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P-ROGEEDI-NGS
8:30 a.m

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

Subconmi tt ee menbers i n attendance are Tom
Kress, GrahamlLeitch, WIIiamShack, and Jack Si eber.
The purpose of this neeting is to continue to review
t he PRA provi ded by t he Westi nghouse El ectri c Conpany
i nsupport of its applicationfor certification of the
AP1000 desi gn.

The Subcommi ttee wi I | gat her i nformati on,
anal yze relevant issues and facts, and formulate
proposed positions and actions as appropriate for
deliberation by the full commttee. Medhat El - Zef t awy
is the designated federal official, and M chael
Snodderly is the cognizant ACRS staff engineer for
this neeting.

The rules for participation in today's
nmeeti ng have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on Decenber 27, 2002. A transcript of the

neeting is being kept and will be nmade avail abl e as
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stated in the Federal Register notice.

It is requested that speakers first
identify themsel ves and speak with sufficient clarity
and vol une so that they can be readily heard. W have
received no witten conmments or requests for tine to
make oral statenents from menbers of the public
regardi ng today's neeting.

We will now proceed with the nmeeting and
| call upon M. Mke Corletti of Westinghouse to
begi n.

MR. CORLETTI: Good norning. Thank you,
Dr. Apostolakis. This norning we are goi ng to nake a
presentation on Level 2 and 3 PRA. | think we wl|
probably slightly switch the agenda and talk then
about a brief sunmary of our results and insights and
then we will go to the phenonenol ogi cal studies that
we have perforned in support of the PRA

Qur speaker nowis M. JimScobel. Jimis
our |l ead on the Level 2 PRA and our phenonenol ogi cal
studi es that we' ve perfornmed i n support of AP1000. He
was al so our lead in this area of in-vessel retention
for AP600 as well so he has been with this project for
quite a long tine.

| just wanted to say that the Level 2 PRA

and t he phenonenol ogi cal studi es have been perforned
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6

by col | aborative effort with Westi nghouse. Al sowth
menbers of FORDUM which is a Finish utility that has
worked in this area.

Al'so menbers of Dr. Theofanous at the
Uni versity of California, Santa Barbara. Al so nmenbers
of Foske and Associates which is a Wstinghouse
di stri butor subsi di ary, and also nenbers of
El ectricite de France, EDF, in France.

Jimhas led this effort and he's going to
be presenting that later today. ['Il turnit over to
Jim

MEMBER SI EBER: Hel p we out for a second.
That slide is slide 115 in our books?

MR. CORLETTI: Yes, sir.

MEMBER S| EBER:  And t he Level 2 PRAin the
original submttal, what page does that start on?

MR. CORLETTI: In the PRA?

MEMBER SI EBER:  Yeah.

MR CORLETTI: Chapter 35 -- 34.

MEMBER SI EBER.  Al'l right. You may begin
while | hunt.

MR. SCOBEL.: Good nor ni ng. Gve nme a
second here while | figure out how to work this.

MEMBER SI EBER:  Scrol | .

MR. SCOBEL: Ckay. For the Level 2 PRA,
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like all Level 2 PRAs, we start out with a contai nnent
of entry that we use to quantify the frequency of
events that can happen to the contai nnent during a
severe accident. For the AP1000 contai nnent of entry
we essentially used the same structure of the event
three that we used for the AP600.

W actually added a node, therefore,
contai nnent venting. Then we ended up not using it.
The reason for that is that we initially did not
bel i eve t hat we woul d have nuch capability of cooling
t he contai nment with a dry PCS but as we got into the
anal yses and we benchmarked the nodel s agai nst the
test data that are codes, then we found that we had a
much better chance of cooling the containnment with a
dry PCS than we had originally anticipated. W ended
up not using the venting.

Also additionally we inproved the
reliability of the water cooling of the PCS by addi ng
the third diverse line that Terry talked about
yest er day.

This is the containment of entry
structure. You can see it's a snmall containment of
entry. It's got 23 paths onit. W quantify one of
these for each of the accident classes using fault

tree linking techniques for the systemnodes. There
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are a few phenonenol ogi cal notes on there as wel | that
we will cover.

W | ook at different phenomenon, system
avail ability on the contai nment of entry. Things that
we are | ooking at mainly are reactor cooling system
pressure to | ook at hi gh-pressure core nelt phenonena;
contai nnent isolation to see if the containnent is
open at the beginning of the accident or not; cavity
flooding specifically for externally cooling the
reactor vessel for I VR in-vessel refl oodi ng whi ch has
i npacts on hydrogen and also in ternms of know ng
whet her you are cooling the debris fromthe outside
and the inside of the vessel which is inportant;
vessel failure; passive containnent cooling water;
hydr ogen control; contai nment over tenperature which
isaresult of disfussionflanes at the reactor vessel
wal | s; hydr ogen combusti on events such as
defl agrations or detonations; and also, finally,
contai nnent integrity.

Operator actions that are specifically
nodel ed on the tree are several recovery actions to
depressurize the RCSif you have a hi gh-pressure core
nelt accident, or to isolate the containment if the
cont ai nnent has not been i sol at ed automatically by t he

systenms. And also to actuate PCS water if PCS water
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has not been autonmatically actuated.

MEMBER KRESS: How do you have the high
pressure if the AES system doesn't work?

MR. SCOBEL: Yeah, you woul d have to have
a failure of like start-up feed water, ADS passive
RHR.

MEMBER KRESS: Pretty |ow frequency.

MR. SCOBEL: Consequently we have a very
| ow frequency of those events. Also then we include
two severe accident nmanagenent actions which are
essentially just to flood the cavity to pronote |IDR
and to actuate hydrogen control.

MEMBER LEI TCH: I'm a little confused
about contai nnent venting. Is there an operator
action to vent the containment in a severe accident
situation?

MR. SCOBEL: W -- no. W have set the
failure probability. We put the note on the tree
initially and then we set the failure probability to
one in the tree. W haven't put anything -- there
actual ly woul d be sonmet hing ad hoc in the SAM Gs but
there's nothing credited in the PRA

MEMBER LEI TCH: But there is the physical
provision to do that, though. | nmean --

MR. SCOBEL: Yes.
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10
MEMBER LEI TCH: Ckay.

MEMBER KRESS: Your success criteria for
butting the reactor cavity, the success of keeping
debris in the vessel

MR, SCOBEL: Yes.

MEMBER KRESS: |If you flood and if you're
depressuri zed?

MR. SCOBEL: |If you flood and if you're
depressuri zed, yes.

MEMBER KRESS: Then your assunption is
yes, the debris never gets into the container

MR. SCOBEL: That's right. And there are
two maj or assunptions on the contai nnent of entry t hat
all ow us to have such a small contai nnent event tree.
The first oneis that if you have a high pressure core
nelt accident, that it's going to lead to induced
st eam generat or tube failure.

MEMBER KRESS: What is your basis for
that? Have you run a bunch of cal culations to show
t hat steamgenerator tube woul d fail because of filter
and pressure?

MR, SCOBEL: It's actually and uncertainty
and we're taking the worst of the paths.

MEMBER KRESS:. You're saying if you have

this, this gives you the worst consequences?
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11
MR SCOBEL: Yes. This will lead to --

MEMBER KRESS: That's a conservative way
to do the PRA then.

MR SCOBEL: Exactly.

MEMBER ROSEN: This is alot of shorthand.
| would like you to go through the phenonenol ogy of
that first bullet.

MR. SCOBEL: The phenonenol ogy?

MEMBER ROSEN: Yeah. What exactly
happens?

MR SCOBEL.: Ckay. l'"m sorry. If you
have a hi gh-pressure core nelt accident, the core w ||
-- which is a very rare event in the AP1000 which is
one of the reasons that we take the shortcut, the core
wi Il uncover at high pressure. You will be -- the
primary systemw || be at the set point of the safety
valve. This is assumng that you have no start-up
feed water, no passive RHR the core makeup tanks
don't inject, and you don't get ABS.

MEMBER ROSEN:. Admittedly avery, very | ow
probability event.

MR. SCOBEL: Right. Exactly.

MEMBER ROSEN: W can talk about it
anyway.

MR. SCOBEL: Ckay. That's fine. So the

NEAL R. GROSS
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core begins to uncover at high pressure. You have
very strong natural circulationin the primry system
because you have nassive steam generators that are
acting as heat sinks, the netal.

You know, you've dried out the steam
generators and the nmetal of the steamgenerators are
acting as a heat sink. You get strong natural
circulation through the entire RCS. You need to
realize that the AP1000 does not have a |oop seal
because of the canned reactor cooling punps.

You get full loop natural circulation in
the primary systemwhich heats up the primry system
very uniformy, as opposed to a current reactor -- a
current generation reactor which has al oop seal which
wi || heat up the hot | egs and the surge |ine nuch nore
rapidly than it wll heat up the steam generator
t ubes.

As the systemheats up, if you | ook at the
creep rupture characteristics of the hot leg, the
surge line, the steam generator tubes, it becones a
horse race as to which one is going to fail first.
The steam generator tubes have a bit of an advant age
because they can have a back pressure in the steam
generator that's hel ping to support them

Because they are al so very thin and they
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have high hoop stresses, what we see is that it
beconmes kind of a 50/50 probability which conponent
will fail first if you look at this on a current
pl ant .

MEMBER KRESS: And we thought this out.

MR SCOBEL: |'m sure you have.

MEMBER KRESS: The assunption has al ways
been that the hot leg would fail first.

MEMBER SHACK: If you had a | oop

MEMBER KRESS: |f you had a | oop. W had
our doubts about --

MR. SCOBEL: About the hot |eg?

MEMBER KRESS: Wel |, you know, this could
be a probability for distribution. | thinkthisis a
better assunption. On the regulatory side it conmes
down as conservati ve.

MR. SCOBEL: Well, | think one reason we
can make this is that we have inproved the plant
capability so nuch in the high-pressure core nelt. W
know this is a vulnerability so on the mitigation
side, if you are in this kind of a situation, that
nmeans t hat you' ve | ost everything so you are nmaking a
| ot of assunptions with regard to getting things back
whi ch who knows what you're going to get back and

when. W really put a lot of effort into the
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prevention side of the high-pressure core nelt
accidents. The second assunption --

MEMBER ROSEN: Wl |, finally what thisis
is that the tubes fail.

MR. SCOBEL: The tubes fail and you have
a high pressure into the steam generator which can
open safety valve or relief valve and then you have a
direct release to the environnent. It goes to
cont ai nnent bypass, which | renenbered to put on the
slide.

MEMBER KRESS: You have to put sone sort
of source termw th that al so?

MR, SCOBEL.: There is a source term
associated with that event, yes. ["11 tal k about
source terns a little later.

The second maj or assunptionisthat if you
have a vessel failure and debris relocation into the
contai nnent that immediately results in an early
containnent failure. This is a highly conservative
assunption that is -- we can make thi s because of our
i n-vessel retention story being successful.

MEMBER KRESS: | agree that is a
conservative assunption. | guess we have to hone in
on questioning it later tol ook at nore detail on your

assunption that it's depressurized and fl oodi ng nelt
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through. That's the first phaseinthis. There's the
pl ace where there are sone questions but that is a
good assunption

MR.  SCOBEL: So if you meke this
assunption, what it allows youtodoistoessentially
el i m nate ex-vessel phenonena fromthe contai nnent.

MEMBER KRESS: You still have to cal cul ate
the fuel cooling interactions or whatever. Just
assume it fails for a mnute.

MR SCOBEL: Just for fun.

MEMBER KRESS: Once agai n you have to have
source term

MR, SCOBEL: Yes.

MEMBER KRESS: | would have to see what
you use for that.

MR SCOBEL: Ckay.

MEMBER KRESS: Still, that's alsovery | ow
frequency.

MR, SCOBEL: Yes.

MEMBER KRESS: For the same reason.

MR. SCOBEL: Interestingly |I once | ooked
at the containment of entry and cal cul ated how many
paths we woul d have on that 23 path containment of
entry if we didn't have this assunption. It was |ike

150 so it spans --
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MEMBER KRESS: These two phases happened

si mul t aneously, the same acci dent sequence?

MR. SCOBEL: Typically not. 1In fact, the
pressurizationis the first node on the contai nnent of
entry soif you have a hi gh-pressure acci dent sequence

MEMBER KRESS: Failure of the RCS -- |
nean the steam generator t ubes, t hat wil |
depressuri ze.

MR, SCOBEL: If you fail the steam
generator tubes, it just goes to an end state so you
go then and look at all the other phenonena
associated. It goes to a bypass end state.

MEMBER ROSEN:  WAs t he question, Tom that
if you fail the steam generator tubes, do you also
then fail the vessel?

MEMBER KRESS: Yes.

MEMBER ROSEN: | don't think you answer ed
t hat .

VR. SCOBEL: Actually, in the accident
sequence we t hi nk about how we nodel that in the MAAP
code. Actually, it would fail the vessel because you
don't depressurize that nmuch fromthe -- you would
have to go on -- in the accident sequence you woul d

have to go on and t hen probably nelt through a hot | eg
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and nodel that. Then you woul d depressurize. That
woul d be your depressurization mechanismlater on in
t he acci dent sequence.

MEMBER KRESS: There m ght be additi onal
source termw th that.

MR. SCOBEL: In the end, the source term
for the bypass is so high that any little change --

MEMBER KRESS: It doesn't matter

MR SCOBEL: It doesn't matter.

MEMBER KRESS: |f you have a hi gh source
term

MR. SCOBEL: Right. Qur focus in the PRA
is nmore oriented not toward fine lining the source
terms, but keeping the containment intact. |If you
have an intact containment, your off-site dose is
going to be around 2 remor | ess at the site boundary.

If you-- it's definitely|less than 25 rem
which is our goal. If you fail the containnent, it's
definitely above and that includes failure by
cont ai nnent bypass. Really our focus when we do the
Level 2 PRAs, how do we keep the contai nment intact
during a severe accident.

MEMBER KRESS: And then what sort of |eak
rate do you assune?

VR, SCOBEL.: Design leak rate from the
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containnent. W calculate --
MEMBER KRESS: Adjust it for the pressure.
MR SCOBEL: Yes. W calculate a whole
size based on the design | eak rate.

MEMBER KRESS: GCkay. And then use Delta-

MR. SCOBEL: Yes. For interface with the
Level 1 PRA we've created a bunch of accident cl asses
and these are exactly the sane acci dent classes that
we used in the AP600. | use the word accident class
and pl ant damage state kind of interactively.

| would have wused the word plant
denonstrate but the accident class came from the
original Italian AP600 PRA that was done in |ike 1980
whatever it was and it kind of hung around. |[If | use
t he word pl ant damage state, it kind of neans the same
t hi ng.

MEMBER KRESS: Those Italians have a funny
way of doi ng things.

MR SCOBEL: | like to say it's |oosely
translated fromthe original Italian.

The accident classes |labeled 1 are the
hi gh- pressure accident classes. They include core
damage following a transient such as |loss of feed

water or turbine trip or something like that. Core
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damage from a small LOCA or an RCS leak with the
passi ve RHR heat exchanger wor ki ng.

1D is core damage wth partia
depressuri zation of RCS. That one actual |y becones so
smal |l that we lunp it in with anot her acci dent cl ass.
The accident classes |abeled 3 are LOCA accident
classes. 3Ais an ATWS, antici pated transi ent wi t hout
scram

3BRis core danmage foll owi ng a | arge LOCA
with full depressurization but you fail the
accumul ator so you have a core uncovery that is not
recovered fast enough so you get core danage but you
do end up recovering the core eventually.

3BE i s an acci dent cl ass where you have a
| arge LOCA or sone ki nd of a LOCA where you have full
depressuri zation and you may or may not recover the
core dependi ng on whether the break recovers and you
can get flowback into the break.

3BL is core damage following a |oss of
recircul ati on of | RABT wat er so everythi ng works fine
until you get to gravity recirc. and then you don't
get enough recirculation so I ong-termcooling fails.

3C is core damage following a vessel
rupture which occurs bel ow the el evati on of the core

inthe vessel so you can't recover the core until you
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flood up the containment all the way past the break.

MEMBER KRESS: That mnust be a |ow
f requency.

MR. SCOBEL: You know, it actually shows
up in like the top five dom nance sequences because
everything is solowand there is an assunption on the
initiating event frequency. It's kind of a single
note failure cut set.

3Dis core damage fol |l owi ng t he LOCA wher e
i nstead of having three our of four ADS 4 val ves you
have two out of four. Then accidents in Class 6 are
initiated by steam generator tube ruptures.

We have all the sequences fromthe Leve
1 PRA are lunped into these acci dent cl asses and t hey
are run through the containment of entry. Just to
give you a feel for the accident class frequencies
from the Level 1 PRA you can see that less than 5
percent fall into the high-pressure acci dent cl asses.

As you were sayi ng, we do have a very | ow
frequency of high-pressure core danmage. Al nost
everything fallsintothese acci dent cl asses which are
depressurized or partially depressurized at |east.
Then we have 4 percent probability of having steam
generator tube rupture initiate severe accidents.

CHAI RVAN APOSTOLAKI S: Regar di ng what ?
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VMR SCOBEL: Yes, sir. This will be an

adventure | haven't done with you. Here we go.

CHAI RVAN APOSTOLAKIS: | think in 3BR you
say in the event tree that you don't take credit for
CMIs because they are insufficient. It really is not
a LOCA accumul ated event. R ght?

MR. SCOBEL: That's correct. They don't
i nject rapidly enough to cool the core so you get sone
-- it's actually fairly m nor core danage unl ess you
make a | ot of assunptions on you only have one CMI and
you set the flowrate to t he worst possi bl e di nensi on.

CHAI RVAN APOSTOLAKI'S:  You don't mention

it here. Youdon't include it in the event tree that

leads to 3BR Is there any reason or just --

MR.  SCOBEL: | don't wunderstand the
guesti on.

CHAl RMAN  APOSTOLAKI S: Wy is CMI

mentioned here? 1In the event tree | don't see a CM.
It's just accumul ator.

MR. SCOBEL: Oh, in the Level 1 event
tree?

CHAI RVAN APOSTOLAKI S:  Yes. Does it nake
any difference or is it just sonething that sonething
typed i n?

MR, SCOBEL: Well, they would nake -- if
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you assune that the CMIs were conpletely failed, it

woul d change t he acci dent sequence a bit but you woul d

still have gravity injection soyouwouldstill refill
the vessel. It would just be --
CHAI RVAN  APOSTCOLAKI S: Through the

accunul at or.

MR. SCOBEL: No, fromgravity injection.

CHAl RVAN  APOSTOLAKI S: Wien you say
gravity injection, what does it mean?

MR. SCOBEL: Gravityinjectionis fromthe
| RWST.

CHAl RVAN  APOSTOLAKI S: Not in this
sequence. For this sequence you go straight to 3BR
Anyway - -

MR.  SCOBEL.: Ckay. | see what you're
sayi ng.

CHAI RVAN APOSTOLAKI S:  The frequency for
this state does not include failure of the CMIs. They
are just conplete.

MR SCOBEL: Selim

MR, SANCAKTAR: Sel im Sancaktar from
Westi nghouse. |If you go back and | ook at the |arge
LOCA event tree on slide No. 43, you will see that
actually in the ADS we also require CM. Ei t her

failure of ADS or CMI will cause failure.
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CHAI RVAN APOSTOLAKI S: The large LOCA

event tree we have doesn't show CM.

MR. SANCAKTAR: Look under ADS F. It says
XADMA. That is equal to either ADS fails or CMI
fails.

CHAI RMAN APOSTOLAKI' S: 3BR, sequence 9, on
the same figure is only large LOCA and failure of the
accunul ator. That is the state we're tal king about.

MR. SANCAKTAR: Ckay. | just wanted to
say that CMI is consistent with the | arge LOCA.

CHAI RVAN APOSTOLAKI S:  Yeah, but in this
sequence -- look, it may be a trivial matter.

MR SCOBEL: | actually understand the
question. To get the RCS to pressurize, even in a
| arge LOCA, you have to have full ADS. To get ADS you
need to have CMIs so what Selimis saying is the CMIs
are inherently in the tree not as their own node but
they are included in considering failure of ADS. |If
you are in 3BR, you are fully depressurized so either
you had CMIs, which is nost |ikely, or the operator
manual |y initiated ADS.

MR. CORLETTI: Jim thisis Mke Corletti.
It's because ADS is actuated fromthe CMI drai ning.

MR, SCOBEL: Yes.

MR. CORLETTI: So we require the CMIs to
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drain to actuate ADS

MEMBER ROSEN:. To automatically actuate.

MR, CORLETTI: Yes.

MEMBER ROSEN:  You can al ways act uate ADS
manual | y.

MEMBER KRESS: These acci dent cl asses you
have i nclude a nunber of sequences, each one of them

MR, SCOBEL: Yes.

MEMBER KRESS: How do you end up getting
the frequency? Do you just add up the frequencies
t hat foll ow?

MR. SCOBEL: Yes. For the end states of
the containnent of entry, we have assigned seven
rel ease categories. The release categories are --
because there are only seven, they are pretty coarsely
def i ned.

They include -- the first one is intact
contai nnent which is a successful severe accident
where you mtigate the accident successfully and
mai ntain only | eakage to the environnment. Accident
class BP which, as we discussed earlier, is a
cont ai nment bypass typically fromsteamgener at or tube
rupture initiated accident or an induced 2 rupture.

Cont ai nment i solation failure whichis a

rel ease that goes through the contai nment so you get

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

25

sone attenuation of fission products but thenthereis
a release of fission products to the environnent
t hr ough what we consi der to be an open HVAC | i ne whi ch
is an 18-inch di ameter hole in the containnment. Early
cont ai nnent - -

MEMBER ROSEN: Is that the biggest |ine?

MR SCOBEL: That is the biggest line.

MEMBER ROSEN:  In this plant?

MR SCOBEL: Yes, it is.

MEMBER ROSEN:  18-i nch.

MR SCOBEL: The 18-inch.

MR CUMWMNS: It's the biggest -- thisis
Ed Cummins -- that is not a closed systemlike main
steam or main feed.

MEMBER  ROSEN: It's the biggest
ventilation one.

MR CUMWM NS: Yes.

VR. SCOBEL : Then we have early
contai nnent failure. W stuck containnment ventingin
t here because we t hought we m ght need it but then we
didn't need it. It's still there but it has a
frequency of zero.

| nt er medi at e contai nment failure whichis
a contai nment failure which is a containment failure

that occurs after the high energetic core relocation
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peri od of the accident when you are out in tine and
t he contai nment becones well m xed and you fail the
contai nnent but it's prior to 24 hours which is kind
of a magi ¢ nunber, one day after the accident.

Then, finally, late containnment failures
whi ch woul d occur after 24 hours. As we discussed
yesterday, actual ly i ntermedi ate cont ai nnent fail ure,
| ate containnent failure have very | ow frequenci es.

This is a results table from the
quantification of the Level 2. It's listed by --
these are the accident classes that we went through
before and these are the -- that's the core damage
frequency for each of the acci dent cl asses. These are
the frequencies for each of the rel ease categories.
Down here, this is the |l arge rel ease frequency.

If you look at Ilike internediate
contai nnent failure, we have nunbers in here that are
like 10 to 10th, 10 to the 14th, 13th, 12th. Very |l ow
frequencies. There's not a |ot of severe chall enge
after the in-vessel core nelting and rel ocati on phase
of the acci dent.

Especi al | y considering that we | unp al | of
the vessel failures into early containnent failure.
A lot of your severe challenges that would cone

associ ated with | ong-termex-vessel phenonena such as
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core concreteinteraction are al ready accounted for in
early containment failure. Al so, |ate containnment
failure 10 to the 13th, 14th, 15th even. W don't
have a | ot of frequency of these CFL and CFIl.

This nunmber down here for containnment
effectiveness, this is like Selimspeak for CCFP
condi tional contai nment failure probability. It's one
m nus t he condi ti onal containment failure probability.

W presented it in a nore positive |ight
how wel|l did the containnment perform You can see
that for like the LOCA categories we have actually
very good containnent perfornmance, 96/97 percent
ef fectiveness for the contai nnent.

Now, 1A sequences. This is high-pressure
core nelt. These sequences have a containnment
ef fectiveness of 60 percent so 40 percent would fall
into a category where the operator was able to
recovery the pressurization before the tubes were
t hr eat ened.

1AP. This is al so anot her hi gh-pressure
category where you would need to | ook at recovery
actions rel ated to depressuri ze t he cont ai nnment before
you have a challenge to the steam generator tubes.

3A. These are the ATWS acci dent sequences

and t hey have a very poor contai nnent performance. In
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fact, as you will see later, these are dom nant core
damage sequence related to ATWS, or |arge rel ease
sequences. Also nost of our large release is also
tied up in steam generator tube rupture initiated
acci dents.

MEMBER KRESS: Now, we often counter the
concept of good balance when it's core danmage
frequency and given traditional containment failure
probability of .1. Howdo you extract that condition
out of all of these classes? Do you weigh them by
frequency?

MR. SCOBEL: W cone up with a large
rel ease frequency conpared to the core damage
frequency to --

MEMBER KRESS: Well, I'mjust | ooking at
themall, the entire condition of containnent failure
probability.

MR, SCOBEL: Yes.

MEMBER KRESS: That's different than by
general release. You would have to do simlar things
being alarge rel ease frequency. You just restrict it
to the earlies.

MR. SCOBEL: Well, yes, except that our
internediate and |ate failures are so snmall that our

| arge rel ease frequency and our |arge early rel ease
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frequency are the same nunber. That's why we just
call it a large release frequency. There's not nuch
intermediate and late. Qur CCFP for this plant is 8
percent which is one mnus this nunber here.

MEMBER KRESS: Is that the average of
t hose things across there?

VR, SCOBEL: This here? This is the
cont ai nnent effectiveness for each of the pl ant damage
states.

CHAI RVAN APOSTOLAKIS: It's one mnus a
condition for contai nment failure.

MEMBER KRESS: For that.

CHAI RMVAN APOSTOLAKI S: For that.

MEMBER KRESS: |'minterested in how you
get that.

MR. SCOBEL: Well, this would be the |large
rel ease frequency for this plant danage state divided
by the core danage frequency.

MEMBER KRESS: That's what | was aski ng,
how you get that number fromthose nunbers.

MR. SCOBEL: Yes. So on an individual
basi s these are the contai nment effectiveness nunbers
for each. But for the total plant this is the col um
here for the overall conditional containment failure

probability. 1t's 1 mnus this nunmber which makes it
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8 percent.

MEMBER KRESS: That comes out of this
process that you just described.

MR, SCOBEL: Yes.

CHAI RVAN APOSTOLAKI' S: This is the wei ght
on top of it.

MEMBER KRESS: It's a weighted average.
That's what | was trying to get at, howto weight it.

CHAl RVAN APOSTOLAKIS:  If ny goals -- if
| look at option 3 saying that the condition
contai nnent failure probability should beless than 10
percent, obviously you are not neeting that.

MR. SCOBEL: No, we are. W have 8
percent .

CHAI RVAN APOSTCOLAKI S: The interesting
t hing, though, is the range of the val ues there.

MR SCOBEL: These val ues?

CHAl RVAN  APOSTOLAKI S: Yes. | mean,
that's the sane range that we had in NUREG 1150.

MEMBER KRESS: Option 3, renmenber, groups
t hi ngs by frequency, though.

CHAI RVAN APOSTOLAKI S: But you can choose
everythingtogowth the core damage frequency in the
condition of containnent variable.

VEMBER KRESS: For different bins of
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frequency, though.

CHAI RVAN APOSTOLAKI S:  Yeah.

MEMBER KRESS: They have different
bal ances. This might fit into that okay. This seens
to put alot nore enphasis on preventing core damage.
If we're | ooking for a defense in depth bal ance that
is assigned to option 3, | think this would fit into
it.

CHAI RMAN APCSTOLAKI S:  You nean satisfy?

MEMBER KRESS: Sati sfy.

CHAI RVAN APCSTOLAKI S: It does.

MEMBER KRESS: | nean, even the all ocation
to frequency ranges.

MEMBER ROSEN: It's very nuch |ike what
present day plants are like which is typically 10
percent. Here they have eight.

MEMBER KRESS: Typically some of the BWRs
are .8.

MEMBER ROSEN: | guess I'mreferring to
PVRs.

CHAl RMAN  APOSTOLAKI S: In terns of
rel ease, which list categories are the worst?

MR. SCOBEL: Bypass, BP, and cont ai nnent
i solation failure.

CHAI RVAN APOSTOLAKI S: Wi ch is?

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

32
MR SCOBEL: Bypass is here.

CHAI RVAN APOCSTOLAKI S: BP.

MR. SCOBEL: Bypass is mainly related to
t he hi gh pressure 1A

CHAI RVAN APOSTOLAKI'S:  This is the worst
from the frequency point of view or from the
consequence point of view?

MR. SCOBEL: Fromthe consequence poi nt of
Vi ew.

CHAI RVAN APOSTOLAKI S:  So that has 10 to
the -8 frequency. Right?

MR, SCOBEL: Yes.

CHAlI RVAN APOSTOLAKI'S: This is al nost the
whol e t hi ng.

MR. SCOBEL: About 54 percent of the | arge
rel ease.

CHAl RVAN  APOSTOLAKI S: O the large
rel ease. Most of it cones from where? From which
pl ant up state?

MR, SCOBEL: Mostly from 6 which is
initiated by steam generator tube failure.

CHAI RVAN APOCSTOLAKI S: 6 and 3A.

MR. SCOBEL: Yeah, they are both the sane.

MEMBER ROSEN:  3A is inducted?

MR SCOBEL: 3A is ATWS.

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

33
VMEMBER ROSEN: Where i s the i nduced st eam

generator tube failure?

MR SCOBEL: 1A 1A and 1AP together.

CHAI RVAN APOSTOLAKI S:  So t he cont ai nnent
is doing a pretty bad job protecting you from 3A,
isn"t it?

MR. SCOBEL: Because it doesn't go through
t he contai nnent .

MR, SCOBEL: It's actually part of the
probl empresenting the resultsis that the containnment
does such a good job that the bypasses all pop way up.
The only way to not have them pop way up is to make
t he contai nnent do a worse job.

MEMBER SHACK: I n your next table we have
t he dom nant sequences, 3A and 6.

MR. SCOBEL: Yes. May | go to the next
t abl e?

CHAI RVAN APOSTOLAKI'S:  Let's go back to
the slide. I'mtrying to understand it.

MEMBER SI EBER: Nice try.

CHAI RVMAN APOSTCOLAKI S: Pl ant danmage st at es
for which the containnment is doing a good job, the
nost frequent ones?

MR SCOBEL: Yes. 1In fact --

CHAI RMAN APCSTCOLAKI S: VWhere do | see
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t hat ?

MR. SCOBEL: Well, you can look at the
contai nnent effectiveness and say this is where the
contai nnent is doing a good job. The ones that are
hi gh, 99, 98, 97. These 3BRs, 3D, 3C.

CHAI RVAN APOSTOLAKI S:  And these are the
nost frequent?

MR. SCOBEL: These are -- yeah, we don't
have a --

CHAI RVAN APOSTOLAKI'S:  So what | lose in
t he containnent is the frequencies |ower.

MR. SCOBEL: Yes. In fact, if we go back
one nore, | think, the ones that were losing the
contai nnent are 6, 1A, 1AP, and 3A

CHAI RVAN APOSTOLAKI S Ckay.

MR.  SCOBEL.: They have a conbined
probability of |ike 8 percent which goes for our 8
percent conditional containnment failure probability.
For these sequences are the benign severe accidents,
the LOCA, things that are depressuri zed.

That's one nice thing about this plant.
When you have an accident in which ATS is actuat ed,
all the accidents tend to | ook ali ke because the ADS
system overwhel ns the break basically so you know

where the rel eases cone from

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

35

You know where your energy i s com ng from
driving the containment's natural circulation. You
end up having all these sequences that essentially al
| ook the sane. Some of themare fl ooded i n-vessel and
some of themaren't. That's one difference.

O her t han t hat , t hey are al |
depressurized. They are all pretty benign overall in
terns of energy, consequences of their containment.
Then you have these outwires which really have --
we're into one tines 10 to the -8 frequency on them

VEMBER ROSEN: | think | know what you
mean by benign in this context but it's not a word |
woul d chose.

MR SCOBEL: Well, nmy world is a little
skewed.

MEMBER KRESS: Now, the coreis alot like
standard PWR

MR SCOBEL: Just a little taller.

MEMBER KRESS: Alittletaller. The power
of the level is like 1,000 negawatts of netrical which
is somewhat in the sane power |evel |ot that nost of
the current plants are. You don't really have to deal
with the fission products here.

You're just calculating a large early

rel ease which is really a large -- is when you go to
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failed containnment early in line so that this |arge
early release would conpare to the NRC acceptance
criteria if they had one.

MR SCOBEL: Yes.

MEMBER KRESS: Because it's so much like
the PWRs and their acceptance criteria is based on
current PWRs of that | evel and sort of a nean of sites
around the country. You don't really deal wth

fission products at all.

MR SCOBEL: |'msorry. | missedthe | ast
sent ence.

MEMBER KRESS: You're not deal wth
fission products at all. You don't really have to

have a source term because your source termis the
same as current plants if you get a |arge rel ease.

MR. SCOBEL: Yes. We do generate a source
term

MEMBER KRESS: W thout MAAP?

MR, SCOBEL: W th MAAP.

MEMBER KRESS: It's a close description.
But you don't use it.

MR. SCOBEL: Well, we do a Level 3. W do
a site boundary dose.

MEMBER KRESS: A Level 3 you've got asite

boundary avail abl e?
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MR. SCOBEL: Yes. W focus nmainly onsite

boundary because our goals --

MEMBER KRESS: You don't have a site.

MR. SCOBEL: Yeah, we don't have a site.
You asked t he question yesterday about this. Wat we
used was the Surrey sitewiththe oceanfilledinwth
land just to have sonething. | believe that conmes
from URD reconmendation for a plant without a site.

Do you want to stay here or do you want to
go on?

These are the dom nant sequences that
contribute to the large rel ease. These top sequences
make up 96 percent of the large rel ease sequences.
You can see that the top two are 3A and 6, the
cont ai nnent bypass. The first one is from ATWS and
t he second one is from steam generator tube rupture.

The next two are from vessel failure.
These two are here because of the assunption that if
you don't flood the contai nnment, vessel fails and you
have an early contai nnent failure.

The next one is the induced steam
generator tube rupture fromthe 1A accident. In fact,
down here is the induced steam generator tube
rupture from the 1AP. Here is the vessel failure

initiating event.
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| kind of like to use this line as a
benchmark because everything that is below here is
| ess likely than the vessel rupturing falling apart.
It's kind of a way to think about it. There's no
regul ation or anything with that but it's just a way
to think about |ike the rest of the sequences.

Thi s sequence i s a 3D acci dent cl ass where
you are partially depressurized and it kind of assunes
that in this partial depressurization it's assum ng
you have no stage 4 ADS so you have all your hydrogen
rel eases through the | RWST and you have a failure of
t he vents such that you have a diffusion fl ane next to
t he contam nant wal |

Cont ai nment isolation failure falls in
down here. Then you start to get into failures from
-- early failures fromdetonation in the containment.

MEMBER SHACK: And your fractions are very
smal |l for all these sequences really.

MR. SCOBEL: Yes. The percent of the core
damage frequency for these sequences are all tiny.

MR. SNCODDERLY: Excuse nme, Jim | see
t hat we' ve got about half hour left if we want to stay
on schedul e.

MR, SCOBEL: Yes.

VR, SNODDERLY: So just to keep it in
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m nd. | know you want to spend probably about a half
hour on the ex-vessel cooling so mybe we coul d spend
five nmore m nutes onthe inportance and sensitivity in
the source termand then try to go

to --

MR SCOBEL: Actually, | thought | was
just going to finish up the PRA and then | et Seli mgo.

MR, SNODDERLY: Great.

MR SCOBEL: And |I'm al nost done.

MR. SNODDERLY: Ckay. G eat.

MR,  SCOBEL: There were sensitivity
anal yses that were done al so. For exanple, we didn't
take <credit for depressurization in the steam
generator tube rupture case. W had the CCFP went
from 8 to 10.3. We reduced reliability for
contai nnent isol ation and doubl ed the CCFP.

Reduced the reliability for hydrogen
ignitors and CCFP went up a little bit. W reduced
reliability for PCS and it hardly went up at all
because PCSis so -- it's actually very reliable. No
credit for pressurization of the high-pressure pl ant
denonstrates. The CCFP went up to 12.1 percent.

Finally, we set the vessel failure
probability to1l. Thisis with regards to -- for our

vessel failure probability we | ooked at you coul d fail
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the vessel high up on the vessel and not release
debris of the containment with our assunption that if
you rel ease debris of the containnent, you get an
early containnent failure. W weren't getting all
early containment failures in 3C. Inthis we set the
probability of 3C vessel failure to 1. W cane up
with 11.8 percent for the CCFP.

Finally, for the pl ant danage st at es where
you could have |arge hydrogen rel eases through the
| RWST, we assumed diffusion flane and detonation
probabilities were 1. Actually, the LRF becane pretty
hi gh.

It shows that it's a good idea to keep
hydrogen out of the IRWST which seens |like a no-
brainer to ne. It's a small confined space and you
have fence along the containnent wall. It's not a
pl ace where you want to be putting a | ot of hydrogen.

There was an i nportant anal ysis where we
set each of the nodal probabilities to 1 and then
| ooked at how that affected the containnent
ef fecti veness. Qoviously if you set containnent
isolation failure to 1, you have no contai nment so RCS
depressurization reduces it abit but it'sonlyinthe
smal | frequency accident classes.

Cavity flooding has a strong inpact on
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contai nnent failure, especially with respect to our
assunption that if you don't flood the cavity. This
tells you there are some sequences that flood the
cavity inherently.

You don't al ways manual |y have to fl ood.
It's kind of a 50/50, 60/40 kind of thing. Those
sequences which show up still as successes are the
ones that automatically flood the cavity.

Core reflooding. If you fail core
reflooding, you actually get a |little higher
contai nnent effectiveness because there's a hydrogen
inmpact to flooding the core but it's small. It
doesn't show up all that nmuch because of ignitors and
things |like that.

Vessel failure has aninpact on-- thisis
the 3Cset to 1. That's the same one we tal ked about
in the other one. Passive containnent cooling. W
have an assunpti on on the contai nment of entry that if
you don't have passi ve cont ai nment cool i ng wat er, that
you fail the containment in the long termlike after
24 hours.

That's a conservative assunption. W get
into a realm where we have sone probability of
cont ai nnent failure based onthe contai nnent furgility

curve. It's not real high unless you consider -- |'m
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going to cover this under the phenonena.

Unl ess you consi der |ike you are having a
really bad day like it's 120 degrees outside and the
K heat is the highest that it could possibly be for
t he whol e tinme, youw ||l get a contai nment fail ure out
in tinme.

Under nominal circunmstances you have a
very low containnment failure probability. W just
assunme that in the long termyou have a contai nnent
failure probability of 1 if you don't have passive
cont ai nnent cooling water. W also have a very
reliable PCS water delivery system so it's a
conservative assunption that's not going to hurt us.

Hydrogen ignitors are inportant to this
pl ant and have a significant inpact on contai nnent
effectiveness as well as diffusion flane. There was
not a lot of inpact on just setting the hydrogen
detonation probabilities to 1. This woul d be because
of the ignitors.

MEMBER SHACK: Let ne understand. |[If |
assune a total failure of the passive cooling system
nmy LRF is still only 2 times 10 to the -7?

MR. SCOBEL.: That is the core danmge
f requency.

MEMBER SHACK: Then you assune it's 1.
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MR. SCOBEL: Yes.

MEMBER SHACK: How about that.

MEMBER ROSEN: Yest erday when | asked
about whet her theignitors were powered during station
bl ackout froman alternate source, | think the answer
was no. Then there was sonme di scussion about why.

MR. SCOBEL: No, they are.

MEMBER ROSEN: Here you say they are
inmportant to the plant. I'ma little bit confused
about the power sources to the ignitors.

MR. SCOBEL: The ignitors are on AC power
and they are al so on batteries. Emergency batteries.
They are nonsafety, non-1E. If you recall, we don't
have a lot of probability in station blackout. I
think station blackout is |ike .2 percent of the core
damage frequency.

Selim station blackout is sonethinglike
.2 percent of core danmage frequency?

There isn't much station bl ackout
frequency so | oss of power and the ignitors wouldn't
even show up. Especially then in light of the fact
t hat t hose are hi gh-pressure core damge sequences and
they nost likely go off the containment bypass and
they don't even ask the question about the ignitors.

MR CUMNS: This is Ed Curmins. Maybe
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| can help alittle bit here. Yesterday we said that
t he batteries that power these | ast two hours whichis
about right because they power other things of
interest like the nonsafety |&C

The ot her source i s AC power in the plant
like the diesels so there's quite a good reliability
for AC power even in the absence of offsite power.

MEMBER ROSEN:  And the DC power to the
ignitors is rectified. 1s converted to AC

MR CUM NS: Yes.

MR. SCOBEL: So our final |arge rel ease
frequency is 2tines 10to the -8, the relayers of the
goal, whichis less than 1times 7 mnus 6 per reactor
year. The overall containnent effectiveness is 92
percent neaning CCFP is 8 percent.

ATWS has t he | owest cont ai nnment

effecti veness and the contai nnent effectiveness for

steamgenerator tube rupture is 57 percent. If all of
them go to bypass the overall cont ai nnent
effectiveness, it's still 90 percent.

LRFis not sensitivetothereliability of
t he hydrogenignitors, but if theignitors are assuned
to be failed with a probability of 1, we do have a
significant drop off in containnent effectiveness.

If thediffusionflame failure probability
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isset tol for all of the sequences that put a | ot of
hydrogeninto the | RAST, the contai nment effectiveness
drops to 85 percent and the LRF i ncreases by a factor
of 4. Controlling hydrogenis apretty significant --
is a pretty inportant thing in this plant.

I n Level 3 we' ve gener at ed AP1000 specific
source terns with the MAAP 4 code and we used NMAX 2,
version 1.12 to cal cul ate of fsite doses. Qur goal for
the Level 3 was to keep the frequency of the site
boundary dose | ess than 25 remat 24 hours and to have
that less than 10 to the -6 per reactor year. This
pl ot presents the results of --

MEMBER ROSEN:  What's the EDE stand for?

MR. SCOBEL: Effective dose equival ent.
Fromthis plot | guess the goal is right about here if
we were to go above this line here.

MEMBER KRESS: Is that sort of another
version of rel ease frequency?

MR, SCOBEL: Yes.

MEMBER ROSEN: So where's -- |'m havi ng

trouble reading this chart. Were is the 25 ren?

VR, SCOBEL.: | don't actually care for
this plot either. | can say that because |I didn't
make it. It would be about right here. It would be

25rem 10tothe -6 is right there so on alog scale
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MEMBER SHACK: That's nore |like 60 or 70
rem isn't it?
MR, SCOBEL: Well, thisis alog scale so

that's 1 and that's 100 so 10 i s here.

MEMBER ROSEN: | don't get anything from
t hat chart.

MEMBER KRESS: That's a frequency
consequence.

MEMBER SHACK: | was going to ask you,

Tom That is so much nore enlightening than a CDF and
LRF.

MEMBER KRESS: Yeah. It tells nme a lot.

MR. SCOBEL: | actually put this up for
you.

MEMBER KRESS: Thank you.

VEMBER SHACK: You're going to explain
this to nme later, right?

CHAI RMVAN APOSTOLAKI S:  The frequency of
exceeding 25 remis 2 or 3 10 to the -7. That's what
he's saying. No nore, no | ess.

MEMBER SHACK: If | don't nelt the core
don't get a big rel ease.

CHAI RVAN APOSTOLAKI S: That's why it's

flat.
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MEMBER SHACK: That's why it's very flat.

MR. SCOBEL: Actually, the frequency of
exceedi ng 25 remwoul d be the | arge rel ease frequency
which is 2 times 7 m nus 8.

CHAI RVAN APOSTOLAKI S:  Well, that's not
what you show t here.

MR SCOBEL: Well, 25 remis --

CHAI RVAN APCSTOLAKI S: On.

MR. SCOBEL: This is the core damage.

CHAI RVAN APOSTOLAKI S: It can't be up
t here.

MR. SCOBEL: This is the core damage
frequency.

CHAI RVAN APOSTOLAKI S: Ckay. Oh. There's
one below which is really flat.

MEMBER ROSEN:  |'mused to TED. What is
the difference between that and EDE, total effective
dose.

MR. SCOBEL: | think it's the sane thing.
| think so. |'mnot a dose guy.

M5. WHITING This is Erin Wiiting from
West i nghouse. Do you have gamma dose i ncl uded i n t hat
as well as EDE when you get total effective dose
equi val ent ?

MEMBER ROSEN: And so your standard
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doesn't include gamma dose?

MR, SCOBEL: | think it would. This may
be -- it should say TEDE, | think. W can check on
that. It's probably just --

M5.  WH TI NG This is Erin Witing.
Usually the gamma dose is not a significant
contributor so they just mght have done EDE for a
feel of how it was. Usually it's not a big
contributor to the TEDE

MEMBER ROSEN:  But the 25 remstandard is
a TEDE standard. Isn't it?

MR. SCOBEL: | believe so, yes.

MEMBER ROSEN.  So you' re only show ng part
of it here. Actually you should clear this up sone.

MR. SCOBEL: Yes. | think we can do that.
| don't think that's a problem [|I'mbetting -- 1'"ma
betting man -- that this is a TEDE dose that you woul d
get from nmax.

MEMBER KRESS: Well, it only shows up in
t he desi gn basi s acci dents anyway, the TEDE. This is
PRA so you can use anything you want. The rules for
TEDE are in the design basis space. | like this plot.

CHAI RVAN APOSTCOLAKI S What bot hers nme t he
age of the earth's crust is 3 tines 10 to the 9th

years. |f you' ve had one event or one rel ease, you
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will get a frequency of 3 times 10 to the -10.

MEMBER ROSEN:  Assum ng AP1000 went into
operation at the sanme tine as the earth's crust was
f or med.

CHAI RVAN APOSTOLAKI S:  Doesn't that nake
you stop and t hi nk about the meani ng of these nunbers?

MEMBER KRESS: They're kind of hard to --

CHAI RVAN APOSTOLAKI'S: It's very hard to
swal | ow t hat .

MEMBER KRESS: -- when they get that | ow.
The PRA, that's what --

CHAI RVAN APOSTOLAKI S: That's right. PRA
came down fromthe nountai n and we had t hese probl ens.

MR SCOBEL: \What's next?

MR, CORLETTI : Mke Corletti. W were
goi ng to have Seli mdo now a w ap-up of the PRA which
he will just talk about summary of the insights and
al so touch on the question that you had yesterday
about how did we explicitly nodel spurious ADS 4. |
think it won't end the discussion on this but we
wanted while it was fresh in anyone's mnd give you
explicitly howit's nodeled in our PRA and the basis
for that nunber.

CHAI RVAN APOSTOLAKI S: Very good.

MR. SANCAKTAR: M objective here was to
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wap this up by show ng you sone of the results and
insights. In additionto that, if you allowne three
tofive mnutes, | would like to try to answer one of
the questions that Dr. Rosen asked about how the
reliability of the failure probabilities of the val ues
assi gned.

MEMBER ROSEN: Do you have a m crophone
on?

CHAI RVAN APOSTOLAKI S: You have to put it
on your tie. Ch, it's not on at all? That's the
first thing you have to do.

MR. SANCAKTAR: |Is that better?

CHAI RVAN APOSTOLAKI S: Put it on your tie.

MR. SANCAKTAR:  Ckay.

CHAI RVAN APOSTOLAKI S:  Hi gh.

MR. SANCAKTAR: Ckay. How s this?

CHAI RVAN APOSTOLAKI' S:  How you're wired.

MR. SANCAKTAR: Okay. Shall | repeat what
| said before?

MEMBER ROSEN:  Yes.

VEMBER KRESS: You don't have to. W

heard you.
CHAI RVAN APOSTOLAKI'S:  Don't do it then.
MR,  SANCAKTAR: This slide was shown
yesterday al so. It's the same slide | showed
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yest er day. This just kind of shows the relation
bet ween AP600 and AP1000. It conpares the nuneri cal
results and al so shows the areas where anal yses were
per f or med.

Basically the very first observation we
have is the low risk of AP600 has been al so retained
in AP1000. W also acknow edge that there was an
i ncrease i n core danage frequency as reported before.
Sone of it was actually reduced by changing the
success factor here. Safety goals are net, of course.

CHAI RVAN APOSTCOLAKI S: W th significant

mar gi n?

MR SANCAKTAR:  Wth significant margin.

CHAl RVAN APOSTOLAKI S: How do you know
t hat ?

MR. SANCAKTAR: Accordi ng to t he nunbers,
nmean val ues of whatever you want to call it. W can

ar gue about what t hose nunbers nean, uncertainties and
SO on.

CHAl RMAN APOSTOLAKI S: You have only
i ncluded paranmeter of uncertainty which is really
relevant. You really believe it's a factor of 67

MR. SANCAKTAR:  Yeah.

CHAI RVAN APCSTCOLAKI S: Sonet hi ng t hat has

never been built and you are claimng 10 to the -7
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core damage frequency. You can only be uncertain by
a factor of 6?

MR. SANCAKTAR: Six. We discussed this a
little bit yesterday. Wo was there? Oh, you were
there. Let me nention this for your information. W
have clearly stated in our data analysis that we are
goi ng to be using nean val ues and anything that is a
nmean val ue, anything we think.

CHAI RVAN APOSTOLAKI S: Converted to that.

MR. SANCAKTAR: Convert ed.

CHAI RVAN APOSTOLAKI S: That' s not what t he
i ssue is.

MR. SANCAKTAR: Once we converted it to a
nmean val ue, those results hold. Now, we can go back
one step and say were they really mean val ues or
medi um val ues. That's a different issue.

CHAl RVAN APOSTCOLAKI S: That's not the
issue. The issue is there are so many nodel s have
gone through this. Human performance, failures and so
on. Wiy is the nunber there? It cones from the
utilitary docunents so nature is going to say, "GCee,
it's in every docunent. |'d better conmply."

Then what |1' mdoing is |I'mlooking back at
the LMWR and | ' mseei ng the nunbers going all over the

pl ace as we |l earn nore with nore experience. | think
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it's an under estimte. I'"'m not saying that the
changes are based on conclusions but | think saying
that you're nmeeting the goals with significant margin
is pushing it alittle bit. You just don't know. |
don't know. You may be right but | don't know.

MR. SANCAKTAR: The point is, | agreew th
you phi |l osophically. However, inaworld of practical
deci si on maki ng we have to hold it to that Iine and
explain the reasons behind it and so on. O herw se,
| agree with you. Then | coul d make t he sane ar gunent
about anyt hi ng.

' m not certain about many other things
and | can go back and tal k about 10 to the -5 and 10
to the -4 and we can tal k endl essly because there is
no deci si on maki ng factor defined by anybody. Nobody
has said that you should neet by 99 percentile
confidence. There is nothing to neet. W have to at
some point define it, draw the line.

MEMBER ROSEN: | under stand t he pragmati cs
of it but to reinforce what George i s saying, when we
tal k about current day operating plants t hat have been
operating for a significant period of tine, we're
tal king about uncertainties that are larger than a
factor of 6 typically like an order of nagnitude.

MEMBER KRESS: According to what?
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MEMBER ROSEN: Not by 1150. ' m j ust

sayi ng when we propagate uncertainty through these
anal yses, we cone up with an answer that says a factor
of 10.

MR. SANCAKTAR If it makes you feel nore
confortable, we can do that for you.

MEMBER ROSEN: It doesn't make me nore
confortable. Al it saysis that thesethings -- this
plant certainly -- the uncertainty in this plant's
anal ysis cannot be smaller than the uncertainty and
the analysis of plants that have been built and run
for a long tine.

CHAI RVAN APOSTOLAKI'S:  Selim one of the
goal s of this agency is building public confidence.
| don't think that by saying that it's a factor of 6
we are contributing to that. Wy don't you go ahead.

MR. SANCAKTAR: So, where were we? The
total plant severe rel ease frequency i s anot her order
of magnitude -- this was just discussed a few m nutes
ago. W discussed this a little bit yesterday,
i nternal fl ooding.

MEMBER ROSEN: | don't understand why
you' re goi ng over this again.

MR. SANCAKTAR: | don't know honestly. |

agree with you.
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CHAI RMVAN APOSTCOLAKI S: You' re supposed to

talk about the reliability of the valves. Go ahead.

MR. SANCAKTAR: Thank you. | guess this
was a request for whoever it is, not here, sonething
to present to wrap up.

CHAI RVAN APOSTOLAKI S:  Repetition is one
way of maki ng peopl e understand sonet hi ng.

MEMBER KRESS: Tel | themwhat you' re goi ng
to say and say it.

MR.  SANCAKTAR: Thank you very nuch.
These are not necessarily ny slides. |'mjust trying
to repeat.

Dr. Rosen asked about how the failure
probl em of expl osi ve val ves were assi gned so | want ed
to quickly tell you what the nunber is, where we got
it from These are pages that | photocopi ed fromour
submttal to the NRC PRA. [|f you want, | can give it
to you officially or wunofficially, whatever 1is
easiest. O | can just nmention to you which page it
is and you can just read it.

" m | ooking at page 8, section 32, data
anal ysis section. There's a table there that says
expl osive valves, failure to operate. Mean val ue on
demand is 5.8 10 to the -4. It says, "Renmark - See

note fromPriscilla" which appears on page 32-20.
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This very clearly indicates what we did
which I will summarize to you. The URD docunent had
an expl osive val ve failure probability on demand of 3
times 10 to the -3. It is the general consensus of
people who use these valves that they are very
reliable. | rmean, that nunmber really is not
representative of the valve liability.

That was the general consensus because
it's higher reliability than that. \Were did this
nunber cone from the 3 tines 10 to the -3, that went
into the URD? | don't know but | can guess because 3
times 10 to the -3 imedi ately rem nds nme of t he NUREG
1150 where the val ves were assigned 3 tines 10 to the
-3 failure probability. 1'mnot saying this is a fact
but I'm surmsing that mght have just been used
across the board wthout really considering the
characteristics currently used expl osive val ve.

Wat we did was we went to Sandia
Laboratori es and we asked them W said, "Do you have
experience with expl osive val ves?" They have | ots of
experience. W' re not tal king about 10 hours or 100
hours. W are talking about a 100,000 hours of
experi ence.

Two difference departnents of Sandia

Laboratories sent us letters back in witing. They
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gave us their data, nunber of hours, nunber of
failures. Fromthat we obtained two different val ues,
two nore val ues. We have one nunber that the URD gave
us. W didn't throw it away but it is kind of
suspi ci ous.

If it is this unreliable, why are people
saying thisis areliable valve and they areusing it?
It just doesn't jive if it has the sane failure
probability as MOV. It just doesn't make sense ot her
than the fact that sonebody picked it up and pl ugged
it in there.

The bottomline -- I'mabout to finish --
we got two letters in witing from two different
departnments of the Sandia Laboratories with tota
m ssion tines of 10s and 100s of thousands of hours.
From that there were two nore nunbers. One was 2
times 10 to the -4 and the other one was 3.2 tinmes 10
to the -4. W now have three nunbers.

MEMBER ROSEN:. What nunber did you use
again since | don't have it in front of me? Five
times 10 to the -4?

MR. SANCAKTAR: Ri ght.

MEMBER KRESS:. Aver age.

MR. SANCAKTAR: W have t hr ee nunber s now.

We don't know which one is right and which one is
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wong. W don't want to pass judgenent on it so we
checked with three experts. They gave us three
di fferent nunbers. W too a geonetric average of the
t hree nunbers and we canme up with a nunber 5.8 tines
10 to the -4. W don't anything el se. W don't have
our own tests. W don't have any magi ¢ nunbers. W
just | ooked around for --

MEMBER ROSEN: |'ve never tested them So
you're using the Sandia numbers. Okay. Now, that
hel ps because what | thought you were doi ng was usi ng
t he BWR nunbers. The BWR nunbers are clearly not
applicable to a 14-inch val ve.

Now, we have Sandi a gi vi ng you t wo nunbers
which in those letters, which | haven't seen but I
bel i eve you, say they are applicable to the 14-inch
val ve. Can we get sone further assurance of that?

MR. SANCAKTAR: That, | think, wewill try
to give you that assurance in our next neeting. |
just wanted to gi ve you facts as it exi sted today what
we did and then we'll go to the next stage.

MEMBER ROSEN: Selim | wouldn't pester
you if it weren't so inportant.

MR. SANCAKTAR  Ckay.

MEMBER ROSEN:  The central issue of ADS as

a safety function in this plant.
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MR, SANCAKTAR: Certainly.

MR. CORLETTI : This is Mke Corletti.
Wiile it was fresh in our mnds we wanted to gi ve you
what we did use. | think we would plan at the plant
neeti ng we woul d have to provi de a better presentation
of the valves and the history.

MEMBER ROSEN: | worry you might get into
sone classified stuff with Sandia. What | would |ike
to see is the nunbers that -- you know, backup to
those letters, what kind of val ves are they, and nmake
the case that the things they have actually tested.
They have a | ot of experience and tell nme what the
experience is. Show ne the construction of the
val ves. Make nme confortable that the ones they use
are like this one and in the sane size range.

MEMBER SHACK: Isn't the case really here
whet her the charge goes off? | mean, you can do the
analysis for the rest of it in a believable way.

MEMBER ROSEN: | thought that for a while
and then | | ooked at these valves and | worried that
the charge mght go off and the piston m ght not go
down. Charge goes off, bang, and the piston sits
right where it is because it's cocked and it never
separ at es.

MEMBER SHACK: This is a valve that sits
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on a noncorrosive environnment. It's not going to bind
up, build corrosion products. You're not going to
find a whole lot of testing experience on these
val ves. | can guarantee you that.

MEMBER ROSEN: That's what worries ne.

MR, CUWM NS: This is Ed Cumm ns. W
agreed yesterday to provide nore i nformation. |' mnot
sure the level of the nore information will satisfy
you so we won't prejudge the next neeting. But
certainly we'll bring the expertise that we can find
to discuss the topic.

MEMBER ROSEN: G ven the inportance, |
don't think I"mever going to be satisfieduntil | see
the valve built, you put 10 of themup there and you
go --

MEMBER SHACK: Yeah, but 5tinmes 10 to the
-4 you're going to be testing a | ot of valves.

MEMBER ROSEN: | know. | know, but at
| east phenonenlogically --

MEMBER SHACK: But I'Il sign up for the
contract.

MEMBER KRESS: You don't have to attach 10
to the four of them You can use statistical.

MEMBER ROSEN: | ama hands-on pl ant kind

of guy. | like to see things that are supposed to
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work work. And then | can get some famliarity with
how they work. And then when |'m confortable that
they work, |'m confortable. Ri ght now we're just
talking about data and analysis, and that's
interesting but the closer you can get to the ideal,
| know you can never achieve it but | want to hear
nore about that.

MEMBER  SHACK: That's a binom al
probability, Tom |If I want a 95 percent confidence
on that binom al probability, I'mgoing to be doing a
| ot of testing.

MEMBER KRESS: Ch, yeah. It's about tw ce
the nunmber. It's like twice of -- the inverse of 1 on
10 to the -4. But that's a lot of math. But you're
never going to get that and we've got to rely on what
we've got, | think, in this case.

We woul d have to make a judgenent on the
Sandi a data or a calculation, so |l don't think you're
ever going to achieve a reliability out of testing
these. It's not going to happen. So we have to make
our judgnents on what we've got, | think.

Now t he ot her question that | have is that
t he new Westi nghouse | 0go?

MR, SANCAKTAR  Yes.

MEMBER ROSEN:. Are you done Selinf
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MR. SANCAKTAR: Yeah, |'m done.

MEMBER KRESS: Thank you. | don't think
you shoul d have averaged in the utility requirenents
docunent nunber. You should have gave nme a higher
nunber .

MR. SANCAKTAR: We don't trust that nunber
but we thought if we leave it out, we will have even
nore headaches than we woul d ot herw se.

MEMBER ROSEN:  Now we have a di scussi on of
in-vessel retention of nolten core debris scheduledto
be conpl ete by our break at 10:05. | don't think so.

MEMBER KRESS: You want to take a break
now?

MEMBER ROSEN: | think so. That would
make nore sense. Qur break was supposed to have been
a 25-mnute break. Let's get back here by 10:25.
10: 20 woul d be good enough.

(Wher eupon, off the record.)

MEMBER ROSEN:  All right. W are back in
sessi on.

MR, SCOBEL: Ckay. | am going to talk
about what we've done for in-vessel retention for the
AP1000. Just a little run-through for anybody who
doesn't have a strong background in in-vesse

retention, the phenonena that we're tal king about is
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mai ntai ning nolten-core debris in the | ower head of
the reactor vessel by externally cooling the outer
surface of the reactor vessel with water.

The AP1000, |ike the AP600, is able to
fl ood the reactor cavity above the | oop nozzl es of the
reactor vessel. |If you get core debris in the | ower
pl enumof the reactor vessel and you boil the water on
t he outside of the reactor vessel and cool the outer
surface of the vessel, the vessel doesn't fail and the
debris is maintained inside wthout then being
rel ocated to t he contai nment and causi ng probl ens | i ke
core concrete interaction or ex-vessel st eam
expl osi on, that sort of thing.

MEMBER ROSEN: We worry about departure
fromnuclear boiling in alot of places. This is one
of them Are you going to talk about that?

MR SCOBEL: Yes.

MEMBER KRESS: The cartoon that you have
there shows two | ayers stratifi ed.

MR SCOBEL: Yes.

MEMBER KRESS: How do you knowt hat's what
is going to happen?

MR. SCOBEL: Based on the nelt rel ocation
phenonmena, which I'Il get into a little later, what

you end up with is oxide debris filling up the | ower
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pl enumand contacting the netal debris fromthe bottom
allowing the netal debris to then melt on top of the
oxi de debris with a crust in between.

MEMBER KRESS: In a core nelt accident
don't nmetal phases generally melt first?

MR. SCOBEL: They do but they refreeze at

the bottomof the -- at the bottomof the core there's

alot of volunme there. | amgoing to kind of get into
in-vessel nelt relocation. "1l continue and then
we'll go there.

The AP1000 has a bunch of reliable plant
features that pronote in-vessel retention, the first
of which is post-accident reactor cooling system
depressuri zati on which reduces the stresses on the
reactor vessel if you have debris in the | ower head.
You wll weaken the Ilower head and think it
significantly so you really need to be depressurized
for this to be successful

There are no | ower head penetrations in
the reactor vessel. The only failure mnmechanism
basically is creep failure of the |lower head. The
reactor vessel is submerged in water post-accident
which is either automatically by the progressi on of
the accident or the operator has the ability to

manual |y flood and fill up the cavity.
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The | ower support plate sits very lowin
the | ower plenum Therefore, the | ower pl enumdebris
that fills upinthelower plenumcan contact and nelt
the | ower support plate on top of the debris. This
creates a thick nmetal |ayer on top of the debris and
it mtigates sonmething that is called the focusing
effect of heat transfer where the heat that is
transferred fromthe oxi de | ayer into the netal |ayer
i s spread out over a |l arger area of the reactor vesse
by the thick netal |ayer.

Al so we have reactor vessel insulation
that is designed to allow water to come in contact
with the outside surface of the reactor vessel and to
vent steamfromthe top of the insulation. There's an
annul us between the reactor vessel and the insul ati on.

| have a cartoon. First of all, thisis
a contai nnment fl ooding. You' ve seen this picture
before. When the water fromthe |RWST i s drained into
the containment it fills up what we call the fl oodabl e
regi on of the containnent and will fill up above the
| oop el evations. You can see the ADS stage 4 sticks
up like a snorkel above the water |evel. In IVR
configuration this woul dbethe successful contai nnent
fl oodi ng confi guration.

This is a cartoon of reactor vessel
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insul ation that pronotes | VR. There's aninlet at the
bottom that is designed to nornmally be sealed for
normal operation. You have conplete insulation but
when you flood up, it allows water to cone in through
t he bottom

It forms a baffle around the | ower head
that channels the flow. At the top there are vents
desi gned t hat go t hrough t he concrete and vent upinto
t he nozzle gallery near the reactor vessel | oops.

MEMBER ROSEN:  This cartoon |ooks like
it's sone sort of toilet bow float. |s that what it
is?

MEMBER SI EBER:  Yeah, a float val ve.

MR. SCOBEL: There is a design on paper
that has |ike float valves. There's a whol e bunch of
them 1t gets kicked around to change that design to
somet hi ng

MEMBER ROSEN: What do you nean it gets
ki cked around?

MR. CUMM NS: This is Ed Cumm ns. Ve
don't claimto have the detail ed design of the val ve
but the concept of the valve is that it nust passively
open when water cones in to make it float. The
current one is a bunch of float balls and then the

detailed design is a COL itemactually.
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MEMBER ROSEN. But normally it's seal ed so

there is no air flow through there.

MR,  CUMM NS: Exactly. You want the
cooling air to go up to the vessel supports.

MR. SCOBEL: In normal circunstances the
top of these vents is covered and the bottom is
seal ed.

MEMBER KRESS: What i s the general size of
t hat annul us?

MR  SCOBEL: It's 6 to 9 inches, |
bel i eve.

MEMBER ROSEN:  And how do you get the tops
of f? 1 understand how you are thinking about getting
t he bottom open but how do you get the tops to sea
the tops off?

MR. SCOBEL: They just sit on top of the
vent .

MEMBER ROSEN: So t hey don't cone of f when
you go to in-vessel retention?

MR, SCOBEL: They do. You get a |lot of
steam and water flow up through there which is --

MEMBER ROSEN:  So it pops them of f.

MR SCOBEL: Pops them off.

MEMBER SI EBER:  \What woul d happen if you

didn't have anything and it was just open?
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MR SCOBEL: You wouldn't want it to be

open because of the insulation. You get alot of heat
from the reactor vessel that would be comng up
t hr ough there.

MR CUMMNS: This is Ed Cumm ns. The way
we cool the reactor vessel support is by blowi ng air
into that cavity. It goes up on the outside of the
i nsul ati on and conmes up and cool s t he vessel supports.
You need to do that to keep the concrete | ess than 200
degr ees.

MEMBER SI EBER.  Ckay.

MEMBER KRESS: And aml | ooking at the top
at an annul us that goes around, or aml| |ooking at a
coupl e of pipes?

MR SCOBEL: There are four of these.

MEMBER KRESS: Four of these?

MR, SCOBEL: Yes.

MEMBER KRESS: kay. So this annul us
funnels itself into four.

MR, SCOBEL: Yes.

MEMBER KRESS: Located 90 degrees apart.

MR, SCOBEL: Yes.

MEMBER ROSEN:  Kind of |ike Rogers.

MEMBER KRESS: Has t hat confi gurati on been

t est ed sonewhere?
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MR SCOBEL: Yes, it has actually.

MEMBER KRESS: ROSPLOT?

MR, SCOBEL: No, ULPU. For the AP600 we
perfornedrisk oriented acci dent anal ysi s by Prof essor
Theof anous for our |IVR assessnent. |t was presented
in DOE report. There was an analysis and a test
program and a peer review associated with this
analysis. Fromthis analysis there were two tests
t hat were done.

The first was ACOPO which | ooked at the
natural convection of the debris inside the reactor
vessel and the way the heat transfer was partitioned
in the oxide layer. And ULPU which was a test to
investigate critical heat flux capability on the
out si de surface of the reactor vessel |ower head.

From that report and investigation of
AP600 we found that the limting vessel failure
criterion was DNB basical ly, departure from nucl ear
boiling. Exceedingthecritical heat flux, or keeping
the heat flux to the vessel wall fromthe debris | ess
than the critical heat flux is our success criteria.

Also the steady state two-l|ayer debris
configuration presentedthelimting challengetothe
reactor vessel. | should say the credible imting

chal l enge to the reactor vessel which was a netal over
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oxi de debris bed configuration in the | ower plenum

And AP600 showed a very |arge vessel
failure actually. W had about a 50 percent -- 50 or
60 percent -- the heat transfer to the vessel wall was
about 50 to 60 percent of the critical heat flux for
AP600. Wth the cavity flooded and the RCS
depressuri zed we had success.

MEMBER KRESS: Did the nmetal layer in
t hese tests have any heat source other than fromthe
oxi de?

VR, SCOBEL: No, it was all from the
oxide. It was considered to be in the oxide.

MEMBER KRESS: The heaters were put into
t he oxi de?

MR. SCOBEL: No. The ACOPO test. The
natural circulation of the ACOPO test was actually
done on kind of a cool -down basis.

VEMBER KRESS: Hot debris in the first
pl ace?

MR. SCOBEL: No. It was done with freon.
Water and freon. The purpose of the test was to | ook
at the heat fluxes to the vessel wall.

MEMBER ROSEN: Does the surface of the
bott om of the vessel outside matter --

MR. SCOBEL: Yes.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

71
MEMBER ROSEN: -- what the condition is?

MR.  SCOBEL: Yes. It does matter.
Especially for AP1000.

MEMBER ROSEN:  Can you tell us nore about
what you are requiring?

VR, SCOBEL: Tal k about AP1000 versus
AP600. The designs are simlar but there are changes
bet ween t he desi gns that i npact us. The first is that
we have the taller core with 157 14-foot fuel
assenbl i es instead of 145 12-foot fuel assenblies and
t he power level is increased from1, 933 negawatts up
to 3,400 negawatts.

W have a core shroud instead of a core
reflector and the refl ector in AP600 i npacted the in-
vessel core nelt progression significantly. Now we
have a core shroud. Also the |l ower core support plate
sits a little lower in the vessel. This is a very
m nor inmpact. 1'll talk about these in a second here.

To i npl ement | VRfor the AP1000 t here were
speci fic things that we needed to do. W needed to be
able to figure out howto increase the critical heat
flux on the vessel surface because with the higher
power |evel and the debris mass that we had, we were
actually predicting not that we would exceed the

critical heat fluxes that we had determ ned for the
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AP600 configuration, but we were really bunping up
agai nst them very cl osely.

We had a pitch point. W needed to figure

out howto increase the critical heat flux and able to
mai ntain the margins that we had seen in AP600.
If you are going to increase the power |evel of the
vessel, then you need to denonstrate that this therma
failure criterionis still thelimting failure over
a structural failure of the reactor vessel itself.

If you are going to increase the heat
| oad, you are actually going to thin the vessel a
little nmore and you have to nake sure that you stil
have a margin of failure structurally.

Because of the changes inside the vessel
with the new core and the core shroud i nstead of the
reflector, we need to investigate the in-vessel nelt
progressi on and nake sure there isn't a change to the
in-vessel nelt progression and make sure that there
isn't a change to the in-vessel nelt progression that
would lead to a different Ilower head debris
configuration that we expect for AP600.

Al so to denonstrate that the correl ati ons
that we're using for the heat transfer if they
continue to scale properly for AP1000 or if we've

exceeded the scaling of the testing that we had
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al ready done.

MEMBER KRESS: Is the vessel dianeter
about the sane?

MR. SCOBEL: The vessel dianeter is
exactly the same. The |ower head geonetry is the
sane.

MEMBER KRESS: Did you repeat the ROAM
process for the AP1000?

MR. SCOBEL: Say that again, please?

MEMBER KRESS: Did you repeat the ROAW?

VMR, SCOBEL: No. This is not a ROAM
analysis. This is followng the road map that was
| ai d out by AP600 ROAMbut it doesn't have the full --
we have sone tests that we' ve done, and I'll get into
that, but we don't have like the full peer review

To ook at increasing the critical heat
flux, we got Theoto fire up the ULPUtest again. The
last test that was done for AP600 was ULPU
Configuration 3. This is ULPU Configuration 4. It
consi st of alower-head slice geonetry at afull-scale
radi us of reactor vessel. It gives you a full-scale
simulation including all the water head and affects
usi ng a power shapi ng technique to sinulate upstream
condi tions at any given test point.

The ULPU Configuration 4 was still set up
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with the AP600 entrance and exit |osses but we
actually did not consider this to be a major
[imtation. W didn't think that was a limting
factor in the test.

MEMBER KRESS: Did you nodel increased
decay heat with the new test?

MR. SCOBEL: Since we're |ooking for the
l[imt, the critical heat flux limt, we were pushing
the limts higher but we're not actually nodeling
decay heat. W are looking for the limt, not a
scaled test with the decay heat. Do you know what |
mean?

MEMBER KRESS: Yeah, | know what you nean.

MR. SCOBEL: The di fference between -- the
real difference between the two tests, between
Configuration 3 and 4 is Configuration 4 had a novabl e
baffl e that conforns to the | ower head. However, it
was fixed at a 90 degree point. That kind of gave us
alittle bit of alimtation there. These tests are
conpl eted and we exam ne | ower-head baffle geonetry
i mpacts and water |evel inpacts.

MEMBER ROSEN. | assune everybody in the
room knows what this acronym ULPU or UPLU i s except
ne.

MR. SCOBEL: Probably not becauseit's not
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an acronym

MEMBER ROSEN.  On.

MR. SCOBEL: Wien they were first doing
the tests they were being done for the Lovisa plant
which also inplenmented an I VR program They had a
bunch of Finnish engi neers that were taken fromtheir
honmes in Finland and taken out to Santa Bar bara.

MEMBER ROSEN:.  Cruel .

MR. SCOBEL: Yes, it was very cruel. One
of the engineers was nmssing hisgirlfriend. Her nane
was ULPU and this test becane his new girlfriend so
the test is called ULPU. Isn't that a nice story?
This is a picture of ULPU These are the heater
bl ocks down here. There's a riser.

VEMBER BONACA: She doesn't | ook that

good.

MR SCOBEL: Sorry?

VEMBER BONACA: She doesn't | ook that
good.

MR. SCOBEL: Yeah. She's got nice w ring.
There's a downconer. | have a schematic that kind of

actually shows the components a little better. This
gives you an idea of the scale. There is our buddy
Tony standing next to it.

MEMBER KRESS: When you tal k about power
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shaping, you're talking about the distribution of
energy along that surface.

MR, SCOBEL: Yes.

MEMBER KRESS: That cones fromother tests
that you' ve made or calculations of how that's
di stributed?

MR. SCOBEL: Yes. For any given test the
critical heat flux is being found at a particular
point. Wen you are doing a critical heat flux test
you're not actually finding acritical heat flux shape
over the whole test. You're finding -- determ ning
the critical heat flux at 85 degrees.

The power in the upstreamcartridges is
tuned to give the proper upstreamconditions in terns
of void fraction and flow rate to sinmulate the flow
over a hem spherical -- this is a constant slice
geonetry. It's not a pie shape. When you have fl ow
at a given point, it's not the sanme flow that you
woul d get over the slice. Do you understand what |
mean? Theo has come up with an algorithmto tune the
flow.

MEMBER KRESS: | see. |It's like finding
the critical heat flux off of a flat plate but
changing the angle of the flat plate it |ooks to ne

l'ike.
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MR. SCOBEL: Yes.

MEMBER KRESS: It's the angle that makes
the difference in the critical heat fl ux.

MR SCOBEL: That's correct. It does.
How fast you can nove the bubbles away. The power
shaping, | <can't talk of the power shaping in
significant detail howit's done but it is described
in detail in the ULPU reports.

MEMBER RANSOM  What did you say about
this? That it's just a constant width rather than a
pi e?

MR. SCOBEL: Yes. The differenceis taken
into account in the way the upstreamheat transfer is
adjusted in these -- each one of these wires i s going
into a cartridge that's enbedded i n the heater bl ock.

MEMBER KRESS: Basically it |looks to ne
like a clever way to get the effect of the angle from
the critical heat flux. \Where you' re going you're
| ooki ng at departure fromnucl ear boiling conditions
that you get. This is just a way to do every angl e.

You run t he test so departure fromnucl ear
boiling is apt to give a location. You don't care
about really nodeling the whole bottom You're just
| ooking for the effect of the angle and the critical

heat fI ux.
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MEMBER RANSOM Wl |, | assune he's trying

to get enough boiling as you nove al ong the surface.

MEMBER KRESS: In order to get the void
fraction.

MEMBER RANSOM  Li ke you said, the void
fraction, bubble popul ati on woul d be typical of that
point in the pie.

MR SCOBEL: Right. Exactly.

MEMBER ROSEN: I|'m getting a little
worried about getting on with this.

MR. SCOBEL: Yes, sir. This is just
showi ng t he di fference bet ween t he t wo confi gurati ons.
I f you | ook closely, the only difference is the shape
of the baffle. |In AP600 we have a conical baffle.

In this one it's nore hem spherical
conformng to the |ower head. That cones up with
increasing the critical heat flux. That's one of the
effects that we get.

MEMBER KRESS: That has an affect on the

vel ocity.

MR. SCOBEL: Yes. Exactly. Wat we see
if we have a low water level -- here is an exanple
with lowwater level -- it's just |ike boiling a pool.

You are venting steam you're not venting water. The

flowrate is very |ow
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Even with the baffle you can see that in
ULPU Configuration 4 this line represents theresults
of AP600 and we're getting the sane affect i n AP600 as
we are in Configuration 4.

When you fill up the -- when you have a
hi gh water | evel and you are venting water and st eam
toget her, you actually have very, very high flow
rates. Amazingly high flowrates actually. You get
a significant inpact in the heat transfer. W were
getting about 30 percent hi gher heat transfer in ULPU
Configuration 4.

MEMBER RANSOM  Are those critical heat
flux val ues?

MR SCOBEL: These are the val ues of the
critical heat flux, yes. There were different baffle
positions but, if you renenber, it was a fixed baffle
at 90 degrees. Wen they noved the baffle it was only
at the bottom

MEMBER KRESS: So i s that enough increase
in heat flux to overcone the new hi gher power?

MR, SCOBEL: Actually, it is. Then we had
some conclusions from ULPU Configuration 4. e
submtted the test report to the NRC. In fact, this
is the nunmber. CHF can be increased significantly to

accomodat e AP1000 but we have to channel the fl ow
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around the | ower head and we have to do it with a high
wat er | evel.

AP600 didn't have this high water |eve
restriction. W did see an adverse exit affect
associated with the fact that we couldn't nove the
baffl e up there. W still had the sane AP600
Configuration on top of the baffle. That |eads us
into ULPU Configuration 5.

ULPU Configuration 5 is an I-NER funded
program It's AP1000 specific inlet and steamventing
nodel i ng i ncl udi ng, as you were aski ng about the turn
and the pinch point includes that. It's got a nore
adj ustabl e baffl e design so you can change it at the
top and the bottom and everyt hi ng.

Addi ti onal aspects t hat we are
i nvestigating, surface effects which you were just
aski ng about, water chem stry and the exit phenonmena
that | was discussing earlier. W are using ULPU
Configuration 5 to optim ze the insulation.

These are results fromULPU Confi guration
5. You can kind of see that this is the line that we
showed before for the AP600 correlation from the
original ULPU  You can see that we're getting nuch
hi gher heat fluxes. These are with the three-inch

baffl e at the bottom
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Then also at the top we got nore
consistent results with the six-inch baffle at the
top. In the end the final cases that we | ooked at
were a baffle that went from three inches to six
inches and we used tap water. W were getting
critical heat fluxes that were nuch hi gher even than
ULPU Confi guration 4.

Part of the reason for this was with the
tap water. At the end of the program they were
willing to oxidize the surface of ULPU whi ch was kept
cl ean at t he begi nning. Once the surface was oxi di zed
we got very consistent results around 2 nmegawatts at
the top of the 90 degree point.

MEMBER ROSEN: And that's what you want.
You want high heat fl uxes.

MR, SCOBEL: Very high critical heat
fl uxes because that's our limt. That's our success
criteria, success or failure.

MEMBER ROSEN: You're at nucl ear boiling
is what this says.

MR. SCOBEL: This is nuclear boiling.

MEMBER ROSEN:  You get these kind of heat
fluxes and it has to be nucl ear.

MR SCOBEL: That's correct.

MEMBER ROSEN. Ot herwi se it woul d drop of f

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

82

dramatical | y.

VR, SCOBEL: Drops off ammzingly fast,
yes. You can see that if you | ook at the ULPU test
report because they take it up to critical heat fl ux.
Whenever they test a point they take it uptocritical
heat flux and you see the tenperature excursion |ike
it goes straight up.

Then they scram allow it to cool down,
and then they take it up to the | ast point where they
achieve critical heat flux and they allowit torunto
make sure that actually is |ike asustainablecritical
heat flux point.

MEMBER KRESS: Now you have to show t hat
you don't exceed these heat fl uxes.

MR SCOBEL: This was step one.

MEMBER KRESS: |'m sorry.

MR, SCOBEL: That's okay. So ULPU
Configuration 5. These tests have shown that the
AP1000 critical heat flux that we determ ned in ULPU
Configuration 4 can be net with margin. The exit
phenonena that we saw before is negligible.

The optimum surface that we've seen from
t hi s was unpai nted and oxi di zed. This is being taken
i nto account in howwe are designing our installation

of the reactor vessel into the plant.
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MEMBER ROSEN: So this is a plant where

the old dictum of you could nove saluted if not
painted is not a very good idea.

MR. SCOBEL: Not with the vessel, no. W
don't want -- we did test paint sanples, |ike sanples.
Well, it was kind of part of the ULPU program
There's athing called m ni ULPUthat they can | ook at
-- | mght be mxing up the tests. There's like a
whol e bunch of little tests that go along with this.
They | ooked at a bunch of pai nt sanpl es and we weren't
really getting the kind of results we wanted fromt he
pai nt ed surfaces. Fromthe oxi di zed unpai nt ed surface
we get great --

MEMBER ROSEN: Normal |y oxidized just
because the plant runs.

MR, SCOBEL: Yes.

MEMBER ROSEN: Do you have to preoxidi ze?

MR. SCOBEL: It will oxidize onits own.
It gets a late oxidation. Wth us and CE now bei ng
partners we have like a | ot of experience and we had
sonme really interesting discussions with CE because
they don't paint their reactor vessels. They said you
get a light oxidation and then it stays that way.

MEMBER ROSEN: Just buil d a vessel and put

it out there in Chattanooga in the backyard for
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awhi | e.

MR. SCOBEL: They use a strippabl e coati ng
t hat they take off once they install it. It protects
it when it's sitting out in the yard. Then when they
take it off they come and they say it's handstri pped
away fromthe vessel

MEMBER KRESS: |' menvi sioni ng hot debris
inside the vessel nelting away sone of the netal to
the inside. |It's thin enough that you can carry the
flux out throughit but it's accepted by the | ess than
the critical heat flux on the outside. You thin it
around. You've got a heavy start in there and naybe
you thin it so much that at that tenperature it can't
stand the weight. That's what you call structural
failure.

MR, SCOBEL: Yes.

MEMBER KRESS: What do you call therma
failure?

MR. SCOBEL: Thermal failure is exceeding
the critical heat fl ux.

MEMBER KRESS: It's going to nelt through
t hat spot ?

MR. SCOBEL: Yes. | would envision that
it would nmelt through the whol e way around because it

woul d get so hot.
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MEMBER KRESS: Which is al so a structural

failure that happens a lot differently. |t happens
because --

MR SCOBEL: Because it nelts through.

MEMBER KRESS: It nelts through. Ckay.

MEMBER ROSEN: It nel ts t hrough because it
exceeded the critical heat fl ux.

MR SCOBEL: Exactly.

MEMBER KRESS: The other way is just
wei ght. Just basic creep rupture.

MR, SCOBEL: Yes.

MEMBER KRESS: Because the netal is thin.

MR, SCOBEL: Yes.

MEMBER RANSOM | have a question. Has
the Thermal Hydraulic Subconmittee ever reviewedthis
experi ment ?

MEMBER KRESS: W have reviewed it to sone
extent for AP600. W had Theofanous cone in and tal k
about the attendance in the ROAM This was sone tine
ago. We haven't reviewed these new experinents. At
some point you're going to talk about the heat
transfer on the inside?

MR, SCOBEL: Yes. For the structural
failure we wanted to confirmat the hi gher power | evel

that we were still okay and consi deri ng aboundi ng heat
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flux of 2000 -- the heat fluxes that we are expecting
from AP1000 are actually about 1,400 or 1,500
kilowatts per square neter so this is a heat fl ux.

The vessel is still carrying 36 tinmes the
thickness that it needs to carry at that | oad whichis
on the same order of nmagnitude as AP600. AP600 was
nore like 70. It was |ike double that.

MEMBER KRESS: Is the heat flux stil
maxi rumin the netal |ayer?

MR, SCOBEL: Yes. This is a nmaximm
Actual ly when you consider that this is about the
critical heat flux, it's about the biggest heat fl ux
that you can stand. Even at a |lower heat flux this
woul d be nore |ike 50 or 60.

Here we get to in-vessel nmelt progression
which is | eading up to what we're taking about. The
AP600 in-vessel nelt progression was strongly
i nfluenced by having a | ow power density and --

MEMBER KRESS: MAAP 4 results?

MR. SCOBEL: No. This is talking about
what we did for AP600 and then how it relates to
AP1000.

MEMBER KRESS: How did you get to AP600
i n-vessel nelt progression, MAAP 47

MR. SCOBEL: No. Actually, it was done
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with a bunch of engineers working on it for a |ong
ti me because you can't nodel the details with MAAP 4,
the details of how things progress with MAAP 4 so
there were nodels that were done that you could
consi der to be alnost |ike hand cal cul ations.

First principlecalculationsif youwll.
The nmelt progression -- and it was |i ke not one person
but it was |ike Theo and peopl e from Argonne, Senece
and Conmpany and Ruth Spencer's group.

MEMBER KRESS: This was part of the ROAM
process?

MR. SCOBEL: This was part of the ROAM
process. It was not |ike one day. It was |like a one-
year programto come up with the nelt progression for
APGOO0.

MEMBER KRESS: It boils down to expert
opi ni on on the probability of these things happeni ng?

VR, SCOBEL: There was expert opinion
i nvol ved, yes. But the conclusions that were
i mportant was that the downward rel ocation hal fway is
bl ocked which is consistent with things |ike Three-
Mle Island.

You have a sideward failure through the
reflector into the dead-ended regi on whi ch woul d t hen

all owthe debris to contact the core barrel. The core
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barrel would fail and the debris would relocate into
t he | ower head.

Sone ot her things that aren't specifically
up there. In AP600 the reflector around the core was
a very thick chunky piece of netal. It was five
i nches thick.

MEMBER KRESS: Does that protect the
vessel against radiation enbrittling or was it a
thermal barrier or neutron effect?

MR. SCOBEL: It was for neutronics and it
al so protected the vessel fromfluents. 1'mspeaking
alittle beyond ny conpl ete know edge. There was this
big chunky reflector there. It was a strong therm
barrier.

The core nelt progressi on downward was a
ot faster than nelting through the reflector so
consequently in AP600 you essentially haveto nelt the
entire core before it can generate enough energy to
melt through the refl ector and then through the core
barr el

When you got the initial relocation into
t he | ower head, you would have this oxide pull that
would nelt through the reflector and then the core
barrel and then pour down into the |ower head and

contact the | ower support plate frombelow It al
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occurred in kind of one fell swoop and filled up and
contacted the | ower support plate.

AP1000 has a hi gher core power density and
a core shroud i nstead of areflector so we really need
to investigate how we expect the AP1000 core nelt
progressi on to progress.

This is a picture of the core shroud which
isnot really conpared to the refl ector but the shroud
part itself is seven-eight's of an inch thick around
the core and it has the support rings on the outside.

At the bottomthere's a four-inch thick
plate and it has 16 cooling holes that go throughit.
Each of these holes is about three-quarters of an i nch
in diameter. They go down and they turn 90 degrees
and they get their cooling fl owfrombel owthe top of
the -- the bottomof the active fuel

This is under nornmal circunstances you
have a bypass fl ow that goes through the core shroud
there. Then the core barrel sits on the outside and
these rings kind of rest inside the core barrel. This
is the | ower support plate.

MEMBER KRESS: All that is steel?

MR SCOBEL: It's all stainless steel. So
in nodeling this core relocation, the first thing we

needed was an accident sequence, by definition a
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successful VR fully depressurized. W want to | ook
at the earliest core uncovery core nelt progression
because of decay heat being higher so that's
conservati ve.

We don't want the vessel to be refl ooded
i nsi de because our bounding case is no water in the
vessel cooling. W were only cooling the core from
t he outside. What | conservatively assuned, it
doesn't have anything to do with probability or
anything, | just | ooked at a spurious ADS stage 4 case
because you can't reflood the vessel. It's a large
LOCA. It's very early. It progresses very rapidly.
This was ny case.

| did run MAAP 4 cases but because |I'm
| ooki ng at detail ed heat up of the coreinternals, the
MAAP 4 nodel for the core internals are very prude.
If you're looking at the core nelting they are fine
for that. |If you are |ooking at how the core shroud
and core barrel heat up, they are not so good for
that. W put together a Finite difference nodel of
the core and i nternal s which used the uncovery ti m ng
from MAAP 4.

Now, this nodel had its limtations in
that it actually couldn't nodel the nelting and

rel ocation of the core once it heated up to a certain
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level. W also have --

MEMBER KRESS: Finite difference nodels
are usually fixed geonetry.

MR. SCOBEL: Fixed geonetry. Exactly. To
suppl emrent what we did with MAAP 4 and what we did
with that, we al so have hand cal cul ati ons of the core
heat up and nelting that were nuch |i ke what was done
for AP600 to |look at how it would relocate to the
di fferent regions of the reactor vessel and then heat
up.

The first thing we seeis the formation of
a in-core debris pool. During the nelting process
-- the heat up and nelting process we actually see
t hat the upper parts of the core shroud nelt actually
prior to the fuel nelting.

MEMBER KRESS: Radi ation?

MR SCOBEL: It's fromradiation. Heat
transfer fromthe fuel. Wienit's getting up closeto
its nmelting tenperature, the inside of the shroud
woul d melt and we saw and t hi nni ng of the core barrel
as well. It's very overheated.

Most of the peripheral fuel assenblies,
t hough, by radi ation coolingtothe core barrel andto
the core shroud remain intact so you have this

boundary around the core of intact fuel assenblies.
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We expect a bl ockage -- an oxi de bl ockage to occur at
one neter above the bottom of the fuel.

This is significant because if you
remenber what | said in AP600 we nelted the entire
core before we were able to nelt out through the sides
of the reflector and the core barrel. Now, in AP1000
we don't nelt the entire core. W have a bl ockage.

At the poi nt where you get an oxi de debri s
pool that can then generate super heat and fail
t hrough t he side, you al ready have the core -- not the
reflector but the shroud is already nelted so the
boundary i s actual |y i nsi de t he oxi de fuel assenbli es,
t he peripheral fuel assenblies that are intact.

When they fail the in-core debris pool
will then pour down into between the bottom shroud,
which is still there, and the core barrel. It wll
fill up <contacting the core barrel which is
significantly overheated and you have a sideward
failure at the top of the oxide pool that then all ows
the debris to core down into the | ower head.

MEMBER ROSEN:  Top of the oxide?

VR. SCOBEL: That's actually where the
heat flux -- because when you have the in-core debris
pool you have strong heat fluxes upward.

VEMBER S| EBER: | would have sort of
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guessed t hat the oxi dation of the claddi ng woul d have
been so severe prior to this happening that the fue
woul d nore or less fall apart before it nelted.

MR. SCOBEL: In the peripheral fuel
assenbl i es?

MEMBER SI EBER:  Yes. |Is that potentially
t he case or not? Because there's going to be a | ot of
oxi dati on goi ng on.

MR.  SCOBEL: Yes, there is a lot of
oxi dation. You do have less in the peripheral fue
assenblies, actually.

MEMBER SI EBER:  That's true.

MR, SCOBEL: But the tenperatures that
we're seeing led us to predict that they were still
st andi ng.

MEMBER SI EBER:  Still standing.

MR SCOBEL: You see, this is --

MEMBER SI EBER It probably doesn't make
a difference.

MR. SCOBEL: It's also a conservative
assunpti on. l"m sorry. It's a conservative
assunption, too. There's |ike so nuch stuff to this
that keeping track of it is difficult. But it's
conservative also to assune that the peripheral fue

assenblies are standing because it significantly
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limts the nmass associated with this initial
rel ocati on which, as we continue to talk about the
progression, it sounds funny that we want nore nelted
fuel but we do. \What we want to do is we want to
contact the | ower support plate like we did in AP600
to nelt the nmetal debris on top of the oxide debris.

MEMBER ROSEN:  You need to pick up the
pace a little bit.

MR. SCOBEL: |'msorry. There's so nmuchto

this.
MEMBER ROSEN:. | know, but we only have - -
MEMBER KRESS: Let nme nake one comment
her e. The committee normally deals in the

propabalistic world and view this as one potenti al
nmelt progression description out of a nunber of
possi bl e ones.

Normal |y they would think in ternms of the
wor st configuration you could have and what is the
probability 1'mgetting that configuration and does

that worst configuration fail through the vessel by

any neans. It's a little difficult to accept one
description of core nelt degration. There are
probably other possible ones. That's ny initial

reaction right now.

MR. SCOBEL: The other really likely
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scenario that | could potentially think of would be --
it's not very likely because --

MEMBER KRESS: | would make a scenario
i ndependent. | woul d ask nyself given this stuff in
the core that | have, what is the worst condition down
there that | can have that would cause it to nelt
through. 1Is there sone configuration in there that
woul d cause it to fail? Then back into that and say
what is the probability of ne getting that.

MR SCOBEL: Actually --

MEMBER KRESS: You don't have to get into
scenari os.

MR SCOBEL: This is the process that |
went through. In doing this | was partnered with
FORDUM Aali Kinel einen. Actually, the guy you naned
the ULPU test. W actually were trying to fail the
vessel in doing this. This is the core nelt
progression that we cane up with know ng what we know
about howit's going to nelt.

The downward rel ocati on you have a whol e
| ot of frozen netal down here and it's just solid at
the top of the core support plate. It's not going
anywhere. Because of the nelting of the core shroud
and core barrel, thosetiny little holes at the bottom

of a core shroud are bl ocked.
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Not only that, the exits to them are
bl ocked with netal as well. The only failure scenario
for getting the debris out through fromup here to
down here is through the side. There's really no
ot her place for it to go. The way that it would cone
t hrough the side because we were saying the core
barrel up here is heated up and over heat ed but the way
that it comes through the side is by nelting the core
barr el

The way that it nmelts the core barrel is
you have a debris pool with super heat in it and so
it's going to start the nelt and where the highest
heat flux is with the debris pool. That occurs at the
top of a pool because of the natural circulation in
t he pool. You fail the debris pool and then you ki nd
of oblate a hol e as the debris pours through the hol e.

MEMBER KRESS: Then what | woul d have done

is take that debris and set it on the bottom of the

vessel .

MR, SCOBEL: Yes.

MEMBER KRESS: |' mnot quite sure howdeep
it is. | would ook at different depths and see if

there is sonme optimumdepth to fail the vessel.
MR. SCOBEL: W |ooked at how deep the

debris woul d be next.
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MEMBER KRESS: | don't know how deep it

MR. SCOBEL: Well, we know what a m ni mum
mass woul d be because m ni num woul d be bad.

MEMBER KRESS: That's why | said |ower
mass because you're concentrating it down with a bad
heat i ntake.

MR. SCOBEL: Interns of minimummssit's
like we held up the peripheral fuel assenblies, we
hel d up what ends up bet ween where t he core shroud and
core barrel would be. W held up as nuch debris as
possible. W had a m ninumdebris relocation of 6.2
cubic neters.

MEMBER KRESS: That's getting close to
what | was sayi ng.

MR. SCOBEL: | think we're on the sane
page. It's just that I"'mtrying to go through this
qui ckly.

MEMBER ROSEN: And the 14-foot fuel
that's two feet of it left?

MR. SCOBEL.: That's actually about a
net er.

MEMBER KRESS: So you've got --

MR. SCOBEL: That's conservatively high

MEMBER KRESS: You' ve got conpetition
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between |abel that and the heat transfer and the
t hi nning of that vessel down there.

MR. SCOBEL: Yes. Wll, down here you
have wat er.

MEMBER KRESS: Ch, there's water down
t here?

MR. SCOBEL: Yeah, there's water that's up
to about the bottom of active fuel.

MEMBER KRESS: You're going to boil that
of f?

MR. SCOBEL: Yes. Now, what you have is
a horse race between how fast this debris up here
nmelts and pours into the | ower head versus how | ong
the water will last. That's the next slide. Actually
what we see -- and we nmake conservati ve assunpti ons on
how | ong the water is going to |ast.

We assune actually that based on boiling
the water, we assune that we filled up the entire
| ower head whi ch we haven't done so we put nore heat
into the water than is actually there. W have done
this on a conservative basis trying to fail it and
having math errors and thinking that we failed it and
then finding them

In the end what we cane up with, since

have to go fast, we have like an early timng and a
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duration for relocation. This is for our nodeling of
t he subsequent relocation of the debris. W nodel
each of the regions and we keep track of how nuch heat
is in each one and how much mass based on our
conservative calculations of how nmuch initially
rel ocat ed.

What we conme out with for success we say
t he debris contacts the | ower support pl ate before you
get to dry out. This is for mtigating the focusing
effect. We get a debris contact occurring at -- well,
times zero is 6,000 seconds so it's |like 717 seconds
after theinitial relocation. The |l ower plenumdryout
occurs.

Like | said, this was conservatively
cal cul ated qui ckly at 6,888 seconds. What this neans
is that we expect all the transient debris
configurations that would be in the | ower head before
you contact the support plate to be water-cool ed.
Once you contact the |ower support plate, then the
focusing effect is mtigated by the amount of debris
that you can nelt into the | ower head.

MEMBER KRESS: Did you take any credit for
this in assessing or design basis accidents in the
SAR?

MR. SCOBEL: Design basis accidents don't
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have nelting fuel.

MEMBER KRESS: This is all for the PRA?

VR SCOBEL: This is all for the PRA
This is all for IBR specifically.

MEMBER RANSOM Do you have a severe
accident nodel that you use to do the thernal
cal cul ati ons and rel ocati on? Does MAAP gi ve you t hat ?

MR SCOBEL: We actually did it with --
this is a schematic of the nodel we used and it was
done on a spreadsheet.

MEMBER KRESS: This is all to support your
success assunption in the PRA?

MR, SCOBEL: Yes.

MEMBER KRESS: You've got depressurized
and water in the cavity, then you don't fail.

MR. SCOBEL: Yes. This is basically to
come up with the debris configuration in the | ower
head to justify metal over oxi de debris configuration.
We are relocating oxide and it's contacting the | oner
head. It's contacting the | ower support plate from
t he bottom and nel ting.

MEMBER KRESS: What's happening to that
nel ti ng debris while you're having the race goi ng on?

MR SCOBEL: Down here?

MEMBER KRESS: Yes. It's got a crust?
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MR, SCOBEL: It's got a crust. [It's got

water. It's cooled with water.

MEMBER KRESS: So you're not nelting the
head during that part?

MR. SCOBEL: No. It neans that the heat
fluxes fromthe debris in the | ower head to the | ower
head are bounded by the final steady state debris that
you get when you have a full natural circulating
debri s pool .

MEMBER KRESS: Yeah, but do you think an
oxi de crust on the bottom of that pool provides any
protection to the | ower head?

MR, SCOBEL: Yes.

MEMBER KRESS: Do you have a nodel that
says that?

MR SCOBEL: Just based on the heat
transfer calculations that we do for assessing the
final steady state |IVR configuration.

MEMBER KRESS: Steady state is okay in
this case and | don't mind that. | would like to see
the nodel because only a crust wll adjust its
t hi ckness to acconmodate the heat flux through it.

MR SCOBEL: That's taken --

MEMBER KRESS: It's the heat flux and the

tenperature that you get on the bottom side that
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determ nes whether you're nmelting it.

MR SCOBEL: That's actually taken into
account, yes. That's all taken into account.

MEMBER KRESS: Show ne where the
docunentation is.

MR. SCOBEL: |It's all based on the sane
nodel fromthe AP600 ROAM The crust has an inside
surface tenperature that is the liquid of the oxide.

MEMBER KRESS: O the oxide. Right.

MR. SCOBEL: Yes. And so you have an
i sot hermal boundary around.

MEMBER KRESS: You have an i sothernal
boundary so the crust adjust its thickness.

MR SCOBEL: Yes. So you --

MEMBER KRESS: You get the heat fl ux.

MR. SCOBEL: And you get the heat fluxes
fromthe natural circulation so when you get each of
t hose heat fluxes you calculate a crust thickness
based on the heat fl ux.

MEMBER KRESS: And that fixes the netal
t emper at ure.

MR. SCOBEL: And that fixes -- exactly.

MEMBER KRESS: And that's the nodel you
have?

MR. SCOBEL: Yes, sir. That's exactly!the
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nodel we have.

MEMBER KRESS: K'vy.

MR. SCOBEL: RASPLAV and MASCA. W had
specific questions about RASPLAV and MASCA. W
address these in detail in REI720047. These are in-
vessel material testing using prototypic materials.
However, the conditions for RASPLAV and MASCA ar e not
protypical. The really nunbers are too | ow

MEMBER KRESS: You don't have enough for
the --

MR. SCOBEL: Yeah, you can't get the
scale. You can't get it big enough.

MEMBER KRESS: You can't get it big
enough.

MR. SCOBEL: Right. Really nunbers are
too low. Heat fluxes are too high and they are com ng
fromthe wong places |i ke they use radi ant heatingin
sone cases which is from outside the debris, not
inside the debris so the crust are all wong. They
don't have acceptable ratios of the nasses.
Consequently | don't really think we draw a whol e | ot
fromthem

MEMBER KRESS: [t's not prototypic enough
for AP1000.

VMR, SCOBEL: No. But we don't believe
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that they contradict our position because for our
conditions --

MEMBER KRESS: What did they find out in
RASPLAV and MASCA?

MR, SCOBEL: There were certain cases
wher e t hey had reacti ons bet ween net al s and oxi de t hat
resulted in --

MEMBER KRESS: Material interactions.

MR. SCOBEL: Yeah, material interactions
bet ween where t hey had a bott omurani uml ayer, urani um
and steel.

MEMBER KRESS: |f you've got uranium and
steel in the bottom you fail the vessel

MR.  SCOBEL.: Not necessarily. No,
actual ly.

MEMBER KRESS: |t depends on whet her they
carry any heat fl ux.

MR SCOBEL: Well, it depends onthat. It
depends on how nuch heat flux it carries. |t depend
on how rmuch netal it takes away because if you assune
that you react like a whole lot of it and you can
assune that it thins the top netal |ayer. Those
interactions are --

MEMBER KRESS: Are they exotherm c?

MR. SCOBEL: They are actually oxidation
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reduction reactions sothey aren't strongly exotherm c
at all.

MEMBER KRESS: Al npbst neutral.

MR SCOBEL: Yeah.

MEMBER RANSOM Wio made these tests?
Were were they done?

MR. SCOBEL: They were done in Russia and

t hey were sponsored by CSNI and CECD? |' maski ng Bob

Pal | a.
MR PALLA: | think yes.
MR. SCOBEL: Bob Palla thinks yes.
MEMBER RANSOM And the data is open?
MR SCOBEL: | don't believe it is.
MEMBER RANSOM How are you able to use it
t hen?

MR. SCOBEL: |I'mnot actually using it.
| * maski ng peopl e for assessnents, peopl e who have t he
data. | rely on people who are able to see the data
and | have not seen it. That's why I'mkind of |ike
this is what | know about it. There are open papers
of results but the overall programis not open.

MR. SNODDERLY: Dr. Ransom this is M ke
Snodderly. | think |ater on we're going to hear from
the staff and Richard Lee fromthe O fice of Research.

The O fice of Research is one of the sponsors of the
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RASPLAV experiments and hopefully they will be ableto
gi ve us sone nore i nformati on and the availability of
t he dat a.

MEMBER RANSOM  Good.

MR. SCOBEL: Okay. So let me get intothe
application of heat transfer coefficients. The bottom
line is that we are not really violating still even
wi th our higher power levels. W're getting toward
the top of the oxi de debris pool heat transfer but we
are still within the range of the data.

W are well within the netal |ayer heat
transfer data. W have a nodest extrapol ation for the
d obe-Dropkin correlation. However, it's only for
really thick metal layers and thick netal |ayers
aren't the ones that give us problens. It's when you
thin the netal |ater.

MEMBER RANSOM The question | have, you
t al ked about these netal |ayers. Are there test data
or cal cul ations that indicate that you actually would
have sonething like that in a severe accident?

MR. SCOBEL: Actually have a netal |ayer?

MEMBER RANSOM  Ri ght. Do you get the
separation of the |ayers?

MR. SCOBEL: You do. Even in RASPLAV and

MASCA they saw the separation of the |layers. Those
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woul d be the tests where we would --

MR. BEHBAHANI : This is Ali Behbahani from
Ofice of Research. As M ke as noted, Ofice of
Research is participating in MASCA and RASPLAV. In
RASPLAV experinent they did test four different type
of corium conpositions, 100 percent oxidic and then
they | owered the oxidation rate of the corium

I n the RASPLAV experinent it was shown if
you add carbon to the nass you have a certification of
the melt where you have two | ayers of oxidic nelt.
One richer in nmetal than the | ower one.

In MASCA experinment it was mainly done
from material point of view where you had zirconi um
containing corium Then we added iron to it and then
you get separation. Thereby you have heavy neta
relocated to the lower part of the mass next to the
vessel wall.

If I recall correctly, the density of the
nmetal nelting relocated to the |ower part of plenum
was about 12 percent higher than the oxidic nelt
itself. It was very heavy. | don't know whet her you
can m x the whole thing even if you have such a high
nunber with that variation of densities. This is the
finding so far in MASCA experinent.

In addition, | should nmenti on addi ti on of
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boron carbide to the melt in addition to iron that
accentuates this whol e nelt separati on where you have
| arger amount of netallic nelt relocated to the
bott om

VEMBER RANSOM | guess the inportant
thing woul d be that your nodel is considered to be
conservative and you are sort of taking a worst case
type situation where you get the hi ghest heat transfer
and assune natural circulation exist inthese |ayers.
I s that what you're doi ng?

MR, SCOBEL: Yes. It actually is. You
can say can you have a worst case with |ike a heavy
netal |ayer on the bottom Depending on assunptions

of how you partition the heat, heat doesn't go with

ur ani um It's in the fission products, not the
urani um If you sink uranium netal |ayer to the
bottomand it has no -- it doesn't have like all of

the decay heat init, then --
MEMBER KRESS: Then it just hel ps you.
MR SCOBEL: Yeah. It's not a problem
MEMBER KRESS: Tests have shown t hat when
you do that the nmetals strip out the netallic fission
products to some extent. It does carry fission
products with it. You would expect themto go with
it.
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MR. SCOBEL: But it actually has to carry

a lot of fission products withit. It's not just --
if it's like 20 percent, it's still okay.

MEMBER KRESS: It does boil down to how
much i nternal heat generation nmetal will carry with
it.

MR. SCOBEL: But if you have t hese nat ur al
circulation rates that we are considering, you know,
peak the heat fluxes at particular points on the
vessel, and we're |looking at peak heat fluxes
conservatively at the top of the oxide layer, in the
netal |ayer, depending on how nmuch netal you can
include in the debris which conmes down to whether or
not you can contact the support plate. W are trying
tolook at it, you know, conservatively but not overly
conservatively. It's a PRAso we're trying --

MEMBER KRESS: Overly conservative woul d
be put the netal on the bottom and put all the heat
in.

MR SCOBEL: Yeah.

MEMBER KRESS: That woul d be going too
far.

MR, SCOBEL: Yes.

MEMBER RANSOM Wl |, | know people like

SCDAP. There' s anot her severe acci dent code around
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t hey use.

MR SCOBEL: MELCOR

MEMBER RANSOM  MELCOR.

MR SCOBEL: |It's a lot |ike MAAP.

MEMBER RANSOM | know they are doing a
ot of work with the Europeans on this sort of thing
and |' mwondering is that available to you to try to
-- at least it has sone nechanismin an attenpt to
nodel where the sources of energy are and whet her
separation is occurring, nelting of the materials.

VR, SCOBEL: I'm not aware of their
studies. | don't know who's doing that.

MEMBER RANSOM But you're not using any
severe acci dent codes to drive what you' re doi ng here,
| guess?

MR. SCOBEL: No, not right here. Thisis
done in cal cul ations specifically --

MEMBER RANSOM | woul d think it woul d be
of sonme concern to the NRC how your calcul ations,
whet her they would agree or disagree with what is
predicted fromsone of the severe acci dent codes.

MEMBER KRESS: Most of those severe
acci dent codes when they --

VEMBER ROSEN: Could you talk into the

m cr ophone?
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VEMBER KRESS: Most of those severe

acci dent codes when t he debris goes to the | ower head,
a few tens of seconds later it goes through the head
because the outside of the head is not cooled. You
woul d have to nodify those codes to take care of this
cooling on the outside. Plus, they don't have rea
det ai |l ed nodel s for the natural circul ationin a pool.

MEMBER RANSOM Wl |, | knowt hey attenpt
to do that.

MEMBER KRESS: [It's not very inmportant in
t hose codes because every tinme you get the debri s down
there it goes right through the head so they don't
need to pay nuch attention to it. Here you' ve got a
different situation and youneedtodoalittle better
job, I think, of nodeling the heat transfer in a pool.
You mght Jlearn some things about this nelt
progression and what gets down there in the first
pl ace by using sone of those codes.

MEMBER RANSOM  That's what | would be
concerned with is are these really conservati ve.

MEMBER KRESS: Does he have the right
materials down there at the right timng and pl aces.
You m ght | earn some things and get sone insight on
t hat .

MR SCOBEL: | don't knowif this answers
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your question but if I were to nodel this in the MAAP
code with AP1000 I don't fail the vessel. MAAP has
| ower head cool i ng nodel s.

MEMBER KRESS: ©Oh, MAAP does.

MR. SCOBEL: MAAP does. | don't fail the
vessel and it's not that | don't trust the MAAP result
but I want to look at it in nore detail. MAAP doesn't
nodel the specific in-vessel core relocation effects
t hat we have nodel ed outside of the code.

It doesn't -- it uses |like five rings on
t he | ower head to nodel the vessel and we're tryingto
look at this nore detailed with the natural
circulation from the testing that we have and to
figure out if we believe that the | ower head will stay
intact for IVRand if we have margin. That's kind of
t he next slide.

MEMBER ROSEN:  Let ne just point out we've
got 45 minutes left until we can adjourn for the
nor ni ng. Between you and Sel i mwe' ve got a coupl e of
i nportant conclusary topics to nake. However you
figure it out but by 12:15 we are going to adjourn.

MR. SCOBEL: kay. I think I'm al nost
done with this. Tal king about heat transfer and say
we scal e okay. Quantification of the thermal | oads.

Now t hat we have a nodel for the | ower head we have a
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nmetal over oxide debris pool configuration.

We use the DCE net hodol ogy that Theo devel oped. W
are using the new critical heat flux from ULPU
Configuration 4.

We use AP1000 speci fi c i nput paraneters on
geonetry and heat| oads. W devel oped sone probability
di stributions for uncertain paranmeters such as the
fraction of cladding reaction, the mass of stainless
steel that would be included in the debris, and the
timng with respect to shutdown.

This is a bounding calculation just to
show you the critical heat flux line with the 30
percent i ncrease fromULPU Configuration4. Thisline
here is the heat flux, the solid line. This dotted
line in between is the ratio of the heat |oad to the
critical heat flux for this calculation.

I n AP600 where we were down around here
and AP1000 was up around 70 percent for a bounding
cal cul ation. W have a probability distribution for
the three pl aces that we | ook at that are specifically
wher e you woul d expect failure to occur, at the bottom
of the | ower head, at the top of the oxide pool, or
t he bottom of the nmetal pool.

The probability distributions of the heat

| oads | ook |li ke this out here at the maxi nrum You can
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see we are about the same place for that bounding
calculation that | presented earlier whichis about 70
per cent.

Qur conclusions were that we have
denonstrated that 1VR is successful for the AP1000.
we have a margin of failure that's simlar to AP600,
not quite as nmuch. We had to increase the critica
heat flux which |eads us to other success criteria
with respect to operator actions flooding the cavity.

W have a new structural requirenent on
our insul ation that AP600 was required. Basically the
structure of the insulation couldn't break free to
bl ock fl owpaths. W now have a structural limtation
fromthe | ower head that it actually forns the baffle
around the | ower head to increase the critical heat
flux with the velocity of the flow W need to have
deep fl ooding of the reactor cavity.

That's the end of the IVR presentation.

MEMBER ROSEN:  Now, we explored a little
bit nodel uncertainty. To me the nost salient point
is does this thing progress the way you say it does?

MR SCOBEL: Yes.

MEMBER ROSEN:. Tom asked a few questions
about that. | guess what |'m struggling with is

trying to get the confidence that the sequence is as
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you suggest. Did you do any sim |l ar cal cul ations for
ot her nodel or sequences of the nelt progression and
assure yourselves that this is the nost severe one?

MR. SCOBEL: Yes. | have sone bounding
cal cul ations that I've done for | ooking at heat | oads
fromnmetal on the bottom Having netal on the bottom
and sendi ng the upper netal |ayer.

Qoviously if you put heat |load into the
bottom then you don't have the same -- then this
comes down to do you put all the decay heat in the

bottommnetal |ayer? How nuch of the decay heat do you

put in? | have sonme backup slides actually if you
want to see them | haven't presented t hese anywhere
bef ore.

VEMBER ROSEN: It's up to you -- the
guestion is on the table -- how you want to address
it.

MR.  SCOBEL.: Ckay. To assess heat

transfer inthe bottomnetal |ayer, if youlook at ---
start out by looking at this INEL report that has a
nodel for key transfer of the bottomnetal |ayer and
it's not right.

| don't know if there's a map there or
somet hing but they have sone conditions that are

actually simlar to what | would say would be a
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boundi ng condition for AP1000. The heat flux that

they are getting at the bottom of the vessel is
uniformover the entire bottommnetal layer. It'slike
4 megawatts.

| f you | ook at the -- it's really high, 4
nmegawatts per square neter. |If you look at it, that
assunmes that over that area that's all of the decay
heat . It's like 100 percent of the decay heat.
That's not right.

| started | ooking at that and | was |ike
| did a calculation and to get heat fluxes through a
netal layer like that it's |like tens of thousands of
degrees to conduct that kind of energy. Even if you
assune | ess energy through half a nmeter or whatever
you expect this bottomnetal |ayer to be thick.

You get like tens of thousand degrees to
transfer any kind of a heat flux through the bottom
Heat just doesn't really want to go down |i ke that.
What that neans is you're going to end up with |ike a
stratified bottomnetal | ayer.

You're going to have the bottom part
conducting to the vessel wall and the top part is
going to have a natural circulationflowinit that's
going to be conducting upward into the oxide | ayer.

You have a total thickness of the netal

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

117

| ayer and you have sone thickness of it that is the
conducting part and you're going to have sone
t hi ckness of it that is the convecting part. t he
boundary between those two layers is going to be a
conmon tenperature. You can kind of draw this up
as --

MEMBER KRESS: |s that a solid restrictor
or i s that just tenperature because that's anin-|ayer
down there that doesn't circle it.

MR. SCOBEL: You nean this tenperature?

MEMBER KRESS: Is the bottom layer a
sol i d?

VR. SCOBEL: No, it's just not
circul ating.

MEMBER KRESS:. Just not circul ating.

MR, SCOBEL: Yes.

MEMBER KRESS: Ckay.

MR, SCOBEL: Just not circulating. And
then this is the vessel wall. This is your boiling
tenperature so it's |ike saturation. Then you can
kind of pull these things all together with sone
assunptions. First of all, I"musing this because |'m
not real smart and | can't do curved geonetries and
stuff like that. | used an infinite slab.

PARTI Cl PANT: Two di nensi onal .
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VMR, SCOBEL: It's just -- yes. It's

actual Iy one di nensional. Thisis conservative at the
m ni mum margin point of zero degrees because that
woul d be where it's thickest if you' re looking at it
in one dimension. This is kind of |ike a bounding
cal cul ati on which you Iike.

Now, anot her assunption |'mmakingis the
bottom nmetal |ayer has 40 percent wei ght percent of
urani umwhi ch i s consi stent with the assunptions that
were in the INEL docunent and al so the peer review
comments that Theo got from Professor O ander

Now, |I'massunmi ng that 100 percent of the
decay heat fromthe fission products that come froman
equi val ent vol une of the oxide needed to create that
amount of uraniumwent along with the uraniumso this
i s conservati ve.

MEMBER KRESS: Just a DTSE ratio there.

MR SCOBEL: Sorry?

MEMBER KRESS:. Take the total inventory
and DTSE rati o.

MR. SCOBEL: Yes. Yes. |'massum ng that
it's 100 percent of that decay heat so it's not just
the metals. The initial masses of the netal invol ved
inthe reaction is 3,000 kil ograns of stainless steel

because that is actually what's down there already,
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and 7,000 kil ograns of zirconiumbecause that's what
| can calculate could potentially be nolten at the
ti me when you are relocating oxide.

That's the unfrozen zirconiumthat woul d
be in the system sonewhere. |1'mnot even sayi ng how
it got down there because it doesn't really have a
pat hway that we can figure out but just assumi ng that
it went.

So what you cone up Wi th are properties of
a bottomnetal |ayer that has a volune of 1.53 cubic
neters. It's got a height of a little over half a
neter. These are the masses that you get when you
react it based on the 40 percent uranium The power
density in this layer is 1.38 negawatts per cubic
et er.

MEMBER RANSOM Can you clarify alittle
bit for me, you do have an offside |ayer you're
tal ki ng about sitting on top of this netallic |ayer.

MR SCOBEL: This is the bottom netal
| ayer, yes.

MEMBER RANSOM  And it includes part of
the fission products or not?

MR.  SCOBEL: Yes, there are fission
products. You nean in the netal |ayer?

MEMBER RANSOM In terns of this energy
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source. Right.

MR SCOBEL: |I'm assunming that a | ot of
the fission products went with this nmetal |[ayer.
That's what |'m assum ng. A conservative |ot.

MEMBER RANSOM So it does generate -- it
doesn't have i nternal heat generation as well as being
conducted through it, | guess.

MR. SCOBEL: Yes. Actually it does not
have heat coming to it fromthe oxide |ayer.

MEMBER RANSOM  Does not ?

MR. SCOBEL: It does not. It's putting
heat into the oxide |ayer.

MEMBER RANSOM |' mnot sure | understand
t he nodel. The oxi de | ayer has no fission products in
it?

MR. SCOBEL: No. The oxide |layer is being
heated, too. The netal layer is hotter by a couple
hundred degr ees.

| don't know if you care about seeing
equations but these are the equations. You get these
equations. |If there's equations for the conduction
| ayer this is through the netal itself. This is
t hrough the vessel wall. Then in the convection | ayer
there's a nestled nunber. This cones out of sone

ACOPO tests that were published separately fromthe

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

121
DCE report.

MEMBER KRESS: And for the Raeli nunber
you just use the thickness.

MR. SCOBEL: For the Raeli nunber you use
the thickness of the -- yeah. In fact, the Raeli
nunber, this is where the height of the convecting
| ayer is and the Raeli nunber contains the height of
t he conducting | ayer. You have to vary those hei ghts
to --

MEMBER KRESS: You're reiterating on
t hose.

VR, SCOBEL: You're reiterating on the
hei ghts t o converge on t he t enperature so you conver ge
on that tenperature.

MEMBER KRESS: | see.

MEMBER RANSOM What is the internal heat
generation ternf

MR, SCOBEL: That was the 1.38 negawatts
per cubic neter

MEMBER RANSOM | nean, | don't see any --

MR. SCOBEL: OCh, it's inthe Raeli nunber.
It's here and it's in the Raeli nunmber. The Rael
nunber contains the internal heat generation nunber.
Can | hel p you?

MEMBER RANSOM No. | was just -- | don't
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know. It would take ne sonme tine to look into it to
see i f you included conduction t hrough the conducti on
| ayer as well as internal heat generation in the
| ayer.

MR. SCOBEL: Yes. That's why you get this
quadratic termfor the conduction.

MEMBER  KRESS: That assunmes it's
conmpl etely insulated on top.

MR. SCOBEL: Vel |, yeah. Because the
| ayers have the sane tenperature, thenit's insul ated
on the bottom of the convecting |layer and on the top
of the conducting | ayer. Wen you do that you get the
peak heat flux to the vessel wall is 415 kil owatts per
square meter

The CHF down there i s 640 and that's based
on ULPU 4. ULPU 5 it's even higher just to let you
know. That's a q/qchf of 0.65. W still have
bounding results and still have a margin to failure
with these assunptions. That's that.

Then if you | ook at the same assunptions
with respect to how nuch netal you depleted fromthe
netal | ayer by sinking these bounding -- what | woul d
consi der to be boundi ng amobunts of the netals to the
bottom netal |ayer --

MEMBER KRESS: Those woul dn't have any
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heat in them

MR, SCOBEL: Sorry?

MEMBER KRESS: No heat in them

MR. SCOBEL: Yes. Wth no heat in them
" mnot reducing the heat to the netal layer. | do a
boundi ng netal |ayer heat fl ux. | get a bounding
nmetal heat flux of 1578. That's higher than what |
got before because | have a thinner netal |ayer.

The qchf is 1875 there based on ULPU
Configuration 4. Once again, ULPU Configuration5is
hi gher. Based on this nunber |'mat 84 percent of the
marginto failure sol still have bounding result with
margin to failure

MEMBER ROSEN:  The question was have you
consi dered alternative nodels and you have that you
have shown to us very briefly, of course. Thank you
for that answer.

MR, SCOBEL: You're welconme. Thank you
for asking the question.

MR. SNODDERLY: The conmittee will need a
copy of those slides for the record. Thanks.

Wiy don't we try to spend 15 minutes on
the ex-vessel phenomena to help the comittee to
under st and t hat you have done sone anal yses t o addr ess

the fact that if, indeed, in fact the nelt would be to
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go ex-vessel, you' ve done sone studies sol thinkit's
i mportant for themto hear about that.
MEMBER KRESS: |Is this FC?

PARTI Cl PANT: FCl, high-pressure nelt,

MEMBER KRESS: Ckay. NCCl.

MR, SCOBEL: Well, just to say, we | ooked
at all these severe acci dent phenonena i n-vessel fuel
cool ant, high pressure, hydrogen generation, detention
to fission flane, heating the wall, containnent over
pressure by decay, which we tal ked about sone before.
React or vessel integrity whichisrelatedtolVR Ex-
vessel fuel cooling interactions, core concrete
i nteractions, and equipnent survivability during a
severe acci dent.

I n-vessel fuel cooling interactions.
There was a ROAM assessnent that was done for AP600

that was called lower head integrity under steam

explosion loads. It showed a very |arge nmargin of
failure, like 300 tinmes the strength needed to
wi thstand the in-vessel steam expl osion. W have

actual |y extended t hese concl usi ons t o AP1000 because
conservatively we are expecting simlar debris
rel ocati on pat hway.

We don't expect a nmassive bottomfailure
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torelocate the entire core at onetinmeinto the |l ower
head. The si deward pat hway gi ves you t he | ar gest mass
flowrate at one tine. |f you were to assune that it
cane out through the holes in the reflector, it's a
very imted fl ow pathway. W have a simlar debris
rel ocation pathway with simlar debris flowate into
t he same geonetry.

MEMBER KRESS: But you have a higher
fraction.

MR. SCOBEL: Actually we don't because t he
initial collapse of the pool is ceram c because the
nmetals would be drained before nmelting through the
core barrel.

MEMBER KRESS: The ROAM process assumes
some sort of energetic conversion factor of .03?

MR. SCOBEL: Actually, | don't recall
that. The nodeling that was done in AP600 was all
done with PM ALFA and S- POZEM nodel s that were real ly
incredibly critically reviewed by the staff, if you
remenber .

M ke, you were head of that, right?
It was all based on testing programthat was
done specifically for that AP600 ROAM That's ny
politician answer to the question. | don't know what

t he conversion factor was. W rely on the AP600
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results. Since we had so nuch margin to failure, we
have a simlar type relocation that is no different
for AP1000 for in-vessel steam expl osion

Hi gh pressure core damage, we tal ked about
how t hose were treated earlier soif | can just go on.
You want to tal k about hydrogen?

MEMBER KRESS: Does your hydrogen source
stem from MAAP?

MR. SCOBEL: Actually, we used MAAP but we
generated |ike probability distributions and
accentuated MAAP results to be conservative |ike for
detonation considerations. | could say, yes, it was
based on MAAP but it wasn't --

MEMBER KRESS: But you |l et the experts do
the distribution with it.

MR, SCOBEL: Yes.

MEMBER KRESS: Could be high or |ow but
just use that as a guide.

MR, SCOBEL: Yes. | want to cover
somet hi ng about diffusion flanes. W were talking
about diffusion flames and hydrogen being rel eased
t hrough the | RA6T. We did nmake an i nprovenent to the
pl ant response to how hydrogen would be channel ed
t hrough the | RWST and rel eased to the contai nnent.

There are vents all the way around the
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| RWST t hat bal ance the | oads when you have a design
basis released to the IRWT which is based on
saturated conditions in the pool and then like a full
bl ow- down of the ADS into the | RAST

Under nor mal conditions it's not
saturated. |It's subcooled and you don't have such
| arge rel eases. There are vents that are along the
steam generator wall that are well away from the
contai nnent wall so we have decided that under |ow
delta-P situations, what you woul d get when you are
rel easi ng hydrogens through the |IRWST, that these
vents woul d preferentially open over the vents al ong
the wall to release the hydrogen away from the
cont ai nnent shell so you don't have the i ssue rel ated
to diffusion when heating the contai nment shell.

MEMBER KRESS: On what basi s do you assune
t hat t he hydrogen preferentially will go throughthese
vent s?

MR. SCOBEL: These vents are springl oaded
to keep themcl osed and these aren't. They kind of
fl op open and stay open under pressure. And they open
at a lower delta-P than the springl oaded vents do.

MEMBER KRESS: |If they are springl oaded
t hey don't overcone the spring.

MR. SCOBEL: Yes. If you're venting from
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t hese vents, then these vents don't open

MEMBER KRESS: And you have ignitors
somewhere in there?

MR. SCOBEL: Yeah, there's sone ignitors
inside the |RAST. There are ignitors like all over
next to the vents and all through the contai nment.

MEMBER KRESS: And concentrations determ ne
that it's a diffusion flane instead of a detonation?
MR. SCOBEL: Yeah. Yes. |Inside here you
get -- if the hydrogen release is into the | RABT
MEMBER KRESS: This is | ooking down on top
of the | R\ST.
MR. SCOBEL: Yes, this is | ooking down on
t op. | should point out this is also a |ow
probability event because if you have stage 4 ADS

that would be the preferential pathway to rel ease

hydrogen. It's inside the conpartnment. The steam
gener ator doghouses it. It's shielded away fromthe
wal |'s.

If, in fact, you have stage 4 ADS
avail abl e, you will be releasing hydrogen away from

t he contai nment wall anyway. This will be whereit's
going. It's only in the event that you don't have
stage 4 ADS open that you have rel eases through the

| RWBT into the containnent so it's not a dom nant
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sequence but it's a consideration for defense in
dept h.

MEMBER ROSEN: Also if you release it
through ADS 4 you'll have ignitors in the
conpartments.

MR. SCOBEL: Yes. There are ignitors all
t hrough the contai nment doghouses. | have ignitor
pl acenent diagrans if you would |ike to see. There
were specific criteria for placing ignitors near al
potential rel ease points of hydrogen with a specific
di stance between themto prevent flame accel eration.

You had to have doubl e coverage with two
trains of power. Everything is double covered and in
the | oop conpartnents, in the PXS conpartnents at the
exit stall to those conpartnments and in the upper
conpart nent .

For ex-vessel steam explosion, which we
consider to be prevented by in-vessel retention of
core debris, we had an assessnent that was done for
t he AP600 t hat was a hinged failure of the | ower head
into a partially flooded cavity since this was our --
is our primary failure node for the reactor vessel.
We are expecting a simlar vessel failure for the
AP600.

The hinged vessel failure of the | ower
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head is a huge flowrate of nolten debris. W have a
sim | ar geonetry, although t he AP1000 vessel is cl oser
to the floor which results in |like a higher water
| evel on the vessel with respect to the debris and
what not.

| f you have a hinged vessel failure, we
expect simlar masses, simlar conditions, and siml ar
geonetry so we just said we've already done a steam
expl osion analysis for that configuration so we're
just extending those conclusions to AP1000.

MEMBER KRESS: In this case wouldn't you
have nore netal ?

MR SCOBEL: Vell, AP600 was netal as
well. It's like the same --

MEMBER KRESS: Same faction of netal.

MR, SCOBEL: Yes.

MEMBER KRESS: It's the nmetal that causes
it to have a problem

MR, SCOBEL: Yes.

MEMBER KRESS: Is the cal cul ati on nade
that showed that it failed contai nment or not failed
cont ai nnent ?

MR,  SCOBEL: It did not fail the
contai nnent. |t damaged the cavity pretty good but it

didn't fail the contai nnent.
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MEMBER KRESS: You're saying that AP1000

woul dn't fail containnment.

MR SCOBEL: W're extending that
concl usi on to AP1000, yes.

MEMBER SHACK: Is it better or worse
because you have a hi gher design pressure in there in
t he AP1000? Right?

MR SCOBEL: W didn't take credit for that.

MEMBER KRESS: Actually, you m ght be better
of f because you expect the same sort of energetics,
the same mass material. It's the sane netal and you
get the sanme sort of energetics. You' ve got nore
wat er . If you' ve got too nmuch water, it actually
hel ps. You're probably better off with AP1000 then
you were in AP600. A bigger containnment vol une,
hi gher pressure.

MEMBER SHACK: Bigger is always better.

Ri ght ?

MEMBER ROSEN: Let's pick it up.

MR. SCOBEL: Ckay. The core concrete
i nteraction. This is another ex-vessel phenonena

prevented by in-vessel retention. W |ooked at two
vessel failure nodes, hinged failure and a | ocali zed
failure. The hinged failure tends to spread the

debri s.
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The localized failure tends to pile the
debris up under the reactor vessel and not spread. W
| ooked at two concrete types, |inmestone and basaltic,
so that in the event we deci de we want to use either
one, we're not limted by the analysis. Qur success
criteriawas the basemat remai ned i ntact for 24 hours.

It was done with MAAP 4 and the m ni mum
time to basemat failure in the analyses with all the
different kinds of concrete was 2.8 days to nelt
t hrough the basemat. 1In all of our cases the basemat
melt through occurs before you over-pressurize the
cont ai nment wi th nonconencabl e gasses.

MEMBER KRESS: You used MAAP 4 t o consi der
retransfer to the water on top?

MR. SCOBEL: Yes, but we limted the
anount of water on top like we would for our nornma
vessel failure case so it dried out pretty quickly
actual ly.

That's another thing actually. Todothis
analysis we |imted the anpbunt of water that was
avail able at theinitial vessel failure. Under nornal
ci rcunmst ances that water woul d actually recycl e back
to the cavity.

MEMBER KRESS: |t woul d condense on t he --

MR SCOBEL: Yeah. It would condense on
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t he shell. We subverted that process so that it
remai ned dry. This was a dry cal cul ation.

MEMBER KRESS: Radi ation off the top and
down t hrough the cavity.

MR. SCOBEL: Those were the things that
you specifically wanted to see. Equi val ent
survivability, | believe, is nylast slide. Arethere
any ot her severe accident issues that you would |ike
to discuss as | would be happy to do so?

MVEMBER ROSEN: Is this the end of your
prepared remarks or how nuch nore tine do you need?

MR SCOBEL: |'m done.

MEMBER ROSEN:  Conpl etely done. And Sel i m
is going to cone up now?

MR SCOBEL: Selimis done now.

MEMBER ROSEN:  So we're all done.

MR. SCOBEL: We're done and the only thing
| eft at the end of the day would be tal k about the
next steps for future neetings.

MEMBER SHACK: Could you say a couple
wor ds about the dry PCS cooling?

MR, SCOBEL: Sure.

MEMBER SHACK: That's for all sequences
we' re tal king?

MR, SCOBEL: GCkay. Yes.
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MEMBER SHACK: You' ve got the PCS cooling

here so we' ||l buy that. It was the dry one that | was
interested in.

MR. SCOBEL: Dry PCScoolingis sufficient
to prevent containnment failure for at | east 24 hours
-- it's actually nore than that -- based on our
success criteria which is the containment fergility
curve. Under nom nal conditions |ike nom nal
contai nnent the tenperature outside, we don't expect
any failure probability at all.

Now, conservatively if you take ANS decay
heat plus 2 sigma and an outside tenperature of 115
degrees, we cane up with a failure probability of two
percent at 24 hours. In fact, we used that nunber
conservatively in the PRA as our contai nnent failure
probability at 24 hours if you don't have PCS cool i ng.

That coul d have been -- we coul d have nmade
it zero and then made that an uncertainty cal cul ati on
but it really wouldn't have shown up that way either.
It doesn't show up anywhere even with the 2 percent
because PCSwater reliability is so good and we di dn't
even credit all the capability of that system It was
just easier to just go the conservative route, take
the hit on 2 percent.

MEMBER KRESS: This decay heat is all
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going into steam Right?

MR. SCOBEL: The decay heat is all going
into steam Wen we do these cal cul ati ons we actually
cool the core because that maxi m zes the heat | oad to
t he contai nment and gives you the earliest time for
contai nnent failure.

MEMBER KRESS: Heat transfer on the
outside air duct, is that what's controlling the --
you' ve got condensation on the inside?

MR. SCOBEL: The end transfer on the
outside is controlling because you don't have the
evaporation. You just have the convective cooling of
the fl owthrough the PCS annul us. Failure is by over-

pressurization. Anything else?

VMEMBER ROSEN: No. I think unless the
nmenbers have any further questions, | don't see any
interest in that. Any further comments from any

menber of the audi ence?

| f not, we have a session that begins at
1:15this afternoonif I'mnot m staken with the staff
taking over. NRC staff presentation begins at 1:15.
| assune Westinghouse will stick around for that and
we'll see you all back here then at 1:15.

(Wher eupon, off the record for lunch to

reconvene at 1:15 p.m)

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
AAF-T-EERNOON S-E-S-S1-ON
1:17 p. m

MEMBER ROSEN: Qutput for the research
report. Make sure you take it with you and do what
you are supposed to do based on that. | have now
fulfilled my obligation to Dr. Ford.

MEMBER SHACK: Let ne just mention that if
you have any editing comrents, either send themto ne
or give ne a marked up copy so | can include those
when |I'm doing the owy-paid editor's job.

MEMBER ROSEN.  Ckay.

MEMBER SIEBER: Is this going to be sent
to us by e-mail attachment or anything?

MEMBER ROSEN: | don't know. You would
have to ask Peter.

MEMBER S| EBER: That woul d be great if we
would and it's easier for you and ne.

MEMBER ROSEN: Yeah, that's a good t hought
because I'mgoing to have to revise parts of this so
if I had it electronically it would be easier.

MEMBER SI EBER:  Yeah. It nakes everythi ng
much sinpl er.

MEMBER SHACK: | think Peter is intending
to do that.

MEMBER ROSEN: Ckay. Let's get on with
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the afternoon's entertainnent. M. Palla.

MR. PALLA: Ckay. Hi. |'m Bob Palla.
|"min the Probabilistic Safety Assessnment Branch of
NRR. We are responsible for review ng both the Leve
2 PRA. You heard about the Level 1 yesterday. |[|'m
going to speak to the Level 2 and 3 portions of the
PRA and t he severe acci dent anal yses that are part of
the application in support of the PRA

As background, the reviewin these areas
is split between the Ofice of Nuclear Reactor
Regul ation and our Ofice of Research. W are
review ng the Level 2 and 3 PRAs within NRR but inthe
area of severe accidents werely heavily onthe Ofice
of Research to performthe nore in depth reviewof the
speci fic underlying anal yses of severe accidents and
some of the revi ews of the phenonenol ogi cal anal yses.

Richard Lee wll present a brief
di scussion of the research activities as soon as |I'm
finished here. The sooner the better. You get to
hear the real substantial information.

Qur review objectives and approaches
basically as Nick Saltos outlinedit to you yesterday,
we want to ook at PRA in ternms of is the quality
sufficient to support the intended use. Does it

sufficiently guide the insights regarding the safety
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of the design and what's inportant to the design.

We want to al so focus onthe simlarities
and t he di ff erences bet ween AP600 and AP1000 f or hel p.
Basically to provide sone efficiency in the review
W will be |ooking nost closely at these areas of
differences |like the increased power |evels and how
t hat influences in-vessel retention, nolten debris
masses t hat coul d affect core concreteinteracti on and
t hese ki nd of aspects of the nodel. We'Ill |ook at the
i npacts that they would have on the nmajor results.

Now, what |'ve got on the remainder of
this slide and on the next slideis in essence a high-
| evel summary of the areas of concern that we
addressed in the request for information that we
transmtted to Westi nghouse.

Thi s presentati on m ght have beenalittle
nore neaningful if it would have preceded the
presentation by Ji mScobel because then you m ght pick
up on those things that were presented that were
specifically in the areas that we were asking for.
"1l kind of point it out here just what the key areas
are. Many of these areas you' ve already heard Jim
explain analyses in part but then we'll answer our
qguesti ons.

It's kind of a broad-sweeping i ssue that
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we had with t he AP1000 submittal was that when it came
to issues |i ke hydrogen generation and m xi ng and t he
probability of distributions used within the Level 2
analysis. Thermal |oads on the vessel for exanple,
t he i n-vessel and ex-vessel fuel coolinginteractions,
as well as the fission product rel ease fractions.

Al of this information was in the AP
vessels. W didn't receive AP1000 specific anal yses
on those i ssues. Rather, what Westi nghouse appr oached
intheinitial supplenental was that the conposition,
the masses, the super heat that was cal culated for
AP600 i s sim | ar and sim | ar enough to AP1000 t hat the
results were boundi ng.

| guess in recognition of the power
di fferences between the plants and the changes that
were made with reactor vessel internals like the
shroud replacing the reflector, and al so sonme of the
information in the AP1000 subm ttal was suggestive of
the possibility that accident progressionis quite a
bit nore drastic than AP1000 because of AP600.

For all of those reasons we were skepti cal
in accepting at face value wthout sonme kind of
justification or analysis to support the statenent
t hat t he vari ous aspects of the analysis were directly

appl i cabl e.
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Jim expl ained much of this today. He
present ed AP1000 specific cal culations in several of
these areas. W expect that's largely going to be
responsive to the kinds of issues that we were
concerned about. We' |l be | ooking for closely at that
i nf ormati on.

MEMBER SHACK: The responses you have to
the RAI's, or at |east Westinghouse thinks they have
answer ed these questi ons.

MR PALLA: W have not had a feedback
yet. W are still early in the process of | ooking
t hr ough. W' ve given them a quick | ook. | think
Richard nmay be able to speak a little bit nore
definitively. | thinkthey arealittle further along
in their reviews.

In sonme regard, sone of the areas that
they are looking at are the same things that we're
| ooking at. In-vessel retention we're kind of both
| ooking at it, but we | ook to themto provide the real
hor sepower for the details.

For exanple, the RASPLAV and the MASCA
test results, are they applicable or not. Are they
prototypic. This is sonething that Research and Al
Behbahani is nmuch nore famliar with so we will be

relying on them
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| don't want to prejudge sonething as
being a resolved issue if | think it's closed, but
t hen they upon further thought and reflection on it
m ght think there are still some additional details
there. 1'mgoing to be kind of noncormittal to saying
t hings are resol ved. The state that are, at |least in
my mnd, isthat we are still | ooking at these things.

Applicability of AP600 results. W now
have AP1000 specific calculations that we wll be
| ooki ng at so that hol e has been plugged. In the area
of external reactor vessel cooling, as Ji mnenti oned,
t he sane | ogi c as was used i n AP600 has been used for
AP1000.

Basically if the reactor cavity is
successfully fl ooded with a different successcriteria
-- there's been a tweaki ng on the success criteria --
and if the RCS is fully depressurized, the debris
stays i n-vessel

Now, we've | ooked at that for AP600 and we
concluded in our review for AP600 that reactor in-
vessel integrity is likely to be maintained but we
acknowl edged relatively large uncertainties in the
processes involved. They are very conpl ex.

These attenpts to nodel this situation

experinmentally is quite difficult, the design
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experiments that faithfully reproduce it. One could
argue whether the results are prototypic or not. W
see l|large uncertainties in being able to predict
things |ike the heat fl uxes.

The general heat transfer expressions in
and of thensel ves have uncertainties associated with
them In our reviewof AP600 we sponsor some work at
I NEL where they |ooked at alternate debris bed
configurations such as the one that Jim kind of
touched on that in his last few slides where he
described the netallic layer that could sink to the
bottom if sufficient uranium is dissolved and it
becones nore dense.

You coul d have a heat-produci ng | ayer on
the bottom W postulated a couple of other
scenarios. A thinner |ayer on the top, thinner than
what was proposed in the Theof onous report.

We al so postul ated t he possi bility of kind
of a sandwi ch steel | ayer where debris was bot h bel ow
and above the steel layer heating it from above and
bel ow. Perhaps it's a variation on this focusing
af fect.

But in recognition of all of those
uncertainties, we think that it was prudent, and we

did in the AP600, require additional calculations,
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determ ni stic cal cul ati ons of ex-vessel phenonena.

So while within the PRA we have accept ed
t he basic assunption that the brief stays in-vesse
given that the two maj or success criteria are net, we
did require, and simlarly for AP1000, we are
requiri ng ex-vessel cal cul ati ons to be done to assure
that in the event that the debris goes ex-vessel that
the containnent is not directly chall enged.

Wth regard to each of these itens here,
reduced margi ns to CHF, inpact of uncertainties, the
wor k t hat we had done on AP600 i ndi cated that whil e we
expected things to stay i n-vessel, the nmargi ns, we had
much smaller nmargins because we had a nodel that
solved the same governing equations as in the ROAM
report but propagated through both parametric
uncertainties, uncertaintiesinthe correl ations, and
also looked at these alternative debris bed
configurations.

When you t ake that additional information
on bal ance, you woul d say chances are i f you have t hat
kind of configuration, it |ooks like you'll stay in-
vessel but the margins are |ess.

Then i f you have t hese ot her
configurations, we're not so sure. Again, we went to

t hi s bal anced approach where there is a reliance on
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i n-vessel retention but yet we cover all the bases by
| ooki ng at the consequences interns of pressure | oads
if you go ex-vessel.

MEMBER SI EBER:  One of the issues if you
go ex-vessel is that you' re going to end up going into
this bi g pool of water that surrounds the vessel. The
West i nghouse cal cul ati on basically says that there's
pl enty of margin for steamexpl osi on. Have you | ooked
at how nuch margin there really is?

MR. PALLA: Yeah. W'rein the process of
| ooking at it. Richard my talk to that if he's got
sone time. Wth regard to recent experinmental work,
t he work that you heard Ji mdescri be, the RASPLAV and
the MASCA results and their applicability, we had a
basi ¢ question given we' ve got several years between
AP600 and now.

W' ve learned a |ot of those tests have
been conpleted in the intervening years. W ask what
are the inplications? What does that say about this
stratified | ayer? W thought it nay actually be that
those tests are not as prototypic as one m ght hope
for but there are insights that we want to nmake sure
that we bring to bear on this whol e question.

Anot her issue we raised was the thinned

RPVs. Jimnentioned it. You |look at the heat fl uxes
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and the heat fluxes determne theoretically the
t hi ckness of the steel vessel that you're left with.
| think the nunber was 36 ti mes the anount required to
accommodat e t he deadl oad.

If you |l ook at the pressurization that
m ght occur, if you have a smal| pressure spike within
t he vessel upon a refl ood, for exanple, it | ooks |like
about 35 PSI mght be enough to eat up that margin
that you have. 35 PSI integrated over the cross-
sectional area of the vessel and carried over a snal
t hi ckness gives you what we thought to be sone
concerns regarding just pressure oscillations in the
vessel being a structural |oad.

That' s been addressed wi th some argunents
based on expected pressurizationrates for a coupl e of
different situations. W have an REl response. W
haven't really fully reviewed its adequacy yet.
Design a thermal insulation is sonething, as Ji mhad
nment i oned agai n.

For AP600 the heat transfer situation is
basi cally an open free pool of water that just bubbl es
freely. The details of the design of the insulation
were not critical because there was no attenpt to
really optimze critical heat fl ux.

What we see with AP1000 i s essentially the
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need to optimze that design, to maximze the CHF
because that's necessary t o acconmodat e t he decay heat
| oads.

The way that one wuld take the
experimental data, and perhaps, | guess, the ULPU
Configuration 5 woul d be the best source of that data,
but one has to determ ne the specifications that one
woul d desi gn this insulationsystemfor to ensure that
it maintains its structural integrity under the
fl ooded up conditions with the kind of flows and
pressure oscillations that one could see. If you've
ever had a chance to |l ook at the ULPU test facility,
one thing that is pretty inpressive is just the |arge
degree of pressure oscillations that is apparent from
| ooking at the test rig. There's |ike a pl enumbel ow
t he heated bl ocks. It basically has flat sidestoit.
When t hat test gets chuggi ng away, you can just watch
the sides of that Ilittle plenum chanber kind of
osci |l I ati ng.

During the AP600 reviewit becane an i ssue
of where are you going to get the pressure data from
to design this insulationand howdoes it scale. It's
on the table here. 1t's still a question that we are
going to have to be dealing wth.

We had sonme questions about hydrogen
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control. We questionedthediffusionflane mtigation
strategy. | think there was maybe a bit of confusion
inthe applicationwhereit appearedthat Westinghouse
was relying on a creep rupture cal culation that they
had done for AP600 as part of the mitigation strategy
for AP1000 as well.

We question whether they really intended
to do that and they have given us clarification. 1In
essence the strategy does not rely on creep rupture.
Rat her, it has the hooded | RAST vents that will cl ose
and redi rect the hydrogen to the nore central areas of
cont ai nnent where it won't chall enge the shell.

We asked sone questions about ignitor
pl acenent vel ocity and the effecti veness. W had sone
concerns because the sanme nunber of ignitors are
covering a larger volunme. W wanted to nake sure that
there isn't the possibility to have increased
concentrations as a result of the greater distances
between that. W got a response on it and we'll be
| ooki ng at that nore cl osely.

Li ke in AP600 there is a nonsafety rel ated
contai nnent spray header in this design. Kind of a
foll owon fromthe AP600 carryover.

MEMBER SHACK: They didn't say nmuch about
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MR. PALLA: No. In fact, | thought that

t hey m ght have i ncluded a top event in the event tree
to deal with the effects of the spray that it m ght
have. It has both potentially negative effects as
well as the obviously positive effects of fission
product scrubbing, but it could de-inert the
cont ai nnent when you were ot herw se thinking it m ght
be better to be inert sonetine.

If you operate the sprays, you could
create a flammble situation. |It's really the sane
guestion that we asked on AP600. It wasn't nodeled in
the event tree there either. It's still not nodel ed
here. We just want to make sure that there's nothing
-- it's not going to create any kind of a risk or
pervasion on the results.

Di rect contai nment heati ng woul d appear to
not be an issue. Adnmittedly the |ikelihood of high
pressure nelt eventsis quite small in this design but
thereis alittle bit of a history behind the direct
contai nnent heating and how one deals with it in
design certification

| guess in 1993 in SECY 93-087 there is
kind of a staff policy paper that went up to the
comm ssion. It saidthe staff's viewis that advanced

react or vendors shoul d designthe cavity with features
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that would reduce the anmount of debris that is
di sbursed to t he upper contai nment and shoul d provi de
depressuri zation systenms. W have this qualitative
criteria out there.

Subsequently around 1996 Sandia and the
O fice of Research conpl eted work on a nmet hodol ogy to
quantify the pressure | oads fromDCH events. Wen we
reviewed AP600 Westinghouse in response to staff
request provided quantitative assessnent of the | oads
consi stent with that nethodol ogy.

Now, for AP1000 we wer e expecting that one
coul d make argunents as they had nade argunments about
masses i n conpositions bei ng conparabl e to AP600. W
didn't get that kind of an argunent. The argunent was
we need those itens specified in SECY 93-087. W got
a depressurization systemand we got the cavity that
has t hese ki nd of features the staff was | ooking for.

We asked for a DCH nechanistic calc. W
didn't get one yet so we'll probably be asking again
to do that. W will at |east have sone dial ogue on
it. We would at |east |ike to knowthat the pressure
| oads are conparable to the AP600.

Wthregardto core concreteinteractions,
one thing that's different as a result of the design

bei ng t he hi gher power | evel, higher core nmasses, samne
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exact footprint as far as the reactor vessel and the
reactor cavity so naturally the debris debts are goi ng
to be different in the two designs.

In the initial application it did not
i ndicate that there was any change being nade to the
cavity. In particular, there's a sunp within the
cavity. The sunp is |l ocated -- the reactor vessel is
on one side of the cavity. The sunp is on the other
si de.

There's actual ly li ke an intervening wal |
wi th a doorway past that wall that goes into the other
part of the cavity. The sunp is on the far side.
There's a curb around it. The curb was desi gned to be
at a height such that | think the full core could
reside in the cavity and not overflowthe curb. That
curb probably wasn't changed from AP600.

Anal yses were subm tted inthe application
that argued that it was not an issue. Debris in the
sunp woul d not be an issue but that was predicated on
an assunption that netallic and oxi de conponents of
t he debris woul d separate and that the netallics -- if
you | ook at what ended up on the far side it would be
primarily netallic. |If you | ooked at what was bel ow
the reactor vessel it would be primarily oxidic.

Bei ng skeptical, naturally, we thought
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what if it wasn't that way. VWhat if it was an
uni formy di stributed honbgenous m xture that's spread
out. W expected to see sone cal cul ati ons of that.
We didn't get that yet. W did get an indication that
t he design has been changed.

The sunp curb has been increased to
accommbdate what | think would be the full core, the
fully inventory. W still have sone questions about
the core concrete interactions, the effect of the
deeper depth of debris on basenmat penetration

The | ast itemhereis just three different
areas where the application did not include the sane
| evel of information that was included in which we
used in the AP600 reviews. Equipnent survivability
assessnment was stripped of all of the details.
Pressure and tenperature histories have now been
provided in response to that.

| nportant anal yses results, sone of which
Jimpresented, | think were |acking in the submttal
but were provided subsequently.

CHAI RVAN APOSTOLAKI S:  Who cares? Does
anyone use those?

MR. PALLA: | just threwit in there. No.
It was for conpleteness. What | did here was |

summar i zed what we wer e asked for and nowyou' ve heard
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CHAI RVAN APOSTOLAKIS:  Are you going to
take any action based on these results? No.

MR. PALLA: MW point was if you |ooked
only in the submttal, you won't find these things.

CHAI RVAN APOSTOLAKI S: | under stand t hat .

MR. PALLA: You have to go to the RAI's and
the nodified and there will be an update to it. That
was the only point. Wth that done, Richard can fill
you in on the research activities.

CHAI RMAN APOSTOLAKIS: | nean, it's not
like we're tal ki ng about --

MR. PALLA: It was mssing information.
We're not even saying there were problens in those
areas. We're just saying there wasn't any i nformation
subm tted.

CHAI RVAN APOSTOLAKI S: By the way, we are
still categorizing SSCs as secul at ed and nonsecul at ed.
Right? | guess later you wll probably consider
option 2 yourself. VW wonder why not now. It's
because of regul ati ons.

MR. LEE: Thank you. As Bob nentioned, |
hate to di sappoi nt you, Dr. Seiber. W don't have --
excuse me? We haven't got the results yet for this

anal ysis. It's about one and a hal f nont h away before
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we finish all this analysis.

Il will walk you through what type of
analysis we plan to do to address sonme of the severe
accident related issues that we like to know for the
AP1000 and to help in the design certification w thin
t he next two nonths.

| would like to nentionthat besides mein
the Ofice of Research, there are two key persons.
Dr. Basu helps us with the analysis and FCl rel ated
stuff. Also on the MELCOR concrete interactions. In
the in-vessel retention, Dr. Behbahani is involved
with a ot of the RASPLAV project and the MASCA, as
you nmentioned earlier. That is an area that we w ||
be concentrating on plus other things.

W have contracted with ERI to do these MELCOR
anal ysi s.

CHAI RVAN APOSTOLAKI S: W th whon?

MR. LEE: Energy Research Institute, ERl,
with Dr. Mbhsen Khati b- Rahbar. As you can see here,
the reason is that we are using MELCOR. Dr. Ransom
earlier asked us whether you can use MAAP. MAAP
doesn't give you detail on nelt progression inside in
t he severe acci dent arena but MELCOR does.

It's conparable to the SCDAP 5. We

deci ded we are going to use the MELCOR code to do our
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anal ysis to get sone of these initial conditions and
mass and so we can do the other subsequent anal ysis.

The MELCOR 1.8.5 we are using now are
different fromthe one that we used back in the AP600
analysis a while ago. So we went back and we al so
benchmar ked t he new code agai nst t he previ ous code and
| ooked at the results to make sure that they are
conparable in ternms reasonably giving the simlar
results. So we benchmar k agai nst AP600 first and now
we nodi fied the data for the AP1000. And t hat has been
conpl eted recently.

We al so get a lot of information through
West i nghouse, and al so they give us the MAAP, which

give us a lot of information we needed for our

anal ysi s.

Now, you understand that the MELCOR has
some |imtation in terns of doing the in-vessel
retention type anal ysis because the nodel -- earlier

you asked us whet her we have a nonitor can do the nelt
partitioni ngs and whet her the fi ssion products will go
to the right place.

W are in the process of this year
i mpl enenting such a nodel in MELCOR but it's not
avai |l abl e for our purpose here so we are going to do

the sequence analysis, look at the nmelt nass
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conposition and so forth and we are going to use a
separate nodel to dothein-vessel retention anal ysis.
W al so have t he nodel that Ji mnenti oned
fromINEL and CRI has it. W found the sane error
that you did. W think that the analysis we show
about |ooking at equivalency, that is a wvalid
nmet hodol ogy that you're using. W intend to do the
sane thing but with the nodels with a hem sphere.

Fromthat we are going to look into the
base on what the MELCOR conpil ations we find. W can
| ook at all the different type configurations. For
exanple, if you have nmetal down there with oxidic
nmelt, and then on top you have another thin | ayer of
nmetallic, we can | ook at all those variations with a
separate analysis. That is what we intend to do for
the in-vessel retention questions so we can explore
t he whol e range of it.

Let nme showyou a vi ewgraph that is not in
your handout. These are the results fromthe MASCA
project. There are four tests here. It started with
a conposition of this and these are the netal part.
It ends up with a conposition whichthis oneis oxidic
and this one is netallic.

You can | ook at how nuch is oxidized and

thistells youthe uraniumzirconiumratio. These are
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the full tests. You can see that it depends on the
type of additives you put in. You can see that the
subsequent conpositions are different.

That gi ves you sone i dea that even t hough
you started off with these two material, they end up
in the different configurations based on different
conditions. These are the type of insights we liketo
| ook into for our in-vessel retention anal ysis.

If ACS want to listen to the start presentation from
Research on MASCA in the future, we will be glad to
present that to you in details.

The sequence t hat we have chosen to do the
analysis, as you have seen here, are from the
Westi nghouse one, two, and three which are frequency
dom nant sequence 29, 18, and 9. W al so chose one,
No. 20.

Actually, we asked them for sonme nore
clarification on this sequence and we subsequently
recei ved sonme of the information but we nmay need to
have some nore. Do you have sone nobre questions on
t hat ?

PARTI Cl PANT: There will be some m nor
guesti ons.

MR, LEE So there are some mnor

questions that I think we can clear with you. This
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has to do with sonething with whether this is really
drained directly into the cavity and about the | RAST,
these two itens here. This is really, | think, just
clarification. These are the four sequences we i ntend
to base our cal cul ation on.

CHAI RVAN APOSTOLAKI S: O course, again,
| have the sane problemw th your description on the
left of the last LOCA. The sequence that you are
referring to, 18 percent of the total is just large
LOCA and failure of one accunulator. It doesn't say
anyt hi ng about RHR or BRHR or CMI. | don't know how
that would affect your calculations. That's block
damage state 3BR

MR LEE: That's correct.

CHAI RVAN APCSTOLAKI S:  Maybe you put it
there for conpl eteness.

MR LEE: Yes. That's what it is.
Because this is a |ow pressure sequence, this is
sonewhere over nediumand this is sonething high.

MR. KHATI B- RAHBAR: Excuse nme. This is
Mohsen Khati b- Rahbar. George, whatever is listed as
a description of a scenario are those which are
credited in the calculation. They are not just for
listing those itenms. These are reproduced fromthe

West i nghouse docunent. W are not | ooki ng at why CMIs
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are operating for large LOCA and simlar to core
danmage, etc. W are taking those as given

CHAI RVAN APOSTOLAKI S: Wl l, if | readthe
description of the large LOCA event tree for that
sequence, they say that the core makeup tanks are
insufficient so they stop part of the event. For the
ot her sequences they are.

MR.  KHATI B- RAHBAR: For these they are
also insufficient. You go to core damage.

CHAI RVAN APOSTOLAKI S:  Yeah.

MR. KHATI B- RAHBAR:  Ri ght .

CHAI RVAN APOSTOLAKI S:  The sequence t hat
leads to -- it's not really 18. 1t's 19 sonmething --
is 3BR which is the | owest one.

MR. KHATI B-RAHBAR: This is one of the
sequences. This is the dom nant one in 3BR Exactly.
It's 18 percent, | think, of the 19 percent that you
have. Yes.

MR LEE: So this forns the basis for our
gettingtheinitial conditions for subsequent anal ysis
which is looking into other sensitivity analysis in
t he ex-vessel for MCC

In this one here we plan to use the core
coat stand-al one nodel to do the anal ysis so we can do

al so vari ati on because we don't really need to use the
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whol e core to do the anal ysis for this one over here.

W also are going to look into the
contai nnment spray operation that is within MELCOR
itself. The reason we are | ooking into this because
the spray nowis |l ocated -- the containnent is taller
so | believe the flow rate is still the sane. We
think the efficiency will becone a little bit | ower
because the drop intensity will be | ower and the drop
cal cul ati ons. Because of those two reasons. This is
to look into what inpact this has had on the
cont ai nnent | oads, pressure and tenperature as wel |l as
fission power scrubbing, too.

What | didn't nention here that we will do
the FCI in-vessel, ex-vessel separately, too. For
t hose we have nmany options. | think the PM ALFA
astro, we are going to use that. W also have the
option to use Texas coat from the University of
W sconsin for the FCl anal ysis.

| think we expect to finish all this
wi thin about a nonth or so and we should be able to
tell you sonmething nore by that tine. I'"m not too
sure if you're interested in | ooking at these. This
is the MELCOR deck. This is the vessel, the steam
generators, and sinulation for all the rest of the

conmponents here. This is the nodalization for the
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cont ai nnent .

As a matter of fact, at this tinme we have
al ready finished one of the cal culations on the 3BE
but we haven't |ooked at the results yet.

MEMBER RANSOM Each one of the boxes, is
that a control volume or node in MELCOR?

MR LEE: Yes.

MEMBER RANSOM  So you have conposition
and what flows fromone to the other?

MR. LEE: That's correct. For exanpl e
here, if I'mcorrect, we didn't showall the detailed
nodes in here. The five-ring nodel is here with the
10 axle nodes. The MELCOR 1.8.5 -- MELCOR used to
only have three rings and 10 axl e nodes but we try to
mai ntai n only one code i nst ead of mai ntai ni ng SCDAP 5
and MELCOR so we nake MELCOR and inprove it to be 5
rings.

The reason is SCDAP 5 has 5 rings. Wen
we do conparison between different type of analysis
bet ween SCDAP 5 conpari son we want to have one-to-one
conpari son between the nodes. Now we have devel oped
a 5-ring nodel for MELCOR. W can tell details of
nmelt progression inside over here. Wthinthis frame
wor k we can anal yze how AP1000 nelt progression wl|

| ook |ike.
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CHAI RVAN APOSTOLAKI S: Is this a major

effort?

MR LEE: VWhich one?

CHAl RMAN  APOSTOLAKI S: As such vyou
descri bed.

MR LEE: For which one?

CHAl RVAN APOSTOLAKI S: The whol e t hi ng.

MR. LEE: The nodel here, we started this
back like in Cctober of |ast year. W have an AP600
deck and | think --

MR. KHATI B-RAHBAR: It's a few nonths of
effort.

MR LEE: We nostly converted it in two
nmonths. We did a QA on it.

CHAI RVAN APOSTOLAKI S Qut of curiosity,
take 3BR.  Frequency is 4.6 events every 100 mllion
years. 4.6 events every 100 million reactor years.
How | ow would you have to go for you not to do
anything? Wy are you doing all this? | nean, this
is an incredible event. There may be two answers.
One is defense-in-depth, the structure of this
approach. No matter what you do in Level 11 want to
spend - -

MR. LEE: That's right.

CHAI RMAN APOSTOLAKI S: The ot her one t hat
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you don't believe the nunber. Between a rock and a
hard pl ace.

MR, CORLETTI: Can we vote?

CHAI RVAN APOSTOLAKI'S:  |'mserious. How
| ow does it have to go? Every billion reactor years?
Where do you draw the |ine?

MR PALLA: | guess --

CHAI RVAN APOSTOLAKI S:  Def ense-i n-dept h?

MR. PALLA: No. | was just going to say
that | think what you drawfromthese ki nd of anal yses
-- you can argue just how many anal yses do you need to
do. We thought that a few anal yses woul d be not t hat
i ntense of an effort given that we were starting with
a deck that was already available so relatively
strai ghtforward changes to t he deck to account for the
changes in the designs.

And t hen sone sequences t hat coul d be used
to assess and to confirm the general nature of the
acci dent progression because you can't get wed to the
exact specifics of these kinds of scenarios anyway.
The uncertainties in accident progression are quite
significant code to code. Even within the sanme code
you could perturb the sequence and end up wth
substantial differences.

W would look to these as genera
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confirmation that, yeah, the cal cul ati ons used as the
basis for the AP600 PRA are in general agreenent in
terms of the order of the events and the general
timng of the events.

CHAI RVAN APOSTOLAKI S: What you just said
gi ves nme -- makes ne think of something that occurred
to me this norning.

MR. PALLA: But you could confirm Ilike
fission products, for exanple, could be confirned.
O der of magnitude confirmati on. Once you've run the
cal cul ati on you can do sinple sensitivity studies like
turn on the sprinklers and | et the thing go ex-vessel
and let it oblate concrete and see if you are in the
same ballpark with pressurization rates, oblation
dept hs. W didn't view it as a mmjor sinkhole of
resour ces.

CHAI RVAN  APCSTOLAKI S: You just said

somet hing just now that there is uncertainty within

t he code, nodel uncertainties. | renenber now -- |
don't renenber, | look at the figures that Jim
presented this norning. You're talking about

condi tion contai nment failure probability of .07, .08.
Based on what you just said and what |
remenber from1150 t hi s woul d be anywhere fromzero to

what ? What am | learning fromall this? I'mtrying
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to understand what |I'm learning from this. ['"'m
| ear ni ng not hi ng.

MEMBER RANSOM [Is it possible these are
t he hi gh consequence situations? | nean, if you put
it in ternms of nunber of depths for reactor year of
operation, do these contribute nore than sonme of the
ot hers?

CHAI RVAN APOSTOLAKIS: | don't know. Do
they? They certainly run high with respect to core
damage frequency.

MR. BASU. George, this is Sud Basu from
the O fice of Research. There is a third answer. W
need initial and bounding conditions for other
anal ysis such as FCl, such as CCl. W need to do
MELCOR cal cul ati ons.

CHAI RMAN APOSTOLAKI'S:  CCl stand for?

MR BASU. Core concrete interactions.

CHAI RVAN APOSTOLAKI'S: Wiy do | have to
worry about that? Selim has done such a great job.
Wiy do | have to worry about that?

MR. BASU. kay. Now, if you want to
rely entirely on the frequency argunment w thout --

CHAI RVAN APOSTCOLAKI S: Ah, it's defense of
t hat .

MR. BASU. There you go. Thank you.
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MEMBER SHACK: Structurali st.

MR. LEE: Maybe we will find out it's
better than what they claimso you should worry | ess

even about it.

CHAl RVAN APOSTOLAKI'S: | don't worry.
MR LEE: Right. | don't either.
CHAIl RVAN  APOCSTOLAKI S: I'm really

skepti cal about the val ue of these nunbers that we're
getting at the end, even the uncertainties. It's
bet ween zero and what? Anyway, do you have anyt hi ng
el se to say?

MR LEE: No.

CHAI RVAN APOSTOLAKI S: Bob? Any nenbers?
West i nghouse? Thank you very nuch.

MR LEE: Thank you.

CHAI RVAN APOSTOLAKI S:  According to the
schedul e, we are going back to Mke, right?

MR, CORLETTI : This is Mke Corletti,
Westinghouse. | don't think it's very useful to go
over any nore slides.

CHAI RMAN APOSTOLAKI S: Unl ess you have
somet hi ng i nteresting.

MR. CORLETTI: No, not really. Perhaps at
thistimeit's just best to tal k about the next steps

as far as future neetings. First of all, | want to

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166

thank you all for the two days of neetings. The
guesti ons gi ve us good i nsi ght and sone nore things to
t hi nk about .

All in all hopefully we have net your
expectations for providing youinformation. |'msure
we'll be hearing nore about that if we haven't. In
any event, | think the next interaction that we have
with the ACRSwill be, Med was just telling me, March
19th and 20th which we'll have a thermal hydraulic
subcommittee. | think if you look in your book |I had
listed -- | think it's on slide 5. No, slide 6.
Maybe it's slide 7.

CHAl RMAN  APOSTOLAKI S: Slide 7, ACRS
neet i ng.

MR. CORLETTI: Yes. As far as the subject
matter, | think for the thermal hydraulic do you have
any input as far as additional topics for the thernal
hydraulic neeting? | think that's probably a full
plate with safety anal ysis, the i ssues of entrai nnent
and the Oregon state testing that's going on. I t
think that's what we planned on discussing at that
neet i ng.

Then | think that | show April but I
believe the neeting will actually be in May, a plant

subconmm ttee according to what Med said. There we
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will talk about -- | think the issues are |isted.

Plus | think there is an additional issue
of man machine interface that the commttee would |ike
to hear about as far as what our plans are for AP1000.
| don't have any that can cone off the list. | think
the best is to tal k anongst yoursel ves and work with
Med to give ne any other changes to that.

Then | believe we'll have a neeting in
June to close out any open itens that may cone from
t hat neeting, so May and June, and then have a ful
commttee nmeeting in July. The July neeting we would
be I ooking for a letter.

MEMBER LEI TCH: One of the things in that
pl ant system neeting -- that's not quite the right
termfor it -- in April or May, | guess | would like
to be able to take a | ook at what | would call P&l Ds
of particularly the passive safety systens.

There were sone P& Ds along with the CDs
t hat you sent us on the PRA, but it seened |like there
was two versions of them One was a very, very
sinmplified systemdraw ng whi ch was not useful for the
purpose that | wanted to | ook at.

Then another one was a P& D that was
hopel essly conpressed. If was just difficult to read.

" m | ooking for something that is kind of in between
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t hat ot her than hard draw ngs howto do that, | guess.
MR. CORLETTI: Is it that you would like
a -- we could submt our P& Ds to review a bigger

version of the conpressed one, of the detail ed one?

MEMBER LEI TCH:  Yeah, | think that woul d
satisfy ny need. It wasn't that it had too nuch
information. It was just --

MR. CORLETTI: It was 11 by 17 version of

MEMBER LEI TCH: Actually it was 8 1/2 by
11.

MR. CORLETTI: Ckay. We have hal f-size
drawi ngs. The DCD has an 11 by 17 version. Do you
have a hard copy of the DCD?

MEMBER LEI TCH:  No.

MR. CORLETTI: So you probably have the

MEMBER LEI TCH: CD, yeah.

MR, CORLETTI: What we submitted is 11 by
17 whi ch maybe we can get a copy of that, Jerry?

MR WLSON:. This is Jerry WIlson. Yeah,
there are. Mke, don't you have hard copies?

MR CORLETTI: We shoul d be able to check
with Med and see if we have the hard copy. |'mpretty

sure we do. If we don't, we can work with --
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MR. EL- SADAWY: W just have one hard copy

of the whole DCD. Wat we had is the CDs that all
menbers received.

MR. CORLETTI: How about if we prepare a
package of i nformation that is a docket of i nformation
that is the P& Ds but we'll just collect it in a
package of 11 by 17 drawings and we can furnish X
amount of copi es.

MEMBER LEI TCH: That woul d be hel pful to

CHAI RVAN APOSTOLAKI S: Are you done, M ke?

MR CORLETTI: |'m done.

CHAI RMAN APOSTCOLAKI S: Thank you very
much. Thank you and your col |l eagues for taking the
time.

VR, SNODDERLY: George, this is Mke
Snodderly. | just wanted to thank M ke Corletti for
all his support in preparing this material for the
comm ttee and the presentation. And also | wanted to
say sonethi ng about Larry Burkhardt fromthe staff.
He was very hel pful in helping us to prepare for this
neeting. Thank you.

CHAI RMAN APOSTOLAKI S: kay. The | ast
part of the day and a half is to go around the table

and you gentlenmen will tell nme what you think about
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AP1000. Shall we start with Jack?

MEMBER S| EBER: Wll, as far as |I'm
concerned, | thought this for ne was a pretty good
| ear ni ng experience because |I'mnot a PRA expert so
t he docunentation was put together very well that |
coul d understand it.

It seems to me fromwhat | do know t hat
t he techni ques and the cal cul ations that you did are
pretty straight forward and pretty standard. There
were no surprises or places where | would feel
inclined to scratch ny head and doubt the information
you put forth.

On that basis, | think the PRA docunent
was well prepared and relatively easy to understand
and your presentations were good. | don't have any
negative coments at this tine.

CHAI RMAN APOSTOLAKI' S:  Thank you. Bill.

MEMBER SHACK: Superb presentation. I
found it very hel pful. Reading through a PRAis kind
of a painful thing. | thought the presentations were
very well prepared. | feel pretty good about AP1000.

CHAI RMAN APOSTOLAKIS: So it's not just
the presentation. |It's the content as well.

MEMBER SHACK:  Yes.

CHAI RMVAN APOCSTOLAKI'S: It feel s good.
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MEMBER SHACK: It feels good. War m

feeling.

CHAI RVAN APOSTOLAKI S:  Vic.

MEMBER RANSOM It was a very good
presentation and | earni ng experi ence for ne. The only
thing | found alittle bit surprising, | guess, were
your comrents in the end where it seened | i ke an awf ul
| ot of work had gone into this rather conpl ex acci dent
type situation with many things that | think the
t hermal hydraulics comm ttee woul d obviously like to
| ook into, | guess, or should.

On the other hand, if it has very little
consequence, |'mwondering why did so much effort go
into that and not nore into the higher consequence
things, | guess. It was a good | earning experience.

CHAI RVAN APOSTOLAKI S: Renenber that when

we di scuss phi |l osophi cal operations indepth. Are you

fini shed?

MEMBER RANSOM  Yes.

CHAI RMAN APOCSTOLAKI S:  Okay. G ahanf

MEMBER LEI TCH: Well, |ike ny col |l eagues,
| found the presentations very hel pful. | thought
they were well done. | think the staff has identified

a nunber of appropriate issues that are still

undet erm ned or are being worked on at the nonent.
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| think there are a nunber of issues there
that we need to hear the resolution of those issues,
and obviously we wll. I think that as we went
t hrough the presentations and then | heard the staff
comment indicate where they still had sonme questi ons,
| thought it was largely inline with the issues that
| had in mnd as well. | think they have identified
the right issues and we just need to work our way
t hrough the resolution of this.

CHAl RVAN APOCSTOLAKI S:  Tonf

MEMBER KRESS: Well, |, too, though we had
a very good PRA and a good presentation. | was a
little bit shaken, |ike you were, about the state of

the uncertainties but I don't think it matters very
nmuch.

The only areas where | still want to
convince nyself a little bit on are the squib valve
reliability. I'mlooking forward, like Steve is, to
seei ng the dat abase that backs that up.

| still wasn't quite convinced nainly
because | didn't have time to digest it all onthe in-
vessel retention and whet her or not we found t he wor st
configuration or the nost problem configuration and
whet her or not it would fail the vessel.

Then | haven't -- we didn't see nuch
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detail on the fuel -cool ant interaction ex-vessel that
we were all told is the sane energetics as the AP600.
| ve forgotten what t he AP600 energetics were and what
t hey were based on so |I've got to go back to the old
ROAM and see what they did there.

Assum ng that was acceptable then, it's
probably acceptable now and they have a bigger,
stronger contai nment here. |t probably doesn't affect
anything in the sense of the PRA. Staff, | think,
appears to have asked the right questions and |I'm
anxious to see what kind of responses we get from
them Al in all | don't see any show stoppers. |
think it | ooks pretty good.

CHAI RVAN APOSTOLAKI S: Let nme ask you
gentl enmen, you heard that the core danage frequency i s
what, 2. --

MEMBER KRESS: 4 times 10 to the -7.

CHAI RVAN APOSTOLAKIS: 4 tines 10 to the
-7. 2.4 events.

MEMBER SHACK: Internal events.

CHAI RMAN APOSTOLAKI S: I nternal events
every 10 million reactor years. Your gut feeling.
How high do you think it could be given all the
uncertainties that we have? They say it's a factor of

6.
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MEMBER KRESS: | think it coul d be as nmuch

as 2 orders of magnitude

CHAI RVAN APOSTOLAKI' S: So t hat woul d nake
it 2.--

MEMBER KRESS: The question what's the
probability of it being --

CHAI RMVAN APOSTOLAKI S: Right. So the 95th
percentil e woul d be still on the order of 10to the -5
which is pretty.

MEMBER KRESS: Which is all right.

CHAI RVAN APOSTCOLAKI' S: Anybody el se?

MEMBER SHACK: | don't see it from
uncertainties, George. The nagging fear is that
you've mi ssed sonething. It's the conpleteness
argunent . | think you could analyze uncertainties

until hell froze over.

CHAI RVAN APOSTOLAKI S: No.

MEMBER KRESS: |'mbasing nmy 2 orders of
magni t ude on sort of the NUREG 1150 t hi nking which is
supposed to incorporate that kind of thought.

MEMBER SHACK: Well, | don't know how to
i ncorporate any conpl eteness as an uncertainty.

CHAI RMAN APOSTCOLAKIS:  From the overal |
quality of what you heard and the review that the

staff is doing, surely you don't think they m ssed
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sonething that has a probability of 1.

MEMBER SHACK: No. 10 to the -8, that's
getting pretty tough.

CHAI RVAN APOSTCOLAKI'S: Do you think the
contributor will be found six years fromnow that it
woul d be 10 to the -3?

MEMBER SHACK:  No.

CHAl RVAN APOSTOLAKI S: That's what |'m
saying. You agree then with Tonf

MEMBER KRESS: Wien | start putting
uncertainties on | talk about things |like --

CHAl RVAN  APOSTOLAKI S: I i ncl ude
i nconpl et eness.

MEMBER KRESS: Yeah, | do, too.

CHAl RVAN  APOSTOLAKI S: I i ncl ude
i nconpl eteness. | amnot |ike God.
MEMBER KRESS: If you didn't have

i nconpl eteness in there, you would only get an order
of magni tude hi gher.

MEMBER SHACK: But | don't know what you
do with inconpl et eness.

CHAI RVAN APOSTOLAKI S:  Yeah, but you do
know that it's not 1. You do, | think, believe that
it's not 10 to the -4.

MEMBER  SHACK: That's engi neering
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j udgnent, GCeor ge.

CHAI RMAN APOSTOLAKI S: What el se coul d you
gi ve ne?

MEMBER SHACK: When it comes to things
i ke the | arge break LOCA frequency, those nunbers to
me are probably conservative for pipe breaks. It's
this notionis there some other way | can get a |l arge
break LOCA that | haven't thought about.

CHAI RVAN APOSTCOLAKIS:  But even that is
not so unknown.

MEMBER SHACK: No. |If | raise it by an
order of magnitude, you know, it would still |ook
pretty good.

MEMBER S| EBER: There's only so nany
t hi ngs you can break.

CHAl RVAN APOCSTOLAKI S: Sorry?

MEMBER S| EBER: There's only so nany
t hi ngs you can break.

CHAl RVAN APCSTOLAKI S: O open.

MEMBER SI EBER: O open.

CHAI RVAN APOCSTOLAKIS: So it seens to ne
t hat we have a consensus here that this is a very good
pi ece of work.

MEMBER KRESS: |t | ooks pretty good to ne.

MEMBER SHACK: The ot her one is the pl ant
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protection system You know, those nunbers.

CHAI RVAN APOSTOLAKI S: But, again, you
know, when you find yourself in situations |ike that,
start with extreme nunbers. Is it too high? No,
don't believe it. Then you start working down and
then pretty soon you have sone fairly good idea.

| mean, you cannot say it's 6 tinmes 10 to
the -5 but some range. | believe nost people here at
the table, if not all, believe evenif you look at the
hi gh- pressure the | evel woul d be bel ow the goal.

MEMBER SHACK: |I'mstill glad to have a
cont ai nnent .

CHAI RVAN APOSTOLAKI'S: | don't know why.
Then those |low nunbers will go up in the nane of
def ense-in-depth. But then we are not review ng the
errors of conm ssion because we have never seen t hose.
Ri ght? W' ve seen nmany chal | enges to t he cont ai nnent
but never errors of conm ssion.

MEMBER RANSOM One added question, |
guess, woul d be i s there any t hought about consi deri ng
terrorist-type acts and including that in a PRA?

CHAl RVAN  APOSTOLAKI S: Not in the
certification process. Don't |look at nme |ike that.

MEMBER RANSOM It seens to ne that woul d

be an event that m ght be nore |ikely than many of the
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t hi ngs we have heard.

MR. ROSENTHAL: This is Jack Rosenthal,
Safety Margins and Systens Analysis Branch in
Research. This is an open neeting and | don't think
that is the forumto discuss it, but we coul d di scuss
i ssues in some other forum

CHAI RVAN APCSTOLAKI S: That' s your answer .
Anything else? Wll, thank you very nuch. | would
like to thank you again and the staff for taking the
trouble to cone here and prepare these presentati ons.
Yes, | would add ny congratul ations also to you. It
was a great presentation. Especially when Selimsays
that we can tal k about it phil osophically forever and
never reach a concl usion. Thank you all. Thi s
neeting i s adjourned.

(Whereupon, at 2:20 p.m the neeting was

adj our ned.)
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