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P-ROCEEDI-NGS
(8:30 a.m)

MR. APOSTOLAKIS: The neeting will cone
to order. This is the neeting on the ACRS
Subconmmittee on Reliability and Probabilistic Ri sk
Assessnent. | am George Apostol akis, Chairman of
this meeting.

Menbers are in attendance are Said Abdet
Khal i k, Sanj oy Banerjee, and Mari o Bonaca. The
purpose of the nmeeting is to discuss NUREG 1824,
EPRI 1011999, verification and validation of
selected fire nodels for nuclear power plant
appl i cati ons.

The subcommittee will also be brief on
draft NUREG 1852 denonstrating the feasibility and
reliability of operator manual actions in response
to fire. The subconmttee will gather information,
anal yze rel evant issues and facts, and formul ate
proposed positions and actions as a appropriate for
deli beration by the full conmttee.

Dr. Hossein Nourbakhsh is the designated
federal official for this nmeeting.

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
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Regi ster on Septenber 8, 2006. A transcript of the
neeting is being kept and will be made avail abl e as
stated in the Federal Register notice.

It is requested the speakers first
identify thenmsel ves, use one of the m crophones, and
speak with sufficient clarity and vol une so that
they can be readily heard. W have received no
witten comments or requests for tine to nmake oral
statenents from nenbers of the public regarding
t oday's neeti ng.

W will now proceed with the neeting,
and | call upon Pat Baranowsky of the O fice of
Nucl ear Regul atory Research to begin. Pat?

MR. BARANOWSKY: Thank you, George, Dr.
Apostolakis. |I'mthe Deputy Director in the
D vision of R sk Analysis and Special Projects, and
we're pleased to be here today as we cone to the
concl usi on on what we think was a successful project
and one that's needed by both the NRC and the
regul ated nucl ear conmunity as we nove toward the
i npl enentation of the National Fire Standard Act,
NFPA 805.

The particular work we're tal ki ng about
docunented i n NUREG 1824 invol ves the verification

and val i dation of conmputer nodels used in fire
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anal yses that both the NRC and the industry will be
using as we inplenment that standard.

The work that was conducted over a
several year period of tine involved not only the
NRC as you know, but the National Institute of
St andards and Technol ogy, the El ectric Power
Research Institute and their consultant, SAlC. And
we have representatives fromthose organi zations
today that will make presentations on this natter.

The NUREG was put out for public
comment, a 60-day public conment period earlier this
year, and we've addressed those comments, nodified
t he docunent and provided it to you before this
neeti ng.

That concl udes ny introductory remarks,
but 1'd like to ask Gary Vine, the Executive
Director for Federal and Related Activities at EPR
to give his introductory remarks.

MR VINE: Thanks, Pat. [1'd like to
start with a bit of history on the cooperation
that's gone on between EPRI and the Ofice of
Research on both fire and on all the other issues
that we've been working on together over the years.
Sonme of you have heard the history before. For

t hose of you who haven't, there was, under Shirl ey
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Jackson's chairmanship, a major effort on strategic
pl anning and direction setting initiatives that

| ooked at a |lot of facets of the NRC s operations.
One of the areas that was | ooked at was research
And there were a nunber of concerns about the |ack
of collaboration because of |limted budgets and so
forth. And there was quite a bit of talk about

i ncreasing international collaboration, but not a

| ot of tal k about increasing donestic collaboration.

So we discussed the options for doing
that, and it was decided that even though there were
some concerns about "independence" as a regulatory
agency, there was perhaps a way we coul d col |l aborate
significantly here in the U S. between industry and
NRC i f we could devise a way to keep the research
col | aboration conpletely separate fromregul atory
deci si on maki ng.

That was the basis — the policy basis
for establishing an MOU between EPRI and the O fice
of Research in 1997. The franmework was signed off
that year with conmm ssion approval, and what it
basically says is is that the two organi zati ons can
work together to collect the data necessary to
resol ve issues for both industry and NRC, to do that

jointly and col |l aboratively, but that we're not
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allonwed to, as we work together, get involved in any
regul atory analysis or work that would lead to
interpretation of how the data should be applied in
regul atory deci si on naki ng.

W sinmply conplete the work on the data
anal ysis on the science side of the issue. The data
then goes to the program of fices, NRR or NMS or
whoever the regulatory user of the data is. CQur
data goes to the industry, nomnally to NEl for them
to decide how they think the data should be used in
regul atory space, and our cooperation between EPRI
and RES ends at that point. W, obviously on the
EPRI side, will support any NEI and their
under st andi ng of what we did. RES supports the
regul atory offices as they nove forward. But the
benefit of this approach, of course, is that we're
starting with a conmon set of data and not arguing
about our data's better than your data or whatever
the holdup in the past has been. So it's a nuch
nore efficient way to approach things, and it's been
very successful in a nunber of instances in getting
a joint understanding of the probl em devel oped early
on before it gets into regul atory space.

Fire has been one of our best and

| ongest exanpl es of historic success. As you can
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see on the slide, the unbrella MOU was established
in 1997. There have been probably 20 different
addenda under that. There's about a half a dozen of
themthat are active today, another half a dozen
that are still in existence but not as active in
ternms of ongoing projects, and a nunber of them of
course, have | apsed after conpleting the work.

The fire addendumwas first drafted in
2001. It involved a lot of information sharing and
other prelimnary activities that we worked on
together. One of the first major joint projects, of
course, was the Fire PRA nethodol ogy that was
briefed to you | guess it was |last year and is now
bei ng wi dely used throughout the industry and
t hroughout the NRC as the basis for noving forward
on transitioning to the new fire regul ati ons.

That effort was truly a joint effort
where a team of EPRI staff, NRC staff, EPR
contractors, and NRC contractors worked together to
produce a joint docunent. It went through all the
formal reviews on both the NRC side and the industry
side and is being widely used as | said.

The second major joint project that
we' ve undertaken is the one that you're going to be

reviewi ng today, which is our V&V of fire nodels.
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This report is in draft form undergoing review.

It's actually been reviewed, | think, extensively on
i ndustry and NRC side, and it's going through the
final stages, including your review. There are a
nunber of additional projects that we're
contenpl ati ng and/ or have already agreed to
undertake in the fire area as a joint effort,
including fire HRA, | ow power shutdown, a fire
nodel i ng user's guide and, of course, training is a
big part of this, because there's a |ot of work that
has to be done to bring both industry and NRC staff
and their contractor reviewers up to speed on al

the work that has to be done.

So this has been a very successful
arrangenent between NRC and EPRI in gathering the
data necessary for regul atory decision maki ng and |
think in the case of fire, probably nore than sone
of the other areas. It has also been a successful
area in developing jointly the methods by which the
data woul d be used.

And so we hope to see nore of this. W
sure appreciate the whole spirit of cooperation that
has exi sted on both sides as we've done al this work
together. Appreciate the support we've had fromthe

ACRS for this approach to getting the work done.

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

12
That's it. Thanks.

l'"d like to, if we're ready to nove on,
Jason and Bijan will introduce the other team
nmenbers that are here to present to you today.

MR. NAJAFI: GCkay. |I'mgoing to start
wi th a program overvi ew.

MR. APOSTOLAKI S: I ntroduce yoursel ves
first, please.

MR. NAJAFI: M nane is Bijan Najafi. |
have managed and worked on EPRI's fire protection
program for 15 years now, and | was the technical
lead for the fire risk requantification project and
this project as well.

MR. DREI SBACH. M nane is Jason
Drei sbach. | amthe Program Manager for this
particular project in the Ofice of Research. I|I'ma
reliability and risk engineer, a trained fire
protection engineer. Bijan's going to start out the
presentation, and we'll be back and forth throughout
this first presentation that gives us a programmtic
overvi ew and techni cal approach. And Bijan w ||
start.

MR. NAJAFI: W're going to start today
with this first presentation. | tell you what the

purpose of this front end is is that we wll
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i ntroduce to you this project froma programlevel:
Wy are we doing this, how we're going this, and
what is our intended product, | nmean where do we
thing this product will fit, and what role does it
play. So this is part of setting the stage for the
techni cal discussions that conme next. And | hope
that this background gives you an idea of what kind
of -- | mean sort of focuses the discussion of what
you m ght be interested to know about this project.

MR. APOSTOLAKI S: What are you asking
the ACRS to do?

MR BARANOWABKY: Well after we finish
this meeting, | guess the plan is to go to the ful
committee and get a letter endorsing the NUREG

MR. APOSTOLAKIS:  And then the NUREG i s
not a regul atory docunent?

MR, BARANOWBKY:  No.

MR APOSTCLAKIS: So there will be sone
regul atory guide later or?

MR. BARANOWBKY: Yes. | think Jason is
going to be showing you howthis fits into the
regul atory picture.

MR. APOSTOLAKI S:  Ckay.

MR. DRElI SBACH  Yes.

MR. APOSTOLAKI S: Ckay, Bijan.
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MR. NAJAFI: Yes. That's sonething
we' |l talk about, how this think fits into the
regul atory picture. But basically, to give you a
little bit of background is that -- | nean as you
wel | know, that over -- it's been over 10 years or
nore that there is a nove in the general community
and nucl ear power plant and fire protection in
particular toward the risk-informed and performance-
based regulation. And anong nany things that that
ki nd of environment needs in a technical basis, one
is basically reliable fire nodel or nodeling tools
t hat can be used.

And t hose basically tools can support
either existing regulation -- there's a nunber of
areas -- through the exenption request that has been
practiced that these nodel s have been applied. On
t he Reactor Oversight Process and SDP, these nodels
need to be applied. And under the NFPA 805
licensing basis, there is a place for the use of the
fire nmodeling. In order for these fire nodels to
basically fulfill that role, there is a need to
understand basically their predictive capabilities
wi thin how they can address issues that are specific
to the nuclear power plant fire scenarios, and to

t he extent possible, our intent was to be able to
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guantify that predictive capability. So that's the
first objective. Next slide please.

MR. DRElI SBACH: Building on what Bijan
was tal ki ng about and the question that Dr. Hothl ock
has asked about where this fits into the regulatory
framework, we put together this relatively sinple
slide of where this particular docunent fits into
the whol e regulatory framework. You see it down on
the lower right-hand corner where it says NRC RES-
EPRI Fire Moddel V&Y. This is basically providing
sonme sort of methodol ogy docunent or, nore
accurately, a technical basis docunent for this.
And it's in line with the PRA net hodol ogy that the
NUREG CR 6850 EPRI 1011899 docunent. And as you
nove up the chart, you increase the regul atory
deci si on maki ng process, so the next level is the
standards that sort of point to the | ower docunents
as sonething that needs to provide sonme technical
basis. So you have the PRA standard on one side.
And you have the NFPA 805 standard, and then as you
nove further up, you get into Reg Gui de space where
now we're trying to inplenment the actual rule which
is at the top |evel.

Now you can add a lot of other things in

this diagram I|ike the Appendix R rule. You can
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other Reg Guide, like Reg Guide 1.200 or Reg Cuide

1.189. You can add other types of standards and
t echni cal bases docunents, |ike the SDP or other
PRA-t ype docunents.

But this is sort of where we fit in, the
docunent that we're creating, how we fit into the
overall regulatory structure.

MR. APOSTOLAKIS: This is not -- Bijan
nenti oned the significance of determ nation process
and so on. You are focusing on 5048-C?

MR. DRElI SBACH. That was the original
i npetus for this docunment, because the standard, the
805 standard which is endorsed by the rul e nmaking
requires verification and validation of fire nodels.
However, nodels are also used in the other types of
anal yses conducted under the existing rule nmaking or
the previously existing rule making under Appendi x
R, such as the SDP, the ROP-type frame PRA-type
anal yses, or even the deviation exenption process.
W have seen applications that use fire nodeling in
t hose situations even before we've had the
endorsenment of NFPA 805. So this tool that we've
created can be used in the normal regul atory space
under Appendi x R, but we focus a use or the inpetus

originally was for use under NFPA 805 rul e naking
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ki nds of things.

MR. NAJAFI: So comng back to this
project, the specific one other question that nmay
come up is that one, there are enough V&' S out
there. Wy did we do this. Wy did we take out
anot her V&V for this particular purpose. | guess
the answer to that question is that we wanted to
make sure to satisfy a couple of fundanental -- be
able to answer a coupl e of fundanental questions.
It's that the nuclear power plant fire nodeling has
sonme attributes or issues that may be unique to
itself. W wanted to nake sure that we basically
mat ch those capabilities of those code to answer to
specific questions. Sone may be the sanme. Sonme nay
be unique. So we wanted to make sure how we can
match that. So that was one of the primary
obj ectives, and you will see it later on in our
presentation how it cones about through our
approach, the approach or the process that we took
to acconplish that.

MR. BANERJEE: Excuse nme. Tell us a
little bit about what issues are specific to.

MR. NAJAFI: We'll cone to that a little
bit later, but for exanple the issues that may be in

a atrium in a mall, may be egress related, but the
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i ssues we have is cable fires. W had issues in

swi tchgears. W have situations in power plants

t hat because of a nore confined or conpressed
geonetries, the affect of calculated plune
tenperature is nore inportant than a snoke

m gration, whereas in a hospital, generating snoke
and mgration snmoke may be nore inportant to themin
a different environment. So we have to first

under stand what our scenarios are, what our
attributes of those scenarios of interest are to
make sure that we validate for those particul ar.

And | hope that becones nore clear as we go, because
we tal k about those scenari os.

MR. BANERJEE: You will talk about --

MR. NAJAFI: We will talk about those
specific scenarios and attributes that we're
interested in.

And the second piece that was sonmewhat
critical tous is that to the extent that it can be
supported by the data, we intended to be able to
come up with some quantitative nmeasure of that
predictive capability. Wiy is that inmportant to us?
Because in sone of these cases we're facing, these
nodel s are being used in what | call a post-design

as-installed condition. So it is -- we're trying to
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eval uate sonmething that is inexistent, it's not a
desi gn.

So for us, how much margin we have and
be able to have an appreciation of that degree of
margin, it is inmportant. Some of that margin may
be, for exanple, if we find that these are 25
percent off, whereas in the design stage, that may
not be inportant because you can deal with it in
safety factor. 1In an as-built situation, it nmay be
inmportant. It may be inportant, that margin. So we
wanted to be able to characterize that accuracy to
the extent that we can in a quantitative way.

And al so, | nen because we selected a
nunber of codes that were nostly used in the
i ndustry at the current time, in our industry, we
wanted to establish a process that, if necessary, in
the future can be followed for other nodels, other
codes, it's not limted to these experinments. So
it's nore of a -- just as much devel opi ng a process
that it is to validate these particul ar codes.

MR. APOSTOLAKIS: At which point will
you tell us what predictive capability is?

MR. NAJAFI: We will hope to tell you
that during this. W wll start by the end of our

basically technical overview W wll tell you
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predictive capability by -- what |'m hoping is that
we tell you these are the scenarios that we are
interested in, these are the attributes of those
scenarios we're interested in. For exanple, the
attribute may be a plunme tenperature of an oil fire
in a smll room and then we define the predictive
capability meaning --

MR. APOSTOLAKIS: There is an inportant
table in Volune | --

MR. NAJAFI: Yes.

MR. APOSTOLAKIS: -- which you will show
it to us at sone point?

MR. NAJAFI: Yes, definitely. In
Sections 2.3, 2.4, 2.5 and 6, those are areas that
we will discuss here later on today in naybe | woul d
say half an hour or no nore than that, that it
basically says how do we define, how do we
characterize that predictive capability. That's an
inportant part, and we intend to discuss that today.

The next couple of slides is intended to
gi ve you basically a picture of our recognition of
what we thought were the chall enges of this project,
and how do we assenble this teamto nmake sure that
we have the right team because, | guess, |ike any

ot her project, the first challenge is to know t he
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probl emyou're facing. That's the nunber one
guestion. And if you understand the problemyou're
facing, then you're second chal |l enge becones to put
the right teamtogether.

MR. APOSTOLAKIS: That's ny probl em
Bijan. | don't know what you're trying to get at.
What is the problenf? You said 805, PRA's. Ckay?
Now as far as | know, what we need there is the
probability distribution of tenperature at sone
point, or the tine evolution and so on. So | don't
know t hat you actually do that.

MR. NAJAFI: In a PRA space, you have to
-- you have nultiple -- you have a — conditions
generated by the initial fire. That is determ ned
by the size of the fire, location of the fire. W
have distributions for that. W deal with that.
And if you recall in the NUREG 6850 EPRI 1011899, we
descri bed the issues or uncertainties related to
this inputs, the size of the fire. Once you get the
size of the fire, you have to anal yze the
progression of the fire, how does the fire grow, how
big did it get, and what kind of danage it causes.
That is where the fire nodel comes into the picture.
That's just, let's say CFAST, for the sake of

ar gunent .
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Now we define the input for CFAST and
the uncertainties associated with it in some other
docurment. Wien it cones to the danage and the
effect or the use of the output of the CFAST, it's
damaged criteria. There is a distribution
associated with that that is generated fromfire
testing. Wat is our understanding of the response
of let's say a cable to certain tenperature exposure
or flux. The problemin the mddle we're trying to
deal with is what is our understanding or
uncertainty, for lack fo a better word, of this
m ddl e pi ece of the nodel.

| f we happen to put the exactly correct
heat release rate and all inputs into it, and we got
the tenperature that we got out of it, how nuch
uncertainty have we introduced because of the nodel
uncertainty, of the uncertainty of the CFAST itself.
This is what we're trying to deal with in this
project, the uncertainty of CFAST.

MR. APOSTOLAKIS: But you don't do that.
You're giving ne colors. You're telling ne zero
pl us.

MR. NAJAFI: We'Ill get to that. Well,
we'll get that.

MR. APCSTOLAKI S: | have no idea what to
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do with that.

MR. NAJAFI: That's -- W'll get to

t hat .

MR, APCSTOLAKI S:  Warn ne.

MR NAJAFI: Yes, | know Colors are
extrenely inmportant. | have no idea how to use
them | haven't seen them anywhere el se so.

MR NAJAFI: We will cone back to that
at the --

MR. APOSTOLAKIS: Well, the thing is
t hat you keep tal king about predictive capability.
In previous slides, you said quantitative, if
possi ble and so on. And then | |ook at your final
result, and it's yellow plus yellow plus green,
yel l ow, and not applicable. | have a big problem
with that.

MR NAJAFI: Yes. Well --

MR. APOSTOLAKIS: | have a huge problem
with that. | don't know what to do with col ors.

MR. NAJAFI: | think | can say as a user
what to do with those color. It was our intent --

MR. APOCSTOLAKIS: |I'mwaiting to hear

you.
MR. NAJAFI: Ckay.

MR. APCSTOLAKI S: | ' m anxi ous to hear
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what you have --

MR NAJAFI: It is true that it's a
challenge. Ideally, ideally, we wanted, as research
people, to provide a distribution, but it is ny
understanding, and | think that this team can speak
for thenselves, we tried to build a consensus.
Nei t her the evidence gives us enough confort to give
you that |level of precision. It does not. W
tried, and we were not able to get to that |evel of
precision. And --

MR. APOSTOLAKIS: Ckay. We'Ill cone back
to this --

MR NAJAFI: -- that is a desired --
it's -- you may be -- you're correct that that's the
desired outcome, but can we acconplish that |evel of
precision at this tine, it is my judgnment that we
coul d not .

MR APOSTCLAKI S:  Ampunt of time? |Is
this progressing or continuing or -- Yes, sir, who
are you, and tell us what you want to say.

MR. JOGAR. M nane is Francisco
Joglar. | work for SAIC. I'mpart of this team

MR. APOSTOLAKI S: CGood.

MR. JOGLAR The question you're raising

suggests to ne that in arisk, in a Fire PRA,
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ideally we would like to see sonething like ny fire
nole is predicting this nunber, and | would

associ ate that nunber which ends up as sone damage
to a probability of that thing being correct so that
we could use it. This didn't recogni ze that need,
and we have put together a nethod and a way of
organi zing data that we think eventually will
support that goal. Oay? And |I've seen nethods
fromall uncertainty that would give us that this
doesn't get to that point, but in those nmethods that

|"ve been famliar with, the way we have organi zed

the data and devel oped this nethod will support.
MR APOSTCLAKIS: Wien will it do that?
MR, JOGAR |I'mjust a technical
person. | don't have an answer for the when, but |

am confident that it can be --

MR. APOSTOLAKIS:  You're asking this
conmittee to bless this docunent, and |I'm
guestioning its usefulness. Are you telling ne in
the future, it will be useful?

MR JOGLAR It is still useful now
because there is -- we did add a section that
expl ai ns how to use these results.

MR APOSTCLAKIS: And | read that

section, and I'"'mnot sure | like it, because not
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only do you give nme colors, you're asking me to go
back and nake sure that the data that were used in
the tests and the data in ny scenario are consi stent
with each other. You're asking me to do too much
You' re asking ne to go back and reproduce everyt hing
you' ve done. Maybe it's too premature. |'mjust
war ni ng you that the col or business will be a
central point of the discussion today. So let's go
on, Bijan, because | don't want to destroy your
present ati on.

MR. NAJAFI: No. | know that that is a

challenge. That's why | raised it as a big

chal | enge.

MR APOSTOLAKIS: |'msure you're aware
of it. | nmean you guys weren't born yesterday but -

MR NAJAFI: Yes. And | think --

MR. APOSTOLAKIS: That's not ny problem
t 0o.

MR. NAJAFI: Yes. More than you --
shoul dn't say that, but we understand.

MR APOSTCLAKI S:  You understand that
probl em nore than | understand it.

MR. NAJAFI: No, no.

MR. APOSTOLAKIS: That's very good,
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Bi j an.

MR NAJAFI: No, no. | thinkit's a --
| understand that that's a very inportant thing, and
that's why | think

MR. BONACA: Yes. And nore than only
the sinmul ations and what do you do with this for the
PRA. | must say that reading this, when | got to
the end of it, knowi ng the FIVE for exanpl e has been
used extensively in the plant applications, new
estimations, | ampuzzled by this table, because |
could not -- | really wondered at the end of that.
| said, you know, how can they make projections and
cal culations. | mean what kind of information are
they getting froml was just thinking of FIVE or
FDT. And, you know, you're left with that question
in your mind. | mean all we can say is n/a, n/a,
n/a, n/a about all these attributes or paraneters.
And you have a couple of yellows there plus or
m nus, so it says be cautious on how you apply it.
What does it nmean be cautious? | mean I'mleft with
all those questions.

MR, NAJAFI: No.

MR. APOSTOLAKIS: That's ny probl em
too. | look at this nulti-volume report, and all

get out of it is that I have to be cautious.
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MR. BONACA: | really wouldn't know how

to be cautious about sonme of this stuff.

MR APOSTCLAKIS: But | think we should
let Bijan go on, but | think this was --

MR. NAJAFI: | think we will try to
attenmpt -- | will try to attenpt --

MR. APOCSTOLAKI S: Ckay. Go ahead.

MR. NAJAFI: -- to tell you how | would
use it if I was the user at the end, those colors --

MR. APOSTOLAKI S: Ckay. Maybe you'l

see ny point.

MR. NAJAFI: -- and we'll see where it
goes. | mean | guess the bottomline is that ny
opi nion, we're not where we -- at the precision that

you' re tal king about, but I think we have results

that it's useful. W'IIl talk about that. But

basically the challenges that we faced, | nean in
here, is -- | nean sonme of the underlying reasons
for those difficulties that -- a coupl e of

fundanmental things is that what is the

appropri ateness of the nodel to the fire scenario.

| mean we have a fire scenario that we know what it
wants. W need to understand how cl ose and how wel |
these fire nodel that we are using represent those

scenarios. And this is one challenge. This is hard
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to basically -- we know in many cases, they may or
may not. In fact, you'll see exanples. There are
exanples that are listed in sone other parts of the
NUREG 6850. There are fire scenarios that there is
no current nodels to deal with it, Iike a high
energy arching fault or the cable fires are sonme of
t hose exanpl es.

The second challenge is that basically
to be able to tie in or understand the
appropri ateness of the experinment or experinents
that we're using to the fire scenarios and obvi ously

MR. APOSTOLAKI S: Excuse e, Bijan. W
understanding is fromreading the reports, and naybe
it's a wong understandi ng, you use the results of
exi sting experinments, or did you actually fund
runni ng experinments?

MR. NAJAFI: A conbination of both. W
used an existing experinment that was done in the
80's, and there were a nunber of experinents that |
would -- we'll talk about -- Anthony will nention
sone of those -- that were done at NI ST that were
used in the | ast couple of years.

MR. APOSTOLAKIS: But this internationa
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MR. NAJAFlI: That's included. That's --

basically that's what | --

MR APOCSTCLAKI S: But that was done as
part of this study or was there a separate --

MR. NAJAFI: | would | et NRC speak
whet her that was done for support of this --

MR. DRElI SBACH: It was for support of
this project. W — It was an exchange program nore
or | ess whereby we created a set of experinents that
NI ST perforned for us, specifically for a V&/
docunent. And we traded that data with the
I nternational folks for the sane purposes. So they
conducted experinents for their own verification
efforts and provided that data to us. And we in
turn provided our data to them And that's how we
obtai ned the data that we did to use in this
proj ect .

MR. NAJAFI: So | guess the answer is
yes, there are sone tests that were done for this
particular project. But | guess the nessage there
is -- | mean there is not today and not probably for
a long time enough experinent to mmc all the
scenarios that we need to deal with. | nean --

MR. APOSTOLAKI S: And not enough

experience, actual operating experience --
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MR. NAJAFlI: And there are a few --

there are sone, like for high energy arching faulty,
there may be sone operating experience, some

evi dence or certain things, but there are really not
that many to go by, so that's the other chall enge.
So --

MR. BANERJEE: 1Is this very different
from what happens in chem cal plants? There's a hug
dat abase there.

MR. NAJAFI: The scenarios, it could be
different. Because the scenarios in a chem ca
plant -- |I'mby no nmeans an expert in a chemi cal
plant -- but they are -- they should be, if they're
not, nore concerned about toxicity and what is
generated in a fire as opposed to the tenperature of
the radiation of a fire. | nmean --

MR. APOCSTOLAKIS: Well, they're
interested in both, because vessels fail due to
external fires. And there's a |lot of concern about
vessel failure which can actually propagate and
cause other vessels to fail. So there's a |ot of
concern about heat and radiation, especially on
external fires. O course, a lot of data on
internal fires, too.

MR. NAJAFI: W could have used --
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nmean experinents -- | nean we went through and
defined out our scenario, because we wanted to know
what are the issues that it's facing to the nuclear
power industry. But then when we started | ooking
for experinents to use, we basically -- | believe we
did look first into the experinents that were done
uni quely for nucl ear power plants, and we did not
cast a wide net to find out if other industries,
aerospace, chenical or other people -- | nean NRC
may have done that, but we did not, because we were
-- | mean at the time, we felt that a sufficient
test was done in Sandia, at N ST, way back. W had
a nunber of tests to go by, but our challenge is
that we do not have at the tine even tests that can
| nmean clearly represents the attribute of a nucl ear
power plant fire. | mean to go even outside.

MR. APOSTOLAKIS: So you have to tell us
what's so uni que about that, right..

MR, NAJAFI: Yes.

MR. APOSTOLAKIS: You're going to tel
us?

MR. NAJAFI: W're going to try. W're
going to try.

MR APOSTCLAKI S: Right.

MR. NAJAFI: W're going to try what's
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uni que about that.

MR. APOSTOLAKI S:  And when you have
t hese nodels, to validate them |'m sure that your
experiments are not just plant specific, right.

MR. NAJAFI: Oh, absolutely.

MR. APOSTOLAKI S: They shoul d have sone
generic inportance?

MR. NAJAFI: Oh, yes. | nean --

MR. APOSTOLAKI S: Then why do you
negl ect databases in other industries which could be
generically inportant?

MR. NAJAFI: Because the generically,
then it has to apply through the industry. It's a
di f f erence.

MR. APOSTCLAKI S:  You have to show us
what's different generically between your nucl ear
fires and your chemical fires, right?

MR. NAJAFI: | will try to explain what
| think is the attributes of the nuclear power plant
fire scenarios. W wll try to explain that. And |
guess how is that different froma cheni cal
industry, | will only can speculate. | nean | can —

MR. APOSTOLAKI S: Because you know t hat
the insurance industry has been very active in this

area, and two of the | argest | osses cone from either
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fires or explosions in the process industry. And
because of that, this is a very, very extensively
researched area, and there are, you know, whol e
conpani es devoted to this.

MR. NAJAFI: In fact, we did have
research for -- we did |ook into NEIL, Nuclear
Energy Insurance Limted, the insurance conpany that
basi cally insures nucl ear power plants, but not
general, non nuclear insurers. But we did ask and
get information fromthe nuclear insurers. But,
again, | mean you have a point that why did we not
use non-nucl ear experinents potentially out there,
and all | can say it was basically a limtation of
resources, and we chose to use experinents that we
had that were conducted for nuclear facilities.

MR. APOSTOLAKIS: Particularly, as you
were saying, there's a paucity of data, right?

MR. DREI SBACH: And | think there still
is, because sone of the experinments that you m ght
tal k about outside of the nuclear industry and
related to other industries. Not only did we want
to characterize the nuclear industry type of fires,
we wanted to nake sure these experinents captured
t he appropriate data by which we could use to

conpare with the nodels. And sonetines in those
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types of experinents, we don't get the data capture
that we would need to fully evaluate the nodel that
we're dealing with here, that we wanted to dea
with. So there is a lot of --

MR. BANERJEE: So is this just the
fueling or you have sonme quantitative --

MR. NAJAFI: A good exanple of it is

that -- | nean we are concerned about snall |ong
duration fires. | don't knowif that's somnething
that a chemical is interested in. | guess the

bottomline is that for us, it was an effort to go
and | ook at those experinments and nake a case that
they are valid, because any data that we use outside
of our industry, it is our responsibility to nake a
case that it is valid. W're not going to
automatically assune that it's valid. W have to
nmake a case that it does apply to our industry. W
have to nmake a case.

MR. BANERJEE: Yes, but presumably these
nodel s have sone fundanmental science in them and if
t hey do, then experinments which are directed towards
clarifying these fundanmentals are valid whatever the
industry. | mean a fireis a fire at the end of the
day. Whether the control roomis a chem cal contro

roomor a nuclear control room there are going to
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be things which have a common characteristic.

MR. NAJAFI: You are correct that if it
is happening -- if there is fire test in a chemni cal
control room then it may be applicable to our --

MR. BANERJEE: | just don't know. |'m
saying that it's of concern that data which m ght be
valuable in a situation where data is expensive to
get has not been evaluated. And if you come up and
say, it's not valuable for these reasons, these data
exist, that's sonething which | can accept, but you
haven't said that. --

MR. BONACA: | think that a review m ght
be val uable. You know, another area where there are
even nore simlarities is naval applications. |
nmean | woul d expect that the naval applications you
have | ayout of the diesel generators, you have
| ayout of equi pnment and punps, et cetera, which
really parallel very often nuclear power plants. |
nmean a lot of plant installations.

MR. BARANOWSKY: | was going to suggest
that you're raising valid points, that as we go
t hrough the presentation, we identify those areas
where we're weak on data. And we'll note, if you
will, those situations. And we'll, as a takeaway,

go back, and if we can't answer it here, see what's
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going on and why the | arger fire database from ot her
i ndustries mght or m ght not be applicable.

But | guess | would nake the point that
what we're really tal king about is whether or not we
can reduce the uncertainty in the validation of the
nodel s by having better data. And | think on top of
that, we would have to add is there a payoff to
going and getting nore data, and | don't know
whet her there is or isn't, whether the uncertainty
is such that you have a gap in your usability.

MR. NAJAFI: Well, the thing is that
al ways it depends on the quality of the data. Until
you get the data and put it in there, you don't know
whether it's going to inprove your results or not.
And it may.

MR, APOSTOLAKI S: Sone of your
col |l aborators, like NI ST, nmust have experience with
ot her industries, and sonme of the International
peopl e, and sone of your reviewers. The reviewers
wer e not exclusively nucl ear people, so did any of
t hose researchers raise the i ssue and say sonething
about it.

MR HAMNS: My | try to answer your
guestion? M nane is Anthony Ham ns. | amat NI ST.

|"mthe | eader of the Analysis and Prediction group.
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|"man experinentalist. |'mthe sole
experimentalist in this group. W did a search of
the fire literature in order determ ne well -
docurnent ed conprehensive conpartnent fire test data.
It had to be well-docunent ed, because our enphasis
on experinmental uncertainty and understanding the
details. In order to do a conprehensive conparison
of nodels and experinents, we needed to understand
t he experinents that were undertaken. So we needed
extrenely good docunentati on.

W needed sonething that's not typica
in the experinmental literature, which is an anal ysis
of uncertainty. Uncertainty has recently been
enphasi zed at a nunber institutions and
i nternational organizations, but in previous years
it has not been. So there is nuch data in the
literature that is, | would say, not conprehensive
and not well-docunmented. And that's why NRC has ben
funding studies in this experinental area for
validation. That's why the international comrunity
got together in the |ICFMP group to search out and
creat e dat abases for nodel validation

W work with chem cal industry. W work
with the Navy for exanple. |I'mvery famliar with

t he ki nds of experinentation that they're funding.
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And we are not aware of any experinental database in
the literature that we could use. W selected data
that was the appropriate data, and I'll talk a
little bit nore about that during ny presentation.

MR APOSTCLAKIS: So | take it then that
your answer to Professor Banerjee's question is that
you are aware of what is happening in the chem cal
and ot her industries, but you decided that they were
not appropriate or they were not in a formthat
coul d be used by us?

MR HAMNS: That's correct.

MR. KHALIK: Do you have a docunentation
of this process?

MR HAMNS:. O the selection process of
t he experinent?

MR. KHALIK: That's right, the exclusion
of data from other industries.

MR HAMNS: |'mnot sure that we have a
docunent ed process of that literature. Now we could
go through the literature and docunent which tests
were not selected and the reasons for each of the
deci sions for each of the tests. W could possibly
do that, but we have not done that at this point.

MR. BANERJEE: The fire nodels that you

have are generic nodels | take it, so they're not
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specific just to the nuclear industry. | was
| ooki ng through your docunents.

MR, HAM NS:  Yes.

MR. BANERJEE: So they're validated only
with data fromthe nuclear industry or --

MR. HAM NS: The nucl ear industry, NRC
has taken a lead role here in validation. |In the
fire literature, there has been very little
conprehensive validation work. This is really a
uni que conprehensive study. This is the |argest
validation study that I'maware of. In my 20 years
of fire research, 1've never seen a study as
conpr ehensi ve on validation.

MR. APOSTOLAKI S:  But, you know, reading
FIVE for exanple, and | was famliar with it and
also with other nodels, there are various enpirica
or sem-enpirical formulas for the height of the
fire, the ceiling and so on. Now when peopl e
propose nodels like that in their general fire
l[iterature, how do they convince you for exanple
that the nodel is valid or is useful. | nean you
say that this is a unique study. | understand that
it may be uni que because of its scope and size, but
surely when say Professor Quintiere proposed his

nodel which you're referring to, he's provided sone
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evi dence that the nodel gave reasonabl e predictions.
So how is that process differing fromwhat we are
doi ng here?

MR. HAM NS: Jason, do you want to try —

MR. DREI SBACH. Well, that process
didn't take a systematic approach sort of I|ike
there's a lot of nodels, say Dr. Quintiere's nodels
for instance, the MOU nodel for tenperature and hot
gas layer, there's a |ot of other people that have
created simlar type correlations. They've all used
data to provide evidence that their particul ar
correlation is reasonable.

MR. APOSTOLAKI S: So data nmeans, you
know, it says, look, this guy did this experinment.
| ran ny code, and I'mw thin 20 percent. | nean
t hat kind of data?

MR DREI SBACH. That's not what the
typi cal validation or confidence level is. It's
nore of a general kind of statenent as far as a
judgnment. This provides reasonabl e approxi mati on.

MR APOSTCLAKI S: What's reasonabl e?

MR. DREI SBACH: That's --

MR. APOSTOLAKIS: | nean if they use
data --

MR. DRElI SBACH. That's what we're trying
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to answer here. There has been no definition of
what reasonabl e or good predication is in the
previous fire literature.

MR. APOSTOLAKI S: But there is a whole -
- | mean there is a general fire safety and so on.
| can't imagine that a guy proposes a nodel, and
then he says | think it's reasonable. | nean there
nmust be some quantitative eval uation.

MR. PEACOCK: |'Ill be happy to address
that. |1'm Rick Peacock fromMN ST. |'ve been
i nvolved in the devel opnent and the use of zone fire
nodel s for the last 20 years and am particularly
interested in nodel evaluation. One of the things
you see, and you're correct, there is a trenendous
nunber of articles out there of people conparing
nodel x to some set of experinents. |If you | ook at
those as a whole, and | have actually collected a
coupl e of slides of these, there's two
characteristics of those papers that it comes cl ose
to 100 percent, these attributes exist in all the
papers. One is that all of the conparisons end up
being qualitative. There's quotes |like "the nodel
| ooks good", "the nodel conpares well", "the nodel
predi cts acceptably”, and the second thing is

they're all positive. Rarely is there a negative
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connotation for these set of conparisons.

So certainly there is a broad literature
certainly for the nodels we devel oped here at N ST
of both NIST as well as others providing eval uation
and validation of these nodels for a w de range of
applications fromsmall conpartments to nulti-story
hotel roons to large atria. And that exists not
only just for the nodels but also for the sub-nodels
as well. Al of that stuff is typically docunented
in the technical reference guides for the nodels.
That's certainly the case for CFAST. That's
certainly the case for FDS. Wat we tried to do
here is not duplicate all that effort but focus that
effort on being quantitative as nuch as we could and
in focusing on scenarios that were of interest to
the nucl ear industry. So what that says to me is we
don't have to use the entire universe of data,
rat her we chose the best quality data we can and the
ones that best represent the scenarios that we see
i n nucl ear power plants.

MR. APOSTOLAKIS: Do you have -- yes,

MR. JOGLAR Thanks.
MR. APOSTOLAKIS: Yes, sir.

MR JOGLAR  If | may --
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MR. APOSTOLAKIS: | guess you have to
repeat your nane.

MR. JOGAR. M nane is Francisco
Joglar. | work for SAIC. M/ conment may even go
back to your first question is that we also had the
chal I enge that these products will be used for
regul atory purposes, and that sonetines ties our
hands i n suggesting how woul d regul ators use our
results. So in a way, we are kind of forced to just
report the validation results kind of in an
i ndependent way and | et regul ators deci de what to do
with that, because in sone ways we are kind of --
our hands are tied in telling regulators how t hey
woul d use these results for their applications.

MR. APOSTOLAKIS: Can you give us an
exanpl e where the NRC tied your hands?

MR. NAJAFI: Let nme clarify that. What
he is talking about is that the MOU basically it
allows us to collect data, analyze data, and present
the results of the data. How that it's going to be
used in a regulatory framework, is not the job that
we can do at this MOU. That's what he neans.

MR APOSTCLAKI'S: | understand that.

MR. NAJAFI: But com ng back to your

guestion, that mght be slightly different how a
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user will use that. That's why | said we'll cone
back to that one later, and in fact we will hear
towards the end of this presentation that one of the
projects that Gary Vine tal ked about is a fire
nodel i ng users guide, that sonething like this wll
even expand even further into a fire nodeling users
gui de that says how a user can use these col or-coded
results. | know that we cane up with a pseudo-
guantitative, but I want to enphasize, | guess, this
is the feeling of the entire teamthat given where
we are, this is the best we were all collectively
were confortable to conme up with

MR. APOSTOLAKIS: Wl I, the reason why
you're getting these questions fromnme -- | can't
speak for ny colleagues -- is because | read these
reports fromthe user's perspective.

MR. NAJAFI: | understand.
under st and.

MR. APOSTOLAKI S: The whole thing --
every time | read a paragraph, | asked nyself how
would that help me if | were to do a Fire PRA, how
woul d that help me if | had to inplenment 5048-C and
so on and so on. And that's why you get these
guesti ons.

MR. NAJAFI: Yes. Those are the first
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guestions | ask nyself. Those are the first
guesti ons.

MR. APOCSTOLAKIS: And we're a very
practical agency here. W do rmake decisions. |
nmean - -

MR NAJAFI: And in fact, the first tine
around, we came up with nunbers and ranges, and then
when we realized --

MR. APOSTOLAKIS: The follies of your
ways.

MR. NAJAFI: No. Because everybody
started saying ifs and buts, and they started adding
ifs and buts, four pages of ifs and buts. And I
said, that's not useful to the user. If you said
use plus or minus this much with that if, and if you
give themtwo pages of if and but, that's just as
not useful as giving thema graded, what | call a
graded, range of shades. So, | nean we'll talk
about how - -

MR KHALIK: The comment was nade
earlier sort of criticizing earlier assessnents of
nodel s as being qualitative in nature, and the
guestion in ny mind is what's the difference between
that and the color code that you came up with. It

is still qualitative.
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MR. NAJAFI : No. | believe it's half

qualitative. | believe it's halfway in between.
Because we assign a range. These ranges and these
nunbers have quantitative bases in them W very
clearly have quantitative numerics that is outlined
in the appendices that it derives these ranges.

MR. DREI SBACH: We don't claimto reduce
gqualitative judgnent. W want to reduce sone of the
gualitative and judgnment aspects of the decisions,
so we add sone quantitative, but we're not

absolutely --

MR APOSTCLAKI'S: | think our discussion
and concerns will be better addressed if you
actually -- | don't know whether you plan to do this
-- wal k us through an exanple in detail. Here is

what we had. Here is the test. Here's what we did.
Here are the uncertainties. This is how we deci ded
it was yell ow pl us.

MR. DRElI SBACH. Presentations al ong
t hose |ines.

MR. NAJAFI: When we get to that putting
the results up, I will try to go through one
exanpl e.

MR. APOSTOLAKIS: That's a very

important part. | mean | don't know.
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MR. NAJAFI : No, | -- believe ne,

under --

MR. BANERJEE: The feeling that |I'm
getting fromthe discussion is that let's say the
results of an experinent are pretty sensitive to
things like initial conditions and scenarios, so
they're sort of classically ill-posed problens,
whi ch neans you don't get sort of a deterministic
out cone because small changes in initial conditions
can make a big difference in the results. [Is that
true? In a sense, it's inherently uncertain?

MR. DRElI SBACH. And that's part of what
we're trying to get to.

PARTI Cl PANT: But cone on guys, define
the catch rise with yellow pluses. So it's
turbul ence. Yes.

MR. APOSTOLAKIS:  This industry has
dealt with severe accidents, and | can't imagine
that your problemis nore difficult than predicting
what happens in a contai nment when the coriumstarts
novi ng around. And yet --

MR. BANERJEE: That's science fiction.
Ri ght .

MR APOSTOLAKI S:  But yet 1150 cane up

with some estimates, some uncertainty estimte, they

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

49

had experts, they had reviews, and their estimte
were consistent with the PRA. So it's not |ike
we're dealing with an entirely -- and they were-- in
fact that's why |I'msaying this, because | renenber
in the review process, we had a gentl enan who was
not a nucl ear person, he was a fluid mechanici an,
and he said exactly the same the thing. Wen | do
experinments, | know that sone things -- if | change
a fewthings in the inputs, | my have a | ot of
changes in the output, and you guys are telling ne
you know what's going on in this big volunme and al
that. So | nean we have handled it in the past.
kay?

And then in the thernohydraulics area,
t hese CSAU net hod that systematically wal ks you
t hrough a process that ends up with a statenent of
uncertainty, correct Hossein? So did you take
advant age of these things? | nmean did you | ook at

CSAU and see whet her what you're doing is

consistent? | nmean after all, it's an NRC net hod.
Don't ask me nore. | will rely on ny coll eagues
here to --

MR. NOURBAKHSH: The scal i ng net hodol ogy
for severe accidents. Actually, it's a NUREG

Di scusses the process on first of all for each
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scenari o, you define your figure of nerits, what are
the inmportant at attributes for that scenario, and
then that provides you an input to quantifying the
scaling distortion, these elenents of scaling, and

t he i nmpact of whether in your experinment there are
di stortions, and even how you incorporate sonme of

t hese uncertainties and the separate effect

experiments, and then you take --

MR. NAJAFI: | guess | will express the
response in two pieces. First, | don't think the
probl em we have is any sinpler than that. [It's just
as hard. But you're correct. | mean we started

with this project with the objective of validation
and verification of these codes and how do we
characterize this into a probabilistic franmework.

It was not defined at the early on as the objective
of this project.

MR. APOSTOLAKIS: Did you | ook at CSAU
at all?

MR. NAJAFI: W | ooked at a net hodol ogy
that was devel oped for the fire nodeling uncertainty
by the NRC, Nathan Su, and | nean we | ooked at --
Franci sco can talk about that a little bit maybe --
but we did | ook at alternatives. W |ooked at

options. | don't know specifically about SCAU but
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nmet hods out there that have been used to deal wth
t he uncertainty and physical phenonena. And that is
not or was not part of the scope of this work.

MR. APOSTOLAKI S: Because you fol |l owed
t he ASTM st andar d.

MR. NAJAFI: Yes.

MR DREI SBACH. That's what we foll owed.
That's the net hodol ogy we fol |l owed --

MR APOCSTOLAKIS:  But | nean --

MR DREI SBACH. -- because it's witten
for evaluating the predictive capabilities of
nodel s, fire nodels specifically. So we detern ned
that was a way we needed to approach the product,
because there is a standard out there.

MR. APOSTOLAKIS: | woul d expect though
t hat when you sel ected these, you would al so | ook at
ot her methods that have been used by our agency and
see whet her, you know, sone sort of hybrid would
have been better or -- anyway, | think we are
spending too much time on this and let's nove on.

MR. NAJAFI: The project team
basically, to cover, we see through the next slide,
there are several expertise or critical scale area
that we considered very crucial to this. One is the

nucl ear power plant fire scenarios. This is very
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i nportant understandi ng what these critical issues
are. W'Ill talk about that. | know you guys need
to know. EPRI and NRC, through basically fire
nodel i ng guide, the training, and the SDP process,
we' ve had experience with what these scenarios are.
And for us, we had fire science and node
devel opnent in N ST, EDF, EPRI and NRC to ensure
that we understand well the strength and weaknesses
of these nodels and where and how t hese map or natch
into the fire scenarios and attributes that we're
interested in, and we had experinmentalists to ensure
t hat we understand t he appropriateness of these
experiments towards the scenarios at N ST that they
brought to this team W had an i ndependent review
of this project by Professor Quintiere and Dr. Beyer
and Phil DiNenno primarily for the fact that these
peopl e were key, some of the individuals involved in
t hose correl ations went into our hand cal cul ati ons.

MR. APOSTOLAKIS:  Now are you com ng
back to the scenario business |ater or?

MR. DREI SBACH. In the next few slides.

MR. NAJAFI: In the next few slides.

MR, APOCSTOLAKI S:  Sai d?

MR. KHALIK: Well, | was going to ask

about that. Presunmably you sel ected these scenarios
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to capture what you have referred to as the uni que
aspects of fires in nuclear facilities?

MR. NAJAFI: Yes.

MR. KHALIK: And you will go through
t hat process of how these scenarios particularly
capture those uni que aspects?

MR NAJAFI: Yes, sir.

MR, KHALI K: Ckay.

MR. NAJAFI: The next couple of slides
is basically where we tal k about the public
comments. W have received extensive coments over
a period of 60 days, and we’'ve — the docunent you
have reflects that --

MR APOSTCLAKIS: Yes. We've read that.
You responded to each one of them Let's nove on.

MR DREI SBACH. Ckay.

MR. APOSTOLAKIS: Wll, I'mtrying to
get -- you know, there is a lot of discussion and
things. | don't want to --

MR. NAJAFI: Ckay. And then the next
one is basically the presentations to cone.

MR. DREI SBACH. So now |'m going to sort
of try and go through our technical approach. W've
al ready obviously tal ked about quite a bit of what

we went through, but | just wanted to put up
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definitions of verification and validation. Wen we
were here in front of the ACRS | ast year, this was a
guestion we were asked, "Wat is your definition of
verification and validation", so | wanted to nake
sure we revisited this to get everybody on the sane
page here.

So our approach to verification is
maki ng sure or understandi ng whet her the nodel was
built correctly, basically the nmathematics and
nunerics of the code. And then validation was was
the correct nodel built, basically are the physics
of the nodel representative of what we're trying to
answer or what the solution is.

And then one of the key things that the
NRC wanted to make sure this process was about was
the transparency. So after this process is over,
all of the data that we used, all the nodel inputs
that we used, all the nodel runs that we provided,
the inputs to the nodels, they will all be in the
public domain so that anybody who wanted to rain
event visit or try and recreate this process
t hensel ves, they will be able to do that. And since
the experinental data will be avail able, anybody who
wants to use a different nodel and go through the

same process or even a different process, all that
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stuff will be available. W'IlIl nake that avail able
in the public donain.

So that |leads us to what do we need to
do to do verification and validation. And so we
asked oursel ves these questions to get at a process
that we could use. Cbviously, the first one up in
guestion so far this norning, "Wat scenarios are of
concern, what are the inportant neasurenent and
paranmeters of those scenarios that we're concerned
about." Then we wanted -- to provide validation, we
have to have sonme sort of experinmental database.
And so what experinments have been perfornmed that
wi || address these kinds of concerns. And then we
needed to see what nodels are out there that we can
use to do these kind of things. And how do we
eval uate those nodels. That's what we're going to
step through here. And sort of the user aspects,
"How do we know if a nodel is valid for a specific
circunstance." That was the basis of our approach
to going through this.

And as we've nentioned al ready, this
ASTME 1355 provides us with an approach to step
t hrough those questions. |It's a standard approach.
It's an international standard. Sonething that's

inmportant to us -- we didn't want to reinvent a
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wheel. W could potentially have used ot her

met hods. This is the one we chose because it
specifically catered to evaluating the predictive
capabilities of fire nodels.

It's a process obviously, so what we've
al ready established is the hard part is what is the
degree of accuracy required. Wat does the
regul ator need to be confident in an analysis that
uses one of these nodels. So that was part of what
we had to establish in this process to be able to
use what our results were in a wider scope than just
t he experinent to be considered. So this standard
suggests an approach of a specific eval uation
t echni que, many eval uation techni ques actually, but
it doesn't require one over another. So there is
sonme flexibility as far as sone of the things that
we used that is in the standard.

Now | "'mgoing to leave it up to Bijan
again to tal k about nore specifically the scenarios
and the neasures and paraneters.

MR. NAJAFI: Ckay. This is the part of
the presentation that | guess I'lIl hope will answer
your question about what are the nucl ear power plant
scenarios that we talk about. | guess one of the

first steps to the validation is for us to determ ne
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any, and this is where the need cones in --these
nucl ear power plant fire scenarios were first

devel oped as a library by EPRI in 2000, and
publ i shed in a docunment in 2001. The process for
selection, and this was basically the intent at the
time, was to generate a docunent as a guide, that if
sonmebody wants to do fire nodeling in a nucl ear
power plant, basically how do they go about to do
that. And that process had basically alnost |ike a
gui de or manual that says you do this first, and do
this, do this, do this, do this, do this.

In order to develop that, you have to
under stand what are the questions that people may
ask, what do they want to use it for, and that the
first need was to develop a library of fire
scenarios that they will |ikely be analyzing. So we
did this, we went first, |ooked at the result of the
| PEEE t hat was done during the late 80's and early
90's. That was probably the nost — for the nucl ear,
the nost widely used risk and fire nodeling on an
i ndustry-w de basis, meaning the people went around
and anal yzed their plant and the fire scenarios in
their plant.

So we created, |ooked, reviewed al nost a

nunber of about 70 I PEEEs to get input fromtheir
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fire scenarios. Then we surveyed the industry. W
sent a survey to the industry and said, "Tell ne
what have you used fire nodeling for outside of

| PEEE for some exenption, for whatever". So we got
some answers fromthem Then we surveyed the NRC
NRR, and we sent sonme questions to them and said how
many submttals have you received fromthe industry
or sonebody based on fire nodeling, and what was the
exanple of it. So we took all of that data and put
it into information and created a set of what we
call library of nuclear power plant fire scenari os.

Now, how did we define these? W
defined these on basically --

MR. APOSTOLAKI S: Before you nove on,
assume you | ooked at the actual Fire PRAs that have
been done for sone plants, not just the |PEEES?

MR NAJAFI: Yes. W |ooked at ol der
ones.

MR APOSTCLAKIS: There is a statenent
inthe first volume that intrigues nme and is rel ated
to a scenario. | can read it to you. "The scope of
this V&V study is limted to the capabilities of the
selected fire nodels. There are potential fire
scenarios in NPP fire nodeling applications that do

not fall within the capabilities of these nodels
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and, therefore, are not covered by this V&V study,"
and | don't know what these nodels, what these
scenarios are. You don't tell ne.

MR, DREI SBACH. | can --

MR. APOSTOLAKIS: Do you tell ne
sonewhere el se?

MR, DRElI SBACH. Yes. Yes. Yes.

MR APOSTCLAKIS: So there are sone
scenarios for which none of these nodels is hel pful ?

MR. DRElI SBACH  Yes.

MR APOCSTCLAKIS:  And where can | find
t hose scenari 0s?

MR. DRElI SBACH: 6850, EPRI 10119809.
Those I'l1 give you an exanple. One exanple high
energy arching fault -- is that how the high energy
arcing fault in a 66 KV switchgear generates and
propagates the fire. W currently cannot nodel

that. Correct ne if I"'mwong with any of these

nodel s.
MR APOSTCLAKIS: Wuld it have hurt to
MR. NAJAFI: Nanme -- make a list here?
MR. APOSTOLAKIS: Yes, to help --
MR. NAJAFI: Ckay. No. It would not
hurt.
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MR. APOSTOLAKIS: Since it's so easy for

you to answer it, can you send an email to Hossein
| ater, at |east guide us where we can go and find
t hose?

MR, NAJAFI: Yes.

MR. APOSTOLAKIS: |'mnot asking you to
do a ot of work, just, you know, off the top of
your head. Qobviously, you know.

MR NAJAFI: Yes. There's a list of
half a dozen to a dozen

MR. APOSTOLAKIS: Ckay. So you'l
provi de these scenarios to us?

MR. NAJAFI: Yes.

MR. KHALIK: Also, presunably there is a
range of non-di mensi onal paraneters or attributes.
You classify different experinents with the ranges
of these paraneters which they cover. And the
guestion is, do you have the ranges of these
attributes in which nuclear power plant fires are
expected to fall?

MR. NAJAFI: In sone cases, yes, we do.
In fact we generated that information as an input to
t hose peopl e who conducted the validation. "1l
gi ve you an exanple. Wen we defined a fire scenario

and we said for exanple for a control room there
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are fire scenarios in the control room and the
attributes in a control roomthat we're interested
is these: First, fire propagation fromone panel to
t he next we know you can't cal culate. That's one of
a half a dozen | told you

The other one is the snoke generation
and migration and the timng of it we're interested.
Yes, these nodels can deal with that. And as part
of that definition, we said, by the way, the size of
the control roomin this industry vary fromsnall to
mediumto large if it matters to your V&/. Sone of
t hose ranges of paraneters, | nake a distinction,
because we tal k about sonme other simlar sounding
terns, but ranges of paraneters we collected. Sone
wer e appropriate and when used in the V&V, sone
didn't matter. Sone didn't matter.

For exanple, the size of a roomin sone
cases may not have mattered in the accuracy or
predictive capability of the code. It obviously
mattered in the answer but not the predictive
capability of the code.

But we did define those ranges. W did

MR. KHALIK: But | guess I'mstill | ost

in a sense that I"'mtrying to define the physica
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attributes and the paraneter ranges that | would say
this is the range of paranmeters in which nuclear
power plant fire would fall, these are the ranges of
geonetries that I"'minterested in, these are the
ranges of boundary conditions that | would be
interested in. And | need to start from sonething
like that to be able to make the connection to these
are the scenarios that we | ooked at, and these are
the experinents that we think nmatch the physical
geonetry, boundary conditions and the paraneter
ranges that we're interested in, and I can't find it
in the report.

MR NAJAFI: In the slides. ©OCh, in the
report?

MR KHALIK: Correct.

MR. NAJAFI: Ckay.

MR. DRElI SBACH. You're | ooking for
what's actually out there, the ranges of conpartnent
sizes that are --

MR. KHALIK: |I'mlooking for the logic
of the process.

MR. DREI SBACH:  Ckay.

MR. KHALIK: | nean you nay have
followed a rigid validation and verification process

spel l ed out in sonme standard, but there have got to
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be sone underlying logic. This is the problemI|'m
interested in. These are the ranges of geonetries
that 1'"minterested in. These are the ranges of
boundary conditions that I"'minterested in. These
are the ranges of paranmeters that I'minterested in.
And these are the experinents, and the experinents
actually match the geonetries, match the boundary
conditions, match the paranmeter ranges. | can't

find that connecti on.

MR. NAJAFI: | can only say that that
was -- | nmean what you're saying nakes | ogical sense
to me, and that was the intent of our process. |If

it does not cone across, we have to go back. That
was t he exact objective of devel opi ng these
scenari os but --

MR. DRElI SBACH: W provided a
net hodol ogy for a user to determ ne the range of
their paraneters relative to the range of the
paranmeters that we considered. That's the step that
we t ook.

MR APOSTCLAKIS: Whiere is that, because
| have a simlar related --

MR DREI SBACH. That is where we
descri be the non-di mensi onal paranmeters. W

characterize that process as sonething that the user
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shoul d go through to evaluate his or her particular
fire scenario in order to determ ne the
applicability of our report to their scenario.

MR. APOSTOLAKI S: But the way |
understood -- maybe | didn't read that part, but the
statenents that | read, | got the inpression that
you wanted the user to go back and | ook at the
experiments that you guys have used and nake sure
that his or her parameter ranges are consistent with
t hose, which | thought was a big job.

MR. JOGAR This is Francisco Joglar
again. And | think that's not our intent. W were
operating under the challenge that there are sone
nucl ear power plant fire scenarios, there are
experiments, and they are nodels, and none of them
fit perfectly within each other. They are
experiments that will never match identical nuclear
power plant fire scenarios, not all of them And
there are nodels with limtations that will not be
able to calculate every single aspect of the
experiments or the fire scenarios. So that's the
chal l enge we operate. Therefore, all we could -- |
guess our approach was let's take these experinments
and characterize it with these non-di nensi onal

paraneters so that people, when they' re applying it
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in their plants, they will be able to cal cul ate that
number for thenselves and see if it fits within the
experiments we have. So they don't have to read al
t hese experinents. They have to go to their plant
and see if the geonetry, their paranmeters will fit
within the paraneter for which we are providing
validation which is limted by the experinent. And
then in that way, they will be able to use the --

MR. APOSTOLAKIS: Are you going to talk
about it today?

MR. NAJAFI: Yes. That's why we --

MR. BANERJEE: So these non-di nmensi onal
paranmeters -- sorry -- are known?

MR. NAJAFI: Yes. That's the approach
we took. They's why we tal k about summary. W say
now that we found these charts -- that's when | told
you at the end we say we hope how -- a user cones in
with a scenario, and he knows the characteristics of
his scenario, the size of the room the size of the
fire and everything, now we gave himthis non-

di mensi onal sone set of rules that says check it

agai nst thee rules. This is the first frontal. |If
you pass through this first hoop, then we validation
for you.

MR. BANERJEE: This is a very inportant
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point, so | hope you go over in sone detail how you
arrived at these non-di mensional --

MR. NAJAFI: Those non-di nensi onal
paraneters --

MR. BANERJEE: -- and what the science
base for them --

MR. NAJAFI: Yes. | will leave it to
the statisticians and theoreticians that you don't -

MR. BANERJEE: We would really like to
know t he sci ence base behind that.

MR. NAJAFI: Yes. Very quickly, these
non di mensi onal paraneters have been devel oped for
fire applications, so this is not sonething we
devel oped. They are out of the literature for fire
appl i cati ons.

MR. BANERJEE: But did you validate that
t hese non-di nensi onal paraneters actually apply or
that they're not sinply things in the literature?
nmean there are lots of correlations and things in
the literature which nay or may not apply. It
depends on ranges of paraneters and all sorts of
things. | can nane lots of themin fluid mechanics
and heat transfer where -- you know, there are
things inthe literature, but it doesn't nean that

t hey actually work.
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MR. NAJAFI: We'll tal k about --

MR. BANERJEE: Oh, you're going to talk
about that. W would like to have a fairly clear
pi cture.

MR. NAJAFI: This is actually something
we devel oped internally. W had --

MR. BANERJEE: It's very inportant |

t hi nk.

MR. DRElI SBACH. Further on, we'll get to
it.

MR. APOSTOLAKI S: | suggest that you
guys -- | nean you are experienced presenters -- you

skip a ot of the process stuff --

MR. DREI SBACH:  Ckay.

MR. BANERJEE: Yes.

MR. APOSTOLAKIS: -- and go to the to
the technical technical stuff as soon as you can,
because obviously that's the interest of the
subcommi tt ee.

MR. NAJAFI: So then I'Il leave it up to
you guys to see if it's clear about how do we derive
the fire scenarios and if you want to know anyt hi ng
about the fire scenarios. Because the next two
slides that you see is basically is going to give

you a sunmary that we came up with as nmany as maybe
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a dozen or 16 fire scenarios for a nucl ear power
plant. 1'Il give you one or two exanples of them
And that defines first the scenario, and then what |
call attributes of the scenario, nmeani ng what
paranmeters in that scenario are critical and

obj ecti ve.

One exanple is a control roomfire
scenario. Wat we're interested inis a fire that
can propagate first inside from cabinet to cabinet.
And second, the attributes we're interested inis
the amount mgration and the timng of the snoke
that it can generate.

Anot her exanple is a fire inside of the
cable roomor a cable tunnel. That fire may start
inside of a cable as a self-ignited cable fire or
may be triggered by a secondary fire. The nmechani sm
there nore of a generated condition is nore of a
flame spread, fire propagating through one cable
tray along its horizontal rate or through cable tray
stacks. That's the second scenari o.

Anot her exanple is a large scenario in a
turbine building that may involve large oil fires
that may generate hot gases and snoke propagating
t hrough grated flooring through nultiple |ayers.

And the issue there is that how the snoke and hot
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gases move fromroomto room So through this
process, we generated swi tchgear roons. These are
t he scenarios, these are the issues, these are what
we're interested in.

In smal |l encl osures, when you have a
source and a target, all we're interested inis
pl une tenperature, because in many |locations in a
nucl ear power plant source and target happen to be
in very close proximty. So all you have to know is
a plune tenperature correlation, and you' re done.

And so we defined all of these, and we
made a |ist of a dozen or 16 scenarios with as many
as 12 attributes that says pressure, tenperature,
snoke density and things that we're interested in
with different scenarios. That's how these were
derived, and this basically fornms for us the need,
go validate these. That's why we didn't cal cul ate,
for exanple, egress time. W did calculate plune
t enper at ure.

MR. BANERJEE: Do you have a slide with
t he scenarios and the paraneters of interest?

MR. DREI SBACH: That's what these --

MR. NAJAFI: These are basically sone
sunmari zed version of it. W don't have one slide

that makes a list of all the 16. They are basically
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in Sections 2.3 and 2.4, | believe, of the Volune I

MR. JOGAR. This is Francisco again.
But these slides -- these bullets are those: room
tenperature, flame height, plune and ceiling deck
tenperature. And as we nove through the slide, you
woul d see oxygen and snoke concentration, room
pressure. Those are the ones that we are providing
val i dati on, those paraneters.

MR. APOSTOLAKIS: So you said in a
control roomfire, I"'minterested in know ng the
oxygen and snoke concentration?

MR. NAJAFI: Yes.

MR. APOSTOLAKIS: And then you ask
your sel ves which nodels attenpt or claimto predict
t his?

MR. NAJAFI: What is the capability of
each nodel in predicting that. W don't say --

MR APOSTCLAKIS: Not all of them

MR. NAJAFI: W're not trying to say
which one is better, which one is worse, we're
saying that --

MR. APOSTOLAKI S: Sone of them may not
even do it at all?

MR. NAJAFI: Exactly. That's why the NA

is in the boxes.
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MR. BANERJEE: But you're also
interested in the propagation of the fire from panel
to panel there?

MR. NAJAFI: \here these -- renmenber
what Ceorge asked, -- where these nodels are
appl i cabl e, because the panel to panel is one of the
hal f dozen or dozen that | told --

MR. BANERJEE: That you cannot
cal cul at e?

MR. NAJAFI: You cannot do that.

Anot her exanple is the problemin a control room
inside of the control board, the horseshoe, how far
and how fast the fire propagates, that's the a giant
netal box with all kinds of cables running around.
And how and fast and how far the fire propagates, we
don't do these with these conputational fire nodels.
That's outside their capability.

Again, go to the other docunment. W provide
sonme enpirical nodel to deal with that, for those
that we could. Yes?

MR. BANERJEE: But though in these
scenarios, there are sone aspects which are handl ed
by your conputational nodels and sone you give sone
enpi ri cal gui dance?

MR. NAJAFlI: That is correct, but here
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inthe list, you only see the conputational one. He
is correct that we need to get the enpirical one
enbedded sonmewhere that says --

MR. BANERJEE: Right.

MR. NAJAFI: -- these are the ones that
are nuclear fire scenarios that we didn't address
here, it's addressed in sonme other document, go | ook
t here.

MR. JOGAR: And enpirical nodels are,
we think, the Fire PRA risk framework, so that's why
they are in that other docunent.

MR. DRElI SBACH: Ckay. So noving on.

" m going to skip through these next two that
describe the experinments a little bit, because we
have another presentation to talk about that. And
we've talked a little bit about what they are and
where they cane from

MR. APOSTOLAKI S: CGood.

MR. DREISBACH. So I'Il just put this
slide up to show you the specifics of the nodels

t hat we sel ect ed.

MR APOSTCOLAKIS: | think 16 is
interesting. | nean you -- yes.
MR. DRElI SBACH: Ckay. So here’s — | put

schematics of the experinments that we consi dered and
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how they relate to our overall scenarios. This
slide is -- these individual experinments and these
di agrams are going to be comng up |later when we
tal k nore about the --

MR APOSTCLAKI S: Just tell us about the
scal e here.

MR. DRElI SBACH: Ckay. So the turbine
hall, the one on the upper right, that height of
about 22 neters or 20 neters; the FN/ SNL dat a,
that's about 6 neters, 5-1/2 to 6 neters; the punp
roomis about 5-1/2 meters; the ICFVMP 3, the one on
the lower left, | think that's 3-1/2 or 4 neters;
and the NBS nulti-conmpartnent, that's 2-1/2 neters.
It's basically the normal room hei ght kind of thing.

MR. BANERJEE: And these experinents
were done in full scale or?

MR. DRElI SBACH  Yes.

MR. BANERJEE: W th devices of nocking
up these di nensions?

MR DREI SBACH: Yes. Yes. And the fire
sizes ranged from | think, on the order of 100
kilowatts all the way up to 4 nmegawatts, somnething
i ke that, depending on the size and the specific
experiment that we were looking at. But the details

of these experiments will be tal ked about by Ant hony
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in the next presentation.

MR NAJAFI: And this is the link that
you were tal king about, our scenarios and the
experinment. There's the kind of link you -- | guess
sonmeone - -

MR. DRElI SBACH. Very generally
obvi ously, because we don't have very specific
representation necessarily. It's not |like we ran
tests in a turbine hall or anything |ike that but --

MR. BONACA: Although these geonetries

are pretty representative actually of all power

pl ant s.

MR. DRElI SBACH: Right.

MR. BONACA: Especially the sw tchgear
room | nean this is typical

MR. DREI SBACH. Right. That's what we
were trying to do when we found the test series that
we evaluated. So here's the nodels that we sel ected
specifically. W have NUREG 1805 whi ch has been
presented to the ACRS in the past, the fire dynamc
school s, the five nodel, and those are what we cal
hand cal cul ati ons of engi neering cal cul ati on nodel s,
l'ibraries of nodels. CFAST and MAG C are two-zone
type nodels and fire dynamc simulator. That's a

CFD nodel that used LES. And down on the bottom we
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show sort of the varying conplexities. A you go
down the list, you increase the conplexity of the
nodel . Now - -

MR APOSTCLAKI'S: Since we have the NI ST
gentl eman here, when you devel oped say the FDS or
CFAST, did you have any particular industries in
m nd, any particular applications, or were they just
codes that addressed generic issues that nost people
woul d face?

MR. McGRATTAN:. Yes, general purpose
fires in a wide range --

MR. APOSTOLAKI S: Pl ease identify
your sel f.

MR. McGRATTAN. |I'msorry. M nane is
Kevin McGrattan, and |'mthe devel oper of FDS. And
FDS was devel oped for a wide range of, it started
with, industrial scale fire scenarios but has soon
noved to residential scale fires.

MR. KHALIK: And as a part of that
devel opnment, was there any validation work? 1In
ot her words, after you devel oped this code, have you
conpared the code predictions agai nst data or other
nodel s?

MR. McGRATTAN. Ch, absolutely. Al

al ong the way these nodel s have been conpared with
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data. In fact, sonme of the experinents that are

di scussed today were used previously in validation
efforts. The trouble we had was when the NRC asked
us about the validation work, we said, okay, here's
a paper we wote five years ago showi ng FDS conpar ed
with say these conpartnent experinents done 20 years
ago. So is that the current version of the nodel?
W said, no.

So what we're doing now, and this is why
we' re enphasi zi ng conprehensive, is we have to go
back, look at all the validation work that we've
done in the past, use current versions of the nodel,
docurent it nore adequately, follow the procedures
in ASTM 1355. In the past, | hate to say it, we
were a bit informal and casual the way we did our
val i dati on work. W devel oped sonme new routine. W
got sonme test data. W conpared it. W published a
paper. In the end, we had a long |ist of
publ i cations, but we had no conprehensi ve docunent,
like the one we're tal king about today, to show
sonmeone here's how the nodel works today, not how it
wor ked ten years ago. Here's how it actually works
t oday.

MR. KHALIK: But the inplication is that

this nodel is an evolution, you know, that you did
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this 20 years ago, but the nodel as it is now, is
significantly different than what it was then. Now
evolution will continue, so what do you expect to
happen five years from now?

MR. McGRATTAN:  FDS, the field nodel
the CFD nodel is evolving. W continue to do
research in fire, and we continue and inprove FDS.
CFAST, the zone nodel, is what you would call in a
mai nt enance stage. Mst of the devel opment work is
conpl eted except for special purpose functions that
will be added fromtinme to time depending on the
application. But CFAST is generally in a maintenance
node now but FDS is continuing to evol ve.

MR. JOGLAR: This is Francisco. To
address your question maybe in a nore programatic
manner, that's why our effort here is to come up
with a validation and verification nmethod that can
be reproduced later if things change. So we have
specific steps and specific ways to do it so that a
new version cones or a new nodel conmes, then it can
be reproduced.

MR. KHALIK: But froma user's
per spective, based on the outcone of this process,
and the recommendations, albeit in color code, would

that be tied to specific version of the code as of a
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speci fic date?

MR. McGRATTAN.  Yes. Presently, it says
clearly in these docunents which version of the code
was used. And if it were to be used in the future,
we woul d ask that those people use the present
version of the code unless we denonstrate that sone
future version, some inproved version of the code
satisfies all the requirenents that we've put for
this particular application.

So in other words, if | come out with a
new version of FDS two years fromnow, |'mgoing to
rerun every single case that |'ve rerun here,
produce essentially the same docunent that you have
before you before we rel ease that new version. So
this is the basis or the starting point of a
process, a nore formal process that we're going to
use to maintain our nodels.

Like | said before, in the past, because
we were nore in a research framework, we were very
casual about how we did rmai ntenance. We're now
formalizing the process, and this is the first step.

MR. NAJAFI: And | should al so add that
-- | mean other than FDS, the other codes,
particularly the hand cal cul ati ons have been around

in the SFE handbooks for years, and those are pretty
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much stable. And you heard about CFAST. And |

believe MMGCis in a simlar situation. So for a
majority of these -- | nean these are relatively
stable tools. | mean FDS rmay be uni que in that
sense, but the rest of themare not.

MR. PEACOCK: Rick Peacock at N ST.

Yes, and | should al so nention that some of these
experiments we have i ndeed have conparisons with
versions of CFAST, in ny case, for the last 15
years. And one of the heartening things is that the
answers don't change that much, that it is very
smal | changes in the nodels that we're seeing as

t hey evol ve because they' re nmature products. So
even if | do end up five years from now rerunni ng
this, I don't expect the answers to be significantly
from what we found today.

MR. BANERJEE: Let nme ask you a
guestion. You' ve got a hierarchy of nodels here of
i ncreasing conplexity, as you said, as you go down.
At some point, you will, | suppose, define
predictive capability. And when you do that, it
woul d nean, | suppose, that the predictive
capability is increasing as you go down. |Is that --

MR DREI SBACH: Well, that cones out as

our results nore or less. W sort of evaluate the
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nodel s, and as you increase conplexity, the question
is, the hypothesis is --

MR BANERJEE: But does it?

MR. DRElI SBACH. -- do the predictive
capabilities inprove and we --

MR. BANERJEE: What have you found?

MR DREI SBACH: W found that is indeed
the case, and it's due to a variety of reasons and
t he degree between the | evels of conplexity is also
di fferent when you go fromone to the next. For
i nstance, when you go from hand cal cul ations to zone
nodel s, your capabilities increase, | won't say
significantly, but there is inprovenent, and it's
mar ked. And that's due to reduci ng assunptions and
limtations of the hand cal cul ati ons when you go to
the zone nodels. but when you go fromthe zone
nodel s to the FDS, you see sone inprovenent of the
capabilities but not as significant a change as from
t he hand cal cul ations to the zone nodels.

MR BANERJEE: In fact, | nean it seens
to me that your two-zone nodels, at |east fromthe
results you're presenting, are as good as FDS. |
nean it's in different ways but --

MR. DRElI SBACH. One of the things that

we say in addition to that particular point is
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sonmetimes it's going to depend on what you're
actual |y conpari ng agai nst.

MR. BANERJEE: That's the -.

MR. DREI SBACH: And the scenarios that
we' ve used are very nuch appropriate for the zone
nodel type of cal cul ati on because you get a fire
t hat produces a very, we see, distinct two-zone kind
of condition in a conpartnent, but there are al so
ot her considerations that a user has to take into
account as far as his specific scenario, and we do
make that point in the conclusions part about the
conpl exity of your particular scenario and how t hat
shoul d enter into your decision nmaking as far as
what nodel you use.

MR. BONACA: It seens to ne al so one
thing that seens to me when | | ook at the table at
the end of the results, the nunber of paraneters
that you can estimate or calculate is also the
paranmeter of inportance it seenms to ne. Wat | nean
is that I look at MAG C and practically on every
paranmeter that you have |listed, you can produce a
result.

MR DREI SBACH. Right.

MR. BONACA: And nost of them-- well,

many of them are green, and sonme of them are yell ow.
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MR. DRElI SBACH: Yes.

MR BONACA: You know, so when | | ook at
that versus say the T, that doesn't give ne anything
practically except the three or four paraneters.

MR. DRElI SBACH. There are, and we try to
make this point in the conclusions, each specific
type of nodel has its application, and it depends on
the specific scenario and the information that you
want to provide.

MR. BONACA: Yes, but with the

spreadsheets, | don't get that many paraneters.
get two or three. | nean that's all | get.

MR. JOGLAR: This is Francisco. | ama
fire nodel user. | use it for plant applications.

And it's true what you're seeing in that table, the
capabilities of predicting sone of the things are
not there. However, the inportance of these
spreadsheets is huge, because sone of these are very
important: plume, hot gas |ayer, flame height. And
when you go and do Fire PRAs, there are numerous

cal cul ations that you have to do for every room

And these things are very, very helpful. So | don't
want that the anount of capabilities that are |isted
t here denean the inportance of these tools for

nucl ear applications.
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MR. BONACA: No. | don't dismss that.

But it seens to me that with the spreadsheets, from
reading the material, that so much nore is left to
the judgnent of a fire expert than with the other
net hod that seemto cal cul ate sonme paraneters that |
can depend on.

MR JOGAR Yes. And it's part of our,
| guess, the profession to deternm ne when you have
to go to the other to calculate things that you need
for a specific fire scenario. So when you go in
applications, you nust determine if you need to go
to a zone nodel or a field nodel to be able to get
t he answer on the inside unit.

MR DREI SBACH: We can tal k about sone
of these things later one. |'ve just got a couple
nore slides.

MR. APOSTOLAKIS: Yes. You're getting
now to the validation nethod.

MR. DREI SBACH: Right.

MR APOSTCLAKIS: So let's take a break
at this point. Okay?

MR DREI SBACH: That's fine.

MR APOCSTCLAKIS: So we'll be back --
let's see, when -- 10: 25.

(Wher eupon, the forgoing matter went off
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the record at 10:10 a.m and went back on the record
at 10:29 a.m)

MR. APOSTOLAKIS: COkay. W're back in
session. Please continue.

MR. BONACA: Just for the record, one
observation that | made prior to the break, | asked
guestions regarding the two approaches which are
spreadsheets approaches, and then | made a coment
that you don't get rmuch from those, you have only a
few paraneters com ng out. And the answer cane that
said, but those paraneters are one of the nost
i mportant. You know?

And ny suggestion is that for the sake of
the report, | think these observations are inportant
in the sections. | think if you have qualitative
observations of that nature, they should be there.
Because | nean this report doesn't only interest the
fire comunity. | think it interests a |arger
comunity including the PRA community or engi neering
comunity that needs this kind of information to
understand why we're conparing side by side.

Wien | look at the table 3-1 and the
results, | becone very critical of the spreadsheets,
and the comments, in fact, of the text are pretty

critical, too. Wwen | hear a comment |ike that about
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"but these are the nost inportant paraneters and the
spreadsheets can't calculate those", those are
i nsights that should be provided in the results. And
| think there are others that coul d be provi ded t here.
Just a comment for the record.

MR. DREI SBACH:  Ckay.

MR. APOSTOLAKIS: Are you skipping --

MR DREI SBACH. Yes, because those two
slides are going to be tal ked about nore extensively
with the next presentation, so I'll just skip over
those for the tinme being.

MR. APCSTOLAKIS: So you're going to slide
20.

MR. DRElI SBACH: Twenty. Talk alittle
bit. W've talked about this briefly already, using
the results. So what we realize is the scenarios can
be described in terns of the physical environnent and
t he phenonenon of interest. That's an inportant thing
t hat we brought down with us. So what we attenpted to
do was translate the characteristics and phenonenon
from the real scenarios into the conmmon | anguage.
that's where we get the normalized or non-di nensi onal
paranmeters. And then we conpare those paranmeters. W
recommend the user conpare those non-di mensionalized

paranmeters from his scenario with the ones that we
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cal cul ate for the experinmental scenarios.

And | show here two of the exanpl es of our
non- di mensi onal i zed or nornal i zed paraneters. The one
on the left, Q-star is a characteristic heat rel ease
rate or energy release forma fire. That's nornalized
by size, diameter. The one on the right up at the top
is a ventilation paraneter, and it describes or
characterizes a burning rate or the availability of
oxygen to sustain a fire.

MR. BANERJEE: Wich one is this?

MR. DREI SBACH: The one on the right. The
phi. And in the |l ower one, the D-star is another
characteristic energy release rate that's used to
normali ze a height of a roomor a nore physical
characteristic of the room

MR. BANERJEE: What is "r" there?

MR. DREISBACH: R is the stoichionetric
ration. These are just exanples. There are a few
nore normalized paraneters that we have, and they're
descri bed further on. And we can tal k about --

MR. BANERJEE: Well, how do you estimate
Q dot ?

MR. DREI SBACH. Q dot is measured by the
experi ment.

MR, BANERJEE: But Q dot is the heat
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rel ease rate per unit volume, per unit tinme?

MR. DREl SBACH: Kilowatts.

MR. BANERJEE: Ch, kilowatts. Just total.

MR, DRElI SBACH. For watts.

MR. BANERJEE: Total heat rel ease?

MR. DRElI SBACH. Exactly.

MR. BANERJEE: So how do you estimate that
apriori? | nean if these are non-di nensional groups
that you will use to classify scenarios?

MR. DRElI SBACH  Yes.

MR. BANERJEE: Q dot is a dependent
vari abl e?

MR JOGLAR: This is Francisco. That is
depending on your specific scenario, and there are
gui dance like the Fire PRA guidance that recomrends
some heat release rate values to use when you're
anal yzing scenarios. So that's an input for a
speci fic application.

MR. BANERJEE: But inmagine you're using a
code like FDS or whatever, Qdot is part of the thing
that you cal cul ate?

MR. DRElI SBACH  No.

MR. BANERJEE: It's an input?

MR. DREI SBACH. It's an input.
MR

APCSTCLAKI S:  Don't you have --
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MR. BANERJEE: Don't you have conbusti on
a priori.

MR. APOSTOLAKI S:  Yes.

MR. McCGRATTAN:. Let ne address that.

MR. BANERJEE: That's strange.

MR. APOSTOLAKI S: Speak to the m crophone.

MR McGRATTAN:  This is Kevin McG attan.
FDS is used for those types of applications. For
exanple, engineers could use FDS to predict the
burning of this room And it will predict the spread
of the fire and so forth. But those types of
applications were not included in this V&V exercise.
So in this V& exercise, all of the nodels used a
specified heat release rate. That's not to say that
the nodels can't nake a prediction. FDS does nake
predictions of heat release rate, but in these
exercises, all of the heat release rates were
speci fi ed.

MR. BANERJEE: So what you do as input
then is the heat release rate and the radius of the
fire or whatever?

MR. McGRATTAN:. Correct.

MR. BANERJEE: So these are input
par anmet ers?

VR. McGRATTAN:.  These are input
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paranmeters, yes.

MR. BANERJEE: Then they're not part of --

MR. DREI SBACH. In this analysis, that's
what - -

MR. BANERJEE: So all you really do is the
fluid dynami cs part of it.

MR. McGRATTAN. That's right. Mss and
heat transfer throughout the conpartnent, transport.
Primarily transport.

MR. BANERJEE: So it's the fluid phase?

MR, McGRATTAN:  Yes.

MR. BANERJEE: The propagation of the fire
itself is not taken care of?

MR. McGRATTAN: Right.

MR. BANERJEE: So if | go one step back,
sonmebody's interested in a fire resulting from
spilling of 100 gallons of diesel oil in sone
conpartnment, how would they go to step one in your
nodel ?

MR. DREI SBACH:. They need to estinate the
heat rel ease rate of that spill

MR. BANERJEE: How would they know that?

MR. NAJAFI: This is Bijan Najafi. In one
of the later slides, in the summary of the results,

we'll talk about the process of fire nodeling, steps
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of fire nodeling and how this fits into that. Wat
comes into these nodels is a process of selecting and
characterizing your fire scenario. Part of
characterizing the fire scenariois characterizingthe
ignition source, and that requires characterizing the
type, whether it's an electrical or oil or gas; the
| ocation of it, whether it's on the floor, elevated,;
the intensity of it, what is the kilowatt; and the
duration of it, whether it's a small fire, a fast-
burning fire. The reason we do it that way outside of
t he code, because in the nucl ear power industry, we
have a series of tests and experinments that we use to
rely on to characterize a fire source. So we have
done stuff for electrical panel, and we characterize
those as an electrical fire, based on that.

MR. BANERJEE: Excuse ne. |'m m ssing
something there. The intensity nust depend on, for
exanple, the fluid. dearly, if you have a chi nmey,
the intensity is different fromwhere you don't have
a chimmey. So it's a fully coupled problemto the
fluid dynamics. | don't understand how you separate
t hem

MR. NAJAFI: No. The intensity that we
put into the code --

MR. BANERJEE: It's arbitrary. It should
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be a function of the fluid dynam cs.
MR. NAJAFI: But it does change. | nean

Kevin can explain. W put in an intensity --

MR. BANERJEE: Excuse ne. |'masking a
straightforward question. | know you put in an
intensity. |'msaying that intensity is a function of

the fluid nechanics, so how do you decouple then?
It's a straightforward questi on.

MR. McGRATTAN: It is a straightforward
guesti on.

MR BANERJEE: And it needs a
strai ghtforward answer.

MR. MGRATTAN. And a lot of this gets
into howthese nodels are used in practice. And | can
tell you nmy experience wth fire protection
engi neering conmuni ty who use FDS, they basically use
it intw different ways. One, they use it for a
design problem in which case the AHJ, that m ght be

the fire marshal, he sinply says, here's ny shopping

mall; we have a little MDonald s over here in this
area; |'mgoing to assune that that McDonal d' s fl ashes
over, that it becomes a fully engulfing fire; I'm

going to estimate that that kind of fire is going to
produce 20 negawatts of heat; you tell ne when the

sprinkler is going to activate somewhere down the
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hall. That's a design consideration. Gkay? The

engi neer is not being asked to predict how that fire
starts in the MDonald' s or how it spreads in the
McDonald's. He's really interested in know ng, worst-
case scenario, that whole MDonald' s is lost, can |
get the people out of the shopping mall. So that is
a typical use of the nodel for design. And in that
case, the FDS user would sinply dial in the 20
nmegawatts of energy. He wouldn't go to the effort of
trying to predict exactly howthat fire woul d spread.

MR. APOSTOLAKI S:  You're tal king nucl ear
conpartnments though. | nean you don't assume that the
whole thing is --

MR. McGRATTAN:. O course, this is just an
exanple. This is just an exanpl e.

MR. BANERJEE: But, in general, the
intensity of your fire depends on oxygen delivery.
That's also a factor that enters into it.

MR. McGRATTAN: Right. But in that design
application, the engineer is being told by the
authority: "I think the heat release rate fromthe
fireis goingto bethis." And that is what Francisco
was saying. O tentinmes, in nuclear design, the
engineer is told that this cabinet or this punp is

going to produce x ampunt of kilowatts or nmegawatts.
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A lot of tinmes that nunber cones from an experinment.
It's difficult for a fire nodel to predict, to
outright predict what the heat release rate is going
to be from a burning piece of equipnent or the oi
spill that you referred to.

MR. BANERJEE: Well, presunmably --

MR. MGRATTAN. So you often get that
nunber from an experinment, and then you put it into
the fire nodel. And the fire nodel is only expected
to do the snoke and heat transport.

MR. BANERJEE: But the experinment, whether
it's done in a small roomor a |arge room whatever,
you know, the shape and size, the turbul ence, | nmean
it's very dependent on all these factors. And we know
that for exanple -- | know nore about explosions --
but t he propagati on bet ween conpartnents, for exanpl e,
if you go through a pipe, you change the dianeter of
the pipe, you get a different heat rel ease rate.

MR. McGRATTAN.  Exactly.

MR. BANERJEE: Conpletely.

MR. McGRATTAN.  Exactly.

MR. BANERJEE: Due to the turbulence. So
howis it that this experinment gives you this val ue,
t hen becones enshrined in this way and serves as an

input to this nodel. | mean then what are we talking
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about? There's a huge uncertainty in that experinent
itself.

MR. McGRATTAN. Right. And that's a good
lead in for Anthony Ham ns' tal k, because he's going
to tal k about how the uncertainty in the heat rel ease
rat e propagates t hrough the nodel. Because oftentines
when you' re tal ki ng about the uncertainty in the nodel
predi ctions, the key uncertainty is not the node
itself but rather the input data. Does that cabi net
produce one negawatt or two nmegawatts. That often
beconmes a rmuch bi gger issue than the nodel itself.

MR. BANERJEE: But there's an interaction
bet ween the nodel and the heat rel ease rate.

MR. McGRATTAN: Right.

MR. JOGLAR This is Francisco. Sonething
t hat has not been nentioned is heat release rate in a
practical application we put it as an input. Zone
nodel s and field nodels will, however, use that input
and maybe nodify it, depending on the conditions that
are generated in the room I|ike the anmount of oxygen.
So they nodify that. But the initial profile is an
i nput. And dependi ng on what's devel oped in that room
with the size that we put in and the ventilation
conditions, it can be nodified.

MR. BANERJEE: So you do nodify it then or
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you do not?

MR. MCRATTAN. Yes, these nodels have
built into themoxygen limtation, so if we're given
a specified heat release rate, oftentines what that
really nmeans is we're given a specified burning rate.
And then the nodel will determne if or if not there's
enough oxygen in the roomto actually consune all of
the fuel that's being |liberated.

But the prediction of the burning rate for
nost practical itens is very difficult for the nodel
to do. There's too nmuch uncertainty and practice in
t he nucl ear cormunity and i n t he non-nucl ear conmunity
is usually to burn the itemof interest, get its heat
release rate and specify it in the nodel. Now
oftentimes when you burn the item vyou burn it in
simlar conditions. So if you're interested for
exanple in the heat feedback, you often burn, for
exanpl e, under sone hood that will get hot and then
radi at e backwar ds.

When we did work on the Worl d Trade Center
and how that building collapsed, we did a | ot of
experimental work in which we placed the itens of
interest, typical office furnishings, underneath a
steel hood. That steel hood was all owed to get hot,

and what we wanted that hood to do was represent a
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real fire environment in which the burning rate of the
fuel is not just dependent on the fire itself but
rat her the hot gas | ayer above. So we try as nuch as
possi bl e, when we get these burning rates and heat
rel ease rates, to burn the itemin an environnent that
is consistent with what that itemwould actually see
in the real plant.

MR. BANERJEE: But in fact, | nean don't
-- your nodel, the tables you' re show ng natural
ventilation and mnmechanical ventilation. You're
actually charging whether or not your mechanical
ventilation and natural ventilation as characteristics
fit into the test, so you're considering those?

MR MCGRATTAN.  Yes.

MR. BANERJEE: Right? | nean |'m | ooking
here at this table.

MR. DREI SBACH. In the experinents that we
eval uate, we characterize the ventilation conditions
and that 1is wevaluated against the ventilation
conditions in the real scenario, yes.

MR. BANERJEE: | suppose what we're saying
is Q dot depends on FI VE?

MR. DRElI SBACH:  Sure. Yes.

MR. McGRATTAN. Right. And in fact, Q dot

is often limted by FIVE. At sone point you cannot
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get any nore heat out of an under-ventilated room

MR. KHALIK: | guess on a nore basic
level, Q dot is a dependent variable rather than an
i ndependent vari abl e?

MR. McGRATTAN. It depends on how you're
doi ng your anal ysis.

MR KHALIK: Well, it depends on -- |I'm
tal king about in real life.

MR MGRATTAN. Oh, in real life,
absol utely.

MR. KHALIK: Q dot is a dependent variabl e
dependi ng on the geonetry and boundary conditions.

MR. McGRATTAN. Right.

MR. KHALIK: And you are using it as an
i ndependent vari abl e and perhaps you're using it sort
of in a paranmetric iterative fashion until things fit
together. Then you know you have the right Q dot.

MR. McGRATTAN: Right.

MR. KHALIK: Is that the process.

MR.  MGRATTAN. Yes. W're quite
confident that these nodels do snoke and heat
transport very, very well. However, we're still not
at a point where we can nmake outright blind
predi ctions of burning rates of common materials. W

woul d much rat her get experinmental data for the source
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termand put that into the nodel rather than have the
nodel try to determ ne that automatically.

MR. PEACOCK: That has been the Holy G ail
of fire research for at |east 20 years to be able to
do that.

MR. BANERJEE: But at least to a first
approximation, it should be nade a function of fire
something, right, in the sense that you nmay have a
burning rate with plenty of oxygen and paranetric
crises, and then as you decrease oxygen, the burning
rate will change.

MR. McGRATTAN. Right. And oftentines our
experinments, to characterize the burning rates of
obj ects, are done inside and outside of roons. So we
often want the heat release rate, for exanple, of a
sofa -- I"'mtalking nore in residential applications
-- underneath a hood with plenty of ventilation. W
also will put that sofa into a small conpartnent to
represent a living room and get the burning rate
there. And then we conpare, and we see what the
oxygen limtation, howthat's having an affect on the
burni ng rate.

MR. KHALIK: My concern about this process
is that the user of code of this type can get whatever

answer he or she wants.
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MR. MGRATTAN. Which is why the heat

rel ease rate is often specified by the AHI. Go back
to the McDonal d's anal ogy. Lots of tests have been
done on fully flashed-over fires in conpartnents.
They have a fairly good idea of what the upper bound
in the heat release rate is going to be. They'd
rat her use that, that upper bound, for a conservative
analysis rather than let the fire nodeler try to
predi ct what the heat release rate is going to be.

MR. APOSTOLAKIS: But that's for design
pur poses of structures that are not subjected to ACRS
review.

MR. DRElI SBACH. Anthony is going to talk
nore about --

MR. APOSTOLAKIS: In the early PRAs, we
did what Professor Banerjee just suggested. W
cal cul ated the heat release rate, and we consi dered
cases when it was ventilation controlled in the first
approximation or not. So it's not sonmething new. It
was done then. It was calcul ated, you know, in the
early code. So it doesn't seemto nme that it would be
such a big deal to do that. So you guys keep saying
it"s an input. | mean we calculated it. The biggest
uncertainty was there, of course. The mass burning

rate is really very nuch uncertain.
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MR JOGAR Well, the -- a quibble into

what Kevin said about the McDonald's, that heat rate
is prescribed. There are docunents that prescribe
heat release rates for nuclear applications, and we
have to --

MR APCSTOLAKI S:  Where? Were are these
docunent s?

MR JOEAR 6850 has a table of what
nunmbers to use.

MR. NAJAFI: Appendix E. And the basis
for it was experinments were conducted to the extent
possible to mmc the nuclear power plant and
electrical fires. Basically, you're correct. Wen
you build — an initial intensity is driven by the
anount of fuel you have, fuel package inside a panel,
for exanple, for electrical, how nuch ventilation you
have, what's the configuration of the fuel, how
tightly it's conbi ned, and howit's vented and all of
that kind of stuff. So we created sonething. They
created. Sandia National Lab, they created sonething
simlar to that and burned it and neasured it to get
the mass loss rate. And fromthat mass |oss rate, we
came up with these distributions that says this is the
90 through sonme nethod. So it's docunmented. That's

where a fire nodeler, when their initial source is
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electrical fire in an electrical panel, goes to this
docurnent, and it says the heat rel ease rate or nass
loss rate is fromx to z toy. It's in that range.
For a small cabinet, |arge cabinet, medium things
like that.

MR. APOSTOLAKIS: Yes. Slide 21, though,
can you really tell us very quickly howto use that?
So what am | supposed to do now? |'m doing a study,
and |1'm calculating ny paranmeters, right, the non-
di mensi onal paraneters? Then what? Then | go here
and do what ?

MR. DREI SBACH. W conpare. Ckay, SO now

we have --

MR APOSTOLAKI S:  You conpare or |
conpare?

MR NAJAFI: User.

MR DRElI SBACH. User conpares.

MR APOSTCLAKI S: The user.

MR DREI SBACH: O the reviewer.

MR. APOCSTOLAKIS: I'mthe user. kay. So

what do | do?

MR, DREI SBACH. So you conpare your
situation as far -- you calculated 2*d*. W' ve
calculated 2*d* for the experinents that we

considered. Your 2*d* should be within the validation
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range on the right-hand colum between 0.4 and 2.4 if
you want to make conclusions about your prediction
based on the information in this docunent.

MR APOSTCLAKI'S: Now | et ne understand
this. MW 2*d* --

MR. DRElI SBACH  Yes.

MR. APCSTOLAKIS: -- is 2.1. GCkay. |
| ook at all these, and the second colum, | think you
call it I CFMP, experinent) BE#3?

MR. DRElI SBACH  Yes.

MR. APCSTOLAKI S: BE#4. kay. So now
what do | do.

MR. BONACA: Go to the validation page.

MR. DREI SBACH. On the right-hand side,
t he range on the right-hand side sunmari zes all of the
experi ments.

MR. APCSTOLAKI S: Ckay, fine. So what do
| do now.

MR DREISBACH You're 2.1 is in the
val i dati on range.

MR. APOSTOLAKI S: Right.

MR DREI SBACH. So you as a user can now
say the predictions that | cone up with using the
nodel --

MR APCSTCLAKI S: Wi ch nodel ?

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

103
MR. DRElI SBACH. -- based on ny scenario.

What ever your prediction shows. That's the point.
You as a user are providing information to the NRC as
the reviewer to prove sonething or other.

MR. APOSTOLAKI S: Wi ch nodel, though? |
nmean you're evaluating five nodels.

MR. DRElI SBACH  Yes.

MR APCSTOLAKI S: Wi ch nodel am |
supposed to use.

MR JOGLAR: The nodel is the one in the
list of cores that you say that are |listed, that has
the capability to make a calculation and has our
judgnment, this teanis judgnent on how good that
calculation is. So if you pick out of that table to
calculate a capability with one of those nodels, then
you have to check t hat your di nensionalized paraneters
mat ch the ones that we did for these experinents.

MR. APCSTOLAKIS: That's where you | ose

MR. DREI SBACH. This is not providing you
t he decision to choose one nodel over another. You
have to nmake that decision using this, using other
tools, using the scenario, evaluating your scenari o.
You neke the decision about what nodel you choose.

You t hen take the i nformati on fromyour nodel and your
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scenario, evaluate it against our validation range,
and then you're able to use sonme of the concl usions
fromthe results of this report.

MR. APOSTOLAKIS: But, again, this is a
sinple thing. I'mtrying to understand. 1|'m
interested in the hot gas |ayer tenperature.

MR. DREI SBACH:  Ckay.

MR APOCSTOLAKIS: You're table 31 tells ne
t hat CFAST, MAG C and FDS are green.

MR. DRElI SBACH  Yes.

MR. APOSTOLAKIS:  FIVE and FDT are yel |l ow.

MR. DREI SBACH. Wthin the ranges on the
right-hand side, that's the colors that you get.

MR. APOSTOLAKIS: Wait. So |I'm saying
okay, I'mgoing to go with one of the three greens,
CFAST for exanmple. Then the next step is for nme to
calculate all these di nensionalized paraneters for ny
probl em - -

MR. DRElI SBACH  Yes.

MR APOSTOLAKIS: -- and cone to this
slide 21 to decide whether | can actually use CFAST?

MR. DREI SBACH: Whet her you can nake
concl usi ons based on this validation about CFAST and
your prediction.

MR. APOSTOLAKI S: What concl usions are
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t hese?

MR. NAJAFI: Well, basically once you
decided that all of those codes are green, you chose
t he CFAST.

MR. APOSTOLAKI S:  Yes.

MR. NAJAFI: Then you cone to this table.
This table tells you that if you'rewithin .4 and 2. 4,
you are allowed to use the green. But if you're .1
you're not allowed to use the green.

MR DREI SBACH: You have to -- there's a
| evel of confidence that you can use CFAST for that
particul ar scenari o.

MR.  APOSTOLAKI S: How many of these
paranmeters am| supposed to cal culate and cone to the
tabl e, just one?

MR. JOGLAR It depends on each case. It
depends on the characteristics of each fire scenario.
If it's, for exanple, a small room where ventil ation
can be critical.

MR. APCSTOLAKIS: A hot gas layer in a
smal | room

MR JOGLAR:. Ch, then the heat rel ease,
maybe the phi, the --

MR. APOSTOLAKIS: B? GCkay. Is it

possi ble that 2*d* is 2.1 but phi is 1, so |'mhaving
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a probl em now?
MR DREI SBACH.  Yes.

MR. APOSTOLAKIS: One is within the other

result?

MR. DRElI SBACH  Yes.

MR. APOSTOLAKI S:  So what do | do?

MR JOGAR \Well, it neans, | think, that
you can estimate 1, but not the other. | nean it

falls outside of the V&V, right?

MR. DREI SBACH: Right.

MR,  APCSTOLAKIS: No, but this is
ridicul ous.

VR. BONACA: | t depends on t he
applicability of the scenario.

MR APOSTOLAKIS: That's where |'m | ost
now. | want the hot gas |ayer tenperature. That's
what | want.

MR. DRElI SBACH  Yes.

MR. APCSTOLAKIS: Everything else is
i nput .

MR JOEAR But we have to bound the
scope of this V&Y, because it's not a blanket for
every single application.

MR. APOSTOLAKIS: M question is really

very sinple, unless I'm not posing it -- | choose
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CFAST. | want the hot gas |ayer tenperature. You
just told me | need to calculate for ny room 2*d* and
phi, right?

MR JOGLAR  Yes.

MR. APOSTOLAKIS: 2*d* is 2.1. Phi is 1.
What am | supposed to do?

MR. BANERJEE: Nothing. |It's outside the
range of the validation.

MR. APOSTOLAKI S:  Then what ?

MR. DRElI SBACH. You can do any nunber of
things. You can nake statenments regardi ng why the ph
of 1 is still okay based on your scenario versus our
scenarios. You have to make an argunent why we or a
regul at or shoul d accept the analysis if one is outside
t he range.

MR. BANERJEE: Yes. And you would
calculate that the hot gas layer. Al this is saying
is this V&V doesn't provide validation for that
cal cul ati on.

MR APOSTOLAKIS: So I'mleft alone in the
wi | derness to face the NRC t hen?

MR. DREI SBACH: Well, you're not al one.

MR APCSTOLAKIS: Well, there will be
ot her people who will say in public. GCkay. But then

-- okay. Now another question. Is it really -- 1
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nmean t hese nodel s, again, CFAST, it did not predict --
let's use that word -- the results of each one of
t hese experinents equally well. Sonme of them were
better than others?

MR DREI SBACH.  Yes.

MR. APOSTOLAKIS: So is it reasonable then
to take the wi dest, the | owest bound of the range or
t he upper bound fromall these experinents? | mnean
what if the best fit was Experinent B#5, which is .7,
and yet you're telling me nowthat for CFAST t he range
is .4 to 2.4? Aren't you elimnating sone of the
detail here that may be inportant?

MR. DREI SBACH. The detail is com ng
later. This is just we're trying to describe the
process. \What happens is we use the nodel to
calculate all the experinents, and we sunmarize the
data in a set of graphs that we call scatter plots
t hat provide an indication of the neasured
t enper at ur e, we' | say, and t he cal cul at ed
tenperature. And we use judgnment based on a netric as
far as uncertainty is concerned to determ ne the | evel
of confidence in that range. So there may be points
in that range that are not as good as points from
anot her experinent. But --

MR. APOCSTOLAKIS: But it's still green?
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No, green is based on sonething el se.

MR. DRElI SBACH. Because they're all within
a certain metric of uncertainty. That provides us --

MR. PEACOCK: But there may be ot her
guantities. For exanple, it gets a yellow because
it's good in one area but not so good i n anot her area.

MR. JOG.AR The colors are our best
j udgnment on this based on all the cal cul ati ons, and
woul dn' t dismss the situation in which a
know edgeabl e user coul d poi nt out the best experi nent
that fits his case and use that range for a
di mensi onal experinent. That's why all of themare
liste there, but that requires big know edge of how
the experinment was wong. And that information we
al so provi de.

MR. APOSTOLAKIS: COkay. Let's nobve on
t hen.

MR. KHALIK: This turning point for a | ot
of this is that the user has to verify that the
par anmet ers associated with the scenario in which he or
she is interested fall within these ranges.

MR. DRElI SBACH  Yes.

MR KHALIK: And if | |look at these
paraneters, Q%, phi and h over d*, those are the

three paraneters for which you had a range that the
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user has to verify fall within these ranges.

MR. DREI SBACH: There a few nore in the
report.

MR. KHALIK: But all of these paraneters
have Q dot in the definition

MR. DRElI SBACH  Yes.

MR KHALIK: And Q dot is an assuned
nunber, and therefore the user can essentially force
the scenario to fall within the validation range by
assum ng whatever value of Q dot that would satisfy
these criteria. So it seens |like --

MR. DREI SBACH. It's prescribed, though.

MR. KHALIK: -- the user can sort of get
what ever answer he or she wants for the scenario.

MR. NAJAFI: That | guess goes back to the
guestion -- this is Bijan Najafi -- that Apostol akis
was asking, and | was trying to say that in sone ot her
docurent that NRC and EPRI had devel oped, there is
gui dance of how to select a Q dot for a particular
scenario. It's not left to the user if they follow
that docunment. O course, anybody can use outsi de.
But there is guidance out there that is devel oped by
this coll aboration between -- it is -- specifically
Table E-1 in the NUREG 6850 for exanple says if you

have a vertical cabinet with qualified cable with a
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single bundle which prescribes how the cabinet
geonetry ventilation is forned, you have to use a heat
rel ease rate that ranges between 70 to 211 kil owatts.
And it says the basis of it is Sandia test nunber
unptysquat, that it was done with this simlar
geonetry. So it's not that we leave it out there for
a user to pick whatever term they want to dial in.
That's part of the generating, and defining the
scenario is to characterize the initial source.
Intensity is one of the things. There are other
t hings associated with it, but the characterization,
there is guidance out there.

MR. HYSLOP: Yes. This JS Hyslop from
NRC. | guess | was the NRC sponsor to 6850. The
initial conditions, the heat rel ease rates which are
used in these cases, you know, as Bijan says, there
are single cable bundles, nultiple cable bundles, and
electrical cabinets. There is a distribution for each
one of those. And not only were they based on Sandi a
data, they were based on data from other tests as
well. And so the people developing this distribution,
it was a process where they took into consideration
t he data that was avail abl e for these particul ar types
of ignition sources. And that's docunented in 6850.

MR. DREI SBACH: So in many cases, the heat
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rel ease rate is prescribed ahead of tine.

MR. KHALIK: But does that cover all
scenarios in which a user is interested. Let’s say
agai n the sanpl e of spilling 100 gal |l ons of diesel oi
in an area that is 5 square neters with a sort of an
edge that's 6 inches high?

MR. JOGLAR Yes, it does. Yes, it does.
Because for your specific exanple of a pool fire
there are clearly specified equations to do that, |
nmean that are well defined and docunented. So for
nost | would say yes. | nean there nay be where we
don't know, and it's up to an engi neering judgnent at
t he nonent and the review process to determne if --

MR. APOSTOLAKIS: So am | to understand
then that for nobst of the scenarios to which these
nodel s apply in nuclear plants the paraneters, these
nmeasurenents, paraneters will fall within the range or
the majority, or you don't know?

MR. HYSLOP: In many cases | don't.

MR. DREIl SBACH: | would not --it's hard to

say the majority.
MR APOSTCLAKIS: So what do we do then?
MR.  BANERJEE: You cannot use that
scenario for validation of the paraneter. That's the

way | understand it, right?
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MR, APOCSTOLAKI S: No, no, no. It's the

other way. | want to use a code to do nmy PRA in
support of NFPA 804 -- 5, 4, whatever -- 5. And |I'm
preparing ny case to cone, and | know NRR wi Il review
it.

MR. PEACOCK: Then you have to -- it's --
if it falls outside the validation results that are
provi ded here or additional ones in the future, that
inplies that there is additional work that you would
have to do in ternms of providing justification that
the nodel was valid to use here. That may be
additional test results. That nay be additional nodel
conmparisons with those test results that says that the
nodel is appropriate for the scenario I'minterested
in.

MR. BONACA: For exanple, the volune of
the test and the volunme of the roomin which the test
was done or somne other paraneters, |ike ventilation,
et cetera, maybe so different fromwhat you are trying
to apply it to that he cannot use this conparison for
validation. They're telling you you' re out of the
range of this paraneter which is a nenber -- | nean
the dinmension of this paraneter, but that will give
you the guide that says yes, --

MR. DRElI SBACH. The anal ysis is obviously
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limted.

MR. BONACA: -- you can use it for
val i dation, this parameter, but you cannot use it for
val i dating the other paraneter. So naybe you can use
it only for validating flux but not hot gas.

MR. BANERJEE: | have a nuch nore
fundanmental problem How did we pick these non-

di mensi onal groups, and are they actually the ones
that are inportant? | nmean | think we should get back
to basics on that, because we are asked to accept this
as being the -- | haven't seen any justification for

t hese groups.

MR. BONACA: - the way | understood what
they were doing. Okay? Nowthat's a different
guesti on.

MR. APCSTOLAKIS: Before we go to Sanjoy's
point, Mario, realistically now, sonebody's doing a
Fire PRA and he falls outside, do you really think
they're going to go and run tests?

MR. BONACA: No.

MR. BANERJEE: No, of course not.

MR, BONACA: No.

MR BANERJEE: Well, that's one of the
i ssues --

MR APCSTOLAKIS: In fact, nost of the
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anal yses we have seen from the industry are using
FI VE.

MR BONACA: But we heard a comment here
that said well, you have all those n/a's that you can
now run the test. That's if |I understand it.
However, you get the npbst inportant paraneters even
with those, so therefore, you know, why worry about
that. Probably for a PRA, you would be satisfied with
having those paraneters, flame height, pl unme
tenperature. |'mtrying to say that you --

MR. APOCSTOLAKIS: Well, the point --

MR BONACA: -- be able to use that.

MR. APOSTOLAKI S: | understand, but ny
point also fromthe practical point of viewis that
nobody wi || go out and do those thi ngs, because nobody
can afford it. It's true that nost of the industry
PRAs we have seen, or the |IPEEEs were FIVE, right?
And here is an interesting statement. The libraries
of engineering calculations, FTT5-Reg 1 have linted
capabilities. These libraries do not have appropriate
nmet hods for estimating nmany of the fire scenario
attributes evaluated in this study. Now what do | do?
| don't know what to do.

MR. BANERJEE: Well | think, though, there

is a point of viewwhere if you have a wel | -val i dat ed
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tool like your FDS or something, it doesn't strictly
have to stay within the paranmeter range because there
is sone science there now It's not just purely
enpirical. So in a sense, we do this all the time in
terms of other things where we do experinments on a
scale which is snaller, and we use a conputer to try
and bridge the gap to full scale where we don't have
any experinments. So | think the nore strong the

sci ence base for atool is, the better chance you have

MR. APOSTOLAKI S:  Absol utely.

MR. BANERJEE: -- to be able to go outside
t he preci se range of the paraneters. | have much nore
concern, though, with the paraneters which actually go
into this, like the --

MR. APCSTOLAKIS: | just thought about
t hat .

MR. BONACA: -- heat inport and the non-
di mensi onal groups and things |ike that.

MR McGRATTAN: |I'Ill address that. These
paranmeters sinply fall out of the Navier Stokes
equati ons when you non- di mensi onal i ze t hem
specifically for fire applications. For exanple, the
2* is basically a Froude scaling. D* is basically the

characteristic dianeter of the fire. So all of these
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peopl e who are doing pool fire experinments, for
exanple, which is nothing nore than a circular pan
filled with fuel. You' re measuring center |ine,
tenperatures and velocities. You take the Navier

St okes equation, non-di nensionalize. These are the
paraneters --

MR BANERJEE: But | don't see a G ashof
nunber there. | would have expected a G ashof nunber
rat her than a Froude nunber. How is that happeni ng?
| nmean when | non-dinensionalize the Navier Stokes
equation for aflow, | tend to get the G ashof nunber.

MR. McGRATTAN. Right.

MR BANERJEE: So there is none here.

MR. McGRATTAN. | don't think we've gone
through all of them | nean we could sit down and go
t hrough them but --

MR BONACA: Sit down and non-

di mensi onal i ze the Navi er Stokes. GCenerally, | would
get in a buoyancy-driven system a G ashof nunber.

Said will correct ne if I'"'mwong, but |I don't see
t hat nunber.

MR. McGRATTAN: Right. And the reason why
you're not seeing it here is because nost of these
nodel s and t hese non-di nensional quantities are just

for mass and energy conservation. Renenber CFD is
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relatively recent and actually, doing these plune
calculations is a recent phenonena. So | focus on
Grashof nunmbers and such, but the traditional nodels,
the hand calcs and the zone nodels don't have a use
for that. They have a use for characterizing the
geonetry of the space and the size of the fire,
because at the end of the day when you're using a hand
calc or you're using a zone nodel, that's what you're
considering. Now when you're getting into the CFD,
that's when you're getting into the dynami cs of the
flow. And then there are other paraneters that cone
into play. For exanple, D*, for ne, is the nost
critical paraneter, and yet none of other nodels
really have a need for it. D* is the characteristic
di ameter of the fire. And when | choose a nuneri cal
grid, | need to get, you know, x nunber of cells
across that fire toreally resolve all the eddi es and
so forth. So it depends on the application.

MR. BANERJEE: |'m al so concerned that if
you' re doi ng mass and energy bal ances for these two-
zone nodel s, how does G cone into it?

MR. McGRATTAN. G comes into it via --

MR. BANERJEE: That's sinple dynam cs.

MR. McGRATTAN. -- a plune correlation.

A zone nodel has no flow field. Wat it has is a
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correlation that says for a fire of a certain size,
you have so much entrai nment of air which punps air
fromthe |ower layer into the upper layer. So you
have transport of a certain amount of nass and heat
fromcold zone to hot zone.

MR. BANERJEE: So you're trying to --

MR McCGRATTAN. So it's a correlation.

MR. BANERJEE: -- apply the Navier Stokes
in sone way?

MR McGRATTAN:. So the Navier Stokes are
sinply bundled into that correlation which is pulled
fromthe experinental literature --

MR BANERJEE: It doesn't cone out of the
equati ons?

MR, McGRATTAN:  No, no, no.

MR. BANERJEE: It cones out of it?

MR. McGRATTAN:  No. You pretty nuch throw
t he nmonentum equati on away when you're dealing with
t he hand cal cs and the zone nodels. That nomentum
equation only shows up when you |ook at pressure
differentials and so forth.

MR. BANERJEE: So there are two scenario0s?

MR, McGRATTAN:  Yes.

MR. BANERJEE: One which is sort of

under standable is whatever non-dinensional groups
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arise by non-dinensionalizing the conservation

equations for the sort of calculation that FDS is

doi ng.

MR. McGRATTAN: Right.

MR. BANERJEE: Well, | woul d expect that
t hese groups are wong, because they are not -- they
woul d have other nunbers. |If | non-dinensionalize

them | won't get these nunbers.

MR. McGRATTAN: Right.

MR. BANERJEE: | actually went through
your report on the equations. OCkay? So if on the
ot her hand you are using a nore approxi nate nodel
t hen these non-di nensi onal groups are arising out of
some enpirical correlation for whatever the dynam cs
are. So in that case, it is required that we justify
t hese are necessary and sufficient number of groups
that we are using if this is going to be actually
gi ven as gui dance?

MR. MGRATTAN. Right. |If you talk to
some of the people who have been around for a |ong
time, like for exanple Jim Quintiere, what happened
was he noticed when he started collapsing his data
trying to develop these correlations, he started
seeing these groups pop out of his analysis, just

purely enpirically. At the sane tinme, the fluid
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nmechani ci ans were getting into it, starting to study
t he plunes, starting to devel op CFD nodel s. They were
non-di mensionalizing. And |o and behold, these two
groups cane together at sone point and said, these
paraneters, the Q's, the D>'s, we're seeing the sane
thing. W're |ooking at the same non-di nensi onal
paranmeters coming from the enpirical comunity and
coming fromthe theoretical side. That's what gives
me confidence that these are the paraneters that we
want to focus our attention on, that coincidence, if
you will, of the theoretical and the enpirical.

MR. BANERJEE: |s the science-base for
choosi ng thi s docunent ed sonewhere in a -- | woul d say
thisis fairly critical, because you're aski ng peopl e
to be guided by the choice of these within a certain
par amet er range?

MR. MCGRATTAN: The best docunentation for
this is what's called this SFPE Handbook, the Society
of Fire Protection Engi neers Handbook. And what t hat
is nothing nore than the history of fire research, and
article after article after article, whether you're
| ooking at ceiling jets, plunmes, and whatever else,
t hese paraneters conme up again and again and agai n.
| nmean it's hard to say these are the right ones and

t hese are t he wrong ones, but these are the paraneters

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

122

that have stood the test of time. They have a

t heoretical basis. They also have an enpirical basis.
That' s what gi ves ne that | evel of confidence, because
they conme fromthe two worlds that we often deal with
infire.

MR. BANERJEE: Well, | think it's a
critical issue to docunent. | nean in a sense, what
you're saying is you have to read a whol e handbook to
get this feeling of confort which --

MR. MGRATTAN. Well, you can read --
Quintiere's witten a book on fire. Dougal Drysdale.
There are a nunber of experts in the field who have
witten textbooks docunenting these paraneters. The
Handbook | mentioned sinply because it's sonething
that we all use. W all have it on our desks.

MR. APOSTOLAKIS: Can you address this
issue maybe wusing a couple of slides at the
presentation to the full conmttee?

MR. McGRATTAN.  Sure.

MR. APCSTOLAKI S: And maybe give a
specific reference that sone of us who are interested
can go and read w thout reading the whol e Handbook.

MR. BANERJEE: W can't be experts at
everything, right.

MR. McGRATTAN.  Absolutely. | nean --
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MR. BANERJEE: W can't, but George can

very qui ckly.

MR McCGRATTAN. We can have a lecture on
the history of fire dynamcs, fire research

MR. APOSTOLAKIS: Well, not the history.
Pl ease. There is a straightforward question. Provide
some of the scientific bases. Now you m ght want to
say, you know, in 1956, this was done, this and that.

MR. McGRATTAN: Right.

MR. APOSTOLAKIS: But at |east give a nore
specific answer to this question.

MR. McGRATTAN. Right. W can do that.

MR. APOSTOLAKIS: | think that will be
very usef ul

MR JOGLAR Yes. JimQintiere |ast year
publi shed a book. W went this year with a ful
chapter on these dynam cs.

MR. APOSTCLAKI S:  Francisco, | have no
doubt that you guys can do it. Ckay? But please do
it.

MR. McGRATTAN.  Ckay.

MR. KHALI K: Does D* appear anywhere in
FDT?

MR. DREISBACH D* in the spreadsheet

cal cul ati on?
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MR. KHALIK: That's right.

MR. DRElI SBACH. Probably not because it's
not an inportant paranmeter for that type of node.

MR. KHALIK: Does the ratio page over D*
appear anywhere in FTD?

MR. DREI SBACH. Not in the spreadsheets,
no.

MR KHALIK: Does the nodel or the
enpi rical nodel contained in FTD or FIVE contain the
ratio H over D* as an i ndependent paraneter anywhere?

MR. DRElI SBACH  No.

MR. KHALIK: And yet you're asking the
user not to use that nodel outside the range of 3.6 to
16, correct?

MR, McGRATTAN. | guess so.

MR KHALIK: So where is the connection
between the constraint that you're inposing on the
range of applicability of a nodel and the dependence
of the outcone of the nodel on that paraneter?

MR. MGRATTAN: These non-di nensi onal
paraneters are used to characterize the experinents
that were conducted, so H over D is basically
characteristic height of the entire volume versus the
characteristic height of the fire. Gkay? O

characteristic height scale of the fire. |If H over D
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is very, very large, what you have is a man snoking a
cigarette in a football stadium And we'd be hard-
pressed to say that we could nodel or that we could
justify the use of these nodels and these experinments
for that scenario.

So H over D*¥ is one way that we're using
to characterize the experinments. It doesn't have any
particular nodel innmnd. It's sinply a ratio of two
| ength scales that help to characterize the relative
size of the fire to the size of the building. And
that does come into play when you' re considering
whet her or not to use this guide.

MR. KHALIK: Well, when sonebody devel ops
an enpirical nodel, it doesn't come out of thin air,
right? It comes out by fitting some set of
experimental data, right?

MR. McGRATTAN. Right.

MR. KHALIK: And therefore, the governing
constraint for the use of an enpirical nodel is what
is the experinmental database that was used to devel op
t hat nodel .

MR. McGRATTAN: Right.

MR KHALIK:  And now how does the ratio of
H over D for which that enpirical nodel was

devel oped, the experinents that were used to devel op
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t hat nodel conpare with the set of --

MR. McGRATTAN. Well, if you notice in the
chart with the colors, the yellow and the green, al
those n/a's that you see associated with the FI VE and
t he FDT, what that neans is that those nodels and the
way t hat they were devel oped fell outside of the range
of paraneters of the experinent. So for exanple, we
di d an experiment or we | ooked at experinental data in
which we had a large firein a very small conpart nment,
this so-called punp roomexanple. Well, the ceiling
jet algorithnms in FIVE and FDT were not appropriate
for that experinent, because the ratio of the height
tothe width fell outside the range for which that was
cal i br at ed.

MR JOGAR | see it as two | ayers of
verification. This last table is for kind of
practical applications but also in our individual
vol unes, in chapter three, describe the question that
is in the spreadsheet, and it says the range of data
t hat was used to develop that correlation. So kind of
both of them have to be checked if you have to use
that equation. But that information is in there.

MR. DREI SBACH: W can provide sonme -- as
we said, at the full commttee, we'll provide sone

nor e background of t he non-di mensi onal paraneters, but
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|"d just like to --

MR APOSTCLAKIS: Yes. 1'd like to cone
back to the schedule here. W absolutely have to
finish at 2:30, because we have another presentation
after that, and we have planes to catch. And | think
you have too much material here to cover, and |
definitely want to hear the sunmary of results and
concl udi ng remarks. So maybe you gentl emen can deci de
to what extent you want -- and al so we agreed that you
will wal k us through one of the nodels and one of the
tests, howyou didit. 1Is that what we said earlier?
| thought we agreed.

MR. NAJAFI: | think we said we will go
t hrough t he exanpl e of howthese col or-coded things is
going to be used. That's what | heard, but if there's
ot her people --

MR. APOSTOLAKIS: Well, not just for the
use but also, you know, how did you decide if
something is green. Better wal k us through the --

MR. DREI SBACH: Yes. W can show you
t hat .

MR. APCSTOLAKIS: So if you want to
rearrange your presentations to fit the tinme
avai l able, please do, because | see you have

presentation on FTD, on CFAST and FDS. |'m not sure

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

128

we can do all of that.

MR. DREl SBACH: Yes. | think one of the

MR.  APOCSTOLAKIS: So while you are
speaki ng, maybe Bijan can thing about it, what to cut?

MR. DREI SBACH | think one of the key
projects and one of the things that we're somewhat
proud of is the way we devel oped our uncertainty and
our nethod --

MR. APOSTOLAKIS: O this presentation?

MR. DREI SBACH: That's this presentation.

MR. APOSTOLAKIS: So let's go through it
t hen.

MR. DREI SBACH. And that's what we'll go
t hrough now. And Ant hony Hamins fromN ST is going to
present that information.

MR APOSTCLAKIS:  Well, then think about
the rest, what to cut and what to include. Please,
identify yourself.

MR HAMNS: |'m Ant hony Ham ns of NI ST.
"1l be presenting Volune Il of this V&V study that
establishes a quantitative eval uati on net hodol ogy and
enphasi zes experinmental uncertainty. And then
foll owi ng ny presentation, ny nodeling col | eagues wil |

present their results of the evaluation using this
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nmet hodol ogy.

So this presentation is broken into
several parts. First, 1'll describe sone of the
details of the experinents selected for this
val i dation study. Then I'll describe the nethodol ogy,
i ncluding the rol e of experinental uncertainty inthis
process. |'Il give exanples of the analysis
highlighting key fire paraneters. And finally, our
conclusions will be summari zed.

Thi s t abl e shows t he experinments that were
selected. There were 26 tests, 6 experinental
configurations. They're |isted as shown,
chronol ogically. Four of these tests were
specifically designed for nuclear power plant
application validation. The first one and then the
| ast three.

MR. APOSTOLAKIS: FMis factoring mutual ?

MR HAMNS: That's correct, factoring
mutual . And then S& stands for national |abs. NBS
is the old NI ST, National Bureau of Standards. | CFMP,
four sets of data were provided by ICFMP. This is the
I nternational Collaborative Fire Mdeling Project.
NRC took a lead role inthis. So in these six sets of
experimental configurations, NRC really was heavily

involved in the first one and the last four. And the
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reason they're involved in finding good data from al
validation is because there is a scarcity of well-
docunent ed, conprehensive conpartnment fire test data
available in the scientific literature.

MR, APCSTOLAKIS: Well, typically in a
nucl ear plant, in a conpartnent, what actually burns?

MR HAMNS: |' going to defer to ny
col | eagues who are experts in nuclear power --

MR. APOCSTOLAKI S: Because these substances
that are burning here, ethanol or the propylene are
not typical of what one woul d expect.

MR HAMNS: That's correct. These are
essentially heat sources, fire sources that the i ntent
is to have a well-controlled fire source in order to
be able to test the nodels. Because an essential part
of the experinentation and the nodel conparisonis to
have a very good know edge of the heat rel ease rate.
Wt hout know edge of the heat release rate in these
steadily burning fires, then the validation, the
conpari sons woul d never work, and there woul d never be
a good conparison between nodel s and nmeasurenents.

W are not at the point where we can
predict fire spread from this corner in this room
t hrough the building and to the building next door.

We're just not there. So in this study we have used
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steadily burning pool fires typically or spray fires
in a well-controlled, regulated nanner in order to
provide a constant heat release rate for which the
nodel s can be conpared. So we're |ooking at the

t hermal environnment of this conpartnment and how it
changes as the fire continues to burn. And we're
observi ng.

MR. APOSTOLAKIS: They are surrogates for
what ever woul d be the materials burning --

MR HAMNS: That's right.

MR. NAJAFI: Let ne add sonething to it,
because there is a little bit nmore to it than that.
For exanple, the first one, the propylene is the
initial trigger of the fire. The actual 500 kil owatt
is not coming fromthat fuel material. they took an
el ectrical panel, a cabinet, a nmetal cabinet. They
| oaded it up with cable bundles, sonme to the tune of
about 100, 000 negaj oul es or sonething. So they took
nmassi ve cable and put it in there. The propyl ene or
t hat sonme kind of fuel trigger was used, because they
could not electrically infuse a cable fire. So
basically that's what is used to ignite the cable.

MR BANERJEE: Is that true of all of
t hese cases? | nmean this is very confusing --

MR, NAJAFI: No.
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MR. BANERJEE: Because | nean if you cal

it a fuel, we assune propylene is the fuel. You are
not saying the fuel is actually the cable.

MR. JOGLAR That's true for the first row
t here.

MR. BANERJEE: Wi ch ones are true, which
ones?

MR. JOGLAR The first row, it was cables
burning after they were ignited. The other ones are
the actual fuel that you see. So it's actually
cabl es.

MR. HAM NS: There were actually cables in
B#3, and | believe in B#5. However, their
contribution to the heat rel ease rate happened at very
late tinmes in the experinment. W did not use that
portion of the data for the validation. The principal
fuels as listed | believe are correct, and they vary
in the type of hydro carbonates being burned. For
exanple, ethanol is a lightly-sitting fuel whereas
acetylene is a heavily-sitting fuel. This has inpact
on radi ative heat transfer.

W tried to cover a paraneter range that
enconpassed a broad range of fuel types. And you can
see on the heat rel ease rate, there was about a factor

40 di fference between the different experinents. The
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vol unes varied by about a factor of 20, and the
hei ghts of the conpartnents varied by a factor of 8.

Two of the experinents, the heat rel ease
rate was determ ned through nmass | oss mneasurenents.
For the experinments, heat rel ease rate was determ ned
by what's call ed oxygen consunption calorinetry, and
| can go into the details of that if you are
i nt erested.

Here we explain how heat release rate is
nmeasur ed experinentally.

MR. BANERJEE: So how is the heat rel ease
rate for the first set of experinments determ ned?

MR HAMNS: Yes. For the FM SNL test,
oxygen consunption calorinetry was used. The fue
fl ow was al so neasured. And fromthe equation that's
shown inthis slide, thereis athere is a consistency
t hen between the burning rate and the neasured heat
release rate. That is through what's called the
conmbustion efficiency. Inside the conpartment, we
slowy used the oxygen. As we becone visciated, the
ef ficiency of conbustion changes.

MR. APOSTOLAKIS: W don't have this
sli de.

MR HAMNS: I|I'msorry. This was slide

13, and | felt this was nore inportant to show
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i medi ately, so I'"'mshowing it now. So experinental
heat release rate drives fire affects, and it's
uncertainty dom nates nodel sensitivity. So we focus
our attention in the experinents on the heat rel ease
rate and on the uncertainty associated withit. There
are two ways that it's nmeasured as |'ve shown here.
And you can see fromthe FM data, for exanple, that
there is some variation. The neasurenent has sone
uncertainty. GCkay. Let's |ook at the next.

MR. APOSTOLAKI S: Before you go fromthat
slide, you said that Mdot is neasured and KI , is
estimated. \Wat is the typical range of KI,?

MR HAMNS: Yes. |It's fuel-dependent
because acetylene, for exanple, produces copious
anounts of soot. In other words, you' re not producing
CO2 and water vapor. And thernodynam cally, you're
not producing conpl ete conbustion, so it's a reduced
anount. It's a factor then of how conplete the
conmbustion is. It varies. For heptane, for exanple,
it's on the order of 85 percent approximately. So for
ot her fuels like acetylene, depending on the scale,
dependi ng on the ventilation conditions, it can be 50
percent. So we've |ooked at each of these experinents
and tried to estimate what the val ue of the combustion

efficiency is and what its uncertainty is. That was

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

135

the job that we did in Volune I

MR. APOSTOLAKIS: So this is the input
uncertainty, right?

MR HAMNS: This is the uncertainty in
the experinental neasurenents. The key input
paranmeter -- we find the nost sensitive paraneter in
all of the nodels is the heat rel ease rate.

MR. APOSTOLAKI S:  Right.

MR. HAM NS:  Yes.

MR. APOSTOLAKIS: That's what we j ust
di scussed.

MR. HAM NS:  Yes.

MR. APOSTOLAKIS: So that's an input
uncertainty?

MR HAMNS: That's correct. For the
nodel s, it's an input uncertainty, yes.

MR. APOSTOLAKI S:  Now you're tal king about
experimental uncertainty?

MR HAMNS: Yes. And we |unp both what
we call nodel sensitivity to input paranmeters which
are experinmental ly based and experi ment al
neasurenents. We lunp themall together as
experimental uncertainty. And I'lIl try to describe
that concept in a nonment. So many of the test

reports, unfortunately, do not provide uncertainties
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for the individual nmeasurenents. Sone do, but where
that was not true, estimates were based on previous
experiments at N ST using simlar instrunmentation.
Measurenent uncertainty itself depends on the exact
type of the instrunentation, the experinenta
procedure and t he details of the neasurenent scenari o.
|'d like to talk first about BE#3 which
was performed at NIST in 2003. This was a project
funded jointly by NRC and NIST. It was part of the
| CFMP series of projects. You can see the heptane
spray fire burning in the background. This was a
| arge conpartnent, 22 neters long, 7 neters wde, 4
neters tall. It was the npost conprehensive set of
nmeasur enents conducted at NI ST/NBS. There were 10 to
7 data points taken, 350 neasurenents -- instrunents
were used per test. W neasured the heat rel ease rate
usi ng oxygen consunption calorinmetry. W nmeasured the
fuel flow to assure that it was consistent with that
result. We did another consistency check by | ooking
at the energy balance. Where did the energy go, out
t he door, through the walls, energy enthal py going to
heat up the conpartment gases? So through these
consi stency checks, we felt that we were getting a
pretty good handl e on the uncertainty.

MR. BANERJEE: What's the spray as opposed

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

137

to a pool fire?

MR HAMNS: Yes. A spray fireis sinply
fuel emanating froma nozzle that is inpinging onto a
flat plate. It's a very nice way to control the rate
of delivery of a fuel, and we've been using it
extensively at NIST. W were able to provide 400 to
2300 kilowatts through these spray fires. W were
| ooking at the thernal environnment in these
conpartments. And they were instrunmented with cabl es.
W were |ooking at heat flux to targets. W were
| ooking at heat flux to the wall. W were |ooking at
the gas space tenperatures at seven horizonta
| ocations to try to understand the vertica
tenperature gradient inside this wvery large
conpart nent.

Experiments were conducted with open and
cl osed door and with nechanical ventilation. There
was a mechanical supply duct and exhaust duct on
opposite sides of the conpartnent. The detailed flow
t hrough the ducts was measured using PITOT tubes and
what's cal l ed bidirectional probes. Qur intent was to
docurment all the boundary conditions and initial
conditions. W neasured thernophysical properties of
surface materials and their optical properties. W

need to know the inocivity of the surface nmaterials.
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Those were neasured at NIST. W tried to nail down
t he boundary conditions for validation effort.

|"d like to go on now and di scuss briefly
sonme of the other experinments. | conducted the --

MR. BONACA: These experinments, | mean you
have a -- you do not address fire propagation, |
guess?

MR HAMNS: That's right. W are not
testing the nodels for fire propagation. W're
| ooki ng at steady burning.

MR. APOSTOLAKIS:  None of the experinments
did that?

MR HAMNS: That's correct.

MR. BONACA: Does it mean switchgear room
you have all these cabinets --

MR HAMNS: O course.

MR. BONACA: -- you will have propagation?

MR HAMNS: And there was a fire in an
el ectrical cabinet, as Bijan nentioned, in this
particul ar set of experinments. However, | believe, if
"' m not m staken, the cabinets were enpty, and there
was no contribution to the heat release rate during
t he period of tinme which we were interested in | ooking
at nodel validation

So this was a one neter propyl ene gas
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burner in the mddle of the room Again, this is a
big room 18 neters by 12. As | was saying -- just
let me nention one nore thing, | was the PI on B E
nunber 3. W spoke to the Pls on all of the
experiments in order to really try to understand and
make sure we understood the instrunentation that was
used, to nake sure if there were any questions about
t he docunentation and the reporting in order toreally
be able to do the best job possible on estimting on
nmeasur enent uncertainties.

The NBS tests were conducted in 1985
Ri ck Peacock was involved with those. A corridor
connected two roons. A rather small natural gas fire
was in the back of one of the roons, and the therma
envi ronment was mneasur ed.

MR. BANERJEE: How did you neasure -- you
did this oxygen calorinmetry you said on --

MR. HAM NS:  Yes.

MR. BANERJEE: -- the other ones? What
sort of nethodol ogies were used to estimte the heat
rel ease rates?

MR. HAM NS: Yes. Mass |oss was measured
by placing a | oad cell, which is essentially a strain
gauge that's water cooled to avoid thernmal affects.

Underneath, a pan of fuel. And as the fuel
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evaporates, the nmass |oss gauge instrument gives a
vol tage reading which is calibrated. So we're able to
follow as a function of time the mass |loss. Then
t hrough assunption of the conbustion efficiency and
under st andi ng the heat of conbustion, idealized heat
of conbustion, we're able to estimate the heat rel ease
rate for that fire.

MR. BANERJEE: How did you nake an
estimate of the conbustion efficiency?

VR. HAM NS: Yes. The conbustion

efficiency is not well understood for visciated
conpartnment fires. |It's not understood for all fuels.
The scientific Iliterature was consulted. New

experiments at N ST are |ooking at conbustion
ef ficiency, and we have sonme good i nformati on on that
fromthose experinents. Wat we're trying to do there
is look at the thernodynam cs, so we nmeasured the
exhaust products, neasure all the species, and from
that one can calculate thernodynam cally what the
ef ficiency of conmbustion is. That's how we got a
handl e on --

MR. BANERJEE: You sort of postul ated
certain reaction paths based on the species you saw
and | ooked at --

MR HAMNDNS: No. W didn't postul ate.
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Just thernodynanmically one can calculate based on
heats of formati on wi thout any ki netics. Just |ooking
t her nodynami cal | y, one can estinmate what t he
combusti on ef fici ency was by neasuri ng gas products in
t he exhaust stream

MR. BANERJEE: And you'd have to neasure
soot as well, right?

MR HAMNS: Yes. Soot was neasured.
Sur e.

MR KHALIK: Slide nunber five, | think
you ski pped over that?

MR HAM NS: That's possible.

MR KHALIK: Slide nunber five, there.

MR HAMDNS: Well, not the one that |
have. It says FM Sandi a National Lab.

MR DREI SBACH: It should be six.

MR HAMNS: This one?

MR. KHALIK: Shoul d be six. Maybe si x.
kay. Now this is inconsistent with what was said
before in that these are 500 kilowatt propyl ene gas
burners. And what was said before was that the
propyl ene was just the initial trigger of the fire.

MR HAMNS: | believe that's not correct.
"1l stand by my statenment that this was a propyl ene

gas fire.

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

142

PARTI Cl PANT: Anthony Hamins is correct.
When we nade t he statenent, we were confusing two sets
of Sandia experinents. And what is in this is
correct. |It's actually a propylene fire.

MR, KHALI K:  Ckay.

MR. NAJAFI: This test was done as a test
to neasure the affect of a fire outside of an
el ectrical panel. The exanple that you set panel to
panel fire, so there was an enpty panel, fire source,
anot her enpty panel, and they neasured t he tenperature
on the surface inside the adjacent panel and in the
center of the adjacent panel. So that was the idea to

MR. APOSTOLAKIS: But that's a different
experi ment.

MR. NAJAFI: Correct. | want to correct
what | said. That was a different set of experinents.

MR. KHALIK: So for the record, the
statenent that you made earlier was incorrect.

MR. NAJAFI: That is correct. For the
record, that was a di fferent experinent, not this one.
It was done al so at Sandi a and Factory Miutual. That's
what confused ne. But that's a different experinent.

MR HAMNS: kay. The next set of

experiments were contributed by VIT Finland. These
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were experinents in a very large turbine hall. This
was part of the I CFMP project. The experinents were
conducted in 1998, 1999. Twenty neter tall sl oped
ceiling, 27 neter long. This was the |argest volune
that was tested. There were four types of
nmeasur enents conducted here | ooking at hot gas |ayer
t enperature and depth, average flanme hei ght and pl une
tenperature. The heat release rate in this experinent
was determ ned form mass | oss.

MR. BANERJEE: And, again, analysis of the
gases?

MR. HAM NS: Yes. The next experinent is
BE#4. This is from Germany as is BE#5. Here, a one
neter square pan of jet fuel in a conpartnent with
concrete walls was tested. It's a very large fire in
a small conpartrment. We're trying to |ook at a w de
paranmeter range of G and D*. The heat release rate
in this experinent also was deterni ned frommass | oss
rate. There were sone instrunment mal functions and
fluctuations later inthe test. That part of the data
set was not used. W focused on high quality data.

MR. BANERJEE: PITOT tubes as well for the
velocity field?

MR HAMNS: The velocity field here I

don't believe was -- oh, inside the exhaust duct,
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there was no -- in this experinent, no. Because nass
| oss was used to determ ne the heat rel ease rate. In
t he next experinent in Germany, BE#5, the exhaust had
to measure the mass flux through the exhaust in order
to determ ne the heat release rate. But the velocity
field inside the conpartnment was not neasured.

MR, BANERJEE: But tenperatures were?

MR. HAM NS: Tenperatures were neasured,
yes.

VR. BANERJEE: Vertically and
hori zontal ly?

MR HAMNS: Vertically and at three
| ocations vertically | believe. Several |ocations
vertically.

MR. KHALIK: So in the experinments where
you have a fuel spray, | can see how you can contro
Q dot to make it constant with tinme so you get a top
hat distribution of Q dot.

MR HAMNS: Yes. Right.

MR. KHALIK: But what is the tine history
of Q dot when you have an experinent of this type
There nust be some strong tine dependence of Q dot.

MR HAMNS: Yes, there is.

MR. KHALI K: And what val ue would you then

use to characterize this?
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MR HAMNS: Here are two exanples. One,

BE#2 on the left, and FM data on the right. So the
mass | oss data in BE#2 is shown, was determ ned from
the load cell. Then that measurenent was converted.
And here you see the time-bearing heat rel ease rate.
So what | showed in the table was approxi mately the
maxi mum or peak val ue for that case.

For the FMdata in the table, | listed the
st eady burni ng val ue whi ch, on average, was about 450
kil owatts as you can see fromthe plot shown here.

| was trying to characterize, give you a
feeling for the types of heat rel ease rates that were
investigated and used for the conparison to the
nodel s.

MR. BANERJEE: Wth the gas burner also
you can, | suppose, keep a relatively constant --

MR. HAM NS: Absolutely. Yes.

MR. BANERJEE: Yes. But it's the, |
guess, the |oad cells, as you said, it's just burning
of f of nust have some vari ation.

MR. HAM NS: Ckay. These were the
paranmeters that were predicted by the nodel

MR. APOSTOLAKI S: Let's stop for a nonent
here. In the report, you nmake a very explicit

stat enent about intrinsic uncertainty. You say nodel
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intrinsic uncertainty is uncertainty associated with
t he physi cal and mat hemati cal assunptions and net hods
that are an intrinsic part of the nodel formulation
and its inplenmentation. And this uncertainty is not
part of the nodel input uncertainty. The nethodol ogy
for exam ning this type of uncertainty is described in
Ref erence 43, which happens to be a thesis fromthe

University of Maryland. And there is no other

i nformation provided.

Now when | hear, wthout reading the
report, that you are validating nodels, | sort of
expected that you would address what you cal
intrinsic uncertainty. But you're saying, no, go
sonewhere else. And | don't even know how -- what
Maryl and does there and whether it's an accepted way
of doing it.

MR HAMNS: There are --

MR APCSTOLAKIS: Isn't that a little
strange for a project of this magnitude to dismss
this nodel intrinsic uncertainty in four |ines?

MR HAMNS: May | address your question?

MR. APCSTOLAKI S: O course.

MR. HAM NS: And perhaps Kevin would Iike
to chine in. W were going to nove towards the

sensitivity anal ysis and how experinmental uncertainty
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was used in this process, in this nethodol ogy
devel opnent. There are certain uncertainties that we
are not able to quantify. For exanple, the
approxi mations to the Navi er Stokes equations, how k-
epsi | on nodel i ng versus LES nodel i ng may be better or
worse in sone cases. There are a whole slew of
approxi mati ons used in the nodel devel opnent. W
can't get a handl e on those nat hemati cal assunpti ons.
What we do, and I'Il try to showthat in the next few
slides, is we have a nore stringent uncertai nty bound.
And by having this nore stringent uncertainty bound,
we' re asking for the nodel calculations to fall within
t hese uncertainty bounds that are narrow. And it
nmakes the conparison nore challenging. So we are
fixating on a portion of the uncertainty, not the
entire uncertainty which makes the validation even
nore challenging and difficult. So we agree that
there are certain uncertainties that we cannot
characterize, and we have to find a resolution. W're
nmoving on with the validation using the nethodol ogy
that 1'Il describe. And we would wel comre your
coment s.

MR JOGLAR But | wold like to add in
this Volume 11, we are defining what uncertainties we

are capturing, and those are reflected in the
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uncertainty bounds that Anthony is describing. Wen
we plot our results, the conparison between
experinmental data and nodels, we see if they fall in
or out of these uncertainty bounds which, again, are
capturing the uncertainty that we could quantify. And
inm personal opinion, that in and of itself suggests
where nodel uncertainty issues should be. Because if
you're falling outside of these uncertainty bounds
that we can calculate, then it's perhaps because the
nodel is introducing sone uncertainty. So our results
may suggest nodel uncertainty issues that we should
explore later. That goes to your original comrent,
but it's not that we are not considering them It's
just we're quantifying the uncertainty that we can.
And when we see our results against those, that
suggests where there may be other sources of
uncertainty such as nodel uncertainty.

MR.  APCSTOLAKIS: But the intrinsic
uncertainty is there, right? 1It's there. | nmean in
the red line you show there, the red curve, it is
t here.

MR. HAM NS:  Yes.

MR. APOCSTOLAKIS: So it does affect the
results. And you're saying here: however, a sense of

the size of the intrinsic uncertainty of the nodels
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can be ascertained fromthe results of this study, and
t he question is how?

MR HAMNS: Fromthe difference between
t he nodel s and the nmeasurenent results.

MR APOSTOLAKI S:  So then the
uncertainties -- | nean the uncertainty in the inputs
-- | just don't see --

MR HAMNS: Can | go on and try to
explain --

MR. DRElI SBACH. -- nove along, and we'l|
explain nore conpletely --

MR HAMNS: | think the next --

MR. DRElI SBACH. -- your issues.

MR HAMNS: The next two slides will help
answer sone of your questions.

MR. APOSTOLAKI S: But one | ast question.
"The nethodology for examning these type of
uncertainties is described in reference 43." How did
you deci de that that nethodol ogy was appropriate?

MR DREISBACH: | don't think the
st at enent say anythi ng about appropriateness of that
nmet hodol ogy.

MR. APOSTOLAKIS: |If you say that it is
exam ning as described, it inplies that if | want to

do sonething, | can got to Reference 43.
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VR JOGLAR: | have tested that

nmet hodol ogy.

MR APOSTCLAKI S:  You have what ?

MR JOGLAR Tested it. | have tried it
using information generated fromthis project. It's
not docunented in the project that | did, but ny
personal experience with it suggests that this datais
useful for that nethod; and that nethod, it has
practical applications for |like Fire PRA

PARTI Cl PANT: But we don't know what the
nmet hod is, though.

MR JOGLAR Well, the nmethod basically

say | cal cul ate the nunber using a nodel. Wat is the
probability that that nunber is real, it represents
the reality.

MR APCSTOLAKI S: That has been the
guestion from day one.

MR JOALAR \Well, it's another
net hodol ogy to address that. | nean our exercise that
we did at EPRI is docunented in a conference paper, so
| mean our experience withit is that it's useful, but
it's, as you say, another nmethod to address that
guesti on.

MR. APOSTOLAKIS: Since you used it, then

why didn't you put it in the report?
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MR. NAJAFlI: That was not clear. At the

initial tinme that we started this project, it was not
wi thin the scope of this project. As it was intended,
this was to validate and verify these nodels. As a
user end, this may be a subject for the User's qguide
project that you will see basically. And there is a
project that Jason will describe at the conclusion
that we are contenplating to nove into a docunent
called the user's guide of this docunent. How do you
use this color coded. That may be a topic to be

i ncl uded there, how do you use it even within a
probabilistic framework, which is what it is. How do
you get the results of this docunent and use it, if
you wish, within a probabilistic franework and uses
t hat met hodol ogy and applies it to this.

MR APOSTOLAKIS: Let's go on.

MR HAMNS: This slide shows a typical
experinmental result and a nodel calculation for the
tenperature. These are actual data that were used in
the validation study. So the fire at time zero was
turned on. The tenperature in the upper gas |ayer
tenperature, the average tenperature was detern ned
t hrough experinents. It peaked and we denote that
peak as E,. That's the experinental maxi num or peak

val ue of the tenperature at about 600 secs. Then we
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turned the fire off, and the tenperature decayed. The
nodel predictions are al so shown.

The question we're trying to answer i s how
to conpare these two curves. So what is a good basis
for conparison of these two curves. There have been
many st udi es that conpare experinents with nodel s, but
they have essentially qualitative in nature. W' ve
tried to devel op a quantitative evaluation. This work
is simlar to a 1997 CFD study, used a simlar
nmet hodol ogy. It was published in J. Fluids
Engi neeri ng.

Wher e experinental is used as a netric, as
the basis for conparison between these two curves --
and | want to highlight the fact that we conpared the
peak values. W did not conpare the entire curves.
W conpared the peak values. And let nme nention one
ot her thing. ASTM does not give specifics on how the
two nodel s and experinents shoul d be conpared. They
gi ve general gquidelines. The nethodol ogy devel oped
here is unique for fire science.

MR. APOCSTOLAKIS: Were the peak val ues
usual |y at about the same tinme?

MR. HAM NS: Yes. The data was nonotonic,
and t he peak val ues may have varied a percent or two,

but not much nore than that. They were very simlar.
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So here I'd like to describe the nethodol ogy. So we
define a relative difference between the nodels and
nmeasurenents, and it's a non-dinensional nunber,
epsilon we call it, normalized by the peak
experimental value. And this mght be tenperature or
heat flux or whatever paraneter of the 13 paraneters
we' re | ooking at.

W also deternmine -- well, let me go to
the plot again. So |I've re-plotted the data. The
same plot nowis shown with uncertainty bars for both
nodel and experinent. And in this approach that we're
using, we're asking the question is there overlap of
the uncertainty bars. That's essentially the basis
for conparison between nodels and mneasurenents that
we're using. And the derivation of this conbined
nmeasur enent in nodel uncertainty is in the Volune II.
| don't want to go through all the details.

MR. KHALIK: But just for clarification,
the line that you call nodel prediction uses the
nom nal val ues of the paranmeters for the experinent?
Is that correct?

MR HAMNS: The uncertainty in the
nodel s?

MR. KHALIK: No. The red line, the solid

line in the nodel prediction uses the noninal val ues
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of all paraneters.

MR- HAMNS: Those were the cal cul at ed
results fromthe nodels --

MR, KHALIK:  Using?

MR. DRElI SBACH. Using the specified --

MR HAMNS: -- characterization of --

MR DREI SBACH. -- nomi nal values of the
i ndependent vari abl es.

MR. APOSTOLAKIS: And the red uncertainty
on the left is due to what?

MR HAMNS: Yes. |It's sensitivity to
uncertainty and i nput paraneters such as heat rel ease
rate.

MR. APOSTOLAKIS: So you said for this
particul ar experiment, we're not really sure what the
heat rel ease rate was, but here is a range, and if |
put that in the code, | get this?

MR HAMNS: Yes. That's right. Then we

VR. APCSTCOLAKIS: It's really a
conmbination of both input wuncertainty and nodel
uncertainty, intrinsic uncertainty.

MR, HAM NS:  Yes.

MR APOSTCLAKI'S: Because it's there.

MR HAMNS: Well, the nodel uncertainty
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would conme out -- any variation of the nodel
uncertainty from reality cones out in the node
cal cul ati on.

MR, APOSTOLAKI S:  Yes.

MR HAMNS: And it would be included in
the sensitivity to the input also. Yes.

MR, BANERJEE: Yes. | suppose you --
nodel uncertainty, let's say you were usi ng sonet hing
like the epsilon nodel, so then you have these seven
or eight paraneters you fool around with, and they
actual ly have sone range of variability. and if you
put that in, you' d get an uncertainty there based on
varying those. But you haven't done that type of an
uncertainty analysis. You're just fixing it at
what ever the nodel paraneters are fixed at. O if
you're doing say LES, it would be the Smagorinsky
constant. You're just taking sone Snagorinsky
constant. You're not |ooking at the sensitivity of
the results to the Smagorinsky constant?

MR. McGRATTAN. Not in this analysis, no.

MR. BANERJEE: Right.

MR MGRATTAN. | nean we do that off
i ne, but not here.

MR KHALIK: So how are the error bars

then determ ned around this red |ine?
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VR HAM NS: The error bars were

determined for the nodel through sensitivity to
uncertainty in experinmental input paraneters.

MR. KHALIK: And that was done with box
statistics of sone sort?

MR HAMNS: |'mgoing to go through that
in a nonent. And I'Il show you that. And the
experimental uncertainty was determned for each
particular instrunent |ooking at repeatability and
propagation of error for that particular instrunent.

The plot on the right then is a summary
for CFAST for the tenperature results for all 26
experiments for both tenperature and hot gas | ayer
depth. And these sorts of plots -- you'll see it in
the nodeling section -- the idea here was to get to
t he conmbi ned uncertainty provi des a val ue for which we
can conpare to the relative difference, this epsilon.
And you'll see these lines on these types of plots.
And the and the question is how well do the
experimental data, do the relative differences fal
within these variants of epsilon which we call the
conbi ned neasurenent and nodel uncertainty. So the
guestion is shown on the left side of the screen, is
epsilon less than U, the variants expanded rel ative

uncertainty of the measurenent and nodel s.
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MR APCSTOLAKIS: U, then is a standard

devi ati on?

MR HAMNS: Yes. |It's the expanded
standard deviation. |It's a standard deviation two
ti mes the standard devi ation, so 95 percent confidence
internal. Okay?

MR APCSTOLAKIS: U ,, squared is the
vari ance of the nodel uncertainty?

MR, HAM NS:  Yes.

MR APCSTOLAKIS: And the other one is an
experimental uncertainty?

MR. HAM NS:  Yes.

MR. APCSTOLAKIS: So if | take the square
root of the sum of the squares, | get the variance?

MR. HAM NS:  Yes.

MR APCSTOLAKIS: | mean the standard
devi ati on.

MR. HAM NS:  Yes.

MR. APOSTOLAKI S: What did you say about
two times?

MR HAMNS: Wll, I'msaying it's the
capital Uin all three cases are expanded. They are
not standard deviation. They are used with a factor
of such that the confidence on a Gaussian-type

distribution of results when one does a uncertainty
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anal ysi s, one then woul d have nore confi dence to | ook
at two standard deviations than one standard
devi ati on.

MR APOSTCLAKIS: So the U,, squared then
is four time the variance of the nodel predictions?

MR HAMNS: Capital Urefers to the
expanded uncertainty.

MR. APOCSTOLAKIS: So it's four tinmes?

MR HAMNS: Yes. kay? Here's an
exanpl e then of nodel sensitivity to uncertain input
for the hot gas | ayer, average tenperature in the hot
gas layer. And here we use an enpirical correlation
devel oped by Quintiere. And it was substantiated over
40 years of fire experinents that the hot gas | ayer
goes like the heat release rate to the two-thirds
power. And then | ooking at the change in the hot gas
| ayer then is related in the second equati on.

So if there is an uncertainty in heat
rel ease rate nmeasurenments of roughly 15 to 25 percent
for all of the experinents that were consi dered here,
then the prediction, the nodel predictions nust vary
by about two-thirds of that or about 10 to 16 percent.
A sensitivity analysis confirmed this relation by
| ooki ng at the nodel s and propagating the sensitivity

to the heat release rate through the nodels.
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And t his was done for all the paraneters.
That's shown in this table. There is a power
dependence with Q that is the heat release rate, to
all the 13 quantities on the left side of this table.
There are ot her paraneters that becone i nportant al so,
such as in heat flux the radiative fraction. O her
things that cone into play are the height of the
doorway for exanple and the hot gas | ayer depth and
the soot, for exanple, the soot yield and the snoke
concentrati on.

So t he power dependence was typically two-
thirds, but it varied from paranmeter to paraneter.

Now |'d Ilike to talk about t he
experimental uncertainty and agai n use t he exanpl e of
t he hot gas | ayer tenperature, the average tenperature
in the hot gas layer. |In the experinents |'ve
described, in alnbost all of them gas phase
tenperatures were typically neasured bare-bead
t her nocoupl es or aspirated thernocoupl es.

MR. BANERJEE: | just want to clarify.
can see howyou did that sort of nodel uncertainty for
the two | ayer-type nodels. How did you do that for
t he FDS-type nodel ?

MR HAMNS: The FDS nodel provided

detailed information locally, and we treated it the
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same way by using a standard reduction technique to
determ ne the average upper |ayer tenperature and
| oner | ayer tenperature and depth.

MR. BANERJEE: And then you just phased it
into this?

MR. HAM NS:  Yes.

MR BANERJEE: Al right.

MR HAMNS: So here again is the hot gas
| ayer discussion for the experinments. Experinental
data is shown on the left, and then wusing this
reduction techni que, we take that data and determ ne
t he average upper |ayer tenperature and | ower |ayer
tenperature as well as the |ayer depth, the hot gas
| ayer tenperature and depth, use this two | ayer
reduction nmethod. And then propagation of error
anal ysis considered the form of those equations as
wel | as the uncertainty of the tenperature
nmeasurenents, the tenperature |ocations and the
spacial resolution of the tenperature neasurenents
whi ch was very inportant. There is a certain distance
bet ween t he t hermocoupl es i n the experinents. |In sone
experinments, they were very crude, a couple of nmeters
bet ween each other. So we didn't have information
bet ween the thernocouples where the hot |ayer dept

was. So the spacial resolution was an inportant
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consideration in all of the uncertainty estimtes for
t he vari ous paraneters.

MR. KHALI K: Excuse ne. Did you translate
the wuncertainties in the primary variables into
uncertainties in the non-di nensional quantities?

MR HAMNS: Yes. Everything was
propagat ed through, if I'mnot m staken. No? GCh, no.
They were done in real dinensional quantities and then
we non-di nensi onal quantities.

MR. KHALIK: So do we know what the
uncertainties in the non-dinmensional quantities
associated with the various experinents are?

MR HAMNS: You nean the range? For
exanple the @ and the D*?

MR KHALIK: Right.

MR HAMNS: W can do that. W haven't
done it. But one could do that certainly. Because
we've listed what the uncertainty is in the heat
rel ease rate, one coul d determ ne what the uncertainty
inthe @'s are.

MR. KHALIK: So all the uncertainty
anal ysi s was done using the raw vari abl es?

MR. HAM NS:  Yes.

MR, KHALI K:  Ckay.

MR HAMNS: So then here is a summary of
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the uncertainty results where we've conbined them
nodel and experinmental uncertainty for each of the six
tests, for the hot gas |ayer depth and tenperature.
And one can see that there was a variation in the
experimental uncertainty, for exanple, for hot gas
| ayer depth. That varied by a factor of 2, al nost--
actually a factor of 6. Very little difference in the
uncertainty on the nodel. The conbi ned val ues are
shown in yellowon the left side. On the right side,
we |look at the hot gas | ayer tenperature
uncertainties. There was again variation anong the
experiments and anong the nodel s and uncertainties as
| arge -- conbi ned uncertainties as | arge as 30 percent
on the tenperature for one of the tests and as | ow as
12 percent, 10, 11 percent.

MR. APCSTOLAKIS: This is for what nodel ?

MR HAMNS: No. This was using the
correlations that represent the fire physics, so one
woul d expect,, for exanple, in the hot gas |ayer that
an uncertainty in heat release rate would lead to an
uncertainty in the hot gas | ayer tenperature based on
the Quintiere correction, which |l showed earlier. And
all the nodel s have that physics built into them

MR. APCSTOLAKIS: COh, okay. So but it

refers to that correlation which is used by severa
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nodel s?

MR. HAM NS:  Yes.

MR APOSTCLAKIS: Not all.

MR HAMNS: Here is the table then that
lists all the wei ghted conbi ned uncertainties. W've
taken and tried to sinplify the anal ysis by providing
one conbi ned uncertainty that was wei ghted based on
t he average uncertainty fromall the various tests.
And it's provided in this table. And this is the
nunber then that's used for each of the paranmeters in
order to do the conparison with the experinental
results and the nodel results.

Sol'dliketo conclude and sumrari ze t hat
a quanti fi abl e eval uati on net hodol ogy was devel oped i n
whi ch experinmental uncertainty is used as a criteria
for wvalidation. Both experinmental and node
uncertainties were considered. The determ nation of
uncertainty was considered as inportant as the
nmeasur enent itself.

W concl ude that experinentalists needto
do a better job of docunenting and reducing
nmeasurenent uncertainty if fire nodeling is to be
advanced. And the magnitude of the uncertainty in
each of the results can be used to prioritize efforts

to i nprove nmeasurenent accuracy. And we plan to do
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that in the future.

MR. APOSTOLAKIS: Let ne ask a question.
Let's goto the previous slide. Again, fromthe point
of view of the user, if | use that correlation to
cal cul ate the hot gas | ayer tenperature, and it gives
me a nunber, then this table tells me that the
uncertainty about that nunber is 14 percent up and
down -- no, 14 percent total, right?

MR. HAM NS: The expanded uncertainty for
t he measurenents and nodels was 14 percent in this
case.

MR. APOSTOLAKI S: That neans that it can
be 14 percent higher and 14 percent | ower?

MR HAMNS: Yes. In ternms of -- nowthis
is the relative variance.

MR. DREISBACH | think we need a
background. The cal cul ation you nake as a user, this
is not going to give you the uncertainty of that
cal cul ation necessarily. This uncertainty is just
used as a netric based upon the experinent.

MR. APCSTOLAKIS: Yes. But I'mtrying to
figure out how to use it for the future. So is it
associated with this particular correlationbut it can
be 14 percent up and down?

MR. DREI SBACH. That was the reason why we
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stepped back fromtrying to quantify the inherent
nodel uncertainty, because we have a vari ety of nodel s
and different technique as far as level the of
sophi stication in those nodels. W needed an approach
that used a different nmetric by which to characterize
t he uncertainty.

MR. APOSTOLAKIS: Explain to ne then what
this 14 percent neans.

MR HAMNS: This is the variance of
epsilon, what we've show in that table. that table
include U. And U. is the variance of epsilon. So
epsilonis the relative difference between nodel s and
experiments. That's normalized by the experinental
result. And the U, which was in that table then is
t he conbi ned nmeasurenent and nodel uncertai nty which
is the variance of epsilon.

MR. APCSTOLAKIS: Ckay. So an epsilon of
2.7 tells me that the nodel over predicts, right? And
that there is uncertainty about that prediction which
has this variance?

MR. DRElI SBACH  Yes.

MR. APCSTOLAKIS: So why can't | use that
inm application? | nean |'mtrying to use this now
and go and do a PRA for ny plant. And |I'musing this

correlation to calculate the hot gas |ayer
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t enper at ure.

MR HAMNS: Can | try to answer that?
The question is how uncertain was that epsilon
determ nation. There is uncertainty in the nodels.
There is uncertainty in the neasurenents.

MR APOSTCLAKI S: Right.

MR. APOCSTOLAKIS: |If we're within those
uncertainty bounds, then we have, we say, validated
the nodel. The nodel has predicted within
experimental uncertainty the experinents, wthin
experimental uncertainty, within uncertainty of the
nmeasurenents and the nodels, it has -- the conbi ned
uncertainty. So that's the basis for our conparison
is to look at the variance of epsilon and epsil on.

MR. APOCSTOLAKI S: | understand what you
did. Now |I'mtaking again the user's point of view
I"'m wusing that correlation to <calculate the
tenperature in the hot gas layer in ny plant. | have
conpared the dinensionalized paraneters, and |'m
wi t hin your ranges.

MR JOGLAR. W are saying that that is
t he best you can do and you phil confident of that.
You don't have to do anynore work. That's what the
green represents.

MR. APCSTOLAKIS: Let ne ask again 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

167

guestion. | have ny plant, and ny paraneters fall
within the ranges, and | calculate fromthe
correlation a tenperature say of 400 degrees. \Wat
does this 14 percent nean to nme?

MR HAMNS: |If refers to a particular set
of experinments. This value of U that was determ ned

i s an average wei ghted val ue for the experinents which

|"ve represented. For the user, that's a -- it's like
conparing apples and oranges. It's a different
situation.

MR APOSTOLAKIS: So | do not have then an
estimate of the uncertainty in nmy cal cul ation.

MR JOGLAR Well, if you do all the checks
with the dinmensionalized paraneters and you fall
within that, what this suggests is if you calculate
your hot gas layer, that will be the uncertainty that
is associated with it, but that's the best we can
guantify given the uncertainty in the experinents.

MR. APCSTOLAKIS: | don't get the sanme
answer from M. Ham ns.

MR HAMNS: No. [It's true. W're
getting guidance on the variation between the nodels
and neasurenents fromthe epsilon. Fromthat val ue of
epsilon, we're seeing what is the goodness or

agreenent between nodels and neasurenents. The
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uncertainty then gives us a guide on what we can do
with the nodel calculations as far as expectation of
goodness to fit. For exanple, we see the pressure has
a very |l arge wei ghted uncertainty. W can't do better
than 40 percent for pressure in the experinments that
we' ve conducted. On the other hand, gas concentration
is 10 percent. So if one is using a nodel, than one
can say one will do better on gas concentration. It
will be on the order of magnitude of 10 percent
uncertainty in the calculation as conpared to an
experiment expectation, as conpared to pressure where
one woul d expect to be further off.

MR BANERJEE: But thisis U . you're
talking, is that it?

MR. HAM NS:  Yes.

MR. BANERJEE: Yes. But what is epsilon?

MR HAMNS: Epsilonis the relative
di fference.

MR BANERJEE: Right. | think I --

MR HAMNS: And it's shown in this plot.
It's plotted about zero, so the results are plotted
about -- so here, we plotted about zero the results.
So epsilon can be positive or negative, and it falls
above or below the zero line. The questionis if |

can -- I'msorry --

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

169
MR BANERJEE: | think it's clear what U

is here in your table. |If you calculate the hot gas
| ayer tenperature, you could say, okay, | am plus or
m nus what percentage --- it's here -- let's say 14
percent. But that's the best we could do given our
experi ments.

MR HAMNS: Sure. But --

MR. BANERJEE: But we don't epsilon yet,

right?

MR APOSTOLAKIS: No. | don't know
epsilon. And the other thing | don't know -- | mean
why are you saying -- | nean you are i nplying that the

estimate of the code is the best estimate, and you
have uncertainty about it. And if the code has
intrinsic uncertainty, systematically over estinmates

or under estimates, that's not true.

MR HAMNS:. Oh, no, that's --

MR. BANERJEE: In a way -- the way | | ook
at it is that we have collected in these uncertainty
bounds i nputs to the nodel |ike the heat rel ease rate,
that uncertainty. W have collected uncertainties
fromthe i nstrunments, and we have devel oped t hi s range
inwhich we then plot. So if we are outside of there,

there are other contributors to uncertainty. Like,
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for exanpl e, so nmaybe a physical issue with the nodel,
| nmean of the physics. And that is not in those
lines. And that's what | was suggesting before, that
as soon as you start getting far out of these lines,
then there are --

MR. APOSTOLAKIS: Again. Let's -- you are
really focused on what you have done, and |I'mtaking
t he point of view of the user now [|I'mgoing to do a
PRA, a Fire PRA, go to ny room okay, the cable
spreading roomor whatever. | calculate the
di mensi onal i zed paraneters you gave e, and |''mwi thin
the ranges. So I'mhappy. | run the code or the
correlation through the Excel sheet, and | get 400
degrees. Now, | have to nake a statenent about how
confident I amthat the 400 degrees is in fact 400,
and I'm trying to figure out how | can use your
results here to make a statenent regarding ny
confidence in the 400 degree estinate.

One answer | got is that it's 14 percent
up or down with 90-sone percent confidence. And ny
answer to that is that can't be true because it
assunes that the 400 degrees, the best estimate is a
central value, and uncertainty is up and down, and it
could be systematically over or under estimating the

resul t.
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So, again, what amto do. | don't know
epsilon. Do | know epsilon? Do you give me an
epsilon here? In other words, if you tell ne that
epsilon is always 2, then | know |I'm al ways over
predicting. But then | still have a problemw th the
up and down.

MR. JOGAR | guess that's the issue if
you go back to the epsilon U. This is giving you Y,
right?

MR. APOSTOLAKI S: Right.

MR. JOG.AR. Let ne see -- is your
guesti on.

MR. BANERJEE: W don't understand what
epsilon is.

MR. APCSTOLAKIS: Epsilon is, | guess, the

MR. BANERJEE: Yes. W know what it is
there, but how is that being delivered?

MR. APCSTOLAKIS: Right. And how does it
apply to my calculation when | do it in the future?

MR JOGAR. Ckay. How it applies, it's
based on the di nmensionalized paraneters

MR. APCSTOLAKIS: | admt that. |
satisfied those requirenents.

MR, JOGLAR:. So | guess what I'mtrying to
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suggest is much sinpler -- if | understand correctly
your question that if you neet the dinensionalized
paranmeters, and the answer that you get is -- and we
have classified, given this analysis, the nodel
capability as, for exanple, green -- that's the end of
the process. You did the best you can, and the
val i dati on supports that cal cul ation.

MR. APOSTOLAKI S: Take out the 400 degree
tenperature. How confident aml in that? Can | get
an answer to that?

MR JOGLAR If we classified it as green,
the team thinks that you should be very confident.

MR. BANERJEE: | guess he's saying that
epsilon is less U. if it is green? |s that why you
are really saying?

MR JOGLAR  Yes.

MR. HAM NS:  Yes.

MR. DRElI SBACH  Yes.

MR. BANERJEE: All right.

MR.  APOSTOLAKIS: You're saying that
epsilon --

MR. DREI SBACH: The characterization of
the nodel's predictive capability is sinple there.

MR. APOCSTOLAKIS: Well, but that's a nmjor

observation. M/ goodness.
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MR. DRElI SBACH We have to deduce this.

It's not said anything yet.

MR. APCSTOLAKI S: Say that again? | have
this 14 percent.

MR. DREI SBACH: |If you rmake the prediction
from CFAST --

MR. APOSTOLAKIS: And it's green. | use
a green code.

MR. DRElI SBACH: Regardl ess of what nodel
you use, you find that your nodel is green and you're
within the range that we say you're wthin, but
predictive capability is green, you don't need to
worry about any of the other nunbers.

MR. BANERJEE: But does green nean that
epsilon is less than your U.

MR. DRElI SBACH  Yes.

MR.  BARANOABKY: Lets not say it's
absolute, because their <clearly 1is engineering
judgnment in this. But the answer is, y es, it's very
cl ose.

MR. APOSTOLAKIS: So the 14 percent is
something that | will not use?

MR. DRElI SBACH. Correct.

MR. APCSTOLAKIS: Al | use is the green?

MR, DREl SBACH: Correct.

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

174
MR, APCSTCOLAKI S: So | can cone to the NRR

peopl e here and say | am95 percent confident that the
400 degrees is in fact 400 degrees?

MR. JOG.AR Yes. The colors represent
the best judgnent of this team based on these
anal yses.

MR. APOCSTOLAKI S:  No, no.

MR DREI SBACH: No. That's not what he's
sayi ng.

MR APOSTCLAKIS: No. He said, no. The
14 percent was used to declare it green?

MR. DRElI SBACH  Yes.

MR APOSTOLAKIS: But then it's not for ne
to use?

MR. BANERJEE: well, | would have thought
the I ogic -- maybe |I' munderstandi ng this wong -- the
logic is that if it is green, then the systematic
error that you mght have between what you call
epsilon there lies within U? If it is yellow, maybe
it lies outside. So U c then bounds the error
possi bly, right?

MR APCSTOLAKIS: But that is still an
error.

MR. DRElI SBACH  Yes.

(Chorus of Yeses)
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MR. HYSLOP: This is not really any
different than what we do in thernohydraulics when
we're | ooking at ECCS. What they're saying is they
have a nmeasure of whet her the conputer code prediction
has a goodness of fit that's acceptable within this
range called U, not with the uncertainties on it.
And we have the sanme thing if we're conputer peak
cloud tenperature for instance during a | oss of
cool ant accident. W' ve conputed peak cl oud
tenperature, and based on running through simlar
activities, we only come up with a single estimte of
what the tenperature is. And we don't | ook at what
the variation or variants on that tenperature is and
factor that into sone risk calculation. And they're
not proposing to do the same thing here.

What they're saying is this represents a
good calculation within the uncertainty that we can
resolve to the best of our ability for the
experimental and nodeling that they've |ooked at.

MR. KHALIK: It still has uncertainty.

MR. BANERJEE: But what is inplied, what
they're not saying is that you al so have an estimte
of this U, which is the expanded variability.

MR, HYSLOP: Yes.

MR. BANERJEE: So really you have that.
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MR. HYSLOP. And you coul d expand your
analysis to account to the wuncertainty in that
estimte and propagate it through the risk nodel if
you wanted to do, which is in essence what they did in
NUREG 1150 for the containnent paranmeters. They
didn't only conme up with their best estinate of the
paranmeters. The came up with the ranges and then they
pi cked di stributions, which you al so coul d apply here,
so that if you predict a peak tenperature of 400
degrees using this, say, green V&V d nodel, you m ght
al so have a 50,, 60 or even 100 degree potential error
inthat with a certain |ikelihood.

MR APCSTOLAKI S: Wi ch does not flow from
t hi s.

MR. HYSLOP: Which you could get formthis
but is not what they're purpose is.

MR. APOSTOLAKIS: |'mnot sure you coul d.

MR. KHALIK: What is being plotted here on

the right.

MR. APOSTOLAKIS: Al this is telling e
is that if I nmeet all these conditions, | amusing a
code that has performed well in the past.

MR, HYSLOP: Yes.
MR. APOSTOLAKIS: It is not telling ne how

uncertain | am about the predication of code?

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

177
MR. HYSLOP: Well, it does in part,

because you understand through the U. how uncertain
you are in the predication. And you would have to go
into the details to see what that is.

MR. APOSTOLAKIS: The 14 percent | was
told is not a measure of how uncertain | amin the
predi ction of the code.

MR. KHALIK: What is being plotted here on
the right is the value of epsilon, is that correct?
MR HYSLOP: That's correct.

MR KHALI K:  For each i ndi vi dual
experi ment.

MR HYSLOP: That's correct.

MR. KHALIK: And the line that says 13
percent is what you estimated U. to be, right?

MR HYSLOP: Yes.

MR KHALIK: So if | look at this graph,
| say well, roughly half the experinments were |ess
than U. and the other half had uncertainty for a
relative difference greater than U. So |'m not sure
where you get the 95 percent confidence |evel
associ ated wi th that nunber that you have in the table
at the end.

MR. PEACOCK: This particular one,

think, is sonewhat a special case. |If at the end one
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of the things we particularly say for both zone nodel s
is that for the hot gas |ayer tenperature, the
calculation is acceptably green, to use a strange
phrase, for where the fire is. But the ones that are
outside, particularly the ones that are nobst outside
that 13 percent are ones renpte fromthe fire. That
doesn't get a green. That gets a yellow, ,because
we' ve decided that's far enough outside the U. bounds
that we're not confortable saying it's always going to
be good.

MR. APCSTOLAKIS: So in this exanple where
epsilon is .27, it's outside the range?

re; Correct.

MR APOCSTCLAKI S: Therefore, what? It's
a yel |l ow?

MR. PEACOCK: Therefore, you need to --

MR. APOCSTOLAKIS: It's a yell ow?

MR. PEACOCK: It's a yellow in this case.

MR. APCSTOLAKIS: It's a yellow. But for
NRC purposes, though, if I look at the curves, it's

pretty good, because it's conservati ve.

MR. JOGLAR That's why we have a yel |l ow
plus, for practical applications.

MR. PEACOCK: Conservative if you're

interested in maxi numtenperature. |If for exanple |
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aminterested in detector activation, the fact that

t he nodel predicts it rising faster inplies that it's

going to predict the detector goes off faster than it

does. So it depends on the application whether it's
conservative or not.

MR. APOCSTOLAKIS:  Well, why don't we then,
because of the time, ask you to give us a nore
definitive at a different conmttee neeting? The
guestion is --

MR DREI SBACH. Definitive answer to what
guestion?

MR. APOSTOLAKIS: |'mdoing an anal ysis.
| get 400 degrees. Wat can | say about ny
uncertainty about that fromyour results.

MR. DREI SBACH:  Ckay.

MR.  APOSTOLAKIS: kay? That's the
pur pose of subconmittee neetings, to identify.

MR. PEACOCK: That's a very good question.

MR. APOSTOLAKI S: Thank you very nuch
Pat. And on that happy note, | don't know now. Can
we afford an hour for lunch? Half an hour? So we'll
be back when, at 1:00?

(Wher eupon, the matter went off the record
at 12:21 p.m for a lunch break, and back on the

record at 1:10:04.)
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MR. APCSTOLAKIS: Ckay. W're back in

session. Wo's next?

MR. DREI SBACH. W're going to go right to
the results, the final presentation

MR. APOSTOLAKI S: Very good.

MR DREI SBACH: And then if we have some
time left over, we'll go in the nodel by nodel --

MR APCSTOLAKIS: Yes. W also have to
di scuss at the end your presentation to the ful
conmi ttee.

MR. DRElI SBACH  Yes.

MR. APCSTOLAKIS: So let's junp to the
results.

MR. DREI SBACH. Bijan's going to start out
t he summary, go through that.

MR. APOSTOLAKIS: So which presentation is

t his?

MR. NAJAFI: This is where it says sunmary
results.

MR. DRElI SBACH. The | ast presentation.

MR, APOSTOLAKI S:  Ckay.

MR. BANERJEE: W are not going to hear
about FDS? | was | ooking forward to it?

MR. DREI SBACH: If we have tine. We're

trying to get to the crux of our report, and we hope
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a lot of the questions so far. And then if we have
time, we'll go through the individual nodel results.

MR. APOSTOLAKIS: So that's the very | ast
four or four slides?

MR. DRElI SBACH: Yes.

MR, APOSTOLAKI S:  Ckay.

MR. DREI SBACH. Bijan's going to start it.

MR. NAJAFI: Yes. Actually, we're going to
go through -- | nean this presentation |'ve added in
the mddle of this -- we tal ked this norning about an
exanple -- | nean at least what is in our mnd, or ny

m nd, or collective mnd, how the results could be
used. |I'msure we tal ked about that through this
sometime during this nmorning, but | nmean | think
that's one of the nost inportant things. W need to
get a couple of nessages in mnd in here.

One, in ny mnd, a better understandi ng of
what is the product that we have in front of us. |
want to understand whether we like it, whether we
think it is done, finished, to the end, or where it
shoul d be, or whatever. | think we need to nake it
clear what it is that we have. And | think there is
some confusion. And hopefully, hopefully, | think
that's the first step that we have to junp, that we

make sure everybody has t he same under st andi ng of what
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we have.

The second is that | will attenpt, through
ei ther an exanple or a process, show you, at least in
my mnd, how!l fit, how!l think that product, as it is
t oday, can neet the need. And naybe not 100 percent,
but howit cane serve it's purpose today. Were we go
with it a year fromnow, that's a parallel path. 1In
my mnd, we have to deci de how we can use the product
to support all of our stakehol ders with the product we
have at hand.

Also, I'll start with sonething maybe very
fundanmental to show basically what is the process --
| mean please be patient -- Sonme of these nay be
obvi ous and sel f-explanatory, but in nmy mnd, serves
purpose -- This is a process that a user wll go
through. First a user defines a fire nodeling
obj ecti ve.

And what objective nmeans, what that step
nmeans is a user will take a question -- a questionis,
for exanple, | have found a hole in ny fire door.
That's a question. Wiat do | do? So | have -- To
define the fire nodeling objective, | have to take
t hat question -- or the question nay be a PRA -- what
is the fire risk associate with the control roomin

pl ant Xx.
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| have to take that question and translate
into a set of fire scenarios or conditions that | can
use these fire nodel s to evaluate the conditions. So
| take that objective and translate it into |l need the
upper left corner of the roomat the surface of the
cable tray x. So that is the purpose of step one.
That's the first think you have to do, take the
guestion and deci pher it down to a specific neasurable
thing. That's what we do.

MR. APOCSTOLAKI S: Bijan, do you envision any
guestions that are not related to risk?

MR. NAJAFI: Yes.

MR, APOSTOLAKI S:  Li ke?

MR. NAJAFI: Insurance. NEIL does that al
the time. 1In fact, NEIL is developing their own risk-
i nformed package of how to risk-inform an insurance
practice.

MR APCSTOLAKIS: Yes. But that's risk-
informing it.

MR. NAJAFI: Risk-inforned, what we call,
may be sonetimes performance-based is used to
determ ne adequacy of a fire protection feature or
systemusing fire nodeling alone. So if --

MR. APOSTOLAKIS: In the regul atory arena,

woul d there be any case where --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

184
MR. NAJAFI: Wthout risk?

MR. APCSTOLAKIS: -- you do not need risk
and use these nodel s?

MR. NAJAFI: It depends.

MR. APCSTOLAKI'S: I n Appendi x R for exanpl e,
| don't think there is any roomfor nodels |like this,
is there?

MR NAJAFI: Onh, it could be. It could be.
"1l give you an exanple. |f sonmebody cane and said
in a lot of those thernp |ag days issues that were
found that you had to protect -- had no risk, and it
was inplied that the risk was adequate if you
protected the, safe shutdown train of interest in a
room So if you protected it, risk was fine. So if
sonmebody found out that that material, instead of
wi thstanding a three-hour fire can only withstand a
t wo- hour fire now, you could use the fire nodeling if
you can denonstrate theoretically that a fire exposure
that you get fromthe hazard in the roomis equival ent
to a three-hour fire in a tested configuration,
because that rating cones froma fire test.

MR. HYSLOP: So the bottomline, George, is
that you can have exenptions to the Regul ations that
woul d use fire nodeling results to determ ne whet her

or not a barrier is challenged or whether the hazards
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are significant in the room

MR APOSTOLAKIS: But is it fair to think or
to assune that the nagjority of the cases will involve
some sort of risk analysis?

MR HYSLOP: [|I'min research, not in NOR
but I'll take a guess at it anyhow. | think with the
voluntary rule, NFPA 805 requiring a risk analysis
wi th the agency noving risk, the tools devel oped, the
Fire PRA standard, there's a lot of effort going into
Fire PRA. So | would expect a lot of Fire PRA
applications using these tools.

MR. APOSTOLAKIS: In fact, | recall vaguely
that we were told in one of our neetings that the
majority of the plants are going towards 805. [Is that
t he correct --

MR HYSLOP: You nean nore than hal f?

MR. APOSTOLAKIS: Are planning to, not just

MR HYSLOP: The last | heard, there were 41
plants or units that had submtted a Letter of Intent,
and there are sone plants that are planning to do a
Fire PRA that haven't submitted. They're just going
to do a Fire PRA

MR. APCSTOLAKIS: So then a nmjor use of

this will be sonme sort of risk analysis?
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MR. HYSLOP: That is correct.

MR. APCSTOLAKIS: | nean NFPA 805 explicitly
says sonewhere there that any requests for changes
will be submitted to the Regul atory Guide 1174, right?
So let's --

MR APOSTCLAKIS: So let's have in mnd --
| know that it means nothing to you gentlenen from
NI ST, but for wus, it's an extrenely inportant
Regul atory Guide, as you guys know. So a user will
have those things in mind. Now | agree that there may
be other cases or there are other cases where, you
know -- okay, let's go on.

MR.  NAJAFI: Yes. | do put a risk
assessment as one application of fire nodeling, yes.
Maybe the nost inportant one but --

MR. APCSTOLAKIS: That's why this is a
Reliability on PRA Subconmtt ee.

MR. BONACA: But those nodel s were not
originally designed or devel oped because of PRA
right?

MR, APOSTOLAKI S:  No.

MR NAJAFI: Sone.

MR APCSTOLAKIS: W realized when we
devel oped the methodology for fire risk assessnent

that we needed this step. And the first thing you do
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is, of course, what's out there and over the period of
years, EPRI devel oped FIVE. Then we found out that
NI ST had CFAST. The French, EDF, devel oped MAG C.
So, you know, the goal was to utilize the expertise of
the fire safety people to do a decent job for our
pur poses. (Ckay, step two.

MR. NAJAFI: Step two. The step two,
basi cal | y once you have defi ned what you' re objectives
are, you have to go into the room and collect or
define the right fire scenarios and characterize them
And what | nean specifically, 1'lIl go through an
exanple if we can, the next two slides that | gave
you, the exanples of those scenarios. Wat is
important to recognize -- there was a lot of talk
about the uncertainties and various fornms of
uncertainties that we in this project, we've tried to
sort of dissect the problem of input uncertainty to
the extent that we call it the input, for exanple, the
characteristic of the fire source. Understood that
when you put the fire source into a fire nodel, the
i ntensity may change because of oxygen limtations and
all that, but the initial characteristics of the fire
at its start, at tine zero, it needs to be defined.
That is the uncertainty that we deal w th sonewhere

el se. As part of the characterization of the fire
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scenario, we deal with that. And right or wong
there are nethods to do that.

So that part of it -- and that relies a | ot
on your objective. |If your objective is risk
assessment, you may pick a different set of scenari os.
| f your objective is to determne or establish the
adequacy of a fire door or your suppression system
you may pick different fire scenarios. So depending
on what you're looking for, you nay take one, you nay
take ten, and you have to take those that engulf or
enconpass or chall enge the objective.

So the next step is where you start picking
your -- | ook at what nodel do | use. That cones out
of many things. One of themis what is it that your
scenario wants? Does it want a tenperature in a roonf
Does it want a plunme tenperature? |Is it a radiation
scenario? Is it a snmoke? Is it inmportant, the snoke
generation? So those attributes that you defined in
your fire scenario goes into sel ecting what nodel you
shoul d pi ck

So that's the first step that you cone into
our docunent. At that point, you start |ooking at our
docurent and say, I'mgoing to | ook at that picture
that is at the end to see what is the capabilities of

these nodels, not how these capabilities -- a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

189

conbi nati on of what nodel can do what and what node
can do what thing better or not better. So that, as
afirst iteration, that's the first time you junpinto
our docunent. It says let nme pick -- for exanple, if
| am using the plune.

MR APCSTCLAKIS: Do we have this?

MR. DREI SBACH: No. This is sonething
that's just been created.

MR. NAJAFI: | just created it as you were
tal king about it over there. | picked out --

MR. APOSTOLAKIS: But you will give it to --

MR DRElI SBACH. W can, yes.

MR. NAJAFI: Yes. This one basically gives
you an exanmple, and I'Il go through it. This is
basically a switchgear roomof a typical nucl ear -- of
a power plant. This is a problemwe designed for one
of the training courses. This is a roomthat is a
Division A room This is the Division B tray, and
it's wapped in a protective device, a thernal
barrier. The target that is in this tray, if it's
damaged, the only way to get out of the scenario or
system requires a manual action. A manual action
needs to be taken here. So the issue here is, do |
have enough protection? So do | have a fire that can

threaten this or not?
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MR. APOSTOLAKI S: Bijan, maybe you can use

a cursor so you can speak to the mcrophone? The
cursor to point on the screen.

MR. NAJAFI: So | nean tell me if I'm
dragging this too long -- short on tine.

MR. APOSTOLAKIS: No, you're fine.

MR. NAJAFI: Basically, what we're trying to
say is do | have any fires that can threaten this one,
and at the sane tinme can generate enough snoke that |
cannot take a manual action here. So there's a, let's
say, two problem 1'Il pick the first one. The issue
is athree-hour rated barrier, ERFBS neans El ectri cal
Raceway Fire Barrier System has been deternmined to
provide only half an hour of protection. Is it
enough? That's the question. That's our issue.
CGeneral objective: 1Is half an hour fire rating
adequate for this hazard in this room Fire nodeling
objective: Estinmate surface tenperature of the cable
i nside the cable tray.

MR. NAJAFI: So now | go into the next one.
This is howwe see it. M fire nodeling objective is
to estimate a tenperature. The ERFBS is in the fire
plunme, so that's the scenario. | went and | ooked at
the scenario, and scenarios in the roomsays it's a

fire that is sitting right in the plume of a
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switchgear. | know from sonmewhere el se, the NUREG
6850, | have some docunented place that it says for a
switchgear, this is a heat release rate | shoul d use.
Qutside for a mnute, let's assunme that this is not a
hi gh energy arcing fault. | nean | don't want to make
the problemtoo big.

MR. BANERJEE: what is HEAF?

MR. NAJAFI: High energy arcing fault.
Treat that as a thermal fire, not a boom It's not a
bang. It's just a thermal fire for the nonent. So
there it tells me use a 500 kilowatt fire because
switchgears | ooks like this, and |look |ike this, and
we' ve done tests and that and that, so it's a 500
kilowatt fire with that distribution, plus or m nus X

percent. So first | come from Table 3-1, which is the

color-coded stuff. 1In that color-coded stuff, it's
telling ne that | can use basically -- | don't have it
here -- but if you |look at that color-coded in your

handout, there is one that it shows, a green, and one
that is shows a yellow plus. So | could use one of
those. Ckay?

So user first selects the first Five-Rev-1.
This is where I"mgetting a little bit to what this
product is and what it's not.

MR. BANERIJEE: Has t he non-di nensi onal

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

192

groups entered here?

MR. NAJAFI: Good question. | mssed that
point. 1'Il add it here. Good question. Basically,
that's when you put it together in a hurry. But first
user selects basically, let's say, Five-Rev-1, because
that gives ne a yellow plus, and | know that | can
accept sonme |level of conservatism | go into the
di mensi onal i zed group, enter ny scenarios, which is

t he vol ume of that room the size of 500 kil owatt, and

all of that.
First, | determne do | pass the funnel. |If
| don't, what that tells nme -- that -- because

remenber | said we have three pieces that we have to
make fit, experinent, nodel, reality. |If | don' pass
the first funnel, our experinment and the reality don't
fit. For exanple, | want a small room and all | have
tested are gigantic rooms, and that makes a
difference. That's what woul d make the claimon the
di mensi onal i zed group, that if you don't fit, sorry,
nmy experinent is too far away, too fromyour scenari o.
So on experinental uncertainty go through that and you
pass, then you use Rev-1. The user selects Rev-1 and
obtains, after the dinensionalized groups, obtains a
plune tenperature of 600 degrees, let's say, okay,

which is a 100 degrees below the target damage
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criteria with a distribution, again, in one of the
Appendi ces of 6850.

MR. APOCSTOLAKIS: No. Here you don't need
a distribution, because you are claimng the 600
degrees is a conservative esti mate.

MR. NAJAFI: Okay. That's exactly. Then |
say there's no damage, and that's all | can say. |
say no damage because | was yellow plus and | passed
the first funnel. No damage. Now, if Five-Rev-1
estimates plune tenperature of 850, let's say. | did
Fi ve-Rev-1 estimates vdid a plunme tenperature of 850.
| can assunme a damage. Damages have occurred. O use
MAG C. kay? Because that give ne a green. Wat is
says is that | think our five for that is too wi de,
but we think it's on the conservative side. W could
make that conclusion based on our nunerics in the
Appendi ces. Qur MAG C canme within that experinental
uncertainty. So we said that it's green, as good as
it gets.

MR. APOSTOLAKIS: | like the way it sounds.
Qur MAG C cane within --

MR. NAJAFI: As good as it gets.

MR. BANERJEE: Keep on shar peni ng your
pencil until you get the answer you want.

MR. APOSTCLAKIS: Then there were will be
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anot her code mracle.
MR. NAJAFI: The thing is that there are

nmodel s that do better than --

MR. APOSTOLAKIS: | understand your point.
So the nmessage here, the way | see it, is that |, as
a user, will never use epsilon and your U . and all

that. Al that was used to declare the code yell ow
plus or green. As far as |I'mconcerned, this is not
information that | can use. | amusing it when | use
the col or?

MR- NAJAFI: You're correct in the sense
that I go back to what | said this norning. That's
why | call this a pseudo quantitative nethod. W
built this from bottom up in a quantitative sense.
But we put a qualitative layer for the end user at the
top. Qur layer at the top is not quantitative.

MR. APOSTOLAKIS: Right. Now, regarding
Five-Rev-1, | understand. It's yellow plus --

MR. NAJAFI: Take nodel x nodel y. | could
have put them --

MR APOSTOLAKIS: But when it cones to
MAG C, though, and | get a plune tenperature of 650
degrees, because it's a nore realistic code, right --
you declared it green as opposed to yellow plus --

don't | really worry about the uncertainty now?
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PARTI Cl PANT: It's best estimate plus

uncertainty.
MR. APOSTOLAKIS: Plus uncertainty. And
that's the part where you are not hel ping right now

wi t h everyt hi ng.

MR. NAJAFI: No. | know That's why ny
point was -- that's what | said during lunch to these
guys. | think we need to present what this product

is. W're not claimng this product is a |ot of
things, and we don't need to claimthat it's
ever yt hi ng.

MR. BANERJEE: MAG C gives you let's say
something |i ke a best estimte of FDS, correct --

MR, NAJAFI: MAG C --

MR BANERJEE: -- terns that we understand.

MR. NAJAFI: MAGQ C gives us the results that
it's within our experinental uncertainty.

MR. BANERJEE: Wen it's green.

MR. NAJAFI: Yes. Wen it's green.

MR. BANERJEE: It gives you sonething which
we understand is a best estinmate, right?

MR NAJAFI: That is correct.

MR. BANERJEE: Now normally, when we cone to
sort of decisions about this, it's best estinmate plus

uncertainty.
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MR. NAJAFI: You're absol ute--

MR. BANERJEE: Were is that uncertainty.

MR. NAJAFI: It's not here. That's why I
tried to say -- | nean I|'mnot trying to oversel
this. That uncertainty, when we present the green,
we're presenting the green as what it is, which is
t hat best estimate. W do not --

MR. BANERJEE: But how do you conme up with
650 and your limt is 700? What are we to do with
t his?

MR. NAJAFI: Wen we get to that point, |
would say we are -- with those limted set, we are
probably at the same situation we were with the | PEEE
W will try to be prudent if that is close enough. |

know t here's judgnent involved. There's no question

about it. In the past when we used it, when we got
690, 680, we basically said, assune damage. |f we got
600 -- | know there's subjectiveness involved -- we do

not present a systematic nodel or nethodol ogy of how
to deal with that in this product. W don't.

MR. BANERJEE: But let's say instead of
tenperature we have sonething to do with pressure, we
saw that your wuncertainties on pressure are very
large. | mean you had different uncertainties on

different paranmeters. So as long as it was
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tenperature, maybe t he uncertainty was 15 percent, but
when it was pressure, it was 40 percent. So how do |
use my engineering judgnment at this point? | have no
idea if I'"'ma user that U.is 40 percent in one case,
15 percent in the other case. |'mjust taking the
green and hoping for the best, right?

MR. NAJAFI: You're correct. But at the
same time, that's why those docunents, those
experimental uncertainties are included in the body of
the report so that a user knows that even if you're
using a green, because there is still a large
experimental uncertainty versus a green, which is
within a very snmall experinental uncertainty --

MR. BANERJEE: But green, it could still be

green --

MR. NAJAFI: Wth a |large experinental
uncertainty. Yes, | understand. | think --

MR. BANERJEE: But epsilon could be |ess
than your U, so in rough terns, it could still be
green?

MR NAJAFI: Yes. And --

MR BANERJEE: But | don't know what the
nunber | get nmeans now. |Imagine that | had a pressure
calculation and | need it to be below 1-1/2

at nospheres, and this canme in at 1.2 atnospheres.
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MR. NAJAFI: Let nme try to add sonet hing.

It may help sonewhat. | know that there is, even
within the green, you pick on the pressure. There is
-- | mean | don't know if --

MR. BANERJEE: Pick on anything. | nean it
doesn't matter. As long as we know --

MR. NAJAFI: No. Wat | want to add here is
that there is sonme hierarchy or priority or |evel of
use, let's put it this way, to these attributes. The
good news is that nost of the attributes that are
coormonly wused in nost nuclear power plant fire
scenari os, the answers are -- basically these colors
are nore useful. Those are plune tenperature in nany
roons, because a |lot of roons that are -- and if you
| ook at plume tenperature -- in fact, you can | ook at
the hand calculations, and if you can live with the
conservatism they do a, | nean, at |east an adequate
j ob.

MR. BANERJEE: May | suggest sonething. |If
you go back to the slide where you were giving us the
steps, there should be -- just as you were sayi ng here
that you shoul d add exam nation of the range of
paraneters --

MR. NAJAFI: Yes. That step is mssing.

MR. BANERJEE: Yes. You nmight want to al so
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say that people should |ook at U, for their various
paranmeters for the point they are, so they at | east
get sone gui dance as to how accurate the nodel is for
what ever you're predicting.

MR. APOSTOLAKI S: Apparently, though, we
have differing opinions as to your organization of
that, not anong ourselves but also | sensed the
previ ous, M. Hami ns, that he was reluctant to say use
the 14 percent as an indication of uncertainty.

MR. NAJAFI: Yes. That's why --

MR. APOSTOLAKIS: | really believe you guys
shoul d address this question at the full commttee
neeting, because it's an inportant question. You
don't have to respond, you know, here.

MR. NAJAFI: But I'mtrying to understand
what the question is.

MR. APOSTOLAKIS: The question is, | use a
green. | get 600 degrees. | have damage at 650. Now
| worry about the uncertainties. | mean it's green,
it's good. Yes. But it could be 660, wth what
probability, right? |I'mclose to the failure limt
now, so | have a best estimate cal cul ation, and | want
to know why kind of uncertainty goes with that. But
the question is, is your effort answering that? The

answer nmay be no. | nean it doesn't have to.
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PARTI CI PANT: | f you know, we should --

MR. NAJAFI: | nmean | would -- back to ny
-- rest of the teamdisagree with ne if I am-- take
the leap of faith or go on the |linb and say the answer
i S no.
APOSTOLAKI'S:  But you're not?
DRElI SBACH: At least directly --

NAJAFI : No. W' re not.

2 ® 2 %

DRElI SBACH: At least directly, we do not
address it.

MR.  APOSTOLAKIS: Ckay. That's ny
i mpression, too.

MR. NAJAFI: | nean if any of you --

MR. APOSTOLAKI S: The next question | have
for you is, is this the end of this collaborative
project, or are you -- you nentioned the user's gui de.

MR. NAJAFI: The user's guide is the plan or
the scope. And the goal and objective of it is yet to
be defined. It's under planning by the Ofice of
Research and EPR

MR APOSTOLAKIS: But there will be a user's
gui de?

MR. NAJAFI: |f you ask ne, as an individual
on the record, | think that is one of the key rol es of

a user's guide, because EPRI did do a fire nodeling
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guide. And that fire nodeling guide -- in fact, the
chart that you saw, the steps of the fire nodeling is
right out of the EPRI's fire nodeling guide. Wat
that new guide should do is basically integrate the
results of this V&' ad what EPRI did prior to that V&V
to create a new user's guide that takes into account
how do | interpret the results of fire nodeling not
that | know the results of this V&V exactly answering
your question. How do | do that? And that nmay be the
charter, may be, of that user's guide.

MR. APOSTOLAKI S: How about this big NUREG
that we reviewed recently. JS, it was 6850, was it?

MR HYSLOP: Yes, that was it.

MR. APOSTOLAKIS: | nmean woul dn't you refer
to that at all? | nean --

MR. NAJAFI: There is a question also that
we have thought about it, that is what is the
interface of these two docunments, because the NUREG
EPRI 1011989 basically has a section of a -- has a
section on fire nodeling, and those fire nodeling, it
says basically go pick your scenarios, pick your nodel
for fire risk assessnent and cal cul ate.

MR. APCSTOLAKIS: Okay. So you will give us
a nore definitive answer next time. You already said

no, and | agree with you, but you will have two or
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three weeks to think about it. And it's perfectly al
right to say that this is something that you will do
in the future

MR. NAJAFI: So it was ny goal coming to
this afternoon's neeting to make clear what this
product is, and this product is qualitative as it's
surface. Does it give a distribution of green or
yell ow or other? No. As far as | know, it does not.

MR APOCSTCLAKIS: It does not.

MR. NAJAFI: Should it? W can talk about

t hat .
MR. APOSTOLAKIS: The other thing | woul d
i ke you guys to address -- are you done with this?
MR DREISBACH: Wth this. Yes, we're done
with that. |If you understand the col or-coding,

because | was going to talk through that a little bit
nor e.

MR APOSTCLAKIS: Yes, we do. W do?

MR. BANERJEE: In rough terns. As any fine
structure in this | arge scal e understandi ng we have.

MR. NAJAFI: And if | have gotten the two
nessages across that this is what this product is and
what it's not, nunmber one. And there is still -- it
is very inportant that within the users of today,

there is a place for this product to be used, in ny
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opi nion, as a user. Because |'ve been involved in any
of the fire risk assessnent and the fire nodeling,
that | think there is a place, as | nentioned here,

for the product as it is today.

MR. BANERJEE: | was just going to ask you
-- | mean | understand, | think, what the product is,
but I amnot sure that if | was a user | would know

conpletely howto us it, and if | get say the
tenperatures out of it, and it's close tothe limts,
| don't know what close to the limts means here
That's really the issue, because if the Iint was as
George was saying, 650, and | cone in at 600, now it
could be that that 50 degrees is a very |arge
di fference conpared to the uncertainty in ny results,
or it could be very small, and | don't have a feel for
that. That's why |I'mvery uncertain about the end
use. | think this is sort of a step in the right
direction, but by itself, this product does not sort
of give ne, at least ne, the infornmation that | would
like. If | cone in with a nunber here, whether it's
tenperature, pressure, snoke concentration, doesn't
matter, I'd like to know how wong | could be so
know how far I amaway fromthe limts.

MR. DREI SBACH: Well let's, just as an

exanple, this is our chart.
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MR. BANERJEE: Yes. So | take green.

MR. DREISBACH. It's green, yellow, so here
is an exanple of what green versus yellowis. So on
the left, we have MAG C.

MR APOSTOLAKIS: Use the cursor. W don't
see your finger.

MR. DREISBACH. On the left, MAG C hot gas
| ayer tenperature rise. On the right, CFAST rated the
fluctual targets. So what we're plotting is neasured
tenperature rise and predicted tenperature rise. So
it's obviously at the peaks. That's what Ant hony was
descri bi ng before, and we've got these dotted |ines
that describe what the uncertainty bands are.

MR BANERJEE: But these are different on
di fferent predicted quantities, right?

MR DREI SBACH. Yes. That's correct.

MR BANERJEE: So if | understood how, in
rough terns, you arrived at green i s when your epsilon
was | ess than U.

MR. DREI SBACH: Yes. So that's what you see
on the left side.

MR. BANERJEE: kay. Let's take that as a
wor ki ng definition. So in laynmen's words, let's say
the di fference between your experinent and your nodel

predi ctions were within the uncertainty in bolts.
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MR. DRElI SBACH:  Yes.

MR. BANERJEE: | nean you add it up in sone
ways.

MR. DRElI SBACH  Yes.

MR. BANERJEE: Ckay. So that gave you
green. If it was outside, it went to yellow If it
was -- okay. Now, | still don't know an answer to ny

guestion, whether 600 is okay when ny limt is 650 or
it's not okay, because if the uncertainty band there
was nore than 50 degrees or sonething or nore than 20
degrees, then | would say if it was, let's say, |less
than 20 degrees, 600 is fine. |If it's nore than 50
degrees, 600 is not fine. So how do |I use the
prediction fromthis? Geen gives nme confidence about
the veracity of the method that it is within the
experi ment al uncertainty, experinment plus node
uncertainty. However, now |'ve got a prediction. |
don't know what the uncertainty is on that prediction,
and that | need in order to be able to use it. So |
see this only as a step on the way. |[It's not yet.
MR NAJAFI: Well, | nean while it's true
that it can be said that this is a step towards that
goal, I want to al so point out that in our supporting
docunent, in our calculations in the nunerics, we

poi nt out some of the sources of those uncertainties,
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even though if we do not quantify it and in the end we
don't give you a nunber, because we don't have that
net hod to cal cul ate an uncertainty at this point. W
gi ve you sone of the sources of those uncertainties,
and i f you know t he sources of the uncertainties there
are currently applications such as SDP that they
calculate a nunber and make a decision in the ROP
process -- |'m not speaking for the AHJ -- | rmean
based on experience -- and those deterninations are
nmade based on one estinate with some understandi ng of
uncertainty without necessarily quantifying the
uncertainty of whether when | use that nodel or
cal cul ated t he tenperature under SDP plus or m nus 100
or 200 degrees. That is currently being used. | nmean
it's being used.

| do understand your point. That's why even
thought it's not exactly defined as a practitioner,
when we got within maybe sone di sconfort |evel of our
own, we said, okay, this is a failed, assunme it a
failed. Because there are so nany uncertainties
beyond that that you don't want even -- where do you
find the cutoff? Yes. It is -- | nean --

MR. BANERJEE: So giving an upper bound and
a | ower bound, perhaps that woul d be useful.

MR. NAJAFI: Well, all | can say for that,
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we're not there now. Because | can tell you, | was in
the sane place you are a year ago. But our
experiments, our technical bases at this point does
not support it. And if we wanted to put that, the
choice that, in my opinion -- this is personal opinion
we have -- is to design or devel op or use an existing
net hodol ogy that the uncertainty. W tried that. W
tried in the paper that Francisco is tal king about,
and sonebody told us, oh, boy, you're starting a Ph.D
program

MR APOSTCLAKI S: Heaven for bi d.

MR. NAJAFI: Well, to put it exactly,
somebody told us, | didn't know SAlI C gave PhD s.
said, “We don't.”

MR APCSTOLAKIS: | think we have resol ved
this. Said, do you have a questi on.

MR. KHALIK: Yes. | guess | would like to
ask about this unlucky user who doesn't make it
through the funnel. And the question is howtight is
that funnel conpared to the expected ranges of
paraneters that one i s expected to get in hypothetical
scenari 0s?

MR. NAJAFI: Okay. | can tell you this in
two parts. One, we have not tested that funnel, so we

should do and we wll probably do -- we have
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col | aborative joint project we're doing at Nine Ml e
Point -- that would be a potential test case -- that
we take those scenarios, run it through this funnel,
and hopefully 95 percent will pass.

On the other side, | would say, that we
started the finding of these scenarios with basically
a range of conditions. |If you recall, | said we
created a library of nuclear power plant fire
scenarios. Part of creating that was defining the
range: how big are the roons; how small are the
roons; what are the ranges of the ventilations. W
went and collected information froma dozen plants
that tell me, for exanple, what is the range of your
ventilation in your main control room

So we collected that, and we tried to nap
the experinents we have, which, as | said, this first
funnel is the mappi ng of experinent toreality, and we
didn't see hugely different things. There are
exceptions in the power plants, |like a ventilation
shaft for an Hvac area, there is no very narrow | ong,
l ong, long, long -- those nmay not pass.

But | expect 95 percent pass because we t ook
these, checked it against this. There were no
surpri ses.

MR. KHALIK: But it would be a good idea to
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docurment that just to see where we expect to be
conpared to this relatively well-defined range now of
non- di mensi onal paranmeters in which you' re saying
okay, you can go ahead and use these nodels with the
provi so that some of themare green, sone are yell ow,
et cetera.

MR. NAJAFI: | conpletely agree with you
that soneday if we test that in sonme plant, we should
docurment it and say where we stand on that. Thank
you.

MR. APOSTOLAKIS: Now, are you done, Bijan,
with the summary?

MR. NAJAFI: [|I'mdone if you are.

MR APCSTCLAKIS: No. |I'mnot done.

MR NAJAFI: Wth ne.

MR APCSTOLAKIS: It seens to ne that we
have to discuss one or tw things. So ny
understanding is that the current plans are for this
cooperative work, collaborative work to develop a
user's gui de whose contents are to be determ ned?
kay. So the inmportant thing is that this is not the
end, what we see nowis not the end, correct?

MR DREISBACH. This will be the fina
docunent for the Verification and Validation. Another

project will create another document conpletely.
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MR. APOSTOLAKIS: Called user's guide?

MR. DRElI SBACH: VWhatever we call it, that's

what it will be. There is a concept of a user's
guide, and that wll be a separate docunent, a
different tool, we'll say, than this tool.

MR. APOSTOLAKIS: kay. There are a couple
of things we have to do. One is to give advise to
t hese people as to what they shoul d present -- we have
an hour and a half, | suppose -- yes -- what they
shoul d present to the full commttee.

MR. DRElI SBACH. When Is that going to be?

MR. APOSTOLAKIS: COctober. And we are
witing a letter.

MR. DRElI SBACH. A couple of weeks? Early
Cctober, right? First week of October?

MR APOSTOLAKIS: Yes. And | would like to
get the opinion of the nenbers, at |least the first
i npression as to where we stand. Now | don't recal
this subcommittee reviewing this in an earlier stage.
We never really reviewed this. Wy? Wy not?

MR. DREI SBACH: W presented about an hour
or two. The subsequent presentation today, we did a
simlar presentation |ast year in front of the Fire
Protection Subconm ttee subsequent to asking for a

wai ver for ACRS to review after a public coment
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period was conpl ete.

MR. APOSTOLAKIS: But we never really had a
neeting where you told us what you were planning to
do, that you were planning to cal cul ate those epsil ons
and this and that, so you never really got any input
fromus on that.

MR BANERJEE: Sone of that information was
in the presentation.

MR APOSTOLAKIS: Was | there? | don't
think I was there.

MR. BANERJEE: | don't recall if you were
there, but we --

MR. APOSTOLAKIS:  You were already well on
your way though?

MR. BANERJEE: W -- | renenber clearly
di scussing --

MR. DREI SBACH: Ready to go to public
conment space.

MR. APCSTOLAKIS:  Yes. You were ready to go
to public comment, so the work had been done.

MR DREI SBACH. Yes. Wrk had been done.

MR. APCSTCLAKIS: Wiat |'msaying is that --

MR. DRElI SBACH. But a very considerabl e
anmount of work was done after that neeting that

resulted in this docunent. | n ot her words, we
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adj ust ed sonmewhat the approach --

MR. APOSTOLAKIS: Well, in general, you know
-- 1 know it doesn't help now, but, in general, it's
a good idea for projects of this magnitude to have a
neeting like this when you have a plan, but you hadn't
started the actual work, because then you have the
benefit of our comments, and you may or may not choose
to use them But nowit's difficult.

kay. So what shoul d these gentl enen
present at the full conmttee neeting which will al so
determ ne the nature of the letter?

MR. BONACA: It seens to ne, you know, if |
| ook narrowy of the objective of having V&V of fire
nodel s, they have done the job to do a V& within
certain contexts. Cearly, these are all matters that
are very enpirical, it seens to ne, in general. And
so therefore, you tend to have a very inportant --
very inmportant that you match the physical test with
the nodel that you're developing. And that's what
you're trying to denonstrate. So you're really
forcing the user to verify that you fall within a
certain range because otherw se, applicability is
guestionable. So I think in the context, | would say
that froma perspective of a fire protection engi neer

at a pant, this would be a very useful tool. It
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provides a | ot of informtion.

Now | don't know at this stage of the gane
-- what is the regulatory use of the fire protection
engi neer at the plant. So, therefore, | can't coment
on the useful ness fromthat perspective. And maybe
there is still a step to be defined there as a
regul atory product, like a reg guide that says how
this can be used in support of sone regul atory
appl i cation.

From a PRA standpoint, clearly there is a
step to be done, too. This is not usable right now
And | think again, however, it's nore that you need an
internedi ate step, a regulatory step, or a definition
of a reg guide that would define maybe further
refinement of this work into sone outputs that can be
used as inputs to a PRA. | don't know. Certainly
some other product in between that goes fromthis
product to be used in the field on PRA

So | would give two nmessages in the letter.
I mean | don't know. You're not talking about the
letter right now? O their presentation.

MR. APOSTOLAKIS: Happy to receive all the
i nput | can get.

MR. BONACA: it seens to ne that, you know,

this is a very good first step for a V&V of these
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products. And, you know - -

MR APCSTOLAKIS: The committee doesn't --
you renmenber, Mario, the conmttee usually doesn't
like to say first step. So find other words.

MR. BONACA: Well, it's a big step. These
are the fire protection -- you know, fire tools that
are being used by the industry.

MR APOCSTOLAKIS: So it's not understood
then that when one says |I'm going to verify and
val idate a code in general that that person nust make
a statement regarding the uncertainty associated with
the predictions of the code? They don't do that.

I nean what they did -- first of all, | do
appreci ate the magnitude of the effort and, you know,
as their reviewers al so cormented, and today we heard
this is the first time that the fire community, the
fire safety communi ty has undertaken such an effort to
do a systematic job. But | think there is sone
i nconpl eteness here that is really inportant.

MR. BONACA: Trying to understand, however,
much of the inconpleteness is something that should
really be part of this versus sonething that needs to
be done.

MR APOSTOLAKIS: | understand that. But |

nmean they're asking us to approve this NUREG So if
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we approve, it is published, and it's used. Now we
can screen in three other places of the letter, but
it's inconplete. The truth of the matter is that it
will be a NUREG Now people will use it. So that's
the dilenmma |I'm facing.

I nmean everything you said | agree wth.
I"msure there are fire protection engineers that wll
find use -- and Bijan gave us good exanples, | think,
of doing certain things that will be quick, and maybe
if it's conservative, you' re off the hook and so on.

Anyway, | mean we don't have to resolve it
ri ght now but.

MR. BANERJEE: | have a comment. Looki ng at
the title of this, you are pronmsed nore than you
actually get, because it's not fire nodels in a broad
sense. You really are doing the nodeling of sonme part
of the probl emwhich has sinply to do with the fl ow of
the concentration fields and so on. Sone of the nost
difficult parts of this nodel, which is the
propagation of the fires, the actual heat production,
all these things are sinply taken from enpirical
dat abase sonmewhere and stuck in here.

So |l nmeanit's too anbitious tocall it fire
nodels. You're not validating that part of it. That

part of it has sinply been taken from sone previous
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experiments. And so what you're driving this with are
a set of experinents which were done historically and
the cable fires were this, that fires were that. And
a very large part of the uncertainty seenms to ne to
lie in that, conpared to what is going on here.

| mean, the heat release itself, it probably
could be uncertain by 50 percent. | don't know what
the nunmber is there. You know? So conpared to that
uncertainty comng out of the fluid nmechanics here is
not such a huge anmount. |'mnot getting the sense.

MR. APOSTOLAKIS: This is what they're
addressing, right?

MR. BANERJEE: Yes. \What you're addressing
is only the uncertainty in the fluid mechanics, which
his great. | nean | really like that. You're
precisely specifying the heat input. You' ve got very
well-controlled fires. |It's a very necessary step
that you're doing this. So the uncertainty is coning
out of -- | nean you've given a certain heat input
over a certain period of tinme, et cetera, you' ve
characterized this roomvery beautifully, got the
em ssion coefficients, all that, soit's a nice piece
of work, good scientific work. But it's too anbitious
to call it fire nodels. | would say this is a

subnmodel in a cal cul ati on
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MR. HYSLOP: Can | coment during this
period or is this just you guys? | think that ny
understanding of the docunent was to verify and
val idate the fire nodel i ng codes as exi sted, the FIVE,
the EDF, those codes. And that's what they did. Now
clearly sone codes nay use a heat release rate is an
i nput, but that's the way those codes were devel oped.
So | guess, fromny perspective, the title is
accurate, even though, you know, there were fire
nodel i ng codes that were val i dat ed.

MR. NAJAFI: If | raise ny hand can | -- |
woul d add to the second part of it, we specifically
say for nucl ear power plant applications that it's not
only the scenario, it's the type of the practice
Because for better or for worse, for nuclear power
pl ant practice since even the early days of Zion
I ndi an Point that George was involved in, we defined
the heat release rate of a fire. W did not |eave it
whether to the conp burn or whatever with the
associ ated uncertainties, even if it's 50 percent.

MR. APOSTOLAKIS: W calculated it using the
equati on you showed.

MR DREISBACH But it becones then
specified in the fluid nechani cs nodel .

MR. APOSTOLAKIS: Then it's input to the
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code?

MR. DRElI SBACH: Right.

MR, NAJAFI: Yes.

MR. DREI SBACH: Regardl ess of whether or not
you cal culated it based on that equation --

MR APOSTCLAKI S: Cal cul ated outsi de?

MR. DRElI SBACH  Yes.

MR NAJAFI: So the fact that we account for
the uncertainty of the initial fire size, the heat
rel ease rate based on experinental evidence is that's
because how the practice in the nucl ear power plant
fire nodeling has been done for the past 10 years, 20
years.

MR. BANERJEE: Perhaps it's a matter of
semantics, but to ne, the issue, when | think of fire,
| always think of how it propagates, where it goes,
all that sort of stuff. And this is not what you're
addressing here. So in the sense of a fire nodel, it
prom ses to anybody but maybe a very tiny group of
peopl e who know precisely what you nean, which m ght
be --

MR. DREI SBACH. Right. | think, though, the
termfire nodel, fromthe beginning, is somewhat of a
m snoner based on the way it has been appli ed.

MR. BANERJEE: Yes. It's not a fire nodel.
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MR. DRElI SBACH: It's a snoke and heat

transport nodel .

MR. BANERJEE: Yes.

MR DREI SBACH: That's how it's used.

MR. JOGAR And we are also validating
sel ective capabilities of them | nean maybe FDS does
plunme, but it does other things that are not within
this. So calling it fire nodel may suggest that we're
val i dating every single aspect of that where we have
alist of 13 things that we are actually validating.

MR. BANERJEE: We're not accurate in the
title | feel.

MR. APOSTOLAKIS: Since you started this
Sanj oy, do you want to conplete your thoughts?

MR. BANERJEE: Yes. This was one thought |
had that you are doing part of the problem The
second thing | think is that given that you're doing
part of the problem you have infornmation there which
| feel could be hel pful to present -- | don't know how
much nore work will have to be done -- but presented
in a way so that we have a feel for also what these
predictions nean in terns of uncertainties. | know
you' ve not gone the full way, but you' ve already got
a fair amount of data. Wen you call sonething green,

when you call sonething yell ow, that al ready gives you
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some guidance as to how accurate, because you're
wi thin certain bounds.

MR DREI SBACH: That was the idea.

MR. BANERJEE: And | don't see any harmin
gi ving that gui dance to your users. You know? You' ve
al ready got part of the story. You haven't done what
we would call best estinmate plus uncertainty. For
sure you haven't done that. But you've gone, again,
part of the way. So don't sell yourself short on
t hat .

MR. APOSTOLAKIS: And don't just send us to
Ref erence 43.

MR. BANERJEE: Yes. Pl ease.

MR. APOSTCLAKIS: Pl ease don't do that.

MR. BANERJEE: Make a self-contained --

MR APGCSTOLAKIS:  An unreviewed reference.
You don't tell us what it's about. You say there are
ways of doing it, go to Reference 43. | nean that's
not for a NUREG Are you done?

MR. BANERJEE: Yes.

MR. APOSTOLAKI S: kay, Said.

MR. KHALIK: |I'mnot going to repeat any of
the comments made by ny col | eagues, so there are two
additional issues that | would like to see that canme

up during the discussion. One of themis the
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rationale for not using data from non-nucl ear

i ndustry. The comment was nade that these data were
exam ned and were deened to be either inappropriate or

i nconpl ete because of |ack of quantification of
uncertainties associated with the data. And the
conment was further made that that assessnent was not
docurmented. So sonehow a rational e for explaining why
we haven't expanded t he database to include data from
out si de the database that you' ve used woul d be very
hel pful .

The second comment that al so came up during
the discussion is that it would be hel pful to provide
t he underl yi ng bases for the specified non-di mensi onal
groups and their applicability to the various nodel s.

MR. NAJAFI: Can you repeat the second one?

MR. KHALI K: The underlying bases, | think
the comment was nade that these just fall out readily
for non-di mensionalizing the Navi er Stokes equati ons,
and if that is really the case, then, you know, in
some cases, you know, natural convection effects don't
appear, and the question is why.

MR. BANERJEE: Well, | think they prom sed
us a docunent summari zi ng either part of this docunent
as an appendi x or whatever, the choice of the non-

di mensi onal groups instead of trying to read a whol e
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handbook and try to get input into that, just
sumari zi ng how one arrived at these non-di nensi onal
groups and why they're felt to be the ones that are
important. They're not intuitively evident.

I nean you've got a fluid nunber, and
usually fluid nunbers have to do with gravity waves.
So | don't understand how it actually arises other
than purely enpirically. So I'd like to know the
rati onal e behind it. You know, fluid nunbers are not
normal ly thought of as internal waves or gravity
waves, but why does it arise here? 1'mnot clear.
Grashof | would have believed. You know? So we'd
like to see that justification.

MR. APOSTOLAKIS: Now if | were you
gentlemen, | would prepare for a presentation in
October. Since we have a total of an hour and a half,
you shoul d pl an on taki ng maybe five, fifteen m nutes,
no nore than that. Because | am sure the other
menbers wi |l | have questions, too. Now | think, and ny
col | eagues here can junp in at any tine, of course,

t hi nk you shoul d skip other statements. W want to be
transparent. W know that. W know what you want to
be.

Go to these are the objectives of what we

did. This is the result in ny view, Table 3-1. Let
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ne tell you what green is. W declare this as green
because we did this, we had the U, we conpared, and
here are a couple of exanples. W call this yellow
plus for such a reason. A slide or two so the
committee will understand what your bottomline is.

Then it seenms to ne you shoul d address the
i ssue of the user. W do this. W don't do that. W
plan to do it in the future, or we leave it up to the
user to decide. If you're clear on these things, |
think you will have a very understanding comm ttee.
Li ke today, we really had to struggle to cone to the
bottom line. And also, please address specific
comments |ike what Professor Abdet Khalik just said
about, you know, the dinensionalized groups. There
wer e ot her questions from Prof essor Banerjee earlier
about the scientific basis of certain things. |
assume you will address those. But |I'mjust giving
you what | think should be the overall approach,
because you don't have a lot of tine.

MR. BONACA: The other thing that, you know,
I will suggest, you know, regarding the not using
information outside the nuclear. |If | |ook at the
test they took, they're so specific to nuclear. And
| think enpirically based on the nodels. | nmean those

are so enpirical, too, that | can understand how t hey
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want to stay very close to the test. Maybe that's
somet hing that you want to say.

MR. APOSTOLAKI S: Yes, Bijan,

MR BANERJEE: -- do it because -- it seens
to me that that's the best justification that your
test which was very specific to, for exanple, a
switchgear room-- | nean they all -- and so,
therefore, that's why you stayed with that test, you
didn't go searching for outside tests of other nature,
because it's so unique and so specific and so
applicable to all the power plants in the U S

MR. NAJAFI: Do you want to al so hear about
somet hing you rai sed this norning about these
differences between the fire scenarios that are
outside of the capabilities --

MR. APOSTOLAKIS: Absolutely. Yes. |
assume that we took notes of those. Not just nme. |
think all of us heard this, but | don't renenber all
of them now. But | do renenber that people had
speci fic questions, and we agreed that you would
address them

MR. NAJAFI: In that presentation?

MR APOSTOLAKI S:  Yes. In that
presentation. But it's really very inportant, it

seens to me, within 15 mnutes of your presentation
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for the commttee to see your final result and why,
why you got a yell ow, what does it nean. O whatever,
green, no reds.

And anot her specific issue that bothers ne
is — maybe you can go back and think about it a
little bit -- is this intrinsic nodel uncertainty.
You sort of dismiss it. And it's there. 1It's there

in your calculations. Now when you get this U, _|I'm
still trying to figure out -- you know, intrinsic
nodel uncertainty neans that | will have sone
systematic overestimation or underestinmation within
sone range. Yet the U, isn't that what it is? A
bias, right, nodel uncertainty, you know, |ike FIVE-
Rev 1. It tends to be conservative. It over-
predicts, which is fine as long as | know it.

But the U. has the inplication that there is
some randonmess within this range that can be up or
down, and |I'm not sure that if you have intrinsic
uncertainty that's correct. |In fact, over a few of
the slides you showed, the red curve was al ways above
the nmeasure, which tells ne that there is really a
tend to over estimate with sone uncertainty. Okay?
And woul d | know that by just going to your table? If

you say yellow plus, | probably would. But in the

green --
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MR. NAJAFI: That's why we use yell ow pl us.

MR APOSTOLAKI S: But these are the kinds of
i ssues that | think we should spend sone tine tal king
about .

MR. NAJAFI: Yes. But the only thing |I want
to add to what you said is that | think there is nore
concern besides sone of the exanples that you said
that is included or enbedded in an uncertainty that a
nodel prediction could have, just the nodel
predi ction. And that includes all the way from how
nodel matches your scenario. Because all these
nodel s, as well all know, even the FDS, the nost
conpl ex of all of these codes, the DDCFDs, they have
to sinplify the physics. They have to sinplify it to
solve it. And through that sinplification, how nuch
you deviate, whether it's in a steady state or the
transient part of the scenario, fromyour fire
scenario and actually what in reality will happen,
it's too uncertain. There are so many factors.

MR. BANERJEE: If | understand it, your
current nodel uncertainty is primarily driven by an
i nput uncertainty?

MR APOSTOLAKIS: Yes. That's what it was.

MR. BANERJEE: Yes. That's basically so --

MR. APOSTOLAKIS: Primarily Q dot.
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MR BANERJEE: Yes. \hatever. So that is
| eaving out, in a sense, what Ceorge, and | suppose
others, call intrinsic uncertainty.

MR. APOSTOLAKIS: But they call it
intrinsic.

MR NAJAFI: Yes.

MR. BANERJEE: So in fact, when you couple
that to the uncertainty in the inputs, that band woul d
be | arger, w der because of that?

MR. DREI SBACH. That's why early on in the
presentation we characterized this uncertainty as a
ti ghter band--

MR. BANERJEE: Yes, | nean but you have to

clarify what you' re doing --

MR DREISBACH: -- so we have a criteria
that's --

MR. APCSTCOLAKIS: But the questionis, is it
just larger, or has it also shifted? | think it's
shi fted.

MR. NAJAFI: That's why --

MR APOSTOLAKIS: It noves up

MR. NAJAFI: That's why | didn't disagree
with that that is the intrinsic uncertainty. Wat I
said is that there nmay be nore i nput, nore sources of

uncertainty.
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MR. APOSTOLAKI S:  Absol utely.

MR. NAJAFI: There's a lot, and it's hard

for me to tell always. | mean | used a good exanpl e,
Kevin, if I may, that he -- he doesn't know even what
I"'mgoing to say -- is that there are these effects

near affect --

MR. APOSTOLAKIS: Up to this point, right?

MR NAJAFI: --the near affect and far
affect. -- | mean these nodels and sone of these
predictions, the ranges of uncertainty varies even if
you happen to be too close to the fire or too far from
the fire, if the plume happens to be next to a
ventilation. There are so many different things.

MR. APOSTOLAKIS: But the point is you -- |
nean naybe you're already doing it to sone degree --
you shoul d sensitize the user.

MR, NAJAFI: Yes.

MR. APOSTOLAKIS: Maybe the intrinsic
uncertainty is overwhel med in sone cases by the input
uncertainty.

MR, NAJAFI: Yes.

MR. APCSTOLAKIS: I'mwlling to accept
t hat .

MR. NAJAFI: Wiat, in ny mnd, we tried to

do as know edgeabl e people of the need of the fire

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

229

nodel ers -- what | nean fire nodelers is end users,
some fire protection guy that starts using it, and
peopl e who devel oped the code and the theory all the
way fromKevinto JimQuintiere and Craig Beyler -- is
that we put ourselves through that practice of using
these nunerics so that the end user can use a product
that is much sinpler to use.

So we went through that exercise of instead
of developing a full bl own uncertainty project for the
fire nodels, for the CFAST for exanple, we went
through this nunerical exercise. And basically we
junped al nost our uncertainty estimate into a col or
code. We did that intrinsic in a sort of a |eap of
faith. W said we |ook at these all attributes. W
know these nodels. W know the physics. W see
t hese, what they do. Sone they're too far up, too far
low, to the left, the tine actually -- we even | ooked
at the time. Wiat if its time shifted? There's not,
but it's tinme has shifted. So we collectively took
that and we said in sone expert panel thing, for |ack
of a better word, and said the uncertainty is green.

So because right now a nethod that is well -
under st ood, well-accepted by everybody how to assess
nodel uncertainty, we could not point our finger toit

and say everybody will agree to that. So we went
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through a pseudo expert panel and, to us, that is a
substitute for nodel uncertainty of this collective
team And, please, speak up if you disagree with

t hat .

MR. McGRATTAN. |'Il say it in a different
way. The big picture, the big idea here is that each
of these nodels is a collection of many, many
algorithms. |If we tried to go through each of the
nodel s and assess the uncertainty of each of these sub
grid algorithms and so forth -- | nean you nentioned
the k-epsilon paraneters, we used the Smagori nsky
coefficients, on and on and on -- that would be just
an i npossi bl e exercise. So instead, we | ooked at the
nmeasur enent uncertainty, uncertainty in t he
nmeasur enent of the inputs, uncertainty in the
neasur enent s of the outputs and t hese experi nents, and
use that as a guide or as a yardstick to assess --
this word intrinsic -- | think there's probably a
better word -- to assess really what the uncertainty
in the nodel prediction is by using the experinent
instead of trying to get into the nitty-gritty of al
these algorithnms. That's the big idea here.

MR. APOSTOLAKI S: Ckay. Thank you very
much.

MR. BONACA: Just a question. Are you sure
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we have only one and a half hour?

MR. APOSTOLAKIS: It is usually an hour and
a hal f.

MR. DREI SBACH. It's my understandi ng two
hours at the maxi mum

MR. BONACA: It is two hours at the naxi num

It hink.

MR. APOSTOLAKIS: Well, can you check? Not
that it changes anything but -- well, | have a
guestion for you gentlenmen. |Is the NUREG approved or

not? And we have to say sonething in the letter. As
is, should it be issued or not?
MR BANERJEE: As is?

MR APOCSTCLAKIS: As is.

MR KHALIK: If I were to vote now, |'d say
no.

MR. BANERJEE: No.

MR. APOSTOLAKI S: Mario?

MR BONACA: | don't know.

MR APOCSTCLAKIS: | don't know. That's

fine. GOkay. Anything else that anyone would |like to
say? Thank you very nuch gentlenen. Appreciate your
presentations, and we wll see you in a couple of
weeks.

(Wher eupon, the matter went off the record
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at 2:21 p.m, and back on the record at 2:47 p.m)

MR. APOSTOLAKIS: Ckay. The subject is
NUREG 1852, Denonstrating the Feasibility and
Reliability of Operator Manual Actions in Response to
Fire. | see Dr. Lois is there. You will start the
neet i ng?

MR. I BARRA: Let nme get a few introductory
remar ks. Thank you very nuch for neeting with us. M
name is Jose Ibarra, and | amthe Branch E for the
Human Factors and Reliability Branch and the O fice of
Resear ch.

Since this conmittee i s assenbl ed today, we
t hought we would take the opportunity to take about
NUREG 1852. And the nanme of it is Denonstrating
Feasibility and Reliability of Operator Manual Actions
in Response to Fire. Now why do | say the nane?
Mai nly, because | think you all have heard about this
docunent, at |east the technical content in the past.
We did brief you when we were tal ki ng about this being
a regulatory guide and we were tal ki ng about rule
maki ng i n operator manual actions.

This NUREG has been rel eased for public
comment in the |ast few days and, of course, we wll
be before the ACRS to give a briefing once we get the

public coments resolved. Today, we do have Dr.
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Erasmia Lois fromny staff to talk to you about the
technical content. And we were supposed to have Suni
Weer akkody from NRR, but he has been called to do sone
sort of briefing to the commi ssion, but | do have Al ex
Klein. He will talk to you about how this NUREG i s
going to be used in the regul atory process. Erasm a?

DR LAOS: Ckay. Wll, thank you very nuch
for the introduction. The first thing that | would
like to note about the NUREG 1852 that this is a
pr oj ect of close coll aboration of NRC staff
specialists, specifically inlran and our contractors,
Sandi a National Laboratories, Dr. John Forester and
SAIC, Al an Kol aczkowski, and as | present to talk a
little bit later, you will see that this is actually
kind of a summary of insights and | essons | earned and
know edge through the years by doing work on fire as
wel | as on human perfornmance.

Internms of overall presentation, I'Il cover
qui ckly the purpose, and then | will talk very briefly
about the NUREG and present a summary slide. As Dr.
I barra said, the purpose is to informthe commttee
about this activity. This is kind of a heads up and
inform you about the plan to present the technical
content in nore detail after public comment and before

we revise it and as well as request feedback at this
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stage of the activity.

In terms of background, when t he rul e nmaki ng
activity was going on for the Fire Manual Actions, we
devel oped Draft QGuide 1136 with the title
Denonstrating the Feasibility and Reliability of
Oper at or Manual Actions in Response to Fire. And that
regul at ory gui de was providing the technical basis for
the rule making activity. However, the rul e making
was stopped. On the other hand, the NRC, through the

exenption request, is going to help to evaluate the

manual actions that |icenses are or have been
i mpl enenting to maintain and achieve -- maintain safe
shut down.

The reg guide, DG 1136, was providing the
technical basis, and because of the NRC s need to
eval uate the human actions, we decided that we shoul d
retain the technical work performed as a NUREG  The
obj ectives of the NUREG 1852 are to provide technica
bases, as | said, and in actuality, to be used as a
reference guide by the NRC staff reviewing |icensee
submttals. And that aspect is going to be covered in
detail by Al ex.

MR. APOSTOLAKIS: FErasmia, can you rem nd us
why the rule making activity was stopped?

MR. KLEIN. Dr. Apostolakis, | have a slide
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on that, and 1'Il briefly talk about that. But to
answer your inmediate question, when we briefed the
committee, | believe it was in Novenber of |ast year,
we had indicated to you that the proposed rul e was
wi t hdrawn because it wuld no |onger neet the
ef ficiency and effectiveness goal of the NRC because
the cooments that we got back fromthe industry were
that they would still submit a |arge nunber of
exenption requests as the proposed rule was witten in
the formof the proposed rule due to sone issues.

MR. APOSTCLAKIS: Now | renenber. Yes
Thank you.

DR. LAOS: The scope of the NUREG it does
not address actions needed after control room
evacuation, and also, it does not stop at the defense
and depth criteria that are actually recomended in
Appendi x R of Section llIl.G 2. |In terns of status, it
has been rel eased recently. And as | said, we are
going to brief the ACRS, and we'll finalize it by next
spri ng.

MR. APOSTOLAKIS: Do you also plan to issue
a regulatory guide or just the NUREG?

MR. KLEIN. No. W're in the process. W
have a regul atory guide in existence right now It's

Regul atory CGuide 1.186. W're in the process of
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revising that regulatory guide. And as | understand
it, there is going to be presentation in the near
future, | believe it may be as early as next week, on
a series of regulatory guides that are undergoing
revisions and at a high level. | think that they'l
introduce to the conmttee the revisions to Regul atory
Gui de 1.186 and dat sone future tinme conme back to you
with the details.

MR. APOSTOLAKIS: And this regul atory guide
woul d rely on this NUREG?

MR. KLEIN. That's correct. The regulatory
guide will refer to it.

MR. APOSTOLAKI S: One point eight six you
say?

MR. KLEIN. One point one eight six.

MR BONACA: If | renmenber, the bone of
contention was the automatic fire suppression, right?

MR KLEIN: That's correct. There were
actually two. The condition to have automatic fire
suppression as required by the existing rule,
I11.G 2., and the tinme margin was al so an issue that
the industry had comment ed on.

DR. LAOS: The approach, |ike the Regul atory
GQuide 1136, it's a determnistic approach. It builds

on existing, as | said, know edge and experience
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gai ned through the years by perform ng and devel opi ng
gui dance for human perfornmance i ssues and al so doi ng
fire inspections and ot her kinds of inspections, very
much on hunman factors rel ated gui dance and i ndustry
standards. In addition to the NUREG builds on a
review on insights and know edge gai ned by revi ew ng
PRAs, hybrid PRA reports, et cetera, which address the
avai l ability aspect of human performance.

So in many respects, the criteria that are
docurmented in NUREG 1852 explicitly docunent the
criteria that have been used so far by the staff for
vari ous types of inspections of human perfornmance,

i ncluding fire.

Now in terns of risk-informed approach,
because of NFPA 805 and the use of it, we plan to
coll aborate with EPRI to devel op an HRA net hodol ogy
that it would be used for fire-related HRA anal ysi s.

MR APOSTOLAKIS: But that will not be
deterministic, | hope?

DR LAOS: It will be risk-inforned.

MR, APOSTOLAKI S:  HRA?

DR LAS: HRA

MR. APOCSTOLAKIS: So, now -- | hate to say
this -- the agency has three nethods for addressing

human performance: NUREG 1852 and SPAR-H
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DR LAOS: | think SPAR-H or ATHEANA or any

ot her net hod are net hods that were devel oped primarily
on a full-power PRA analysis and fire is not a
neasured part of it, so the hope is, and I'mgoing to
-- Bijan is here -- the hope is that the industry and
the NRC agree on a net hodol ogy and then expand it and
develop it so that it will address fire regs.

MR. APCSTOLAKIS: W're tal king about fires
now.

DR LAOS: Yes.

MR. APOSTOLAKIS: But what |I'msaying is
that having three different nethods, all NRC nethods,
is probably not a very happen state of affairs. For
exanple, when we had the subcommittee here | ast
Decenber, | think it was, tal king about tinme and how
to handle it and so on, there was a very strong
argurment made by Dr. Gareth Parry that in nost cases,
the tine available is nuch larger than the required to
performan action, so we really didn't need to go to
a time-focused HRA nethod. And | see here that's what
you're doing. You're nmaking sure that the tine
avai l able is much larger than the tinme required to do
it plus some nargin.

But nmy question is why can't we use 1852 to

replace all the HRA nodel s? By reading the report, |
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get the inpression that everything is fine. You
estimate five mnutes. You double it. You conpare it
with the tine available. You can say |'m happy.

MR KOLACZKONBKI :  This is Alan
Kol aczkowski, SAIC. First of all, let nme nmake one
distinction. You' re statenment is correct about the
three nmethods, but this is purely in determnistic
space.

MR APOSTCLAKI S:  Under st ood.

MR, KOLACZKOWSKI :  Okay. Just as long as
that's understood. So while there are three, ones an
appl e and the other two are versions of oranges.

MR. APOSTOLAKIS: But the apple seens to be
solving a lot of problens, so naybe an apple a day
nmakes the oranges go away.

MR. KOLACZKOASKI : You pose a very
i nteresting questing.

MR. APOSTOLAKI S:  Thank you, Al an.

MR, KOLACZKOWBKI :  Okay. | will say this.
If in the risk-informed world you do want to have a
better idea of what drives human perfornance than to
just dunmp everything into one thing called time, you
just have to at | east ask the question, will that help
us learn and howto inprove, or are we just trying to

get a nunber, or in this case, are we just trying to
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pass an acceptance criteria and we don't really care
why the thing m ght take 27 mi nutes versus 25 m nutes.

MR. APOSTOLAKIS: But | read very carefully
the Appendix to this report, which | believe you and
John probably had something to do wth.

MR, KOLACZKOWSKI :  |'m sure.

MR. APOSTOLAKIS: In fact, you are the
authors | believe. And you do take into account when
you put the nmargins these uncertainties. Again, the
guestion in ny mnd is either this docunent is not
appropri ate because even with the margi ns as you j ust
said, there is still a probability that we'll nake a
m stake. O if this docunent is okay, | don't need
ATHEANA and SPAR-H, | don't need anything else. Al
| have to do is find the available time fromthis

gentl eman, the thernohydraulicist, then ask the

operators how much will it take you to do this. And
they would say 3-1/2 minutes. | double it. | triple
it. I'mstill withinthe limt and |'m happy. So it

seens to me there is a conflict here. Either the
determnistic method is correct or it isn't.

DR LAOS: Can | answer that?

MR. APCSTOLAKIS: O course.

DR LAOS: | think in this determnistic

space, for those actions that the tine is not

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

241

adequate, are not going to be approved. So you can
concei ve cases where potentially you have a task that
woul d need to be acconplished with many consecuti ve
actions, people woul d have to conmuni cate, go here and
there, those instances, unless there is a true
justification that there is -- you know, if it takes
hal f an hour, you have an hour already, and, yes, we
are going to have the crew on shift, and yes, yes,
yes, yes, yes, the determnistic criteria provided
here shows a lot of the uncertainties that we're
addressing in human reliability.

Wien we do a human reliability, we don't
know -- there are no regul ations that woul d ensure
that the best crewis going to be on shift, or it
won't happen at 2:00 in the norning. And we're
deal ing with those ki nds of aspects in a probabilistic
approach while here, a priori, we assune that are
going to be in place and, therefore, they' re not
unknown anynore. So in a way, we have addressed
several of the uncertainties that we're dealing with
in human reliability through this establishnent of the
criteria and working in determnistic ways.

MR. APOCSTOLAKIS: Well, | nust say that |
don't quite agree with that, because this report has

a very detailed discussion of the various
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uncertainties. And, you know, it goes into things
that are very nice actually, that the crew may be a
m xture of very conpetent people and novices and so
on. And then it argues, you know, that why the
mar gi ns that are proposed are appropriate. In fact,
| see here factors that cannot be created in the
denonstrations have to be taken into account, the
operators may need to recover fromor respond to
unexpected difficulties, there will be variations in
fire and related plant conditions, so there is really
a very nice discussion of all the uncertainties and
what the denonstration can or cannot denonstrate.
Typi cal and expected reliability anong i ndividuals, ny
goodness, look at all these bullets. And then, bang,
here is a margin that takes care of all of this. So
why do ATHEANA t hen?

MR. FORESTER: |'m John Forester. A coupl e
of coments where | think this may be a special case.
One is the diagnoses for nost of these types of
actions are very sinplistic in a sense that nany of
them are preventative actions so that the cue for the
actions is sinply the existence of afire. Soit's a
very benign kind of diagnosis in many cases.

And secondly, even though Gareth Parry is

probably correct in a sense that there is a |ot of
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time available for many of these actions, there are
cases where there is tinme pressure, and there coul d be
nore conplex diagnoses involved. So in those
particul ar ki nds of situations, I'mnot sure this type
of nodel goes quite far enough.

MR. APOSTOLAKIS: Yes. But | nean if we are
approving a nodel that is applicable to fire
condi tions, which, you know, are not a sinple thing,
and it's a determnistic nodel, either it is adequate
or it isn"t. Now the approach here is fairly simlar
to t he ATHEANA approach or scenarios in the sense that
you have the expected sequence, and then you try to
think of variations. You don't call it that, but it's
really the same thinking. But at some point it seens
to ne that the NRC or the nmnagenent should think
about the whole issue of human reliability and what
are we doi ng as an agency. | nean having one nodel in
| daho, two nodels here really different, we have to
settle on sonething at sonme point. And then we have
EPRI with its own nodel. So I don't know what to nake
of all this. | nmean we really need sone sort of
coordi nation. Alan, you want to say somet hi ng?

MR. KOLACZKOWBKI @ Yes. Al an Kol aczkowski
| guess the only think | would add is that in a way,

| viewthis as being the same thing as -- think where
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the agency was prior to risk-inforned regulation
process. W had determnistic criteria that we
believed -- if we had, you know, single failure proof,
a certain anount of redundancy diversity had to be
net, et cetera, et cetera, those were very explicit
criteria, and if the plant was designed that way, at
| east, even if we didn't really say this, in theory,
we thought the risk of a nuclear — of a severe
accident will be |ow

Now cane al ong t he PRA process where then we
actually assigned -- we built logic nodels and built
dat abases, et cetera, and said well, what is that
residual risk. And in a couple of cases, we actually
found out our belief that we had, by using single
failure criteria, et cetera, we had kept the risk | ow.
W said, hmm rmaybe we do need an additional ATWAS
rul e, maybe we do need an additional station bl ackout
rul e, because there's a few holes there that we hadn't
quite handled. | viewthis as the same. |If you're
going to remain determnistic space, that in order to
handle these uncertainties, j ust as we had
uncertainties about well, how nmuch redundancy shoul d
we have, is single failure criteria enough, or do we
need a double failure criteria. W nade a deci sion

and we noved on in the regul ations.
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Here we're maki ng a decision. W're saying
we're going to use tinme as a surrogate to capture al
these other things. W believe if you' ve done that,
that the risk of this manual action not being reliable
will be low But until you then actually do HRA
nodel i ng, t hrough what ever net hods, CPDT or ATHEANA or
what ever, can you really say, so what is that residual
risk that remains, and in fact does this rule do what
we think we want it to do. | just see that that's the
parallel. | don't know if that helps or not.

Now it doesn't address your question of
gi ven you decide to do NFPA 805, and you're going to
do an HRA, why do we have 40 different HRA net hods out
there. | realize it doesn't address that question.

DR LAOS: And | hear it will be in a case
where the industry and the NRC hopefully will agree on
t he net hodol ogy at |east for --

MR KOLACZKOWSKI :  Yes. At least the fire
W're actually going to try to have industry and the
NRC agree on a nethod.

MR, APOSTOLAKIS: So you are on your way of
having a col | aborative agreenment with thenf

MR. NAJAFI: This is Bijan Najafi again.
just want to caution that this collaborative project

has multiple steps to start and kick off a project,
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and we are in a planning phase of this project at this
time. So other things need to and shoul d happen
before we actually put pencil to paper start of next
year. It is critical to the industry. | guess we
recogni zed that this is an inportant piece after we
finished our previous work. Because of the manua
action, because of the PRAs that are being done, this
is an inportant critical piece. But still there are
steps that have to happen before we can actually
start. | just wanted to make that clear. Thank you.

DR LAOS: M being on the optimstic side,
I"msaying it --

MR. APCSTOLAKIS: So this NUREG is for
i censees who remain in the determ nistic domain?

MR. KOLACZKOWBKI : They're not going to do
805. They decide they're going to stay with Appendi x
R

DR LAOS: It's not for the |icensees.

MR, KOLACZKOWSKI :  That's what this NUREG i s
for.

DR. LAOS: This is technical guidance for
the NRC staff evaluating the |licensee applications or
requests to have nmanual actions as a neans of
mai nt ai ni ng how shut down - -

MR. APCSTOLAKIS: The thing is that |'m
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afraid that your licensee will cone in her with 805
and will say there that they're using this to convince
t hensel ves that their risk is |low when it conmes to
manual actions, they don't have to do an HRA because
it will be approved. And it will be very difficult to
say well, gee, this was really nmeant for the other
guys, not you.

But anyway, | think I made nmysel f cl ear that
we seemto be going in many different directions in
the HRA area as a comunity, not just NRC. Because
also the HCR, RCE, and the other -- what is the nane
-- the CBDD that the industry is using -- | nean | had
the chance to look at it nore carefully. It seens to
be a reasonabl e thing, too.

So at sone point, we have to converge it
seens to me. W really have to converge.

DR LAOS: | just want to rem nd the
conmttee that we have initiated what we call the
bench mar ki ng study whi ch woul d al | ow us to under st and
the method's strengths, limtations, conpare themin
a deeper sense than what we have done so far with the
good practices and the evaluation of the various
net hods with respect to good practices.

MR. APOSTOLAKI S: That's good.

DR LAOS: And so we're getting there.
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MR APOCSTCLAKI S:  Ckay.

DR. LAOS: W have steps to get there.

MR. KLEIN. If | could just enphasize the
use of this NUREG which I'Il talk about in ny
presentation. It is for the NRR staff to use if and
when we receive these exenption requests that the
| i censees have indicated that they would submit to us.
And it's for those |I|icensees who are under a
deterministic |icensing basis today.

MR. APOSTOLAKIS: But conceptually, it
creates a problem

MR KLEIN: | understand.

MR APOSTCLAKIS: A lot of the stuff we're
doing is driven by legal requirenents, but this
commttee has to poi nt out t he | ogi ca
i nconsi stencies. Let ne speed it up for you.

DR LAOS: Sure. Well, probably nost of the
slides will not be needed to be covered. Just
qui ckly, the NUREG has both visibility and reliability
criteria, and it's two parts. One docunents the
criteria and why we have -- what is the technical for
bases for those. And then guidance for inplenmenting
it.

In terms of difference with the reg guide

draft guide 1136 is the fact what we've said before.
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That for a tine margin, we were recomending in the
draft reg guide a factor of two, and we're not doing
it here. But we insist the NUREG requires extra tine,
but then there are various nethods how you can
denonstrate extra time, and the |icensees woul d have
tojustify their nmethod and why that tinme i s adequat e.

And the change was done because of conm ssion

direction and, | guess, conments on the draft reg
gui de.

These are the criteria. 1 don't have to
size them In terns of feasibility, probably it's

worthwhile to nention that an action is considered
feasible if it <can be shown that it can be
acconplished within the estinmated tine avail able, and
the estimation comes from anal ysis performed, and in
that estimation the criteria required to have taken
into consideration uncertainties that arefire-related
such as nature of the fire, fast, slow, et cetera.
Also to be taken into consideration is the tinme that
it would take to diagnose the event. And in a
nut shel |, the | ast criterion is to perform
denonstrations. And, therefore, the estimated tine
has to be conpared with the tine that the
denonstrations showed that it woul d take and nake sure

that the estimated tine is |arge.
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Now, |icensees can conme in and say that we
use conservative estimtions and, therefore, our
estimations envelop all of those uncertainties. 1In
those <cases, they would have to provide the
justification on howthese are envel oped. In terms of
reliability now, we address nore uncertainties with
respect to t--

MR. APOSTCLAKI S: Excuse ne. Al these

estimates conme -- | mean if I'ma licensee and cone to
you -- and you have a coupl e of exanples here -- and
say -- yes, | follow your diagram and | estinmate it
will take ne a minute and a half to do this nanual

action, does the NRC take that and accept it, or they
have to actually show people running to do that in a
mnute and a half? What is the rule of the gane here.

MR. KLEIN. Froman NRR [perspective, when
we review |license anmendnents and exenption requests,
this information, of course, provided such as you
noted, if the information needs to be clarified, needs
to be substantiated, we will go - and it has not
al ready done so in the submttal, we will go back to
the licensee to request additional information. Wuld
we ask them for a denonstration? That's hard o say.
I think it depends on the exact exenption and the

condi tions under which they're requesting it. There
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m ght be situations when it's a very clear sinple
operator manual action, and the staff nay or nmay not
ask for a denonstration. |If it's a conplicated one,
again, it depends upon the confort |evel of the
reviewer also. And he may or nmay not ask to have the
i censee denonstrate to himor her that the action can
take place in the tinme estinmated.

MR. APCSTOLAKIS: The word denonstrate is
used a lot in the docunment, and | thought it neant
that they would actually have to do it, and you woul d
be observing it, but you are sayi ng no.

MR. KLEIN. W nay or nay not observe it.
| think that the criteria does require the licensee to
denonstrate that he can, because the |icensee
ot herwi se cannot estimate the time that it would
actually take to performthe operator manual actions.
Whet her the staff would actually observe it, because
we're at headquarters, again, we would nost |Iike
likely not directly observe it. Again, | would have
to go back to an exanple where if the situation does
warrant it, we nmay request that of the |icensee, but
| don't, offhand, see that at this point.

DR LAOS: So although we have a criterion
for the licensee to be able to denobnstrate the

feasibility and reliability of the action, that
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doesn't nean the NRC is going to ask the licensee to
denonstrate every action that they are doing.

MR. KLEIN. Right. Through our Reactor
oversi ght process --let's assunme that the |icensee has
been granted the exenption request. Through the
React or oversi ght process, an inspector could go in
and see the licensee, and in the process of that
i nspection, could ask the licensee to denonstrate the
feasibility and reliability of their operator nanual
action through a denonstration, in other words,
through a walkthrough wth the inspection and
denonstrate to the inspector that the timng is as
indicated in the |license amendnent submttal.

MR. APOSTOLAKIS: But it may be very
difficult to create fire conditions. | mean
environmental affects, so | don't know what kind of
denonstration that woul d be.

MR. KLEIN. On, absolutely. It is very
difficult. W have the same situation with fire
brigade drills today, sane thing. Licensees do their
best in terms of simulating the conditions for fire
brigade drills, and | see this as a very sinlar
situation. And John and Alan nay be able to el aborate
on that for nme, but | believe that in terns of the

environnental conditions and so forth, | think that's
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why we have the time margin built in, because of those
uncertainties.

MR. APOCSTOLAKIS: The nmin nessage | get
fromthis NUREG is that whatever the estimated tine

is, you double it. Essentially, that's what you say.

DR LAOS: That used to be the case for the
draft regulatory guide, and we have that included as
an exanple, as one way for the acceptability for the
time margin. But it doesn't mean that |icensees woul d
have to foll ow that exanple.

MR. BONACA: You know, tine is not the only
i ssue here, however. | nean what your concern -- |
nean even if you were observing an exercise, you're
neasuring the tinme, you're presum ng that everything
will work that way that they' ve devel oped in the
scenario. In reality, what you' re concerned about is
fire-related issues. You nay have a nan down that is
bur ni ng or what ever and, you know, are you consi dering
events |ike that? You have to. And that will affect
the time in a way that is nore difficult to eval uate.

MR. APCSTOLAKIS: That's why they double it.

MR. FORESTER: John Forester. Could I
comment, please? | think the gui dance suggests that

they actually conduct a denonstration if they want 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

254

take credit for the fire manual action, so the intent
is that they would conduct a denonstration, and they
woul d try and simul ate as nmany aspects of the actions
as possi ble which neans the diagnosis and what it
takes to inplenent that. And to the extent that they
can simulate fire effects, that would be a good i dea.
But the goal then is to get a -- and, you know,
obviously under -- if they're at full power, they may
not be able to open certain valves that may be
required in the case of the fire, so they have to
estimate certain aspects that’s i nvol ved i n conducti ng
t he denonstrati on.

But at the end of that, okay, they've
denonstrated that they can carry out this action and
do all this stuff, with some estimations along the
way, in a certain anount of tinme, and then at the end
of that, then the consideration is that but there has
to be sone extra tine, again, to cover the factors
they couldn't sinmulate, |ike soneone's down, there's
water on the floor. That's the things that are to be
covered by the extra tine. But they need a basis to
establish fromthe denonstration to be able to then
take these other things into account and figure out
how much extra time they need.

MR. APOSTOLAKIS: Well, the extra tine it
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seens to ne is really guidance fromyou, the margin.
That's why | say that | get the inpression that you're
real ly reconmendi ng doubling the tine.

MR. FORESTER  That's what we started with
was suggesting factor two based on the process we
used, but the notion was is that maybe in all cases,
that woul dn't be necessary to have that |evel, that
|arge a factor. But, again, the main thing is for
themto consider all these other things that m ght go
wrong that they couldn't do in a denobnstration, and
they want to make sure they do have enough tine to
cover those aspects, whatever that tinme needs to be.
If they do that anal ysis and | ook at all those issues,
then whatever tine, they need to make sure they have
enough.

MR KLEIN. | think the discussion of the
time factor of two in the NUREG | think was an effort
to preserve the resources that were expended and the
expert elicitation panels work done as part of the
draft reg guide. It is not in there as a hard and

fast criterion for the NRR staff to use to say to a

|icensee your time margin shall be two tinmes. It is
not .

MR. APCSTOLAKIS: | know it is not intended
to be, but | nean it seens that that's roughly what
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woul d be an accept abl e margin.

MR KLEIN: | think --

MR. APCSTOLAKIS: |If a licensee cones to you
and has nultiplied the estimated tine by 1.2, | can
see the revi ewer saying, "For heaven's sake, you know,
it seens that two is the appropriate nunber and you go
down to 1.2, why?" | nean there will be a |lot of
di scussion, but | appreciate that's sonething that's
a subj ective judgnent.

MR. KLEIN: And certainly two is not a
maxi mum either. | want to enphasize that, too. And
| think that the commi ssion, in their response back to
the staff when we went out for the proposed rul e, nmade
a very simlar coment in their SRMback to the staff.

MR. APOSTOLAKI S:  Yes. Ckay.

MR KOLACZKOWSKI : Al an Kol aczkowski . |
guess, just for the record, yes, | want to nake sure

it's clear. This does not recommend even the factor

of two.

MR, APOSTOLAKI S:  Yes.

MR KOLACZKOWNSKI: And if a |licensee cane
and said, well, I multiplied it by 1.2, hopefully the

submttal would say we think this is appropriate
because to the best of our ability to nmeasure,

estimate, whatever, those uncertainties and their
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effects, we think we can justify, we will show you why
we think just a multiply of 1.2 envelops those. And
i f they can provide adequate justification in the view
of the reviewer, than that's going to be good enough.

DR LOS: So we have criteria for
environmental factors. | don't think I should --
unl ess the commttee has any questions on these --
equi pnent functionality and accessibility,
availability of i ndi cati ons, capability for
communicating during a fire event, the fact that
portabl e equipnment needed and personal protection
equi pnent needed, criteria for those. |'mjust
ski mmi ng through. Unless you have any questions, |
don't want to --

MR. APOSTOLAKI S: | do.

DR LAOS: Yes?

MR APCSTOLAKIS: It seens to nme that what
a lot of this report does is tries to figure out
scenari os, possi bl e performance-shapi ng factors and so
on, and ATHEANA does this very well. Wy didn't you
bri ng some of the ATHEANA net hods here?
The first part of ATHEANA with scenari o devel oprment
has nothing to do with risk, so it would be very
hel pful, it seems to nme, to bring sonme of the ATHEANA

met hods to this.
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MR, KOLACZKOWBKI :  Well, again, we didn't --

we wanted to keep this in determnistic space. W
don't want the licensee to provide a submttal where
t hey' ve done sone ATHEANA anal ysi s.

MR. APOSTOLAKIS: But ATHEANA is --

MR, KOLACZKOWSKI :  But if your point is that
we sort of think along the sane |ines of an ATHEANA or
even SHARP-1 or whatever that gets into investigating
what's inportant, what are the inportant PSFs,
what ever, you coul d say that's already i nherently been
done, and the result is we think these 11, or whatever
it is, criteria capture, if you will, in HRA
term nology, the PSFs that would be inportant for
manual acti ons.

MR APOSTOLAKIS: Yes. But | nmean it seens
ATHEANA i s already in existence.

MR, KOLACZKOWBKI :  Yes.

MR. APCSTOLAKIS: And it would help to bring
that in here and al so avoid creating this inpression
that we have three different ways of doing things.

MR, KOLACZKOWBKI :  Ckay.

MR. APOSTOLAKI S: But ATHEANA' s approach for

deternmining scenarios, | think, is its strength, and
that woul d be very useful here. [|'mnot saying you're
not doing it, but I think it would be very -- and al so
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you have the various possibilities in text form using
eventries would be a nuch nicer way to display them
Let's see. There was sonething el se.

Now t he experts, are we going to tal k about

the experts?

DR LAOS: No. | was not planning to cover
that. | nmean how we did the expert elicitation to
come up with this margin of two, |I'mnot prepared. |If

MR APOCSTCLAKIS: Yes. But if | raise
guestions, are you guys going to answer then?

DR LOS: Sure. Just close the --

MR, APOSTOLAKIS: |I'msorry? Yes. |If
you' re done, you're done.

DR LAOS: Ckay.

MR KOLACZKOWBKI: | think we're done
basically -- Alan Kol aczkowski -- | think because --
as far as all the other criteria go, and | don't want
to absolutely speak for industry, but | think the
indication is that industry and NRC are not at odds on
all the other criteria, nmaybe with the exception -- |
mean there's still a little discussion about the
denonstrati on and whatever. But other than that, |
think, yes, they all recognize you got to have cues to

even know to take the action. You got to have the
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equi pnent avail able. You got to have conmunication so
you can talk. | don't think industry and NRC are at
odds at all on nost of the criteria. That's why I
wanted to spend a little nore tinme revisiting the tine
margin stuff. And, again, the expert panel stuff, the
factor of two that you find in the Appendix is there
only as an illustration and not sonething that we
expect the licensee to duplicate or even use for that

matter if they choose not to.

MR. BONACA: | nean, if | renmenber, again,
the requirenent still is that they operate -- that the
plant will have fire manual action -- | mean autonatic

fire protection, right? These are exenptions that the
licensee wants to have? | nmean | don't want to put --

MR. KLEIN:. That's correct. |If a licensee
wi shes to use an operator nmanual action in lieu of the
protection requirenments under I|11.G of Appendix R
I11.G 2 which requires -- I'msorry?

MR. BONACA: Wich is automatic detection
and suppressi on?

MR. KLEIN: Wen you have a situation where
you have redundant trains in the sane fire area, and
you have one hour fire wap or 20 feet of separation,
the regulations today require licensees to have an

automatic detection and suppression system in that
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fire area, yes.
MR. BONACA: And now they won't take an

exception or try?

MR. KLEI N: If a licensee wants to come and
inlieu-- for exanple -- |I'Il give you an exanple --
in lieu of a one-hour fire barrier -- no, let ne

withdraw that. Actually, let nme use the exanple of a
three-hour fire barrier. Right now, the regul ations
under 111.G 2, if a licensee has redundant trains in
the sane fire area and has one of those trai ns wapped
with a three-hour fire barrier but now w shes to
renmove that three -- or no | onger take credit for that
three-hour fire barrier, that licensee mght want to
come in for an exenption request. But, because he
does not have detection and suppression in that fire
area, and the staff believes that there is -- the
consi deration of defense in depth that the |icensee
needs to address is why the staff had put that in as
a condition as part of the proposed rule. So --

MR. BONACA: Suffice it to say that it seens
to me because they want to avoid this requirenent,
which | always felt was sensible, the burden is on the
licensee to assure -- | nean | want to nake sure that,
you know, the requirenent you make for denonstration,

that human action is not only feasible but reliable,
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are strict enough, and they are not going to be
negoti ati ng now, you know, small fractions of tine,
but that's what's going to happen. That's what's
going to happen, because now the whol e i ssue has
beconme reliable manual action, and we forget that
really we are protecting certain vital areas where the
redundant trains are running.

MR. KLEIN. That's correct. W have not, as
of yet, as far as |' maware, seen an exenption request
since the proposed rul e has been wi thdrawn, so | can't
tell you at this point. | have no experience at this
poi nt. No dat abase.

MR. BONACA: | understand that. | was just
saying that as part of this, | would not have any
hesitation to have very strict requirenments on tinme
avai |l abl e, because that's all you got --

MR. KLEIN. That's correct.

MR. BONACA: -- as an alternative to a
sensible requirement of protecting an area wth
redundant trains. That's all you got is there, and
they don't want to have autonmatic action.

MR. KLEIN: That's correct. That's why the
staff had the position with the proposed rule that a
| i censee have detection and suppression in that fire

ar ea.
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MR. BONACA: Right. But thisis --

MR. KLEIN: You couldn't sinply rely on an
oper at or manual action to safely shut down your plant.

MR. BONACA: But you're doing this NUREG
because the industry said, no, we're not going to do
it --

MR. KLEIN:. | think the NRR staff had --

DR LAOS: You want to do why don’t --

MR. KLEIN. | can -- well, actually, 1've
done nost of ny presentation at this point. The staff
had requested this research, the NRR staff did,
because we wanted to have a consistent set of criteria
for any future Iicensing anendnents that m ght cone in
to the staff as indicated by the industry once we
withdraw this proposed rule. So this is part of a
tool, if youwill, for the NRR reviewer to evaluate a
i censee's anendnent request for the use of operator
manual action, along with the requirenent that's
currently in the rule today for detection and
suppr essi on.

Now that's not to say that a |icensee can't
denonstrate to us that the requirenment for detection
and suppression could al so have an exenption request.
Again, it depends on the specific situation.

MR. BONACA: | was pointing out that |
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woul dn't be to shy to recognize that you are
addressing the defense in-depth issue here and, you
know, | think these tine requirements should be strict
requirenents.

MR, KOLACZKOWSKI :  No. W pointed out at
that beginning of this presentation, the NUREG does
not address the defense in depth part. You're going
to have to go to sonething el se to address the def ense
in depth part. The NUREG i s purposely not addressing
that part. It's only on the manual action itself.

MR. BONACA: | guess | was thinking that

the time is the issue that provides sone margin here

so.

MR. KLEIN. Good afternoon. M nanme is Al ex
Klein. 1'mhere standing in for Sunil Werakkody who
is at a commissioner briefing currently. | am

actually on rotation right nowin the office of
research, but I'mhere as a representative of NRR and
of Sunil to provide you with, | guess, of the planned
use of this NUREG by the NRR staff. And, of course,
we' ve discussed in sone detail several of my slides
al ready, so where that's the case, I'Il try and
proceed snoothly and qui ckly through those.

He's done a fancy way here. | see that.

Sunil didn't tell nme | have to press the button
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several tines. Wll, good for him | guess he wanted
to add a little big of a pizzaz to his presentation.

MR. APOSTOLAKI S: He al ways does.

MR KLEIN. What | want to do -- and let ne
just press the button so you see them all. This
slideisreally toindicate to the conmttee that with
respect to operator nanual actions, there are a |ist
of docunents that we use. W, of course, have 10 CFR
50.48, Fire Protection, under which falls the
reference to Appendi x R

W recently issued a regulatory issue
summary, 2006-10, which basically outlines the staff's
expectations with regard to Appendix RI11.G 2 and
operator manual actions. This (RI'S) was issued
following the wthdrawal of the operator nanual
actions rule. And we nentioned this to the conmttee,
that we would be issuing a generic conmunication to
the industry, toreiterate and to re-enphasi ze back to
the industry the conpliance expectations for the use
of operator nmanual actions under Appendix R It also
di scussed sone enforcenent discretion policy changes.
And it also discussed conpensatory neasures and
corrective actions required by |licensees who currently
used unapproved operator manual actions.

I mentioned the Standard Revi ew Pl an, 9.5-1,
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and the revision to the RG 1.189. The RG revi sion

1.189, as | indicated to you, will be comng to the

committee at some point in the future. W're also

revising the SRP, of course, to match and be

consistent with the things that we do in operator

manual actions and in the circuits arena.

And that's

also a near-termactivity. | believe that the

revi sions are ongoi ng right now.

Let ne go to the next slide. Sone of the

supporting docunents that we use, again, the RG W

have criteria for inspectors in the

i nspection

procedure, 7111.05, Fire Protection. Actually, there

should be a T at the end of that point 05. That's

been in existence, | believe, since the year 2003.

And that's used by inspectors to determ ne the

acceptability of operator nmnual actions as a

tenporary conpensatory measure while |icensees go

through their corrective action program and bring

t hensel ves back into conpliance with the

their conmm tnents.

rule and

We have, of course, the NUREG that we just

t al ked about.

MR APOCSTCLAKIS: Is it RG 1.189 or 6?

MR. KLEIN. If | msspoke, it's 1.189. |I'm

sorry. If | said, 1.186, then |I m sspoke.
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1.189.

This speaks to Dr. Bonaca's question with
respect to defense in depth and so forth. The NUREG
1852 doesn't nention and doesn't obviate the need for
detection and suppression. That comes out of a
di fferent docunent or set of regul ati ons that we have.
O course, it's enbedded in Appendix RI1I1.G 2 as |
i ndi cat ed.

W tal ked about this next slide, RG 1.189,
with respect to the time margin. Wat we're
enphasizing is that, again, it speaks to this defense
in depth issue that replacing certain fire protection
systens or features such as a three-hour fire-rated
barrier with an operator nmanual action we believe is
typically unacceptable where redundant divisions
required for safe shutdown are in the sanme fire area,
unl ess, of course, alternative or dedi cated capability
is provided under I11.G 3 of the rule which, by the
way, al so requires detection and suppression.

MR. BONACA: But you still have an
exenpti on.

MR. KLEIN:. That's correct. The |licensees
are free to submit exenption requests to the staff
with respect to Appendix R That's been a

| ongstanding -- | believe there's a court case that
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actual ly provided that policy with respect to Appendi X
R, because it is a back-fit to licensees, the 111.J
and O sections of Appendix R

Wth respect to the use of NUREG 1852, |
think I indicated to the cormittee al ready that these
are for exenption requests to be used by the NRR
technical staff to use as a consistent way to review
the use of operator manual actions by licensees in
future licensing anmendnents. As | indicated to you,
as far as | amaware, we have not seen any. But then
again, 1've been in Research for three nonths so.

MR. APCSTOLAKI S: The | ast sentence there is

bot hersome -- that they may use 1852 even in risk-
informed evaluations. | thought you guys said no
earlier?

MR. KLEIN: Let ne take a nonent if | could
and take a look at Sunil's handwitten notes here.

DR LAOS Wwll, qualitative insight is

needed. Well, this is supplenental information.
MR. APOCSTOLAKIS: | don't know what the
qualitative insight is. | nmean what if they conme in

and say, | ook, we calculated all these tines, we added
the extra margin you guys want? They' re okay.
DR LAOS: But it would be risk-inforned

appr oach.
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MR. APOCSTOLAKIS: Allowed in a risk-inforned

environnent. In other words, they may say here is a
sequence of events in nmy fire PRA. | calculate the
probabilities of the initiator and other things, and
here is a manual action of which | will assune has a
probability of zero for failure, because | did what
NUREG 1852 said for a very |l ow probability of failure.
So the probability of a sequence is everything el se.
That obvi ates the need for an HRA

MR. KLEIN. It may very well with respect to
a qualitative evaluation. And | think that's what
this bullet is intended to convey through a
qual itative eval uation.

MR. APOSTOLAKI S:  Thank you

DR. LOS: Another way to |ook at that could
be that ny performance shaven factors are the ones
that are docunmented in the criteria in doing an X
anmount of reliability analysis.

MR APOSTOLAKIS: But for the human
reliability analysis, | have a whole nethod for
finding these things. And | don't need to go to 1852
to get them

DR. LOS: But that nethod would tell you to
| ook at these things that we're docunenting in 1852.

MR. KLEI N: | think that's the intent of
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this bullet.

MR. APCSTOLAKIS: Using it only for
exenptions in the determnistic space, so that changes
the rules of the game. So you're not asking for a
Letter now?

MR KLEIN. No, we're not. | believe that
this bullet speaks to, again, a qualitative kind of an
insight in a determnistic |license anendnent request.

MR APOSTOLAKI S:  Yes.

MR. KLEIN: | think that was the intent of
this bullet.
There are a couple of I|imtations wth

NUREG 1852 that we wanted to convey to the comm ttee.
Wth respect to the first one, the criteria in NUREG
1852, again, is not intended to apply to nmain control
room abandonnment -type situations where the |icensee
woul d have to go to his renote safe shutdown panel
In other words, the timng and the considerations of
the criteria as the |licensee abandons the control room
and goes to the renote safe shutdown panel, we do not
intend to apply NUREG 1852 to that because of a
previ ous generic comuni cation under Generic Letter
8610 whi ch addresses that question.

Again, the second bullet also doesn't --

agai n, we tal ked about the fact that it doesn't
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address detection and suppression. That requirenent
for detection and suppression, which the NRR staff
believes is a defense in dept itemis under the
existing regulations of Appendix R 1I11.G2. And
again, it's under the purview of the SRP RG 1.189.
And it's reiterated in the RIS 2006. 10.

MR. BONACA: But then if | apply for

replacing ny automatic actuation with manual action,

don't | replace -- | mean manual action would not
establish defense in depth. It clearly replaces
that, right? It replaces the -- | nmean -- I'mtrying

to understand --

MR.  KLEIN. M understanding is that
| icensees woul d substitute an operator nanual action
for a fire barrier or a 20-foot separation for
exanple. And that they would not substitute -- |
can't think of a situation where they m ght substitute
an operator manual action in lieu of a automatic
suppression system They may. And if that's the
case, then the staff here would | ook at that defense
in depth aspect or the loss of that automatic
suppression system W would then | ook at, okay, what
is balanced against that. |Is the |licensee proposing
to mintain a one-hour fire barrier? Has he

adequately justified through a fire nodeling, if you

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

272

will, and so forth what types of fires m ght occur in
there? Are they nuch | ess than the one-hour rating?

MR. BONACA: But ny understanding is that
there will be applications like that.

MR. KLEIN. There may very well.

MR. BONACA: Because, | nean sone of them
by the current requirenents, they'll have to install
sprinkler systens in areas where they don't have t hem

MR. KLEIN:. That's correct. |If a licensee
currently today has no detection and suppression
systemin there, he nost likely has three-hour fire
barriers in that |ocation right now.

MR, BONACA:  Yes.

MR. KLEIN. And so the request would cone in
to use an operator manual action in lieu of that
t hree-hour barrier. Now the staff would then | ook,
okay, is the licensee proposing to provide detection
and suppression along with that operator manual action
inlieu of that three-hour barrier. |If not, then the
staff, of course, would |l ook at the defense in depth
aspect of the lack of detection and suppression in
that area with only the use of an operator manua
action. The staff is, of course, very concerned about
the erosion of defense in depth in that situation.

MR. BONACA: What do you nean by they would
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| ook at it?

MR. KLEIN:. They woul d consider that as
part of the -- they would review that. They would
evaluate it as part of that |icense anmendnent and
deternmi ne whether or not the licensee has adequately
justified whatever it is that they're asking an
exenption for.

MR. BONACA: But NUREG 1852 will provide the
base for this eval uation?

MR. KLEIN. NUREG 1852 will provide the
bases for the operator manual action itself only. It
does not provide the bases for the exenption from
detection and suppression. That comes out of the
Appendix R1I11.G 2 rule. And that is the last slide
that | have.

MR. APCSTOLAKI S: Any ot her conmmends form
the nenbers? Staff? Thank you very nuch.

MR. KLEIN. Thank you.

DR. LAOS: Thank you.

MR APOSTOLAKIS: So this is the end of the
subcomm ttee neeting.

(Whereupon, at 3:47 p.m, the foregoing

matter was concl uded.)
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