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PROCEEDI NGS

(8:33 a.m)

CHAI RVAN APOSTOLAKI S:  The neeting will
now cone to order.

This is a neeting of the Advisory
Commttee on Reactor Safeguards, Subcommittee on
Probabilistic Ri sk Assessnent.

| am CGeor ge Apostol akis, Chairnman of the
Subcommi ttee. Menbers in attendance are W1 | i amShack,
Sam Armjo, Mario Bonaca, Rich Denning, Tom Kress,
Oto Maynard, Jack Sieber, and Graham Wl li s.

The purpose of the neeting is to begin our
review of the ESBWR probabilistic risk assessnent.
The Subcommittee will gather information, analyze the
rel evant issues and facts, and fornulate proposed
positions and actions as appropriate for deliberation
by the full Conmittee.

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

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Reqgi ster on April 4, 2006.

A transcript of the neeting is being kept

and will be made avail able as stated in the Federal
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Reqgi ster noti ce.

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

We have received not witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's neeting.

W will now proceed with the neeting, and
| call wupon M. Any Cubbage, the NRR s project
manager, to introduce the presentations.

M5. CUBBAGE: Good norning. |1'd just like
to give a fewopening remarks to set the stage for the
presentations you'll be hearing from GE today and
tomorrow. There will be a staff presentation tonorrow
afternoon as wel .

The application for certification is
submitted in August and then supplenented in
Sept enber - Cct ober. The application was accepted for
docketing on Decenber 1st, 2005, and since that tinme
we have received Revision 1 of the design control
docunent in three different pieces as |isted here.

The one pi ece that has not been submtted
yet is Revision 1 of Chapter 19 of the DCD, which is
t he PRA.

W did provide prelimnary requests for
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additional information to GE on severe accidents.
Those were provided to GEin RAl letter nunber three,
which was sent to themin Decenber. That should be
05, a typo there, and GE is in the process of
revising the PRA to address these RAlIs and also to
incorporate the <changes that were nmade between
Revi sion 0 and Revision 1 of the DCD.

So as you can see here sone of the
chapters of the Revision 1 of the PRA have been
subnmitted and have been provided to the conmttee.
The additional chapters, | believe sone of them are
com ng today and others will be here within a week or
t wo.

At that time we'll have a conplete
Revision 1 of all the PRA docunents.

Just the overall certification schedule.
We're currently issuing RAIs to GE, and that will
proceed t hrough Cct ober ' 06, and then we're expecting
all of the RAlI responses to be received through
Noverber ' 06.

W' re planning to i ssue the SER with open
itenms in Cctober '07, and at that point we'll begin
the process of closing those open itenms and issuing
suppl emental SERs as necessary in assuned 15 nonths'

duration to conplete that effort, and then we wll
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start the rul emaki ng period, which is assunmed to | ast
12 nont hs.

CHAI RVAN APCSTOLAKI S:  When you say 15
nont hs, starting when?

M5. CUBBAGE: Starting with the issuance
of the SER with open itens. So --

CHAI RVMAN APOSTCOLAKI S:  Cct ober '07, 15
nonths after that?

M5. CUBBAGE: Right, and that's just an
assunption at this point. Until we know the nunber

and scope of open itenms, we won't be able to establish

a firmschedule for that. |[|f the nunber and scope of
openitens is small, we nay be abl e to proceed qui cker
t han t hat.

CHAI RMAN APOSTOLAKI'S:  So we may go to
2009.

M5. CUBBAGE: That's right.

CHAI RMAN APCSTOLAKI'S:  And the ACRS is
i nvol ved there?

MS. CUBBAGE: The ACRS woul d be invol ved.

Right. | would expect a lot of involvenent at the SER

with open item stage, and then as we're issuing the
suppl ements. O course, if there's any topics of
interest early on, we coul d provi de nore neetings |like

this to provide you with an overview of different
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t opi cs.

So that's all | had.

MEMBER WALLIS: And you said that there
are other presenters tonorrow afternoon?

M5. CUBBAGE: Yes, tonorrow afternoon.

MEMBER WALLIS: W're due to adjourn at
12:15. So they may be talking to thensel ves.

M5. CUBBACGE: | say afternoon. M d-
norning. Sorry. |It's noted on your agenda.

And what we are doing, briefly, tonorrow
is just going over the RAls that we' ve issued, a
sumary of those, and then O fice of Research i s going
to be presenting information on confirmatory severe
acci dent cal cul ati ons.

MEMBER WALLIS: Just a core catcher?

M5. CUBBAGE: |Is Ofice of Research going
to? | don't know. That is a question for GE

At thistimel'dlike tointroduce Stephen
Hi nds to make sone remarks for GE

MR. HINDS: Good norning. |'m David Hi nds
fromthe GE ESBWR Engi neeri ng Manager.

|"d just like to hurriedly introduce our
teamthat we have here today. W have Ri ck Wachow ak
over here. He is PRAlead. He will be the main

speaker today.
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And we al so have Sid Bhatt over here, who
will also be supporting R ck and nmaking sone
presentations this afternoon.

Supported by Al an Beard, basically if you
ask some questions that we need to point in his
di rection supporting the presentation.

And then coming in later we'll have
Theof anous, who will be supporting us on our severe
acci dent anal ysi s.

And we have a day and a hal f pl anned here
with the focus, overview of our PRA as well as our
severe accident analysis, and we'll go | suppose as
deep as we can within the day and a half tine period,
and |'msure we'll be back here to see you agai n.

W |ook forward to sharing information
with you here today. The PRA with the ESBWR has been
done in parallel with the design and we're going to
cover sone of that process, but it has been a very
interesting process using the PRA as a design too
such that we can incorporate risk insights into the
design as we go along. It brings upon certain
chal l enges we're actually closing out and conpl eting
in the PRA, but it's a very good design tool and
useful in our design process, and Rick will cover that

in nore detail.
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So I'"ll turn it over to Rick.

MR. WACHOW AK: Good norning. | guess |'m
supposed to sit close to the m crophone.

CHAI RMVAN  APOSTOLAKI S: Do you m nd
st andi ng up?

MR, WACHOW AK: | don't mind standi ng up.

CHAI RMAN APOSTOLAKI S: W& want to see your
body | anguage.

MR, WACHOWAK: |'Il go ahead and start
from here

The first part of the presentation is
going to be an overview of what it is we're going to
do today and tonmorrow and talk a little bit about the
phi | osophy of how we used the PRA as a design tool, to
be able to say. So the agenda for the neeting or at
| east the GE presentation, this is all printed in the
agenda, but we want to cover an overvi ew of how we use
ri sk managenent. W're going to talk about severe
acci dent prevention, which is pretty nuch the Level 1
PRA; severe accident mtigation, which discusses the
vari ous phenonmena of severe accident; containnment
system performance. Once we get beyond the phenonena
of severe accidents, what does the containnment do as
a systemitsel f?

W'l tal k about our off-site consequence

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

11

analysis as it relates to a design PRA, a non-site
speci fic design PRA

Tomorrowwe' || tal k about external events,
shut down, and then concl ude with some of our insights
and ot her i nformati on about howwe' || be proceedi ng as
we go into the future.

The purpose of the neeting, one, to
outline the strategy for how we use risk managenent
| and ESBWR design. W want to be able to denonstrate
to you the robust nature of the ESBWR as it relates to
severe accidents and the way we prevent and mitigate
severe accidents.

W' re al so going to tal k nore about how we
use the PRA as a design tool for designing and al so
for licensing nuclear power plants.

Now, in the DCD phase of this whole
desi gn, which is what we're di scussi ng now, we have to
build a PRA that will support the design that goes in
and i s being reviewed for the DCD, and we needed to do
certain things. W can't do everything at this point
because we don't know everything at this point, and we
may never know everything, but we get closer as tine
goes by.

What we want to nake sure we can do is

that this PRA needs to be able to denonstrate that we
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neet the established goals, risk goals. W want to be
abl e to denonstrate that the ESBWR design is actually
better than what's currently out there. So not only
neeting the goals, but we want to neet and exceed the
goals. It's hard to say with goals which way is
exceed.

Also in this process, we're extending the
use of defense in depth into the severe accident
scenarios thenselves, and we'll talk about that on a
|ater slide. W want to be able to identify systens
that are inmportant to risk and provi de a basis for the
design reliability assurance program

Those two things are sone things that are
going to be a constant dial ogue with the NRC over the
DCD process because sone of the things that you need
in order to identify what goes into these pieces are
not necessarily available to go into the anal ysis at
this point.

So we have to figure out how we bal ance
what we know at this time in the design versus what we
think it's going to be in the future and what control s
need to be placed on how we address these things in
the future. | think that's going to be a constant
di al ogue, and it's not settled business yet.

Finally, we want to be able to provide a
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framework for the plant specific PRA. In the end as
we go through all of the iterations for the PRA during
t he desi gn phase, during the licensing, the ultimte
output is going to be sonething that the utilities can
use in their operation of the plant. And because it
has gone through the licensing phase, it wll be
something that the NRCis famliar with, unlike with
the current plant PRAs where there was kind of, you

know, the plant guys knew some things, the NRC knew

some things, and nobody quite matched up.

But we should all be in sync when we get
t hrough this process here.

VMEMBER DENNI NG  Before you nove on from
this slide, when you tal k about denonstrating ESBWR
neets established risk goals, by that do you nean the
guantitative health objectives?

MR. WACHOW AK:  Yes, and the CDF and | og
rel ease frequency goal .

MEMBER DENNING Right. Have you
established goals yourself that are nore stringent
than those goals or different than those goal s?

MR WACHOW AK: I n sone cases we have, and
it is kind of built in down here. Denobnstrate that
it's better. Let's take the core damage frequency

goal. The subsidiary goal is established at ten to
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the m nus four per year.

Wl |, the EPRI URD t ook that down anot her
| evel, tento the mnus five per year. W still don't
want to be in that range. W're |ooking at bel ow ten
to the mnus six for all the things that we know
about. W're trying to do as good as we can to be
below ten to the mnus seven for the things that we
know about at this point, and we think we've
est abl i shed that .

But those are not -- belowthe ten to the
mnus six, it's nore of a squishy goal rather than a
hard goal. W want to get there, but that's how we're
using the PRA to drive us toward that range.

And once agai n, renenber that where we are
now wi t h knowi ng what we know at this current phase of
the design, if our target is belowten to the mnus
seven, as things cone up we have roomto address them
and roomto see how we want to proceed with those.

CHAI RVAN APOSTOLAKI S:  Which is exactly
the point | wanted to raise. | mean, you can't
denonstrate that you need to establish goals because
your PRA is necessarily inconplete, correct? | nean
you can afford three orders of nagnitude bel ow,
chances are you will neet it, but at this point, |

nmean, we have got know edge that there are, you know,
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many hol es in the PRA because you don't have a plan.

MR. WACHOW AK: | would agree with that.

CHAI RVAN APOSTOLAKI'S: | nean, you need a
fire assessnent. Every other sentence says, you know,
"W don't have information. This is generic. This is
generic. W don't have information," which is fine.
| nmean, that's the situation, but we can't really say
that we're denonstrating we're neeting the goals. |
nmean, we're doi ng what we can with what we have now.
O course, if we violate the goals now, we are in
troubl e.

So do we have the m crophone finally? Ah,
there you are.

(Di scussion was held off the record.)

MR. WACHOW AK: Al right. One of the
things that was associated with this denonstration,
one, you really can't denonstrate until you're done
and you know everything that you don't know now, and
even when you get to that point, there's still the
unknown unknowns, and you'll never get all the way
down. But we're tal king about denpbnstrating using
what we know now.

There are al so cases that we | ooked at and
we know that we need to know nore infornmation to get

to there, and so what we've done in our process is
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we' ve specified sone design requirenments that says,
okay, the analysis is going to assune inthe fire area
it's a fire thing, but it's really in the flood
scenario. W're going to specify where sonme of the
fire protection piping needs to be in the control
bui | di ng because we want to assure an assunption that
we put into the flooding analysis. So we're providing
design requirenments out of the PRA to address sone of
t hese unknowns at this point.

MEMBER WALLIS: Does your PRA include
del i berate human actions in sone way?

MR. WACHOW AK: Acts of conm ssion?

MEMBER WALLIS: Yes. Do you have it so
that it's robust in ternms of acts of comm ssion?

MR. WACHOW AK:  The current desi gn phase,
the current DCD PRA does not include acts of
commi ssi on.

MEMBER KRESS: There was some expl anation
for that, having to do with the fact that no operator
actions are required for 72 hours or something.

MR. WACHOW AK:  No operator actions are
required for 72 hours, but we have to renmenber that no
operator actions required doesn't mean no operator
actions will happen. But the way that our goal is in

desi gning the control systens of this passive plant is
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that if the operators start to do sonething and then
t hey stop, the plant should nove itself back into the
stabl e state as opposed to where in sone of the acts
of comm ssion and existing plants, where operators
start getting into things they send down a different
path and it gets kind of unknown.

What we're trying to do with this design
is make it so that if they do sonething, recognize
that they're going the wong way and go hands off
again, it's supposed to stabilize back into the safe,
stabl e state condition. W're not far enough along in
t he design of the control systens to be able to prove
that, but that's the goal that we have in mnd

The scope of the DCD PRA for internal
events at full power, we've got Level 1, Level 2, and
Level 3, and you have to recognize Level 3 is not a
real Level 3. It's a Level 3 using imaginary
information provided to us in the URD for popul ation
and things like that. And we really only | ook out
about ten mles fromthe site boundary in addition to
that. So it's maybe a three m nus.

| nternal events. For shutdown we've done
Level 1 and in the process of conpleting a sinplified
Level 2, which is going to be in one of these

subnmittals here that will come up shortly.
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External events. W' ve done internal
fires, flood, and high winds. As you said, on what we
believe is a conservative boundi ng basis, once again,
the details to do a detail ed anal ysis of these are not
here yet.

Seismic margins on the safety systens
we' ve provided, and all of this is associated for the
internal events at the Level 1, and we've covered in
the internal fire and flood both full power and
shut down analysis. So that's also the initial Rev. 0
that you nmay have seen didn't have the shutdown for
fire and flood init. W've conpleted that analysis,
and we are in the process of witing that up, and
we'll talk about it alittle tonorrow when we get to
the fire and fl ood, but you don't have t hose docunents
yet.

kay. Let's talk alittle bit about the
ext ended defense in depth. Historically the cl assical
design and anal ysis work that was done for previous
pl ants provi ded defense in depth certainly, but it was
using the design basis or single failure type of
assunpti ons.

For an acci dent you have an acci dent under
t he paraneters and a single failure, and then you nmake

sure that you have defense in depth associated with
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providing the fuel barrier, providing the reactor
cool ant boundary barrier, providing the containnment
barrier, still under that whole sanme franmework.

Here what we've done is we've noved that
on into the severe accident arena where we're | ooking
at nultiple failures of maybe conponents within the
sanme systens or conponents across barriers, and
| ooki ng at how we can provi de def ense i n dept h agai nst
t hi ngs that went beyond what were | ooked at before.

And | kind of say this in that the main
objective is to address common cause type failures.
"1l get to the sub-bullets here in a second.

W also |ook at defense in depth on the
cont ai nment side, not only given a degraded core
that's still in the vessel, which was historically
done for defense in depth, but now we're | ooking at
what ki nd of protection we have for core in the floor
type scenarios, and we'll get to sone of those |ater
this afternoon and tal k about the areas where we've
addressed that.

Now, one of the places where we're using
the PRA as a design tool is in this area of the
extended defense in depth. Howis it that we can
protect against sone of these multiple failure

scenari 0s?
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Hi storical ly when a pl ant canme across somne
comon cause failure issue, the only optionit really
had was to do an augnented QA, if you will, on those
conmponents that you may see conmmon cause failures
t here.

Vell, we are in the design process. W
have the [ uxury of doing sonmething else in additionto
that and adding diversity to our systens to try to
elimnate sone of the conmobn cause or elimnate the
effects, strong effect, of sonme of the commobn cause
failures, and that's sonething that because we're
using the tool this early, we can cost effectively
provi de that.

CHAI RVAN APOCSTOLAKI S: Are you com ng back
to this issue later?

MR. WACHOW AK: | didn't have any specific
bullets on that. So --

CHAI RVMAN APOCSTOLAKI'S: Wl l, it would be
nice to see an exanpl e.

MEMBER DENNI NG  Specifically what were
you | ooking for, George?

MR. WACHOW AK: A specific exanpl e?

CHAI RVAN APOCSTOLAKI S: Yeah. | nean, --

MR. WACHOW AK:  You know, actually in the

next presentation | do talk about how we use a
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conbi nati on of passive and active systens and di verse
control systens. So | think | have an exanpl e there.
So we'll get into that.

MEMBER ARM JO. But was that an output of
this process or was that already going in and you had
planned to do that? 1In other words, are you really
using the PRA to gain insights that will help you
create diversity that pays off?

MR WACHOW AK:  The answer to that is nost
of the tine. Because there are other things that are
inthe we'll say the different requirenments docunents
that are out there that say, well, you' ve got to | ook
at diversity.

MEMBER ARM JO  Right, generally speaking.

MR WACHOWAK: So if we hadn't done a
PRA, we probably woul d have gotten there anyway, but
i n general, those docunents to sone degree canme out of
previous risk analysis. So it's kind of in there.

However, where we are doing this is when
we say -- when we | ook at what the PRAis telling us.
Here's a common cause failure that we need to address.
W go back and we say, "What kind of diversity do we
have in the design to address things |like that?"

And especially in the instrunent and

control system area, we did use the PRA to define
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whi ch i nstrunment and control systens t hensel ves needed
to be diverse fromthe other instrument and control
system

MEMBER KRESS: How did you quantify the
effect of that diversity? D d you change the beta
val ue?

MR. WACHOW AK: Basically, that's what we
di d.

MEMBER KRESS: But you had no way to know
what to change it to?

MR. WACHOW AK: At this point in the
design and procurenent, yes, it was |ooking
conceptual ly.

MEMBER KRESS:. So you use expert opinion
or sonet hi ng?

VR. WACHOW AK:  Expert opi nion.
Conceptual |y what would the effect of using diverse
control systens have on this, and conversely, what was
the ef fect of saying that we don't need that diversity
requi renent here? What would that do to us in terns
of our design PRA?

Yes.

MEMBER SIEBER: | was going to ask a
guestion about diversity inthe INCarea. M question

really goes to the extent to which you use diversity.
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For exanple, inthe digital | NC schene, you coul d have
diversity in conmputer, here's Train A, here's Train B
here's Train C  But they could all use common
software, which sort of defeats the principle of
diversity because if there's a mistake here and you
replicate it over here, a mstake in both places and
it will fail both places.

To what extent have you fleshed out the
degree to which diversity would be required not only
i n higher order, but also in software and techni ques,
dat abases, et cetera?

MR. WACHOW AK: W' ve | ooked at basically
all of those types of issues. W are specifying the
two | NC systenms need to be diverse. Wlat we nean by

diverse there is different hardware platform

different vendor. | think it would be different
vendor, different operati ng systemin sone case. |It's
going to be different -- [|'ve already covered
har dwar e

So we did address those things. Now, is
it possible that some of the different diverse INC
systens coul d have sonme overl ap? And the answer there
is yes.

But the question then is: where is that

appropriate? Were we are in the design phase on that
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right now is we've got, if you will, a diversity
matri x that the I NC guys and the procurenent guys are
| ooking at, which is the kind of diversity we want to
have in this system and they're in the process of
evaluating different vendors under a nultitude of
different criteria, including the diversity criteria,
to try to assign the correct vendor system hardware
for each of those different systenms, and that's
ongoing at this point.

MEMBER S| EBER: When you finally certify
ESBWR, will the INC portion be included in that
certification, or would t hat be done at the COL stage?

MR. WACHOW AK: | guess that's --

MEMBER SIEBER: O don't you know?

MR. WVACHOW AK:  I'm going to have to defer
because t hose are policy decisions, and | don't get to
make those.

MEMBER SIEBER:  Well, nake it, you know.

(Laughter.)

MR HINDS: H . This is David Hi nds.

As much as possible, the INC systemis
part of the certification, but we are using the DAC
approach, or desi gn acceptance criteria approach, but
we're noving as rapidly as possible to close as nuch

of the DAC or design acceptance criteria open issues,
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and it will be flowi ng through certification and sone
of it into COL as well.

But the maj or issues that affect, | guess,

t he essence of your question and diversity, we intend
to close that as soon as possible, but we did take the
back-up approach. So sonme of that is going on as we
speak.

MEMBER SI EBER. | can see why you woul d do
that, because if you specify today what you woul d do
by tonorrow, it would be obsol ete.

MR HINDS: That's the reason for the DAC
approach. The design acceptance criteria, for anyone
that's not aware of what |I' mspeaki ng of, definingthe
design in the formof a criteria as opposed to just
the end result of we selected this piece of equi pnent
because, as you say, the INC system has becone
obsolete rapidly. So we're defining the criteria, and
then as rapidly as we can we're filling in details
that can help us to firmy answer questions such as
this, the defense in depth, although we have to
mai ntain a certain anount of flexibility due to
obsol escence of software and hardware, and that's the
bal anci ng act we're working with in the I NC system

MEMBER SI EBER: Ckay. Thank you.

MEMBER DENNI NG  Stay there just a second
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because you may prefer to answer this question, and
that is fromyour perception, what are the regul atory
inmplications of this extension into the control of
severe accident processes? Specifically, I'm
wonderi ng about things | i ke as far as the core catcher
is concerned where there mght be a Ilot of
phenonenol ogi cal uncertainty that could affect our
per ception of what the probability of failure that is.

| nmean, it's possible that you coul d say,
well, it doesn't need a high confidence or a | ow
failure probability because we've got a |l ot of margin
inour risk space. Wher eas, our perception of safety
systens fromthe conventional viewis that they have
to have very high likelihood of success.

When you get into the domain of core
catchers and things like that, froma regulatory
vi ewpoi nt, what kind of criterion do you think are in
front of you? Do you have to really denonstrate with
hi gh confidence the core catcher will work or is it
really just an el enent of defense in depth?

MR HINDS: Well, | guess I'll start and
let Rick get into nore details, but nmy view on devices
such as that is that it is very nuch an extension of
the safety of the plant and taken into another step

beyond where the current generation of plants are. So
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you certainly can nmake 1'Il say a sonewhat valid
argurment that thereliability of those systens because
they' re nuch behind the front |ine as opposed to the
typi cal safety systens which are in the plants today
front line systens, that the reliability would be
different.

Rick, if you want to junp in there as far
as probability and any di scussi ons you have related to
reliability and probability of the core catcher or the
Bi MAC.

MR. WACHOW AK: Right. At this point in
time what we have said is that the BIMAC itself, the
core catcher for those who haven't seen the future
presentations here, we believe that it's a non-safety
conponent. At this point it will be treated as a
witten system which neans that we will have sone
kind of reliability controls or availability-
reliability controls onit. That hasn't been defined
yet, what needs to be controll ed.

Now, | think your specific question gets
to the uncertainty of the phenonena of how this
device, which effectively nobody has seen before --
what's the confidence that we have that it's going to
wor k, and how rmuch confi dence do we actually need to

have to show that it's going to work?
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And I"'mtrying to think if we have this
anywhere else in the presentation. | know | don't
have it in one of mine. Theo may have it there.

W want to remenber that the Bi MAC itself
was added to the floor of the contai nment because
chiefly to address an uncertainty. |In the previous
ALWR desi gn that GE had, ABWR, we showed that at | east
at that point intime, we showed that if we coul d get
water on top of the core in the lower dry well and it
was spread to a | arge enough degree, that we woul d be
able to prevent continued core concrete interaction
and prevent the base MAAP penetration by the nelt.

There have been uncertainties associated
with that. | don't think that that point has been
refuted, but it's just not certain whether that's
going to happen in all situations.

So what we've done is we've added the
Bi MAC as another |ayer of protection to address that

kind of uncertainty. So does the Bi MAC have to be

perfect? Well, it doesn't change the fact that the
floor and spreading is still there, and we should
still in nost cases be able to cool pool the corium

from the overlying pool, but it's there mainly to
address those areas where we're uncertain if that was

goi ng to worKk.
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So to get back to the point, it's not
there as a replacenent for what was done in the past.
It was there to augnent what was done in the past. So
for that matter | see it as an augnentation, and we
don't have to be 100 percent certain. W should be
able to show that within a fairly |large band of
certainty, this is going to be a good design

Does that answer your question?

MEMBER DENNING Not totally, but I
under st and.

MEMBER WALLIS: |'mnot sure it does
because you're sort of qualitative, but your PRA says
it's going to work with 99 percent effectiveness.
That's a pretty high effectiveness for sonething
that's so unusua

MR. WACHOW AK: Ckay, and we'll tal k about
that in the presentation after |unch about how we
determ ne that 99 percent effectiveness. Based on our
eval uation and cal cul ations, we think it's better than
99 percent, but we've backed off on that mainly for
t he purpose of -

MEMBER WALLI'S: How nany tests did you do
to verify this?

MEMBER SI EBER:. Only one.

MR. WACHOW AK:  That bei ng said, when we
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saidit was 99 percent effective, you al so notice that
inthere we didn't really even address, you know, what
if it's not there. How effective would the
contai nment be if it's not there?

And in one of the wupconing chapters
unfortunately that you don't have yet, we wll
specifically be answering that question.

CHAI RMAN APOSTCOLAKI'S:  Can we go on?

MR WACHOW AK: | think so.

Ckay. | think we've tal ked about this
quite a bit,b ut I et ne enphasize in using the PRA as

a design tool, our thoughts are we want to elimnate

severe accident vulnerabilities. W want to nake sure

that these things aren't built into the plant up
front. W want to get themout as we see them

So this provides us a systematic way of
doing this, not just guessing at what m ght be a
vul nerability. W actually go through and | ook for
the vulnerabilities and address themin a systematic
way.

MEMBER WALLI'S: Now, does it play a nore
important role than DBAs? | nean, could we do away
with DBAs if we used PRAs as a design tool ?

What ' s your experience?

MR.  WACHOW AK: | think that we're
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addressing things in different ways. W would have to
do probably nmore things in the PRA or maybe nove sone
of the same things that we had been doing in the DBA
analysis into the PRAif we tried to do that. So at
this point we start in the PRAw th everything we know
from the DBA analysis, and we have that as a given
that it's going to work that way.

And it starts us at a good point, good
starting off point to go and do a robust analysis. |If
we did away with all of the DBA anal ysis, we woul dn't
be starting on as firma ground with the PRA and we
woul d have to add a lot of that back in. So I'm not
sure fromour point of view, fromthe design point of
view, what kind of relaxation that would give.

On the licensing side, that's up in the
air. You know, as long as you see the analysis, then
maybe you have confidence in what we're doing. So
we're not proposing to elinmnate the DBA anal ysis at
this point in tinme.

We've talked a little bit about this. As
a matter of fact, nobst of the questions this norning
have cone up. On the effectiveness of using this to
elimnate vulnerabilities, if we don't know everyt hi ng
we need to knowto renove vul nerabilities. As anybody

who has done PRA knows, the details tend to be where
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you find issues that haven't surfaced before because
we're not looking at a sinple single failure sort of
thing. W're looking at multiple failures and
interactions anong multiple conmponents that could
cause nultiple failures, and typically those ki nds of
things aren't in the details.

However, we think we've addressed t hrough
the way we apply common cause and some of our
sensitivity analyses to identify potentials for these
failures m ght be, and we thi nk we have addressed t hat
t hrough adding different diversity requirenments and
al so ot her design requirenents that cone t hrough as we
proceed.

That said, the next bullet makes it very
attractive to do this because at this point if we can
identify things before we actually have t hemdesi gned,
especially before we have themconstructed, it's nmuch
easier to correct things that we woul d determ ne.

In the end, an inperfect tool is better
than no tool at all, better than guessing, and we
think that as long as we apply this in a prudent
manner, we're not going to take things way overboard,
but we are going to find a nunber of vulnerabilities
t hat have been identified wi thout using the tool.

On this next page, | just want to give ny
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perspective of where things are and how we deal with
the PRA in a design that is proceeding in parall el

On t he conceptual design bl ock down in the
end, what we're really trying to say is is the design
feasible. W don't really have a | ot of actua
design. W' ve got concepts of how systens m ght worKk.

When we're applying a risk assessnment in
that manner, we're really doing it qualitatively.
What kind of redundancy are we doing to need, do we
think we'll need for this systen? Should there be
diversity applied to sone of these things? It's al
in a qualitative sense.

And we're | ooking at defense in depth at
t he conceptual level. Pretty nmuch it's based on what
was found in the past. Wat problens did we have with
previous plants, and what don't we want to have
probl enms with now?

As we nmove to the next phase where |
believe we are now in the qualitative design base or
the DCD phase, the questions that we're trying to
answer here are can this design be licensed. kay.

W've specified nmost of our mjor
conmponents. W now are at the point where we can do
a conmbination of qualitative and quantitative PRA to

address specific things, defense in depth between
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systens. W can apply conmon cause factors, but we're
still inthe qualitative range for sone things like in
the fire and flood type of analyses, seismc type
anal ysi s.

W think that we can elinnate sequence
type vulnerabilities, things that would be the big
hitters, if you will in the final PRA

As we nove through the detail ed design
this question cones in the later part. WIIl it be
licensed? Do we have enough information for this
thing to be |icensed?

By then we believe that we'll have the
conmponents specified. W'Il be able to do a
guantitative PRA, albeit with gaps. W won't have
det ai | ed eval uati on of the humans that aren't trained
on the systens yet. W won't have plant specific
data. We won't have sone of the things that are being
| ooked at in the current PRAs.

| call this systemlevel vulnerabilities
elimnated, but it's really just nore of a progression
till we can do nore with it.

By the time we get to construction, we end
up with all of our conponents not actually just being
specified, but being described. W can do nore

detailed PRA, and finally get to the point where we
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t hi nk we' ve addressed t hings.

| get to the hypothetical out in the |ast
colum here. The plant is in operation. Al of the
conmponent s are descri bed again. They all needed to be
descri bed before here, but what |'mjust mainly trying
to get at with this next slide is that we are stil
wor ki ng on the PRA even after the design is done, and
so --

MEMBER WALLIS: Well, by described, you
nmean their performance has been quantified.
"Describe” is a very vague term You nean you
actually got a nmeasure of how they will perform

MR. WACHOW AK:  Yeah, | kind of put that
into this block, but, yeah, the performance i s known.

MEMBER DENNING At the construction
design level there, where is it to becone a site
specific PRA, and where's the hand off to the utility
i n your concept here?

MR. WACHOW AK: I n my concept, sonewhere
in here is where the COL application occurs and now
this is being debated, but you know, sonme say it's
here. Sone say it's here, but at the CCOL application,
it becones a site specific PRA. That still has sone
of these issues associatedwithit. It's not till you

get to this construction |evel where you're actually
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saying, "OCkay. This is what's there. W've seen it.
W know how it's going to -- you know, we know what
the field routing was. W know what the fragilities
are."

At that point that's kind of sonewhere
around here. The hand off to the utility we're
| ooking at right here, but we're bringing the utility
people in all along through that whol e process so t hat
what we give them neets their needs.

MEMBER WALLIS: So the PRA that we have
seen is where on this picture?

MEMBER S| EBER: The second col umm.

MEMBER WALLIS: It's qualitative?

MR. WACHOW AK:  Qualitative and
guantitative.

MEMBER WALLIS: It tends to be very
guantitative. It nakes sonme assunptions and sone
boundi ng things, but | don't know whether it has much
of this qualitative. |I'mnot quite sure what a
gualitative barrier is anyway.

MEMBER S| EBER: Since you don't know what
t he conponents are.

MEMBER WALLIS: Very sinplified, but it's
still quantitative.

MR. WACHOW AK:  Yes. That's why | put
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down as a conbination there of the two.

CHAI RVAN APCSTOLAKI S:  Quantitative means
what ?

MR, WACHOW AK: Qualitative neans that
there's judgnment applied to major areas. So, for
exanple, in the fire area we've said, okay, we don't
know where the routing of the cable is. W don't know
what the heat |oads froma specific cabinet is going
to be, things like that, but we do know from past
designs that if we confine our cables to where the
desi gn drawi ngs say they're supposed to go and we put
in typical types of cabinets that have been used in
pl ans before, we'll get this type of performance.

And so we qualitatively bound that and
used that as an input to the fire risk analysis.

CHAI RVAN APCSTOLAKI S: Maybe a better word
woul d be something along the lines of "significant
assunptions nade" or something. But qualitative is a
red flag for a log of people. Ckay? And it's not
your fault, and it doesn't really mean anything. Your
expl anation was really sonething el se, that you have
to make nmj or assunptions because you don't know.

MEMBER WALLIS: Sinplify it. Sinplify it
as much as --

CHAI RVAN APOSTOLAKI S: Wl |, actually
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significant assunptions | think or something along
t hose |ines.

MEMBER WALLIS: Qualitative to ne neans
all waffle, and it's good enough or sone sort of vague
st at ement .

MR WACHOW AK:  You know, | don't even
think we're at the it's good enough in the first
colum. You know, there's other significant judgnents
and - -

CHAI RVAN APCSTOLAKI' S:  Maj or - -

MR. WACHOW AK: -- thing are made, you
know. So | guess nmaybe it's a way of thinking about
it.

CHAI RVMAN APOSTOLAKI S:  Yeah, | woul dn't
even call it judgnent because judgnent is everywhere.
It's the assunptions. |It's the nmagnitude of the
assunptions that is different. So we need a better
wor d.

The statenent is no defense in depth
issues is not quite right. You probably nean design,
a new wal | or sonething, but defense in depth, | nean,
it could be a problem right, that is inposed? And
t hat problem can be posed even when the plant is in
operation. And that's in the nane of defense in

dept h.
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MR. WACHOW AK:  Right, and --

CHAI RVAN APOSTOLAKI'S:  So you mnean desi gn
defense in depth issues are a result at that point.

MR WACHOWAK: [|'ll go with that.

CHAI RVAN APOSTOLAKI'S: Wl l, | nean, you
don't have to go with that.

(Laughter.)

MR. WACHOW AK: | agree with that.
Somewher e al ong i n this phase here we do address whi ch
programatic i ssues we're going to use, but that's not
the --

MEMBER ARM JO.  The design is frozen. The
design is finished.

MEMBER S| EBER: I n the seismc area, there
is a point where sonebody does detailed design of
hangers and supports.

MR WACHOW AK:  Yes.

MEMBER S| EBER: \Where is that in that
chart? WMatched to the right or there?

MR WACHOW AK: That's in the mddle
col utm sonewhere, | believe.

MEMBER SI EBER: So everything is going to
be precal cul ated and predesigned and no fit in the
field kind of --

MR. WACHOW AK: That's the intent, yes.
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MEMBER SI EBER. COkay. Wll, the old

plants, all the small and nedi umbore piping was fit
inthe field kind of.

MR, WACHOW AK:  Ri ght.

MEMBER SI EBER:  That's why we went and had
700 nodi fications.

MR. WACHOW AK:  The engi neering schedul e
that | work from has those activities in those to
conpl et e.

MEMBER S| EBER: That's where it will be,
right.

MEMBER ARM JO. Wiere do you expect to be
for a certified design? Wen do you think? Is it a
detail ed design? At what point is this thing ready to
be certified?

MR WACHOW AK:  This is one of these
things where |I'm not sure that anybody has actually
settled on that yet, but it's --

MEMBER SIEBER: It's going to be between
t hese.

MR WACHOWN AK: It's between these two
colums. |If you talk to our friends at NEl, they say
t he begi nning of the second col umm.

MEMBER S| EBER:  No, tell them no.

MR WACHOWAK: It's just | think there's

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

41

di fferences of opinion on that, and we're settling in
where it is. W certainly know that it's going to be
at least in this colum here because that's what we're
submitting for certified designs.

Through the design work, we're getting
into this phase now So it's somewhere in there.

MEMBER SIEBER: You will be between the
two, between the design basis.

MEMBER KRESS: Tell nme. Do you see any
value in Level 3 PRA in the design certification
stage? Now, be truthful

MR WACHOWAK: Wth the order of
magni tude of frequencies and releases that we're
| ooki ng at here, no.

MEMBER KRESS: It's just not going to
happen, is it?

MR. WACHOW AK:  We're showing that we're
very far away from any types of specified goals.

MEMBER KRESS:. That woul d be ny guess,

t 0o.

MEMBER SI EBER  Ask ne.

MEMBER KRESS: Well, that woul d have been
my opinion. It's a subject we debate sonetines.

MR. WACHOW AK: W do the analysis, but we

woul d be very surprised if we found that that was
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[imting in our design.

MEMBER SI EBER. Do you have any estimate
as to what the uncertainty is at this point intinme in
your analysis? | nean, you can get it to three
decimals, but if your certainty is four orders of
magni t ude, you know.

MEMBER WALLIS: Well, this is a real
nmystery slide. 1'd love you to explain this one.

MR, WACHOW AK: Just to answer the
uncertainty question, we have to | ook at uncertainty
in several different ways, and so uncertainty itself,
|"mnot sure can be a nunber. There are things that
we can do quantitative, you know, |like Mointe Carlo
type uncertainty and get sonme information fromthat.
W can do sensitivity anal yses and we can get other
information fromthat.

But | guess the questionis if we say that
core damage frequency is three tinmes ten to the m nus
eight, are we really talking about a three tines ten
to the mnus seven or three tines ten to the mnus
four? Do we know where it falls in that range?

This would be a qualitative answer. |
think that where we are right nowis that we probably
have an order of magnitude span on what we know.

However, to address sone of that though, some of our
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conservative or sone of the nunbers that we put into
t he anal ysis can conpensate for sone of that because
we know we' ve been on the high side with sonme of the
things like initiating event frequencies and things
l'i ke that.

Also in features of the plant that we've
chosen not to credit in the analysis at this point.
So, yeah, there's sone uncertainty, but it's not all
uncertainty toward the high end.

CHAI RVAN APOCSTOLAKI'S: You say we're going
to have a discussion of the core damage frequency
| ater?

MR WACHOW AK:  Yes.

CHAI RVAN APOSTOLAKIS: So let's go on to
t hi s.

MR WACHOW AK: So the intent of this
slide is to kind of address sonme perceptions about
what it is that the PRA that we have nowis good for,
and I'm trying to think of it now in the ASME
capability category sort of thing.

Where we are now is that for some things
inthe PRA we coul d do anyt hing, you know, anything up
to the full capability Category 3. There are other
t hings where we're not quite there. So it's really a

conti nuum
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Probably if you went point by point in
ASME, you'd find that we had a significant nunber of
hol es because we just don't know enough now.

CHAI RVAN APOSTOLAKI'S:  Can you reni nd us
what capability means?

MR. WACHOW AK: Capability category, well
that's the category where you can use it for, you
know, the different type of changes, and that's the
m ndset that | had here when | was creating this.

CHAI RVAN APOSTOLAKI S: The dark bl ue neans
they' re nore capabl e?

MR WACHOW AK:  Dark blue neans --

CHAI RVAN APOSTOLAKI S: Hi gher capability.

MR,  WACHOWAK: It's probably nore
wei ghted toward - -

CHAI RVAN APOSTOLAKI S:  -- those where you
are.

MR. WACHOW AK:  \Where you are.

CHAI RVAN APOCSTOLAKI'S: The nore they col or
them that's where you are.

MR WACHOW AK:  Yeah, and we see that as
we nove forward, we're going to be striving toward t he
best or toward the state of the art. W're probably
not going to get there till well after operation.

W're still going to have sone places where we don't
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know everything, but the idea is that in the design
phases, this is the right kind of mx for the DCD
phase, and to look at things later, we want to be at
t he hi gher end.

CHAI RVAN APCSTOLAKI'S: |Is the length of
the bars an indication of the uncertainties in the
PRA?

MR WACHOW AK: No. It's an indication of
what information is available to apply to the nodels
that are said in the standards that we should be
applying. So there are certain things that the
standard says you have to do with your event tree
anal ysis. Okay?

W' ve done all of those. | believe we're
at the high end with that. There are other things
that it says you need to do with operator actions.
W're at the low end for that because we have just a
boundi ng stream anal ysi s.

MEMBER WALLI'S: You're not going to change
the structure of that significantly, but you wll
change the entries. You'll change the nunbers.

MR. WACHOW AK:  And change the details.

MEMBER WALLIS: But | don't think you'l
change the structure. The PRA we've seen is probably

goi ng to be about the sane throughout. It's just that
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your nunbers --

MR. WACHOW AK: W may add sone detail,
and there's a potential to nake sone things clear in
the future. W may expand the event trees to include
nore specific decision points, but the structure is
t he same.

MEMBER WALLIS: So it's still capable.
It's capabl e now.

CHAI RVAN APCSTOLAKI'S: | don't know t hat

this kind of slide helps. My we nove on? Let's just

go on.
MR, WACHOW AK:  Ckay.
CHAl RMVAN APOSTOLAKIS:  Let's go to
something that we can really -- let's start seeing
nunbers.

MR. WACHOW AK: We think we've got it.

CHAI RVAN APCSTCLAKI'S:  So where are we
now? We are done with the overview?

MR, WACHOW AK:  Yes.

CHAI RVAN APOSTOLAKI S:  Ckay. then what's
next, the prevention?

PARTI Cl PANT: Internal events.

CHAI RVAN APCSTCOLAKI S: W were talking
about the qualitative. Now we can nove on to

sonmet hing quantitative.
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MR. WACHOW AK: Ckay. The intro is the
sane.

MEMBER WALLIS: Key features, do we have
this? Where are we? Wiat is this? Prevention

MR WACHOW AK: Internal events risk
managenent .

MEMBER WALLIS: We don't have it.

MEMBER KRESS: Yes, you do.

MEMBER WALLIS: W have nitigation

CHAI RVMAN APOCSTOLAKI'S: | didn't have it.
Now | have it. Do you have it?

MEMBER WALLIS: | haven't got it, by
Ceor ge.

MR WACHOW AK: It |ooks like this.

CHAI RVAN APOSTOLAKI'S:  So we're | ooking at
ESBWR i nternal events risk managenent ?

MR, WACHOW AK:  Yes.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. WACHOW AK:  The features of the plan
are set out so that we have passive safety systens,
active we call asset protection systems, and support
systemdiversity. Wiat we try to do for nost types of
systens is we have the passive function backed up by
an active function, and then the way that the support

systens are set up, they tend to support in a diverse
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way.

And this is the kind of target arrangenent
that we look at for each thing at a function by
function level. Then we have functions that back up
functions. We'Ill go specifically into sone of those.

CHAl RVAN APOSTOLAKI S:  Let's nove on
Let's nove on

MR. WACHOW AK:  The systens that we have
for the different functions. Passive system you'l
see that everything --

M5. CUBBAGE: |s lined up on the handout.

MR. WACHOW AK: -- is lined up on the
handout. | think we used a different font on this
system

So anyway, we have passive systens |ined
in all of the columms, sonetines nultiple passive
systens. W have active systens to back up all of
these. Reactivity control, very inportant systemfor
the plant. W have two essentially passive systens
that address reactivity control.

W have two additi onal active systens t hat
wi |l provide backups to different aspects of those.

Pressure control, once again, passive
You can see SRV in two columms. There's a passive

function on it. It lifts on spring pressure here.
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It's inactive. You open the valves, and we'll talk
about those.

| nventory control, which is alittle bit
different in this plan. W'IIl talk about that |ater,
and high pressure. | nean, inventory control, |ow
pressure. Inventory control |ow pressure. Gavity
driven cooling system would be the passive system
Back that up with fuel and aux. pool cooling systemin
LPCI node, and fire water injection.

CHAI RVAN APOSTOLAKI S: Way do you need the
active backup systenms? Wiat's the whol e idea there?
Why not the passive only?

MEMBER S| EBER:  You create an accident to
get the --

MEMBER KRESS:. Asset protection.

MEMBER S| EBER: -- stuff to work.

MEMBER ARM JO Well, you've got to
operate the plant.

CHAI RVAN APOSTOLAKI'S: | can ask you guys
over at -- can we get GE's answer?

Why do we need active systens? The answer
may be sinple, but --

MR. WACHOW AK: The answer is sinple.
It's recovery fromthe scenarios. The passive systens

are extrenely reliable, get youvery quickly to a very
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safe state, but what it takes to recover fromthat
state tends to be expensive.

CHAI RVAN APOSTOLAKI'S: Wiy is that so? |
nmean, what do you need? G ve nme nore detail

MR. WACHOW AK:  For exanpl e, when you open
t he DPVs, you've basically created a steamline break
inside the containnent, and that affects different
conponents that are inside the containnment. That
affects the EQlife of the cabling and sol enoi ds and
all of the electric conmponents that you have inside
the containnment. It affects stress on things that
you've evaluated to say that we can take so many of
t hese transients.

So you may have to reanal yze or replace
conponents that are inside the containnment. |If you
get into a scenari o where you actually have to use the
passi ve systens, | think here you' re creating a |l ot of
stress on equipnent that's inside the dry well when
you use sone of the passive systens.

So we have the active systens there that
we can use to provide the same function and get us to
a safe, stable state w thout causing an expensive
recovery period.

CHAI RVAN  APOSTOLAKI S:  And then the

opposite question is, you know, if that's the case,
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why don't you just use active systens? And is it such
a big deal to have it declared as non-safety rel ated?
That's really one of the benefits here. The active
systens are --

MEMBER SI EBER:  Yes, yes, yes.

MR, WACHOWAK: It is |ess expensive to
buy and to nmaintain when they' re not safety rel ated.

CHAI RVAN APOSTOLAKIS:  And the reliability
of these systens expected by nbst reasonabl e people to
be the sane as that of safety related systens, right?

MR WACHOWAK: It would be simlar to the
types of things you' d see on oil platforns or in other
industrial activities where high reliability is
required.

So renenber these active systens also --
nost of these, main condenser, feedwater, if those
systens aren't reliable, the plant doesn't make any
nmoney, and if they're not making any noney, then
what's the point of building it in the first place.

CHAI RVAN APCSTCLAKI S:  Maybe it's obvi ous
to people. You have the active systens because, you
know, they don't create such a ness if you use them
right?

MEMBER SI EBER  Ri ght.

CHAI RVAN APOSTOLAKI'S:  But you still have
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t he passive systens.

MR, WACHOW AK: R ght.

CHAI RVAN APCSTOLAKI S: Wiich are the
safety rel ated systens.

MR WACHOW AK: That's correct.

CHAI RVAN APOSTOLAKI S:  Overall you have a
benefit, right? Conpared to a system a reaction
that's only active?

MEMBER WALLI'S: Well, you need the active
so that you can talk about a CDF of ten to the m nus
ei ght .

CHAI RVAN APOSTOLAKI S: My question is what
is the ultinmate gain of using a conbination of the
two. What is it that you are gaining fromthat? |Is
it dollars? 1Is it perceptions?

MEMBER S| EBER:  Yes, yes.

CHAI RMAN APOSTOLAKI'S:  Is it both?

MR WACHOW AK:  Well, it is dollars
because t he passive systens are nuch sinpler systens.
Okay? So nmaking a systemsafety rel ated adds sone
exact cost associated with it. |[If it's a conplicated
system the cost is norethanif it's a sinple system
If it's a sinple system it doesn't add as much cost.

So we |ike our safety systens to be the

passi ve systens.

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

53
MEMBER S| EBER: The passive systemis what

gives you the |ow PRA nunbers. |f you didn't have
t hose, you'd be --

CHAI RMAN APOSTOLAKI S:  That's the whol e
point. They don't give any nunber.

MEMBER S| EBER:  Yeah, they do.

CHAI RVAN APCSTOLAKIS: It's the active
conmponent s t hat give you the nunbers. Do you have any
nunber anywhere that says this is the probability of
failure of the passive, truly passive systen? No.
You' ve assum ng --

MEMBER KRESS: That's called a focused
PRA, which | think the staff is asking himto do.

CHAI RVAN APOSTCOLAKI S: No, no.

MEMBER SHACK: Let CGE answer the question.

CHAI RVAN APOSTOLAKI S:  They assune t hat
these active systens are not there. There is an
explicit statenent sonepl ace that says we assune that
t he passive conmponents do not fail, right?

I n your passive systemif you have a check
val ve that has to open, then you look at the failure
rate of the check valve, but you never |ook at the
failure of the tank or, you know, what are not com ng
down.

MEMBER SIEBER. Gavity is in the wong
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di rection.

CHAI RVAN APOSTOLAKI S:  Gravity may reverse
itself, yes.

MEMBER S| EBER. There you go.

MR WACHOW AK:  We didn't address the
gravity reversing itself. What we did | ook at though
is there are conponents in the systens that we call
passive. Now, we have to renmenber here that passive
is nowa defined term Passive -- a pipe is passive.
W have pi pe breaks in that analysis. W |ook at pipe
breaks. That's a failure of a passive conponent.

MEMBER ARM JO As an initiator

MR WACHOWN AK:  As an initiator, but there
are passive things that we call passive because
t hey' re operated only using essentially stored energy.
It's not energy that we have to create.

So these DPVs that are fired using DC
power from a batter, it's a split valve, DC power,
that's been declared to be a passive conponent.

W have the failure rates of those types
of passive conmponents that need to change state in the
PRA. That's where we get the nunbers for the passive
features.

MEMBER ARM JO  What is an AR ?

MR WACHOW AK: Alternate rod insertion,
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and I'll cover that on probably the next slide. |
define all of these things.

MEMBER ARM JO  Ckay.

CHAI RVAN APOSTOLAKI S:  So the conbi nation
of passive and safety related, non-safety related,
overall results in benefits. 1It's cheaper; they're
| ess expensive to design?

MR. WACHOW AK: Less expensive design.

CHAI RMAN APOSTOLAKI S: \What el se?

MR. WACHOW AK: By definition it's addi ng

diversity. So it gets us to the |ower -- sonebody
said it gets us to the lower CDF. It does because
inherently it has to add diversity. |f you have an

active systemand a passi ve system they don't operate
the same way. They don't have the sane types of
conponents.

MEMBER S| EBER. Fewer conponents to fail.

MR. WACHOW AK: I n many cases, there are
fewer conponents to fail. Sonme active systens are
fairly sinple, but in general --

MEMBER ARM JO  Passive systens are al so
easier to maintain than active systens.

MEMBER SIEBER  You don't have to do
anyt hi ng.

MEMBER ARM JO You don't have to do
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anyt hi ng.

MEMBER MAYARD: You will have sone active
systens that will be safety related, | would think

MEMBER S| EBER:  No.

MEMBER MAYARD: No?

PARTI CI PANTS:  No.

MEMBER MAYARD: Not hing? W'Ill see when
you get to operation.

(Laughter.)

MR H NDS: This is David Hinds.

Just to add just a couple of points just
while we're on the topic, one thing to point out is
that the colum on the right, the active systens,
t hey' re not enough to | icense the plant by t hensel ves.
So there would be additional systens one way or
anot her, the safety systenms. Then it becones a choice
of are those safety systens active or are they
passi ve.

So we woul d require those safety systens
regardl ess. So, in essence, the colum would not go
away. It's just a matter of those systens, do we
choose to design them as a passive system or as an
active system They would still be necessary.

And then sonme of the failure nodes of the

typi cal active systens that have a |arge nunber of
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punps and notor operated valves and things of that
nature, we went with the thought process of renoving
as many of those active failure prone conponents as
possi bl e, but the systemneeded to be there regardl ess
of whether it was active or passive to performthat

safety function

So | don't think we're in a case of
whet her we could renpve a |arge nunber of systens.
It's just a matter of whet her we choose to design them
as active or passive.

MEMBER WALLIS: The passive aren't
necessarily nore reliable. They may not operate as
designed. Your ability to predict how they operate
may not be as reliable as it is for an active system

MEMBER SI EBER  That's true.

MEMBER WALLIS: So it's not clear to ne
t hat passive is necessarily better.

MEMBER SI EBER. Wl |, you're reliant upon
all of your thermal hydraulic analytical codes, and
gi ven what | know about that, | like --

MR. HINDS: W're reliant upon things such
as static head of water in a tested integrated system
as opposed to a conked (phonetic) head of water we
felt would result in a nore reliable configuration as

well as there are econom cs invol ved as wel |.
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MEMBER S| EBER: But the differential

pressures that derive the flows are small in passive
systens conpared to, you know, a 5,000 or nore starter
punp.

MR. HINDS: And another note, too. Many
of the conmponents in the active category in this slide
are typical power producing conponents that are
necessary to generate electricity.

MEMBER WALLIS: But there are ways that
passive systens can fail. | mean, you can have a pipe
that's supposed to be full of water. For historical
reasons it may have air init.

MEMBER SI EBER: O steam

MEMBER WALLI'S: And may not function the
way it's supposed to function.

W shoul d probably nove on, but this whole
i dea that passive is necessarily norereliable ' mnot
sure is true.

MEMBER MAYARD: But those are applied to
active conponents, too.

MEMBER WALLIS: That's right.

MEMBER MAYARD: | f you're not meeting your
tech specs with water where it's supposed to be --

MEMBER WALLIS: Have exanpl es of that

where the pipe that's supposed to be full of water is
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full of air. Then your punp can't suck.

MR. WACHOW AK: So this is one of those
exanpl es where we real ly build on the safety anal ysi s,
the DBA anal ysis, because those types of questions,
will it work, are answered i n the DBA anal ysis for the
nost part.

Vell, let's tal k about the functions here.
Reactivity control function. W start with RPS,
reactor protective system That's simlar to nost
BWRs. It's a SCRAM function, failsafe 1&. So if it
gets a signal it SCRAMs a plant. If it |oses power --

MEMBER WALLIS: This is a case where you
don't rely on gravity, right?

(Laughter.)

MEMBER WALLIS: You're pushing agai nst
gravity.

MR. WACHOW AK: W' re pushing the rods
agai nst gravity, but renenber we are using a head of
wat er to get themgoing, and then the fl owthrough the
core is actually what brings themall the way in. So
it's against gravity, but it's still the passive
direction when it goes that way.

Otenarodinsertion, aquestionthat was
asked earlier, what does that do? It provides a

backup to the RPS 1 & function. So if for sone reason
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t hat passive | & function doesn't work --

MEMBER WALLI S:
your outsource anal ysis?
MR, WACHOW AK:
MEMBER WALLI S:
MR, WACHOW AK:
MEMBER WALLI S:

but it's credited --

MR, WACHOW AK:

everyt hing except for the
we' ve credited al

tal ki ng about .

CHAI RVAN APCSTOLAKI S

rel ated systenf

MR, WACHOW AK:

ARl is not safety rel ated.

PARTI Cl PANT: Vel |

MEMBER WALLI S:

MVEMBER BONACA:

one says.

CHAI RVAN APOSTOLAKI S:

VEMBER BONACA

MR, WACHOW AK

The fine notion control

rel at ed.

of these functions that |

That's the typica

Now, do you credit that in

Yes.
I n your CDF?
Yes.

So it's an active system

In the PRA analysis, in
sei sm c margi ns anal ysis,

wll be

Is this a safety

RPS is safety rel at ed.

it's active.

W t hout BSE.

It's going to be what tier

RPS is not mired?

No, not yet.

ARl is not safety rel ated.

rod drive is also non-safety

way that we woul d nove
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the control rods in this plant. It's different than
what's in the BWR 2 through 6 out there now It's an
el ectrically driven screw arrangenent to nove t he rods
in and out of the core for normal power control.

MEMBER WALLIS: Excuse ne. Now, this
inserts different rods.

MR WACHOW AK:  Sane rods.

MEMBER WALLIS: Ch, the sane rods.

MR WACHOW AK: All rods have this
function.

MEMBER WALLIS: No extra rods. |It's the
sane rod, different wave, but --

MR. WACHOW AK: Right. So when we get a
SCRAM signal, we also tell this fine notion control
rod to start spinning its screws there. So if for
some reason the stored energy control rod notion
doesn't get all the rods, the ones that are back
behind it, they take a little bit l|onger, but they
al so get driven into the core.

And then finally for the standby liquid
control system it's a sodium pentaborate solution
just like in the existing plants. However, in our
configuration, we have no punps here. The solution is
in atank that's pressurized with nitrogen, and when

you open the squib valve, the high pressure nitrogen
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drives the liquid into the core region, and | think
maybe many of you have | ooked at that anal ysis.

MEMBER MAYARD: |Is the ARl -- is that a
fast insertion?

MR. WACHOW AK: It makes the sane thing
happen as the SCRAMfunction, and soit's just barely,
barely slower. The SCRAM function i ndividually opens
up all of the solenoid valves on each hydraulic
control unit to vent each one. The ARl vents the
header. So it, in effect, does the sane thing, but
it's not, in fact --

MEMBER SIEBER: It's not as cl ose.

MR WACHOW AK: It seconds different.

MEMBER MAYARD: But you really have three
systens putting the rods in the normal SCRAM the AR
is the backup

MR. WACHOW AK:  An ARl is the backup to
the instrument and control portion. The RMCRD is the
backup to the actual notion of the control rod. So
it's really one backup system

Once  again, this configuration 1is
extrenely reliable, and when we | ook at our nunbers,
ATWS conmes out to be less than one percent of total
CDF with this configuration.

Pressure control function. First we have
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the main steam system Cbviously -- well, not
obviously, inthis plant it's capabl e of handling nost
of the transients, except for the ones where there's
an isolation of that system for sonme other reason.
It's capabl e of handling 100 percent of rated steam
100 percent bypass capability on this plant. W're
not limted by what we can put into the condenser.

The isol ati on condenser system now woul d
be the next |level of defense here. So this is one of
t hese cases where the non-safety system is what we
| ook at first. That's what we want to have. That's
our preferred nethod of renoving decay heat. |If for
sone reason that won't work, that doesn't work or it
becones isol ated, we nove to the isolation condenser
systemor I CS, which provides decay heat renoval. The
key here is if this system goes into operation, we
never lift any SRVs. So the challenge in the
containment is elimnated essentially. It renoves the
heat. The isolation condenser pool is outside the
cont ai nment .

And with this system we can sustain our
safe shutdown condition for 72 hours with no human
actions. Wth human action we can -- you know, as
| ong as decay heat support it, we can stay there.

Finally, if we get to the point where we
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don't have either one of those, we do have safety
relief valves, basically ASME type val ves on the
pressure vessel provides the backup, discharges into
t he suppressi on pool so that we mnim ze the i npact on
the containment itself. It really nostly discharges
to the suppression pool because there are sone that
can go into the dry well, but those are sequenced on
| ater.

Even in a transient where we did isolate
t he mai n steamand i sol ati on condensers don't come on,
there's several nmnutes before we pressurize the
reactor enough to actually lift the SRVs.

MEMBER SIEBER: They're spring | oaded
safety val ves?

MR. WACHOW AK:  Spring | oaded.

MEMBER SI EBER: Not pil ot operated.

MR. WACHOW AK: They are pilot -- they're
dual -- no? Alan has --

MR. BEARD: This is Alan Beard with GE

They are spring | oaded saf eti es when t hey
are externally actuated relief val ves, but only ten of
the 18 actually have the external actuation for a
relief function.

MEMBER S| EBER  Ckay.

MR. BEARD: So eight are pure safeties,

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

65

and ten are a conbination safety relief valve.

MEMBER SIEBER. (Okay. How many val ves
does it take to conply with the code? One hundred
percent flow, all 18 or sone fraction?

MR BEARD: A limting situation is
actually an ATW5 event, and we need all 18 val ves for
that case. For the ASME over pressurization with
SCRAM it's significantly | ess than 18.

MEMBER S| EBER: Ckay. Thanks.

MEMBER WALLIS: Now, there's no DPV on
this slide?

MR WACHOW AK: No. This is the pressure
control or over pressure protection on the vessel
The DPVis there for allow ng the | ow pressure systens
to actuate. This is just keeping the vessel intact
foll owing a scramor an ATWS.

So the DPVs don't play a role in what |I'm
calling pressure control. Pressure control is keeping
fromover stressing the vessel

MEMBER WALLIS: Wth regard to filing?

MR WACHOW AK:  As a matter of fact,
because we have tine in this plant fromwhen you woul d
reach that pressure, if it was not an ATWS, |'m not
sure of the timng of the ATWS because | really

haven't | ooked at that for actuating DPVs. W would
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have -- operators could in that several mnute tinme
frame actuate those.

W didn't take credit for any operator
actions in that short of a tinme frame.

MEMBER WALLIS: Another way to
depressuri ze.

MR. WACHOW AK: It woul d be anot her way.

The result of this type of configuration
inour analysis is that the vessel over pressurization
comes out to be a negligible inpact. W don't see any
sequences or at |east anything that significantly
affects the core danage to get there, not inthelimt
of precision that we're | ooking at.

MEMBER WALLI'S: There are sequences that
you pursue though.

MR WACHOW AK:  Yes.

MEMBER WALLI'S: Where the vessel pops and
it pops the containment.

MR WACHOW AK:  Yes. W have those.

MEMBER WALLI S:  Just the nunmber associ at ed
with that is very small.

MR. WACHOW AK:  They just die out through
t he quantification and don't quite make it to t he end.

The next thing is the inventory function

at high pressure. This one is alittle strange
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because of an isolation condenser system W'I| get
to that in a second.

Feedwat er system once again, that's what
we want to use if at all possible. [It's available
nost of the tinme, a highly reliable system It does
require our preferred power systemwhich would either
be -- you know, it's what has typically been called a
pass off-site power. W have sone other capabilities
in this plant, but for now we'll just call that the
preferred power system there, not diesel generator
backed up. It takes the grid type power.

Capable of handling any transient and
small LOCAs. W can deal with those, and actually up
to sone fairly significant LOCAs if we can get the
system back in line.

MEMBER S| EBER: Just keep punpi ng.

MR, WACHOW AK: Just keep punpi ng until
you run out of water basically.

MEMBER ARM JO  How big a break woul d t hat
be?

MR. WACHOW AK: Essentially we could
handl e any break. The problemis the timng. Wen
does the systemisol ate and when can you get it back
in service, and | think in the different LOCA

scenarios, | think we ny have credited it in the
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medi um LOCA, which is essentially a three inch line
br eak.

The next backup is the isol ati on condenser
system W sawthat in the pressure control. |If
these cone into operation, it provides the pressure
control, but because it's closed |loop cooling, it
condenses all of the reactor steam W don't need any
ki nd of makeup.

Once again, that was key for not lifting
the SRVs or not losing inventory. So as long as we're
not losing inventory, this can keep us in that state
for at |least 72 hours, potentially forever.

Finally, the other backup that we have
that actually starts, conmes into service at about the
same tine as the isolation condenser system is the
control rod drive. Here our control rod drive punps
are not your father's control rod drive punps.
They're 500 GPM each. W have two of them fairly
substantial. Provides backup high pressure injection
function that could be used i ndependently of these.

This is backed by our non-safety diesel
generators. So it could be off-site power or on-site
power .

Handl ing any transient. Wen | say here

"nost LOCAs," the flow rates were designed wth the
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smal | LOCA in mnd, but what we seeis if it's a steam
LOCA al so because of where the water | evel cones out,
this 1,000 GPMthat we can put in with these two punps
gui ckly bal ances decay heat and we can keep the core
covered with these systens even iif the plant
depressuri zes and there's a bigger LOCA

Thi s conbi nati on here, once again, these
are all systens that are in the analysis. They help
maintain the | ow CDF, and when we see later in the
results one of the reasons why this doesn't nake it
negligible with this configuration is what happens
between the 24 and 72 hours and what has to happen
t here.

W're finding the PRAto address that, but
we haven't quite addressed it yet.

And we've got the |ow pressure function

We didn't credit inthe PRAthe condensate
function. A lot of existing plants | ook at condensate
for providing | ow pressure injection. Wen we |ooked
at it, we saw that there were so nany conmonalities
with the feedwater systemthat we just previously
tal ked about, and the feedwater system was already
credited in those analyses. W didn't see a | ot of
extra benefit to adding the condensate system

Soit's there. It's just not on ny list.

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

70

W thought it was fairly dependent and it wouldn't
make much difference in the resolves. So then we get
to low pressure then. W' ve got the gravity driven
cool ing system

Here's our passive operation, the tanks
that you sawinside the vessel there in our sketch on
the front of each page or each presentation. |It's
inside the containment. Al water that we need is
al ready there inside the containment. It doesn't need
to be augnented in any scenari o where the contai nnent
remai ns intact.

Back up to that would be the fuel
auxi liary pool cooling systemin LPCl node. LPCl node
of operation can transfer suppression pool water into
the vessel just like existing LPCls do.

Power, once again, on this one is backed
by the non-safety diesel generators. W have a third
nmet hod of getting water into the plant through our
di esel driven fire punp. W have provided a hard
connection to put that fire water into the vessel if
needed.

W don't need any AC power to run this.
It's independent.

So again, this conbination along with the

hi gh pressure hel ps naintain the | ow CDF
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Tal ki ng about t he depressuri zation
function, depressurization valves, we call themthe
DPVs. Passive operation, once again, that nmeans it's
stored energy. It's a squib valve. It has got a
charge on it. You applied power fromthe batteries
however it gets there, but power fromthe batteries
that fires these.

They open. It discharges directly into
the dry well. A fairly large opening when they all go
of f.

It provides conpl ete depressurization, and
that's the key for the GDCS operation, is that you get
the dry well and the reactor at the same pressure so
that the head of water in the GDCS tank can all ow the
systemto drain.

W do have --

MEMBER SI EBER. How | ong does it take to
get that equalized pressure? It's a matter of
seconds, right?

MR. WACHOW AK:  Yeah, it's not very | ong.
Do you renenber, Al an?

MEMBER S| EBER: Ten to 30 seconds?

MR WACHOWAK: It's in the DCD. | can
| ook it up.

MR. BEARD. Yes, this is Alan Beard again.
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Actually the sequence is the initial
depressuri zation is through the safety relief val ves,
the relief function.

MEMBER SI EBER  Ri ght.

MR. BEARD: W blow it down to about 20

pounds gauge before we'll open up the DPVs to | essen
the transient on the blowdown in the dry well. So
overall to get dowmn to that =zero differential

pressure, it's on the order of 30 seconds.

MEMBER S| EBER: That's what | figured.
Thanks.

MR. BEARD: That's one of these things
where in the design basis analysis, we |ook at the
sequence a little bit differently. W |ooked at the
DPVs i ndependent fromthe SRVs when in actuality the
real sequence is the SRVs open first, and then the
DPVs open second, and what we tried to do in the PRA
is that we don't want to specifically just say you
have to have both. W |ook at what kind of redundancy
we actually have here.

For CGDCS operation, we need the DPVs. For
sorme of the other things, LPCl or fire water, the SRVs
by t hensel ves are sufficient to operate those systens.

MEMBER MAYARD: And these are considered

passi ve val ves, DPVs?
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MR. WACHOW AK: The DPVs are consi dered

passive, yes. Squib valves that are powered by our
batteries, all stored energy devices.

MEMBER ARM JO  \What actuates those
things? What causes the battery to send the signal to
this squib valve? How do they work?

MR. WACHOW AK: Essential ly what happens
is we've got our level control system and |I'Il just
go through the sinple case on level control. As in
the existing BWRs, there's a Level 1, which will be
the ECCS actuation |level. That signal then is going
through the different systens and sends a signal to
open the SRVs first and the DPVs and then the GDCS
valves. It goes through that system

The 1&C is powered by the batteries, and
t he power that goes to the val ves al so cones fromthe
batteries. So it's a digital 1&C systemthat's doing
t hat .

MEMBER ARM JO. Ckay. Thanks.

MR. WACHOW AK: Ckay. So again, this is
a very reliable configurationthe way it is. The high
pressure sequences anpunt to | ess than two percent of
our CDF. So we see if we have a | ow core damage
frequency. Everything tends to be in the | ow pressure

range.
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W talk about the decay heat renoval
function here. This really only applies to the Level
2 analysis, but we'll look at it here in the |ist of
functions.

The main condenser is available. That's
where we want the heat to go. That's the easiest way
to transfer it to the ultimte heat sink. |If we get
into one of these other scenarios, once again, ICS
will doit by itself, and you start thinking that ICS
is a pretty inportant systemin this plant. It
provides a ot of functionality, a | ot of protection
in many things.

W' ve got the passive containnment cooling
system which, if there is steamin the dry well, it
will perform its function. It won't performits
function if you don't have steamand the dry well has
got to condense the steam

Thi s one, again, doesn't need any support
systens at all for 24 hours. |If you open the DPVs,
t he passi ve cont ai nment cool i ng systemstarts worKki ng.
W say for 24 hours because at sonewhere after 24
hours the design requirenent in that 24 hours --

MEMBER WALLIS: This is on the noted
cont ai nment ?

MR. WACHOW AK: Yes, it is.
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MEMBER WALLI'S: And so you've got all of
t hese noncondensabl es that have to go somewhere.

MR. WACHOW AK: That's correct.

MEMBER WALLI'S: So in order to keep track
of them in evaluating vyour effectiveness in
condensation, | guess we're going to get into that.

MR. WACHOW AK:  We'Il get into that in the
presentation this afternoon. | talked specifically
about how the noncondensables are dealt with in the
PCCS, but in general, if we start out with a LOCAit's
fairly sinple.

Pressure suppression containnment works
i ke GE pressure suppression containnents have in the
past. The steam drives the noncondensabl es through
the vents in the suppression pool and they're trapped
in the suppression pool.

But the way the PCCS works, it also
provi des a nmechani smfor driving the noncondensabl es
in the suppression pool. So in the long run, all of
the nitrogen is in the suppression pool, and the PCCS
is a self-regulating device then that can operate
indefinitely as long as you have water.

And at this 24 hour point or analytically
we show later than 24 hours, but at that point you

need to get nore water. W have an autonatic means of
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openi ng sone valves to automatically bring -- seeing
gravity driven nore water there, but there are other
backups to that.

MEMBER S| EBER: As far as condensation is
concerned, it doesn't make any difference whether it
contains it or not.

MR WACHOW AK: That's correct.

MEMBER SIEBER |If there's not
noncondensables in there, then it's the sane
i nventory.

MR. WACHOW AK:  For a Level 1 analysis,
whether it's inert or not doesn't make any di fference.
MEMBER SIEBER. That's right.

MR. WACHOW AK:  Anot her backup systemto
all of this. As long as you have enough inventory in
the vessel, you' ve got the reactor water clean-up
system It can operate in a shutdown cool i ng node.
So just |ike RHR works now, our reactor water clean-up
has that sanme RHR function. It can be placed into
operation back by the non-safety diesels. It does
require service water and things |i ke that to operate.

MEMBER SIEBER: It is basically a high
pressure system

MR. WACHOW AK:  Yeah, it operates at high

pressure in reactor water clean-up node.
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MEMBER S| EBER:  Ri ght.

MR. WACHOW AK:  And then you can switch it
into a shutdown cooling node that can go essentially
fromrated pressure all the way down to col d shut down.

MEMBER ARM JO But can that by itself
provi de all of the decay heat renoval you need or just
a fraction of it?

MR. WACHOW AK:  Yeah, go ahead.

MR BEARD: Yeah, Alan Beard with GE
agai n.

It is a full pressure rated system The
heat renoval capacity will not match the decay heat
curve for about the first hour. W do need sone --

MEMBER ARM JO.  Sonet hi ng el se.

MR BEARD -- the first hour of heat. In
about the first hour though we cone into the decay
heat curve, and the reactor water clean-up system by
itself will be able to |locate the decay heat.

MEMBER ARM JO  Thank you.

MR. WACHOW AK:  The one point | want to
bring out hereis if we're | ooking at the challenge to
keepi ng t he vessel or the core covered, if we have the
injection functions that we've tal ked about earlier,
we don't need the containment heat renpval function

for nmore than 24 hours. W will talk about that a
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l[ittle bit nore in the Level 2 analysis.

But inthe first day if we don't activate
any of these things, we still don't get to a point
wher e our active systens are bei ng chal |l enged or where
the -- it's not the active system |It's where the
I evel in the vessel is being chall enged.

Sonmeone asked a little bit before about
how sone of these diverse control systens were. This
is our schematic from Chapter 7 in the DCD
Essentially how we get the actuation of the DCD and
t he GDCS val i d.

MEMBER WALLIS: This is all illegible and
proprietary. None of the printing came out in this.

MEMBER SI EBER: It works for ne.

MEMBER DENNI NG Yeah, it's out of focus,
even on the printed page.

MEMBER SIEBER: Don't worry about it.

MR,  WACHOW AK: It's not fuzzed up
intentionally. |It's a process where you go froma
drawing to a PDF back to a drawing to a printing.

MEMBER SI EBER: It works for ne.

MEMBER DENNI NG  This is PRA

MR. WACHOW AK:  But you'll find this
drawing in the DCD, Chapter 7.

MEMBER S| EBER. There you go.
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MR. WACHOW AK: It's in there.

MEMBER S| EBER: As a PDF

MR. WACHOW AK:  Yeah, neeting all of the
pi xel requirenments that were done.

Essentially we've got two -- for each
val ve, whether it's a DPV or whether it's a GDCS
val ve. W've got one valve. On that valve there are
two drivers or two charges for the squib. So the
squib needs to fire to open the valve. W've got two
of themon there. Each one gets a signal froma
different train to the system

Look at the bottom one here. It's a
sinple one. This is the safety related | & system
Its signals conme in fromall four divisions. It votes
on whether or not we've actually received the signal
that we expected to see.

It sends a signal to -- independently
sends a signal to two different |oad drivers, which
all ow power to go to that squib and actuate it.

W' ve duplicated that from a different
di vision on here, but we've also provided a parall el
signal in from what we call the diverse protection
systemto performthe sanme function

Now, what's t he di verse protection systenf

This is a separate instrument and control systemin
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the plant. W call it diverse. So we're pretty nmuch
saying that it's diverse in nmanufacturer, hardware,

software, that |ooks at the different ECCS functions
and provides a backup signal, if you will, to those

di fferent functions.

So if for some reason we have got sone
failure in the safety system we have a backup system
for that. It can fire one of these. The part that's
common here is the DC power comes fromthe station
batteries, and we didn't duplicate the diverse station
battery.

MEMBER ARM JO I f sensors failed, would
this system operate? The sensors that say, okay,
something is wong; level is wong. |If those sensors
fail ed?

MR. WACHOW AK: W woul d have to fail --
with this configuration here, we woul d have to fail at
| east four sensors, two in each system where two in
each system So two in the safety related system two
in the non-safety systemwould all have to fail. So
i f you have any two that work in the safety systemand
any two that work in the non-safety system this wll
actuate. So you would have to fail three. |'msorry.
| got ny successive failure back.

So any two in the safety systemthat work
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or any two in the diverse systemthat work will get
t hi s actuati on.

MEMBER ARM JO. Ckay. Thanks.

CHAI RVAN APOSTOLAKI'S:  Rick, it seenms to
me this is a natural place to break.

MR, WACHOW AK:  Ckay.

CHAI RVAN APOSTCLAKI'S: The next one is an
event tree. Question?

MEMBER BONACA: Just a question generally
to do with the reactor safety systens which nost of
them they're not safety rel ated.

MR WACHOW AK: That's correct.

MEMBER BONACA: Ckay. How do you envi sion
that that will affect testing? And how do you account
for, for exanple, if you have | ess test requirenents
since you i nmpose on the systens because now you have
the reliance on the passive systens as a nmmjor
bl ackout .

You know, | can see advantages there for
t he operator. How do you account for those? And do
you foresee it wll be different wth panel
avai lability of the system because they're not being
tested as frequently?

MR. WACHOW AK:  One thing about our active

systens is that they're not just there to sit and do
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nothing while we're waiting for an accident or
transient to happen. Al of those active systens,
except the SRVs, really have sone function to play in
t he operation of the plant.

FAPCS i s sued for water transfer and pool
cooling and pool clean-up, things like that. So al
of these active systens that we have need to be
operating, nost of them continuously, some of them
very periodically in order to do your role operation
of the plant.

So the list of things that are in standby
for the active to performthese active portions of the
function is a very small |ist.

MEMBER BONACA: Very snall list. Okay.
Thank you.

CHAI RVAN APOSTOLAKI' S: Ckay. We'll break
until 10: 27.

(Wher eupon, the foregoing matter went off

the record at 10:13 a.m and went back on

the record at 10:31 a.m)

CHAI RVAN APOCSTOLAKI'S:  So we are back in
sessi on pl ease.

MR. WACHOW AK: Ckay. Now that we're back
and I"mon, | wanted to go through a couple of the

event trees here. Wth the tinme frane we have, we
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couldn't necessarily go through all of them | want
to just talk about a couple of representative event
trees.

The first one, | think, is the general
transient. This is the way we'd like the things to
go, well, at least the top part.

You have sonme sort of transient wth
successful RPS. Bypass valve opens to the nmain steam
line. W have feedwater available. W' re okay.
That's not so nmuch different than what you see in any
BVWR

So as we go through the different systens
here, if for some reason we don't have the bypass or
we don't have the feedwater system what we end up
withisin --

MEMBER WALLI'S: When | was reading this,
there's all of the acronyns and things, sonme of which
didn't seemto even be defined anywhere. This diagram
is full of these PRFLs and things. You have to figure
out what it neans.

| have great difficulty even in the |ist
of acronyns finding sonme of these.

MR WACHOW AK: I'msorry. 1In the
presentation itself or you are looking in --

MEMBER WALLI S: In the docunent, in the
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docunent .

MEMBER S| EBER: Proprietary.

MR WACHOW AK:  Yeah, that's a --

MEMBER WALLI'S: WMaybe they're hidden in
t he text sonewhere or sonething, but anyway it's just
a comment on this.

MR. WACHOW AK:  Yeah, the headings for
t hese things should be in Chapter 3 of the PRA, and |
t hought we had t hose.

MEMBER WALLIS: Maybe they're in there
somewhere, but they're not gathered together so that
you can find --

CHAI RMVAN APOSTOLAKIS:  Also in the printed
version and the electronic version in sone of these
event trees you just can't read your headi ngs,
especially for the loss of power, which contains a
sequence that is a dom nant sequence, nunber 44. It's
really inpossible to read the headings, and | notice
you don't have a tree here.

MR. WACHOW AK:  Not on this presentation,
and | do have it on ny conputer. W can tal k about
that one, too, if you wanted to. W'II|l figure out how
to do that in the docunment. W' re sonewhat bound up
by our software and the ability to get the nice

pi ctures out of the software and into a docunent. W
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can nake it into a stand alone drawing for you and
send it as a stand al one printed drawi ng, but to send
it electronically, it'sinthe format of the software,
and I'mnot sure that that's --
CHAI RVAN APOSTOLAKI S: Do you have a

bi gger figure, you know? You know, print it and send

it to Eric.

MR, VWACHOW AK:

We can send hard copi es of

the event tree, and we can send all of those. W

coul d seen, you know, big,

MEMBER S| EBER:

MR, WACHOW AK:

11 by 17 hard copi es.
That woul d be usef ul

Once again, it |loses a

little bit when you convert it into the PDF, but we'll
see what we can do. |If it's possible to get that 11
by 17 scanned into a PDF that's got a high resol ution,
we can do that.

But when we go fromthe software and pri nt
to the PDF, it loses it.

CHAI RVAN APOSTOLAKI'S:  You have to go to

the m crophone and identify yourself, please, wth

sufficient clarity and vol une.

MR. BHATT: M nanme is Sid Bhatt, and I'm
from CE

Regarding this form place, you have been
using only the 11 by eight -- 11 by 17, and it's
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easier toread. | agree with you, and we can provide
you for what Rick has been saying in Section 3.
Basically that's where all of those trees are defi ned,
and we can give you that set so that you can see T-44
and other things too. But that is probably the best

way to give it to you, would be a hard copy if it's

okay.

CHAI RVAN APCSTOLAKI S:  Yes, sure. W'l
t ake that.

MR. WACHOW AK: Ckay, and we'll do that.

The question about all the different
headi ngs here being defined somewhere. | know we

di scussed themin Chapter 3, in the original and in
Rev. 1, Rev. 0 and Rev. 1, but you're right that there
isn't a "here's a list where all of themare."

CHAI RVAN APOSTOLAKI S: Part of the problem
is that the actual headings of these three, for

exanple, where it says "I," you're not going to find
an | because you will find ICin the |list of acronyns.

You see you have an | there on the fourth
colum? It's really IC. So if you go through the
list of acronyns |ooking for I, you' re not going to
find it. You' re going to find the IC

And for some reason you' re usi ng ULCF when

it's high pressure injection, right? These are the
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conputer --

MR. WACHOW AK: It's one version of high
pressure injection.

CHAI RVAN APCSTOLAKI S:  So these | doubt
you w Il findinthe list of acronynms because they are
j ust conputer acronyns used in the cal cul ations.

MR WACHOW AK: Basic event --

CHAI RVAN APCSTCLAKI S:  The actual systens
are bel ow.

MR, WACHOW AK: R ght.

CHAI RVAN APOSTOLAKI S: Wl |, you know, the
conpletely scrutable PRA will be produced when there
is areally conplete PRA which neans never.

It's okay. | mean, we don't want you to
be shocked.

MR WACHOWAK: I'mjust trying to
remenber where | was.

(Laughter.)

CHAI RMVAN APCSTOLAKI S:  These things
happen, but it was interesting that especially that
transient for the loss of feedwater and |oss of
preferred power, which were really of interest, there
is no way you can read the headings. It's not a
matter of finding any of the acronynms. You just can't

read themat all.
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MR. WACHOW AK:  You can't read it when it

got intothe file. W'IIl get that fixed. It may take
a separate docunment to do that. Getting it into the
one conci se docunent is difficult.

CHAI RVAN APOSTOLAKI S: Wl |, today you are
gi ving us an overview of the whol e thing.

MR, WACHOW AK:  Yes.

CHAI RVAN APOSTOLAKI'S:  And then | hope at
the end of the neeting or maybe at the end of the day
and at the end of tonmorrow we can identify sone topics
on which we would like a nore detail ed presentation
sone time in the future.

MEMBER VALLIS: Wl |, apparently the Spell
Checker doesn't work on the PRA either because there's
typos all over the place.

MR. WACHOW AK: I n these?

VEMVBER WALLI'S: "lnyection" and
"suppresion” and "equilisium" | mean three typos in
one chart.

CHAl RMAN APOSTOLAKI'S: | can assure you

PRA has nothing to do with it.

MEMBER SIEBER: Hey, the PRA folks are
doi ng the best they can.

CHAI RVAN APOSTOLAKI'S:  Why don't you go?

MR. WACHOW AK: Okay. |If we nove on then,
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we don't have the regular power conversion system
whi ch would be the main steam along with feedwater.
W nove and we check the isolation condenser. Three
of four goes into operation; we're okay.

| think I heard a question sonewhere in
t he audi ence about passive things that need sone kind
of a signal to actuate. The isolation condenser
itself is one of those systens where if we | ose power
or lose the signal, the | & si gnal goes into operation
onits own. So it would be activated, and so |ong as
we keep water in the upper pools, it will take us out
as |l ong as we need.

We don't have the isolation condensers.
W asked do we over pressurize the vessel, and here
you notice that we've used one of the 18 SRVs. The
likely case in the loss of ICs is that we woul d have
some | C capability. W just wouldn't have enough to
prevent the actuation of the SRVs.

After we get into nore detail, we can see
what val ue should be put there and what we actually
need to prevent failure of the vessel versus just in
the ASME s range, the stress on the vessel.

CHAI RMAN APCSTOLAKI S:  So these, the
second here out of the success criteria --

MR,  WACHOW AK: It relates to success
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criteria.

CHAI RVAN APCSTOLAKI'S:  So these were
presumably derived by doing the appropriate therm
hydraul i ¢ cal cul ati ons.

MR, WACHOW AK:  Yes.

CHAI RVAN APCSTCOLAKI S:  And sonebody is
checki ng those, the status of it, | suppose.

MR. WACHOW AK: W' re checki ng those, yes.

The next one we get to if we do
successfully keep the --

MEMBER WALLIS: Well, what's the
probability of 17 of these things failing?

CHAI RVAN APOSTOLAKI'S:  Very | ow.

MR. WACHOW AK:  Very low, and it's the
same probability as 16 failing and 15 failing and 14
failing. So once again, we didn't really get into
revi sion of that nunmber so nuch since you don't have
the ability to resolve it down to the difference
between 11 failing and 18 failing. |It's the sane
t hi ng.

MEMBER SHACK: Wat cal cul ati ons do you
use for the PRA, what thermal hydraulic code?

MR WACHOW AK:  We can tal k about that a
l[ittle bit later, but it's a conbination of things.

For some things where it's obvious, where we're
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| ooking at things |like for that one feedwater punp can
provi de injection since one feedwater punp is capable
of 45, 50 percent of rated flow, certainly it can take
decay heat. W have a hand cal culation for that.

For ot her things where we have our design
basis analysis, and this particular case here, three
or four isolation condensers, we've used Track G in
the design basis calculation to show that that's
success, and we've just adopted that here in the PRA

O her things that are a little nore
conplicated that involve multiple failures. W
couldn't just Iift directly fromthe safety anal ysis,
and we' ve done cal cul ations with MAAP 4 on t hose, and
we're in the process of discussing with the staff how
to resolve any sort of uncertainties or other issues
associated with using that code.

MEMBER WALLIS: Well, these are very
sinplistic. On the idea that isolation can then -- it
either works or it doesn't, it's just not quite like
a punp. | nmean, it could get blanketed with no
condensabl es and work to sone extent. There's a whole
| ot of these things which can partially work.

And the FEPRA says it's there or it isn't
there, which is very unrealistic for some of these

syst ens.
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MR. WACHOW AK:  Yeah, we didn't really

address partial failures of the systens, but if you do
go into the default tree for the isolation condenser,
t he purge val ves for the noncondensables are in there
to the extent that we woul d need those.

So we didn't really | ook at saying, well,
we have two and a third equival ent heat exchangers.
W' ve just said does it function the way it's supposed
to, just like you would in the active PRA

MEMBER WALLI'S: And the other thing is if
you put the uncertainties in the thermal hydraulics
intothis, then you could be noving fromone branch to
anot her because of, you know, being on the tail end of
sonme probabilistic distribution of the heat transfer
coefficient or sonething, and that's not in here
ei t her.

MR. WACHOW AK:  That's not in here in that
exact what. Wiat we've done, and we're stil
addressing this, is that when we set the success
criteria or the threshold for saying success versus
failure, when we use MAAP what we did was we didn't
| ook at actual heat-up of the clad and the onset or
the failure of the clad. Wat we really | ooked nore
at was did we uncover the core.

So where we set our threshold for saying
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it's success or not should address things |ike those
types of thermal hydraulic wuncertainties. The
guestion that we're dealing with nowis is our method
for cal cul ati ng when we get to the top of the core --
is that an adequate way of doing it?

| think that at least at the prelimnary
stage we have | can't call it agreenent yet, but we
have a conceptual agreenment that those therm
hydraulic margins could be handled by setting the
threshold at the top of fuel rather than doing the
detail ed cal cul ati ons.

So, again, | would think that this is
sonmething that's appropriate at this DCD phase to use
that type of a conservative analysis to address
success criteria and naybe do sonet hing nore detail ed
as we nove forward. But | think there's other
uncertainties that wuld be bigger than that
particul ar one when we justify the nmargin.

W' re working on that.

CHAI RMAN  APOSTOLAKI S:  The way
understand it, today's presentation will not get into
nmet hods for doing things, to quantifying. You' re just
presenting results and --

MR. WACHOW AK:  Ckay.

CHAl RMAN APCSTOLAKIS:  -- how it was done.
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MEMBER WALLIS: Can't we ask that? Can't

we ask if we wish how did you get sonething?
MR. WACHOW AK:  You can ask.
CHAI RVAN APOSTOLAKI' S:  You can ask.

MEMBER WALLIS: But they're not going to

reply?

CHAI RVMAN APCSTOLAKI S:  What | think we
shoul d do as we go on, we should identify -- let's not
wait until the end of the day -- that we would like to

revisit in nore detail at a future time, and here you
have -- | nean, when you have 18 |lines, then the issue
of common cause failures, | guess, becones inportant,
and at some point in the future we'd like to discuss
this with you, how you did it.

You say in the docunment you used the
al pha factor nmethod, and | | ooked at the table there
and sone of the nunbers appear to be lowto ne, but
there may be a good reason for that. So this is one
itens we have to do in the future.

MR. WACHOW AK:  Ckay.

CHAI RVAN APOSTOLAKI'S:  Get nore into the
nmet hods for doing things because you have extrenely
done that in so many places that it drives themout of
style. Also the failure of data, that you use the

uncertainty analysis that you did.
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| guess this neetingis not really nethods
oriented. It's nmore this is what we did; this is the
results, and in the future we will have done this with
sone of the nethods.

MR, WACHOW AK:  Ckay.

CHAI RVAN APCSTCLAKI S:  |I's that agreeabl e?
Great. Thank you.

MR. WACHOW AK:  And we'll be happy to
revisit those.

CHAI RVAN APOSTOLAKI S:  Great.

MR. WACHOW AK: O we can arrange it.

Gat her ny thoughts again. 1'll nove into

the high pressure injection sort of range that is

agai n here, one of two CRD or one of two -- these are
feedwater trains, | guess, rather than -- it woul d be
one of those typos that you are talking about. It

coul d be one of four feedwater punps.

The reason we ask that again here is
because this could have failed because of the steam
bath and not just the feedwater. W pick up that
dependence again by |ooking at feedwater or control
rod drive here.

Once again, the single control rod, if we
get through this path, the single control rod drive

punp i s sufficient to keep the core covered. Bal ances
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decay head before we get to the top of fuel.

If we need to go into the | ow pressure, we
| ook at a conbi nation of SRVs and the active systemto
provi de that or, conversely, the DPVs and our passive
systens to provide the injection. The conbination of
things in the passive systens is addressing a little
nore than the short-termcooling, is set up to allow
us to address a long-termcooling there. W do think
that there nay be sonme conservatismin the way that we
have addressed this, at |east |ooking at the
equal i zing lines.

Final ly, when addressing the | ow pressure
injection systens, if the DPVs have actuated, have
actually actuated, we put this in here again because
the training and dependence for the operators is
different between these two. So we asked for that,
again, in that scenario, to pick up that dependence.

In the end, the way we' ve drawn these
trees, they look fairly sinple. The underlying fault
trees that go into these are a little nore conpl ex
that way. It's a tradeoff of how people like to do
t hese analyses. Sone like to see nore detail in
default trees. Sonme like to see nore detail in the
event trees. For illustrative purposes, | think it's

easier to showin the event trees, but again, it's a
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choi ce for how we address these things.

| just mention a couple of other things.
The question cane up about what happens if we stress
the vessel, if we take that as a transfer into one of
our other trees and we analyze that as an initiator
going into the other tree. Simlarly, we do the sane
thing with ATW5, where we have a separate event tree
that discusses the sequence of events that would
happen in an ATWS.

MEMBER WALLI'S: Now, when you use this for
design --

MR. WACHOW AK:  Ckay.

MEMBER WALLIS: -- do you say that you
want something |ike the sane probability in each one
of these branches or do you say we want a |ow
probability at the beginning so that we don't get into
some of these sequences |ater on? How do you deci de
you're going to have a certain nunber of DPVs, for
exanpl e?

Presumably it's based upon sonme kind of
bal anci ng of the various contributions to the PRA. So
how do you do that in the design? How do you use
sonmething like this for design?

MR. WACHOW AK:  The way that we did that

was renenber the colums fromearlier this norning?
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MEMBER WALLI'S: But what about quantity.

You're going to say we want a certain probability at
this price, don't you? Therefore, we're going to have
a certain nunber DPVs. |s that the sort of thing you
do?

MR, WACHOW AK:  Yes.

CHAI RVAN APCSTOLAKI'S: I n other words, if
we want higher reliability on the left --

MR. WACHOW AK:  Right, nore reliability on
the left.

MR. WACHOW AK:  What we really want to do
is we want to mnimze these high pressure scenari os.

MEMBER WALLIS: But you can do that by
different parts of the --

MR WACHOWAK: You can do it with
different parts.

MR. WACHOW AK:  Right, right.

MR. WACHOW AK: I n the first phase where
we | ooked conceptually at what we're going to do when
we had di scussi ons, based on experience fromprevious
plants, the question on SRVs and it wouldn't be
experience with DPVs, but experience with things |like
SRVs, the question was: what type of redundancy woul d
we like to see in this systenf

And | said, well, you know, based on what
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|'ve seen before, | think if we had at |east an
additional three, that should give us a |ow enough
probability here that would drive the nunbers toward
the direction we want to have in the | ow pressure core
damage so that the bul k of the core danage frequency
woul d be in the | ower pressure scenario.

So that was what | call a qualitative
judgnment on that. So we do that, put that into the
conceptual design. Then we take the conceptual design
and put it into actual fault trees and use it that
way. So we confirm--

MEMBER WALLIS: But how did you bal ance
things? | mean, you can change around trenmendously
t he i nportance of different steps in this process, and
they're in default tree. So 21 SRVs or ten instead of
18 or | mean, you can change the i nportance of certain
of these branches by design, right?

MR. WACHOW AK:  That's right.

MEMBER WALLI'S: How do you decide what to
do?

MR. WACHOW AK: | think the key here is
that you can't only use this to optim ze that because
there --

MEMBER WALLIS: So you don't have a

system right? You don't have a system You don't
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have an answer that's --
MR. WACHOW AK: We didn't do it that way
is what |'m saying.

MEMBER WALLI'S:  You don't have an explicit

MR, WACHOW AK: W didn't say --

MEMBER WALLIS: -- logical --

MR. WACHOW AK: -- you have to have a
nunber that's this good here.

CHAI RVAN APCSTOLAKI'S:  And fromthe PRA
per spective, whether you have a ten or 16 or 14 |ines
is irrelevant. | nean, PRA cannot distinguish anong
these. | nean, you bring in the comon cause failures
after three or four or five at the nobst redundant
lines. Then the nunber is the sanme. So you have to
use some ot her argument why you want to go to 17

MR. WACHOW AK:  That's right.

CHAI RVAN APOSTOLAKI'S:  And that's what |
think you said, you know, that this is not the only
way to do this. | mean, actually the issue of conmmon
cause failures and their use in design is a real one
because the nethods have been used, you know, for
exi sting plants as an assessnent tool, and so on, and
t he nunbers that you' re getting are not very sensitive

to certain things a designer can do, |ike having extra
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lines or increasing the separation. | mean, it's al
a matter of judgnent.

MEMBER BONACA: | say it's |l ook at what --
you know, is that you really nore than -- | nmean, the
PRA hel ped you, but you really used a |lot of the BWR
experi ence.

CHAI RVMAN APCSTOLAKI S: Exactly.

MEMBER BONACA: And the PWR as a basis.
| mean, that's where you start from and | think
that's an advantage. You have that advantage. You
should use it.

MR. WACHOW AK:  We want to get as close as
possible to what the design is going to look like
before we even have to go into one of these detailed
nodel s.

MEMBER WALLI'S: But there's no concept of
what sort of the optimum design strategy woul d be or
anything like that? 1It's just what you happen to
have? You draw a figure and you take what you've got
and you say, "Well, that |ooks okay."

MR WACHOW AK:  Well, no. One of the
things that we |ooked at actually got on this
particular figure, but it would have been on the
reactor water clean-up line break outside the

containnment, and we went through. W had our
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conceptual design of how we wanted that to | ook. W
nodel ed what was there, and when we | ooked we saw, you
know, this break outside the containment fraction, the
core damage frequency is higher than we wanted it to
be. W want it to be negligible. W don't want a
break outside the containnent |eading to core damage
in a bypass. Wat can we do so that this is no |onger
a non-negligi bl e sequence?

So we went back to the designers and sai d,
"What can you do to increase the reliability of the
i sol ation of that systen?"

And we added an extra automatic isolation
valve or isolation itself. |It's not really just one
valve. W added an extra automatic isolation froma
di verse systeminto that |ine which now when we put
that back into the nodel, l|o and behold, the
cont ai nment bypass sequences are now negligi bl e.

So that's really the process we went. W
didn't try to say we have a target value for each of
t hese branches. W do know that in general we want
t he bypass sequences to be negligible. W want the
hi gh pressure sequences to be | ow, and we want the
overall core damage frequency to be lowin terns of
what people are used to seeing.

CHAI RMAN APCOSTOLAKI S: | can see the PRA
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bei ng careful because you nove down to |ower |evels,
t he system and conponent. Then the val ue of the PRA
begins to dimnish because the nodels are not so
sensitive by that.

MR. WACHOW AK: W can find other things.
W found pl aces where we identified manual val ves t hat
are used for nmmintenance that would need to be
i nstrunment ed and al arnmed because if they are left in
a msposition condition after maintenance, it tended
to drive up the reliability of sone of these or under
liability of some of these systens.

So we go back to the design and say, you
know, we understand you're going to have conponent
checklists for these things, but let's add sonething
el se on top of that. W want to nake sure that these
aren't left in a state where they may not be able to
performtheir function.

So we use it that way rather than trying
to set a target reliability for each step along the
way. Once again, optimzing the entire plant that
m ght get us intoa-- if we triedto hit targets for
every i ndividual piece rather than | ooking at the end,
we would get into a problemthat m ght be hyper over
constrained rather than one that's just over

constrai ned now.
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MEMBER ARM JO Ri ch, but what is the

requi renent for 18 SRVs? You' ve done this analysis --

MR, WACHOW AK:  ATW&.

MEMBER ARM JO  ATWS. (Ckay. For that how
many do you need?

MR. WACHOW AK:  Ei ght een.

MEMBER ARM JO.  Ei ght een.

MR. WACHOW AK: To neet the ASME code for
ATWE anal ysis, you need to have 18. So that drives
that, and the PRA didn't say you need nore than 18.

MEMBER WALLIS: So 18 barely neets the

ASME?

MR WACHOW AK:  Well, it neets it. |
woul dn't say "barely nmeets it." It neets it.

MEMBER WALLIS: But you said you had to
have 18 to neet the -- does that nmean if you had 17

you woul dn't neet it?

MEMBER SHACK:  You woul dn't neet the code.

MR WACHOW AK:  You coul dn't neet the
code.

MEMBER WALLIS: You wouldn't neet the
code. kay.

MR WACHOW AK:  In the PRA we ran a 100
percent ATWS case, and |ooked at things |ike when

f eedwat er ranpi ng down and reactivity control as the
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| evel cane down, and determ ned that we woul d not get
t he vessel to a place where it would fail, and | don't
remenber what the specific nunber that we used was for
that, with nine SRVs open.

So we | ooked at the expected scenario for
an ATWS and | ooked at how many SRVs did we have to
have open before we would actually get to the point
where we were failing the vessel, not just exceeding
code, but failing the vessel.

CHAI RVAN APOSTOLAKI S: Comi ng back to the
i ssue of having nore reliable systems on the left,
aren't these the systens that really are involved in
t he design basis accidents so that the conservative
anal yses there indirectly lead you to very reliable
systens?

MR. WACHOW AK:  Certainly the design basis
anal ysis uses the reactor protection system

CHAI RMAN APOSTOLAKI S:  Ri ght .

MR. WACHOW AK:  The desi gn basis anal ysis
uses the isolation --

CHAI RVMAN APOSTOLAKI S:  Ri ght .

MR WACHOW AK: It uses these SRvs. It
uses the DPV and GDCS systenms. The FAPCS is probably
not included in the design basis, and the fire water

injection is not included in the design basis.
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As CRDis an injection systemfor sonme of
t he sequences, it isn't analyzed or it isn't used in
t he desi gn basis, but once again, we set the criteria
based on an ALWR URD requirenment that we do have an
active systemto mtigate small LOCAs.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. WACHOW AK: Ckay. To go to just
anot her exanple here, the feedwater |ine break. The
feedwater |line break is what we call |arge steamLOCA
St eam LOCAs depressurize the vessel on their own. So
once again -- and it's in the dry well. Just show ng
we don't need to ask things about the DPDs in these
scenarios. W can go directly to the | ow pressure
syst ens.

MEMBER WALLIS: This is a |large LOCA and
a feed --

MR WACHOW AK: Feedwater |ine break.

MEMBER WALLI'S: Now, Table 5.2, it says,
"The probability of large steamLOCA . . . train Ais
5E to the minus one.” It doesn't nake any sense to

nme. The probability of the LOCAis .5? This is Table

5.2, 5-2.

MR WACHOW AK:  Your notes?

MEMBER WALLIS: My notes on page 5.5-D.
Vell, if the probability of a LOCAis .5, | wouldn't
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have built a plant at all. | don't understand what
t hat nunber neans. |Is that the initiation of this
whol e - -

MR WACHOW AK:  That woul d not be the
initiation that we --

MEMBER WALLIS: It doesn't make sense.

MR. WVACHOW AK:  I'm not sure of the origin
of that value or the context that it's used off the
top of mny head.

MEMBER WALLIS: Well, naybe someone can
answer that later in the day.

MR, WACHOW AK:  Yes.

CHAI RVAN APCSTOLAKI S:  The | arge LOCA,

G ahan?

MEMBER WALLIS: It says, "Probability of
LSLOCA" -- large steam LOCA | guess that neans -- "in
FWA, " FWtrain A point -- well, you can look into

t hose, but there's sone nunbers in that table that are
really strange, strangely high. 1It's Table 5-2, and
in ny version it's page 5.5-D.

MR.  WACHOW AK:  The specific acronym
you're saying is -- can you read that off?

MEMBER WALLIS: It says, "Probably of
LSLOCA. "

MR WACHOW AK:  LSLOCA.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

108
MEMBER WALLIS: That nmeans | arge steam

LOCA, right? Does it nean that? |In feedwater train
A

MR WACHOW AK: We'|l find that out, see
what happened t here.

MEMBER WALLI'S: Now, maybe if train Bis
okay, but train Ais in trouble.

CHAI RMAN APCSTOLAKI'S:  Now, | think the
subconm ttee would very nuch like to see a detailed
di scussi on here of the donmi nant sequences.

MR. WACHOW AK:  Ckay.

CHAI RVMAN APCSTOLAKI S:  Ckay? Like this
sequenci ng the | oss of prepared power and two or three
others. So maybe at the next neeting we can do that.

MR. WACHOW AK:  Ckay.

CHAI RVAN APOSTOLAKI S: WAl k us through it.
Tel |l us what the data used were, where they cane from
common cause failures, the whole works. That would be
a useful thing to see. kay? So that's another item
for the future.

So initiating events.

MR WACHOW AK:  We' || tal k about what we
used for initiating events. W covered the spectrum
of transients, grouping them as appropriate, various

| oss of coolant accidents. Basically the reason we
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split those wup 1is that where the different
penetrations conme into the vessel nmakes a difference
somewhat in how the response is and what the actual
outcone is going into the Level 2.

MEMBER WALLIS: What does | oss of the
condenser entail? The condenser is three. You don't
have any water flowi ng through the coolant side or
somet hi ng?

MR. WACHOW AK: It could be several
things. You could |ose the water on the cooling side.

You coul d | ose the vacuum so that you get a hol e and-

MEMBER S| EBER:  Air bound.

MR WACHOW AK:  -- air bound.

MEMBER WALLIS: It's nore likely that you
partially lost it, isn't it? For some reason the
vacuum doesn't work very well or something. Again,
all of these things are extreme cases. Certainly it
isn't there, which seens to be very unlikely.

MR. WACHOW AK:  Then in those cases what
we have to look at is what | think is on the next
slide, is going back to how we got those nunbers, and
if yougointothe NUREG it gives a list of where the
vari ous nunbers cane from and things like partia

| osses of condenser were either included or excl uded
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in all those different values, and we sunmed up the
ones where the failure node is still retained in the
ESBWR even t hough we may have augnent ed t he design so
t hat some of these failure nodes for transients --

MEMBER WALLIS: That's al so bothered ne.
You go back to this NUREG which is based on past
history. You're going to build a nuch better plant.

MR. WACHOW AK:  That's right.

MEMBER WALLIS: The condenser won't | ook
quite like all of the old condensers, and yet you're
going to use the same nunber for its failure because
that's all you've got? Is that it?

MR. WACHOW AK:  Well, there's two things.
There's one, we do have it. That's always a pl us.
It's always good to go with sonething that you do
have.

But our objective here on the PRA is to
identify things that are associated wth the
mtigating features of the plant. W're not
necessarily trying to reduce the CDF just by saying,
well, we're going to elimnate or reduce the
initiating event frequencies because renenber, once
again, initiating events especially on the transient
side aren't necessarily hardware issues. |It's

har dwar e and peopl e i ssues, and what we t hought woul d
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be a good representation for this phase of the design
is to use the values that were based on operating
experience at plants, propagate them through the
anal ysi s, showthat the configuration of the plant can
wi t hstand those, and if in the end we do find out that
we have a reduced initiator frequency for sonething
because we can prove that the design is better than
what's out there, then in a |ater stage we nay use
that, or naybe we save that until we get to the
operational PRA after we actually have sone real data
wi th operating these new systens.

So we nmade the decision to use the
exi sting database for initiating events, and the only
pl ace where we really took things out is if sonething
i nthe existing database, that feature or that failure
node that was there just isn't there anynore in the
ESBWR. W took sonme of those out. So there are sone
t weaks on t he val ues, but they were fairly consistent.

The other thing that we did with this is
in the LOCA frequencies. Now, you saw we had a whol e
bunch of different LOCAs there on the previous page,
and you can't go into any of these docunents and find
where is the GOCS |line break or where is a -- you
know, they're based on existing plant type nunbers.

So what we did to get to our LOCA nunbers
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was we |ooked at how it was done, how it was
apportioned for the existing plants, used the sane
val ues, but just reapportioned those val ues associ at ed
wi th the piping sizes and cl asses that we have in this
pl ant .

So it's essentially the same LOCA val ues
t hat were used that were found i n the other docunents,
j ust reapportioned.

MEMBER WALLIS: So when do you use the
valves which you're going to stick open? You use
exactly the same valves in 2020 when you build this
reactor as were operating experience in 1987 to 19957
Not hi ng has inproved in 25 years?

MR. WACHOW AK: W expect inprovenent in
25 years, but the key that we wanted to say is that
t he reason -- we don't want to elim nate consi deration
of 1"Il call it vulnerabilities, but consideration for
certain sequences just because we're specul ating that
20 years fromnow we're going to have better SRVs.

CHAI RVAN APOSTOLAKI S:  The question is:
is it worth the effort to argue with he NRC staff --

MEMBER WALLIS: That's it.

CHAI RVAN APOSTOLAKI'S:  -- why you use a
| oner probability distribution when, in fact, it

doesn't seemto affect nmuch?
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MEMBER WALLIS: The whol e process, the

whol e regul at ory process seens to i nhibit inprovenent.

CHAI RVAN APOSTOLAKI S:  To sone exhibit.

MEMBER WALLIS: Because you know sone
nunber that's 40 years out of date, and you know it
and it has been approved, we'll stick with it and we
won't try to do any better.

PARTI Cl PANT: O increased nmargin.

MEMBER DENNI NG But during the operation,
they'I'l --

MEMBER WALLIS: You will see that.

CHAl RMAN APOSTCLAKI S:  On the other
extrene you have people who, you know, and you see
that nostly in the aerospace busi ness. W change the
desi gn and, boy, they hit the failure rate by a factor
of ten or 20, and then of course, nobody believes it.
So | think what these guys are doing is nuch better,
staying with the nunbers even t hough you know t hat t he
distribution will nmake it have shifted.

MR. WACHOW AK: I n our optim zation of the
design, if we find out that one of these assunptions

for something that we know is going to be better is

i npacting other parts of the design, like, you know,
because we did this now we have to have -- | don't
know -- MSIDs that weigh a mllion pounds. | don't
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know. Sonething that affects the rest of the tine.
Then we can take a hard | ook at those and see if
there's sonething that we can do.

But for the cut-through that we're doing
at this phase, we thought it prudent to | ook at
exi sting operating experience, initiating events that
conme fromall sorts of different things, not just from
| ooking at a particular design or sonme conponent or
sonme system

And | think |'ve covered everything on
here.

CHAI RMVAN APOSTOLAKI S:  Yeah, you've
covered it.

MR WACHOW AK: Basic event data. Now,
this is anot her one of these places where we had to do
somet hing. W needed to use generic data

CHAI RVAN APOCSTOLAKI'S:  How ol d is the URD?
| nmean, that's a long tinme ago, isn't it?

MR WACHOW AK:  Yes.

CHAI RVMAN APOSTOLAKIS:  How old is it?

MR WACHOWAK: Howold is it?

CHAI RVMAN APOSTOLAKI'S: ' 80s, late '80s?

MR WACHOW AK: ' 80s sounds correct.

CHAI RMVAN APOSTOLAKI S:  They assure ne

t here have been PRAs for BWRs all over the place.
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nmean, why didn't you use those, or did you check and
t he nunbers were nore or |ess the sane?

Because the |ater PRAs probably include
pl ant specific information. They are nore realistic
nunbers. | don't think it's a najor issue, but I'm
just curious. | nean, just because it's a docunent
bl essed by sonmebody, we have to stick to it?

MEMBER WALLI S:  Yes.

MR. WACHOW AK: It's nmore coming from our
custoners' request that we use the URD as a --

CHAI RVAN APOSTOLAKI S: | see.

MR. WACHOW AK:  -- guide for our design,
and the data that's in there is included in that
t abl e.

Now, we did |ook through there and
conpared it to things that we used in the Lungnen
pl ant which we're building nowin Taiwan. W've got
a PRA for that. W have sone experience from ot her
things factored in, but we've | ooked at sonme of these
failure rates with respect to the group's experience
from |l ooking at operating plants.

W're not seeing, you know, orders of
magni tude difference in these values. So | think at
this phase of the design, | think the good enough

principle applies here.
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Now, if there's something that is very
inmportant and we address sone of these in the
sensitivities; we |ooked at these new squib val ves.
Is the reliability in the URD for squib valves, is
that appropriate for what we're using here? And we
tried to see if there was sone kind of sensitivity to
that. There is sonme sensitivity, not necessarily
enough to change our mnds on things, but generally

that's where we get themfrom and we think that it's
a conservative way to go.

It can be refined in the future, but you
know, with sonme of the new equi pnent, we're not really
going to know until we operate and start testing some
of these things.

CHAI RVAN APCSTCLAKI S:  Speaki ng of the
squib valves, | didn't want to raise it, but you did.
On Table 4.6-5, list of systemcomopn cause fail ures,
this is the gravity driven system There is a
probability of the common cause failure of all squib
val ves equal to three tines ten to the mnus five.

And t he probability -- oh, no, I'"msorry.
For two valves, for two squib valves is ten to the
mnus five, 3.6, ten to the mnus five. The

probability of one valve failing is three, ten to the

mnus three. So if you're going to take the ratio,
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come up with a beta factor of .012.

Now, the beta factor usually is around ten
percent, and you are going here with one percent, and
| wonder how that cane about.

MR WACHOW AK:  Wwell --

CHAI RMAN APOSTOLAKIS:  One percent is
pretty | ow.

MR. WACHOW AK:  Ten percent seens fairly

hi gh.

CHAI RVAN APOSTOLAKI S:  But that's the
nunmber that --

PARTI CI PANTS: No, no.

CHAl RMAN APCSTOLAKI'S:  First of all,
that's one of the problems with PRA. | nmean, we are

dealing with all of this as if they were nothing, you
know. | don't like that percent. Make it one percent
or make it one in 1, 000.

Vell, it could be .06, right? It doesn't
go down by an order, but let ne -- no. | nean there's
very strong evidence that the beta factors above .1
extrenely strong, in fact, based on data. In sone
cases it's close to .2, okay, and | have a figure if
you'd like. 1'll send it to you, where there is al
sorts of information, and the average is about .1

MEMBER WALLIS: Is this just for squib
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val ves or for --

CHAI RVAN APCSTCLAKI'S:  No, no, for all
ki nds of conponents.

MEMBER WALLI'S: Everyt hi ng.

CHAI RMVAN APCSTCLAKIS:  Interestingly
enough, for space systens it's also .1, and peopl e now
are scratching their head. What's magi cal about .17

But anyway, but the bigger factor here of
.012, it seens to ne, has to be justified on the basis
of sonet hing, and agai n, you don't have to answer now,
but next tinme, these are the kinds of questions you're
going to get.

MR, WACHOW AK:  Ckay.

CHAI RVAN APOSTOLAKIS:  It's awfully | ow
It's awfully low, in ny view | mean, there is no
basis for it. Okay?

Now, for four valves, | understand that.
In fact, another thing is for four valves, only four
squib valves fail to open. |It's three, ten to the
m nus five. For two valves, its 3.6, ten to the m nus
five. | mean, that's incredible accuracy.

MEMBER WALLIS: Well, there are sone nore
accurate figures in sonme other tables.

CHAI RMAN APCSTOLAKI'S:  And then the CCF

for all seven squib valves in the GOCS |ines, failure
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toopenis 1.5 tento the minus five. That indicates
sensitivity of the nodel to the nunber of val ves that
| don't believe is there.

So all of this is on the transcript now.
Next tinme we discuss this, right?

MR. WACHOW AK: Ckay. We can di scuss how
we got those different common causes.

CHAI RVAN APOSTOLAKI' S:  Yeah. You say you
used the alpha factor nethod, but one of the key
el enents in the nmet hodol ogy that the NRC and EPRI have
devel oped is that you go back and | ook at actual
comon cause failures and you screen out the ones that
don't apply to you, and | don't know whether you did
that, but if you did that, then you probably screened
out nore than you shoul d have.

MEMBER WALLIS: Well, | think in order to
achieve credibility, you have to | ook at sone of
these things in the detail that George is |ooking at
it, and you fol ks have to justify what you did.

CHAI RVAN APOSTOLAKI S:  Yeah, because you
know, the last line there says "low CDF to design
rat her than data values.”™ WIlIl, | just showed you a
data value that nay be a driver, in fact, because in
order of nmagnitude it's an order of magnitude. You

know, an order here, an order there. Pretty soon
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you're tal king about pretty | ow val ues.

|"mnot saying I"'mright. |'msaying we
need an answer to what | just said.

MR WACHOW AK: W will discuss that.

CHAI RVAN APOSTOLAKI' S:  Very good.

MR. WACHOW AK: | did want to bring up one
ot her point here, is that we do have conponents that
inthis plant we don't expect to be tested except on
a refueling interval basis, and if we use demand data
from sone of these generic sources from that, sone
data are actually based on quarterly type test
intervals. So we adjusted those, basically converted
the quarterly test interval data into an hourly rate
and we applied a longer test interval.

CHAI RVAN APOCSTOLAKI' S:  Yeah, the results
of the problemthere, unfortunately | cannot find it
now, but you used sone fornulas to do sone things that
are not clear to ne what they nean, and we definitely
need sone explanation in the future.

MR. WACHOW AK:  Ckay.

CHAI RVAN APOSTOLAKI'S:  How you did that.
You sai d, you know, using well known fornulas this is
where we got, and | hope I'll find it and | et you know
where it is.

MR. WACHOW AK: kay. That would be in --
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CHAI RVAN APCSTCOLAKI'S:  Failure rates, you
know, how they were --

MR WACHOWAK: In Rev. 1 we included what
the formul as were.

CHAI RVAN APCSTOLAKI'S:  Oh, | don't know
which rev. | |ooked at. Oh, okay. | found it. |
found it. It's in Section 5.2 of the PRA. Ckay?
Conmponent reliability database, 5. 2.

So i f you guys cone back | at er and address
t hese issues, for test periods greater than a year,
this is what we do. For others we do sonething el se.
For conponents whose test periodis fromsix nonths to
one year it is suggested that the upper bound on
demand failure probability be used as a conputati on of
nmean, the nedian, and then the new nean is that val ue
times the error factor.

That's not true. So not that it nakes a
hell of a difference, but we don't want to -- in
addition to the typos to have also --

MEMBER WALLIS: | think you need to | ook
at it, and the sanme thing in thermal hydraulics.

The devil is often in the details.
CHAI RVAN APOSTCOLAKI' S:  Yes.
MEMBER WALLIS: And you find sonething

which is unjustifiable in the details sonetines.
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CHAI RVAN APCSTOLAKI'S: I n the details, of
course, what they do is they create an inmge, a
section.

MEMBER WALLIS: Absolutely. You don't
need nany fal se details to discredit the whol e thing.

CHAI RVAN APOCSTOLAKI S:  Yeah. So pl ease
| ook at that in Chapter 5, 5.2, and then we know we' ||
talk about it. Okay? Good.

Human acti ons.

MR WACHOW AK:  Human actions. This wll
probably be another one that you're going to want to
have - -

CHAI RVAN APOSTOLAKI'S: | suspect it will
be, yes.

MR. WACHOW AK: But at this stage of the
garme of the design, we did a very sinplified version
of human actions. W |ooked at two different things,
pre-accident actions. Basically it was |ooking for
pl aces where we expected nmintenance to potentially
| eave systens in an unknown unavail abl e state.

Then we |ooked at what controls were
pl aced on sone of these things to see if there was
sonmething that we could do with quantification. For
things where we just relied on check lists or just

standard things that the plants do, we kept the
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standard value. |If there were additional controls
like alarms or indications or things, we would do
di fferent things.

W took the nost credit when it was, you
know -- and alarmed in the control room stayed on

t hese val ves.

MEMBER WALLIS: |I'mjust |ooking at ny
notes. | wote on one page here where you were
| ooking at some -- "operator errors are judged to be
a non-significant contribution.” | think you're

talking here about operation of depressurization
val ves or sonet hi ng.

But it's just an assertion. There's no
expl anation of why, and | just wonder how nmany of
t hese sorts of statements are allowed in the PRA. You
sinply say we judge sonething to be nonsignificant

without any justification, particularly operator

actions. How do you really know what they're going to

do unl ess you' ve got sone basis, how they perform on
a simulator or sonething?

So | just picked it out and we shoul d ask
why whenever we see statenents |ike that.

MR. WACHOW AK:  Was that related to the
error of conm ssion or was that related to --

MEMBER WALLIS: Well, 1'mnot sure. l'd
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have to | ook at page 2.3-4 to see the context, but
this is the kind of thing |I pulled out.

MR. WACHOW AK:  Two, point, three, dash,
four, assuming initiating events.

MEMBER WALLIS: Right. It's an initiating
event, isn't it?

MR, WACHOW AK: R ght.

MEMBER WALLI'S: Yes, okay.

MR WACHOW AK: So in that context --

MEMBER WALLIS: | think it was opening a
val ve when they shouldn't do it or sonething

MR. WACHOW AK:  Yeah, it was causi ng an
initiating event.

MEMBER WALLIS: Causing an initiating
event .

MR. WACHOW AK: By doi ng sonet hi ng t hat
t hey --

MEMBER WALLI'S: And you just said that so
you assune they won't do it.

CHAI RVAN APOSTOLAKI S:  Yeah, you are
right. W will need to have a special session on
t hese things, especially tables --

MEMBER WALLIS: Well, how | ong are you
going to take though? |If you go into the details,

it"'s going to take a long tine.
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CHAI RVAN APOSTOLAKI'S:  Well, it could be

a two day neeting. Table 6-1 and 6-2, actually 6-2 is
fascinating. You have --
MEMBER WALLIS: \ere are we here?
CHAI RVAN APOSTOLAKIS: It's probably --
t he nunmbers you have t here probably come fromthe EPR
ACR nodel, right? One called the reliability nodel
MR. WACHOW AK:  Yes, that sounds right.
CHAI RVMAN APOSTOLAKI'S:  And if they do, you
are probably the only organi zation at work that's
using it, and you have are renarkabl e tabl e here. You
are giving us probabilities of failure as a function
of tine, available tine, 30 mnutes, 60 mnutes --
MEMBER WALLIS: Aren't they all one year
m nus one, one year nminus two, one year nminus three?
CHAI RVAN APOSTOLAKI S: Yeah, and al so you
are classifying themaccording to the behavior type,
skill, rule and knowl edge. So this is really a
remar kabl e achi evenent here.
MEMBER WALLIS: | say it nust be very
rough estimtes in nmy notes.
CHAI RVAN APOSTOLAKIS: But the thing is
that this is of great interest to sone of us on this
committee because we're trying in another context to

convince the NRC staff that we do need ti ne dependent
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-- | nean the distribution for the probability of
failure given the tine.

But this is definitely sonething -- you
say you are relying on EPRI NUREG CR-1278 and NUREG
CR --

MEMBER WALLIS: Is that Table 6-1 there,
t 00?

CHAI RVMAN APCSTOLAKI S:  Yes, there is a 6-
1, but that is pre-initiated.

MEMBER WALLIS: A detection interval of

8, 640 --
CHAI RVAN APOSTOLAKI S:  That's one year.
MEMBER WALLIS: That's a pretty long tine.
CHAI RVAN APOCSTOLAKI S: No, they don't nean
detection. You nean inspection, | think, human

i nspecti ons.

MR. WACHOW AK:  That's inspection.

MEMBER WALLIS: It says detection.

CHAI RVAN APCSTCOLAKI S: It says detection.

MR WACHOW AK: Detection, it's from when
you operate it this tinme until when you go back and
operate it again.

MEMBER WALLIS: Oh, it doesn't nean it
takes a year to figure out what's going on.

CHAl RMAN APCOSTCOLAKI S: It's the interva
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bet ween tests.

MEMBER WALLIS: | thought it nmeant that it
woul d take hima year to figure it out. M, too.

MR WACHOWAK: It is fromwhen we make a
m stake until we believe there's opportunity to
di scover it.

CHAI RVAN APOSTOLAKI'S:  It's the degree of
detection, right?

MR, WACHOW AK:  Yes.

CHAI RVAN APOSTOLAKI S: Between tests.
Detection is the wong word.

MR WACHOW AK: | believe detection is
correct because it mght be between tests or it m ght
be between operation. Like let's say it's an FAPCS
val ve and they go to do a full water transfer and t hey
say they got water on the wong place. Oh, we detect
it when we're doing this other operation.

So it's when you can detect it. Sometinmes
it's test interval. Sonetines it's operation
interval s.

CHAI RVAN APOCSTOLAKIS:  the problemwith
detection is that it's also used in other contexts.

Anyway, these are the tabl es we needed, 6-

MEMBER WALLI'S: Al npost every table can be
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guest i oned.

CHAI RVAN APOSTOLAKI' S:  The whol e Chapter

6.

MR. WACHOW AK:  The tables in Chapter 6,
and one of the things that we'll talk about that and
now it |looks like where we'll be for quite sone tine
until all of the human factors analysis and all of

t hose things are wapped up, we're probably going to
be retaining this type of structure for the next year,
year and a half or so before it gets significantly
changed in the PRA

So if you would have asked ne this six
nont hs ago, | woul d have said we're probably going to
go to something different in the future, but now I
think that's a good topic because | think that the
way the schedule is working out, we'll be using this
for some tine.

CHAI RVAN APOSTOLAKI S: Wl |, yeah, but
al so at the sane tine you want to do sonething that's
reasonably defensible, right?

You know, | hear m xed coments regardi ng
this AHCR nodel, even fromthe original devel opers.

MR. WACHOW AK:  Ckay.

CHAI RMAN APCSTOLAKI'S: | think it would

behoove you to go and talk to one or two of those
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guys. Gve thema call. | nmean, what's going on with
t hese nodel s?

You know, they run sinmul ator experinents,
you know. Then we hear that they were overly
enthusiastic in using the results of the experinents
to produce these nunbers. | don't know what to
believe nysel f, and we had a subcomm ttee neeting on
human reliability about a year ago, |ast Decenber,
wel |, | ast Decenber, and sone fol ks fromthe utilities
and EPRI presented their calculator, the APRI
cal cul ator, which allows you to use -- it's really a
problemthat allows you to use one of four nodels.

One of the four nodels is the AHCR and
the guy fromthe utility told us nobody is using it.
Do you renenber that. Do you renenber that?

PARTI Cl PANT:  Yes.

CHAI RMAN APOSTOLAKI'S:  So now i f nobody is
using it and you're the only ones, I'd like to
understand why. | think | know why. Because it's the
only nodel that gives you information |ike what you
have in 6-2, time and probability of failure.

MR WACHOW AK: And it's sonewhat
i ndependent of the variables that we don't know at
this point in tinme.

CHAI RVAN APCSTOLAKI S:  Anyway, | think
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it's sonething to | ook into.

MR. WACHOW AK: Okay. In the end, one
thing that we didn't include in the PRAis the repair
and recovery in the base nodel. W did |ook at
recovery of off-site power based on t he NUREG curves,
so the | oss of off-site power from 1992 t hrough -- or
'82 through 2006 | think are the | atest one.

| want to back up. One --

MEMBER BONACA: One conment regarding the
previ ous slide.

MR WACHOW AK:  Yeah.

MEMBER BONACA: | think to nme interesting
is also howdo you -- you know, you had
configurations, and you identified that because for a
certain systemyou have a | ot of involvenent that is
mai nt ai ned and taken out and in. Gkay. You could
really inmprove the safety of the plant by nodifying
maybe that systemthere.

Have you had any -- how do you --

MR.  WACHOW AK: Modi fying the which

syst enf

MEMBER BONACA: | nean the plant.

MR. WACHOW AK:  Ch, okay.

MEMBER BONACA: Well, take the CRDF
system | mean, you have so nany val ves there, you
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know, butanized to a valve being persistent or, you
know, each line and then tested and so on and so
forth. |Is there any better way to do it?

| nmean, I'mtrying to understand how do
you use the PRA to give an input to design. Here
you' re tal ki ng about nodeling this human acti ons, but
it seens to ne that you have the opportunity to nodify
t he necessary hunan action at this stage of design,
and that's what | would like to understand at sone
poi nt, not necessarily today, but at some point I'd
i ke to understand how you cane to this ESBWR

How di d the PRA contribute to it?

CHAI RVAN APOSTOLAKIS: | think, Mario
part of it was in the original utility requirenent
where they decided that for the first what, 24 hours,
72 hours? The design should not require any operator
interventi on.

MEMBER BONACA: Yeah. No, | understand.

CHAI RVAN APOSTOLAKIS:  So they just
foll owed up, right?

MR. WACHOW AK:  The design matches that.
In our nodel here, we |look at sonme of these active
systens that can be actuated using operator actions.
W do | ook at a sensitivity that says what happens if

we do analyze it the way the ERD said no operator
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actions for 72 hours and take a | ook at the effect of
the overall results on that and the revision to that
analysis is in the process of being updated before
that's done.

So we do look at it in that sense, but |
think the place where we're nore going to use this is
as we devel op our instrument and control systens for
the plant and the layout for the sinulator and after
the simulator, for the control roomand for the renote
shut down panel, and where different actions need to
t ake pl ace.

Wiere we find in the PRA sonme of these
actions to be inportant actions, we mght say, you
know, naybe you want to put that somehow in the
automated system or maybe you want to insure that
that's in the control roomand not out in the field.

That would be the way that we would use
that, but at this point in the overall schene, al
we've gotten to is identifying the higher |evel
operator actions to the people that are doing the
human factors analysis. So when they go through thei
process, we'll be factoring this sort of thing into
it.

So that's the process for doingit. W've

identified what's inportant and t hen nodel i ng of that
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goes into the way that the human interface is put
together fromthe plant, and then we'll be able to
come back later and see if we did any good or if it
didn't make much difference, but | think we can do
that. We're just on the front end of it right now.

CHAI RVAN APOSTOLAKI'S:  So in one of your
sensitivity anal yses you assuned that all the human
actions --x

MR. WACHOW AK:  Prevailed. Al the post.

CHAI RVMAN APOCSTOLAKI S:  Post initi ated.

MR WACHOW AK: Post initiated actions are
fail ed, except for the recovery of off-site power.
That' s one where the typical thinking for that was t he
grid associated loss of off-site power, and it would
be different people addressing that, but there are
contributions fromthe things that are on site. So we
may want to relook at how we did that if there's any
dependence there on the no post accident operator --

MEMBER MAYARD: Even though off-site power
may be restored, the operator still would have sone
action, closing sone breakers to get power into the
pl ant .

MR WACHOW AK:  Yes, that's one of those
areas where we made the statement, "Yes, we did that."

|"mnot quite sure we recogni zed that those recovery
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factors really inply operator actions when we did it.

And we recognize that. | think that's
getting into Rev. 1 of that part of the analysis. So
it's another thing to verify.

Oh, | know why | went back. | left
sonmething off the slide. Part of the process that we
did l ook at is on the back end. You know, you put al
of these things in your fault tree nodels, and you
could end up with cut sets that have a whol e bunch of
different operator actions in them W did do an
eval uation of the cut sets to make sure that we didn't
have any highly dependent operator actions there.

There were a coupl e of things that either
t hey weren't dependent or they didn't exist or we did
a judgnent call. Really are the two operator actions
together -- is the value that was used sufficiently
high that it really would be expected to cover the
conbi ned action? That would be the case where we
woul d have some of those, where there are .2 for
operator actions, .2 times .2 for the double actions,
probably l|ike a range where we'd expect anyway. So
t hat process went through on the back end to | ook at
t hose.

| think we talked about the success

criteria a little bit earlier. Hand cal cul ati ons,
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boundi ng type things for things that we just knew the
answer to ahead of tine. Design basis assunptions for
t hi ngs that matched up well with the Track G anal ysi s,
and then we used MAAP results for the other things.

W're in the process now of resolving
where we should be between that and track. Wen we
did | ook at the success criteria, the way we arranged
this was we didn't just say this system what does it
have to do. W looked at it in the context of the
sequences where the systens were used, took a | ook at
all the sequences, |ooked at the different attributes
of those sequences and deternmined if there were any
specific limting sequences to use for that success
criteria, and we used it all.

So in sone cases the success criteria
m ght be conservative, but we tried to apply the same
success criteria to the sane functions throughout the
PRA just to make it sinpler for analysis purposes.

We're working on a topical for this that
we' ve been discussing with Nick and ot hers.

CHAI RVAN APCSTOLAKI S:  You say al
sequences reviewed. Was the PRA reviewed by anybody?

MR, WACHOW AK: What | neant there was
when we were determning the success criteria, we

didn't just look at a systemin isolation. W |ooked

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

136

at the systemas to howit was used in the sequences
where it was used in the PRA. So we | ooked at all of
those. Al of the sequences of a particular system
was credited for success.

Then what we di d was we went through that
list and said, okay, what are the attributes of these
di fferent sequences, and is there any one particul ar
sequence or one or nore -- actually on sonme there were
two sequences -- that really would make that a nore
l[imting success criteriaonthat particular function?

And the ones that were the limting, that
had the limting attri butes were the ones that we used
to determine the success criteria for the system

CHAI RVAN APOSTOLAKI S Yeah, | understand
that, but this is a broader threshold now

MR, WACHOW AK:  Ckay.

CHAI RVAN APOSTOLAKIS: Did you have a
group reviewing the PRA itsel f?

MR. WACHOW AK: CQutside of this project,
no. So we got various contractors and subcontractors
| ooking at different things, but they were all under
the task that | am

CHAI RMAN  APCSTOLAKI S:  Because you
nmenti oned t he ASME st andard, and as you know, there is

a PRAreviewrequirenment there. O course, | nean, in
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this design certification business, what is the role
of the PRA? Because in the ASME standard you are
supposed to use it for sone real action. So the PRA
is very inportant.

But here ny feelingisthat thisisreally
a supporting kind of analysis. |It's not essential,
isn't it? Maybe the staff can answer that.

| mean, does the PRA have to be PRA
revi ewed?

M5. CUBBAGE: | nean, it is a requirenent
in Part 52 that they do submt the PRA and it is
primarily used to insure that the insights have been
i ncorporated in any design requirenents that were out
of the PRA are factored into the design.

But | guess to sone extent you're right.
It is nore of a supportive tool, and it al so hel ps us
gui de our review to the nore risk significant areas.

CHAI RVAN APOSTOLAKI S:  The nonent you say
"insights,” it sends a nessage. Don't do it. Any

time you use the word "insights,"” not you personally.
| think that the word "insights" shoul d be banned from
t he English | anguage.

"I nsights" means made by the state of the

art or state of the practice job, but they gained

i nsights, and 52, of course, says that, but there is
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not a drive for the PRA to be peer reviewed.

If we do a minor change in an existing
LVWR, we demand all sorts of PRAreviews, but fromthis
t hi ng, no.

MEMBER BONACA: -- at sone point between
conceptual design and conpletion of the plan. The PRA
will bein asituation where, in fact, the peer review
is worthwhile. | think at this stage |I'mnot sure
that | would consider it worthwhile.

CHAI RMAN  APOSTOLAKI S:  Wort hwhil e and
required are two different things. |If the owner of
the ESBWR decides not to do anything on a risk
informed basis, his PRA does not have to be peer
reviewed. Only when the owner says, "I'mgoing to
i nvoke 1174."

MEMBER BONACA: |'monly tal king about --
you know, | would expect that this PRA would be nuch
nore substantial when we can cl ose up --

CHAI RVAN APOSTCOLAKI S: Sure.

MEMBER BONACA: So at that point | would
expect that there would be a hi gher expectation.

CHAI RVMAN APCSTOLAKI'S:  No, but as Nick
said already, that tine is running out. | nean, if

you have a peer revi ew group that cones back and says,

"W don't like the HRA " you would say, "I'm not
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going to change,"” unless they say, "Wll, then we
resign.”

Because, you know, there are certain
things that are cast in stone, as you are advi sed.
Anyway, there is no requirenent. You haven't done it,
that's fine. Let's nove on

MR. WACHOW AK: W do renenber though that
the part of the process that we're tal ki ng about here
and that we tal ked about this norning is we intend to
deliver a PRAto the plant that will be operated, and
they will use that PRA. So sonewhere before we get to
that stage, they've got to have that or else they
don't have the conpl ete package.

So the question is when, not if.

MEMBER ARMJQO I n your internal
procedures, |'msure you have internal design reviews
by independent parties, but whether that has to go
out si de of General Electric to sonme other peer review
| don't know, but certainly before you would issue a
docurnent like that tothe utilities, you woul d have an
i ndependent design revi ew of the work done to satisfy
your managenment that you' ve got a quality product.

MEMBER SI EBER: QA program

MEMBER ARM JO.  Yeah, nore, | guess, from
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CHAI RVAN APOSTOLAKI S:  Ckay. Let's go on.

That's the bottom line. Wy are you
reporting 310 to the mnus ei ght when Chapter 11 you
say that the nean value is eight, ten to the mnus --
what is this 310 to the mnus eight? I1t's the nedi an?
It nust be the nedian.

MR. WACHOW AK: This is the value that you
get when you use the point estinmates for all of the
values. Now, what's in Chapter 11 using the
sinul ati on code --

CHAI RVAN APOSTOLAKI S:  Yeah, you've got
the on site.

MR WACHOW AK: -- the nmean | ooks like it
cones out to be a different val ue.

CHAI RMAN APOSTOLAKIS: It is eight, ten to

the mnus eight, and | believe that's the nunber you

should be reporting. | mean all of the regulatory
docunents refer to nean tines. | mean it's not a big
deal. It's just problenatic.

MEMBER WALLIS: What's the worst it can
be?

CHAI RVAN APOSTOLAKI S:  The 95t h percentile
is around two, ten to the m nus seven.

MEMBER WALLI'S: There's one up at E m nus

five.
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CHAI RVAN APCSTOLAKI' S: No, no, no, no.
The 95th percentile.

MEMBER WALLIS: Yeah, | know.

CHAI RVAN APCSTOLAKI S: Which is
remar kabl e, remarkably narrow, right? Think about it.
This is the nedia, 310 to the mnus eight, and the
upper bound is nmaybe four tines that, a narrow factor
of four for a design that has never been built, right?

MEMBER WALLIS: Wy is frequency on | og
scale? This is not log or is it frequency?

CHAI RMAN APOCSTOLAKI'S:  This is |og.

MEMBER WALLIS:  Frequency. | had a little
troubl e.

CHAI RMAN APCSTOLAKI'S:  No, this is the
frequency. This is 1.10, ten to the mnus --

MEMBER WALLIS: No, it depends on the
scal e.

CHAI RMAN APCSTOLAKI'S:  No, but this is
fromthe conputer probability.

MEMBER WALLIS: Yeah, but is it
probability per unit of logarithmc increnment or --

MEMBER DENNING It looks like it is.
See, these are equal logarithmc --

CHAI RVAN APOCSTOLAKI'S:  This is the table.

The table is the result of the sinulation. It says
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t he upper bound to the core danage frequency is 1.8,
ten to the mnus seven.
MEMBER WALLI'S: What is the nean?

CHAI RVAN APOSTOLAKI S:  The nean is eight,

tentothe minus eight. | think you should report the
mean.

MEMBER WALLIS: Well, | have a problem
Is it plotted on a | og scale? Now, | concluded from

their nunbers up here that they nust be probably for
unit of frequency, not per unit of log frequency.
It's actually different.

CHAI RVAN APOSTOLAKI S:  Forget about the
figure. The figure is just for conmunications. The
table is actually fromthe conputer.

MEMBER WALLIS: So it's the table.

CHAI RVAN APOSTOLAKI S:  The table, yes.

MR. WACHOW AK:  Both are fromthe conputer
program

CHAI RVAN APCSTOLAKI'S:  The table is the
real frequencies.

MR, WACHOW AK:  Yes.

CHAI RVMAN APCSTOLAKI S: Ckay.

MR WACHOWN AK:  One of the difficulties --

CHAI RVAN APOSTCLAKI'S: | nean does it

bot her you to report eight, ten to the mnus eight?
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You seemto be --

MEMBER S| EBER: He's happy.

CHAI RVAN APOSTOLAKI S: For heaven's sake,
that's low It's way |ow actually.

MEMBER SIEBER: W're falling into the
sun.

MR. WACHOW AK: To try to conpare things
on an equal basis then, using that value in the nmean
from that particular conputer program would be
probl ematic for us because of all the different pl aces
where we're trying to conpare. For the different
scenarios, the fire, the floor and everything el se,

this nunmber is what's conparabl e across the different

ones.
So | understand. | understand what you're
saying there, and we will investigate how to present
this. It generates difficulties in talking about
things like raw values and things. |If you take that

nmean from there when the conputer program is
calculating all of these other values using this
nunber .

CHAI RVAN APOSTOLAKI'S:  But it should be
using the nmean, but that's easy to do.

Anyway, do you know that the age of the

earth's crust is 310 to the ninth years?
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MR WACHOW AK:  Yes.

CHAI RMVAN APOSTOLAKIS:  So what you're
saying here is that if we had a reactor built when
the earth's crust will start to form ng and we had to
run it then, then you are just an order of magnitude
worse than that. |It's an incredible nunber, isn't it?
Ten to the mnus eight.

MR. WACHOW AK:  What we're trying to say
here is that for just about anything that we could
think of, we've found a way plus a diverse way of
dealing with it, and in nost cases nore than that. So
what we're trying to say here, and | think we've used
this in other presentations before is that we think
we' ve addressed everything that we know.

MEMBER WALLIS: This is where actually
perm ssion to coment, | nmean, just to talk about
di sgruntl ed enpl oyees rather than any other kind of
event, but people doing things to deliberately cause
an event really begins to be very inportant when you
have nunbers |ike this for the things that vyou
anal yze.

MEMBER MAYARD: Yeah, but one of the
things that we tend to not take into account fromthe
human performance standpoint are the positive

attributes, like they did not take any repair
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activities into account.

CHAI RMAN APOCSTOLAKI'S:  Ch, | know t hat.

MEMBER MAYARD: And if you don't watch any
of your energency planning scenarios and stuff, what
the human can do from a maintenance, design
nodi fication, alot of things that they can do t hat we
never take positive credit for in a PRA. So --

MEMBER WALLIS: The probability of an
oper at or goi ng absol utely nuts i s probably bigger than
ten to the mnus eight.

CHAI RMAN APCSTOLAKI'S: | think nost of
t hem dominate this culture.

MR WACHOW AK: It's tentative.

MR WACHOW AK:  Well, | think what we're
trying to acconplish here is to address the things
that we know about and the things that we can know
about using this nmethodology. |Is that the actual core
damage frequency? Well, we don't know because there's
things we don't know about, and naybe there's other
tools that are better for doing that.

But for using this nmethod, we think we've
addressed just about everything associated with the
design of this plant to nmake the chance of a core
damage event so renote that we aren't, that it's a

vulnerability that's been addressed. W don't see
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t hat anynore.

So | agree that there m ght be sonething
out there that isn't included that coul d address core
damage frequency, and it's probably things that can't
be addressed using these nethodol ogi es.

CHAI RVAN APCSTOLAKI S:  Let nme ask you
something else. | nmean, we're going nowto a
different place. It is tenpting to ne to go back to
the beginning of the use of PRA now that you ask.
It's up to you. Look at the nunbers we were producing
at the tinme, although the reactor safety nunbers were
not that bad, and then see what happens in the
i ntervening years, how many tinmes we were surprised
and knew t hi ngs happened and so on, and this agency
had to promul gate extra rul es.

Doesn't history apply here? Can | count
the nunmber of times | was surprised in the past and
say, well, gee, maybe in the future I'l|l be surprised.
Therefore, is there anything different here?

MR. WACHOW AK: | woul dn't discount being
surprised in the future.

CHAI RMAN APOSTCOLAKIS: But is it a
different situation? | think in some sense it is
because - -

MR.  WACHOW AK: But | think it is a
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different situation.

CHAI RVAN APOCSTOLAKI'S:  -- you have j ust
said that we are elimnating a lot of the stuff we
| earn from experience in the NVWR

MR. WACHOW AK:  That's right.

CHAI RVAN APCSTOLAKI'S:  So we didn't have
that benefit at that tinme, but you know, | renenber
the first PRA topical meeting in Newport Beach,
California, where everybody was reporting for -- you
know, we did a fault tree analysis for this system
and the magi ¢ nunber was ten to the minus six, which
becanme ten to the mnus four as people cane to their
senses.

So | don't know. | don't think you or
or anybody has an answer to that, but this is
somet hi ng, | nean, when you go to such | ow nunbers and
you have new desi gns that have never been billed. You
really have to worry about these things. That's where
structure of this defense in depth cones to the
rescue.

MEMBER WALLIS: Well, they don't need a
containment if they' ve got ten to the m nus eight.

CHAl RMAN APCSTOLAKI S:  We are way over
ti me here.

MEMBER WALLIS: Are we or not? 1|s he

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

148
going to finish up?

CHAI RVAN APOSTOLAKIS: W' re supposed to
finish at 11:30. He is so slow

(Laughter.)

MR, WACHOW AK: Just a few nore pages.

MEMBER WALLIS: This is a very funny
figure to ne.

CHAI RVAN APOSTOLAKI S: Which one is funny?
Thi s one?

MR. WACHOW AK:  This figure here.

MEMBER WALLI'S: | would conclude that you
way over desi gned your LOCA response and you way under
desi gned your |l oss of power. | nmean, if that's the
dom nant thing, nmaybe you shoul d have anot her diesel
or sonmething. Maybe you can relax your LOCA defense.

MR. WACHOW AK:  The actual thing is the
| oss of feedwater, is what's --

MEMBER WALLI'S:  You can do sonet hi ng about
that, bring on nore punps or something.

MR. WACHOW AK:  The | oss of power causes
a |l oss of feedwater.

CHAI RVAN APCSTOLAKI S: | nean these event
trees are awfully simlar, aren't they?

MEMBER MAYARD: W don't want to penalize

t hem t hough for wearing down the --
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It's a very funny design.

Only susceptible to one maj or acci dent.

MEMBER KRESS:

MEMBER WALLI S:

That's all right.

You can rel ax your LOCA

now. You don't need anything like as nuch water and

all of that stuff because it's --

CHAI RVAN APOSTOLAKI'S:  No, no, no.

MEMBER WALLI S:

ei ght .

CHAI RVAN APCSTOLAKI S

the contributions wll

MEMBER WALLI S:

at it, they'll say, "Wit.
medi um LOCA . 8"?
MEMBER KRESS:

That was ten to the m nus

If you relax it,

change.

Once the econom sts | ook

How are we paying for this

W had a concept once that

tried to allocate the risk contributions to various

sequences.
bad - -

MEMBER WALLI S
there nust be an economc

desi gning for LOCA.

CHAI RVAN APOSTOLAKI S

our busi ness.

MEMBER S| EBER

It just never went anywhere.

It was a

No, but there is a --

penalty to way over

that's not

Vel |,

Not with passive systens.
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MEMBER WALLIS: That's why | was surprised

t hough.

CHAI RVAN APOSTOLAKI' S:  Ckay. What do you
want to tell us?

MR. WACHOW AK: | want to say that we
understand why this is, and we are |ooking at that
fromot her reasons because as you sai d, over designing
for a LOCA versus these, the thing that causes thisis
real ly nore of an operational issue, and we're | ooki ng
at optimzing it because of operations and econom cs.

So before we're done, you'll probably see
a di fference went up there, but not because the PRAis
driving that.

W did acconplish what we wanted to do
here. Bypass we wanted to be negligible. ATW we
wanted to be negligible. Hi gh pressure sequences we
wanted to be negligible, and the contai nnent can deal
with these.

W think that the design is robust. W
have put in, as inputs, things that hel ped us | ook at
what the design was capable of doing. W think we
came to that. The probability of a severe accident,
say, it's renote, and we think that -- well, we know
that the use of the PRA as a design tool hel ped insure

t hat because as we went through this process, there
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are thousands and t housands of things that need to be
optim zed, and we continue to cone back and say,
"Ckay. What is that going to do in the PRA so that we
insure that it stays the way that we like it to be?"

Conmbi nati on of the passive safety and
active non-safety systens and the diversity that we
built into this thing because really what gets us to
the remote chance of a severe accident based on the
techniques and the things that we know about this
desi gn.

MEMBER DENNI NG  But you didn't put up the
one that shows now take away the actual systenms and
what happens.

CHAI RMAN  APOSTOLAKI S:  Yeah, the
sensitivity anal ysis.

MEMBER DENNI NG The sensitivity anal ysis.

CHAI RMVAN APOSTOLAKI S:  These are very
convincing argunents, and you didn't say anything
about them

MR WACHOW AK:  Yeah.

CHAI RVAN APOSTOLAKI S: W' || get that next
time. Ckay?

MR WACHOW AK:  We could do that next tine
or we can try to find a slot tonmorrow for it.

MEMBER DENNI NG That would be nice to
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just have a short discussion of it because it is so
i nteresting.

CHAI RVAN APOSTOLAKI'S:  Seeing all of the
active systens.

MR WACHOW AK:  And we can tal k about
that, but realize when | talk about those, those are
all based on our Rev. 0, and we're in the process of
revising that to Rev. 1. So the nunbers nay be a
little bit different when you finally get the whole --

CHAI RVAN APOSTOLAKI S: W have to discuss
also this timng business because, you know, if we
have a neeting in Decenber and we go into the details
and we don't |ike sonething and you say it's took | ate
now and we can't change it, | nmean, we have a probl em

So have that in mnd.

MEMBER WALLI'S: They have a probl em

CHAI RMVAN APCOSTOLAKI S:  They have a
problem right. They have. That may be fine, but you
know, this is not just a formality.

MR. WACHOW AK:  And | woul d agree that if
we had the neeting in Decenber and that was the
conclusion --

CHAI RVAN APOCSTOLAKI'S:  So you guys w ||
contribute to the discussion whenever, the next

neeting. Okay?
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MR, WACHOW AK:  Ckay.

CHAI RVAN APOSTOLAKI S:  Ckay. Thank you
very much. This was very informtive.

W' Il reconvene at one o' cl ock.

(Wher eupon, at 11:57 a. m, the neeting was
recessed for lunch, to reconvene at 1:00 p.m)

CHAI RVAN APOSTOLAKI S:  On the record.
Ckay. We're on the record.

MR. THEOFANQUS: |1'Il be covering Chapter
21 of this 33201 and | hope to, by this coverage, to
create an opportunity for you to ask questions.
Qobvi ously, | cannot cover all the details, but I wll
try to skimover the whol e subject.

The wor k was done by nysel f and Prof essor
Di nh who used to work with me until about a year ago
and now he i s chair of Nuclear Safety at the Stockholm
Institute of Technology in Sweden. And what do we
nmean by severe accident treatnent is that we are
considering containnent integrity threats due to
severe acci dent phenonena. So the part of phenonena
we're going to cover this afternoon. |I'mnot going to
cover it nyself, but it wll be covered in the
foll ow ng discussion, containment integrity due to
decay heat renoval failures and those failures m ght

occur in the long term So this is nore |like a
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systens question and that's why we're leaving it to be
handl ed separately in a separate positive PRA

Qur approach is an interactive assessnent
managemnment approach. This is because this is a new
reactor basically we're working on. The reactor was
just finished in design, we're finishing up sone of
the design. So we had an opportunity to affect the
designto the interest of forwarding the final touches
to the reliability of the safety process of this
ESBWR

So we worked on it for about a year and
during that tine as you will see, we devel oped a
nunber of new procedures and hardware that we think
i nprove even better this severe accident rate of this
reactor. Because of the nature of the passivity of
the reactor, because of the very extrenely |ow core
damage frequency, we felt that the right way of doing
this severe accident treatnment was by placing great
enphasi s on bondi ng high confidence evaluation. It
woul dn't do us any good to say we had a reactor that
has 10 to the m nus unpteen core danmage frequency but
now we have hi gh probabilities where we will know very
wel |l how the debris may attack the concrete on the
floor of this reactor should it ever happen to occur.

And as a result of this high confidence
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eval uations that we're ascribing for and enphasis on
bondi ng eval uati ons, we canme up with a nunber of new
procedur es and hardware that woul d ai mfor elimnating
somre of those analyses for which we could not
acconplish that goal. So our conclusion now is that
contai nment failureis physically unreasonabl e for all
severe acci dent scenarios except the postul ated | arge
steel explosions in very deeply flooded | ow drywel .

It's not that we're saying that these
ki nds of scenarios, hypothetically |arge expl osions,
we're not saying that they will fail. Wat we're
saying i s we can not denonstrate with hi gh confidence
and high reliability the assessnent that this will be
so.

MEMBER WALLIS: Are you saying that --

MR. THEOFANQUS: It's inportant to point
out that it's | ess than one percent of the core damage
frequency falls in that category.

MEMBER WALLIS: You're saying al
scenarios, but there is a scenario where the reactor
vessel is over pressurized and it pops and that
popping of the vessel leads to popping of the
containnment. You're not tal king about that kind of --

MR. THEOFANOUS: No, no. All scenarios

that are --
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MEMBER WALLI'S: You're tal king about core

nelt scenari os.

MR. THEOFANOQUS: Core nelt scenari os,
right. And this scenario that you are suggesting is
such an extrene scenario that it's not even show ng
anywhere in this core damage frequency.

MEMBER WALLIS: It's in the PRA though.

MR. THEOFANQUS: Yes, it's in the PRA
Right. But it's what you call a residual risk. "Il
di scuss residual risk in a nonent.

So the people thought the issues in our
assessnment that we had to basically consider and then
take action on are summari zed here. There are just a
handful. This is a sinplified reactor and we thought
it really requires a sinplified approach rather than
a very conpl ex approach

So the first question was do we want to go
with universal retention. | don't think | need to
explain to you universal retention, but it's a very
popul ar schenme now since we developed it a long tine
ago. It does sound that, and actually | have witten
papers on that, it does help that not only the ESBWR
but all BWRs are ideally suitable for this concept,
ideally suitable because they have wel ded steel and

they don't suffer from this focusing effect that
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created a nonetary issue or problemfor pressurized
wat er reactors.

Wiy you decided not to pursue that here,
that's because as you know all the boiling water
reactors, the | ower head is perforated by penetration
so that if you really want to make sure that you're
going to hold everything inside, you have to support
this penetration fromfalling off. So we suggested
that as a possibility because | was very concerned
about making sure that this reactor, in fact, | was
very concerned about all reactors, we cannot assure
the coolability if sonething should happen.

So | was concerned at |east for these new
generation reactors that we can assure coolability if
ever this was to occur. So | said why don't we put a
pl at e sonewhere on t he support gui de tubes and weld it
on there on the outside on the housing so that one
supports from the other and in fact, such a plate
woul d not only be good for holding everything up in
case a nelt cane to the |ower head, but actually it
woul d be quite beneficial in cutting off the driving
force behind velocity steamthat woul d cone out in the
case of high pressure which al so takes care of the so-
cal | ed contai nment heating problem But that deal was

not agreeable to the designers and | was corrected and
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| forgot to change it here, not really the designers,
but the design managers. So they felt that it would
be causing a | ot of problens with the nmai ntenance, the
oper ati on.

Then as we were di scussing those things,
then we cane up with another idea that we thought at
the end actually may be awfully better. So sonetines
there's a silver lining. Sonetines it's better to
find some difficulty or sone resistance because then
you come up with sonmething better. So we canme up with
t he ex-vessel core coolability idea that | believeis
nore robust than even the in-vessel and so we're now
with the ex-vessel coolability.

The reason that this canme to that
i sbecause natural ex-vessel coolability cannot be
assured. | don't think | need to explain that to you.
You know this very well. It hasn't been possible to
denonstrate that if you have a nelt that is allowed to
fall on the floor and you have water before or after,
| don't care when you have it, you cannot denonstrate
that this thing is cool abl e.

I n Sweden, the Swedish reactors, as you
know, they have also very large pools under the
reactors. |In fact, they put those pools there, many

neters, | think it's maybe about ten neters deep
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Pr of essor Becker suggested that they put those pools
there so that the nelt as it cones out, fragments and
it's supposed to be coolable. WIlI, that creates
great news with steam explosions first of all and
we' ve done calculations of that and you find that
i ndeed the pedestals in that case will not hold it if
you had a steam explosion and even the coolability
probl emis not right because you have such deep pools
that actually will not remain cool able and we have a
probl emthis way

So we have conme up within this what you
cal | t he Boundary- I nt er nal Mel t Arrest and
Cool ability. | think I should use this for pointing,
Boundary-Internal Melt Arrest and Cool ability devi ce,
this Bi MAC whi ch acconplishes this purpose very well
as you will see in a nonent. It will acconplish the
pur pose of first of all allow ng you to not have water
there at the tine that the nelt cones out. That's
where the nmeasurable core is going to occur and if
there i s a concern about steamexpl osion, that will be
the time with your concern about steam expl osion.

The reason that it allows youto start off
wi t hout having the |ower drywell flooded is because
the monent that water is added to Bi MAC and this can

be done essentially i nstantaneously after the nelting,
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BiMAC is effective to operate as an inpenetrable
device. That is a boundary of which the nelt cannot
penetrat e.

The concept is very simlar to universa
retention in the sense that we have still a boundary.
W have wat er cool abl e bel ow. Because of this as |ong
as the thing is actually a nuclear boiling and we' ve
denonstrated that's the case, the tenperature on the
other side of the still is so low that actually the
fuses nelt. And the size and the wall thickness of
those pipes are such that so that they have
significant integrity so that even a snmall steam
explosion will be no problemto them

Havi ng established this robust coolability
posture for this reactor ex-vessel, we won't need to
be concerned about ex-vessel phenonena because of the
nature of this device basically will catch anything
and everything that cones down. There is no scenario
dependence. It's going to cone 20 percent first, 30
percent later, but you knowit's not going to be 100
percent coming in all at once. But even if it did,
that's fine. 1It's going to be all contained inside.

Soreally that | eaves only two nore things
to be concerned about and that is what happens if we

have sone steam explosions there if for sone reason
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it's part of the accident and we end up with deep

wat er pools especially subcool water pools in the

| oner drywell. And then other one is what if we have
a high pressure scenario in which the vessel failed at

hi gh pressure and gave rise to what is known as the

di rect contai nment helium

So for this problem we ended up with
Bi MAC. For this problem we ended up with sone
procedure changes and sone hardware changes that
mnimze the scenarios that gives us all the water in
the lower drywell and for this one, we basically did
not hi ng except do a fundanental s based anal ysi s that
shows that no matter what happens the ESBWR drywel | in
containnment will not be overstressed by the direct
cont ai nment heati ng.

So ny opi nion, the serious issue as far as
the safety of this reactor as far as your eval uations
is this one here. Does it work as we say it's going
to work? The other ones, this is one percent of the
whol e CDF and that's anot her one of the whol e CDF

Actually, it turns out quite interesting
froma very fundanmental and froma technical point of
view. So | don't know to what extent you want nme to
go over those, but | have themhere and I wll start

going. But please if you feel that you want to go
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nore, spend nore time here, 1'Il be very happy to.

So the way that | have arranged this
presentation is in the sane order as in the report
which | hope all of you have had with you since | ast
August, actually since |ast Novenber and | hope you
had a chance to |l ook at it. But here, 1'mgoing to go
inreverse order. I1'mgoing to first go here and then
here and then there.

Al right. Just to summarize then, the
severe accident threats and failure nodes, direct
cont ai nment heating, because in here, it's a failure
of a reactor drywell. | rem nd you that the ABWR
assurmed that in this scenario would fail the drywall
and that was one of the reasons that actually the NRC
staff in their evaluation report, they assigned the
maxi mum possi bl e for conditional containnent failure
probability. It was because of that support failure
and they did a very hypothetical analysis actually.
| still don't know how they ended up with failure
because it's not possible to nake those reactors fai
Wi t h suppression pool because of this. You will see
in a nonent why. So that's one issue.

The other issue is a nmuch small er one and
that is if you don't fail catastrophically in the

drywel |, can you fail the liner because the liner is
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cont ai nment boundary and if you did, then you would
have trouble. The liner, of course, will fail because
of thermal effects if it fails while the drywell will
fail because of pressure overstress.

Then ex-vessel explosions, the concern
here is the pedestal of course along with the liner
failure because of the energetics of the expl osion.
But here in addition, we have a new tw st because of
the BiMAC and we need to know if the pipes, those
pi pes that they put there will survive an expl osion.

And finally on the basemat nel t
penetration, that is the, | guess, the current state-
of-the-art. | don't knowif you want to call it
state-of-the-art, but the current approach is that if
what if we can show that we're not going to penetrate
the basemat nelt in 24 hours naybe you' re okay.
That's the 24 hours rul e and then maybe i f we can show
that actually for this reactor you can show that it
will survive maybe up to 72 hours, maybe even nore
than 72 hours. That's all right.

But with the BiMAC, we elimnate all that
because there woul d be no attack at all and for a BWR,
this one, with a small containnent, that's very good
because you don't have to worry about any condensabl es

com ng in.
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Therefore, we have transl ated the probl em
from sort of hypothetical anal ysi s, basical ly
shar peni ng t he pencil, about how !l ong does it take the
nelt to go through the process and does it go faster
this way or this way and so on, all this stuff. Here
we're putting a boundary that cannot be penetrated and
therefore our concern is to show that what does it
take to fail this boundary. So our problemis to
sonet hi ng el se, nore of an engi neering, nore tangible
and I'l'l show you in a nonment Bi MAC can be tested the
full scale. So it's a nuch nore, much better domain
in which to operate on technical grounds.

By t he way, | know you have heard, that we
have large quantities of nelt on the floor. People
are going to say, |'mnot going to say because | don't
care to, but people wll say, "W don't know.
Actually it's nmaybe going faster this way than that
way." So a big issue these days about that again from
what | heard. So this is good and this is sinple and
very easy to apply and | believe one day | hope many
reactors will wuse this, not only the ESBWR, very
simlar things, pipes and downward.

So for the Bi MAC again we need to worry
about burnouts, sonething | call burnout. The burnout

can occur if the thermal |oading locally or in one or
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nore of those tubes is about the critical heat flash
of the water boiling on the inside. That's one way of
failing.

Anot her way of failing is that you have so
much power going into those tubes that actually the
t wo- phase flow actually gets water depleted. So
actually you get the sense of the water conmng in and
t he steamcom ng out around so in that case there's no
water to create boiling.

O course, we need to worry al so about
stability because we want to nake sure the flowis
reasonabl y stabl e going through.

And finally, we need to worry about nelt
i mpi ngenent, nelt conmi ng out heating whatever is on
top of the pipes naking sure that they will not be
eroding. This we call it sacrificial |ayer we put on
the top essentially to protect the pipes.

A couple nore, an illustration here, a
depiction of the three failure nopdes and pl ease
forgive me for too nmany acronyns, but DCH as everybody
knows, EVE i s ex-vessel explosion againis well known,
and BMP basemat nelt penetration. By that we're
referring to the nelt eating up the concrete. So
those are our three issues and was read and

interpreted here. Wat it shows is that's too
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conplicated, but mainly | want to show you this is
scenario three is one percent of the CDF which is 10
to the mnus 8 roughly. That is the high pressure
scenario. N nety percent of |ow pressure scenarios so
all the high pressure scenarios there which is shown
over here. W need to worry about DCH

For all the |ow pressure scenarios over
here, scenario one, we need to worry about DCDs. So
therefore, the question arises in those scenari os, how
many of them what fraction of them are very deep
wat er pool and what it shows here | ess than one
percent and that woul d be a deep water pool. The rest
of themare either no water at all or very | ow water.

So in this way, this is what | neant.
Those are relatively uninportant because that's one
percent and that's one percent. However all of them
any accident, anything that's going to lead to | arge
nelting of the core has to be dealt with in a
coolability point of view So that's why al
pervasi ve features in the accidents is this part here
whi ch surrounds everything. So that's why | put a | ot
of enphasis on that.

Here maybe this |ooks too busy, but
think I want to point to a few itens that are

important for our analysis and | have marked those
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with red so that | renenber also not to forget
something. First of all, upper drywell /I ower drywell,

that's our nonenclature. As far as DCH, the vol unes

are inportant of the |ower drywell. That's where the
mxing is occurring. It's going to lead to
pressurization of the drywell. Very fundanental to

BWRs and relative to high pressure scenarios and
contai nnment heating is these vents which allow these
vol unes to vent through the water into the wetwell.
So that when you pressurize, you're
initially releasing. Renmenber now. W're talking
about here many hundreds of mnutes of speed of the
steam and how is it com ng out of here. Actually,
it's quite phenonenal what can occur and we've done,
you see a trenendously interesting gas flow particles
occurring over there. So in alnmost no tine at all,
this pressurizes and the space here is totally out of
scale. That's why | enphasized to tell you this is
not to scale. Over here, there is a restriction
because of the supporting vessel. So over here, there
is like a 70 percent reduction in the flow headi ng.
So first, we pressurize that. Then you
have to pressurize that and that behaves as a cl osed
volune as long as the vents are not clear just like

the LOCA. So if you're interested in the integrity of
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this thing, you have to be sure you calculate
correctly vent clearing.

Al right. But then once the vents open
up, then the issue is whether the vent capacity of
t hose vents can conpensate for the supply energy in
t he upper drywell. W'Ill show you what that is.

Al right. So as far as DCH, those are
t he key conmponents and there's still another one that
| want to point out here and that is again another
present core well in that there is sonme skirts over
here that they are calling refueling skirts and
basically they are closing off that space. This is a
netallic head of the drywell. That can becone a
limted conponent in pressure. W're showing that the
force is isolated so what ever happens over here, that
upper head doesn't know it because of that. It has
hol es basically that are communicated fromhere to
her e.

The other inportant thing that's cruci al
for an integrity point of view is that the head is
imrersed in a whirlpool that is a pool and the heat
flies from the upper head because there is
installation here into the drywell head actually is
very low. It's so |low that you won't even cause water

to boil. So if you want to do a structural analysis
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of this thing, you should be doing it with a cold CAD
of the upper drywell. That's very inportant for
assessing the fragility of the drywell.

CHAI RVAN APOSTCOLAKI' S: What is the nane of
t hat pool above the spherical thing?

MR. THEOFANQUS: This pool over here?

CHAI RVAN APOSTCOLAKI' S: Yes.

MR. THEOFANQUS: Well, this pool is --

CHAl RMAN APOSTOLAKI S:  It's a separate
pool. It's not --

MR THEOFANQUS: |[It's separate. |It's
actual ly separates the PCCS fromthe pools.

CHAI RVAN APOSTOLAKI S: Yes, PCCS

MR. THEOFANQUS: It's separate fromthat
and it is there, | guess, | don't know why that is
there. |It's just a reactor for the fueling punp.
They want to have sonme space there for refueling.

About steam explosion, you' re talking
about this page over here and that is sonething like
maybe seven or eight neters deep and it has about ten
neters in the round which is a really big space and
your concern is that there are doors and those are t he
hat ches over here and here through which people are
coming for the refueling purposes. The pedestal is

made out of two and a half neters reinforced concrete
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and that is not just to take care of spillage. This
is just because of structural consideration because
the reactor is very big and very heavy. That's what
defines the very robust walls. To nmy know edge, those
are the nobst robust walls that are in pressure-
suppressi on contai nnment s.

The thing on the DCH that | forgot to
mention and I do want to point out is these little
horizontal lines that go like that and those are
called lips and |I found out. | was suggesting to
peopl e that we want to put |ips there because we w ||
nost likely, this DCHnost likely is goingto fail the
liner here just by splashing about. [If it hits, it
woul d very likely fail. So | didn't want to hear a
comuni cation fromthe back |iner space fromhere up
to these parts of the contai ner boundary.

But then | found out and we checks that
this is part of a normal practice. Every so often
they nake lips fromthe liner that are going to the
concrete sort of |ike conpartnentalizing the liner.
So you could very well, if you failed the |iner over
here, but that doesn't comunicate with the back Iiner
space over here. So in addition to having those
anchors into the concrete that hold the liner, you

al so have those I|ips.
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Goi ng back to then steamexpl osi on as you
will see, | don't believe there's any problemw th two
and a half meter reinforced concrete for steam
expl osions for the pedestal, although if you do a real
hunmongous st eam explosion |ike the ones that we can
actually conpute, we find out that we are getting
there even to the upgraded. W also did structural
vibrations and we found out that although normally
peopl e thought the pedestal would take about 100 or
150 kil o-Pascal seconds, it turns out we're show ng
even 600 kil o- Pascal seconds al nost four or five tines
that with these walls you will begin to just reach a
seepage. Also it's very robust from an expl osion
poi nt of view.

But it isinitially the hatches which are
likely to fail if they are overl oaded and of course,
there is the issue of the Bi MAC that we want to nake
sure that we don't run above 600 kil o- Pascal seconds.

CHAI RVAN APOSTOLAKIS: | don't quite see
where the Bi MAC is.

MR. THECFANQUS: You'll see that in a
nmonment. |'mcoming to that. That's the third item
| just finished with the explosion. So the third item
is the basemat nelt penetration which we said we want

to protect with the BIMAC and I'll come to the next
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one to show you the design, but the BiMAC fits right
in here covering the whol e space and the | ast point to
make here is that with Bi MAC wor ki ng plus the PCCS we
have no possibility of long termfailure of this. And
that's very conforting.

So here is the Bi MAC, and the concept
basically is nmake a jacket with pi pes and those pi pes
are lined up with sone intonation. It is largely a
two di nensi onal point. W have chosen this to be ten
degrees and that ten degrees cones fromthe idea that
a ten degree is the critical heat flux because
remenber now these pipes are going to heated from
above sort of like that.

Al right. Now as you increase fromthere
as yougoto adifferent |evel, of course, you nake it
possible for the -evaporation to go at higher
velocities and that creates nore agitation and nost
i mportant, we see a wetting of the wall as the vapor
sl ui ces by and when that happens, you get an increase
of the heat flux and that increases pretty steeply for
about up to about 15 degrees or so. Then it sort of
levels out alittle bit and therefore you go to a very
high orientation when it goes very high. So our
interest here is to try to cut that. So that's why

it's not five, ten degrees. Then those pipes then

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

173

come, here you have a vertical segnent. In this way,
then we can protect the floor. W can protect the
wal ls. W protect even the sunps.

The ot her consideration here is to nmaking
sure that there is enough capacity inside of this
dish, if you like, that will catch not only one core
but nmore than one core. W can catch four cores.

MEMBER WALLIS: This is nmade of concrete,
this brownish stuff or is this --

MR  THEOFANQUS: This is the norma
concrete. This is sonething that's in there.

MEMBER WALLIS: What's this?

MR. THEOFANOUS: This other stuff here,

that is additional concrete. W call it sacrificial
material. The one on the top especially will be nmade
out of refractory nmaterial |ike zirconia that would

resi st inpingenment of the nelt. Fromthe point of
view of, let's say, having a nelt on the top of it,
don't care whether there is any concrete or not. |
don't care what concrete is there, but we were
concerned about possible nelt coming out in sone
velocity and coming and hitting it and penetrating

t hose pipes. O course, if you penetrate the pipes at
that point, you're --

MEMBER WALLIS: Again you say parallel
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pipes. | presune it's not a cone one there.

MR THECFANOUS: It's a cone that is a two
di mensi onal cone. It's |ike what you see here is a
cut through this way.

MEMBER WALLIS: Okay, but in the other
direction --

MR  THEOFANQOUS: The other one is
straight.

MEMBER WALLI S: Ckay.

MR. THEOFANQUS: Okay. So I'll cone to a

MEMBER WALLIS: It's alnost |ike a valve.

MR THEOFANOUS: Yes, like that. Nowit's
very interesting to point out sonething that's a
little harder to conceive, but |I think I can explain
it that if you make this cut that is shown over here
is through a di aneter of the drywall that is normal to
our view. Now if you begin to cut now with additiona
slices going away or forward fromthere, then you'l
find that this dinmension is going to get snaller,
smal l er and smal | er.

MEMBER MAYNARD: The angle would stay the
sane.

MR. THEOFANQUS: The angle will stay the

same. So that's basically going to get smaller. So
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near the end, you're going to end up with channels
that are very short in this direction, in the incline
direction and long in the vertical direction. Al
right. That's inportant and I'Il cone back to that.
Now it's inmportant fromthe point of view of therma
loading. |'Il explain sonething that's quite
interesting froma thermal | oading point of view

That's that. That's one call ed boundary
internal. W are bounding inside. | personally
believe that, | believe for a long tinme, that you can
have a I ot of core on a floor like this |like an inner
reactor on the concrete with lots of water in the tub
and | think eventually it will beconme cool er.

MEMBER WALLIS: Now this cones out and
fl oods fromthe top as well.

MR. THEOFANQUS: 1'Il explain that in a
nmonment, but let nme finish nmy thought here which is
eventually it will be cool ed, but we can't denonstrate
that. That's the problem So it's very possible that
this Bi MAC never cones into play even if you --

MEMBER WALLIS: When does it switch on?
Do you wait --

MR THEOFANQUS: I'll come to that.

MEMBER WALLI'S: Do you wait until you --

MR. THEOFANQUS: You're very inpatient.
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You're very inpatient. Just wait a mnute.

MEMBER WALLIS: Well, you' ve spoken al
the tine. | can speak --

MR. THEOFANOUS: You can ask a question if
you like, but don't talk to me for the future of
what's com ng up

CHAI RVAN APOCSTOLAKI'S:  Can you point to
the certainly BiMAC itself? The Bi MAC consists of
what ?

MR THEOFANOUS: The Bi MAC consi sts of
this dish and then you're right that there is an
integral piece of that which is the lines that are
coming from GDCS, the lines which are coming in and
"1l come to that in a nonent. | want to give you
sort of a global view, not too much of the technical
details because | think nore detail plots later |l
show you.

I'd also like to answer this very
guestion. Wat | said before, Bi MAC works right away
and the reason is that it is connected to the GDCS.
So the nonment you turn on the valve, that valve
supplies this central part that goes that way. So
it's filled up right away and the flow is runni ng out
of all of those pipes which neans that it's

essentially it's imediately effective for cooling.
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However at sonme point the GDCSis going to
run out of water and especially --

MEMBER WALLIS: |'mnot quite sure of
that. W have an event. W haven't gone through the
vessel yet. Do you switch this thing on before?

MR THEOFANOUS: No, no. W said --

MEMBER WALLI'S: When do you switch it on?

MR. THEOFANQUS: [|'Il get to it.

MEMBER WALLIS: No, I'mwith you. | want
to know what's happeni ng.

MR. THEOFANOQUS: | said before but you
weren't thinking. You were a little bit paying
attention to something el se.

MEMBER WALLI S: Ckay.

MR THEOFANQUS: | said earlier we are
switching it on after the initial core of the nelt.
W don't want to have water there when the first core
occurs because it will give us steam expl osions.

MEMBER WALLIS: The first core. That's
right.

MR. THEOFANOUS: Okay. So we're switching
it on after the first core and then after that
happens, then we have plenty of water there and it
conti nues.

MEMBER ARM JO. When do you know t hat you
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actually have nelt on the floor? How do you know?

MR. THEOFANOUS: By tenperatures. Again

we'll cone to those issues in a nonent. | think now
let's first just get -- make sure that we understand
that and then we'll find some of those.

MEMBER WALLIS: What is on the |id? What
is the Iid?

MR. THEOFANOUS: Yes. |If you let ne
explain, I was trying to get there.

CHAI RMAN APOSTOLAKI S:  Okay. Let him
t al k.

MR THECFANOUS: So we want this to be
very basic in the concrete. | got into this stuff
because | was telling you that this nay never even
come into play even if you have a problem Ckay.
It's better than here. So what we have here, we have
a grate with support poles which are not illustrated
here which are basically holding a plate al so.

Actual ly you don't know there's anything there. It's
just a steel plate that is thin.

It's like two millineters thick on the
steel plate and the reason why it's thin is because |
want it. That's not an inportant part of the
consideration but | wanted it. It is a high pressure

nelt injection, | have a nelt jet com ng out at high
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velocity. | want this to nelt right away rather than
splattering. | want to nmelt locally right away and
then the nmelt is goingto flowright in here and | say
| think nost of it is going to be captured, because
there is a high velocity steam By the tinme, you have
it reach here, this high velocity steam has expanded
to about 20 tines the area.

Therefore, that stagnati on pressure hol ds
the plate down and therefore, this plate is quite

resilient as |long as you have enough support for it

and it will just stay there and the nelt will catch.
Sone nelts will conme out. That is discussed in the
report. | don't want to take time for this now. So

smal | amounts will cone out, but it's good to have it
t here.

So now, I|I'm also showing that the
operation of this initially will be with water com ng
in from here and then going out from the verti cal
pi pes, all the vertical pipes. Gay. Now later on
when the water finishes conming in here, then we have
ot her downconers which are, nowthis tine the pool is
already filled up and our water is comng in from
those channels that are not heated or from the
downconers.

So | will talk about assessing el enents
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and how again we say it's very inportant for this and
toinquire in this report the very high level ability
for switching on the water comng in, high [evel
ability also for not switching it wongly on. All
right. It was not our job to design conpletely the
sensi ng el enents, however, just tal king with designers
we have sone ideas we can use, for exanple,
t her nocoupl es that are enbedded in here so the nonent
that sonething came in, you knowit's high

t enper at ur e.

You can use al so spring actuated nitrogen
bottl es which hold sone pressure so that when the
tenperature goes high, sone detector nelts and then
opens up and opens up the valve. | like basically to
make this spositively activated based on very high
tenperatures in here.

MEMBER WALLIS:  And the brown stuff there
is?

MR THEOFANOQUS: The sacrificial material
like | said before. The inportant part is at the top.
The top should be sonething that is very resistant
like a refractory material, zirconia, sonething like
that and it would be Iike 20 centinmeters. You don't
need very much there.

Al right. So nowit is fromthe point of

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

181

vi ew of evaluating. |'mnow going to the three topics
and agai n pl ease use your prerogative as a comm ttee.
You can tell ne that there's too nuch detail here.
Let's go to BIMAC. But ny idea is to at |east touch
on these issues to then finally cone to Bi MAC.

So the direct containment heating, |'m
going to cover a nunmber of itenms. One itemis
cont ai ners depressurization. |Is it possible you have
sitting there a vessel sitting there all buttoned up
with very high tenperatures for such a long tine. W
asked that question first. Then the paranmeter range
covered, also whole range paraneters and results

Then the thermal |oads. And that finishes the
catastrophic part.

Then over here is thermal |oads to |iner.
And then we want to conpare to fragility. The
fragility we have nothing with do with the fragility.
This was taken from one other chapter of 33201 and
sumary of boundi ng approaches, we'll conclude, just
like finish here.

First, this potential for this container
depressurization, | should rem nd that you for PWRs
t he DCH depressuri zes.

So | asked the question initially after

can this happen and there are three possibilities.
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There is the possibility of the isolation condenser,
the pipe that goes into the isolation condenser.
There is the, here it explains in detail, main steam
line and then SRV that hangs off fromthere and so we
have three pl aces.

But actually the one that is inportant is
this because here is closed first and it operates
continuously and therefore you get especially into
hi gh tenperature or elenent in the elenent. You get
hydr ogen produced and now you have al so good therma
conductivity material that is found out here.

The other thing to point out is this is
hi gh pressure source steam and hydrogen can carry al
the heat. That's why you saw exactly that it's not
convection in the steam environnent. Normally, you
woul dn't have expected it. It was in fact it's high
pressure steam and high density, so it can carry al
t he heat around.

So the question is will that fail and we
took the typical materials for the construction
materials and what is showing here is show ng that
this is the count of the material strength and this is
the tenperature and here is the main steamline, here
is the isolation condenser and here is the SRV. What

that nmeans is that the nmin steam|ine should be
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bet ween 1, 000 and 100 degrees to fail, the isolation
projection in this range and the SRV in this range.
The SRV is made nuch nore substantial because it has
to take loads and that's why it has nore strength.
That's why it can take hi gher tenperature.

So the question now basically is can you
actual ly achieve this kind of tenperature in the MSL
which as | showed you the MSL is heated by the flow
going to the SLV. Just happens the MSL was a pipe, a
t hi nner one, so that's why it's here. The typical
core transient, it doesn't really depend on what core
you use. You will find that you get a | ot of
oxi dation and get a | ot of snowballing effect and you
get tenperatures of 3,000 degrees for two and a hal f
hours. So all you have there is |ike a quicken path
with 3,000 degrees over here. Gas is naturally
conduct i ng.

And you ask the question will you ever
reach 1, 000 degrees? | think you will. But I didn't
want to just arrive just to that and say okay, we
don't have DCH problem It was kind of fun to work
t hrough the dynamics of the DCH as well. So that's
what we've done. That's what | want to show you how
t hat works.

First point because |'ve seen anal ysis of
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people not so BWRs. Several of mnmy old NRC friends
wanted to see a real good BWR, DCH analysis. So |
think this is going to do that. But |I've seen people
t hat have done interpretations of experinments as well
as PMR calculations trying to get the fallout and then
t hey average out over the whol e cross-section area of
t he space which is fine.

Actually you see that we've done CRD
simulations and | think 1'Il get into a problem here
i f sonebody knows how to do that. You find out that
you get a supersonic jet out here. It's sonething
i ke 600 neters per second, this fantastic speed you
get and this jet cones and hits the bottomfl oor and
is diverted and becones a wall jet around the floor
and then it's diverted again and beconmes a vertical
jet with hundreds of nmeters per second out here. |If
you average it out, it just like a fizzle, well not
quite a fizzle but it is nuch | ower of course because
this is a big area.

So | believe that this as well as any
ot her reactor that | have done for PWR before this
process here is trenmendously intense. 1In fact, | was
so curious about this that |1 even did a few
experiments in ny lab with a scale to that. W did

some experiments and it's an ammzing force. So
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there's very little doubt in ny mind that we really
have a high pressure nelt ejection unit right here.

And what the other fundanmental physics
here is that you have a liquid mass. Liquid nmasses
are mcroscopicininertia. So therefore it is not so
easy to accelerate those nmsses and get them out
before they fragment and mx with steam So the
reason we have this very fine fernentation is because
of the nelting velocity and the instabilities which
created basically an atom zi ng mechanismthat is very
fine.

MEMBER WALLIS: Wy does this high
vel ocity, very hot jet, why does it get diverted, not
sinply drill a hole?

MR. THEOFANOQUS: Wiy does it do what?

MEMBER WALLI'S: The high velocity jets can
drill holes as well as get splashed. They can dril
holes in things. Wy doesn't it drill a hole right
t hrough t he base?

MR. THEOFANOUS: Because like we're
saying, we're protecting that with the refractory
materi al .

MEMBER WALLIS: Oh. Wwell --

MR. THEOFANQUS: Before you can actually,

there's five neters of concrete on the floor and it's
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on top --

MEMBER WALLI S: Five neters, that stuff is
five neters thick, that brown stuff.

MR THEOFANOUS: No, but it's al
connected together. It is sitting on the top of the

MEMBER WALLIS: | would think it would
destroy sone of your tubes.

MR. THEOFANQUS: Well, you m ght think so,
but --

MEMBER WALLIS: Well, I'mjust asking.
Does it destroy?

(Several speaking at once.)

MR. THEOFANQUS: No, I'Il just tell you
now. It doesn't destroy the tube.

MEMBER WALLIS: You just told us it had
tremendous force and all this stuff. So I would think
you - -

MR. THEOFANQUS: Yes, we know exactly what
the force is. W know W've --

MEMBER WALLI'S: So you have anal yzed the
survival of the tubes.

MR. THEOFANOUS: Sure. In the report. 1In
the report, youw Il find the stagnation pressures for

the --
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MEMBER WALLIS: You will find all that

stuff. Ckay.

MR. THECOFANOUS: So now the problem we
want to solve here is therefore steam com ng out at
high velocities, mxing up very intensely reducing
very fine automatization of the nelt and especially it
is zirconia that's there and oxidating it and
rel easi ng the oxidation energy fromthe point of view
of nobst gas coming out. It doesn't nake nuch
di ff erence because you have one nore hydrogen or nore
steam the same thing so it's all there. W have
anot her contai nnent here. So it doesn't really matter
whet her it's hydrogen or steam

However, there is extra energy that is in
this initial oxidation and that heats up the gases and
that's inportant. Before the gases go through this
operational pool, the tenperature is very inportant
because that really generates t he peak of the pressure
and there you need to account correctly for all that.

So we have them not coming out. Then
steam after that. Automatization, oxidation fine
scale. The stuff is blown out into the space over
here and there it separates sone of the bi gger pieces.
They fall off. The velocities are very |ow by the way

out here, very low. But this volune is pressurizing

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

188

now qui ckly and will continue to pressurize like as if
it was a closed volunme until the vent's clear. That
is a process that can take |like a second. So it's
very intricate and you want to calculate that
correctly.

Now | want to contrast that a little bit
with what we did for issue resolution for pressurized
wat er reactors. This was our probabilistic framework
that we used and you'll see here that there is a | ot
of detail like there is amassed how nuch O, you have
or how nmuch zirconia and how much was steel and then
how you get pressurization as a result of these
conpositions and then sonmething we call the coherence
(PH) ratio which has to do with how nuch of the steam
isinto see hownuch of the nmelt here in this process

and all this was happening in the cl osed because there

was a lot of static containment. It was in a closed
volune. It couldn't go anywhere. So in fact, in this
case, the dynamics were not so inportant. It was

what's inportant was the maxi mum pressure and that's
why al so Marty Pil ch who worked with ne together to do
this serious problem He used what's called a two

cell equilibriumnmodel which basically does the sane
thing that my nodel did except that one was just |ike

an equilibriumthermal dynam cs. So take that and put
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it equal and put it equal.
So here for this reactor, it's not enough

to get the final pressure because you have an opti mum

vol une pretty sure we can -- So we want to get the
dynamics so the full -- is needed. So we use the
sane. W call it convection limted contai nnent

heating (CLCH). W use that sane nodel but nowin a
full transient nodel. The nodel assumes basically
that the steam and the nelt come to what -- the
perinmeter at sonme rate in which the nelt is being
carried out as fine particles to go out. So that
defines the rates of contact, the rate of contai nnment
and the steam goi ng dowmn. Okay?

Then basically that's what we did and t he
reason | put this up here because | want to show you
that the evaluation for PWRs, thanks to the presence
of this suppression pool and the venting from that
volunme from the drywell to the wetwell actually is
totally insensitive to essentially all that stuff. So
you can assume the whole nmass and even nore, al nost
anyt hing you can do, you can not overpressurize this
ar ea.

So what you've done here, that's new, is
you've extended the nodel to make it transient and

t hen we coupled to event clearing nodel and then each
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one of those nodels were verified in the transient --

And here is to illustrate for you the
facilities which were used, the data we used, cane
from This is IET series. |It's called integral
effect tests that were run in counterpart, two series
(PH SND at 1/10th scale. That's the South Sea
facility at 1/10th scale and then at 1/20th scal e, at
| think it's called core exit facility -- used rea
materials and they used -- Pretty significant sized
experiments. That's what we used every tine for very
fine ny nodel and Marty Pilch's nodel and we coul d get
done the job for the PWRs.

| " musing the sane data here but now al so
paying a lot of attention to the transient itself and
"1l show you in a nonent the results.

MEMBER WALLI'S: | have no idea what you're
nodel i ng here.

MR THEOFANOQUS: |'m sorry.

MEMBER WALLI'S: | have no idea what you're
nodeling. Wat is this supposed to be nodeling?

MR. THEOFANQUS: What the experinment is
nodel i ng?

MEMBER WALLI S:  Yes.

MR. THEOFANOQUS: It is nodeling the

process | described to you.
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MEMBER WALLIS: It's nodeling the entire

contai nment with the venting and everyt hi ng.

MR THEOFANOUS: No. | said this is for
PWRs. Ckay. This is for PWRs, pressurized water
reactors.

MEMBER WALLIS: So what is it nodeling
t hen?

MR. THEOFANQUS: So it's nodeling their
cont ai nment heati ng processes in what is dry contai ner
whi ch nmeans there is a reactor, there is a reactor
cavity, there is a --

MEMBER WALLI'S:  You're squirting something
into this containment and --

MR. THEOFANQUS: They are squirting
something into the cavity of a PWR and then you have
a