an initial report.

It led to two or three reports being
devel oped one of which was this. Gven that we see
t hat general pattern, what are the t hi ngs as techni cal
peopl e we could work on to i nprove the quality of them
and getting aninitiating event frequenci es was a key
pi ece that peopl e thought needed to be standardi zed,
if you will.

MR. ROSEN:. There are sone in this agency
who think that the risk of | ow power and shutdown is
negligible and | beg to differ. | think sone data

anal ysi s and eval uati on m ght be hel pful. Thereis an
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answer . It either is or it isn't or it is under
certain circunstances perhaps. | think it would be a
useful contribution to put some data rather than just
intuition on the table.

MR, O NEAL: | think that's what the
second activity where we are devel opi ng a dat abase for
initiating events mght help out with since we're
going to nmai ntain a dat abase and keep it updated with
initiating events frequencies for a particular plan
operational status.

MR. ROSEN. Also it's going to |lead you
right into the shutdown risk SDP.

MR O NEAL: Yes. And | think the
initiating events for DSDP have already taken into
account the updating of RHR

MR ROSEN: | don't knowif it's already
happened but sooner or |ater soneone w ll have an
event during shutdown under the ROP and then there
wi |l be a bi g debate about whether it was white or red
or yellow or what and it would be hel pful to have a
better database.

MR. O NEAL: W are al so devel oping the
nodel s for | ow power shutdown. O fice of Researchis
devel opi ng the | ow power shutdown nodels. Updating

t he frequencies in those nodel s i s being done. There
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i s some updating going on for those nodel s.

The other international activity that
we' ve been participating in the CSNl |ow power
shut down wor ki ng group. The work here i s broader than
what we' ve been doi ng for COOPRA. It covers the major
el ements for a | ow power shutdown PSA anywhere froma
cooling initiating event to definitions of plant
operational states to the consequence to howl ow power
shut down PSA i s being used, and identifying areas of
research.

A major product for this group is to
produce a technical report based upon the results of
a questionnaire. Wat can we |earn from what ot her
countries are doing with their |ow power shutdown
studi es. What type of nethods and data are out there
to hel p us.

For exanple, if you see the objectives
theretoinproverisktradeoff decision nmaki ng between
full power operation and | owpower shut down operati on.
Once we identify what are the significant areas that
have to be addressed, how wll those areas be
addressed. The report that we're putting together is
a summary of t he responses and what we' ve | earned from
t hose responses.

It takes a | ook at what types of nethods
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and data are being used and what el se do we have to
learn. What are the areas of interest for further
research. W expect tolearnalot fromthis effort.
An exanple of sonmething that mght be useful or
further useful to look into is, for exanple, HRA
during | ow power shut down.

HRA woul d benefit for simulator type of
data which is a noted |limt for |ow power shutdown
studies is alack of that type of data where you m ght
have si mul ator data for full power types of scenari os.
There's sone i nformati on on what ot her countries have
done in that area so that is one exanple. W are
continuing to work on this report and expect to be
able to learn a |l ot and share information.

MR. ROSEN: \Wen do you think this report
will be done? Do they have a schedul e?

MR. O NEAL: Well, let's see. W' re going
to-- we just recently had a neeting over in Paris and
it was decided at that neeting to allow further
information to be presented for conpletion of the
report so it's not areally definite tinme right now
but at |east we are going to be updating our report
| ater on. Those countries who want to update their
input can do it and they will provide information to

us by the end of the year.
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MR. ROSEN: The end of this year?

MR. O NEAL: Yes. And the report itself
is actually -- | haven't heard a conpletion date for
that report but we will have another neeting di scuss
it. The various nenber countries will |ook at it and
have anot her chance to discuss it. There is a final
draft. That's going to take place sone tinme after we
get some updated responses to the questionnaire.

The format of the report is actual ly going
to be conbined with what we are doing for the COOPRA
effort so we are going to take the work for COOPRA
which is nore than the initiating report which I
presented. W are going to take what COOPRA i s doi ng
as well as what CSNI is doing and conbine it to one
report and have a coupl e of appendices. | don't have
a tine scale for that vyet.

MR. ROSEN: Any guess? This is inportant
work and it sounds toneit's drifting without someone
sayi ng when we're going to get to the finish |ine.

MR. CUNNI NGHAM  The answer is probably
within six to nine nonths.

MR. ROSEN:. You thi nk next year sonetinme?

MR CUNNI NGHAM  Yes.

MR. ROSEN:. (Ckay. This would be fairly

useful. This thing you introduced there with your
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bull et No. 1, the differences bet ween net hods used and
tradeoffs is something we call cycle risk
optim zation. That is, you can do -- you have to do
somet hing to mai ntain a component of inportance. The
guestion is when you do. Do you do it online which
may be possi bl e under certain sets of tech specs or do
you wait until shutdown?

It may turn out for equipnent that's of
particul ar use during shutdown |ike el ectrical power
equi pnent. It may be less risk in ternms of overal
cycle risk optimzation to do it during operating
periods rather than during shutdown and clearly vice
versa. The inportant thing to a risk analyst is not
when you do but what is the overall cycle risk from
breaker to breaker and breaker to breaker.

Wien does the strategy that reduces
overall cycle risk. 1In other words, the interval of
risk over tine. That is the inportant paraneter, not
we're using risk during operation and then shutting
down and havi ng a whol e | ot nore ri sk during shutdown
and the overall risk is higher than you woul d have
been if you did it during shutdown. Cycle risk
optimzation if an inportant point.

A lot of people are doing it inmplicitly,

| think, and getting the wong answer. They are doi ng
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it the way we always used to. A lot of people are
doing it while they are shutdown when really they are
probably better off doing it when they are running for
equi pnent that's inmportant for risk control during
shutdown. | also think there is sone of the reverse.

If once we could have a shutdown ri sk
cal cul ation nethod that is, as you suggest here, that
woul d al | ow neani ngful risk conparisons or tradeoffs
anong t hese operati onal conditions we would be in nuch
better shape. | think thisis awrthwhile effort and
| think you can do whatever you can to try to nove it
al ong.

MR. O NEAL: kay.

MR ROSEN: If there are no further
comments fromny col |l eagues? | doubt there will be
any. O fromnmenbers of the staff? |'mnot as sure
there wouldn't be any. Menbers of the public?
Menbers of ACRS staff? GCkay. We'Il stand adj our ned.

(Wher eupon, at 2:59 p.m the neeting was

adj our ned.)
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