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P-ROCEEDI-NGS
8:28 a.m

CHAI RMAN APOCSTOLAKI S: This is the second
day of the Advisory Commttee on Reactor Safeguards,
Subconmmi ttees on Human Factors and Reliability and
Probabi listic Ri sk Assessnent. |'m George
Apost ol aki s, Chai rman  of the Reliability and
Probabilistic Ri sk Assessnment Subconmittee.

Menbers in attendance are Mario Bonaca,
Chai rman of the Human Factors Subcomm ttee, and Tom
Kress.

The purpose of this neeting is to review
the status of the Agency's current research and human
reliability analysis. The subcomrittee will gather
i nformati on, analyze relevant issues and facts, and
formul ate proposed positions and actions as
appropriate for deliberation by the full conmttee.

Eri c Thornsbury is the Desi gnat ed Feder al
Oficial for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Regi ster on Novenber 28, 2005.

A transcript of the neeting is being kept

and will be made avail able as stated in the Federal
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Regi ster notice. It is requested that speakers first
identify thenmsel ves and speak with sufficient clarity
and volune so that they can be readily heard.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's neeting.

W will now proceed with the neeting, and
| call wupon M. Bruce Hallbert to begin the
present ati ons.

DR LAOS: | would like to start out the
neet i ng.

CHAI RVAN APOSTOLAKI S: Okay, Dr. Lois.

DR LAOS: | just want to note that Dr.
Mosl eh is here representing hinself. He has a |ong-
time interest inthe area of human reliability and t he
use of Bayesian franeworks for inproving the human
reliability technol ogy, and he offered to address the
committee. However, he's not in any capacity --
contracted capacity for the NRC

And, with that, | will ask Dr. Hallbert to
start the di scussi on on HERA dat abase devel opnent, and
t hen pursue the discussion on Bayesi an frameworks.

DR. HALLBERT: Thank you, Dr. Lois.

W are happy to be here this norning to

talk about two activities that we're conducting for

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

t he Nucl ear Regul at ory Conmi ssi on.

One i s the devel opnment of the Human Event
Repository and Anal ysi s Dat abase, HERA dat abase, and
|"mgoing to provide you with some information about
the project status, what's going on, and sort of
refam liarize nenbers of the ACRS and t he ot her peopl e
who are here today with what HERA is, and what we are
hoping to do with HERA to support human reliability
anal ysi s.

And secondly, I'mgoing to provide a short
introduction to, and a sunmary of, a workshop that we
had related to the use of Bayesian nethods for
enpl oying i nformati on, such as information in HERA, to
support human reliability analysis.

As al ways, our purpose for being here is
not only totell you about what we are doi ng, but al so
to get feedback fromyou on where you think areas of
our research are practical within the field of PRA and
what areas you'd |ike to make recomendati ons on.

The background for the HERA project is, to
sone extent, simlar to the current state of the art
in human reliability. HRA nmethods use structured
processes to identify the ki nds of situations that are
likely to produce errors, and the ways in which errors

occur.
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Most of the nethods direct analyststotry
to account for variously termed elenents of the
envi ronnent, whether you call it context, PIFs, PSFs,
whatever. They are a way to say that we know t hat
human performance is causally connected to vari abl es
that are internal to the human and external wi thin the
environnment and in the work setting.

Identifying these things is sonmewhat
chal | engi ng, because fromperson to person, or context
to context, or accident scenario to scenario, the
i nfl uence of these things varies, and even the factors
that contribute to perfornmance, they thensel ves vary.

So, accounting for these things is
important, yet is somewhat difficult. As a result,
there's a lot of analyst judgnment that's applied in
t he process.

The concern is that differences enpl oyed
inthe judgnent process can materially affect the risk
nmet hods that are produced by the HRA process.

The objective of the HERA project is to
coll ect data and information about human perfornmance
in PRA rel evant settings. The approach has been, and
we briefed the ACRS on this a couple of years ago in
April, and the approach is still the sane, toidentify

informati on sources that could be used and that are
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PRA rel evant, develop a formal process for taking
information fromthose rel evant settings and putting
it into a database, and in parallel, the new thing
t hat we' ve been doi ng over the course of the | ast year
or so is devel opi ng approaches to use the information
that we're collecting in a quantitative franeworKk.

The approach to extracting information is
based upon this | ayered nodel that |I'm show ng here.
At the bottom here, we talk about very objective
information, and this nodel is especially relevant to
the activities that we are conducting where we are
extracting human performance information from
operating events, LERs and things |ike that.

We | ook at the information source and we
identify, you know, specifically, what happened, when
it happened, where it happened, what the consequence
of this occurrence was, and in looking into it, where
human performance cones into play, we identify
i nst ances where human perfornmance was successful, and
i nstances where it was not successful, interns of its
i nt ended consequences.

CHAl RMAN  APOSTCOLAKI S: So, you are
i ncl udi ng successes?

DR. HALLBERT: Yes, absolutely.

CHAI RVAN APOSTOLAKI S: How do you get
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those? Operators do things all the tine.

DR HALLBERT: Yeah.

CHAI RVAN APCSTCOLAKI S: They don't submt
LERs for those things, so unless there's sonething,
you know, going on, and they are successful, is that
t he space?

DR. HALLBERT: Well, the space, the space
of our analysis is in LER at least for this portion
that 1'mpresenting to you now. There's ot her sources
of information that we are | ooking at as well, too,
where it will be slightly different. But, the source
-- but the frame of reference for this is in LER

Wthin every LER there are things that
were done right and there are some things that were
not done as well, or things that went awy, and we
capture all those things.

DR LAOS: This is Erasm a.

Therefore, we are to capturing the success
in ternms of nunber of opportunities versus nunber of
failures. W are not saying that so many tines the
operators or the mmi ntenance groups are out there and
basing this specific involvenent on this specific
valve. It's not that the concept is to -- when we
have an event, we anal yze what went wong, and then

how t hey recovered fromthat event and did not evol ve
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into a nore serious event.

CHAI RVAN APOSTOLAKI S: So, you al ready have
somet hi ng going on if you operate your site correctly,
like what they did at Brown's Ferry with the -- source
of water that they were not supposed to use.

DR HALLBERT: That's right.

CHAI RVAN APOSTCLAKI'S:  But, not routine
oper ati on.

DR. HALLBERT: No.

The setting for this analysisisreallyin
the context of an LER report, so it inplies that
sonmething didn't go right.

CHAI RVAN APOSTOLAKI S: That's very
i nteresting, because usually we focus on failures, and
| ooki ng at some successes is probably a good idea.

DR HALLBERT: Well, we have to, because,
you know, -- well, at |east we believe we have to,
because, you know, what differentiates success and
failure sonetinmes in certain environnents is a very
smal | margin, and sonetines, you know, the context is
t he same for success as well as failure. And, we are
trying to collect evidence of both kinds.

CHAI RVMAN APOSTOLAKI S: Good.  Good.

DR HALLBERT: Yes.

CHAI RVAN APOSTOLAKI S:  Now, why is 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

10

triangle going like that? | mean, what does it nean,
t he dependencies of the -- there?

DR HALLBERT: Well, what we are trying to
show is that, you know, at the beginning, and this is
sort of atine flowas well too, at the beginning of
the analysis there's a lot of information to be
extracted, and that as we go through sequentially and
extract nore information about human performnce, we
eventually get to the point where we think we've
extracted -- we've extracted all the information
that's available to wus about the factors that
i nfl uence behavior in that context. That's all the
pyram d really represents.

CHAI RMAN APOSTCLAKI S: Rem nd us what error
nmechani sms and error types are.

DR. HALLBERT: Ckay.

Wll, we started at the | ower |evel here
on the diagram and we are dealing with objective,
al nost denographic information, what happened, where
it happened, and |I'I|l show you an exanple of this in
a few m nutes.

The next thing we ook at is, we try to
i dentify what went right and what went wong, and t hat
starts to get into judgnental processes. kay,

sonebody didn't do sonmething right. You know, we have
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to have sone criterion for making that decision

Beyond that, we try to understand what
i nfluenced their performnce, so that either they did
something well or they didn't do it well.

In the case of an error, you know, we
woul d call those error mechanisns. So, if sonmebody
was out, and I'll give you an illustration in a few
m nutes, if sonebody was out applying, you know, a
pi ece of equi pnent to anot her piece of equipnent, and
set it upincorrectly, and detected that, okay, you've
made a m stake, now can you recover fromthat?

| f they stop and they formally analyze it
and figure out the best way to approach, then they
m ght doit correctly, but if they don't, if they just
reflexively try to take it off the device, it mght
cause the device to trip. And then you have an error.

CHAI RVAN APOSTOLAKIS: As you know in
l[iterature, the psychology literature, human fail ure,
the words nechanism and types neans sonething
specific. That's not what you nmean. FError types, you
know - -

DR. HALLBERT: Phenotypes, or whatever --

CHAI RVAN APCSTOLAKI S: You don't nean t hat .

DR. HALLBERT: No, | don't.

CHAI RVAN APOSTOLAKI S: And, nechani snms you

NEAL R. GROSS
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don't nean that either, because nechanisns | think
really go into the m nds of people.

DR HALLBERT: Sort of the causes.

CHAI RVAN APCSTCLAKI S: Yeah, it's just the
causes.

DR. HALLBERT: What triggered behavior in
that particul ar context.

CHAI RVAN APOSTOLAKI S: And, maybe you can
put error/success.

DR HALLBERT: Yes.

CHAl RMAN  APOSTOLAKI S: Since you are
| ooki ng at successes too.

DR. HALLBERT: Yes. Ckay.

|"'m going to give you sort of a short
description here of the information that's in HERA,
and by the way | think, and correct nme if |I'm wong
here, Erismia, but | believe that you have a copy of
t he HERA draft NUREG?

DR LA S: Yes.

DR. HALLBERT: Ckay.

CHAI RMAN APOSTOLAKI' S: The NUREG? We have
a bunch of slides.

DR LA S: You shoul d have received a draft
report on HERA

CHAI RVAN APOSTOLAKI S: Let e see, Bayesi an
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Met hods Wor kshop.

DR HALLBERT: The one before that.

CHAI RVAN APCSTOLAKI S: The one before t hat,
yes.

DR. HALLBERT: Yeah, | believe in Appendi x
B of that report there is a detailed sunmary and
description of the data fields in HERA. So, what |'m
going to do here is just describe sone of these
t hi ngs.

There's two mai n sections of a HERA -- of
an event that's coded in HERA. The front part is what
we refer to as the event main profile, and it includes
somre of that, you know, fact ual denogr aphi ¢
information that we pull off of the LER the nane of
the plant, the LER, the event type, which involves
whether it was an initiating event or whether the
event resulted in either an active or a |atent
condition, and I'Il describe those in just -- the next
slide, | believe, and plant node, power |evels,
| osses, and system unavailabilities as a conseguence
of the event.

Initiating events, we are using the sane
term nology for initiating events as are used in PRA
and el sewhere within the Agency, conditions that |ead

to shutting down, new products processes, and they
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i nclude the sane types of initiating events that are
comonly used in PRA

Condi ti ons, not every event results in an
initiating event, or every LER results in an
initiating event. Some produce conditions, and these
are, basically, wundesired outcomes. They don't
require shutting down the reactor or renoving decay
heat, but they result in sone sort of an off-norma
condition, and there's two kinds that we |ook for.
One is an active condition, and that i s where sonebody
does sonething and the effects of their perfornmance
are imrediately observed. They do sonet hing,
something trips, that's an exanple, or sonething
becones unavailable, and it's clear it's unavail abl e.

A latent condition is sonmething where
sonmebody performs an action, or a series of actions,
and a systemis rendered inoperable or unavail abl e,
but it is undemanded. And so, the condition may |ay
dormant for sone period of tine beforeits effects are
observed

CHAI RVMAN APOSTOLAKI S: Some of the | atent
conditions are very difficult to find, though, right,
if there is an error in the procedure?

DR. HALLBERT: Well, an error in a

procedure is not a latent condition that we woul d be
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-- we would be looking for a latent condition that
woul d be reported in an LER, |ike an energency di esel
generator was determ ned to be inoperable six nonths
after some mai nt enance was conducted onit, and it was
| ater determ ned that that maintenance rendered it
i noperable. That would be a |atent condition. The
fact that the emergency diesel generator woul d not
function, but was not detected to be inoperable is a
| atent condition. It would also be an LER

CHAI RVAN APCSTOLAKI S: Wl |, that's --

DR HALLBERT: Yes, but it would also be
reported under the LER rule, nost probably.

CHAI RVAN APCSTOLAKI S: Ckay.

DR. HALLBERT: Ckay.

Every time -- we typically break an event
dowmn into constituent pieces, and there's sone
subj ectivity involved in this now W' ve gone from
very objective description to now our own assessnent
of what happened i n what sequence of tine, and howit
pl ayed out.

And, basically, there's a coupl e of things
we | ook for. We look for human actions, and the kinds
of human actions we |ook for are successful human
actions, as well as human errors, or human failure

events, as well as equipnment actions. Sometinmes
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equi pnent fails, and sonmetines it actuates in a way
that it shoul d.

In addition, you see that we have these
desi gnations for positive and negative, and, actually,
there's a typo on this slide here, it says positive
human action and negative human action, really, this
shoul d be, you know, positive context and negative
context, and what we are tal ki ng about are conditions
that are either present or produced by equi prent and
human acti ons.

W refer to these things as sub events, so
we' || deconpose, if you will, an LERinto a series of
sub events.

MR. BONACA: Coul d you give nme an exanpl e
of the difference between hunman error and negative
human acti on?

DR, HALLBERT: Actually, it wouldn't be
negati ve human action, it would be negative context,
in fact, this is --

MR. BONACA: (Ckay, SO --

DR. HALLBERT: This is a typo, it should
have sai d negative context or positive context. |'m
sorry. | just caught that. Yeah.

And, the wording up here al so for many of

these things also corresponds to simlar wording
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conventions that are used in a PRA nodel, except for
pos and neg, that doesn't occur in a PRA nodel. So,
you can see, as we are going through and we are
deconposi ng a seri es of human and equi pnent acti ons we
are trying to render sone i nfornmati on about the causes
and consequences that can also be related to a PRA

nodel of activities.

Dependency, we know that dependency
occurs, there have been a Ilot of discussions of
dependenci es, and, i ndeed, one of the anal yses that we
perform of human actions is to understand how series
i n human behavi ors i nfl uence one anot her, and whet her,
infact, there are dependency bet ween acti ons, because
we are trying to, again, use this information as an
evidentiary basis to i nformHRA nethods and to i nform
the treatnment of human actions in PRAs. And, our
definitions of dependency cone straight out of the
Good Practices NUREG So again, we are building on --
and you'll see, if you' ve noticed already, much of
what we are doing here is building on work that's
al ready been perfornmed and t houghts and ideas that
have been pronoted by others. So, we are striving for
commonal ity i n our thinking with HERA, that, you know,
neets and intersects with different HRA nethods and

nmodel s.
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For each human sub event, where hunman
performance i s anal yzed, we then go into nore detail ed
anal ysis of the human action itself. W |ook at,
first of all, you know, any cognitive conponents that
we can identify fromthe report, or fromour know edge
of the operation of that plant in the specific action,
and we | ook at the PSFs using the sanme -- nost of the
sane PSFs as are in this SPAR-H nethod, but we are
also adding a few nore PSFs based upon the
recommendati ons of a peer review group.

W'l also |look at the action portion of
the behavior and do the sane thing. W'Il identify
what ki nd of personnel were involved in the sub-event,
whet her it was mai nt enance peopl e, operations peopl e,
engi neering, nmanagenent, supervisors, whoever, and
we' | | ook at contributory pl ant factors.
Contributory plant factors 1is, essentially, an
amal gamati on of factors that represent context, and
the definition of contributory plant factors were
taken fromresearch that was conducted by the Hal den
React or Project, where they studied and worked on
defining context, if you will, for our purposes.

Contri butory mai ntenance factors are those
things in, specifically, maintenance operations, that

are suspected to contribute to human performnce.
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As | nentioned, a lot of actions that we
anal yzed will be successful human actions, because
it's just a fact that all these LERs have resulted in
successful term nation of the events, whatever they
were. So, there are successful human actions as part
of nost every analysis. And simlarly, you know,
where there were errors we'll try to relate the error
to something like slips, |apses, mstakes, sonething
like that.

Every time an anal yst goes through and
performs one of these anal yses, and notes where PSFs
or conditions contributed to performance, we asked t he
teamto docunment their comments, in other words, how
did they arrive at that conclusion, because we know
that this is based upon judgnent and experti se.
There's no clear criteria for these things yet, and,
in fact, this still is a research project. W are
trying to denonstrate the principles of doing this.

So, you know, we want to | ook back t hrough
t hese things and judge for oursel ves, you know, a year
|ater do we still agree with that assessnent, would
sonmebody el se nake the sane assessnent?

And, here's an exanple. | said |I'd give
you an exanple, here's one. The event is designated

and the LER fromwhich it came is up on the top here.
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Now, this kind of a tine line is produced for every
LER that we analyze. Qur system automatically
produces this, automatically now, and what it does is,
the way that we store the data, it extracts it and it
puts it up on atine line like this.

Now, tine lines differ because sonetines
we don't know when sone things occurred, especially
like latent errors and stuff, we just know that some
time in the past sonething happened.

Simlarly, not all events will have this
fine of a detailed tine line in terns of hours,

m nutes and seconds on the bottom here, because we
sinply don't have that information. 1In this event, we
do. Wat was happening was, at this particular plant
there was a positive activity that was going on, a
positive context. The operators were preparing to
perform a nonthly surveillance of the Turbine
Protection System Now, they had nmde their
notifications to the control room they had gotten al
their work orders, it was an approved work package,
and it was properly done. There was nothing wong.
So, they were doing things the right way. Things were
set up for success.

At some point, just after mdnight, and

this is 12:16 in the norning, so it's just after
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m dni ght, two auxiliary operators, non-Ilicensed, went
out to work on the system and one operator m stakenly
pl aced a | ever actuating tool on the TRIP | ever, not
the test lever. Ckay, it's a sinple mstake. Okay?

MR. BONACA: He did not actuate anyt hing.

DR. HALLBERT: He just put it on, okay,
that's what's designated as XHEO1l, that is an error.
It's a m stake.

Now, sonething positive happened right
here, which is that the same operator realized that
the tool was on the wong lever. He hinself said, oh,
|"ve gone and put this on the wong thing.

However, there was a second error that
occurred because he attenpted to renove it fromthe
TRIP | ever reflexively. He could have stopped and
t hought about, what's the best way to do this, nmaybe
| should notify someone that this is a potential
problem But, what he thought was, well, naybe | can
just fix it real quickly here. So, he attenpted to
take it off hinself, wthout analyzing how to best
handl e t hat.

As a consequence, he rotated the |ever
enough just so it caused a nain turbine trip. Ckay?

Now, there's a |line between XHEO1, XHEO2,

this ine on a HERA tine line indicates dependency.
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It neans if you look -- if you now |l ook in the HERA
record you'll see that we noted a dependency between
XHEO1 and XHEO2. |[|If you want to know what that
dependency is, you just have to go and | ook it up.

One of the features that we're going to
have in the future, actually, is to have a dependency
table that prints out along with the tine line.

So, there's an actuation here. There's a
mai n turbine trip, and because the reactor was above
30 percent the turbine trip caused an autonatic
reactor trip, which should be an EQAOL not an EAQD1L
it's just a small typo.

CHAI RVAN APOSTOLAKI S: So, this is not to
scale, | nean, | see. The turbine trip occurred one,
what, 1/10th of a second?

DR. HALLBERT: Yeah, yeah, yeah, that's
right.

CHAI RMAN APOSTOLAKI S: Ckay.

DR HALLBERT: That's right.

CHAI RVAN APOSTOLAKI S: So, EAQOl is really
very close to XHEO2, huh?

DR. HALLBERT: Yes. This is cognitive

CHAI RVAN APOSTOLAKI S: Very good.

DR. HALLBERT: Ckay.
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So, what happened t hen was, two successf ul
human actions then ensued. The main control room
entered into the energency procedures of the plant,
and they stabilized the unit in Mdde 3, and there's a
dependency here between the decisionto enter intothe
procedures and to successfully stabilize the plant
subsequently in Mde 3.

CHAI RMAN APOSTOLAKI S:  Uh- huh.

DR. HALLBERT: So, that's an exanple of a
HERA tine |ine.

And for everything on this tine |line here
there will be an entry in the HERA dat abase.

CHAI RVAN APOSTOLAKI S: How many events | i ke
this do you have, roughly, do you renenber?

DR HALLBERT: W have -- we have about 47
LERs and about 700 records in HERA ri ght now, and that
was the next slide, George.

MR. BONACA: So, but you are addi ng LER,
there are nany, many LERs

DR. HALLBERT: Yes, yes, and, in fact, we
just received funding through continuing resolution
that we'll have to discuss with our project manager
what to do next.

CHAI RVAN APOSTOLAKI S: Do you -- project?

DR. LAOS: No, we don't have funding.

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

24
CHAI RVAN APOSTOLAKI' S: Geez.

MR. BONACA: Now, the LERs are a particul ar
subset of events that happen at the plants.

DR HALLBERT: Yes.

MR. BONACA: They have to have sone
licensing significance. | can't renmenber exactly the
speci fics.

DR. HALLBERT: They are threshold events.

MR. BONACA: That's right.

So, but, they have to be, you know, an
event that affects other tech specs or whatever.

DR. HALLBERT: Yes.

MR. BONACA: And, does that limt very rmuch
the information you put in?

DR HALLBERT: Well, it neans we are
limted to just that one source presently.

MR. BONACA: | was thinking about, you
know, I NPO has --

CHAI RVMAN APOSTOLAKI S:  Yeah, the APEX

MR. BONACA: -- the APEX systemthat you
wonder at sone point if that would be a worthwhil e as
a mninmm sanpling just to evaluate what kind of
information is not being, you know, provided, by the
LER system

DR HALLBERT: Unh- huh.
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CHAI RVAN APOSTOLAKI S: You are al so using

augnented i nspection -- reports.

DR HALLBERT: Yes.

CHAI RMVAN APOSTOLAKI S: These are really
very detail ed.

Question, isn't one LER giving you one
time line, so how can you have 700 data records, what
does that nean? |f you have 45 LERs, why don't you
have 45 data records?

DR HALLBERT: Well, what it nmeans is that,
45 LERs, you know, if you divide 700 by 45 you find
t he nunber -- the average nunber of sub events that
are coded per LER

CHAI RVAN APOSTOLAKI S: But, the tinme line
i ncluded the sub events.

DR. HALLBERT: Yeah.

CHAI RVAN APCSTCLAKI S: So, by data records
you don't nean the tine |ines.

DR HALLBERT: No, no, what --

CHAI RVAN APOSTOLAKI S: There are 45 tine
l'i nes.

DR HALLBERT: -- there's 45 tinme |lines.

CHAI RVAN APOSTOLAKI S: Okay, okay.

DR, HALLBERT: That's right.

CHAI RVAN APOCSTOLAKI S: Yes, Erism a?
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DR LAOS: | just wanted to note that we
woul d I'i ke to | oad many data, but these activities are
really resource drive, because of the analysis that go
in, and we -- so far we were not able to | oad as many
events as we want ed.

The other issue that in actuality we are
still striving with quantifying the data the way it's
better, so as we are having neetings with our HRA
users we are changing the structure, if you w sh, of
t he dat abase constantly, and we have to go back and
recode sone of the data.

So, so far we are not still in -- we are
not in the production node of the database yet.

DR, HALLBERT: That's true. This is
definitely a research project.

However, you know, ny perspective, ny
perspective on that is, is that, you know, we started
t hi nki ng about this a couple of years ago before this
project was really initiated formally by the NRC, and
we' ve done sone thinking about it, and over tine
woul d say that the nunber of changes is gradually
reducing to the point where we are not conducting
maj or changes to our structures and definitions, but
we are really, you know, inproving and refining the

information that's in it, | think.
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Wul d you agree with that, Erism a?

DR LA S: Yes.

DR. HALLBERT: Ckay, yeah.

CHAI RMAN APOSTOLAKI S: Ckay.

DR, HALLBERT: Let ne just nmention also,
|"m not going to talk about this very nuch, but we
al so have an arrangenent wi th Hal den, where Hal den has
been goi ng t hrough sone of their experinments, and you
heard about the experinents yesterday, and they sent
a visiting scientist to ldaho for six nonths for the
express purpose of working on the HERA structure for
encoding information fromtheir experinents into the
HERA dat abase, and so that is happeni ng now.

CHAI RVAN APOSTOLAKI' S: So now, this is on
top of the 45 LERs.

DR. HALLBERT: That's right.

CHAI RVAN APOSTOLAKI S: But, their events
are on the simul ators.

DR HALLBERT: That's right.

So, what we are probably going to do is
partition the database and have a portion of the
database that's from operating experience and a
portion of the database from sinul ators.

And, the other thing | was going to

nmention is, we have currently one doctoral student,
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and we are planning on a second doctoral student, and
that's partly why Professor Msleh is here today, a
coupl e of doctoral students working on new approaches
for data generation and utilization. W have one
doctoral student at Vanderbilt, and she's working on
taking i nformati on fromthe psychol ogical |iterature,
and focus on a particular topic, and trying to extract
information fromthat and make it, you know, into HERA
records.

MR. BONACA: My reason for asking the
guestion before is the fact that, let's take the
exanpl e where the operator is placing the | ever on the

wrong conponent, okay, and then this resultsinatrip

now.
DR. HALLBERT: Uh- huh.
MR. BONACA: There are many events that are
pl anned to happen that are successful, in the sense

that he actually is able to renove the | ever, nothing
happens, so the first error is occurring there, a

second one does not occur because it recovers fromit,

so, therefore, there's not a reportable event. 1In
fact, the problemisn't -- it would be reported within
the plant. | nean, the plant will know.

DR. HALLBERT: Perhaps, yes, yes.

MR. BONACA: And, in nost cases that wll
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be a condition that happened and was encoded, but is
successful .

So, ny questionis nostly, are there al ot
of successful actions that happen at the plant which
are not really listed or recognized into a repository
of this type, and, therefore, they are sonewhat
bi ased, you know, ultinmately, the views that you get
of how these events occur.

DR. HALLBERT: |f you think about it that
way, then yes. | nmean, we are only |looking at, you
know, sone portion of the iceberg that's above sea
| evel .

MR. BONACA: Yes.

DR. HALLBERT: There's a much larger
portion that we are not observing.

MR. BONACA: And, in the portion that ends
up with the negative events, | nmean, they are
report abl e.

DR. HALLBERT: Yeah, that's exactly right.

MR. BONACA: Ckay.

DR. HALLBERT: But again, renenber also
that PRA is focused on unreliability.

VMR, BONACA: True.

DR HALLBERT: And, we are concerned about

unreliability, specifically, of human perfornmance in
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t hese conplex operational contexts. Wat we are
tryingtolearn fromHERA i s, you know, how peopl e end
up in situations where they nake m stakes that are of
significance, enough significance that they have to
report them and as well, how peopl e behave in those
situations and recover. Both pieces of information,
we think, are highly relevant to inform ng our
assessment of how to apply human reliability nethods
and specific paranmeters that ought to be included in
human reliability nethods.

So, thisis sort of an enpirical source of
information give that sone failure events have
occurred. It doesn't give us everything, it's not a
great estimator of the nunber of opportunities for
success.

MR. BONACA: Ckay.

DR. HALLBERT: Ckay.

MEMBER KRESS: This setting of this |ever
that started everything off is a relatively sinple
thing to do, and if | were going to try to program
something in a PRA what |'d want to know is how often
t hat happens conpared to how many of these sinple
events occur during the year of a plant, or averaged
over its lifetine.

DR HALLBERT: Yeah.
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MEMBER KRESS: How do you get that

denomi nat or ?

DR. HALLBERT: W don't.

MEMBER  KRESS: You don't get t hat
denomi nat or ?

DR. HALLBERT: W don't presently.

MEMBER KRESS: So, you can't really use
that particular part of the thing. It's what cones
after that that you have to use?

DR. HALLBERT: Not in a frequentist sort of
way, you know a frequentist approach would say, you
know, error probability is the nunber of errors
di vi ded by nunber of opportunities. W don't have --
well, we are not currently estimating the nunber of
opportunities, although there have been sone
approaches that have been used in PRA with equi prment
to estimate, you know, estinmate exposure in some way
or the other.

W talked a little bit about that. W
don't have anything yet to discuss about that, but we
have di scussed it.

Rat her, what we are proposing to do at
thistine is to use Bayesi an net hods, to take evi dence
and i nformati on that we do have, recognizing that it's

sparse, it's inconplete, and it nay be partially in
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that we can, you know, estimate the I|ikelihood of
speci fic human actions, and that's what the rest of
the presentation relates to.

So, if you are ready, what |I'mgoing to do
is l'"mgoing toreally breeze -- | think |I've
expl ai ned already sort of what the intent of the
Bayesian activity is. W have data and observations
from a variety of sources, experience, research,
training, the literature, and at the sanme tinme we are
trying to nmke inprovenents about the kind of
predictions that we make of human actions in PRA-
rel evant context.

And so, a nunber of us decided, with the
encour agenent of our programmanager, to get together
to share sonme i deas, to discuss sone i deas, related to
how you woul d use informati on froma source |i ke HERA
and apply it fornmally to PRA-type applications. So,
we had a wor kshop.

And, this norning, you know, tine
permtting, and we are going to try to nove through
these fairly quickly, we are going to tal k about a
couple of things. The first one, Professor Msleh is
going to give a very inportant introduction about, you

know, what exactly 1is it that we are naking
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predictions of in HRA? Wuat's the quantity of
interest, and what do we know about the quantity of
interest, and how could we wuse information in
somet hing of a Bayesian franework to do that?

I'm going to follow up wth two
presentations, and I'Il try to speed through these a
little bit. One is on using information from
sinul ator research, and how that can informthe
Bayesi an process, and then Professor Mhadevan from
Vanderbilt University has been sponsored to do sone
research and t hi nking on this project previously, and
" mgoing to tal k about his thoughts on how you coul d
use data froma source |ike HERA to estimte node
paranmeters from an HRA net hod.

So, withthat, I'"'mgoing to turn this over
to Professor Mosleh.

DR. MOSLEH. Ckay, good norning, Al
Mosl eh, University of Maryland, and follow ng what
Bruce's introduction to the objectives of the
wor kshop, this effectively represents sone of the
proposal's ideas that | presented at the workshop and
following the workshop in a couple of neetings with
ot her researchers in the discipline. And, the idea
was to see if there are things in the Bayesian

framewor k of probabilistic thinkingthat could be used
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in the HRA field and the estimation of error
probabilities.

So, some of the material that | wll
present are typical things that we have seen in the
past, some new material, and the key objective is to
relate the two, effectively.

W started by asking questions that you
woul d ask within the Bayesi an franmework broadly, that
we need to identify the quantity that we are trying to
estimate, so the unknown of interest as | call it.
You have sone information about that from whatever
source or whatever type, it's just generally the
i nformati on that you have, that you would put in what
is known in a Bayesian franework as a prior
di stribution of the wunknown, and the additional
evidence that you have, so that's E. evidence
information. You gather this evidence based on sone
assunption, sone process of observing the evidence.
So, the nodel of the process that generates the
evidence is called alikelihood function, and t hen you
put all these things together through the Bayesian
inference to obtain the posterior conbined state of
know edge about the unknown of interest.

So, base theorem here is what we have

there. P is the quantity of interest we are
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estimating, pi-zero is the prior distribution, the
i kelihood function and the posterior distribution,
and base theorem

So, given that, we started asking the
basi ¢ questions. Wat is the unknown of interest in
the HRA? And so, well, froma PRA perspective what
you are | ooki ng at the operator response objectively,
what i s happening, and what kind of physical action
outcone is on the system And, normally | abel ed as
success and failure using sone reference point that is
nodel dependent.

And, particularly of interest in PRA is
the probability of action failure or error failure.
So, Pis defined as such, and we have seen in t he HRAs
and PRAs that people put the probability distribution
over that p, so pi of p is the probability
distribution of p, and the questions are why are we
uncertain about the action outcone. So, what is the
source of the uncertainty in that? Wy a p between
zero and one, not zero and one, why is it not the kind
of a determnistic? And, what is the uncertainty
about p? You know, what are the sources of
uncertainty about p, and why are we uncertai n? GCkay.

Now, in formof reference | put a couple

of major franeworks that people have used in
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estimating error probabilities, | call thembl ue nodel
and yellow nodel, and |'m sure you recogni ze what's
bl ue and what's yellow, that in the blue nodel you are
calculating the error probability, probability of
response as the condition of probability of error or
response given a particular condition or context, and
you multiply it by the probability of context, and you
sum over, so that's kind of a partition of the space
of possibility leading to a particul ar response.

The vyellow nodel, which is the vast
majority of HRA nodels, you have a probability of
response directly as a function of somet hing that kind
of characterizes the context and in form of
performance influence the factors of perfornmance
safety factors. And, exanples of the gap in this
function, function of relationship that we have, the
tabular form such as in the CREAM net hodol ogy, you
have a table relating conditions, val ues, paraneters,
to response probability, mathematical functions such
as the one that you see in the SLIM which is an
exponenti al function, and expert judgnent is,
essentially, the approach that is taken in ATHEANA
So, these are different forns of the function relating
PIFs to response.

In an attenpt trying to kind of describe
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t he neaning of p, by no nmeans this is sonething that
is a consensus, just an idea it is, but trying to
clarify sone of the elenents that contribute to the p
bei ng a nunber between zero and one, and t hen zero and
one, is we thought that naybe if you look at it the
foll owi ng way, that given a very specific condition,
external or internal to the operator, cognitive or

physi cal , response i s predictabl e as either success or
failure, make this assunption.

Now, one of the reasons that we have a
probability is that in reality we can only specify a
class of simlar but not identical conditions, that
the level of nodeling and specificity that we have
only reflect a class of conditions.

And, in that class sone of those are
really determnistically leading to failure, sone of
the are determnistically leading to success, and
dependi ng on where you fall in the spectruma fraction
of those that lead to success is 1 mnus p, and the
other fraction pis the error, error probability. So,
it refers to the fraction of conditions that produce
the error versus success in a grouped -- you know, the
definition of a context.

So, p, therefore, is the product of

groupi ng a spectrumof conditions into one class. And
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maybe an additional layer or contributor to the p
coul d be this kind of questioning the validity of the
first assunpti on, t hat t he behavi or is
determ ni stically determ ned gi ven the condition, that
maybe that's not correct and there is still a residual
randommess in one behavior. So, that contributes to
p al so.

CHAI RVAN APOSTOLAKI S: | don't know why you

say that. | nean, if you say that there is p, that

inplies there is randonmess,

there is a probability

that it will do something wong, but
many, nmany contexts |ike that,
soneti nes

there's a probability,

i f you consi der

preci sely because

it wll fail,

sonetinmes it will succeed. | mean, the randommess i s

there in what you call the outcone.

| mean, the

randomvari abl e i s t he out cone,

success/failure, then

you have a probability for that outcone, that
probability reflects the context. But, it is still a
probability.

DR MOSLEH: Yes.

CHAI RVAN APOSTOLAKI S: So, every tine you
have that context you are not guaranteed that there
wi |l be success or failure, because it's a probability
that will go one way or the other.

So, this residual randommess i s not cl ear
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to ne.

DR. MOSLEH. Wwell, it, effectively, neans,
for i nstance, a specified condition, according to your
nodel and resol ution of the nodel. You may still say
we do not fundanmental |y know whet her peopl e behave in
a predictable way, so you have --

CHAI RVAN APOSTOLAKI S: Wl I, that's what p
is, that it is not predictable.

DR MOSLEH. -- no, but | think the kind
of unraveling is kind of peeling it off layer by
| ayer, so like we have specified a set of conditions
that there -- it kind of basically is the version
bet ween t he subset of those conditions that would | ead
to success, sonme subset that would lead to failure,
and really don't know whi ch ones are those within the
cl ass of conditions that they have defi ned.

MEMBER KRESS: Wul d t hose conditions be a
conbi nati on of the performance shaping factors, for
exanpl e?

DR. MOSLEH. Yes, nornally the perfornmance
shaping factors are supposed to kind of characterize
such conditions, so, yes, yeah.

CHAI RVAN APCSTCLAKI S: Are you sayi ng t hat
there is not a single p even if you have the

conditions, in other words that --
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DR. MOSLEH: Yes.

CHAI RVAN APOSTOLAKI'S:  -- there is sone --

DR. MOSLEH: Correct.

CHAI RVAN APOSTOLAKI S:  -- group
variability or sonething like that?

DR MOSLEH:. | tried to separate that in
terns of uncertainty about p.

CHAI RVAN APOSTOLAKI S: Yeah, but there is
uncertainty about p --

DR. MOSLEH. Ri ght.

CHAI RVAN APOSTOLAKI'S:  -- even though p
has a uni que val ue.

DR MOSLEH: Yes.

CHAI RMAN APCSTOLAKI S: Or you can say, p
itself does not have a uni que val ue, because there is
sonme variability, okay, and then |'muncertai n about
the curve itself.

DR. MOSLEH. Ri ght.

CHAI RVAN APOSTOLAKI S: So, this residua
randommess is not clear to ne. You are saying that
even in a very specific condition the operator
response is predictable. Well, it's not.

DR. MOSLEH No, that's an assunption. You
say, let's assune that --

CHAI RMAN APCSTOLAKI S: |If you have a p,
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it's not predictable, because, you know, it's a
probability. You may do right or wong. So, that --

DR. MOSLEH: That assunption -- that is --
the fourth bullet is questioningthat assunption, that
things re predictable.

CHAI RVAN APOSTOLAKI S: What |'msaying is
that, perhaps, it's not stated well. Gven a very
specific condition, the operator response is not
predictable, it's always probabilistic.

DR MOSLEH: Yes.

CHAl RMAN  APOSTOLAKI S: But , given a
specific condition, we are maki ng the assunption that
there is a probability of behavior, in a certain way,
that we can deal with, that we can do sonet hi ng about
on variability. But, the behavior itself is stil
uncertai n.

DR. MOSLEH:. Perhaps, this points to nore
like from a nodeling perspective, whether sone of
t hose conditions that | ead to behavi or randommess are
fundanmental Iy identifiable.

CHAI RMAN APOSTOLAKI'S: | think the first
bullet, A, you have to reword. It says, "G ven a
condition the operator response is predictable
val ue,"” and then you give a p. So, obviously, it's

not predictable, because thereis ap. | nean, it can
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be ten to the mnus three, but if they doit a
t housand times one tine they will fail.

DR. MOSLEH. Are you referring to what |
say in the fourth bullet?

CHAI RVAN APOCSTOLAKI S: The first bullet.

DR. MOSLEH: The first bullet says --

CHAI RVAN APOSTOLAKI S: Predictable is the
wrong word in my view

DR MOSLEH Onh, no, no, but the first
bull et said, let's assune that this is the case, that
given well specific <condition the behavior is
predi ct abl e.

CHAI RVAN APOSTCOLAKI'S: Oh, so the second
bull et nodifies it.

DR. MOSLEH. Ri ght.

DR HALLBERT: O, | think the first bullet
is saying, you know, given sonme condition, and a
dermand on t he operator, their behavior will be either,
you can classify it as either successful or
unsuccessful .

CHAl RMAN APCSTOLAKI S:  Yeah, that's the
fundanmental around the variable, but then you have a
nodel for that, which has a p init.

DR. MOSLEH: And then you say, the reason

for that p is that you really can't identify that
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specific very well-defined condition, therefore, we
attribute p to the variability of the condition.

CHAI RVAN APOSTOLAKI S: Variability of the
condition, plus we don't have enough evidence to say
t hat --

DR. MOSLEH: So, that's kind of basing --
the second bullet says the variability of the
condition, and the | ast bull et says, even then you nmay
say, well, we really don't know or we cannot really
predict in a determnistic way, given precisely
defined conditions. Therefore, there is --

CHAI RVAN APCOSTOLAKI S:  Well, your next
slide probably explains a little bit nore.

DR. MOSLEH: So, if you are putting anot her
| ayer of uncertainty on p now, the value, then what
could be potential sources of that variability.

CHAl RVAN  APOSTOLAKI S: So, am | to
interpret this that when we say context there is some
randommess within the context.

DR. MOSLEH. Ri ght.

CHAI RVAN APOCSTOLAKI S:  Yesterday we saw
results fromHal den t hat showed us that they had seven
crews responding to the same sequence, and there was
randommess in the response tine, right? So, how woul d

| take those tines then?
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No, it's not the response tinme, the
response tinme does not define the context. The
response time is the outconme, where there was
somet hing there that made one crew do the right thing
infive mnutes, and another crewdo it in 11 m nutes.
So, it's this underlying cause that could be random
right? W don't know what it is.

DR. HALLBERT: Well, in the case of Hal den,
in the case of the Halden research, this is Bruce
Hal | bert again, they were attributing the variability
in performance, to sone extent, to the variabl es t hey
wer e mani pul ati ng.

However, as you started di ggi ng i n deeper,

what you found was that they were crewrel ated

factors.

CHAI RMAN APOSTOLAKI S: Addi ti onal .

DR. HALLBERT: Ri ght.

CHAI RVAN APOSTOLAKI S: And, | think what
Ali is trying to say, actually, he is saying, he is

not trying to say, he is saying, is that there is

variability that is not of the state of know edge

type.

DR. HALLBERT: Ri ght.

CHAI RVAN APOSTOLAKI S: Ther e ar e sone ot her
factors, |ike nmaybe the experience of the crew or
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what ever, which -- anyway, | don't know where you are
going with this.

DR. MOSLEH: Ckay, stochastic --

CHAI RVMAN APOSTOLAKI S: What's PIF, by the
way, PIF is what?

DR. MOSLEH: Performance i nfluency factors
of PSFs.

CHAI RVMAN APOSTOLAKI S:  Yeah

DR MOSLEH. So, vyou see, there is
stochastic variability incharacterizingthe condition
variability and time pressure and other conditions,
crewto-crew characteristics variability, are the
types of things that one could kind of basically use
as a basis for varying p for the sane class of
condi ti ons.

CHAI RMAN APOSTOLAKI S: So, are you going to
t he two-stage Bayesi an here approach?

DR MOSLEH: Yes.

CHAI RVMAN APOSTOLAKI S: Ckay. All right.

DR. MOSLEH: And then, the other thing is,
uncertainty of the values of specific PIFs, that could
be treated as -- PSFs, that could be treated as
paranmeter uncertainty. And, the nodel uncertainty,
whet her you have the right set of PIFs, for instance,

t he PSFs.
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CHAI RVAN  APOSTOLAKI S:  And, how they

i nfl uence the behavior.

DR. MOSLEH: How they influence, right.

CHAl RVAN  APOCSTOLAKIS:  So, all these
factors, the adjustnment factors, the other report from
| daho - -

DR MOSLEH: Yeah, all the structure.

CHAI RMVAN APOCSTOLAKIS: -- this is major
nodel uncertainty.

DR MOSLEH: Yes.

So, sone way, one way you are supposed to
cover that under pi of p, the variabilities and these
uncertainties. Ckay.

G ven that, we kind of nade an attenpt to
try to see what is it that we were estimting, and
where were the uncertainties go, | see three areas
where we coul d use Bayesian nethods in HRA. One is in
devel opnment of generic reference HEPs, nobst vast
maj ority of HRA nethods we use a reference nunber, a
set of reference nunbers, whether they are judgnental
or based on experience, or otherwi se, generic
reference values fromdifferent types and sources of
i nformation.

And, so far this is still unavoidable

because of the questions that you raised earlier, the
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success database doesn't exist, we don't have the
denom nator. So, we still need to use sone sort of
generic reference val ues.

Expandi ng and ext endi ng t he dat a
cl assification, bringing the Bayesian kind of
phi |l osophy into the data cl assification. Bruce showed
an exanple of how the events were divided into sub
events. All these involve judgnment. Analysts need to
make judgnments, assigning, defining PIF values,
connections, relations, all these are judgnental to a
| arge extent, based on the evidence that you have.

So, one area is really to bring the --
all ow the anal yst to record their | evel of subjective
j udgnment about different paraneters or attributes of
an event, and also relax the requirenent of quality
and quantity of data. So, if you don't have success
there that can be distribution of a success data, as
opposed to a precise point estimate.

So, these are departures from the
cl assical thinking, classical statistical thinking,
bringing a little bit of a Bayesian flavor into the
data coll ection and cl assification.

A third area is the exploration of the
role of causal factors. You have -- you record data

in HERA or other databases, and then you identify
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PIFs, PSFs, you build sone cause of connections,
relations between the error forcing or error
i nfluencing factors and behavior, in construction of
such causal nodels one could see a role for Bayesian
nmet hods, in particular, Bayesian Belief Network for
constructing causal nodels, and if you follow that
you' ve got use of evidence to update or estimte the
probabilities that you need in the Bayesian Beli ef
Net wor ks.

These are the three top areas.

So, this probably is quite evident by now
that, obviously, the nature of the evidence in HRA
involves a lot of subjectivity. You have different
estimates, estimation forns, estimates based on data
fromother situations, expert estinate, nunbers that
are com ng fromot her HRA net hods, the non-honbgeneity
of information source, different pieces fromdifferent
sources  of i nformation, and, obvi ousl vy, t he
i nconpl eteness of data sets, whether the -- database
is, in fact, a failure-biased database.

| ndi rect or partially rel evant
observati ons, when you observe behavi or based on Pl Fs
as an indirect observation, partially relevant
i nformati on, when you are using, for instance, pilots

| andi ng comrercial airline data for space shuttle crew
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partially relevant only.

Now, we go to the formalism of base
t heorem Bayesi an net hods, you need to consider the
fact that in constructing the likelihood function that
rel ates the evidence to the estimate, the fact that
you have multiple types of information, you have the
i ssue of dependence anong the different sources of
information, the issue of credibility of the data
sources, data fromexperts and nodel s, the honbgeneity
of the data points, the fact that you have multiple
conditions for which you m ght have estinate, and the
guestion is, how do we put all that together to
represent a devel opnent estimate for a particul ar
condition, applicability of sources of information to
the HEP human error if interest, and evidence
uncertainty, and then nore, perhaps.

Step by step, agai n now, we are | ooki ng at
the techniques introduced, Bayesi an techni ques
introduced in other parts of PRA, and see which ones
woul d be useful in this case.

The question of using multiple sources of

multiple types of information is a sinple one. In
fact, you can construct |ikelihood functions that
speak - -
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CHAI RVAN APOSTOLAKI'S:  -- conceptual ly.

DR MOSLEH: Pardon?

CHAI RVAN APOSTOLAKI S: Si npl e conceptual |y.

DR MOSLEH: Yes.

CHAI RVAN APOSTOLAKI S: Trying to do that
thing there inreal life is not sinple.

DR. MOSLEH: Yes, that's why you still need
experts on Bayesi an net hods.

CHAI RVAN APCSTOLAKI S: They have to nake
assunptions on the second rol e of dependence, then it
becones significantly sinpler, but --

DR. MOSLEH:. Absolutely right.

CHAI RVAN APOSTOLAKI S:  -- boy, defending
t he assunption is -- how many peopl e do you t hi nk copy
ot her sources when they report human  error
probabilities?

DR HALLBERT: |I'm sorry, can you repeat
t hat ?

CHAI RVAN APCSTOLAKI S: | mean, there is a
nunber of methods out there, right?

DR HALLBERT: Yes.

CHAI RVAN APOSTOLAKI S: Do you think these
nmet hods are independent? | believe nost of themare
caught in Swain and Gutman, or at |east calibrating

what they are reporting using Swain and CGutnan.
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DR. MOSLEH: In fact, if you | ook at some

of the sections of the reports that talk about
eval uati on of their nmethod, eval uati on neans we | ooked
at PRA nunbers that they provide.

DR. HALLBERT: Onh, and specifically, you
know, sone net hods have said, and, you know, we heard
from SPAR- H yest erday, one of the things that they did
incomng up with the base HEPs i n the nodel was, they
| ooked to see -- they | ooked for conversions between
t heir nunbers and what was preval ent out there.

And, | have heard other HRA peopl e at
conferences say that they have, you know, validated
curve nunbers. So, it is still a benchmark.

CHAI RVAN APOSTOLAKI S: Wl |, the fact, of
course, that they decided -- it depends who is doing
it, but if they decide to be influenced by Swain and
Gut man, maybe mneke sone changes, is al so useful
information, that neans that they find what is in
Swai n and Gut man reasonabl e esti mates.

DR. MOSLEH: Partially rel evant.

CHAI RVAN APOSTOLAKI S: You know, al so with
the failure rates, it seens to me that there is
t remendous dependence to this day of the failure rates
on the Reactor Safety Study.

DR HALLBERT: Yeah.
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CHAI RVAN APOSTOLAKI S: | nmean, they set the

standard, and then, vyou know, so the issue of
i ndependence is a serious one.

But anyway, yeah, conceptually, thisis --

DR. MOSLEH. Conceptually, that's the kind
of framework. So, if you have nultiple sources of
i nformation, depending on the type of information you
can construct the |likelihood function for these
different types. So, that's, you know, the --

CHAI RVAN APOSTOLAKI S: And t hen you have a
student do the integral, the denom nator, right?

DR. HALLBERT: O, do it nunerically. You
know, in Maha's presentation he did go ahead and, you
know, we'll tal k about that, but, you know, he had to
do the denom nator nunerically through sinmulation.

CHAI RMAN APOSTOLAKI'S: I n very rare cases
it's analytical.

DR. MOSLEH: W now have al gorithns that do
a 20 paraneter base integration in a fraction of a
second, in a very precise way.

CHAI RVAN APOSTOLAKI S: |1've al ways want ed
to do that in a fraction of a second.

Now, Ali, | don't know, do you want to
show t hese equati ons?

DR MOSLEH: No.
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CHAI RVAN APCSTOLAKI S: Ckay.

DR. HALLBERT: Wy don't you just do --

DR. MOSLEH. Well, in any case, | think
t hose are kind of ways of mapping the techniques to
t he specific situation.

CHAI RVAN APOSTCOLAKI S: Sur e.

DR MOSLEH. So, let ne --

CHAI RVAN APCSTCLAKI S:  The nmechanics of
doing it is not of interest today. | nmean, we believe

-- but the other stuff, how to do what, that's of

interest. 1In other words, to show an equati on.
DR. MOSLEH Well, one area that |
nmentioned earlier, in terns of bringing -- capturing

the subjectivity of the analysis, the data anal ysis,
is what we are suggesting proposing that what we did
inthe case of Common Cause failures could apply here,
there we took data, this is an exanple from Common
Cause, the event, the LER, where data is classified
different ways and the analysts put the weight or
| evel of confidence on each data record, and the two
Bayesi an net hods, you know, one can, basically, rol
up all that set of weights and subjectivity to the
| evel of estimation. So, there are fornulas and
nmet hods for doing that.

Anot her area, the issue of success data
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not being available, it's a major issue, najor problem
we need to westle with, and the fact that, again, we
can use estimates or ranges of val ues has hel ped, you
know, that the formalism allows us to be uncertain
about success, the anobunt of data.

kay, so | nentioned the fact that we can
deal with uncertain evidence and data, there's nore on
formalism on howto do that, so these have been tried
and tested before.

CHAI RVAN APOCSTOLAKI S: Wait, wait, wait,
cone back. The first one there is exact nunbers,
right?

DR. MOSLEH: Wi ghted posterior.

CHAl RMAN APOSTCOLAKI S:  The others are
appr oxi mat e.

DR. MOSLEH: | can't say that. Actually,
we can show that the first two -- the third one is
definitely an approximate, it's just an ad hoc net hod.
The first two are both correct under different sets of
-- different interpretations of interpretation
evi dence.

CHAI RVAN APOSTOLAKIS: | would say the
first one is the really accurate one. Maybe the
ot hers, the second one gives reasonabl e results, too.

But, the first one really, because you say this is the
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evi dence, this is what ny state of knowl edge wi |l be,
and | have three different kinds of evidence, so |'ll
wei gh the results and add t hem up.

DR MOSLEH: Yes.

CHAI RVAN APCSTOLAKIS: But also in sone
ot her cases, | think what you did with the outcone
nodel, even the last one, is --

DR. MOSLEH: Ckay result, yeah, for the
val ue, right, yeah

CHAI RVAN APCSTOLAKIS:  -- and it's easier
to do.

DR MOSLEH. Yes, it's a five-second
procedure.

CHAI RMAN APOSTOLAKIS: But, | think the
first one is really --

DR. MOSLEH: | published a paper show ng
the relation between the first two theoretically, so
| think -- | believe that the two, both are correct on
their own set of conditions.

The third one is certainly an
appr oxi mati on.

Okay, well, the issue of using partially
rel evant information, you can go from standard base
theoremto a nodified base theorem This is alittle

bit ad hoc, but still something that we have done in
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the conponent failure probability -- you know, --
failure probability.

Let me talk alittle bit about this part,
which | think kind of basically is a background and
lead to what Bruce will present. W nentioned the
possi bl e rol e of Bayesi an Bel i ef Network i n devel opi ng
and est abl i shi ng causal connections, causal nodels, so
this slide shows the principles of Bayesian Belief
Net work, for the record, basically. You are talking
about fuzzy, wuncertain and l|ess than a clear
connection between causes and effects. And,

t her ef or e, you make probabi listic and non-
determnistic kind of statements about the causal
relations. That's, basically, the essence of what you
do i n Bayesi an Belief Networks, relating what we call

i nput nodes to output or target nodes to probability

rel ations.

And, you can capture dependencies in a
very, very formal way. |In fact, initially, it was
i nvent ed, you know, t o, basi cal |l y, trace

i nt erdependenci es of the vari abl es.

W have seen the begi nning of, actually,
afewattenpts informally using BBNs in relating PlFs
to performance, so this schematically shows, you know,

that we can put the --
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CHAI RVAN APOSTOLAKI S: How are the BBN

different frominference di agrans?

DR. MOSLEH. BBNs, | would say, are a sub
class of inference diagranms, that when you use
formally base theorem Bayesian condition of
probability to --

CHAl RVAN  APOSTCOLAKI S: kay, but in
i nference diagrans base theoremis the main tool.

DR. MOSLEH. Maybe |I'mreferring to nmaybe
a broader class of inference diagrans, where the
connections are not probabilistic.

CHAI RVAN APOSTOLAKI S: Yeah, it could be
done both ways.

DR MOSLEH: Yeah, that's what | neant.

CHAI RVAN APOSTOLAKI S: But, here -- wel | --

DR. MOSLEH: Here it is, essentially -- in
all application of BBN to our owmn HRA, that's the --
nodel , the causal nodel is not purely BBN, it's a mx
of BBN and sone ot her types of relations. But, that's
for maybe --

DR. HALLBERT: Aren't these al so acyclic,
t he BBNs?

DR MOSLEH. BBNs have some restrictions.
They are acyclic, so feedback and cross correl ations

that of a feedback nature cannot be nodel ed. There
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are limtations.

This is an exanple of what we nean by,
basically, a rough high-level BBN of different
i nfluencing factors. You have the PIFs and the PIFs
and then you show the interdependency, and then you
try to put nunerical scale on probability for the
condi ti onal connecti on.

CHAl RVAN APCSTOLAKI'S:  So, this is an
exanpl e.

DR. MOSLEH: This is an exanpl e, yes, yeah.
This is what you are using --

CHAI RVAN APCSTOLAKI S: Enoti onal arousa
something we're never going to use. That's what it
says there, "enotional arousal."

DR MOSLEH: |s not what, sir?

CHAI RMAN APCSTOLAKI'S: Mst likely this
Agency is not going to use that as a PIF. W are --

DR. MOSLEH: Well, it depends on whet her
you - -

CHAl RMAN APCSTOLAKI S:  -- to stay away
fromthe nental state of our subjects.

DR HALLBERT: You know, on the other hand
i f what you are concerned about is, you know, fatigue,
wel |, nmaybe take the word enotional out and just say

| evel of arousal or sonething.
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MR. BONACA: It's interesting, |ooking at

p-related factors, yesterday we were talking about
control room crews, and we were trying to identify
causal factors of why one was successful and t he ot her
wasn't. And, what was striking, fromthe observation
| " ve done when | used to work at plants, was that, you
know, anong the individuals | knew personally, they
wer e operators who were capable, and yet | saw them
wor ki ng on a crew where the supervi sor was dom nant as
an individual, and clearly the operator accepted this
dom nance, even on a technical basis. It seenmed as if
all the calls the supervi sor nade he accepted blindly,
and | really wanted to -- it's sonething of that, you
know, chem stry within your crew represented here, p-
related factors, how would you -- because those are
very inportant factors. | nean, the human

rel ati onship or how people relate to each other in a
crew, it becomes very dom nant.

DR. MOSLEH: In ny opinion also, they are
extrenely i nportant factors, and then we are trying to
capture those.

Now - -

MR. BONACA: Really, the influence anong
i ndi vi dual s cannot be capt ured.

CHAI RVAN APOSTOLAKI S: Yeah, | don't think
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we are really trying to capture the teameffects. W
are assuning the teamacts in a certain way. |'m not
sure to what extent the teameffects are inportant.

DR. HALLBERT: We haven't really thought
about using that |evel of data yet, and, actually, to
be honest with you, | hadn't really thought about the
avai lability of that.

First, the first that we've even seen any
of that is really com ng out of Hal den over the course
of | ast year.

CHAI RVAN APOSTCOLAKI S: | think the Navy has
done some work on subnari nes.

MR BONACA: You see, to me when | think
about, you know, even big events |ike Chernobyl, |
nmean, you know, there was an i ssue within the control
roomthat |left open questions, you know, people that
are very know edgeabl e.

CHAI RVMAN APOSTOLAKI S: Well, Ali has the
teamrel ated factors.

MR. BONACA: Yeah, that's why | raise that
guesti on.

CHAl RMVAN  APCSTCOLAKI S: Thi s is the
exception, rather than the rule with the nodels.

DR MOSLEH: W have a lot of detail on

that category of teamrelated factors, but | didn't
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put those in here because | didn't want to make this
kind of presentation on a specific nodel.

CHAI RVAN APOSTOLAKI S: Maybe Hal den coul d
shed sone light again on this, as we were saying
yest er day.

DR. HALLBERT: W really hope to use nore
of Hal den data to --

CHAI RVAN APOSTOLAKI S: Yeah, and t here was
some work in Germany | renenber. It was published in

Reliability Engi neering years ago, where they actual ly

| ooked at team effects, and, in fact, there was a
dom neering person there. | don't renmenber what the
concl usi on was.

MR. BONACA: It's startling to sit back
behind a gl ass and they don't know you are there, and
see the chem stry.

CHAI RVAN APOSTOLAKI S: Wl l, | nean, al
you have to do is come to an ACRS neeti ng.

DR, HALLBERT: You think that goes on
t here?

CHAI RVAN APOSTOLAKI S: | don't know, we'll
ask Hal den

DR. MOSLEH:. | n npost recent experinents, we
see cl ear evidence of teameffect fromthe Hal den, and

they are here, they can tell you nore.
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CHAI RVAN APOSTOLAKI S: So, you are really

goi ng beyond t he Bayesi an framework. | mean, you are
usi ng subjective theory of probability to propose a
framewor k wit hi n which peopl e can nake judgnents.

DR. MOSLEH: Precisely.

CHAI RVAN APCSTCLAKI S: Bayesi an -- okay,
fine.

Ckay, let's go on.

DR. MOSLEH: Ckay.

So now, one of the things about the
Bayesi an inference is, and then if you use BBNs or
Bayesi an Bel i ef Networks, it gives you a franmework to
expl ore t he causal connections, causal rel ations, from
data and information. |In fact, you can do a backward
and forward i nference fromi nfornmati onal causes gi ven,
i nformational error given causes, to go to kind of
under standi ng of causes when there is a particular
error.

This is a very powerful -- | mean, that
blue box will give you trenendous flexibility to
extract information fromlinmted data, fromsay 40, or
50, or 700 events that we heard. And, sone of the
effort | think that has been |abeled as Bayesian
i nference has been basically focused on use of this

type of backward and forward inference.
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The other thing is that you can really use
the Bayesian framework for BBNs to nodify generic
data, and for that | -- let me go to this particular
vu- graph where | have put, say, inmagine that you have
a Bayesian Belief Network representing the relation
between PIFs and performance, and |'ve col or coded
themdifferently, that neans it's the same structure
but if you go -- if you | ook at HERA dat abase for
instance, and you look at what influences the
behavi or, you can take that linmted data set, this is
all in the space of events, it doesn't really need
success or failure data, you can classify theminto
maybe a countable nunber of sub classes, each
representing -- so these BBNs represent those cl asses.

And, if you have a nunber of those, 45 or
100 events, you can see what fraction of events fal
in context alpha 1, what fraction in al pha 2, and so
on and so forth. So, you divide now the space of
observation into specific situations which can be
characterized by the PIFs that have been observed in
her e.

Therefore now, we have, these alpha
factors could be correction factors, basically. |If
you have a reference nunber, you can use these to

nodi fy those reference nunbers, reference human error
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probabilities, and get error probabilities that are
nore specific to context 1 versus context 2.

And so, that's | think something that is
gui t e doabl e with t he HERA dat abase. HERA wi | | provi de
the top distribution, the al phas, and t he generi c HEPs
need to be devel oped sone other way, and there are
some ideas about how to do that, and then you can
nodi fy the results using the al pha factors.

This follows to a large extent the
phi | osophy behind |i ke the beta factor in comobn cause
failure analysis. You know, it's kind of the sane
basi ¢ phi | osophy.

Bruce nenti oned sonme of the limtations of
BBNs. They really cannot really capture dynamc
factors and the feedback effects, and the
guantificationis difficult. |If you really want to do
this quantitatively it's very difficult, because now
you are going to deeper l|ayers of the influencing
factors when you are revealing with cognitive factors,
putting nunbers and probabilities on those would be
very difficult.

So, what we did, | did, in a different
environnment, for different application, in fact, for
nodeling the role of organizational factors in

behavior, was to kind of relax the requirenment of
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guantitative scales for BBNs by dividing the BBNinto
a qualitative segnment and a quantitative segnment. So,
t he deeper roots woul d be qualitative, you know, hi gh,
| ow, nedium and the nore observable |ayers woul d be
guantitative.

And, we have devel oped sone algorithns to
kind of connect these two, and therefore they are a
little bit nore flexible franmework

| guess these are sone ideas that we have
been basically looking to in terms of kind of basis
for the nethodol ogy.

CHAI RVAN APOSTOLAKI S: Thank you.

DR. HALLBERT: Thank you.

So, the things that we are presenting here
are suggestions or ideas. They are proposals for
where we mght go with the use of data froma source
such as HERA, using Bayesi an net hods.

Now, one of the things -- I'm going to
t ake a techni cal pause here for a nonent, the conputer
is --

CHAI RMAN APCSTOLAKI S: Close it.

DR HALLBERT: Ch, | havetocloseit, it's
trying to do sonething.

CHAI RVAN APOSTOLAKI S: There i s Hal | bert up

there, the second one, is that Hall bert, too, fromthe
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top, that one? Wat is that one? No. Wat is that,
reliability data, no? W want sonething that says
ext endi ng Bayesi an mnet hods.

DR. HALLBERT: It's this one right here, by
process of elimnation | found it.

CHAI RVAN APOSTOLAKI S: Al'l right, boy, | ook
at that.

Does this show the | evel of stability in
organi zati onal terns?

DR THORNSBURY: This is sort of like a
Ror schach test.

DR. HALLBERT: Ckay.

CHAl RMAN APCSTOLAKIS: Oh, there's an

orbiter?

DR. HALLBERT: It's predictable as well.

MEMBER KRESS: Hei senberg woul d have | i ked
t hi s.

DR. HALLBERT: All right.

In -- I'm thinking about tying this
presentation -- and this is Bruce Hall bert again for

the record, tying this to some of the preceding
di scussi ons that we've had.

One of the things that we've heard from
all the people who are either devel opi ng HRA net hods

or applying HRA is that they are |ooking for
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i nformati on about how to take information about the
environnment and wuse it in a human reliability
anal ysi s.

The question is, is where does that
information cone fron? And, what we know about
per f ormance shaping factors, and I'Il use that word
t hroughout ny presentation, not because there's a
speci fic technical distinction between what |' msayi ng
here and any net hods that are used today, but where is
that information com ng from and how do we use it?

Now, |I'm focusing here nore on the
Bayesi an context. Ali was talking earlier about one
formof representing outcones as being either success
or failure, and that's true. |If you were to | ook at
many i nstances i n performance, you could cl assify them
as successful or unsuccessful, success or failure.
That's only using part of the information that we have
avai l abl e to us.

What |'m going to propose, and what |
propose at the workshop, is in addition to | ooking at
whet her performance is successful or not, we | ook at
the factors that contribute to successful as well as
unsuccessful performance, and try to systematically
relate that through a fornmal nodel

And, what | propose at the workshop is
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that, our likelihood nodels should try to becone as
paranetrically el aborate as they need to be, in order
to represent the dynanmi cs of human behavi or in these
oper ational contexts.

Now, | know that's challenging and
daunting from a mathematical standpoint, but we've
done sonme prelimnary work on this sort of stuff,
showing that it can be done, although you have to do
it nurmerically. But, what we want to do is take
information, relate it to the success and failure
nodel , but i ncl ude par anmet ers about PSFs
systematically so that we can talk about where
performance shaping factors drive performance to
success and failure.

In a sense, it's common, it's simlar to
likelimt state determ nation for systens, except we
are tal king about the human system

And, the issue is that, you know, npst
nmet hods t oday cone with causal nodels, and nost of the
causal nodels that they use at human performance are
related to an i nformati on processi ng nodel. Everybody
is using information processing nodels to represent
cogni tion.

CHAI RMAN APOSTOLAKI' S: So, this is one of

the equations that Ali showed, right, on the bottom
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t here?

DR. HALLBERT: Yeah.

CHAI RVAN APOSTOLAKI S: The bl ue one, that's
t he bl ue equati on.

DR. HALLBERT: This is the blue equation.
Yeah, and --

CHAI RVAN APOSTOLAKI S: How di d you manage
to make it illegible?

DR HALLBERT: | think | had a little help
from M crosoft.

DR. MOSLEH It was an error producing
condi ti on.

DR. HALLBERT: It's error producing
sof t war e.

CHAI RMAN APOSTOLAKIS: O, is it the
operat or hinsel f?

DR. HALLBERT: It actually | ooks okay on ny
conput er .

CHAI RVAN APOSTOLAKI S: Actual Iy, you know,
the problemis that you probably tried to enlarge it
after you typed it, and you have to do it
symmetrically, otherwise the letters go on over the
ot hers.

DR, HALLBERT: | think it's a problem

bet ween Mac translation to --
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CHAl RMAN APOSTOLAKI S: It could be too.

DR. HALLBERT: -- because | did this on

CHAI RVAN APOSTCLAKI S: Wl |, that will show
you.

DR. HALLBERT: That's what | get for trying
to do sonething on a Mac.

CHAI RMAN APOSTOLAKI S: Ckay.

DR. HALLBERT: Ckay.

What this is showing is that, these
di fferent nodel s acknowl edge the role of a variety of
different performance shaping factors, such as
i ndi vi dual history, |earning, heuristics, biases, and
the situation, to produce conditions that they
describe as either error forcing, or shaping and
i nfl uenci ng, or conmon perfornmance conditions. |f we
| ook beyond t hose term nol ogi es, what we find is that
the quantification process is trying to relate
i nformati on about the performance environnment to a
nodel of human behavior to predict a nmetric of risk.
That's all they are doing. And, these are different
ways down here of doing that.

In terns of nmy proposal at the Bayesian
neeting, it was to look at extending the Bayesian

framework to address nore paranetrically el aborate
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sol utions to making predictions about the |ikelihood
of success and failure, using many of the things that
Ali was tal king about previously.

The goal is to be able to systematically,
as | was saying earlier, systematically relate
information about the environnment to our nodel of
human behavi or, and use that nodel of human behavi or
that's enpirically calibrated to make predictions of
outcomes that are related to our metrics of interest
for the HRA

W'd like to, in doing this, in using
information from relevant operational contexts to
i nformour nodels, we'd Iike to inprove the accuracy
of the HEP estimates. W know there are right now
sources of data that are used in HRA commonly cone
from |ook-up tables, or from sort of a static
determ nistic or predictive nodel in some way.

The question is, is could we use data to
feed into our nodel, and at the sane tine attenpt to
try to account for the nulti variate nature context,
and then the SPAR-H presentation yesterday, you heard
about the -- or we discussed the APSFs. That's,
essentially, a rmulti variate explanation of context,
it's saying that at any given tinme of witing things,

it could be influencing the behavior of a crew.
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And, what we are tal king about is trying
to figure out conparativel y-based ways of devel opi ng
t hose nodel s of |ikelihood.

The illustration that I'm going to talk
about here is sonething that |I discussed with the ACRS
probably three years ago, maybe four years ago now,
and it's related to data that |'ve been collecting
over the years on performance shaping factors.

One of the reconmendations fromthe ACRS
was, well, why don't you wite up this research, and
|"ve done that. | have a draft manuscript about what
|"m presenting here, and ny plans are to submt that

to the Reliability Engi neering Journal.

The study focuses on different kinds of
PSFs and how they relate to performnce, and how to
use themin nodels such as Bayesian nodels is what |
di scuss at the workshop or suggest at the workshop.

So, in order to do that, you need to have
a set of PSFs that are in sonme way predictive of crew
performance, and there's been a | ot of discussion
about, how do you take performance related data, or
performance data, and relate it to a failure nodel?
And so, we discuss that, and we're in the process of
di scussing that still w th Hal den, for exanpl e. How do

we figure out howinportant some PSFs are relative to
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one another. How do we express the relationship
bet ween PSFs.

So, inthis research we've col |l ected data
on performance shaping factors, and the kinds of PSFs
that we were |looking at at the time were procedures,
training, stress, workload, information, system
feedback and other elenents of the human-nmachine
interface. And, during a series of experinents over
a nunber of different years, we asked operating crews
at different reactors, as they went through a set of
simlar scenarios, to rate the effects of these PSFs
on their own performnce.

And - -

MEMBER KRESS: Hi gh, nedium | ow?

DR. HALLBERT: No, we used a Licard scal e,
it was a 7 point Licard scale.

And, we were interested in know ng how
they believed that these things influenced their
ability to carry out sone critical tasks related to
mtigation of the transient that were clearly a PRA-
rel evant gate. In other words, if you failed this
gate, you' d go down a |l eg i n your event sequence. So,
it was a critical path.

W had the operators rate these PSFs on

t heir performance after the scenari o, and we col | ected
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the data now, you know, in the U S. and abroad, with
i censed operators in simulated operational settings,
and t he types of scenarios that were used were broadly
representative, over heating, over cooling, |oss of
coolant accidents, and these were specifically
pressurized water reactors.

And, George, as | was relating this
information to the other nenmbers | was saying that,
when | was here three or four years ago | presented
this study, and one of the recommendations from the
committee was, well, why don't you wite that up, and
why don't you come back and consider how to use this
in areliability way, so that's what |'m doing. |
have witten it up, and |'"mpreparing to subnmit it to

the Reliability Journal

CHAI RMAN APOSTOLAKI S: This is a paper?

DR HALLBERT: Yes.

CHAI RMAN APOSTOLAKI S: Ckay.

DR. HALLBERT: And t hen, there's an excer pt
of the paper in what you have.

CHAI RVAN APCSTOLAKI S: Yeah, | know this.
This was, basically, your presentation to the
wor kshop, right?

DR. HALLBERT: Yes, exactly.

So, we used a linear nodel of multiple
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regressi on.

CHAI RVAN APCSTOLAKI S:  Sone peopl e nmade
some interesting coments there.

DR HALLBERT: I'msorry?

CHAI RVAN APCSTOLAKI S:  Sone peopl e nmade
some interesting comments in their presentations
there. | purposely went back to the ACRS transcripts
and found the guy that says this is incorrect.

DR HALLBERT: | think he was sort of
| anbasting nme, wasn't that ne?

CHAI RVAN APOSTCOLAKI S: No.

DR, HALLBERT: | think it was. | thought
that it was -- well, we can tal k about this | ater, but
| thought it was your question to nme about if we had
20 trials fromHal den could we use that to estinmate a
reliability metric, and | don't renenber the exact
context, but --

CHAI RVAN APOSTOLAKI S: |'d have to go back
toit.

DR HALLBERT: Yeah, | think it was our
conversation anyway.

But anyway, we | ooked at this |inear nodel
and related to performance, where Y was the critical
mtigation time, and so we were |ooking at tinme from

initiation of the event sequence to mtigation. And,
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the different Xs in this nodel were the different
PSFs, and the ratings of the PSFs made by the
operators, and the Bs are the weights that were
determ ned through multiple linear regression.

And, what we found was that this nodel was
predictive of performance and accounted for the
majority of variability in -- majority of crew
variability in mtigation tine.

We found that the nodel becane nore
predictive on a scenario-specific basis, so if you
aggregate the data the nodel would be predictive
across scenarios, but becanme nore predictive at an
i ndi vi dual scenario |evel

And, furthernore, differences inthe nodel
predi ctions were observed across plants. So, really,
what it's saying is, there is predictive ability in
t hese PSFs. The operators understand their influence.
They are able to express their influence. W find an
associ ati on between their perceptions of the PSFs and
their actual performance, and we find differences in
the PSFs thenselves across scenarios and across
pl ant s.

CHAI RMAN APOSTOLAKIS: This point is
extrenely inportant, of course, and you were here

yest erday when we had t he expression of two different
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vi ewpoi nts from Susan and David. Sonehow, | nean, you
are arguing now that, yes, the PSFs do nake a

difference, and they probably define a lot of the

cont ext .

DR. HALLBERT: Uh- huh.

CHAI RVAN APOSTOLAKI S: What do you think
Ali? The difference was -- you have to go with the

concept of context fromthe beginning, because if you
don't do that, you know, you go with the PSFs, you
will never really manage to define -- to describe the
cont ext .

The counter argunment from David Gertnman
which | believe you support, is that, |ook, the PSFs
are an approximation, but if you have a good set of
eight, or ten, or whatever, naybe you capture 80
percent or even nore of the context.

Have you thought about it at all?

DR. MOSLEH: Ch, yeah, a lot.

CHAI RMVAN APOSTOLAKI S:  Just, give us a
short answer.

DR MOSLEH | think what we -- | have done
in the past ten vyears about nodeling, called
devel opnent of the causal nodel, you know, basically,
had to address this issue, what do we nean by causal

kind of relations, and whether you need the |evel of
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detail that, say, you see in real events fromkind of
a predictive perspective.

And, | think thetruthis really sonewhere
in between. This really highly abstract that sone
PSFs, with no clear correlation or connection with
per f ormance, probably are not sufficient to identify
the types of errors people nake, the specific errors.

At the sanme tine, | don't think that the
extrene view that you really need to know t he precise
set of conditions in order to make any neani ngfu
prediction is kind of extrene view.

CHAI RVAN APOSTOLAKI S: Well, | asked, if
you were to do an HRA tonorrow, or a PRA, okay,
sonmebody cones to you and says we are going to do a
PRA for this plant, Professor Msleh, we want you to
hel p the HRA part, but the high level, how would you
proceed? You would say, gee, you know, and this HRA
is going to be used before the NRC, those guys are
going to review it, you know how picky they are
Wul d you i medi ately go to ATHEANA, would you go to
SPAR-H, woul d you go to I DAC, what woul d you do? They
want HRA contribution to the PRA, which has to be done
in a year and a half.

DR MOSLEH: | think the right balance

between the two would be the right solution 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

79

short term

CHAI RVAN APCSTOLAKI S: Bet ween the two?

DR MOSLEH. Between the two, and | would
say extremes, |'mnot characterizi ng SPAR-H or ATHEANA
as really extrenes, but, you know, they coul d think of
two extreme points of view, where you really | ook at
correl ated factors correl ation as i ndi cation of B, and
the other one really | ooks at a very detail ed context
anal ysi s.

CHAI RVAN APOSTOLAKI S: But, we should do
themin parallel? Wuld you do one first and then the
ot her ?

DR MOSLEH. The framework woul d be --

CHAl RMAN APOSTOLAKI'S: | ' m sorry, Bruce.

DR. MOSLEH. -- yeah, | think the
framewor k woul d be sonething that is closer to a set
of PIFs through some causal nodel that is -- | think
has the right level -- like the type that | showed
earlier, you know, that kind of 10, 15 factors, but
causal ly connected, not just a linear list. | think
t hat' s dangerous, meaning everything --

CHAI RVAN APOSTOLAKI S: Taki ng the sum

DR. MOSLEH. -- yeah, right, that is
absolutely -- | think that is incorrect.

But, sone nodel of causal rel ati on bet ween
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the PIFs, their interdependenci es, and perfornance, on
top of kind of a reviewand anal ysis of the situations
under which the operators will have to deal with an
accident, which is part of, actually, any PRA or
credi ble HRA, people |ook at the scenarios, |ook at
the conditions, but quantitatively you characterize
t hose and then cone up with sone mappi ng between the
situation and anal yzi ng t he set of PIFs and t he causal
nodel, and you go to to the quantitative procedures
that the nodel presents, somewhere in between.

| think the hybrid methodol ogy would be
nost neaningful at this stage of the state of
know edge that we have.

CHAI RVAN APOSTOLAKI S: Ckay, thank you

Ckay, Bruce.

DR. HALLBERT: Ckay.

So, this slide sort of illustrates the
point | was making on the previous slide, sinply
showing that the correlations between, you know,
predicted mtigation time and observed nitigation
time, you know, can be largely accounted for by the
PSFs, at least in the scenarios we studied and the
crews that we collected data from

| know that Halden is continuing to

collect data on PSFs, | can't renmenber exactly how
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they are wusing it, or what analysis they m ght
perform but that's sonmething | will be talking nore
about .

CHAI RVAN APOSTOLAKI S: What variable are
you plotting there?

DR. HALLBERT: Cbserved val ues predicted.

CHAI RVMAN APOSTOLAKI S: OF what ?

DR. HALLBERT: Ch, actual mitigation tinme
versus predicted mtigation tine.

CHAI RVAN APOSTOLAKIS: Mtigation tinme.

DR. HALLBERT: Yes, mitigation tinme.

| wanted to use an objective mneasure,
because, you know, we already had subjectivity in the
ratings of the PSFs, and we weren't exactly sure
whet her, you know, whether we could get people to
understand the definitions of those PSFs, and whet her
t hey woul d agree upon the PSFs, and so we wanted to
have an objective nmeasure to see if these things could
be systematically related to sone outcone.

CHAI RVMAN APOSTOLAKI S: Now, the time, of
course, is the actual random variable, right?

DR HALLBERT: Yes.

CHAI RVAN  APCSTOLAKI S: It's a random
vari abl e.

DR HALLBERT: Yeah.
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CHAl RMAN APOCSTOLAKI' S: But, in our -- well,

| guess if you have an all owed or available tine that
you conpared it to, then you get 01, which is the
success or failure of the human perfornmance, right?

DR. HALLBERT: And, we didn't actually | ook
at that in these situations

CHAI RVAN APOSTOLAKI S: No, but 1'm saying

DR. HALLBERT: Yeah.

CHAI RMAN APOSTOLAKIS: -- in the big
context that you and Ali have described, you have the
observabl e vari ables, right?

DR. HALLBERT: Yup.

CHAI RVAN APOSTOLAKI S: Here we have two in
this context, one is the actual time that it can take
conpared to available tine, and say that was a 01,
whi ch is a fundanmental variable of human action, then
| start saying | don't know whether it's 01, or p, p
itself may have a distributioninit, the whole thing
that Ali descri bed.

DR. HALLBERT: Ri ght.

CHAI RVAN APOSTOLAKI S: It's very i nportant
for people to understand these things, by the way. |
don't mean you two, but it's really inportant.

DR HALLBERT: Yeah.
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CHAl RMAN  APGOSTOLAKI S: Because t hese

vari ables and all that, and then Ali introduced as
randommess in p, it's not an easy thing to conprehend.

DR HALLBERT: No, it's not, and one of the
guestions you ask yourself is, so, where does the data
cone from for ne to initialize those nodels, or to
define the rel ati onshi ps anong PSFs? How do | devel op
those Bayesian Belief Networks, and what |'m
suggesting is, you know, there's a variety of sources
of information. Sone of that information can cone
from a source |like HERA, where we have information
that's retrospectively avail abl e.

In addition, a source |ike sinulator
studi es, where you can actually observe the dynanic
interaction and i nterplay between PSFs, and study the
correl ations and the causal connections between PSFs
on performance, help you to develop a nore enpirica
basis for devel oping your reliability nodel

CHAI RVAN APOSTOLAKI S: Absol utely.

DR. HALLBERT: In that particul ar context.

CHAI RVAN APOCSTOLAKI S: Here's a thought
that just occurred to ne, though. What | just
described, there is a response tine of the operators,
avai l able tinme, and conpare it til you get to Ol.

But then, if you | ook at the nodels, the
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avai l able tine, and one of the PSFs in SPAR-His that,
or time pressure, that is used as a perfornmance
shapi ng factor, not as a fundanental randomvari abl e.

DR HALLBERT: Ri ght.

CHAI RVAN APOSTOLAKI S: Wiy not? Wiy not as
a fundanmental variable, and then all the PSFs affect
the length of that tine.

DR, HALLBERT: Well, | believe you are
right. | think it could be a dependent neasure.

CHAI RVAN APOSTCOLAKI S: Coul d be actually
t he out cone.

DR. HALLBERT: Yeah.

CHAI RVAN APOSTCOLAKI S: I nstead of saying
success/failure of the operator, you are | ooking now
at the time the operators take to do sonething, |ike
in the exanple you showed earlier.

DR HALLBERT: Yes.

CHAI RVAN APOCSTOLAKI S: The guy realized
there was an error within a period of time, and that
was before somet hi ng bad happened, but then he made a
m stake again. You know, he put the thing -- the
| ever at the wong pl ace.

| wonder whether that would be a nore
reasonabl e way to proceed.

DR. MOSLEH To the extent that it's an
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observabl e, of course, is one of the nore favored ki nd
of elements of this nodel, because you can neasure,
you can talk about it, you can see. But, | don't
think that it is really the nbost representative
parameter or characteristics for all situations.

CHAl RVAN  APCSTCOLAKI S: Thi s is the
fundanental outcone. |In other words, all the PSFs,
all the BBNs that you presented and so on, ultimtely
feed into how long the operators will take to do
sormet hi ng.

DR. HALLBERT: O, perhaps, the quality of
-- the quality of the behavior that they --

CHAI RVAN APOSTOLAKI S: The whol e ti ng.

DR. HALLBERT: Yeah.

CHAI RVAN APOSTOLAKI S: The quality of the
behavi or m ght be poor, so they take a long tinme, like
we saw yesterday, 11 minutes or so.

DR. HALLBERT: Uh- huh.

CHAI RVAN APOSTOLAKI S: But, the problem
that | see with that, and it would be nice to have
sonmeone trying it, but the problemyou see with that
it negates all the nodels that are out there.

DR LAOS: Wll, this is the typical TLC

CHAI RVMAN APOSTOLAKI' S: No, it's not a TLC.

DR. LAOS: Wy not?
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CHAI RVMAN APCSTOLAKI' S: No, because EPRI

said, well, EPRI, everybody would, they said if the

availabletinmeis five mnutes thisis the probability
that they will not do.

What |' msaying is, forget about that, I'm
not talking about TLC, [|I'm talking about all the
nodel s that Bruce, and Ali, and ot hers are devel opi ng,
shoul d serve as a fundanental focus the tinme it takes
for the operators to do sonmething. So, you are going
to have PSFs, you are going to have the whol e works,
i ke we saw yesterday fromHal den. So, all these PSFs
noww || | ead to sone probability distribution at that
time, and if that time exceeds the available tinme then
you have a failure.

W're not talking about TLCs at all,
not hi ng, TLCs are out.

MEMBER  KRESS: I t hi nk you want
di stribution on both of those, available tine --

CHAI RVAN APCSTOLAKI S: The avail able tine
di stribution comes fromthermal hydraulic observation
or sonet hi ng.

MEMBER KRESS: Yeah, and the overlap wll
gi ve you that.

CHAI RVAN APCSTOLAKI S: And, the overlap

will give you that, yeah.
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DR MOSLEH If the time to perform

sonmething is really what is inpacting the PRA nodel
or the sequence of events, of course, tinme is the
under | yi ng paraneter of everything, obviously.

But, whether that's the real anchor
paraneter, or factor, to |look at --

CHAI RVAN APOSTOLAKI S: Look at what Bruce
presented a hal f an hour ago, how does he present the
information, he has a tinme |ine.

DR MOSLEH: Yeah, but he chose to --

CHAI RVAN APOSTOLAKI S: They did it here,
they did it there, thank God the core danage was down
there. You know, it's a fundanental random vari abl e,
that the operators do sonmething, and then all the
nodels will try to figure out what are the factors,
what are the contexts, if you go ATHEANA wi l| be the
context that affects, that influences, that |ength,
because this isreally -- and | nmean in practice, too,
you see, when you do -- because this ties -- there are
several reasons, first of all, I'"mnot really saying
do that, 1' msaying here is another way of approaching
human error that may or may not be better than this,
by this |I mean, you know, all the nodels.

DR MOSLEH: Yeah.

CHAl RMAN APCSTOLAKIS: It ties the human
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performance to the thermal hydraulic and neutronic
behavi or of the reactor, because the available tine
conmes fromthermal hydraulics, right, only sonetines,

but usually thermal hydraulics, and then you have a

benchmark. | nean, if they do it within ten m nutes
or so.

The other thing is that in licensing
actions, when you -- when a |licensee asks to raise the

power, the allowed power, by 20 percent, the main
i npact on human performance is the shortening of the
avai lable tine, right, the available tine. So, the
crews do take 15 mnutes, but before the avail able
time was 18, nowit's 11. Okay?

So, you are really dealing in al
applications with the actual tines. Now, what the
|icensees say and what the reviewers agree with, is
that, okay, so there is a shortening of the tinme, but
it's not very big, so even though we may not know t he
probability of doing something wong, the new
probability is not that different, so accept. But,
nobody real ly knows what happens to that probability,
and probably the reason is that the focus is not on
the tinme.

| don't know, this is sonething to think

about .
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MEMBER BONACA: We will go through some of

t he sequences they have tested on the sinul ators, they
know how long it takes for that paraneter to respond
toit. So, they have sone indications there, but you
are right.

CHAI RVAN APOSTOLAKIS:  There are sone
i ndi cations, but also --

MR BONACA: The tinme --

CHAI RVMAN APCSTOLAKI S: -- for some reason
from the begi nni ng, and maybe that's an
i nt erdependence on Swain and Gutman, we have all
focused, including ne, on the probability of the
operators doing the right thing or the wong thing,
but it seems to me the fundamental random variable
underneath is really the tine --

MR. BONACA: Especially some fundanenta
operator action, for exanple, clearly, -- for PARs is
a fundanmental deci sion.

CHAI RVAN APOSTCOLAKI S: Yes.

MR. BONACA: Now, if you | ook at how-- for
certain plants, like the Cplants with small PRBs and
smal | charging flow, very snmall actually, you have a
very narrow wi ndow for success. Either you enter --
within, | believe, it's like two hours or one half

hour, or you just don't succeed, there's no way to
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succeed.

CHAI RVAN APOSTCOLAKI S: Yea.

MR. BONACA: Ckay.

Now, the pressure on the operators to nmake
the right decision, the right call, is tremendous. |

nmean, you know, because they know that once you get
i nto bigger figure, the whol e contai nnent, and you may
just -- and that's a big issue, tineis just a factor.

CHAI RMAN APOSTOLAKI S: This is critical, |
can't think of a case where it's not. So, you should
go back to Ali's presentation, for exanple, the second
slide, the anpunt of interest now will be the tine,
and the formulation still applies, but you have a
di fferent amount of interest inthis third slide where
you say, the amount of interest is the operator
response failure or success, you said it was 01, now
you say time to do something, and then | have sone
estimate from the hard sciences, thermal hydraulics
and so on, to tell nme how nmuch tinme | have.

And, ideally, as Dr. Kress said, if you
al so have uncertainty on the available tine, then you
do this convolution thing there.

Anyway, | mean, that's just a thought.

DR. MOSLEH. The operator action could

change the time scale of things, basically, by the
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action, the error, they could change the sequence,
t hey coul d change the tine scale.

CHAI RVAN APOSTOLAKI S: But, that's the
reality of it, and also it would be very consi stent
wi t h HERA.

HERA cries for tine, it says, you know,
here i s a sequence, so how do we use that information,
and maybe your Bayesian cal culations would be, in
fact, easier.

DR HALLBERT: Yeah, we --

CHAl RMAN APOSTOLAKI S:  Because you are
havi ng evi dence directly on tine.

DR, HALLBERT: -- no, tine is clearly the
stream in which all behavior occurs. | nean,
everything unfolds in time, over tine.

CHAI RVAN APCSTOLAKI S: Ri ght .

DR, HALLBERT: And, | suppose to sone
extent all the data that we have refl ects outcones in
time. The question, though, of conversion, or
considering the use of time as the performance netric,
and what that tells us, | think we have to --

CHAI RVAN APOSTOLAKI S: Ch, |'m not sayi ng
it's obvious, far fromit. I'mnot saying, no, hereis
a good way to do it, you dunm es haven't thought about

it. No. Al I'"'msaying is, perhaps, we should be
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focusing on that as the random vari abl e, which would
be conpletely consistent with what you are doing in
HERA, and again, I'mnot using it as a performance

shaping factor, no, this is now the true random
variable. And, if it's very short, if the available

time is very short, then a performance shapi ng factor

will tell me the stress |evel is high.
Dr. HALLBERT: Well, let us consider that.
CHAI RVAN APCSTOLAKIS: SO | still have

t hese things.

MEMBER KRESS: Yes, | think you would find
this to be a unani nous recomendation from the ACRS,
even though they are not all here.

DR. HALLBERT: Ckay.

CHAI RVAN APOSTOLAKI'S: It's the dom neering
effect.

Anyway, that's a thought, Bruce.

DR HALLBERT: See, we have team factors
that play here even.

CHAI RVMAN APOSTOLAKI S: Yes, that's what |
say.

Can you wap it up in ten mnutes?

DR. HALLBERT: Sure, sure, actually, |'ve
got one nore slide.

CHAI RVAN APOSTOLAKI S: Sunmary, wel |, gee,
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| like to see that.

DR. HALLBERT: And then, I'Ill just -- |
don't know, should | wap it up?

CHAI RVAN APCSTOLAKI S: W have read the
ot her stuff, this is from Mahadevan?

DR. HALLBERT: Yeah, right.

CHAI RMAN APOSTOLAKI S: Yeah, it's in the
book.

DR. HALLBERT: Yeah, so we could just --

CHAI RMAN APOSTOLAKI' S: This is not HERA

DR. HALLBERT: W can wap this up, and
then i f you have sonme questions on Mahadevan's stuff,
ot herwi se we can come back to that.

DR MOSLEH: It's a fundanental variable we
need to finish in ten mnutes.

CHAI RVAN APOSTOLAKIS: And, I'mtrying to
i nfl uence you.

DR HALLBERT: | think the likelihood is
hi gh because |'ve been drinking so nuch water here
t hi s norni ng.

CHAl RMAN APOSTOLAKI S: We can stop for a
few mnutes if you need.

DR HALLBERT: Ali can talk, but | have to
| eave.

Summary, we have -- | nean, we have
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denmonstrated this link between perfornance shaping
factors and performance. You know, we argue, we

di scuss, we question, we disagree about whether
per formance shaping factors are inportant, how they
are inportant, whether we should or should not use
them | think fundanmentally we are m ssing a huge
pi ece of very informative information if we don't
account for these things we call performance shaping
factors. And, | don't care whether your nethod calls
them PIFs, or comon performance conditions, or
context, you know, it's inportant that we account for
these things in sonme systematic way.

Moreover, it's inportant that we coll ect
data on these variables. It's inportant that we
coll ect data and have a source of information that we
can use to understand the interactions between PSFs
and performance, so that we can have, in fact,
predi ctive nodel s.

It's al soinportant that we start thinking
about coll ecting human performance data in ways that
allowit's direct useinreliability type nodels. The
information |'ve been showing youinthis presentation
is sinply performance, it's not related to any nodel
of reliability. And so, when we do research, when we

do collect data, it is inmportant that the perfornmance
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domai n al so i nclude occurrences of failure, and that
way it's possible that we can start using information
about human perfornmance outcones in ways simlar to
what we do with structural reliability and system
reliability, and that is, to devel op fornal nodel s of
human performance, like limt state conditions. And,
| say that with a full understandi ng of what we do in
developing limt state conditions.

We need to have data that relate human
performance, elenents of the context, and be able to
derive limt states, so that we can nake sone rea
statenents about human reliability, and not just
estimates.

But, that has to be based in data, it has
to be -- and even if we disagree about what to cal
specific el enents, we can agree on specific outcones.

The other thing that I would say that |
feel strongly about inthis researchis that we didn't
begin with any assunptions or nodels about PSFs in
performance. What we allowed to happen was for those
relationships to energe as they naturally occurred.
This was naturalistic research. W observed the
operators, we collected the data after the fact, and
we used, you know, standard paranetric statistica

anal ysis techniques to identify or to understand how
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t he evi dence supported nodel devel opnent, and that's
what |'ma proponent for.

CHAI RMAN APOSTOLAKI S: Good.

Fi ni shed? Any questions?

MR ELAWAR | am Zouhair Elawar fromthe
Apollo Nuclear Power Plant, | work wth HRAs
extensively. | just want sone clarification or,
per haps, a recommendation to your project.

| hope you don't intend on giving the
i ndustry work for themto do, that Bayesi an updati ng,
to keep doing -- you know, inproving their HRAs. |
hope your bottomline will be maybe generating somne
generic HEPs by whi chever neans you reach them and
they will be given to the industry with guidelines as
to how to use it, because | believe, and | know for
sure that at least | amof that frame of mnd, there
is a deep skepticism about using Bayesi an net hods on
human performance. People don't believe init,
frankly, to say to you.

So, you need to cone wth a very
convincing reason as to why you think it applies,
first of all, and secondly, you will need to nake it
so sinple for the end user to be able to apply it
wi t hout being a mathematician, let's say.

Thank you.
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CHAI RVAN APCSTOLAKI S: Ckay.

Any ot her comments?

Vel |, thank you very nuch, gentlenen

As usual, this was very interesting,
always incites interesting coments and debates,
appreciate it.

Ali, thank you for com ng.

| think maybe we can go now around the
tabl e and get sone views, although we are not writing
aletter on the whole program W wll be briefed in
February, and we will wite aletter on the eval uation
of the nodels against -- you don't have to | eave, by
the way, it's up to you -- go if you liKke.

DR HALLBERT: No, well, are we done with
our --

CHAI RVAN APOSTOLAKIS: W are done wth
your presentation.

DR. HALLBERT: Ckay.

CHAI RMVAN APCSTOLAKI S: This is now anong
the committee nenbers.

What was | saying? GCh, yeah, we wll
review and wite a letter on the evaluation of the
nodel s agai nst the best practices, but what we are
planning to do, as we discussed with the staff

yesterday, is in a few nonths afterwards -- well

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

98

actually, not even a few, one or two nonths
afterwards, we can review SPAR-H or other pieces of
work that Dr. Lois feels are ready for review, and
wite coments, | nean, a letter, because as | said
yesterday, the committee comunicates its views only
through letters, what individual nenbers say, you
know, their individual opinions.

But anyway, from what we heard yesterday
and today, what are the views?

MEMBER BONACA: Wwell, first of all,
appreci ated very much the evaluation of the HRA
net hods agai nst the best practices. | thought that it
was a very clear docunent, lot of information, it
allowed me to really understand nuch better the HRA
t ool s avail abl e.

And, | nust say that also it gave ne a
sense of the value of the best practices docunent
whi ch was devel oped a year ago, or whatever, | don't
think | appreciated it as much before, until | sawthe
conparison perform and that was very hel pful. That's
nmy sense, and | think that probably the whole
cormmittee will recognize the value of this NUREG

Second, | think I was quite inpressed,
must say, by SPAR-H | nean, fromthe various

indications, it seens to be an effective tool. | al so
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appreciate nuch nore the inportance of having
separately SPAR-H and ATHEANA

Now, ATHEANA | made sone statenent
yest erday about, you know, -- notivated by the fact
that 1| would like to see sonme application of ATHEANA
to better understand how it is being applied.

CHAI RVAN APOSTOLAKI S: W can ask the staff
to cone and show us sonme of their applications that
t hey have.

MR. BONACA: Because again, | nmean, you
know, at |east to ny sense it has been kept hi dden and
i s not used.

CHAI RMAN APCSTOLAKIS: HE called it a
nucl ear weapon.

MR. BONACA: Wl --

CHAI RVAN APOSTOLAKI S: You ar e t hreat eni ng
peopl e here, but you never use it.

MR. BONACA: -- you never use it, you
know, and you al so threaten people with it.

But, | think, you know, | can see now
there is an application that is being made, and |
under st and better the differences between what you get
out of ATHEANA versus SPAR-H, okay, given that SPAR-H
seens to be already a tool that is being used by, |

guess, LLR, right, for evaluation. So, we need to
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ook at it nore closely as we go and review SPAR, as
we' ve done in the past, we are going to do nore of
t hat .

By the way, | was inpressed by all the
presentations to the subcommttee. | nean, that was

a very val uabl e subcommittee neeting that we had.

The Halden project, it was very
interesting to ne, | nean, again, particularly the
work -- the people working in crews, and that's

opening in my mnd the question of, you know, how to
nodel this issue of tenperanent, personalities, how
people relate to each other, and those are issues
whi ch are dominant in the team And, you know, it's
a nystery to ne right now how you are going to effect
that, or to use that, although | believe the work from
Hal den may shed some incite on that, and we don't
real ly pursue that enough.

But, maybe the crews that they used were
not -- didn't have that nmke-up, but |'ve seen sone
U.S. crews where, you know, you can see a dom nant
i ndividual on a crew, and that seenms as if -- and
peopl e foll owpretty much the | eader. And so, you are
losing the ability of having the crew individuals
separately thinking about it and feeding back

i nformati on.
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And, | don't know about using Bayesian
nmet hodol ogy for human reliability analysis. | heard
this coment here, but | thought that some of the
incites were valuable, | appreciate the presentation

that you provided us.

That's pretty much ny commrents.

CHAI RVAN APOSTOLAKI S: Thank you, Mari o.

Ton?

MEMBER KRESS: Well, first off, | think as
far as risk assessnments are concerned, t he
guantification of humanreliability is very inportant.

CHAI RVAN APOSTOLAKI S: It's very inportant.

MEMBER KRESS: W are showi ng that it tends
to dominate a | ot of the sequences.

And, | think the view that the whole
reliability is greatly determ ned by the perfornmance
shaping factors is the right view

CHAI RVAN APOSTOLAKI'S: I's the right view?

MEMBER KRESS: It's the right view |
think definitely those things are what are going to
influence it.

Now, 1I've known ~-- this thing for
guantifying the influence of the performance shaping
factors, | think the Hal den project gives sone incites

on what these m ght be and how they m ght be, but I
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don't see how to go from what they have to a
guantification, but what | saw by this Bayesian
process in the University of Maryland work, using the
i nfluence diagrans for exanple, can have prom se, |
think, of determning the interdependence of the
vari ous performance shaping factors, and conme up with
a way to actually quantify their influence, and their
own particular conditions, how many of them -- how
many of these are available, and to what extent they
are available in a given call for operator action for
sone critical action.

So, I'mreally encouraged by what | saw
fromthis Bayesi an approach, and | encourage themto
keeponwithit. | think George's reconmendation that
t he focus should be on the tine was a marvel ous one.
| think that should influence how they think about
t hese things, and how they |ook at them and all, |
think they need to take that very seriously.

| guess ny final comment was working with
the various nodels, there is a need to put the |ISPER
study to bed, and I don't know how we do that, but we
need to do that.

So, | guess those are ny mmjor thoughts
ri ght now, George.

CHAI RVAN APOCSTOLAKI S:  Very good, thank
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you, Tom

Vell, | also was very -- I'mvery pl eased
with what | heard yesterday and today. | think we are
maki ng significant progress. The staff is to be
congratul ated for running a very good programin the
human reliability analysis.

| appreciated the presentation from EPR
and the industry. | nust say that | wasn't too
favorabl e towards the cal cul ator before | heard you,
you know, based on what | knew, but now | think there
is a lot of value to it. The fact that you are
devel opi ng software that attenpts to nmake the process
nore systematic and so on, the benefits that you have
when you have a software package | think this is very
good.

| was al so pleased to hear you say that
not too many people, in fact, possibly none, are using
HCR. Then the staff presentations were excellent, al
of them actually. You know, we |earned fromall of
them you know, we made coments in the spirit of
bei ng constructive.

l"mstill now-- not still, | mean, now I
ama little bit disturbed by the exchange yesterday
bet ween Dr. Cooper and Dr. Gertnan, especially since

as Mario said the Agency is, in fact, using SPARH in
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regul atory actions as we speak, and then to hear that,
you know, the right way to go is to use context is
di sturbing. Maybe people in the heat of the debate
t ook extrene positions that they really didn't nean,
| don't know, but that has to be resol ved.

I did appreciate, as al ways, t he
presentation from Hal den. They are doing very good
stuff. A few years ago, | thought you couldn't do
anything about human reliability in ternms of
experiments and so on, but they are doi ng good stuff.
W are getting good incites. | mean, when you see al
the crews responding in a short period tine, and then
one crew is way out there, you ask why, which is a
good step, actually, you know, but you ask questions
that you m ght not have asked without this evidence.

And, today's presentation, too, fromBruce

and Ali, | thought were very good. | nean, the
framework is the proper one, | think. That doesn't
nmean that, you know, you are going to tell the

i ndustry or the staff, go out and use these fornul as
that Ali showed and do it, no, | nean, the research
project has to produce results that are usable by
sonmebody who i s not a nat hematician, | agree with you,
but that's theintent. | don't think they intended to

t hrow out a huge Bayesian thing and say --
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MR. ELAWAR Just want to nake sure.

CHAI RVAN APOSTOLAKI S: -- you guys, okay,
it doesn't hurt to do that, reduce the uncertainty,
very good.

So --

MEMBER KRESS: It seens to nme the Bayesi an
updates on the probabilities, seemed to ne like the
repository for this should be NRC.

CHAI RVAN APOSTOLAKI S: Onh, absol utely.

MEMBER KRESS: Yes.

CHAI RVMAN APCSTOLAKI' S: But, the NRC --

MEMBER KRESS: That's their job to do that.

CHAI RMAN APOSTOLAKI S: -- everything we do
is public.

MEMBER KRESS: Ri ght .

CHAI RVAN APOSTOLAKI S: Unli ke sone
or gani zati ons.

And, the first presentation by the staff
yesterday, and its contractors, on the eval uation of
the various nodels against the Good Practices
Docunent, | thought was excellent.

MEMBER KRESS: Yes.

CHAI RVAN APOSTOLAKI S:  The docunent is
excellent. | was so pleased when | read it, especially

when | read the criticismof -- the commentary, not
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criticism the commentary on nodels that have been
devel oped by the NRC. | thought that was a brilliant
nove on your part, to have outsiders reviewit, and
t hen, of course, it's your docunent, | nean, you have

to edit it and so forth, but Jeff did not object to

anyt hi ng.

So, | thought this was an excel |l ent piece
of work.

MR. BONACA: -- because, you know, | mean
at some point | questioned in nmy mnd how nuch the

EPRI calculator is influenced by the fact that the
presence there is influenced by the fact that the
i ndustry has been using this approach for along tine,
there are other ways nmaybe to skin the cat, and |
think the docunent of this NUREG offers you sone
incite.

CHAI RVAN APCSTCOLAKI S: It's the very first
step, but a very significant step, what |'ve always
want ed, a benchmark exerci se.

MEMBER KRESS:. Why woul d you want to skin
a cat?

MR. BONACA: That's the point | wanted to
make, by the way, that, you need, we need -- one of
the things that we need to see is nore a benchmark

exerci se.
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CHAI RVAN APOSTOLAKI S: Yes.

MR. BONACA: | nean, there's always sone
bet ween different users with the cal cul ator, but also
di fferent ways of doing this work, because one is then
left with a question of, you know, when you put the
right numbers in, like with the calculator, and you
add factor, after factor, after factor, how credible
all these factors are, what kind of nunbers do you get
at the end of the process.

CHAI RVMAN APOSTOLAKI S:  Yeah

MR. BONACA: And, you know, you nmay train
peopl e to cone out with the sane nunbers, that doesn't
give ne the confort that the nunber is the right
nunber, and it may be sinply that we are all thinking
that and noving in one direction, but comparing with
different kind of code or nodel, that would be a
benchmark that woul d be significant to mne.

CHAI RVAN APOCSTCLAKI' S: Yeah, and | -- as
Tomsaid, | nmean, even though that benchmark exercise
fromthe European Union is now, | don't know, 20 plus
years old, we can't ignoreit. You can't have a paper
i ke that out as that infamous table, that shows the
results being all over the place.

MR. BONACA: Yes.

CHAl RMAN APCSTOLAKI S: You can't do that.
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You have to respond, either the benchmark exerci se was
wrong, or inadequate, or whatever, or we have

progressed now and we have better results or

sormet hi ng.

Now, doing benchmark exercises is not a
trivial matter. | nean, it's expensive, it requires
t he cooperati on of many, many groups, but, | mean, we

have to do sonmething, and | think the NUREG t hat the
staff is about to issue on their evaluation is really
an excellent first step.

So, unless there are any other comrents
fromthe nmenbers, public.

DR LAOS: | have --

CHAI RVAN APOSTCOLAKI S: Yes.

DR LAOS: If you -- it will helpus if we
know whi ch of the projects that we presented you woul d
like to present to the full ACRS comm ttee.

The net hods eval uati on has been pl anned.

CHAI RVAN APOSTOLAKI S: SPAR- H

DR LA S: SPAR-H

CHAI RVAN APOSTOLAKI S: And t hen you deci de.
The others i s not obvious to us howready they are, so
you deci de that.

DR LAOS: Okay. It doesn't have to be

this year, are you |ooking forward to --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

109
CHAI RVAN APOCSTCLAKI S: Not just this year,

| nean, but certainly SPAR-H, sonme time Mrch or
April. You know, are there any other projects that
are near to --

DR LOS: W intend to --

CHAI RVAN APCSTCLAKI S: You can al ways cone
to us without the request for a letter, if you feel
that, you know, you are going to take a najor step in
one of the projects, and you would |ike to have the
subconmittee's input. | nean, we do that a |ot.

DR. LA S: Absolutely.

W are developing the ATHEANA users'
gui de, whi ch addresses sone of the --

CHAI RVAN APOSTOLAKI S: Absol utel y.

DR LOS: -- conmmttee's concerns.

CHAI RVAN APOSTOLAKI S: Absol utely, vyes.

DR. LAOS: So, that nay show up sone tine.

CHAI RVAN APOSTOLAKI S: You know, foll ow ng

up on Mrio's coment, maybe we can have a
denonstrati on, a presentation on the actual
application, to PPS, or -- or both, and that can be in

the context of the guide you are devel oping. And,
when do you think we will be ready for that?
DR. LA S: Sunmer, not before sunmer.

CHAI RVAN APOSTOLAKI S: Ckay, that's fine.
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MR. BONACA: PPS will be very interesting,

because the PPS --

CHAI RVAN APCSTOLAKI S: | mean, the PPS, |

MR. BONACA: -- the hunman performance, you
know, will change the whol e dynanmi cs of that issue, |
nean, all the crew nenbers, will be elimnated as
contributors, okay, because --

CHAI RVAN APCSTCLAKI S: And, the paper that
Bye and others, -- and John, on how to use expert
judgnment inthis context, | nmean, oh, absolutely, that
can be the third one, that can be the third one, and
you j udge what.

DR. LA S: kay, thank you.

CHAI RVAN APOSTOLAKI S: Ckay?

DR. LA S: Thank you.

CHAI RVAN APOSTOLAKI S:  But al so, don't
hesitate to cone when you are about to make a major
deci si on, because we've done that with the Regul atory
GQuide 1174 and after that a lot of the groups cone
here and they say, | ook, this is what we are thinking,
what do you guys think, rather than com ng at the end
and havi ng us di sagreei ng or whatever.

DR. LA S: Thank you very rmuch.

CHAI RVAN APOSTOLAKI S: kay, thank you.
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kay, so this subcomittee neeting is

adj our ned.

(Wher eupon, the above-entitled natter was

concluded at 10:41 a.m)
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