Official Transcript of Proceedings

NUCLEAR REGULATORY COMMISSION

Title: Advisory Committee on Reactor Safeguards
Subcommittee on Future Plant Designs

Docket Number:  (not applicable)

Location: Monroeville, Pennsylvania
Date: Thursday, July 17, 2003
Work Order No.:  NRC-1011 Pages 1-216

NEAL R. GROSS AND CO., INC.
Court Reporters and Transcribers
1323 Rhode Island Avenue, N.W.
Washington, D.C. 20005
(202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COWM TTEE ON REACTOR SAFEGUARDS ( ACRS)
SUBCOVM TTEE ON FUTURE PLANT DESI GNS
+ + + + +
THURSDAY, JULY 17, 2003
+ + + + +
MONROEVI LLE, PENNSYLVANI A
The Subcommittee net at the Westi nghouse Ener gy
Center, 4350 Northern Pike, Monroeville, PA at 1:00
p.m, Thomas Kress, Chairman, presiding.
SUBCOW TTEE MEMBERS:
THOVAS KRESS - CHAI RVAN
GRAHAM WALLI S - MEMBER
JOHN SI EBER - NMEMBER
GRAHAM LEI TCH - MEMBER
VI CTOR RANSOM - MEMBER

F. PETER FORD - MEMBER

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

ALSO PRESENT:

VEDHAT EL- ZEFTAWY

M KE CORLETTI

TERRY SCHULZ

ED CUMM NS

TOM HAYES

DAN FREDERI CK

RALPH CARUSO

JI'M SCOBEL

SELI M SANCAKTAR

JUN LI

JI'M GRESHAM

M KHATI B- RAHBAR

M KE ZAVI SCA

SUD BASU

H ESMAI LI

JOELLE STARFCGS

Rl CHARD ORR

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

CONT-EENT-S
| NTRODUCTI ON
Thomas Kress, Chairman
ADS 4 SQUI B VALVE RELI ABI LI TY
System design -Terry Schul z
ADS 4 Controls - Tom Hayes
Val ve Design -- Dan Frederick
Model i ng i n AP1000 PRA - Selim Sancakt ar
Post LOCA Aerosol Deposition on Contai nnent

Jun Li

Thermal Hydraulic Conditions for AP1000

Cal cul ati on - Ji m Scobel

MELCOR Anal ysis - M Zavisca

30
45

80

92
Lanbda
130

137

| n- Vessel Retention and Ex-Vessel Fuel Cool ant

| nteractions with AP1000 - H Esmaili
AP1000 Seismc and Structural Design

Richard Or

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

155

194

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

P-ROGEEDI-NGS
1: 00 p.m

CHAl RVAN KRESS: Let's get started if we
can, please. The neeting will now please conme to
order. This is a neeting of the ACRS Subcomri ttee on
Future Pl ant Design.

|'m Thomas Kress, Chairman of this
Subcommittee. The other ACRS nenbers in attendance
are Peter Ford, GrahamLeitch, Victor Ransom G aham
Wallis, and | presune Jack Sieber wll be here
shortly.

For today's neeting the Subcommttee will
review and discuss the AP1000 instrunentation and
control design concept, the manned nmachi ne interface
desi gn acceptance criteria, human factors i ssues, and
the open itens regardi ng the design reviews.

The Subcommittee wi || gat her i nformati on,
anal yze relevant issues and facts, and fornulate
proposed positions and actions as appropriate, for
deli beration for the full Conmttee.

M. Medhat El-Zeftawy is the cognizant
ACRS staff menber, staff engineer, for this neeting.
The rules for participation in today's neeting have
been announced, as part of the notice of this neeting,

previ ously published in the Federal Register, on July

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

8th, 2003.

The transcript of this neeting is being
kept, and the transcript will be made avail able as
stated in the Federal Register Notice. It is

request ed t hat speakers identify thensel ves, and speak
with sufficient clarity and volune, so that they can
be readily heard.

W have received no witten coments, or
requests for time to make oral statenents from any
menbers of the public. | don't have any particul ar
introductory comments, so with that | will turn it
over to Mke, to get it started.

MR, CORLETTI : Thanks, Tom The
presentations that we are going to have for the next
day and a hal f are geared to providing you i nformation
t hat has either been -- the Comm ttee has expressed an
interest in seeing, a nore detail ed presentation, or
related to the Draft Safety Eval uati on Report.

And we've got our first presentation
today, it is onthe ADS Squi b valve reliability, which
was an issue that was rai sed at the PRA Subconmittee
neet i ng.

The first presentation is with Terry
Schul z.

MR, SCHULZ: Good afternoon. |1'mgoingto
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start this off, we will be talking alittle bit about
the system design and concentrating on the
requirenents for the stage 4 ADS squi b valves. Then
TomHayes wil| tal k about the i nstrunmentation contro
of the ADS 4 squib val ves.

And then Dan Frederick is here fromthe
val ve vendor that makes these ki nds of val ves, and is
our expert wtness on how these valves are being
desi gned, what has been their experience in the past.

And then, to wap it up, we wll have
Sel i m Sancaktar tal k about the PRA nodeling, and in
particul ar sonme -- consi deri ng some newer i nformation
on valve reliabilities, and what neans to the PRA

You' ve seen this picture before, | don't
want to really bel abor it, but the four val ves that we
are tal king about are the four squi b val ves connect ed
to the hot |legs, which we have been tal king about,
froma thermal -hydraulic perfornmance, extensively.

These valves are normal ly cl osed. There
i s an upstream normal |y opened, notor operated val ve.
That valve provides isolation capability, in case
there i s any | eakage t hrough t he squi b val ve, whichis
an extrenmely unlikely situation to happen.

They also provide an ability to isolate

the valve, if it had opened in an accident, and you
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are in a recovery node.

CHAlI RVAN KRESS: Do t hose things ever fire
of f accidentally, and open up?

MR, SCHULZ: W will --

CHAI RVAN  KRESS: That is part of the
reliability questions.

MR,  SCHULZ: Yes. Tom Hayes, in
particular, will be tal king about the details of the
INC, | will talk alittle bit about the |logic, and the
i nterl ocks, and perm ssives that we have i n t he desi gn
froma logic point of view, and Tomw || talk, very
much, about the potential, or how the valve is
control | ed.

And, infact, hew Il gointofire hazards
i ssues and howwe wi I | prevent that frominadvertently
openi ng the val ve.

MR. CUMM NS: Just to review the open
item WAas the ACRS comment that the AP1000 PRArelied
significantly on the performance of the 4 stage ADS
val ves, and coul d we pl ease present why they wi Il open
when we want them to open, and why they won't open
when we don't want themto open, and that isthetitle
of this presentation, really.

CHAl RVAN KRESS: The question was, where

did you get the reliability nunber that goes in the
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PRA.

MR, SCHULZ: Yes, and why is that a good
nunber to have. |If you step back alittle bit, | was
not involved with the certification of the AP600.

MEMBER LEI TCH: But as | understandit, it
did not have a val ve such as this?

MR, SCHULZ: No, it did.

MEMBER LEI TCH: It did?

MR. SCHULZ: The configuration, as you see
on this picture, was both for AP600 and AP1000.

MEMBER LEI TCH:  Ckay.

MR SCHULZ: There were two of the four
squi b valves are shown here, AP600 had four squib
valves. The only difference is these are bigger than
AP600. These are 14 inch pipe, the AP600 were in a
ten inch pipe.

Now, that doesn't really connect themto
the IDS, but they are bigger for AP1000. There also
are squib valves in the injection lines, and the
recirc lines. W are not specifically going to talk
about those today.

But nost of what we are tal ki ng about, or
will tal k about, is applicable to those val ves, al so,
in ternms of their reliability and the sinplicity of

t heir design and operation.
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MEMBER LEI TCH: Ckay, thank you.

MR. SCHULZ: The ADS 4 val ves are -- their
function is to work in a loss of cool ant accident,
because t hey are not needed, or intended to be used in
non- LOCA acci dents.

They are -- they play a role in getting
the plant down to the | ow pressures required for the
gravity drain fromthe | RABT, as was tal ked about in
the last day and a half in the Therma-Hydraulic
Subconmi ttee neetings.

That is avery inportant function of these
val ves. The whol e ADS system as we -- as you see
here, actually invol ves four separate stages. Three
of them are connected to the pressurizer, discharge
into the IRAST from a sparger. Those are notor
oper at ed val ves.

| show three stages here, there is
actually two groups of those, there is a total of six
flow paths. There is four stage 4 valves, they are
actual Iy kind of in a sequence. This valve opens, and
t hen about a minute | ater the second stage 4 opens in
both pairs, too.

And the whol e purpose of the staging of
the ADS is to control and snooth out the transient

t hat t he reactor cooling systemgoes t hrough, in going
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10

fromhi gh pressures down to very cl ose to at nospheric
pressure.

The ADS valves are controlled by their
core make up tanks | evel. That i s what actuates them
The core nake up tank | evel was a good indication, in
our plant, of hownuch hi gh pressure inventory, safety
injection inventory is still avail able.

So as the inventory gets depl eted, thenin
a kind of a LOCA sequence, then, we actuate ADS. And
stage 1 is actuated on what we call a low 1 core nmake
up tank level. That is about two-thirds vol une set
poi nt .

That is sent by four | evel sensors in each
core make up tank.

CHAI RMAN KRESS: VWhat are those |eve

sensors?
MR SCHULZ: What kind of sensors?
CHAI RVAN KRESS: Yes. Are they weight --
MR. SCHULZ: They are DP switch, actually.
They are very sinple. We've actually used the

swi t ches because to keep themsonewhat different from
sone of the other DP sensors that we have in the pl ant
froma PRA point of view

So there is a narrowrange set of four DP

sensors for the low 1. There is a separate set of
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narrow range DP sensors for the level 2. And one of
the reasons why we use that |evel narrow range, is
because we can run into significant density
differences inthe safety water, dependi ng on whet her
it is recircd or not.

Initially it is cold, highdensity water.
We could have gone through, in a very small LOCA,
substantial recircul ati on period, the water coul d heat
up. And because of that the density coul d be reduced.

And to mnimze the inpact on the set
point we came up with a very narrow range Sensors.
These sensors, of course, go into the protection
systemto actuate the val ves.

The second and third stage are control | ed
by the low 1 set point plus tiners. So that the stage
2wll always go off a mnute or so after stage 1; and
stage 3 will go off three mnutes after stage one,
ki nd of sequenci ng.

Stage 4 the CMI level is --

MEMBER LEI TCH: Restored? WII that stop
t he action of ADS 2 and 3?

MR SCHULZ: No.

MEMBER LEI TCH: So once the sequence is
started you are going to get 1, 2, and 3?

MR,  SCHULZ: That is right. Now, you

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

12

won't necessarily get 4.

MEMBER LEI TCH: | under st and.

MR SCHULZ: It is a separate set point.
And that set point is low, norelike 20 percent vol unme
of the core make up tank. And the fact that the
operators take the recommended energency procedure
actions, whichistoturnthe normal RHR system which
can act like a | ow head safety injection punp.

| f they take that action, and that system
works, and it is not a safety system so we can't
guarantee that it will work. But if it does work then
what it does is it slows down the core make up tank
injection and stops it, because of a favorable
interaction in the wake of RNS punp flow cones in, it
comes in here, goes through this orifice.

Which then, if these punps are running,
and replacing the core nmakeup tank flow, the back
pressure stops the core makeup tank injection, the
water stays in the core nmakeup tank, so it is
avai | abl e should the RNS systemquit, or be shut off
i nadvertently later on.

But if the RNS does get started, and keeps
running, then the CMI level will not drop down to
actuate stage 4. Because you don't really need it

with RNS punps running, because they provide enough
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pressure, with ADS 1-3 to adequately cool the core.

There are, of course, manual control s both
through the projection system and the diverse
actuation system Either one of those systens, there
are separate controls, inthe control room to contro
t he ADS val ves.

In both cases it requires two switches to
be actuated, to minimze the chance of inadvertent
actuation. The power supplies, each stage 4 has three
separate sets of wires comng to it, comng to three
separate igniters that are located in the valve. Two
of those sensor wires are conming fromthe protection
system So any one of the four squib val ve either has
atrain A and train Cwire comng through it, or a
train B and D.

This minimzed, inprovesthereliability,
m ni m zes the consequences of asinglefailure. Soin
t hat whol e ADS system the worse single failureis a
single stage 4 valve. You cannot have a single
failure that will affect stage 1, 2, and 3, and stage
4, for exanple.

I n addi ti on each stage 4 valve has athird
set of wires comng to it, comng fromthe diverse
actuation system This is a diverse INC system the

DAS control of the ADS is only manual, there is no

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

14

aut omati c.

And we did that, partly, to mnimze the
chance of i nadvertent actuation, and partly because it
wasn't needed to be automatic, based on our PRA
i nsi ghts.

Now, | wll talk alittle bit about the
| ogic that controls the automatic signals. In order
to get an automated protection system actuation of
stage 4, we first need to actuate the core nmakeup
tanks, this is basically an S-signal, Ilike I|ow
pressurizer pressure.

You will also need the core makeup tank
| evel to drop, to this low 1 set point, and then you
need timers to go through to give a perm ssive for the
low 2 |l evel, and then you need the | ow 2 | evel to have
occurred.

And you will also need to be below a
specified RCS pressure. This is about 1,300, 1,200
psi. This is where you would go to in a small LOCA
and it is alittle bit below the set point. Excuse
me, the set point is a little bit above the steam
generator safety val ve set point.

So in a case where passive RHRis going to
be movi ng al | the decay heat, whi ch can happen shortly

after an accident, that is where the plant will tend
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to go with the |eak

But it also gives us an additional
interlock to prevent inadvertent actuation at high
pressure. So you need all these things to take pl ace,
froma | ogi c point of view, and i n order for the stage
4 valve to be automatically actuated

MEMBER LEI TCH:  Are the instrunent |ines
connected to these |Ilevel switches, are they
i ndependent all the way into the CMI? I|n other words,
or do you have nultiple instrunments hanging off the
sanme set of instrunent |lines? Maybe that is a detail
t hat hasn't been worked out.

MR, SCHULZ: You are talking about the
t ubi ng sensors going into the tank?

MEMBER LEI TCH. Yes. |In other words you
tal ked about four different |evel swtches.

MR SCHULZ: Yes.

MEMBER LEI TCH: But are they i ndependent
all the way to the penetrations into the tank?

MR, SCHULZ: They actually are not. And
we' ve gone t hrough an eval uati on of the consequences
of (unintelligible) out of all those |ines. Renenber
there are two tanks, and either core makeup tank can
actuate ADS.

In additionto that -- | would have to go
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back and | ook at -- | know we | ooked at that very
carefully to make sure that was okay. W |ock open
t he val ves, so they can't inadvertently be cl osed, the
root isolation valves.

MEMBER LEI TCH: | understand yes.

MR.  SCHULZ: And we have gone through
eval uations of what is going to happen here, |eaks
goi ng out of the --

MEMBER LEITCH:  -- drops off on one of
t hose root isolation valves, or sonething |ike that.

MR SCHULZ: Yes.

MEMBER LEI TCH: But you do have anot her
conmpl ete tank which woul d al so actuate the systen?

MR. SCHULZ: In either tank can actuate
ADS.

MEMBER LEI TCH:  Yes.

MR SCHULZ: -- both tanks have |evel
sensors for low 1 and | ow 2.

MEMBER LEI TCH:  Yes. Okay, good, thanks.

MR. SCHULZ: So froma point of viewof a
real inadvertent signal com ng through to the val ves,
we think it isincredibly lowwth all the interlocks
and perm ssives that we have, and redundant sw t ches.

Tom Hayes will --

MR. HAYES: -- were for sensors, too.
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17
MR. SCHULZ: Yes, when | say four sensors,

there is A, B, C, Ddivision for each set, okay?

MR. HAYES: And we do it two out of four
vot es.

MEMBER RANSOM  \What protection do you
have agai nst sabot age?

MR CUMMNS: Tomw || address it is sone
respects.

MR SCHULZ: These val ves are, of course,
i nsi de contai nment .

MEMBER RANSOM Right. Soit is very hard
to get to them

MEMBER RANSOM And where are the
SW t ches?

MR SCHULZ: The switches are in the
control room

MEMBER RANSOM Are they located right
together, or do they have any interlocks, or any way
to prevent --

MR SCHULZ: The switches for the
protection system thereis two safety handles in the
plant, in the control room They are not | ocated next
to each other. And you have to actuate a switch on
bot h panels, so one person can't do it.

The DAS is a little bit different, but
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there is two switches on a panel that are close
together, but there is a separate power switch that
you have to turn on to actuate, turn power on to the
manual control s.

And that is physically separate fromthe
val ve control switches. This just gives you a picture
of how nmuch bigger the piping and val ves get when
going from AP600 to AP1000. You can also get a
feeling, here, for sone of the advant ages of the squib
val ves, relatively conpact, conmpared to a notor
oper ated val ve.

And a notor operated valve, really,
woul dn't neet the functional requirenents for this
valve, it wouldn't open fast enough. They al so
woul dn't be diverse fromstages 1, 2, and 3. So you
probably would have to go to something a bit nore
exoti c than a notor operated val ve as an alternative.

MEMBER RANSOM | have a desi gn questi on.
Wiy isn't the notor operated val ve | ocat ed downstream
of the squib val ve?

MR, SCHULZ: Because we want the squib
valve to discharge directly to the containnment, to
maxi m ze its performance, piping downstream

VMEMBER RANSOM | would think from a

| eakage point of view -- well, the other thing is
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mai nt enance, the notor operated val ve, don't you have
to once in a while actuate that valve?

MR. SCHULZ: No, because it has no safety

function.
MEMBER RANSOM But you want it to cl ose.
MR SCHULZ: W would want it to close,
but we would not -- there is no in-surface testing

requi renents for that val ve, because it is no safety
function val ve.

Wul d the val ve be exerci sed? Probably,
not necessarily at power.

MEMBER RANSOM Wl |, you are clearly not
at power.

MR, SCHULZ: The valves are al so fl anged
in, and wth the val ve | ocated at the end of the pipe,
it is easier to take the valve apart, because you
don't have a flange on both sides of the valve, you
only have it on the one side.

So if you ever actuated the valve, and
then wanted to refurbishit, rebuild it for operation
agai n, you have to take the upstreampart off, and it
isalittle easier to do it in this |ocation.

MEMBER RANSOM Well, this is a shear
val ve, so that you destroy the valve if you open it?

MR, SCHULZ: No, it doesn't destroy the
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val ve.

MEMBER RANSOM Well, it destroys its
seal ?

MR. SCHULZ: It cuts part of the valve,
engi neered shear section insidethe valve. W w | be
showi ng you what that |ooks |ike.

MEMBER SI EBER: | presune --

MR SCHULZ: This is a view --

MEMBER S| EBER: -- that there are
substantial pipe restraints on the ADS |ines, too,
because of the reaction force, if you use then®

MR SCHULZ: There are.

MR. CUVWM NS: Put your picture back up.

MEMBER S| EBER: Yes, the draw ng doesn't
show any restriction

MR CUMNS: -- the little lips on the
end there, those are forced nunbers that go right to
the steam generator well, so if it goes off, we've
designed them so that it could go off at operating
pressure, and it wouldn't cause the pipe to wet.

MEMBER SI EBER:  Ri ght.

MR, SCHULZ: This shows you a view of the
functional requirenments. | nentioned that it is a 14
inch pipe. The hole going through the valve has a

nine and a quarter inch ID
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And, of course, it is a safety seismc
cl ass one design, full systempressure design. It is
designed to open at full systempressure, and it is
al so designed to open at very | ow pressure, which is
actually nore chal l engi ng than the high pressure.

Expect ed openi ng pressure, as you heard
from hydraulic, is somewhere 100 psi, or in fact a
little bit lower. The normal water tenperature, up
against the valve wll be hot. It won't be ful
system pressure because there is a partial |oop sea
in front of the valve.

We are requiring the val ve to be desi gned
sothat it can tolerate full hot leg pressure. It is
fl anged upstream both up and downstream and it is
stai nl ess steel construction.

| tal ked about several of the aspects here
of why we sel ected squib valves. W actually didn't
originally have squib valves in AP600. W were
t hi nki ng of using sonme gas pi ston val ve of sone ki nd.
But we becane concerned when we actually started
talking to val ve vendors about the availability of
t hose val ves, and the devel opnent issues.

So we ended up sel ecting the squi b val ves
partially, a very strong reason, was that they are

very reliable valves. And, of course, this is an
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i nportant PRA safety function, sothat reliabilityis
very inmportant.

The ability to use the three i ndependent
control circuits, all the ways through the valve, is
a uni que and very beneficial function. They are very
diverse from the notor operated stage 1, 2, and 3
val ves, again, a PRA benefit.

They have a very | owchance of i nadvertent
openi ng, or | eakage. That is a very beneficial
function. The in-service testing and inspection is
sinmplified versus notor operated, or air operated
val ves.

They actual |y are | ess expensive than air
oper at ed val ves that we | ooked at. Even though there
is some devel opnment costs in coming up with these
valves for the ADS-4, there is in our mnds |ess
uncertainty and the cost will be |l ower, than com ng up
with the -- an alternate val ve

And as a final thing, the USutilities who
are working with us, when we were devel opi ng AP600,
actual Iy suggested this to us, and supported the use
of the squib val ves.

The I ast two slides | have deal with in-
service testing and inspection. Both are being --

wil | be performed in accordance wth ASME
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requirenents.

Basi cally ASME says that for squib val ve
you shoul d take 20 percent of the valves, of a given
function or design, and every two years replace the
propellant, and put it inatest fixture, andfireit,
make sure that the pressure devel oped woul d have been
sufficient to actuate the val ve.

CHAl RVAN KRESS: So you take one valve
every two years and do that?

MR. SCHULZ: No, we only have four, so it
is actually 25 percent of the val ves, because we have
four val ves.

MEMBER RANSOM What do you do if you find
one that doesn't fire?

MR. SCHULZ: Then you need to | ook at, you
know, the whol e parts of the quality control. And this
i's, when you nmake the propellant, initially, you make
it in batches, and you do testing of that before you
even put the propellant in the valve, to make sure
that this was a new manufacture to start wth.

So there is, also, a propellant that is
designed, it is over-designed so that it wll work
wi th 80 percent, or sonmething |like that, of the design
amount of propellant that you put in.

So it is very unlikely that that wll
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happen, but not inpossible. |If sonething |like that
happens you need to try to find out what the root
cause of the probl em was.

MEMBER RANSOM Do you go back and repl ace
all the ones that cane fromthat batch?

VR. SCHULZ: That is a definite
possibility. If youcan't figure out what the problem
is, or if you do figure it out, and it is for
sonmet hing with agi ng, or that was different than when
you first made it. So there are some alternatives
there that you can take and certainly one of themis
to replace the propellant in the other valves.

MEMBER LEI TCH: One thing that we al ways
did in other squib valve applications was in the
storeroom you woul d test one from each batch before
you used it, in actual application, to be sure that
that batch did, indeed, fire properly.

MEMBER RANSOM | i magi ne t he manuf act urer
did something simlar --

MEMBER RANSOM  Per haps, |' mnot sure what
t he manufacturer's practices were, but --

MR. HAYES: W have a manufacturer here
t hat you can ask.

MEMBER RANSOM  Yes.

CHAI RVAN KRESS: The test fixture that you
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test this in, what nmeasures the force, the charge, it
nmeasures the --

MR SCHULZ: -- the pressure?

CHAI RMAN KRESS: -- the pressure, nmaybe.

MR. FREDERICK: Yes, | will get into the
details when | give nmy presentation, if that is okay.

MR. SCHULZ: Another thing that we do is
that when we disconnect the wring from the
propel l ant, and reconnect it, we will do a continuity
check to make sure everything i s hooked back toget her
and, in fact, that the firing circuit inside of the
valve is intact, and it is all connected together.

And, of course, the val ve position sensor,
that is -- in-serviceinspection, nowthis relates to,
primarily, inadvertent opening of the valve, somehow
cracking, rupturing of the val ve opening.

The shear cap, which we will be seeing in
alittle bit, is the main issue here. The val ve body
is a massive chunk of stainless steel, and | don't
think there is any issue with it breaking.

The fl ange i s connecting the val ve body to
t he pi ping, are very robust also. So | think that the
focus of question of in-service inspection, and
potential |eakage/rupturing is with the shear cap.

And one of the things that we would
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concentrate onin-service inspection, we woul d | ook at
that, take the valve apart, inspect it from a
di mensions point of view, make sure there was no
t hi nni ng.

W would also ook for any cracking in
t hat shear cap. And if there is any problens we w ||
replace it. Once you' ve got the valve apart it is not
that big of a deal.

And we antici pate that although this wl|
be done every ten years, that it probably wouldn't be
done all four val ves every ten years, it woul d be sone
kind of a staggered, it would give you internedi ate
dat a.

CHAI RMVAN KRESS: Have you nade sone sort
of analysis to seeif that valve is thermally cycled?
When you have a dead end off of a hot thing with a --
soneti mes these things can get thermally cycled, and
are you havi ng -- do you have t enper at ur e neasur enent s
onit, or --

MR SCHULZ: We do not --

CHAI RMAN KRESS: -- way to nonitor it?

MR. SCHULZ: -- neasurenents inthe plant.
The piping is big piping.

CHAl RVAN KRESS: Yes, 14 inch.

MR. SCHULZ: To nmake it up the top of the
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hot | eg.

CHAl RVAN KRESS:  Yes.

MR. SCHULZ: So we anticipatethat it will
be uniformy hot.

CHAI RMAN KRESS: It is full of liquid, you
drain any air out?

MR SCHULZ: That is right.

CHAI RMAN KRESS: So you have a dead end
with hot liquid comng off the hot |eg?

MR SCHULZ: Yes.

MR CUMWNS: If | may, Tonf? For AP600,
where we di d such an eval uation for the dead end pi pes
like that, for thernmal stratification, for AP1000,
where we were using the DAC approach, that is a
conmtnment to performthat assessment as part of the
final piping design.

CHAI RVAN KRESS: Ckay.

CHAl RVAN WALLI'S:  You have to vent this
pi pe, don't you?

MR CUMNS: |'msorry?

CHAI RVAN WALLI'S: Don't you have to vent
it, youget electrolytic pulls because you are letting
of f the gases, the noble gases --

CHAI RVAN KRESS: -- hydrogen get up there?

CHAI RMVAN WALLI S: -- get up there? It
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probably woul d. You have to vent any kind of a dead
end like that. O herwise you are likely to
accunul ate, over a long period of tine, hydrogen.

MR,  SCHULZ: Well, two things. One |
don't see that as being a problem

CHAl RVAN WALLI'S: It doesn't matter if it
pul I s the hydrogen --

MR, SCHULZ: |If there is some up there --

CHAI RMVAN WALLI S:  -- expose the m xture,
too, it is radiolosis.

MR SCHULZ: W have sone other high
poi nts where we do actually have an isobaric chart
inlet whichisinthe CMIinlets, both of those where
t he presence of hydrogen m ght, adversely, interact
with the natural circulation of the system

We have high point, not only high point
vents, but high point gas chanbers on top of high
points to | evel sensors, that actually neasure. Now,
we don't antici pate actual ly seei ng anything up t here,
okay?

But in those -- those functions are nuch
nore sensitive to the presence of hydrogen.

CHAI RVAN WALLI'S: If it did fill up with
t he expl osi ve m xture of hydrogen and oxygen, and you

set off the squib valve, you m ght set that off, too?
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You probably woul d.

MR SCHULZ: | don't think so.

CHAl RVAN WALLI S: Why not ?

MEMBER FORD: -- explosions occurred in
some PWR plants, hot |legs of PAR plants. But there,
| think, there has been an explosive mxture of
hydrogen and oxygen, oxygen in your case. And you
al so need an ignition source.

And |I'm not too sure, unless the notor
operated valve is noving --=

MR SCHULZ: | don't know --

MEMBER FORD: Probably t he PWR expl osi on,
it doesn't nean --

(Everyone speaks at the sane tine.)

MEMBER S| EBER: -- very rapid rate,
sonetinmes it self-ignites when you do that. But
t hese val ves start off with hydrogen, and al so | eaps
pretty good, these valves are just a single valve.

And no matter how good the manufacturer
is, they are probably goingtoleak alittle bit, too,
so the hydrogen will probably | eak.

MR. SCHULZ: | don't think these val ves
will |eak.

MEMBER SIEBER: |'ve never seen a valve

that didn't leak a drop or two every nonth.
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MR, SCHULZ: Well, these aren't vyour

regul ar valves. Now, two of these valves actually
have the --

MEMBER SI EBER: Better off --

MR. SCHULZ: -- connection off of them
And that would be the ADS 4 tees off horizontally,
passi ve RHR goes straight up.

CHAI RVAN KRESS: Yes, but that collects
hydr ogen.

MR SCHULZ: So that will tend to coll ect
it for that, if it does exist.

CHAI RVAN KRESS: The actual design, it
woul d be inportant, but you can still have therma
stratification in there.

MR SCHULZ: Yes, which we said would be
sonething to look at. That is the end of ny portion.
Tom Hayes will now tal k about the controls of the
val ves.

MR. HAYES:. Good afternoon, |'mTomHayes
from Westi nghouse. I"m an electrical engineer, so
nost of what you are tal ki ng about, so far, is foreign
to ne.

|"mhere to try to answer the questions
about why do we think this valve --

CHAI RMAN  KRESS: What you say wll
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probably be foreign to us.

MR. HAYES: GCkay, good. But I'mfocusing
on the actuationcircuit of these val ves, and pointing
out what we have done to ensure that the valves wll
recei ve an actuation signal when necessary, and wl |
not receive an actuation signal when they shoul d not.

As Terry mentioned, each of these ADS 4
squib valves can be actuated by either of two
protection system channels, protection system that
carry the initials PM5, but that is the safety grade
system

It is afour channel system So, as Terry
nmenti oned, two of these four val ves get an AMC si gnal ,
and two of the valves get a B& signal. And for each
of those valves, one of those signals will cause the
val ve to actuate.

The protection systemhas both automatic
and manual neans of generating that signal. And then
there is a diverse actuation systemthat also has a
manual way of actuating that valve.

Each one of these circuits are energi zed
toactuate, drivenprimarily by the characteristics of
the valve. It is not |ike an AODthat you can have be
a fail open valve. It needs energy so that it can

actuate, that is just the design of the valve.
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Sol wouldliketo first address the issue
of the reliability to actuate when you want it to.
And we address this by the three separate signal s that
go to the val ve.

What | have here is a bl ock diagramof a
single ADS 4 valve, the circuits that would actuate
it. There are three of them they are i ndependent al
the way out to the valve. Each one of these valves
wi |l have three actuators, or threeigniters at | east,
so that any one of thoseigniters will open the val ve.

MEMBER WALLI S:  What kind of a signal do
you send?

MR HAYES: It is a pulse of current.

MEMBER WALLI'S: One pul se of current?

MR HAYES: One pul se of current.

MEMBER WALLIS: So sone kind of a fire
t hat caused a short m ght send a pul se of current?

MR HAYES: We will talk about that in
just a mnute. You are getting ahead. I|f you want ne
to junp ahead, | would be willing to. That woul d get
us back on schedule if | do that.

(Laughter.)

MR HAYES: Let ne first address how we
are addressing the issue of reliability to actuate,

and then we will talk about the reliability to not
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actuate, when you don't want it to, which is what you
are asking about.

MEMBER WALLIS: A lightning strike, or
anything that sends a --

MR. HAYES: Certainly a lightning strike
woul d set one of these off.

MEMBER WALLIS: It woul d?

MR. HAYES: |nside containnment, it has to
be i nside containnent.

MEMBER WALLIS: No, no, outside, surge.

MR, HAYES: Qut si de, no. " m tal ki ng
about |ightning strikingthrough the steel contai nment
into this valve.

kay, so in effect we are triple
redundant, and there are three different ways of
actuating this valve, three way redundant, two way
di verse. The two top hal ves we show here are fromt he
protection system the energy for this current that
woul d open the val ve cones fromthe cl ass 1E power --

MEMBER WALLI S:  The supposed current | evel
is not -- are you tal king about what goes fromthe
controller to the valve? | was tal king about what
cones to the controller, what conmes fromthe side of
PMS division to the controller.

|sthis apieceof digital information, or
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is it a pulse of current?

MR. HAYES: OCh, okay. When you tal k about
what the controller is -- this box that I have | abel ed
squi b val ve control ler is, basically, acapacitor with
interlock circuits, okay?

So you charge it up, let's tal k about how
the controller works. Each controller has what we
call an armand a fire circuit. Now you are getting
into this -- the reason we did that is to do
everything we can to preclude spurious actuations.

Now, what the armcircuit is relatively
| owcurrent conpared tothe five anps it takestofire
this valve, it would be sonething in the | ess than one
anp range, that would charge a capacitor in the
controller.

When the capacitor is charged, and the
armed circuit has been de-energized, there is
interlocked circuits to | ook for that, then the fire
circuit, if the controller sees an energy on the fire
circuit, this control grade signals --

MEMBER WALLI S: Just a pulse of sone
current in the fire circuit?

MR. HAYES: These are not -- the pulseis
out here on the fire side. These are just nornal

digital signals.
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MEMBER WALLI S: So there is a digital

signal that is an encoded signal, with quite a bit of
i nformati on?

MR. HAYES: No, no, it is just an on and
off. Adigital, tonme, is on versus off. It is not,
well it is a continuous current.

MEMBER WALLIS: It is a very sinple thing
|'mgetting at.

MR, HAYES: Yes.

MEMBER WALLI S: If it were an encoded
digital --

MR HAYES: No, it is not encoded.

MEMBER WALLIS: -- signal, then there is
much | ess chance of it being fudged by a short. But
if you have just a current, then that could easily be
fudged by a short.

MR. HAYES: Sure, | understand that. But
these are sinple signals. It is either energy there,
or not energy there.

But, renmenmber what | said about this
control, what it is, isthe capacitor that will charge
up. It gets its current fromthe armsignal, so it
gets a half an anp or so, for 30 seconds or so, and
charges up the capacitor.

And t hen, when that capacitor is charged,
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the fire signal will release that pul se of current to
go out to the val ve.

MEMBER SIEBER | picture what you are
describing as a capacitor, SPD switch on it?

MR. HAYES: Well, it isalittle nore than
that. Let's talk a mnute about what that is.

CHAl RVAN KRESS: Ckay.

MR HAYES: So each controller has two
i nputs, an armsignal and a fire signal, and the arm
signal is where it gets its energy to charge the
capacitor.

Now, what are the interlocks we have
associated with that? First of all the intended
operational sequence is to the armcircuit, to be
energi zed | ong enough t o charge t he capacitor, for the
arm signal to go away, and then the fire signal to
appear. And that will rel ease the energy.

Now, i nthat process we have an i ndi cation
and alarm to the operator when that capacitor is
char ged. There are times he wants it charged.
Qoviously right before he wants the style to open.
There are times he wants it not charged, which all the
ot her tines.

So you need an alarmon that to say that

t hat capacitor got charged, and you didn't nean for it
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to. So we have a capacitor there that normally it
sits there de-energi zed. We have interlock circuitsin
this controller box, that says there is nothing you
can do on either one of those signal lines to nake
t hi s capacitor discharge.

You send it the fire signal to charge, it
will try to discharge, but it has nothing to

di scharge. You send it the armsignal, with no fire

signal, it will charge up the capacitor, and that
capacitor will stay charged if that arm signal is
still there, but it will never fire, there is never a

fire signal.

MEMBER VALLIS: It won't | et you fire when
it is partially charged?

MR. HAYES: It will let youtrytofireit
if you partially charged it, and the arm signal has
gone away. You cantry tofireit. But it won't stay
partially charged, it won't stay charged, or even
partially charged very | ong.

It is a mtter of mnutes, it has a | ead
resi stor that discharge the capacitor back down.

MEMBER SI EBER: | take it that it is abig
el ectrol ytic capacitor?

MR HAYES: Yes.

MEMBER SIEBER. So it has a lifetinme, you
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have to change them out every ten --

MR, HAYES: Sure.

MEMBER SI EBER:  -- or so? Ckay.

MR HAYES: They will be tested every
refueling for degradati on, and probably changed every
ten years even if they don't show degradation

MEMBER S| EBER: | woul d.

MR. HAYES: | would too. That is a plant
operator issue at this point.

VMEMBER LEI TCH: ['m still a little
confused. Can you back up to the level switches? |
nmean, the level is going down, and at the sane | eve
do you actuate both the armand the fire?

MR HAYES: Well, yes. The level tells
the protection systemit is tinme to open the ADS 4
val ves.

MEMBER LEI TCH: Ri ght.

MR. HAYES: Then what the protection
system does, with its own internal timers, is it
actuates the arm signal for 30 seconds, then
deacti vates the armsignal, and then actuates thefire
si gnal .

MEMBER LEI TCH: Ckay. |If the arm signal
is not de-actuated wll it fire?

MR HAYES: No.
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MEMBER LEI TCH: Ckay.

MR HAYES: It has to be a coordinated
sequence of things that happen into that control.
Now, nost of this --

MEMBER LEI TCH: Back up to that again, to
the l evel switches. I'mstill alittle confused about
the logic there. Four |evel swtches?

MR HAYES: Right.

MEMBER LEI TCH: And they are arranged | i ke
in an H pattern, one out of two --

MR HAYES: Two out of four.

MEMBER LEI TCH: Two out of four, okay.
Ckay, thanks.

MR. HAYES: So you have -- the idea of
this controller, now, and it is driven very nmuch by
concerns about shorts resulting fromfires. Now, we
areintothe shorts resulting fromfires question that
came up.

If we go back to the picture one nore
time, I will just pick one of these. |If you have a
firethat is causing this circuit to hot short. And,
by the way, this is what we call a two pole circuit,
so it has both wires there, and they are both broken
on the upstream end.

But you get smart hot short. Bot h of
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t hose conductors short to two conductors sonewhere
el se. You can't get an armsignal. And when that arm
signal gets in there, and charges the capacitor, the
operator will get unarned.

Now it is possible for a fire to cause
that to happen. It is possible for that fire to then
burn enough to break the conductors and nmake this an
open circuit. It is possible for a fire to, then
cause this fire circuit to do the sane thing, two
smart hot shorts.

However, it is not possible for that to
happen instantaneously. That takes a little bit of
time. Inthe neantine there are fire detectors inthe
room where this m ght happen, snoke alarns, and the
operators have procedures that tell themto go turn
the power off in that roomif there is a fire.

Soif youlook, froma fire actuated point
of view, if you are |looking fromthis box forward,
there is nothing to short to. This is all passive
stuff with no energy stored.

These cables are in trays and could,
concei vably, short to another cable, but they are in
i nstrunment trays. Instrunent circuits are 4 to 20
mlliamps, 20 mllianps won't fire one of these

val ves.
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So there is -- although it would be
potentially possible for those wires to short to
something, there is nothing for them to short to,
within the trays they are in.

The fire would have to take those wres
out of the trays they are in, put themin a different
tray, and have these two conductors short. And that
is just beyond design basis, in ny mnd.

Now, upstreamfromthese controllers, we
now are in areas where there are wires that you coul d
concei vably short to, but that is where you start
neeti ng these coordi nated shorts, in nmultiple places
in a single room or in nultiple roons.

And that is where we get into the, by the
ti me t hat happens, sonmebody has noticed their plant is
on fire, and they've turned the power off. Now, I
think I just went through about the next five slides.

MEMBER SI EBER: That is good.

MR. HAYES: These are just some nore of
the interlocks that are in the box. Basical |y
attenpting to prevent any spurious, reasonable
spurious things that could happen as a result of
i nadvertent things happening.

Upstream of the squib valve we have the

armand fire signal comng fromtwo di fferent places,
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so they are physically separated, at | east in the room
that they are coming from The rest of the story |'ve
been through, you turn the power off.

Thisis all energized, actuate stuff, turn
the power off when there is a fire. These manual
actuation switches, and Terry has al ready nentioned
it, arelocated at m nimumtwo di fferent places inthe
control room where sonebody has to be bunping into a
switch.

The switches are going to be covered
This is, obviously, not a switch you want to have so
that the guy can't even inadvertently bunp one of
them He is going to have to bunp two, and they are
going to be in two different places.

The only other issue that | can think of,
t hat coul d cause a probl emfor spurious actuation s,
the protection systemis a conputer based system
And software does screw up. And what | have to tel
you is that this is the best software you are going to
get .

It is protection grade software, it is
class 1E software, and Bill Gates was not invol ved.
Agai n, | enphasi zed, the squi b val ve controller itself
has no power, has no stored energy, except for the

potential, if you could cone up with sone possibility
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that the capacitor gets energized, but that is
al ar ned.

So under normal conditions the controller
is sitting there with no energy, no power, no way to
generate a signal, absolutely none. | don't care how
smart your little rodent that gets in there, or your
fire, or whatever.

Fai l ures downstream of the controller
Yes, here, what we are |ooking for is sonme way of
generating the five anps that it takes to actuate one
of these valves in sonme kind of cable to cable fault.

And we are sinply saying there are no
adj acent cables that have the ability to generate five
anps. Those circuits just aren't there, they are in
ot her trays.

MEMBER S| EBER: Actual |y, the way | thi nk,
it wuld be better to know what the voltage is,
because the anperage is determ ned by the resistance
of the detonator, right?

MR. HAYES: Well, the voltageis 48 volts,
it is at 24/48.

MEMBER S| EBER:  Thanks.

MR. HAYES: But 24 volts could, | nmean,
the detonator has very |ow resistance. So what we

have, though, is a power supply internal inpedance,
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and 24 volts won't get you five anps.

Again, thisis basically asunmary of what
|"ve been repeating. So, basically, we believe the
ol d possibilities of fires, operator error, equi pnent
failures, and have at |east sonme reasonable belief
that this is not likely to have a problem

MR.  CARUSO Are there any on-line
nmonitoring and continuity to this nornmal operation?

MR. HAYES: W are not going to do that
because we are worried that that is nore dangerous
froma spurious actuation point of view

MR. CARUSO You nmade a consci ous deci si on
not to --

MR. HAYES: W nmde a consci ous deci sion
to do that check right after we have done our
refueling. The INC systemguys are going to nmake e
check the continuity, check all the way up to the
squi b val ve.

So what | believe will happen, at the
refueling, is a connector will be pulled, we will put
on a test device, we will test fire all the way out,
so we know the INC is good up to there.

MR, CARUSCO A lot of applications in
these valves now that put a very small current

t hrough, and then they neasure continuity.
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MR. HAYES: | know. And those things have

all kinds of problens. It is a great theory. I'n
actual practice we are finding that they do,
occasionally, generate a spurious trip.

Do you have any nore questions before |
sit down?

(No response.)

MR. HAYES: Ckay. | wll introduce Dan
Frederick from Conax Corporation, who 1is the
manuf act urer of these types of val ves.

MR. FREDERI CK: As was nentioned, |I' mDan
Frederick, 1'm Vice President of engineering for
Conax, and | work directly in design and devel opnent
of fire wells. So I have a pretty long history of
dealing with devices simlar to what we are going to
di scuss today.

It is a fine agenda that has been put
forth here, is the overview, first of all, by Conax
Florida Corporation, just to give you an idea that
yes, we have a buil ding, and do exist.

Then we will get into the GE devel opnent
program followthat up with t he AP1000 val ve desi gn
and the squib valve reliability will be taken care of
at the end.

As you can see that is the plant, thereis
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actually three buildings involved, and it in St.
Petersburg, Florida. Just a quick overview of the
conpany.

Conax was founded in 1948, the first
devel opnent of el ector-explosive devices was in the
early 1950s. Conax Fl orida subsidiary was forned and
noved to Floridain 1982, it becane | SO9001 certified
in 1997.

We wer e purchased by Cobhamof Engl and in
1998. W have about 150 enpl oyees, our annual sales
about 30 mllion dollars. And, as previously noted,
we are in St. Petersburg.

CHAl RVAN KRESS: Who are your custoners?

MR. FREDERI CK: Virtually all rmajor
aerospace corporations, Ar Force, Navy, Lockheed,
Boei ng, etcetera, etcetera.

CHAI RVAN KRESS: |'s Pyronetics one of your
brand nanmes?

MR. FREDERI CK: | personally came from
Pyronetics originally. And so | was there for many

years, when Pyronetics was relocated in Denver in

1980. Time frame, | headed up the engineering for
many, nmany years, | was with OEA until about 1999,
actual ly.

During that tine frame Pyronetics was,
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quot e, absorbed into OEA, because we were in the sane
bui | di ng as CEA, I ncorporated. Andthen the aerospace
si de became OEA Aerospace, because at the sane tine
the airbag industry was starting, and we had the
initiator designs for many of the autonotive type
comnpani es.

And, therefore, it became OEA Aerospace.
Since that time Aerospace has been purchased by UPCO,
which is now located in Fairfield, California, and
that is where | was at before | decided to nove down
and take the position wth Conax.

CHAI RVAN KRESS: So it is a different
conpany?

MR FREDERI CK: So right now Conax is,
obvi ously, separate fromthe original Pyronetics, OCEA
UPCO. However, we have a |icense agreenent, and we
are working directly with them on the sale of
pyr ot echni c val ves.

CHAI RMAN KRESS: But one reason f or aski ng
who your custonmers were is they -- the custoners
generally require some sort of QA/QC specs. And we
were interested in what sort of QA and QC you have to
have on these.

And | presune, from these particular

customers, that is --
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MEMBER SI EBER:  That is what | SO 9001 --

MR, FREDERI CK: | SO 9001, and certified
| SO 2000 by Cct ober, Novenber tine frame of this year.
So we are nmoving forward i n the next phase of the | SO
certification process.

A quick list of some of the products. In
addition, we call them pyroval ves, for the nost part
pyroval ve and squi b val ve are virtual |y the sane, they
have the sane kind of design features.

Stored gas systens, water activated
systens, pin pullers and cutters, actuation systens,
and we even take | ots of conplex "buildto print" jobs
in some cases.

The advant ages of squi b val ves, they are
very fast acting, you have the solid netal seals, you
don't really have to worry about | eakage over tine.
They are reliable, environnental |y durabl e, and NASA
sponsored and qualified nmany prograns.

We build val ves because they cane to us
and said, well, we want these valves to fly on certain
m ssions, and we designed themthat way. The other
advantage that wasn't noted there, typically a fire
val ve, just fromthe nature of it, you are getting so
much work from so small an energy source, that you

have a very |ightwei ght conponent, conpared to what
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anything else could put out there, that would do
sonmething in simlar fashion.

W have a C ass 10, 000 cl ean room we get
involved with el ectronic assenbly on our |ot of our
life support prograns. W have a nodel shop that we
use for alot of our prototyping and devel opment wor k.
W do a lot of gas purity testing, we have pure gas
bottles if you want to nodel the main mssile systens
t hat are produced today.

And we have our own environnmental testing
t hat we do i n-house, as far as vi bration, and altitude
testing, etcetera. Obviously it is not to the size
you woul d need for this valve.

MEMBER Sl EBER: Do you build the
controller that M. Hayes di scussed?

MR, FREDERI CK:  No.

MEMBER SI EBER:  So that comes from sone
pl ace el se?

MR. FREDERICK: | believe it cones from
Westi nghouse right? Yes, we don't do that.

MEMBER S| EBER: And you manufacture the
detonator, or do you buy that from soneone?

MR. FREDERI CK: \What we are going to be
doing, on the detonator, which | was calling an

initiator, my background, and booster charge, whichis
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t he mai n propellant source, we will be going back to
UPCO, who built it previously, for all practical
pur poses, and they will do it again.

MEMBER SIEBER  So these are the -- it
wi Il be the sanme as the General Electric water val ves?

MR. FREDERI CK: Yes, that is exactly
right. In fact, | was directly involved with the
val ve many years ago, and the design activity.

Just abrief list, | mean, obviously there
is alot nore data up there, and | won't go through
those itens, but you can see it is a pretty extensive
list of things that we are directly involved in.

Certification, as | nentioned earlier, we
are 1SO 9001, in Novenber of 1997, and in January
2001, again. And gettinginto the GE val ve devel opnent
program just to give you a little history, is what
this amunts to.

Oiginally General Electric went out to
seven potential bidders to provide a product that
woul d do the work that they needed done. And for all
practical purposes that obviously wasn't just goingto
sonmebody that nade squi b val ves. That included, from
what | recall, going to the Japanese, and getti ng sone
ki nd of a pneumatic system etcetera, etcetera.

But what it really came down to is that at
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the ti me we proposed a two i nch I Dval ve that woul d be
upscaled to the required seven inch valve, as the
reconmended approach for themto use.

And we even provi ded, at that tine, alist
of our custoners. They went out and contacted a bunch
of custoners because, you know, obviously if you are
noving into a bi g devel opnment programon valve, it is
al ways nice to get sone i nput fromthe peopl e that say
we have been working with to understand where we were
coming from that we had the potential to design
somet hi ng of that size.

So then we received a contract, and then
we noved out to design a seven inch valve. And the
West i nghouse AP600 valve is, in fact, the same ID as
t he CE val ve, and t he AP1000 val ve, the plan woul d be
to scale up the existing GE seven inch valve, to
accommodate the slightly larger 9.24 inch | D di aneter
for the AP1000 val ve.

This valve, | will just give you a brief
description of. This is the two inch valve that |ed
to the GE valve. And froma quick design description
here, we will go through the design description here.

You can see, on the top of the valve,
right at that cavity, which is really not real clear

to everybody, where the initiator is located in that
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valve. There is actually two of them

So if you located it around the other
di recti on you woul d have one sticking out this side,
and one out that side. So they have redundancy built
infromtw initiators to do the -- just to cover in
case you ever had to have two.

But inreality the valve was designed to
work with one initiator. And this particular valve,
based upon the way it was designed, didn't even
requi re booster charge. And so when you fired the
initiator you get ballistic pressure that will build
up in this cavity.

It woul d build up a high net plunger right
here. So when you got to a control pressure, that it
t ook to break that shear section, thenthis part right
here would stroke down, causing this sheared out
section to nove down, contact the support plate at the
bott om and t hen just rotates over down to t he bottom
creating a full flow open flow passage.

MEMBER Sl EBER: Is that hinged at the
bot t on®?

MR FREDERI CK: Yes, it is, that is a
hi nge, yes.

MEMBER SI EBER: So it doesn't go shooti ng

across the roonf?
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MR, FREDERI CK: No, no, it is totally

contained just like the GEvalve that | will show you
here in just a second.

And in this particular case, which we
didn't need on the GE valve, you can see there is
net al belts around t he out si de, because they wanted to
prevent any potential for pyrotechnic material s to get
out into the system they were concerned about
downst ream of the val ve.

CHAI RVAN KRESS: Thi s thing woul dn't work
if you put it in backwards?

MR. FREDERI CK: That is correct. Yes, it
was never intended to be pressurized on this side.

MEMBER SIEBER:  Well, it wouldn't work
anyway.

MR. FREDERI CK: Depends on what you put in

MEMBER S| EBER:  You woul d have a hard tine
bolting it up. There is no flange on the other end.

MR.  FREDERI CK: That is where it all
started, that was the val ve that we said, hey, we can
take that valve and we can stay with that. So let's
go to the next slide.

So then we took on the design activity,

noved forward, and devel oped the val ve that is before
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you. You can see there is a very |arge amount of
simlarity to the two inch valve.

MEMBER WALLI S: | presume you nmade it very
hi gh pressure you woul d have a problem because you
must not fail in tension, but it nmust fail in shear?

MR. FREDERI CK: That is correct.

MEMBER WALLI S: And so you have been
t hrough all that, so there nust be sone sort of limt
to this design if the pressure is too high in the
system

MR. FREDERI CK: Well, if you got extrenely
high, you would have a real problem from the
standpoint that the higher the pressure, and the
bi gger the di aneter here, the thicker that section --

MEMBER WALLIS: That is right, and you
have to be able to shear it off.

MR. FREDERI CK: And then what happens is
t hat you coul d, but the anpbunt of booster charge up in
here, and the size of the valve woul d be very | arge.
So you just have to work into that.

| mean, you could get thereif youreally
want ed to. I'"'m pretty confident we can open up
anything we need to open. But this valve, as |
poi nted out earlier, is based upon the two inch, and

you can see that you have a shear section, again, at

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

55

this | ocation.

You have a hinge pin, where this thing
rotates over --

MEMBER WALLI'S:  So you shear it, but you
don't first break the hinge?

MR. FREDERI CK: No. Thereis a slot right
here --

MEMBER WALLIS: It inpacts on the bottom
t hen?

MR. FREDERICK: It inpacts on the bottom
and then it just rotates over with this surface
contacting that surface. And you are, again, full
open.

A tension bolt was added up to the top,
and you can see that we have a tension bolt here that
you didn't seein the prior valve. And the reason for
that i s because when you go to the nuch thicker shear
section here, we didn't want to rely on static
pressure in order to drive the section open

So we gave it alittle dynam c i npact, as
a result of backing it up, and putting a control
dept h, or distance, between t he bottomof the ranp, or
pi ston, and the top of the part that you aretryingto
shear .

Thi s val ve, al so, although it didn't have
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the bevels to prevent any flow lines, in particular
case of the nucl ear environnments, we went to all - netal
seals. So all the interfaces on all the assenbly has
netal type o-ring seals. So you don't have any rubber
conponents on the entire design.

And just alittle nore informationonit.
The requirements at that time was that there was an
external tenperature that the val ve had to be exposed
to, aninternal tenperature that was in the pipe. And
t he goal was to keep the booster propellant bel ow 280
degrees fahrenheit, which was the set limt for the
program and cooling fans were on the top as well.

And we went through the testing and net
all therequirenents, inthat regard, as well. On the
bottom which | don't believe you need on the
West i nghouse val ve, but it was on the GE val ve, ins an
el ectro-mechani cal swtch.

And what that didis it told sonebody in
the control roomthat if the valve ever did fire, it
woul d send a signal back into the control room

Here is what it looks like in -- you can
see up here the bolts are broken, but the sheared
section actually rotates over center, and t he cont act
to the valve body is down here.

The val ve i s desi gned t o be ref urbi shabl e.
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The requi renent on the prior progranms, within 24 hours
you had to take apart the val ve, renove all the parts
that needed to be replaced, put the valve back
t oget her.

And so you can see, when you | ook at the
val ve, that part obviously has got to be repl aced
because you sheared out the section. The tension bolt
was broken, and there is a fewseals, and that type of
thing, that go into the refurb process.

But GE actually did take the parts that
were in Wley, when we shipped themto WIley, and
actually did do a refurb, and it net the requirenent
of the 24 hour with no problem

The key feature thereis that youcanfire
t he val ve, you can do sone surveillance testing, and
what ever you need to, and you can save all the real
hi gh dol | ar product of parts that are associated with
t he val ve.

MEMBER WALLIS: How thick is the shear,
thering of material that is sheared, howthick isit?

MR. FREDERI CK: This is going frommenory.
| believe it is a quarter inch on the seven inch
val ve. And, of course, it would be scal ed up because
of the bigger dianeter and slightly high pressure for

the 10 inch in the AP1000 val ve.
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Now I will give you a little summary of
sone of the testing that was done on the previous
program on sone of the things that we would go
t hrough in order to ensure that we can neet the basic
requi rements associated with any new program

O course you al ways have t he exam nati on
of product because, obviously, you want to start with
neeting your intent and your requirenents. W did
hydrostatic testing on the sheared out sections, as
wel |l as the val ve housing.

Leakage testing was perfornedintheinlet
pressurizer. W did the thernmal exposure testing,
which is one | nentioned earlier, where the inlet was
at 550, surrounding air at 190, and t he booster at the
top of the valve had to be bel ow 280, which it was.

MEMBER WALLIS: What is the nipple nade
out of ?

MR. FREDERICK: In the prior programit
was made out of 304L, because that was the materi al
t hat was chosen at the tinme. For the AP1000 we have
been discussing going to 316L, which is nore
conmpati bl e with what has been used by Westinghouse.

But if you look into the mterial
properties, both are very, very close. | nean, 316L,

321, 304L are all combpn materials used in the
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aer ospace busi ness.

O her itenms, we had verification to make
sure that everything was the way it was supposed to
be. We did devel opnent testing. One valve was fired
twi ce, another valve was fired once. And then the
units were delivered to CGE for additional testing,
subsequent to pyronetics testing at that point.

If I"mgoing to fast, let me know, | know
we have a real tinme constraint.

CHAl RMAN KRESS: You are doi ng good.

MR. FREDERI CK: Sone of the testing that
is done, or perforned, on initiators and boosters,
what is called a closed bonb testing. And that is
performed at tenperature and in sone, not all cases,
it is perforned with unders, and in sone other cases
per haps overl| oaded boosters.

Now, closed bomb testing is where you
actually put the booster with the initiators init,
and to a netal enclosure of a control volunme, you put
in a couple of pressure transducers, one on each side
of the bomb. You fire the unit, and what you do is
you establish what the pressure tinme curve is.

And that data is i nportant because if you
get out there, let's say three or four years, after we

delivered the first batch of boosters and initi ators,
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you can actually go back, pull those out, put themin
a cl osed bonb, if you choose to do that, run a sanple
test, and verify you have had no degradation of
performance as a result of pressure tine data curves
that are established during the upfront tine to the
pr ogr am

I n addi tion, before we woul d ever ship any
boosters, we would al so run an i n-house, what we cal
nod acceptance test, where we woul d pul |l sonme sanpl es
out of the batch and verify that those units, indeed,
do neet the pressure tinme performance requirenents.

Under ot sanple testing, this is
somet hi ng that you don't normally have to do, nost of
the tine. But you do do it occasionally. And
generally you would do it, like if you had a nucl ear
program or you aretryingtoverify that the materi al
properties would go through what you needed themto,
under a nuclear condition, or if you are trying to
establish a new propellant.

CHAI RMAN KRESS: That first bullet just
neasures the increase in weight with tinme?

MR, FREDERI CK:  Yes.

CHAI RVAN KRESS: And that is a neasure of
ei ther oxidizing, or picking up noisture?

MR. FREDERI CK: Yes, that is right. Yes,
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what you are doing here, by running it through this
thermal test, and the scanning test, what you are
really doingis just | ooking at this weight | oss test.

I n each of these cases what you arereal ly
doing is trying to establish, through that, is there
anyt hi ng unusual that is happening, that gives you an
idea that you really don't want to use those
mat eri al s.

And so there are guidelines, that you are
| ooki ng toward, when you are running those tests, as
far as acceptance criteria, so you know what you are
going into, and what you are com ng out wth.

And then in this particular case sone
radi ati on testing was performed on the boosters, and
on the position switch and cabl es. And those, you can
see, is indicated there.

In addition boosters were subjected to
accel erated thermal aging testing, 25 days at 360
fahrenheit would sinulate a four year normal Ilife.
And the cabl e assenblies went through a simlar type
test program Andthenareliability testingis where
a |l ot of boosters were manufactured.

And, as | recall, it was over 80. They
went through a whol e series of tests, they cane back

tous, we fired themall in closed bonbs, and verified
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t hat performance was as it shoul d have been

CHAl RVAN  KRESS: When vyou did the
radi ati on testing, what sort of source did you use?

MR. FREDERI CK: GE did that.

CHAl RVAN KRESS: GE?

MR. FREDERI CK: Yes, we shipped themthe
product and they ran the testing.

MEMBER WALLI S: | presune they are way
over designed. You actually had nuch nore booster
t han you woul d need to shear off the average nippl e,
just to make sure that you shear off the nore stubborn
ni ppl e, you have enough --

MR. FREDERI CK: Well, that section is
extremely controll ed by di mensi onal requirements. And
we al ways si ze val ves to function properly with an 80
per cent m ni mum char ge.

And so we actually denonstrate that, by
testing, that we do conply with that requirenent.

CHAI RVAN KRESS: |s there a potential to
have too nmuch charge?

MR. FREDERI CK: The only potential there
woul d be that yes, you could have too nuch. And,
agai n, what we would normally do is control it on the
top end, which typically is 120 percent naxi num

Because, obviously, if you put way too
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much, you would drive that thing right out of the
bottom and it wouldn't function quite right. So you
have to control all those paraneters pretty closely.

MEMBER FORD: Has anyone, on the sheared
ni ppl e, and before, in the closed state, there is a
fairly small liganment. What is the tensile state on
that |iganent, under operating conditions?

MR. FREDERI CK: That sounds |Iike a sinple
qguestion, but it isn't, because it depends on all the
condi tions that you have at the tinme, because you are
designing that particular section, based upon your
di aneter, and your pressure.

MEMBER FORD: R ght .

MR. FREDERI CK: So, again, |I'mgoing from
nmenory. If you go back to the GE valve, it was
designed nore toward the stress at the yield |evel,
than it was ultimately, because the material strength
for 304L, the yield val ue was extrenely | ow, conpared
to the ultinmate.

So you design it down here, because you
don't want it to yield, either. And so if the nunber
woul d have been, say, 28000 as an exanple for yield,
it woul d have been designed to neet that.

Whereas in a lot of the valves that we

deal with, we are nore concerned not at the vyield
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| evel because t he customer woul d say, here i s approved
pressure you have to put on it, here is an ultimate
burst pressure.

In which case if I'"musing titanium the
yield is 120, and the ultimate is 130 so, really,
proof is a piece of cake, and the ultinmate test is the
one you are concerned about.

MEMBER FORD: But it is a questionto the
Westi nghouse peopl e. But | agree that 316L is a
pretty good choice of material for the primary system
But you can crack 316 L, especially if it is cold
wor ked i n any way.

Has t her e been any mat eri al s desi gn revi ew
taken that this is not going to crack during
operational conditions?

MR. CORLETTI: WIIl you be here tonorrow?

MEMBER FORD: Wiy, is there a lot of
guestions we --

(Laughter.)

MR. CORLETTI: Can we save that question?

MEMBER FORD: Absol utely, of course.

VEMBER RANSOM VWiile we are on that,
t hough, is that valve nipple satisfy all the ASME
safety requirenments for personnel to be around it, at

operating pressure?
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MR. SCHULZ: You can't have peopl e around
after --

MEMBER RANSOM Wl |, presumably start up,
things |ike that, you don't have any people there?

MEMBER RANSOM But it i s designed to ASVE
code, which --

MR. FREDERI CK: wll, the valve is
designed to ASME code, you know, it is a class 1
requirement. So there woul d be no reason why sonebody
woul dn't be around it. It is just like any other
class 1.

MEMBER RANSOM It has sufficient safety
margi n that you could be around that pressure.

MEMBER FORD: Is there any special
machi ni ng considerations to that nipple region? |
nmean, are there any criteria put onyouastolimting
t he final machining operations?

MR. FREDERI CK: The only thing | can say
there is that we control the actual shear-out section.
On the inside, obviously, it is a straight section
On the outside it is a curved section, and it is
extrenely tightly controlled, dinensional.

MEMBER FORD: Is it ground, or is it --

MR. FREDERI CK: That is sonething that we

haven't established on this particular program
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Because if | go back to this programw th GE that was
not an issue at the tine. The issue there is verify
t he design concept.

So that is sonme of the things that we
woul d have to work out with when on, exactly, the
controls associated with that particular --

MEMBER WALLIS: The nipple is made from
one piece, or is it a tube that is welded in?

MR. FREDERICK: This is one piece, right
here, this entire section. So that is a machi ne made
secti on.

MEMBER WALLI'S:  Machined fromsolid, or
what ?

MR. FREDERICK: Yes it was. It had to
nmeet certain roundness associated with the program
| believe it was a hot forced --

VMEMBER WALLI S: Just | ooking at that
beautiful squared edge at the end of that -- to --

MR. FREDERI CK: Yes, right here?

MEMBER WALLI' S:  Yes.

MR. FREDERI CK: That is where the sheared
out sectionis -- and this part here is attached from
the other side in order to assenble, because you
couldn't get it through otherw se.

MEMBER FORD: What about nmchi ne not ched,
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you have a high strength concentrator, plus the
envi ronnent ?

MR FREDERI CK: That is correct.

MEMBER FORD: Pl us a nmachi ned surface for
whi ch we don't have the specifications for the
machi ning. | nean, you could have have put residual
stress in at that point. It is a beautiful
conbi nati on.

MR. FREDERI CK: Yes, in designing val ves,
you are designing strength.

MVEMBER FORD: Is that for operating in
hi gh tenperature water?

MR FREDERI CK: That is exactly right.

MEMBER FORD: That is ny concern. |'mnot
concerned about nechanical failure, 1'm concerned
about stress --

MR, FREDERI CK: That is sonme of the
details that I think we need to | ook at, as a separate
i ssue.

CHAI RVAN KRESS: | just want to interject
a comment relative to the cracking issues. One of the
points is, and they may address some of this. But the
other part was in Terry's presentation, you poi nt out
that we will be inspecting it, as part of the

i nspecti on process.
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So if there is any indications | think,
you know - -anal ysi s done as to what is causingit. So
| think it isinportant torealizethat it is not just
sitting --

(Everyone speaks at the sane tine.)

MEMBER FORD: You m ght have enough danage
occurring in the 18 nonth cycle --

MR FREDERI CK:  You woul dn't want that.

MEMBER FORD: You wouldn't want that,
correct.

CHAlI RVAN KRESS: How does that -- the
hi nged part? 1Is it wel ded?

MR. FREDERI CK: Not in that particular
configuration it wasn't. It was threaded in with a
strai ght machi ne from one side.

CHAI RVAN KRESS: You put the valve in
first then put the pin?

MR. FREDERI CK: Ri ght.

MEMBER S| EBER: W probably know nore
about these valves than we ever wanted to.

MR. FREDERI CK: And, lastly, we went
through the vibration testing actuation and flow
testing, that was done at W/l ey.

Now getting intothe AP1000 val ve, just to

gi ve you a conpari son between the seven inch and the
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new AP1000 val ve. You can see, initially here, thelID
is going from 7 to 9.24, and we discussed the
mat eri al .

Safety and seismc class is the sanme, the
design pressure is higher than previously, the
temperature is slightly higher. And the external
tenperature is quite a bit |ess.

The radiation level for ten years as
identifiedhere, versus four year requirenent that was
on the prior valve. The inlet as previously
nmenti oned, you are down to 1 psi operation. And the
design life of boosters here is eight years as a
target, and previously they were just shooting for a
four year target.

MEMBER WALLI'S: Go back to the material s,
is there sone requirenment on the chemstry of the
water that is in contact with this thing?

MR.  CUW NS: It is primary water
chem stry --

MEMBER WALLI S:  Does this val ve have sone
specs that says it has to withstand an environnent
that sets the chem stry for this period of tinme?

MR. CORLETTI: Yes. But are you saying
does the valve inpose additional functi onal

requirements?
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VEMBER WALLI S: Anot her functi onal

requi renent here about the chem stry of the water, and
t he boron, and all that stuff.

CHAI RVAN KRESS: That goes into the
initial selection of materials.

MR, SCHULZ: This is obviously a snall
subset of the requirenents, many ot her things that we
have specified al ready.

MEMBER WALLI S: Have these things ever
been in a reactor environnment before? Survived for a
| ong period of tinme?

MR.  CUMM NS: | think GE uses squib
val ves, Westinghouse doesn't.

MEMBER WALLI S: Actually inthere, sothey
have been in there for a while?

MR CUVWMNS: In their plants. | believe
they are small ones, three inch or |ess.

MR. FREDERI CK: Moving on to the AP1000

design. | nean, obviously it is going to be a scal ed
up design fromthe original. Analysis design report
for the --

MEMBER WALLI S:  You no doubt have all the
pi pe groups, have you?
(Laughter.)

VEMBER S| EBER: -- question about your
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hydrostatic test. |If | look at the way the valve is
built, the shear section is part of the pressure
boundary. And so when you do a hydrotest, if you test
it tofailure, the placethat it will fail will be the
shear section.

And have you done that, and how nuch
overpressure can this valve take before you get a
failure in the shear section?

MR,  FREDERI CK: W didn't take it to
destructi on.

MEMBER SI EBER:  How far have you got?

MR. FREDERI CK: That | don't know off
hand.

MEMBER S| EBER: -- which is one and a
hal f, | guess. And not actually prove too nuch. |
guess it is satisfactory, but I was just curious about
what ki nd of margi n you have to avoid a failure of the
shear section w thout the actuator working.

Because, you know, if that val ve operates
your plant is in trouble, | think.

MR,  FREDERI CK: Vell, we did sone
hydrostatic testing at whatever the margi n was over
and above the --

MEMBER SI EBER: Do you test -- youtest to

code, then, right?
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MR. FREDERICK: -- to code, yes. ADS 4

devel opnent prototype -- in charge sizing, and
hydrostatic, and | eap testing, and vibration, and of
course actuation w th over and under | oaded t hat woul d
be required.

Getting into reliability, sone of the
things that we look at, this is just sort of a
heading, and | will discuss it here shortly. High
reliability requirenents, | nmean, nost of the
aerospace industry, for many, many years, including
mssile, satellites, and everything else, used
pyroval ves because they are highly reliable devices.

Fai lure nodes and specs analysis is a
standard process that you go through. |Ignore that,
that was originally a prelimnary sanple provided to
West i nghouse for their review, but it is not in your
packet, so if you look for it, it won't be there.

So | don't want you to think you are goi ng
to find sonething that maybe isn't there. Look at the
design shear section a little nore, reliability of
squi b val ves, and then we will get into repl acenent of
charges at the end.

First of all, what our custonmers require
is basically higher reliability. W are working on

life support programnms, aerospace prograns. And the
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consequences of failures are high. | nean, it is not
al ways dollars, so to speak, but it is also people.

Because a | ot of the devices we build are
used for |ife support, and |ife saving type features.
Qur procedures control higher reliability. And, as
nmentioned earlier, we are certified in every way we
shoul d be, to neet our standards.

Custom val ve designs and upscaling is a
standard process. The sinple valve design reduces
probl ens. I think the key thing there is, |ike
anything el se, the fewer parts you have of anything
the better off you are.

And if you go back and conpare a squib
valve with anything else that you mght use as a
substitute, you will find that you have a lot |ess
parts to deal with and, therefore, that reduces your
potential for problens.

The devel opnment process that we have been
goi ng through, for many years, is to deliver highly
reliabl e val ves, and then it has been proven w t h what
we' ve shi pped.

Sorre of the things that we go t hrough, as
far as howto build in high reliability, we | ook at
past experience, | essons | earned. W perfornmed design

analysis, | call it design analysis here because
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generally in prior valve, it was a design analysis
report, alot of custoners would call up, Iike stress
anal ysis report where you are doing the same type of
t hi ng.

Exam nation and anal ysis of the draw ngs
inthe FMEA, and reliability analysis, obviously, is
required. Under testing --

MEMBER WALLIS: Do you do the --

MR. FREDERI CK: W do. W have an AFSCRAM
programthat we have sone people that --

Under testing, we get involved wth
devel opnent and prototype units. Margin testing, as
|"ve mentioned over and under |oads. Cbviously we
have to do acceptance and qualification tests.

Accept ance bei ng somnet hi ng you woul d do on
everything you build, and then qualification testing
is generally sanples that you pull out of that
accept abl e batch

MEMBER WALLI S: To get back to ny
guestion, | would think you would have to control that
sharp corner pretty carefully, the way you nachine
that little sharp corner.

MR. FREDERI CK: That shear out sectionis
really not a corner, as such, it is a radius.

VEMBER WALLI S: It nust be a radius.
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MR. FREDERICK: But it is aradius, it is

very well --

MEMBER WALLI S:  And you specify that very
clearly?

MR. FREDERI CK:  Yes. Under design for
shear out section, the shear section is a standard
pyroval ve design feature. Again, it has been in
val ves as long as | have worked on val ves.

So it even dates back, even sone of the
val ve designs that | incorporated in 1980, date back
to the late '60s, that were designed for Lockheed
Martin and some of the early space prograns.

The concept has been proven many tines,
t housands of times with valves. To ny know edge t here
is no | eakage ever reported on a delivered product,
t hrough t he sheared out section, or the shear section.
And | have designed valves as small as three-
t housandths of an inch, in some applications for
pyroval ves.

The concept proposed for the AP1000 is
really the same as the AP600, and the SBWR, sane
design there, as far as the design concept. And the
desi gns, the basic desi gn proposed woul d neet t he ASME
codes, as identified.

And there would be a design by analysis
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f or NB3200.

CHAI RVAN KRESS: What is the propellant?
Is it proprietary?

MR FREDERI CK:  Technically it is. I t
does show up in the Departnent of Transportation,
bel i eve, or the Departnment of Energy report sonepl ace
along the |line. But it was intended to be a
proprietary item

So even t hough you knowthe nanme it i s not
a bi g deal, because you still have to know how to put
it together to get there. So | won't bring that out
here, so it is woriginally considered to be a
proprietary item

Getting into corrosion affects, we have
di scussed this sonmewhat and | think we all agree that
there is nore work to be done in that area, as far as
corroding effects, and any effects of 316L and the
i nt ended application.

And i n-service inspection, obviously, is
somet hi ng t hat we have di scussed, and obvi ously there
has to be sonmething in place to cover that.

Under reliability sunmary | haveit |isted
here, and | have to give you a few specifics on what
t he nunbers nean, otherwi se they won't nean what you

t hi nk t hey nean.
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Under UPCOreliability, again, | gave you
t he track record of what UPCO nmeans rel atively to what
we are doing today. But they have manufactured nore
t han 64, 000 val ves, fired 5,300, and the reliability
nunbers are stable.

Under Conax reliability, what | did, was
accunul ated a bunch of nunbers. Conax had not kept
records fromthe begi nning of time on val ves. So what
| had to do is try to accurmul ate as nuch i nformation
as | coul d.

And there is at | east greater than 25, 000
initiators that have been put out in the field, which
went with basic valves at the sanme time, to no
reported failures com ng back associated with the
val ve itself.

Sandiareliability nunbers, |I've included
those in there, that is input information that was
given to me by Westinghouse, and | just inputted that
for information purposes, and it is the intent of
Westinghouse to get nore details into sone of the
Sandi a i nformation, whichw || be forthcom ng after ny
presentation.

CHAI RVAN KRESS: | s that based on t he sane
25,000 and no failures? It is just a different

statistical analysis?
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MR SCHULZ: W don't know. Sandi a has a

data base, the manufacturers have a data base, there
is sone overl ap.

MR. FREDERI CK: This is what | was given
probably, |1 don't know, maybe a nonth or two ago,
prior to all the new information that was just
received from Sandia, to support this neeting.

MEMBER FORD: | think, sinceit is onthe
record, | should just nention, you can crack 316L in
PWR primary water, dependent on what the stress is,
what the surface condition is.

And as you correctly pointed out, nore
wor k needs to be done.

MR FREDERI CK: Finally here, squi b val ves
have hi gh inherent reliability. | think that is safe
to say based upon the thousands of units that are out
in the field.

Reliability for smaller valves is
applicable for larger valves. And, again, some nore
di scussionw || followny presentationinthat regard.
The sanme design standards that are basically
established for prograns, you have engineering
anal ysi s, various test requirenents, we' ve got those
i dentifi ed.

And design concepts, simlar shearing
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material in all cases. It is a standard squib val ve
desi gn characteristic that you want to have.

And, lastly, again to ny know edge, no
failures associ ated wi th shear secti on cracki ng under
constant high pressure and tenperature. To qualify
that, in the applications that we worked in,
obvi ousl y.

CHAI RMAN KRESS: Thank you very nuch

MR FREDERICK: That is it for ne.

MEMBER LEI TCH: I have a question
Reliability data is based on the thousands that are
commonly manufactured, and | take it that is normally
about two inches, or do you have considerable
experience with anything larger than that?

MR. FREDERICK: Two inches is generally
about the | argest that we have made. | may be able to
backtrack i n Conax, and they may have one that is two
and a half or somet hing.

But, again, it is different, it is a
little bit different, but it is the sanme type of thing
where you are shearing off --

MEMBER LEI TCH. The seven inch val ve you
referred to is not in the --

MR. FREDERICK: No, | don't even include

t hat --
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MEMBER LEI TCH:  -- manufactured? Yes,
okay.

MR. FREDERI CK: Thank you.

(Tel ephone interruption.)

MR,  SANCAKTAR: My nanme is Selim
Sancaktar, I'minthereliability and ri sk assessnent

group at Westinghouse.

| wanted to sunmarize, for you, a few
t houghts and facts. | can keep it as short as you
want, you can catch up if you want.

But we previously discussed wth, at

| east, the PRA, what we did wth AP1000. And

sunmarize it on some of ny slides. Af t er war ds
basically -- 1 will give you first the high |eve
sumary.

We sought, by function, and all of that
i nformati on cane from Conax. The other part of the
informati on, we went to Sandia Laboratories, and we
comm ssioned themto review what we are doing, and
what they are doing in the squib valve area, and tell
us what they think of what we are doing.

They contact the clients --

(Laughter.)

MR. SANCAKTAR: But | don't know what t hey

tal k about. Sandi a sent us areport, unfortunately it
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arrived two days ago. So I'm not going to present
that, can't give it afair representation. They also
sent us a presentation slides, which you have in your
hand, right?

CHAI RMAN KRESS: When you say Sandi a, do
you have a nane associated with that?

MR. FREDERICK: Yes, it was Ruby Latham
was the nane of the person. They wanted to make sure
that it was independent fromthe NRC contracts that
t hey had.

MR. SANCAKTAR: So all of these slides,
the things | noticed are, first of all, unfortunately
there are no slide nunbers here, but towards the end,
there are two tables Iike this. And included at the
bottomthereis afailurerisk assessment of two m nus
four, which is equal or |lower than their previous
estimates, which we used for AP1000.

In fact, in their report, they use these
nunbers to estimate the failure probability we used
for AP1000, and it goes down a little bit. So the
point is, if youlook at it nunmerically, things are as
good as before, or better, according to Sandia's
informati on avail abl e to Sandi a.

Before you asked whether their 25,000

valves is the same as Conax 25, 000 val ves. | don't
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t hi nk there are many manufacturers, so |l'msure there
are only so many val ves around.

Sandi a di d a subset that includes Conax',
and UPCOs, and so on, so it is all the sane
i nformation --

MR. FREDERI CK: Sandia, over the years,
have been directly involved with their own type of
analysis that -- so howit all ties together, | don't
know. But | don't believe the nunbers | put out are
totally different.

MR. SANCAKTAR: So the bottomline of the
Sandi a report is, what they said before, and we used,
isstill valid, or even better. Moreover, they | ooked
at the concern about +the structural, possible
structural failures, and upscaling failures.

And, again, their conclusions, they didn't
find anything new. They don't think there is a
probl emin upscaling, or with respect to the operating
t enperatures and pressures, which coincide w th what
Conax al so sai d.

So the bottomline is, we still believe
that AP1000 calculations are reasonable and the
concl usi ons based on the AP1000 PRA about the ri sk,
contribution to plant risk of these valves is stil

val i d.
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And ny personal opinion is that | feel
nore confortable, | think, withthis slightly better.
But not enough information exists to make a bi g deal
out of it.

MEMBER FORD: Except that none of these
tests that they eval uated have been conducted where
hi gh tenperature water has been one side of the seal,
is that correct?

MR. SANCAKTAR: Well, obviously a |ot of
testing has been done under various conditions, but
not to the tenperatures that we are tal king here. |
mean, when we build valves with pyro pressures than
24, 2,500, we have a valve with 10,000 psi operating.

MEMBER FORD: These arethereliability of
t he val ves in the highest produced condition, not in
after-service? Do you understand the difference?
After-service. So ny question still stands, then.

None of these data points relateto after-
service in high tenperature water.

MR. SCHULZ: The boiling water reactor or
the --

(Everyone speaks at the sane tine.)

MR, SCHULZ: -- concern of failure to open
after service?

MEMBER FORD: No, I'mreally concerned
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about premature opening. GCkay, | didn't understand
the --

MR SCHULZ: These are addressing the
issue of reliability to open on denmand.

MEMBER FORD: Got you, okay.

MR.  SANCAKTAR: But they also tell wus
somet hi ng about other failures, lesser failures of
t hat nature, that they didn't showthensel ves yet. So
we are not certain about (unintelligible) ten m nus
four.

But there aren't any best crossed |ine
beyond what has been reported. So we know they are
ten to mnus two or three. So we knowthe | evel, the
threshold that are established with other failures.
But how nuch we know, we don't know.

They nmay be equal to, or it mght be
(unintelligible). That it is ten mnus twelve, or
anything |ike that.

So, now, the best, | think go through the
presentation, or | can |let you ask questions. | wll
gi ve you a choi ce, whatever you |ike.

MR, SCHULZ: You could skip to the
premat ure opening, the structural valve --

(Everyone speaks at the sane tine.)

MR. SANCAKTAR: | just addressed, thel ast
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two mnutes the --

MR SCHULZ: Right.

MR. SANCAKTAR: It is telling us that the
structural failure aspect that cannot be purely
addressed. W have addressed it with situations in
generalized operational proportion, and design
proportions, and (inaudible).

And t hen you al so -- | ack of evi dence says
that it is at the |l evel of whatever evi dence they give
us for a lot of failure nodel (inaudible) report.

But just for the sake of getting a feeling
for it, if you say that these valves are as reliable
as a piece of pipe, as a segnent of pipe
(unintelligible) of a ten foot piece.

So if you say that this is |ike a segnent
of pi pe, each valve, and you only have definitions of
failures, and so on, you foll ow the sanme process for
t hese val ves. W will end up with, four the four
val ves, for the year, six tines mnus siXx previous
failure, from just sonme catastrophic structura
failure.

This i s about ten percent of what we have
assigned now. So this mght be -- so if you say, go
back and say this is twice as bad as a pipe, so you

get stresses. |If yousay it isten tinmes as bad as a
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pi pe, you will get -- this nunber will be about six
times to the sixth, whichis, which will be equal to
what we assigned to prenmature openi ng due to spurious
si gnal .

So we have the sanme orders of magnitudes.
And then we have other slide -- there, that is the
one. And what would that nean? For exanple, if we
doubl e the failure to open (unintelligible) we see a
15 percent increase in the base PRA.

I f you don't reach your openi ng we see an
increase of about twelve percent. So if you
(unintelligible) afactor of two, about the 25 percent

i ncrease, you nust be estinmated.

CHAI RMAN KRESS: Is this small, is this
| arge, is the next question. | will leave it to you,
it is not small, it is not large either.

MR. SANCAKTAR: |'ve seen peopl e worrying
about smal| percentages (unintelligible) tonmeis --
by a factor of two we are in the same, we agree.

CHAI RVAN KRESS: About 10 to the m nus 6?
Ten to mnus 7, that is pretty small

MEMBER FORD: Wbul d you m nd goi ng back to

slide 327 It should be ten -

eight times
(unintelligible) for R?

MR, SANCAKTAR:  Yes.
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MEMBER FORD: And the first bullet, and

l'"'m trying to -- | read the phrase, squib valve
consi ders some of the pipe segnents. \Wat are the
assunptions in that?

MR. SANCAKTAR: If they were, let's say it
this way, if they were, assunmed to be as (i naudi bl e)
that is what | would tell them wth the sanme
assunptions of other nunbers in the same PRA, just to
get some sort of a point to refer to.

' m not saying they are, |'m not saying
they are not. But once you get this nunber, then |
can nove up and down and say, well, they are not --
obviously | cannot say they are nore reliable than a
pi ece of pi pe.

CHAI RVAN KRESS: But you are saying even
if it istentinmes less reliable it doesn't matter?

MEMBER WALLIS: Cearly it is not a pipe.

MR. SANCAKTAR: So | have torelate it to
sonmething that is existing in the PRA, but the nunber
for it, and try to get sone nunerical thing out of it,
other than there is no other intention. Does that
answer your question?

VMEMBER FORD: Yes, | just read the
statenent, and ny natural thought was to challengeit.

|"mnot really sure why I'mchallenging it.
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(Laughter.)

CHAI RVAN  KRESS: That is always his
natural thought.

(Everyone speaks at the sane tine.)

MEMBER FORD: | can wunderstand your
reasoni ng, and | can understand Tonml s reasoni ng and
say, even if you increase it by a factor of ten, but
what about a factor 1,0007? Because of stress
concentrators, whatever

MR, SANCAKTAR  Yes.

MVEMBER FORD: And | hadn't thought it
t hr ough.

MR, SANCAKTAR: | nean, if it is a
t housand ti mes worse, it i s worse, then we would be in
a domai n where we woul d start seeing failures in other
pl aces.

So the conclusions basically are that we
don't have any new information that considerably
differs from what had cal cul ated, because we had
cal cul ated slightly (unintelligible) failingto open,
val ves prematurely opening, it is a good as esti mate,
as best estimate as you can conme up with w thout too
much (unintelligible).

CHAI RVAN KRESS: These 25, 000 val ves are

part of the data base, are they two inch val ves?
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MR, SANCAKTAR:  Yes.

CHAI RVAN  KRESS: So they are snal
conpared to --

MR, SANCAKTAR: Yes. And for me the
i mportant things that gave nme confidence were that
both parties are nentioned, said that upscaling was
not a problem and then they didn't see
(unintelligible) in this particular case, a subject
that would really nmake a big difference.

CHAI RVAN KRESS: So by both parties you
mean Conax and Sandi a?

MR. SANCAKTAR And Sandia, right. So we
t hi nk that the concl usions of the, for the AP1000 PRA

with respect to (unintelligible) failure of squib

val ves are still valid, it is reasonable.
Just as a side point, if there is a
spuri ous openi ng, MOVs are three, can be

(unintelligible), and we don't want to be in that
situation.

MEMBER WALLI S: They can cl ose on the full
flow? They have to close on the full flow?

MR. SCHULZ: They are not designed to do
t hat, no. So I'm not sure (unintelligible). And
squi b val ve openi ng.

MEMBER WALLI'S: So they wouldn't shut it
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intime to do any good?

MR, SCHULZ: It probably would get you
into a --

MEMBER WALLI S: -- stay open, because once
you are into that LOCA you want to stay --

MR SCHULZ: It is a large break LOCA for
us.

MR. SCHULZ: Eventually you can cl ose one
or --

(Everyone speaks at the sane tine.)

MEMBER WALLIS: Well, it seens a bit --
let's see, fragile, thereasoning. Fragile reasoning.
This thing is not a pipe, it is nore |ike a disk, or
sonething. There is no reason that experience with
pi pes has anything to do with the experience with
squi b val ves.

MR. SANCAKTAR: And we do use it. | mean,
we know t he AP1000 - -

MEMBER WALLIS: You don't use it anyway?

MR, SANCAKTAR:  Anyway.

MEMBER WALLIS: So let's forget it.

MR. SANCAKTAR: | just want to give you a
feeling about the nunmbers --

MEMBER WALLIS: -- is what you woul d get?

MR.  SANCAKTAR: Yes, just to give you
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(unintelligible). Just to give you a feeling, but I
don't have a nunber to give you. So (unintelligible)
on the table --

CHAI RVAN  KRESS: But basically the
reliability nunmbers cone from 25,000 two inch squib
val ves, out there, in operation, none of which have
failed, gives you a reliability for that, and
expectation that scal e-up woul dn't change that, nor
t he operational conditions would change that.

So that is the --

(Everyone speaks at the sane tine.)

MEMBER WALLI S: -- but the opening
unexpectedly is different.

CHAI RVAN KRESS: Yes, it is a different
t hi ng too, yes.

MR. CORLETTI: W have addressed at | east
part of it in regards to the (unintelligible).

MEMBER WALLI S: Let the PRA peopl e argue
about it.

MR CUMMNS: | just want to be able to
explain this to Steve --

(Everyone speaks at the sane tine.)

CHAI RVAN KRESS: Are we ready for a break,
then? We will take a 15 minute break, and be back by

20 after.
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(Wher eupon, the above-entitled nmatter

went off the record at 3:05 p.m and

went back on the record at 3:20 p.m)

CHAI RVAN KRESS: | guess we are ready to
start again, and now we will talk about aerosols in
the containnment? | guess this was, primarily, a
guestion that canme from Dana Powers, where he was a
bit astounded that the size of the | anbda they used,
t o renpve aerosol s fromcontai nnent, and in particul ar
| think he was questioningthe diffusio-thernophoresis
part of it.

Partly because it wasn't cl ear to hi mt hat
the rate of steamcondensati on on the wal | s was al ways
there at the sane tine the aerosols were. But ,
anyway, | just thought I would throwthat perspective
out, as to where the concern cane from So with that
| will turn it over to Dr. Li.

MR LI: Good afternoon. M nane is Jun
Li, an associate at Polestar Applied Technol ogy.
Today |I'' mgoing to tal k about the cal cul ation, the QA
cal culation of post-LOCA containnment aerosols
deposition for AP1000.

As an introduction, | would like to
mention a few things first. First of all, Polestar

has performed a QA calculation for the contai nnment
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aerosol deposition which also is referred to as a
cont ai nnent Lanbda.

Several years ago for AP600, as a part of
AP600 design certification in that calculation the
| anbda for the best estimated scenari o to consider, at
the sanme tine an extensive study of the sensitivity
of the radial paranmeter that wll affect the
cont ai nnent | anbda has al so been perforned.

So we will talk about that later. And
simlar to AP600, as we all know, that AP1000
contai nnent has a very large steel shell that is
cool ed fromoutside. Sothat we will expect very nuch
hi gher heat transfer rate as conpared to AP600
operating framework, wherethewalls (unintelligible).

As a result of that, we would expect a
much hi gher natural aerosol renoval than what woul d
exist in -- fromthe sedinentation al one.

MEMBER WALLI S: That depends on the rati o,
it is not obvious that condensation is going to drag
aerosols to the wall, which | suppose is what you are
tal king about, faster than sedinentation, until you
| ook at the relative rates of the --

MR. LI: Yes, that is true. But for
everything given the same, for exanple, the sane

anmount of aerosol, the sane vol unme, and so on and so
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forth, if you only have sedi nentation, you don't have
a condensation, then the |l anbda is going to be smaller
than the case where you have bot h.

MEMBER WALLI'S:  You don't know about how
much?

MR LI: Yes, we don't know about how
much. That is the purpose of this cal cul ation.

CHAI RVAN  KRESS: But the containnent
ef fective height for AP1000 i s bigger than AP600. So
t hat reduces your sedinmentation |evel?

MR. LI: Yes, you can now say that w thout
ki nd of assunption, for exanple, if you have sane
amount of aerosol --

CHAl RVAN KRESS: Yes, for the --

MR LlI: -- certainly your sedinentation
is going to be smaller. But if you have, you increase
t he vol une, but at the same tine you i ncreaSe nore t he
anmount of aer osol , the sedinmentation |anbda
(unintelligible).

So it is not like a -- yes, in this case
it just so happens the AP600, the AP1000 has a 75
percent nore thermal energy, as well as 75 percent
nore aerosol -- | mean, diffusion -- therefore, you
know, 75 percent higher, 75 percent nore aerosol in

t he cont ai nment t han AP600.
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Now, for the volune only increase by 20
percent. Therefore --

CHAI RVAN KRESS: So you have the initial
concentrations?

MR LI: Initial -- yes, the concentration
actual ly i s higher, thereforethe sedi nentation | anbda
wi Il be higher.

CHAI RMAN KRESS: Yes, they wll cross
over, you are right.

MR LI:  Yes. So we will talk about,
because as | said, you know, the third point | want to
make is that since the AP1000, and the AP600 have
simlar design, sothis calculationis pretty nmuchthe
repetition of AP600 cal cul ati on, except that we use
AP1000 paraneters, |i ke a geonmetry surface, nodeling,
and the amount of aerosol that (unintelligible) to
AP1000 desi gn.

At the sane time we use AP1000 thermal -
hydraul i cs, because the AP1000 the thermal power is
hi gher, sothe thermal -hydraulic conditionisgoingto
be different.

But in terms of the sensitivity of
contai nnent |anbda, we are going to rely on our
sensitivity study done on the AP600, which we wl|

di scuss | ater, to asses the possible variation on the
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AP1000.

CHAI RVAN KRESS: Westinghouse does this
for the --

MR LI: Yes.

CHAI RVAN KRESS: They use a code, they are
using -- you use the containnent code?

MR LI: Yes, it is --

CHAl RVAN KRESS: For the aerosols.

MR. LI: For aerosol we use what is called
STARNAUA, QA code, which is the one we use for the
AP600 cal cul ati on.

CHAlI RVAN KRESS: Wi ch code was it to use?
What is the nane of the code, again?

MR. LI: The nanme of the code i s STARNAUA.

CHAI RVAN KRESS: |s that one that you guys
at Pol estar devel oped?

MR LlI: Yes, that is right.

CHAI RVAN KRESS: |'mnot famliar withit.

MR LI: It is the one -- the last three
pages sunmari ze the --

CHAI RMAN KRESS: The nodel ?

MR. LI: The STARNAUA -- originally from
(unintelligible) which --

CHAI RVAN KRESS: Ch, it cones from the

NAUA?
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MR. LI: Yes.

CHAI RVAN KRESS: Ckay, |'msorry, | didn't
under st and.

MR LI: Yes, it is-- thenit becones a,
actually when I was at Stanford, but | took the NAUA
code, because EPRI was the sponsor of my program So
we basically changed the NAUA code to include other
kind of --

CHAI RVAN KRESS: Well, basically the
aerosol nodels there are the same ones that are in
cont ai nnent ?

MR LI: Yes, exactly, exactly. It was
just additional feature like -- in STARNAUA we start
to consider a spray.

So now !l would Iike to, al so as a part of
introduction, | would like to put the aerosol renoval
in sone kind of perspective. Basically we -- what we
have here is tightly sealed containnent, which the
design is 1.183 percent that was given by
West i nghouse.

Then we have thi s, the |l arger contai nnent,
out si de we have a water plume to cool the containnent.
And on the inside we also have a condensate plune
runni ng on the inside surface.

And as aresult we have a pretty hi gh heat
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transfer, which | think some early (unintelligible)
talks tothat. And thenin the containment there wll
be steam ng, turbul ence situation, and we can ki nd of
visualizethat thereis apretty favorabl e environnment
for aerosol renoval, as we will show, you know, in the
cal culation | ater.

Basi cal | y because of the (unintelligible),
we are basically arguing that there is no way the
aerosol can bypass those nechanisnms to |eak out
directly, because they have to get to the surface.
And t he | eakage, thereis aleak (unintelligible), and
it has to be at the surface.

So i f you have a warni ng the aerosol stay
there, then it cannot | eak. So once there is a |eak,
thenit gets to the surface and this (unintelligible)
starts to take pl ace.

Now, we are going to basically use the
AP600 cal cul ati on that we have done previously, as a
basis to explain what we did for AP1000. So this is
the time that we want to show t he conpari son, and so
we will know what we are | ooking for.

Now, conpared to AP600, as | said earlier,
the thermal power is at 75 percent higher. And,
t herefore, the anount of aerosol is 75 percent nore.

Vol une is increased by 20 percent, which | was told
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that it just makes that taller, therefore the
sedi ment ati on area doesn't change.

So now we certainly know, w th higher --
with higher thermal powers nean that higher decay
heat, therefore there is higher total heat transfer
out of the containment, and we expect a higher
di ffusi ophoresis, and a hi gher thermal phoresis.

CHAl RVAN KRESS: At the sane tine?

MR. LI: No, not at the sane tinme, because
sonetimes -- it is a conpeting process. But it is just
t hat conceptually --

CHAlI RVAN KRESS: Conceptual Iy, if you have
t her rophoresis, if you have diffusional phoresis you
don't have thermal phoresis, so if you don't have
t her nrophoresi s, you can have thermal phoresis?

MR Ll: Yes. | think that usually those
mechani sms are -- the conbi ned nechanismtends to be
I i ke one m nus, you know, something and .1 m nus, the
other -- you know, it is not like -- it is a product,
rather than --

MEMBER WALLI S: What is thermal phoresis?

MR. LlI: Thermal phoresis is the particle
novenent driven by the tenperature gradient.

MEMBER VWALLI S: So how about the

condensation, doesn't that drag particles to the --
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CHAl RVAN KRESS: Absol utely, that is why

di ffusi onal phoresis --

MR LI: Yes, that is called --

MEMBER WALLI S: That is actual ly draggi ng
by fl ow?

CHAl RVAN KRESS: Yes, that is -- it is
m snaned, it should be called step and flow --

MR LI: Yes.

CHAI RVAN KRESS: It is m snaned.

MEMBER WALLI S: Di ffusion takes place,
anyway, and --

MR LI: Exactly, whichis the reason why
it is not --

(Everyone speaks at the sane tine.)

MEMBER \WALLI S: -- account of the
condensati on?

MR LI: Yes, exactly.

MEMBER WALLI S:  Anot her question, is this
aer osol charged?

CHAI RVAN KRESS: That i s al ways a questi on
that is never answered. The feeling is with all the
steamin there, that it sort of dilutes the charge.

MEMBER WALLIS: Does it?

CHAI RVMAN KRESS: Well, the aerosols are

hygroscopic, and they are sort of wet, and that tends
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to do sonething to neutralize the charge.

MEMBER WALLI S: Wel |, the charges onthem
it doesn't cone off, unless it |eaks off somewhere?

CHAI RVAN KRESS: Well, they are venting
all that water, it sort of neutralizes it.

MEMBER WALLI'S: It doesn't neutralize it
unl ess there is an equal and opposite charge of some
sort, fromsonmewhere. So there is probably a charged
cloud in there, | don't know.

CHAIl RMAN KRESS: Well, that has al ways
been an unanswered question in the aerosol business,
are these things charged, and do they affect anything
if they are.

And that has never been answered.

MR LI: So basically all of the three
mechani sms i ncrease the renoval rate, rather than
decrease it. Therefore we would expect higher
cont ai nnent | evel for AP1000 than for the AP600.

Now, how do we do the cal cul ati ons? The
procedure is likethis. First of all, we would sel ect
an acci dent sequence for AP1000 based on relatively
high probability. In this case we choose a
(unintelligible) -- sequence out of that.

And al so the sequence has a timng, in

ternms of aerosol rel ease, that matches, aresimlar to
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NRC Regul atory Guide 1.183, timng for PWR fission

product release. So that is the criteria.

So we selected a sequence, and we used
what is called MAAP4 conputer code. Actually it is
done by Jimin Westinghouse to sinulate the accident
to produce the thermal-hydraulic conditions.

And once we get the thermal-hydraulic
condition, then we use that and input, and use the
Pol estar QA code, STARNAUA, which | talk alittle bit
about earlier, to calculate the natural aerosol
renoval under those conditions.

CHAI RVAN KRESS: Now, when you | ook at Reg
Gui de 100, it specifies a fission product fracti onal
rel ease, and has an option for the timng for that,
and it specifies you use the | arge break LOCA sequence
to get the pressure, and the thermal - hydraulics.

| s that what you did here?

MR LlI: Yes, we used the NRC Reg Cui de
1.183. You use the rel ease fraction, and t he rel ease
timngfor -- whichisthe (unintelligible) rel ease of
25 percent.

CHAI RMAN KRESS: So this is a design basis
space you are dealing wth?

MR, LI: Yes, exactly. And a maxi num

release for 1.3 hours, then a release fraction |ike
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i odi ne 25 percent, cesi umhydroxi de 35 percent. So we
use the fraction as the -- for our aeroso
speci ficati on.

CHAI RVAN KRESS: Now, in the PRA space
there is no need to do all this, the MMAP code
calculates all that for you, right?

MR LI: Yes.

CHAI RVAN  KRESS: So this is strictly
dealing in the design basis?

MR LI: This is design basis.

MR, SCOBEL: | think the answer to your
question is thermal -hydraulically we did not use the
design basis LOCA environnent, we used the severe
accident environment. | think that was the question
t hat you asked --

CHAl RMAN KRESS: Yes, that would --

MR.  SCOBEL: -- pressure and the
tenperature --

CHAI RVAN KRESS: Yes, that was one of the
parts of the question.

MR. SCOBEL: W didn't use the design
basi s LOCA, we used the severe accident. That is why
we used the MAAP code to generate the environnent.

CHAI RVAN KRESS: And | guess the question

is, is that acceptable way to deal with design basis
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space, to you guys over there? | nean, it is a
departure from-- it is al nost aredefinition of |arge
break LOCA.

MR, SCOBEL: But it is actually the sane
net hodol ogy that we used for AP600, to separate the
| anbda for AP600. And the reasons, actually, that we
did that to relate what you were saying were Dr.
Power's concerns, where he didn't think that there
woul d be as nmuch condensation at the tinme when you
woul d have the aerosol, in asnmall basis LOCA that is
not true, you always have the condensati on.

CHAl RVAN KRESS: Yes, it is all at the
same tine, isn't it, in design basis?

MR SCOBEL: Well, we don't have these
ki nd of aerosols generated in a design basis LOCA for
the very reason that you have core cooling going on
the entire time.

But in a severe accident, when you are
nelting the core, then you tend to not be produci ng so
much steam because you --

CHAl RVAN KRESS: -- space.

MR. SCOBEL: Right. So you have a dropin
the nole fraction of steamin the contai nment, and
your condensation rate goes down, which you can

actual ly see in the package of the thermal -hydraulic
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condi tions.

CHAl RMAN KRESS: So, basically, you are
actual ly picking an accident that probably is worse
t han t he design basis space?

MR, SCOBEL: If we had used the design
basis we would have gotten better |anbdas, that is
correct, exactly.

CHAI RVAN KRESS: Ckay, thank you for that
clarification.

MEMBER VALLIS: | would think that if you
can predict the condensation rates you have a pretty
good handl e on the diffusiophoresis.

MR LI: Sure, that is exactly --

MEMBER WALLI S: The particles are dragged
by the steam there is no mechanism for giving any
rel ative velocity, or anything.

CHAI RMAN KRESS: That is right. [If you
have this condensation rate, you can pin down the
di f fusi ophoresis. So that is the secret there, have
you got the right condensation rate.

MEMBER VALLI S: Wl |, you knowthe rate at
whi ch you are boiling, and that is the rate you are
condensing, pretty well. |If you say state --

CHAI RVAN KRESS: Yes, pretty nuch, you are

right.
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MEMBER WALLIS: So just from the decay

heat --

CHAI RMVAN KRESS: But if the pressure is
going to change, and there nmay be sone --

(Everyone speaks at the sane tine.)

MEMBER WALLI S: Is this benchmarked by
TM, or anything |like that?

CHAI RVAN KRESS: It has been benchmar ked
by large aerosol containnent tests, but not TM.
There were no aerosols in TM.

MEMBER WALLIS: Not at all?

CHAl RVAN KRESS:  No.

MEMBER WALLI S:  Wonderful, it didn't get
that far.

CHAl RMAN KRESS: Had some nobl e gases.

MR LI: So, as | said, we have -- so
usi ng the MAAP code, we can get into (unintelligible)
for the contai nment vessel renoval cal cul ation. And,
al so, since we know that the renoval process also
depend on the aerosol characteristics, we sanple
(unintelligible) certainly the heavier, the I|arger
particle, the faster they will settle.

And so in our calculation those are the
assunpti ons we nade.

CHAI RMVAN KRESS: That is the |og nornmal
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di stribution?

VR. LI: Yes, it is log nornmal
di stribution, because this is also the assunption we
used for AP600. And there is |log nornmal situation,
t he geonetric neanreally is .22 mcron, sigmis 1.8,
whi ch produced a mass nean di aneter of 1.3 mcron.

And we could do this pretty rmuch
conservative, because even in the Sandi a Nati onal Lab
study, done by Dana Power, the mass nean di aneter t hey
used an extension of 1.5 microns to 5.5. So we used
the smaller in the | ower end.

The efficient power ratiois 1.5to 1, and
we basi cal |l y negl ected the hygroscopicity, because we
knowthat there is a controversy about, you know, what
ki nd of a chem cal formthis aerosol particle will be.

But if there were cesiumi odi de, we know
those are soluble materials, but we neglected the
hygrospicity. The packing fraction, we used .8.

CHAI RVAN KRESS: And that translates into
dynam ¢ shake factor?

MR LI: Yes, that translates into --
because of, you know, there is a concern that the
particle, even though they are the type they are --

CHAI RVAN KRESS: Basically is reduced to

density by that nuch?
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MR, LI: Yes, exactly, to reduce the
density. Because we believe, you know, those aerosol
wi Il generate at very high tenperature, which they are
pretty much |iquid and then, when -- you know, so that
it should be close to one, but which was .8 at the
best estimate, and we do a sensitivity study.

CHAI RMAN  KRESS: What that does is
reduces, actually, your |anbda, doesn't it?

MR. LlI: Yes, that is right.

CHAl RVAN KRESS: It makes it smaller?

MR LI: Yes.

CHAI RVAN KRESS: What was your sensitivity
study on that, too?

MR. LI: The rel ease fraction and ti m ng,
as | said earlier, that we used an NRC Regul atory
CGuide 1.183 --

CHAI RVAN KRESS: Now, the question | have
about that is, when did you start it, in the accident
sequence, to MAAP?

MR. LI: W started at -- the
(unintelligible) we take it is fromReg cal cul ati on,
we start at the core uncovery, the MAAP started at
core uncovery.

CHAI RVAN KRESS: You waited until core

uncovery?
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MR. LI: Yes, because what happened is
t hat before that, if thereis alot of steam a | ot of
condensation --

CHAI RVAN KRESS: Yes, that i s when you get
all that --

MR LlI: -- credit for that, because the
core is not even uncovered. So all the tinme you see
in a tape, the --

CHAI RVAN KRESS: And you say at the point
of core uncovery, do you nean top of the active fuel,
or bottom of the active fuel, or --

MR. SCOBEL: It would be top of active

fuel .
CHAl RVAN KRESS: Top of active fuel.
MR, SCOBEL: -- mxture level to dryout.
MR LI: Now, the renoval mechanism I
think is pretty nuch a standard --  basically

(unintelligible) as | said, thereis also arenpval by
spray, into the STARNAUA, but that wasn't used.

So t he screen nechani smi s a sedi mentati on
di f fusi ophoresis, and thernophoresis. So we can see
that the sedinentation is the one that is pretty nuch
sensitive to the sides.

And if that 1is a spherical solid

(unintelligible), then fine, the denom nator is one.
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(Everyone speaks at the sane tine.)

MR, LI: If the packing fraction is
smal | er than one, then the phi is going to be | arger
than one, that is going to affect the sedi nentati on.

Now, as we can see t hat t he
di f fusi ophoresis and the thernophoresis are not that
sensitive to the particle side, especially the
di ffuser. Ther mophoresis, there is sone snal
dependency on the particle side, as you can see it,
because the nunber is in there.

But ot her --

MEMBER WALLI S: Now, this has nothing
about condensati on?

MR, LI: Yes, the Q(unintelligible) is --

MEMBER WALLI S:  Just |ike conduction. |
don't see any HFG or anything |ike that.

MR LlI: HFG?

MEMBER WALLI S: This doesn't coneintoit,
the | atent heat of the --

MR LI: That will cone into the --

(Everyone speaks at the sane tine.)

MEMBER WALLI S: Why? Doesn't that affect
t her nophoresi s? Were is that in the thernophoresis?
O the diffusiophoresis? That is where it is, okay.

MR LlI: That doesn't cone out --
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MEMBER WALLI S: |'"'m sorry, now |

under st and.

MR LlI: Yes.

CHAlI RVAN KRESS: The t enper at ur e gr adi ent
is carried forward --

(Everyone speaks at the sane tine.)

MR, LI: So basically what it says is
accept abl e sedi nentation, the diffusiophoresis, and
t he thernophoresis are pretty much dependent on the
decay heat.

So what ever anmount of decay heat you have,
as long as you want to let those heat out of the
contai nnent, that is going to drive particle. So what
you nmake the | anbda cal cul ati on, pretty nmuch robust,
because we all knowthat, you know, sooner or later it
is the decay heat that basically -- and the renova
process is directly related to that.

So there are sonme dependency on the
pressure and tenperature, because they will affect the
coefficient. But the dependency on the tenperature
pressure is not as high as on directly the heat
transfer rate, on the condensation |ine.

Sothisisthecalculatedresult. The red
curve is for AP1000, and the green curve is for --

CHAI RVAN KRESS: Now, do you have t hat
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br oken down by conponents for these three nmechani sns?
MR LI: Not for this curve, but in the
next one, yes.
MEMBER WALLI S: | don't understand
fraction per hour. And if you renove a faction of one
it is all gone. So what are you tal king about?

CHAl RMAN KRESS: It is a fracti on of what

is left.

MR LI: Watever fraction --

(Everyone speaks at the sane tine.)

CHAI RVAN KRESS: It is either the anount
of --

(Everyone speaks at the sane tine.)

CHAI RMAN KRESS: It is like a decay --

MR LI: If there is no source, only by
renmoval , then the concentrationis going to decrease,
Nis equal to Nat a tinme certain, certain tine --

(Everyone speaks at the sane tine.)

MR LI: -- to the mnus |anbda T.

MEMBER WALLI'S: But one is a pretty high
nunber then, isn't it?

MR LI: Oneis-- let me give you sone --
| know you probably heard that LACE experience
perfornmed, and so they measured the concentration as

function of tinme, in their -- for exanple, LACE
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(unintelligible).

And t heir nmeasurenent was that the | anbda
for insoluble particles, which is magnum oxide is
around 1.3, 1.4. And the lanbda for the soluble
mat erial, which is cesium hydroxide, is 1.8.

MEMBER WALLI'S:  But you have a | anbda of
1 here, for AP1000.

MR LI: Yes.

MEMBER WALLI' S: Wi ch neans in four hours
it is turned down to eight to the mnus four,
presumabl y?

MR LI: Yes.

CHAl RVAN KRESS: That is about right.

MEMBER WALLI'S:  Sonething |ike that?

MR LlI: Again, in the LACE, as exanple,
they call it half life -- 23 m nutes everything cuts
by half. So it is a -- yes, you are right.

MEMBER VALLIS: Well, thisis like a very
rapi d renoval rate

CHAI RMAN KRESS: It is pretty rapid.

MR LI: It is, it is. And, as | said,
that is what --

MEMBER WALLI S: Most of it by the
condensati on?

CHAI RMAN KRESS: | think in general nost
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of it is sedinmentation, but here it my be the
condensat i on.

MR. LI: Yes. |In LACE experience it is
pretty much done by sedi nent ati on because LACE i s ki nd
of a heat transfer, insoluble and sol uble.

Now, if you want to see the contribution
fromdifferent renoval nmechani sns, on the right hand
side is AP600, and on the left side is AP1000. Now,
for AP600, it just so happen that three nechani sns,
basically they kind of contribute.

But for AP1000, because as | saidearlier,
in the presentation, because we have a 75 percent
hi gher heat transfer rate, therefore basically during
the conpeting process, the heat transfer rate

basi cal | y renoves nost of the particles, whichthisis

the result.

MEMBER WALLIS: So what is this Q double
dash?

MR. LI: Qdouble dash is a sensi bl e heat
transfer.

MEMBER WALLI'S: It can't be condensati on,
it must be just the sensible.

MR Ll: Yes, it is sensible, yes. It is
basically driven by --

MEMBER WALLIS: | just wanted to be sure
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you weren't using the total heat transfer.

MR LI: No.

MEMBER WALLI S: I"m surprised it is so
bi g.

MR LI: It is. But if the sensible heat

transfer drops, then the condensation has to cone out,
because they have to, the decay heat has to get out.
So --

MR. SCOBEL: | believe one of the things
that you are seeing here is that because you do have,
for a period of high aerosol concentration, you have
a drier containnent due to --

(Everyone speaks at the sane tine.)

MR. SCOBEL: -- the sensible heat transfer
go up.

CHAI RMAN KRESS: And | can see why the
sedinmentation may be a little |lower, because it is
pretty high effective containnent, and that is --

MR, LI: Actually because we are assuni ng
it is well mxed, so --

(Everyone speaks at the sane tine.)

MR LI: -- doesn't play much role.

CHAI RVAN  KRESS: Yes, it does, it is
directing the | anbda. Even though you are wel |l m xed,

you still get H -- you still have to follow that
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hei ght ?

MR LlI: Yes, that isright. Infact, the
assunption is actually making it worse, because --

CHAI RVAN KRESS: And it would cone out
faster.

MR. LI: Yes, because basically, you know,
part of the basis is we nove downward. So we are
assum ng well mxed, so basically it put them up
again. Every time, you know, they nove down a little
bit, and --

CHAl RVAN KRESS: That is why the height
enters into it?

MR LI: Yes, that is right, yes. But as
| said, because there are nore -- if you see the
equation, in the end it is (unintelligible) in the
cont ai nnent .

CHAI RVAN KRESS: Well, what enters into

the exponential is the ratio of the volune to the

ar ea.
MR. LlI: Yes, that is right.
CHAI RVAN KRESS: And you cal | that hei ght?
MR LI: Yes.
(Everyone speaks at the sane tine.)
MEMBER WALLI'S: It seens to ne it doesn't
make any difference. Wll, | guess you are
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superi nmposi ng t he m xi ng on t he surface sedi nentati on?
CHAl RVAN KRESS:  Yes.
MEMBER WALLIS: It is not as well m xed as
the drift relative to the sedi nentation.

MR. LI: Yes.

MEMBER WALLIS: -- also there is a drift
goi ng on.

MR LI: Yes, if there is not, one reason
is -- pretty nuch nore concentrated --

MEMBER WALLIS: -- do it all mxed up so

much thereisonly alittle air near the bottom which
is kind of stagnant, where you get sedinmentation at
all.

MR. LI: But actually what happened i s one
m X, then you have a renoval rate down there, soit is
just the velocity tines the tenperature -- the --

MEMBER WALLI S:  Superi nposed, yes.

MR LI: Yes. Soif this get renoved, so
you have a, you know, an air that has no particle any
nore, but then the well mx is going to provide
particle. So in that sense --

CHAI RVAN KRESS: It cones out because you
are renoving aerosols as particular velocity, on a
particular area. But you are renobving those out of

the -- so it is volunme over air, it looks like a
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hei ght .

MR LI: Yes.

CHAI RMAN KRESS: And that is where it
shows up.

MEMBER WALLIS: Yes, so you have bigger
area, you get nore out of it.

CHAI RVAN  KRESS: Yes. That is
i nteresting.

MR, LI: So about sensitivity, as | said
earlier, we didn't do a sensitivity study for AP1000,
because we are going to borrowthe result fromAP600.
So let's take a l ook at the sensitivity for the AP600.

MEMBER WALLI'S: Sorry, isn't there sone of
alutriation, that the big particles come out first,
and the tiny particles are |eft behind?

MR LI: Yes.

MEMBER WALLIS: It is not just quite so
si npl e.

CHAI RVAN KRESS: Yes, you get a | anbda f or
each particle size. Now, what they are doing is
getting an average | anbda --

(Everyone speaks at the sane tine.)

MEMBER WALLI S: Check the average.

CHAI RVAN KRESS: What they get is find out

total nmmss, and then back out the |anbda from the
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total nmass.

MR LI: Yes, exactly. Wiat we didis we
di vide the aerosol distribution into nmultiple bins.

MEMBER WALLI S:  Ckay, now it nakes sense.

MR. LI: So each bin you calculate its own
renoval , and the total renoval of |anbda --

MEMBER WALLI S:  The effects of | anbda are
averaged over these things, but the change in the
wei ght, because you have different proportions in the
bi ns as you --

MR LI: Yes, that isright. But renenber
that the particle al so aggl onerate.

MEMBER WALLIS: Yes, | was going to ask
you that, too

MR LI: Yes. And so the --

MEMBER S| EBER: Wll, how do you treat
that? How do you treat the aggloneration? Because
then you are --

MEMBER WALLIS: It is a random process,
where they --

MR LI: It is not a random process,
actually -- originally --

(Everyone speaks at the sane tine.)

MR. LI: The original CGerman code, you

know, distribution, by sedinentation, and pretty --
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CHAI RMAN KRESS: There i s sone turbul ence?

MR LI: Yes, turbul ence.

MEMBER WALLI'S: What is the source of the
t ur bul ence?

CHAl RVAN KRESS: It is natural convecti on.
And you have to characterize the turbul ence | evel from
the --

MR, LI: So for sensitivity study we
changed the diffusion path toinner mass ratiofrom.5
to 3.

CHAI RMAN KRESS: Just out of curiosity,
what did you use for a sedinentation area?

MR LI: Sedinentation area?

CHAl RVAN KRESS: Yes. The cross section
of the containment, or did you actually | ook at al
hori zontal surfaces? So you did do that, and | ooked
at all horizontal surfaces?

MR LI: Yes. That tends to --

MEMBER S| EBER: Di d you consi der angul ar
fl ow?

CHAI RMVAN  KRESS: You can take the
hori zontal, the grid is in there, and there is
equi pnent t hat had hori zontal surface, you can gat her
all those up

MEMBER WALLI S: Do you have convection
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flow ng down the walls --

MR LI: Yes.

MEMBER WALLIS: | imagine a few feet a
second. And as you concentrate particles in that
boundary, they don't all goto the walls, sone of them
go down along the floor?

MEMBER SI EBER:  Ri ght.

MEMBER WALLI S: And then they are nore
likely to settle out as they are closer to the floor?

MEMBER SI EBER:  Well, nmaking the turn.

VMEMBER WALLI S: Making the turn to the
inertial separation.

(Everyone speaks at the sane tine.)

MR. LI: -- because of the void fraction.
And the things blow out of the core, you know, that
t hey --

CHAI RVAN KRESS: Probably com ng out the
ADS 4 val ve?

MR LlI: Yes. So we thought that was a
conservatism And, also, even when they got to the
past and we believed, you know, when it goes through
t he tortuous path, there shoul d be some -- you know - -

CHAI RVAN KRESS: Actually, this is design
basi s space, and they specify an aerosol source that

t hey shoul d use. And in picking that source the Staff
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rightly decided that there woul d be things |ike that,
so they don't really use the full core inventory,
they' ve reduced it quite a bit.

But they take into account this inertia
stuff that they don't know howto cal cul ate, and take
account for things like that. So it is built into --
that kind of thing is actually built into the source
that is specified.

MEMBER WALLI S: It nust be very sensitive
to the size of the particles.

CHAI RVAN KRESS: Yes, but that gets
speared out real fast by the aggl omeration process.
| nmean, you can put them in small, but they wll
change in a hurry. They don't get that big. Sone of
themare like 10 to 20 mcrons, they get pretty big.

MEMBER WALLIS: Unless you want to keep
t hem out goi ng around, scrubbing out nore.

CHAI RVAN KRESS: Well, that has been
proposed, that you artificially put aerosol --

MEMBER S| EBER: For a smal | break, though,
t he bi ggest hol e you have in the systemis the ADS 4,
which is -- which is a chimmey. So you are going to
have a big circulation --

CHAI RVAN  KRESS: You have plenty of

nat ural convecti on.
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MR LI: The sensitivity result for AP600,

because of the way -- we think that the NRC tinme for
t he di ffusion path, but we also knowthat there wll
be inner material that will also be releasing the
contam nant, not equal to a nore inner material that
woul d tend to make the concentration higher, so you

have a hi gher aggl oneration that you have to renove.

So the -- howmany we will allowinto the
contai nnent to calculate the |ambda will have sone
effect. Soinour -- as | said, we've assuned 1.5 in

the ratio, but we did a sensitivity study by changi ng
the -- I"'msorry (unintelligible) mass ratio from.5
to 3, and we see the change of 5to 6 percent in total
| eakage.

Now, we di dn't conpare the | anbda, because
| anmbda i s basically a function of tinme. But after the
wall we are actually nore interested in the |eakage
out of the containment. So the |anbda can change in
time, but this is like integral effect on --

MEMBER WALLI S: Where is it |eaking fronf

CHAI RVAN KRESS: That is unspecifi ed.

MEMBER WALLIS: This is just design --

MR LI: Yes, it is .1 and --

(Everyone speaks at the sane tine.)

CHAI RVAN KRESS: | n desi gn basi s space you
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take this design basis leak rate, like .1, but you up
the leak rate by the pressure that you get out of
design basis LOCA. And | was just wondering if you
guys actually did that, too.

MR. GRESHAM The containnent leak rateis
design basis is based on operation, or based on
conditions --

MEMBER S| EBER: It is the LOCA peak
pressure.

MR. GRESHAM It is at peak pressure
cont ai nnent, yes.

MEMBER SIEBER: And so it starts at that.1
and goes down, as contai nment depressurizes.

MR. GRESHAM The NRC s gui dance i s assune
t he design basis for the first 24 hours. And then no
further reduction.

MR LI: Now, if you cut the sedi nentation
area in half, then you can increase the | eak rate by
13 to 14 percent. And, renenber, this is for AP600,
where the sedinentation, it wll only affect
sedi nent ati on.

Now, t he sedi nent ati on in AP600
cal cul ati on contri bute about 30 percent. So if we cut
this sedinentation area by half, the | eakage i ncrease

by 13 to 14 percent, which neans you cut the
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sedi mentation in hal f, because 30 percent tines .51is
around 14 percent.

So we know, for AP1000, it is going to be
five percent, because it only contribute
(unintelligible). Another thing we did is reducing
t he packing fraction from .8 to .1, which kind of
exaggerate alittle bit. Thenit increasestheliquid
about 14 percent.

Agai n, sooner, because it only affect the
-- pretty nuch only affect the sedinentation. So for
AP1000 we expect to be five percent, too.

Now, in smaller value of RG because
already | said that, you know, we use RG and signs,
that is already at the |Iower end of the Sandia that
has been | ooki ng, we reduced that further, we get the
| eakage i ncrease by an order of five percent, whichis
smal | .

Then, again, if for AP1000, because it is
al so the fact that, again, only sedinmentation, and it
shoul d be | i ke two percent, three percent. So that is
why we ar e sayi ng t hat AP1000 | anbda deri vati on shoul d
be | ower than on the average.

Now, the conservatism that we think in
t his | anmbda cal cul ati on, on top of that we think, you

know, by negl ecting the hygroscopicity, our |lanbdais
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a conservative, because we know cesi um hydroxi de and
cesium (unintelligible) are solid.

And we also neglected the inertial
i mpaction on wet surface, and we will discuss that.
And we al so neglected the aerosol retention in the
| eak paths, when they Ileak out through the
(unintelligible).

CHAI RVAN KRESS: That is not exactly
negl ect ed, because sone correction to the source term
is built intoit. The actual specified source term
has some recognition that there was sone retention in
t he | eak path.

MR LI: You nmean in the | eak path?

CHAI RMAN KRESS: Yes. |'msorry, you are
tal ki ng about |eaking out of the containment? [|'m
sorry.

MR LI: Yes, in there they haven't

considered the retention in the primry section. W
only take what is com ng out of the primary system
into the contai nment.

CHAl RMAN KRESS: (Ckay, |'msorry.

MR LI: And our purpose are that we
choose to use a small set (unintelligible) we use the
MVD=1. 3 nmi cron, and t he Sandi a wor k assunes, you know,

1.5.
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So the conclusion is that we saw that the
| anbda for AP1000 is 1.1 per hour. The result is
robust because there is a conbination of renoval
mechani sms, and we discussed this around the
conservati sm

So again, that 1is the end of ny
presentation.

CHAI RMAN KRESS: There is no surprise to
me there is the large contribution to thernophoresis.
And | guess your expl anation of that, the dry phase,
and you still have to get the decay heat out, and do
you have hi gher power than AP1000, does nake sense.

MR, LI: Actually | have thermal-hydraulic
data, it connects --

CHAI RVAN KRESS: It is strictly a matter
of plugging in that thernophoresis equation to the
t her mal - hydraul i cs.

MEMBER WALLI S: Well, presumably you have
radi oactive material whichis gaseous, whichis not in
the formof aerosols. Not just nobl e gases, but other
t hi ngs t hat have vapor pressure enough to evaporate --

CHAl RMAN KRESS: No, just the --

(Everyone speaks at the sane tine.)

MEMBER WALLI S: Only the nobl e gases. It

seens to be because nobl e gases, you know, you sort of
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vent them anyway.

MR CGRESHAM  After 24 hours the noble
gases are down to about one percent of their --

MEMBER WALLI S: Just because of the
| eakage?

CHAl RMAN KRESS: Yes, they are |eaking.

MR. GRESHAM No, because of decay.

(Everyone speaks at the sane tine.)

MR. GRESHAM However, even when t he snal |
fraction of iodine seens to be in organic form and
thus gases are at 5 percent, there still is a
f or mi dabl e source.

CHAl RVAN KRESS: And the aerosols have
settled out, and unless you control the PH of that
wat er, the iodine can cone back out. So it is not a
guestion of can you open it just --

(Everyone speaks at the sane tine.)

CHAI RVAN KRESS: It coul d be, that el enent
is organic.

MEMBER WALLI S:  You want to solidify once
it gets to --

CHAl RVAN KRESS: It would be nice to hold
it there.

MR. SCOBEL: | have a presentation at this

time, the analysis currently in the AP1000 is not
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based on this cal cul ati on of renoval coefficients, it
is based on the renoval coefficients that were
cal cul ated for AP600. So there is --

CHAI RVAN KRESS: | see, you went ahead and
used the sane | anbda?

MR SCOBEL: We used the sane | anbda.

CHAI RMAN KRESS: So you are saying you
woul d be in the conservative --

MR, SCOBEL: Well, I"mjust saying, it is
conservative. W have this information earlier --

CHAI RMVAN KRESS: But you still neet the
criteria?

MR, SCOBEL: Yes.

CHAI RMAN KRESS: So that is all you --

MR SCOBEL: We have --

(Everyone speaks at the sane tine.)

MR. SCOBEL: | have a presentation on the
t her mal - hydraul i cs of what we use if you feel that you
want to seethat. It just discusses the sequence that
we used, why, which |'ve already told you, and then
have a presentation of the plot, and with a conpari son
to AP600, they look alittle different, and there is
sone reason

But if you want to see that | would be

glad to present it. |If you don't, we can nobve on
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CHAl RMAN KRESS: | think the consensus

here is we would like to hear that.

MR, SCOBEL: Sure.

MR GRESHAM | think before Jimstarts
the presentation it would be worth -- it is worth
poi nting out that all the curves on here, that have a
time of zero hours, that is zero hours is the tinme
when you have uncovery of the active fuel. It is
initiation of the accident.

MEMBER WALLI'S: | was just | ooking at the
handout from Polestar. W have this heat transfer
rate, which has these nountains in it, peaks?

MR. GRESHAM That is what Jimis goingto
tal k about.

MEMBER WALLIS: So |I'm al ways ahead of
you.

(Everyone speaks at the sane tine.)

MR SCOBEL: Like | said, we used the
severe accident envi r onnent to generate the
envi ronnments for the contai nment, because it addresses
the dragging -- it reduces condensation and heat
transfer.

And it is also the sanme net hodol ogy t hat
we use for the AP600. We used the dom nant core

damage sequence fromthe risk assessnent, because it
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is a doubl e-ended break in the DVI line. The RCSis

fully depressurized, and you fail gravity injection.

There i s successful cavity fl oodi ng onthe
outside of the vessel to prevent the vessel from
failing. And as a result you refl ood back into the
reactor vessel, through the break. And in the
sequence we also produced a significant amount of
hydrogen, and the hydrogen ignitors are turned off.

MEMBER RANSOM  -- the injection phase,
j ust assunption, or --

MR. SCOBEL: This is what creates the
severe accident, as opposed to a data base acci dent.

MEMBER WALLI S: |s there any nechani sm
t hat --

MR. SCOBEL: The nechanismis that it is
t he dom nant sequence in the PRA, the failure --

(Everyone speaks at the sane tine.)

MR. SCOBEL: -- the squib valves, thereis
squib valves in that line, in that gravity injection
line. And you have sinmultaneous failure of nmultiple
squi b val ves.

And this is just a list of the T&H i nput
paranmeters required for the NAUA code. The first one
is contai nment tenperature, and the spikes you see

there, that is hydrogen burning at the igniters.
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And as opposed to the AP600 case where,
apparently, we did not have theigniters turn on. The
next one is containment pressure. And this one is
kind of interesting. There is -- you know, you can
see this difference between AP600 and AP1000, and it
is kind of -- you would expect AP1000 to be higher
t han AP600, and al so you have this depression here,
that is different than AP600.

And the reason for that is that AP1000 has
a hi gher core power density. And what you see, then,
intheresultsis that the core nelt, at the time that
you reflood the core, is a lot nore severe, and the
core is all kind of plugged up, and bl ocked up.

And so you end up cutting off your water
ingression into the core debris, in the core, inside
the vessel. And so in AP600, where you had a
pressurization due to heat transfer from the core
debris to the water, in AP1000 what you are seeing is
you are not getting that heat transfer.

And so t he pressure i s com ng down because
the steanming is going down. So this is, actually,
with respect to creating steam is conservative. But
now you have nore superheat in the --

MEMBER WALLI S: This i s a gauge pressure,

isn't it?
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MR. SCOBEL: This is the atnobsphere.

MEMBER WALLIS: So it goes al nbst down to
one at nmosphere?

MR. SCOBEL: Yes. Because you are not
getting nuch steamfromthe core regi on at that point.
And you can see that in the steamlow fraction going
out here.

The other thing | wanted to menti on about
the pressure is that we also have an effect from
hydrogen conbustion, because you are taking the
partial pressure of hydrogen, which you had al nost
1, 000 kil ograns of hydrogen in the containnent.

You are taking that out of t he
containnent, and it is al so taking oxygen out of the
contai nnent, so it had an effect on the contai nnment
pressure over all, during neltdown.

So, anyway, during this initial period of
time with the aerosols, before four hours, you can see
that there is a substantial decrease in the
condensation rate, due to the fact that we are not
getting the steam ng.

CHAI RMAN KRESS: It is interesting, all
t hese hydrogen burns hel ps you here. It gives you
nore condensation, it gives you nore thernophoresis,

and doesn't affect your sedi nentation.
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MEMBER WALLIS: It stirs things up.

MEMBER SI EBER.  Why does it give you nore
condensati on, just because of --

MR SCOBEL: Say that again?

MEMBER SI EBER: Wy does it gi ve you nore,
t he hydrogen burn, you get the water fromthe burn?

CHAI RVAN KRESS: You get steam you get
hydrogen, you get steamfromthe --

MEMBER SI EBER:  The burn?

(Everyone speaks at the sane tine.)

MEMBER WALLI S: How nuch oxygen is there
in there to burn all this hydrogen?

MEMBER SIEBER: It is a big contai nnent.

MR. SCOBEL: There is enough to burn that
anount of hydrogen.

MEMBER WALLI'S: A thousand kil ograns?

MR, SCOBEL: Sorry?

MEMBER WALLI S: A thousand kil ogramns
sounds like a --

CHAl RVAN KRESS: They keep track of the
oxygen content, and that i s when t hey deci de when this
is goingto burn, is when the hydrogen oxygen -- wel |,
| think that the thousand is spread out over --

(Everyone speaks at the sane tine.)

CHAl RVAN KRESS: When you get up to 12
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percent --

MR. SCOBEL: The hydrogen, also, it would
be about 4 to 6 percent.

CHAI RVAN KRESS: Four to six, that is
right, you are just burning, you are not expl oding.

VR. SCOBEL.: |"ve actually seen
cal cul ati ons wher e you have poor concrete interaction,
and stuff going on, and you have containnent heat
renoval that is really substantial, and you start to
get negative pressures in the containnment.

You actually have a continuous hydrogen
source, over several hours, because the coreis still
-- you still have multi core -- even though it is
fl ooded with water, the water is not gettingintothis
core mass, kind of like TM.

MEMBER WALLI'S: And it suddenly gets in
and you produce --

MR. SCOBEL: No, you are accunmulating it
in the containnent as it is being produced.

(Everyone speaks at the sane tine.)

CHAl RVAN KRESS: Burns real fast.

MEMBER WALLIS: But it has to produce a
certain concentration before you get ignition again?

MR. SCOBEL: Yes, you have to have the

ri ght conbinati on of hydrogen and oxygen.
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MEMBER WALLIS: It seens to nme that you

have just about enough oxygen --

MR. SCOBEL: The oxygen will come down,
yes, significantly.

MEMBER WALLI S: What i s the rough order of
magni t ude cal cul ati on?

MR.  SCOBEL: | have actually seen
cal cul ati ons where you have poor concrete interaction,
and stuff going on, and you have contai nnent heat
renoval that is really substantial, and you start to
get negative pressures in the containnent for
hydr ogen.

MEMBER S| EBER: Ri ght. Now, you are
assumng this debris all stays in the vessel?

MR, SCOBEL: All the debris is in the
vessel .

MEMBER S| EBER: And you don't have any
core interaction?

MR. SCOBEL: And, in fact, you would
expect -- the sequence is flooded both inside and
outside the vessel, it is not just -- it is not the
cl assi ¢ sequence that you are --

CHAI RMAN KRESS: You are right, it is not
flooding in both places?

MR SCOBEL: VYes, it is flooded inside and
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out .

CHAl RVAN KRESS: Yes, you are right.

MEMBER SI EBER: Wl |, again, the break is
at the direct injection nozzle?

MR, SCOBEL: A direct injection line
break, yes. And you end up fl oodi ng the conpartnent.

MEMBER SIEBER: Up to that, and then it
goes into there.

MR. SCOBEL: The PXS conpartnent fl oods,
and then you refilter through the break.

CHAI RVAN KRESS: Actually these hydrogen
peaks i n the heat transfer rate, probably have al npst
negligible effect on the thernophoresis -- sharp
conpared to the -- | would suspect you get nore
t her nophoresi s just fromthe averagi ng themout. The
time they are there is so short.

MR, SCOBEL: Any way, thank you.

CHAI RMAN KRESS: Thank you.

MEMBER WALLI S: Thank you.

MR. ZAVI SCA: |1'm M ke Zavi sca fromERI,
and | hope to give you a brief overviewof sone of the
general results of the severe accident anal ysis that
we performed using MELCOR 1. 85.

MR. ZAVI SCA: W perfornmed a nunber of

severe acci dent anal yses for a nunmber of AP1000 core
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damage sequences, in order to support the NRC in
formul ati ng positions on a nunber of severe acci dent
i ssues.

But if | were to list sonme of the main
objectives we were after in these anal yses, it would
be -- first of all, we wanted to obtain some data to
support our independent analysis of the IVR issue.

Second, we wanted to |ook at what the
results woul d be of nolten core concrete interaction,
get a picture of what the contai nment conditions woul d
be, relevant to the hydrogen combustion issue.

CHAI RVAN KRESS: Di d Westi nghouse speci fy
the type of concrete they were going to use?

MR. ZAVISCA: W -- well, we perforned
sensitivity to a nunber of different types of
concrete. Andin addition, just to get a general idea
of the timng of the accident progression, and a
nunber of other general issues.

We selected a nunber of sequences for
anal ysis, which we nanmed according to the definition
of ASME as used by Westinghouse. W had four base
cases, and a nunber of sensitivities in addition.

Qur 3BE scenario was a safety injection
line break. And this is simlar to the scenario that

Jim just described. It is a scenario which is
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expected to | ead to successful in-vessel recovery. So
this scenariow || be used -- we ran mai nly to support
t he I BR anal ysi s.

And we al so had a nunber of sensitivities
tothis case, regarding things |ike efficiency of PCCS
operation. Then there was a traditional |arge LOCA
type sequence to 3BR, which is simlar to one of the
top sequences in the PRA

| should say that in this table we
anal ogi zed sonme of our sequences, to sequences that
show up i n t he Westi nghouse PRA, however, they are not
identical in all respects.

First of all because sone details of
system availability in the PRA were, in sone cases,
not nentioned, or | eft ambi guous, we just did not have
i nformation on those, so we had to guess. O, in some
cases, we adjusted things deliberately in order to be
able to | ook at aspects we wanted to exam ne.

An exanple of which is for the 3BE
scenari o, where Westinghouse allowed water ingress
back into the vessel. W disallowed that because we
wanted to obtain boundary conditions for no water
i ngress.

And we have a set of 3D scenarios, which

are spurious opening of ADS valves. These are
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partially depressurized sequences which, therefore,
woul d not be expected to | ead to successful in-vessel
recovery, so you have injection of debris to the
cont ai nnent .

And t hese are t he scenari os we mai nl y used
to analyze nulti core concrete interventions in a
nunber of sensitivities to this, with regards to
things |like concrete type, conditions in the cavity,
etcetera.

So you have injection of debris to the
contai nnent. And these are the scenarios we used to
anal yze nulti core concrete interventions in a nunber
of sensitivities, withregardto things |ike concrete
type conditions in the cavity, etcetera.

And t hen, | astly, high pressuretransient,
initiated by | oss of heat water, designated sequence
(i naudi bl e).

Just a few brief words about the MELCOR
nodel enployed. W -- | guess the nmain point here is
t hat we nodel ed al | safety systens, docunents, and t he
general level of the organization, of the RCS and
contai nnent, is basically equivalent tothat, that was
used in the MELCOR nodel used by Westinghouse.

And the information used in devel opi ng

t hi s nodel canme fromthe vari ous desi gn docunents. In
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sonme cases from paraneters in the MELCOR nodel, and
specific responses to RNX

One t hi ng t hat was not i ncl uded was nol t en
of the <core barrel, during the core damage
progression. And this has something to do with some
boundary conditions for the | ower pl enum (i naudi bl e).

W also did sone things to enhance
conductivity inthe | ower debris, inthe debrisinthe
| ower plenumto nodel --

MEMBER WALLI'S: -- the chem cal reactions
with the debris, fromthe shroud?

MR. ZAVI SCA: That is right. So we are
underestimati ng the anount of steel that is in danger
as a result of that. This is one of the things we
mentioned as future work, which could be done |ater.

CHAI RVAN KRESS: Can you expl ai n t hat | ast
slide justa little nore. Wen we nmade that m xi ng of
the -- does that nmean the question is whether or not
you have stratified steel, or netal over ceramc, or
what do you nean by the m xing?

MR, ZAVISCA: This is really related to
the fact that in the MELCOR nodel of the | ower pl enum
it has a nunber of radial rings, and basically m xing
bet ween those rings is only done in order to equalize

the | evel .
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There is no sort of advective m xing of
the nolten debris between rings. W wanted to node
a little bit of the effect sonehow equalizing the
conmposi tion and decay heat content of the materia
between the rings of the |ower --

CHAlI RVAN KRESS: |s that to deci de whet her
the --

MR. KHATI B- RAHBAR: Let nme explain this.
This is the nolten core convection in asense, because
MELCOR does not nodel multiple convection. The idea
was to get a mxing of the debris, because if you do
not have the conductivity, you get debris side by side
with very different --

CHAI RVAN KRESS: So this is to deci de when
it melts through the vessel ?

MR, KHATI B- RAHBAR:  Yes.

CHAl RVAN KRESS: That is what it is for,
okay, now | understand.

MEMBER WALLI S:  How do you know how nuch
to enhance the conductivity?

MR. KHATI B- RAHBAR: Wl |, this actually
does not affect the result, if you look at that
separate IBRissues of this -- it does not affect any
of the things that we do later. This was just done

because we wanted to get sonewhat of a realistic

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

143

vessel wall tenperatures, otherwi se it woul d confuse
temperatures far exceeding the vessel nelting
t emper at ur e.

This is not official (inaudible) and
without this it would conpute large tenperature
gradients within the neighboring parts of the |ower
pl enum

W just do it to get (unintelligible).

MEMBER WALLIS: In order to get a pretty
uni f orm t enper at ur e?

MR. KHATI B- RAHBAR:  Preci sel y.

MEMBER WALLIS: And this is realistic?

MR. KHATI B- RAHBAR: No. Well, realistic
yes, from the standpoint of mxing in -- next
presentation.

MEMBER WALLIS: In fact this may be the
worse case scenario, is that right? \Wiat is the
i mplication of having that restriction?

MR. ZAVI SCA: The inplication of that in
MELCOR i s that we have less -- the inplication of --
in the MELCOR nodel is, of course, we have | ess steel
in the nelt. But as we wll see later, that
assunption was not carried over intothelVRanalysis.

So we did not assune, in the IVR --

MEMBER WALLIS: But it is not necessarily
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conservative, steel reacts --

CHAI RVAN KRESS: It is not conservative
with respect to-- it is not conservative with respect
tothe MCCI. So | think that is why they are telling
us they didn't do it.

MR BASU. But | think it is conservative
with respect to the focusing effect.

CHAI RVAN KRESS: Yes, with respect to the
focusing and nelting through the vessel is
conservative, soit depends on what you are i nterested
in.

MEMBER RANSOM We actually want to | ook
at that, because that is -- thisis not tested as part
of the code, so we didn't want to do sonmething --

MEMBER WALLI S: Does MELCOR use ol oeari an
representation of these core materials? d oerian?

MR. ZAVI SCA: It is actually very sinple,
it is a point nodel, so it doesn't do any of that
sophi stication. It takes a particular nmass, it heats
it up. And you divide it up into nodes --

(Everyone speaks at the sane tine.)

MR ZAVI SCA: -- after the LOCA | t
reaches the -- it goes down to the next one.

MR. KHATI B- RAHBAR: Exactly, to the next

node.
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MR ZAVI SCA: Automatically.

MEMBER RANSOM So it is an olearian
representation?

MR. ZAVI SCA: Pseudo, yes. The next slide
is aschematic to sort of give an idea of -- our first
objective to obtain boundary conditions to the |IVR
analysis. | showed you sone of the main results.

Actually | say here these are 3BE, but
these were -- when in the MELCOR columm these are
results of |ow pressure best cases we performed in
MELCOR

And | show the conparison, the range of
MELCOR MAAP4 results that we docunented for the DBE
| VR classes. And | don't want to say that we are --
we perfornmed these -- we did not performthis analysis
inorder to performan excl usive conpari son wi th MAAP,
we didn't intend to do that. But this is just for
i nformation purposes, we want to see howit conpares.

So core progression between one and two
hours, core plate fails at 2.6-3.7 hours, at which
time the debris, you get the first relocation of
debris to the |l ower plenum that is 2.6-3.7 hours.

Later you get gross nelting of the core
plate, 3 to 4 hours. Dryout of all the water in the

| ower part of the RPV shortly thereafter.
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MEMBER WALLI'S: Does the core plate fail

by nelting, or by softening, or by stresses in
breaki ng, or what?

MR. ZAVI SCA: Well, inthe MELCOR nodel it
sinply is assuned to fail to provide structura
supports once it reaches a certain tenperature.

MEMBER WALLIS: So it softens then?

MR ZAVI SCA:  Yes.

MEMBER WALLI S: It becones very weak, and
it doesn't have to nmelt?

(Everyone speaks at the sane tine.)

MR. ZAVI SCA: So at the tine of the core
plate failure, in MELCOR we get 80 percent of the
core, whichis thenin the formof debris, sitting on
top of it, slunps down into the | ower plenum

And this mass contains about -- includes
about 27 tons of steel, and 11 to 12 tons of
unoxi di zed zirconi um net al

MEMBER WALLI S: About 100 tons, or
somet hi ng?

MR. ZAVI SCA: Thisis -- 1 think there are
about 100 tons.

MEMBER WALLI S: Sonmething like that, a
rough order --

MR ZAVI SCA: Sone of the corresponding
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figures | couldn't extract from the MAAP results.
But, as | nentioned, we did not nodel corerationality
here, so this figure is kind of |ow

I think inthe Rome anal ysi s t hat was done
by Westi nghouse, they had between 50 and 70 tons. It
is basically the | ower support plate, and sone snall
mass of structural steel inside the core.

The scenario is analyzed from the
standpoint of nulti core interactions, minly
partially depressurized spuri ous ADS sequences, whi ch
i ncl uded a nunber of sensitivitiesto aconcrete type.
And conditions in the reactor cavity.

And | think I will skip ahead to this
slide, because the overall penetrations, concrete
penetrations distances we observed, and also a
conparison with the Westinghouse results from MAAPA4.

And this shows that the main difference
between our results is we are predicting nmuch | ower
penetration, nuch |ower concrete penetration as
conpared with MAAP4.

MEMBER WALLI S:  No source of groundwat er,
or anything like that?

MR ZAVI SCA: No.

MEMBER WALLI S: Just Ilike a big

di fference, presunmably.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

148
MR ZAVISCA: As far as | could tell the

initial conditions, and the boundary conditions for

these were identical between ours and the MAP

anal ysi s.

CHAl RVAN KRESS: Now, MAAP tends to eat
down and across, and MELCOR just goes down. Is that
the end of --

(Everyone speaks at the sane tine.)

CHAl RVAN KRESS: Yes, but MAAP does it
nore, | think.

MR. BASU. That depends on the concrete
diversity --

MEMBER WALLIS: So how far does it go in
a year?

CHAI RVMAN KRESS: |t stops.

MEMBER WALLIS: Looks |ike quite a |ong
way.

MR. KHATI B- RAHBAR: Yes, the nodel is not
desi gned to cal cul ating such a long tine.

MEMBER WALLI'S: | know.

MR. ZAVI SCA: So basical ly within about 60
hours one neter penetration in MELCOR, about 2.5
maxi mumin MAAP4. We reiterated here that the graph
was for |inmestone based concrete.

For the softest concrete we get, again,
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significantly | ess penetrationin MELCOR, as conpared
wi th MAAP4. Core concreteinteractions debris between
roughly 1 and 3 tons of hydrogen within 60 hours.
Al'so large quantities of carbon nonoxide and carbon
di oxi de.

The | arger quantities of hydrogenresults
fromthe use of the basaltic concrete. And |atest
cont ai nnent pressures in the presence of CCl between
two and --

MEMBER WALLI S: Doesn't the concrete break
into chunks and flow to the surface?

CHAIl RMAN KRESS: No, it nelts.

MEMBER WALLI S: It actually nelts, it
doesn't interact with the water in the concrete?

(Everyone speaks at the sane tine.)

CHAI RMAN KRESS: It goes up as gas. The
wat er gets rel eased and gets converted to CO and CQO2,
reacting with the --

MEMBER WALLI S: The t hermal stresses don't
just shatter the concrete?

CHAI RMAN KRESS: No. Basically it is
mel ting. They did it at Sandia, it was pretty
accur at e.

MR ZAVI SCA: Wth regard to hydrogen

defl agration, in nost of these sequences we observed
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a general early behavior at the release, the initial
rel ease occurs to sonme part of the | ower contai nnent,
| RA6T, or the access conpartnment, or one of those
confi ned conpartments in the | ower containnent.

And so hydrogen initially devel ops at
hi gher concentrations there, and burns there.
Eventually it will mgrate upto the -- the open part
of the contai nment and possibly burn there.

So in the early phase we typically see
lots of very small burns occurring in the --

MEMBER WALLI S: |If each one is 10 percent
H2, then you can cal culate just how nuch oxygen you
are renoving with each burn.

MR. KHATI B- RAHBAR: That is howwe did it.

CHAI RMAN KRESS: That is automatic.

MR. ZAVISCA: W did some cal cul ations
assuming -- but in the MELCOR it wll still burn
whenever it reaches a specified concentration within
a particular conpartment, 7 percent, or 10 percent.

In the scenarios that involve nultiple
core concrete interactions, we get vast quantities of
hydr ogen and carbon nonoxide in the late tinme frane,
so you observe one or nore relatively Ilarge
degradations inthelatetime frane, in the upper part

of the containnent.
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Because sonetinmes sone of the hydrogen
results, across the different MELCOR cal cul ati ons t hat
we perforned, you get between 44 and 65 percent
equi val ent core zirconi umoxi di zed, whi ch corresponds
to around 420 to 650 kil ograns.

And the MAAP4 results are simlar, there
are many nore cal cul ations that they perforned, so
there is a wider range. But averages --

MEMBER WALLIS: -- by water, steanf

MR ZAVISCA: This is oxidation of the
cl addi ng during --

MEMBER WALLI' S: St eanf?

CHAl RVAN KRESS: St eam

MR.  ZAVI SCA: Contai nment |oads as a
result of early conmbustion were never higher than
three and half, that we observed. In the
probabilistic AICC calculations that Wstinghouse
perfornmed it was an upper bound of 4. 3.

CHAl RMAN  KRESS: Now, does that
cont ai nnent design 60 psi? I'mtrying to renenber.

MR. BASU. It is 59.

CHAI RVAN KRESS: So we didn't even get up
to the design pressure, nmuch |less --

MR. ZAVI SCA: That is correct. Now, in

the late tine frane, with all this additional gas
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release from MCCI, we sonetinmes calculate sone
relatively Jlarge deflagrations in the upper
cont ai nnent .

CHAI RVAN KRESS: Now, that is getting
close to two tines design pressure?

MR. ZAVISCA: Well, thisis -- thislimt
here corresponds, approxi mately, to the service | evel
C, which is about 1 percent condition of probability
of containment failure.

But this is what we obtained. What
determ nes this upper limt is the anount of avail abl e
oxygen. Take all the oxygen in contai nment and burn
it all at once inthe late tinme frane, that is about
what you get, that is the upper limt.

As far as the general timng of events,
sone of these have been nentioned before. One
addi ti onal thing we did for the high pressure scenario
was cal culate atine torupture of the steamgenerat or
tubes using integrated tinme to failure from-- with
failure paraneters.

And we determned that the tubes would
fail around 7.4 hours, whichis alittle |onger than
was cal cul ated, but alittle later than was cal cul at ed
by MAAP. But we reached t he sane concl usion, that for

t he high pressure sequences, and pre-rupture of the
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tubes is a likely outcone prior to vessel -- reactor
vessel failure.

CHAI RVAN KRESS: Well, but that doesn't
create a bypass, or does it?

MR. ZAVISCA: Yes. In the PRA | believe
t here are sequences of one hundred percent chance --

MEMBER WALLIS: What is in the secondary
at that time when you bypass --

MR ZAVISCA: It is dry.

MEMBER WALLIS: It is dry?

MR ZAVI SCA: Yes. And the late
cont ai nnent | oads, except for brief |oads caused by
hydr ogen conbustion, they are generally bel ow 2 bar,
very | ow.

And what we obtained fromthis, first of
all, what will deflagration does not chall enge the
contai nnent in any case. Even the maxi numtheoreti cal
possi bl e burn only barely reaches the --

MEMBER WALLI S:  You store up hydrogen and
then you wait for it to go?

MR  ZAVI SCA: PCCS is successful in
preventing | ower pressure containnent, as determ ned
by the low | ate quasi-static | oad can be cal cul at ed.
And based on penetration, it is not predicted within

3 days, which is the longest calculation that we
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per f or med.

We predict, actually predict the steel
liner will be reached wi thin about 30 hours, | think,
but full penetration (inaudible). And in general

t here are no surprises fromacci dent tim ng or general
results.

CHAl RVAN KRESS: This MCCl cal cul ati ons
assune dry --

MR. ZAVI SCA: They are both dry and with
wet --

MR. ESMAILI: Tom if you know, in the
MELCOR world it nakes a little difference if it got
wet or not?

CHAI RMAN KRESS: -- unless you do an
aerosol calculation, but in effect -- so what we get
fromthis is using MELCOR you get results that are not
too different than MAAP, and that severe accidents
that involve a nmultitude of reactor vessel, don't
really chall enge contai nnent very nuch?

MR ZAVI SCA: That is correct.

CHAI RVAN KRESS: So this turns into sone
sort of a -- this kind of thing, when you | ook at al
t he accident sequences, converts into an initial
contai nnent failure probability that is pretty |ow?

MR SCOBEL: It is .08.
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CHAl RVAN KRESS: That is what | thought.

MR. ZAVI SCA: The nost chal | engi ng t hi ng
we ever observed was one of those |ate --

CHAI RVAN  KRESS: This just is a
confirmation that what they do with MAAP i s probably
pretty good, is that your nessage?

MR. ZAVISCA: | think in nost cases, if
anything, the MMAP results will be nore conservati ve.
CHAI RMAN KRESS: Very good.

MR. ESMAILI: My nameis Esmaili, |I'mfrom
ERI, and | wll be talking about the in-vessel
retention of core decay externally cooled by the
cavity water, and the potential inpact of excess of
st eamexpl osi ons or fuel cool ant i nteractions through
t he vessel failure.

Now, the objectives of the study were two-
fold. The first one was to examne the VR issue in
order to determne the |Iikelihood and the | ocation of
vessel breach.

Fol l owi ng this I VR anal ysis we al so found
that it provided sone insights into this type of a
failure. The second objective was to formulate the
FCl scenarios, and quantify the inpul se | oads on the
cavity wall, and on the pressure vessel itself.

And t he approach that we used in this for

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

156

AP600, AP1000, was basically the sane as t he approach
that we used for AP600 over siXx years ago.

Now, the first step was to devel op a one-
di mensi onal mat hematical nodel based on our ERl two
di mensi onal nodel that we used for AP600, and we had
to nodify this in order to be able to conpare our
results with the DOE results that they did for AP600,
and the I NEEL results.

Basically we are looking at two
configurations. The first configuration that you see
here is a nolten pulse surrounded by a crust, a
solidified crust, in an overlying nolten-1like netal
| ayer on top of it.

Now, this was the base nodel that we used
in AP600 and DCE used for AP600 al so. Now, the second
configurationis alittle bit nore challenging. This
involves a nolten ceram c pool that is sandw ched
bet ween heavy netal |ayer at the bottom right here,
and a light nolten nmetal layer on the top of it.

CHAl RVAN KRESS: Now, in Dr. Powers' --
this was strictly a thermal anal ysis, or did you have
nmetal interactions with --

MR. ESMAILI: This was strictly a thermnal
analysis. |I'mgoing to nention |ater on --

MEMBER WALLI S: In reality the steel
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interacts with the ceramc, doesn't it?

CHAI RMAN KRESS: Not rmuch.

MEMBER WALLI S: Isn't there a thernal
reaction with the --

MR. ESMAILI: That is true. The uranium
di ssol ved i n oxi dized zirconium it nakes it heavier,
it sinks to the bottom But you are |looking at a
guasi - steady process by the tinme that the rel ocation
has occurred and, you know, there is heat transfer to
the vessel wall, and the cavity wall.

So we are looking at it strictly froma
t hermal point of view

CHAI RVAN KRESS: Now, the outside of the
vessel you used the sanme heat transfer that you got
for the AP600? The boiling on the outside?

MR. ESMAILI: On the outside it is-- 1'm
going to get to that discussion on the next slide.

If it does not exceed the critical heat
flux, so --

CHAI RVAN KRESS:  Yes.

MR. ESMAILI: Now, for the critical heat
flux they sued the | ower head configuration V. At the
time that they did the study, the data and correl ati on
was not available for this | ower head configuration.

But we assuned that CHF was higher by a
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factor of 1.44, conpared to configuration 3 that was
reported by Westi nghouse. And the reason we did that
was that in general that configuration IV was higher
by about 20 to 30 percent, the CHF was hi gher between
20 to 30 percent conpared to configuration II1.

And, overall, configuration V was higher
by 20 percent, conmpared to configuration V. So that
is why we used this factor of 1.44. And this is, as
you can see, the conparison between -- | apol ogi ze,
thisis the configuration of the CHF for configuration
of 111, and the higher CHF for configuration V, which
is at an angle of about 90 degrees is about 2.1
negawatts per neter square.

CHAI RMAN KRESS: Thi s i s responsi ve of the
angle fromthe bottom --

MR, ESMAI LI : From the bottom of the
vessel all the way to -- yes, exactly. That is all
the way up to the top of the vessel.

MEMBER LEI TCH: | don't understand what
you nmean by these various configurations.

MR. ESMAI LI: This is the configuration of
the i nsul ati on around t he vessel | ower head, but they
changed it so they make it nore stream ined, so that
they would increase the critical heat fl ux.

MR. SCOBEL: The configurationsrelateto
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the open tests that were bounded to determne this
critical heat flux, and configuration V actually does
a good job of nodeling the geonetry of the AP1000
reactor vessel insulation, and the vent at the top of
t he i nsul ati on, which a higher critical heat flux that
we need to get for AP1000, over AP600.

MR KHATI B- RAHBAR: It is not to be
confused with the ERI nelt configuration, we have two
configurations, | and Il. So there are Westinghouse
configurations, and ERI configurations. So keep that
in mnd.

MR. ESMAI LI : Now, as far as the heat
transfer in the nolten pool region for configuration
|, all the nodel PRI, DOE, and | NEEL, basically used
for the top netal | ayer, we used t he d obe-Dropkin for
the heat transfer to the vertical, to the horizonta
surf aces.

And Churchill-Chu for the wvertical
surfaces, for the side wall of the reactor vessel.
For the ceramc pool, at the time of the study for
AP600, they used Mayinger's correlation for heat
transfer downward into the ceram c pool, and the
Kul acki - Emara correl ati on for the heat transfer upward
towards the top netal |ayer.

Now, DOE used the correlation, the M ni -
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ACOPO correl ation, which was a one-eighth scal e test
facility, and subsequently used the ACOPOcorrel ati on
whi ch i ncreased t he range of the nunbers, and that was
a one-half scale facility.

MEMBER WALLIS: What is the problem-- is

it very small, or sonething?

MR.  ESMAI LI : The problem nunber for
ceramc materialsis typically about .5, .6, or -- for
metal it is very low, it is about .1, yes. It is

about .12 for a netal.

Now, the sol uti on nethod for configuration
| was based on the non-Iinear Newton-Raphson net hod,
and we also allowed for a tenperature dependence of
viscosity in the nolten pool, and in the steel |ayer.

And this was just to be consistent with
DCE and | NEEL nodel s. The material properties that we
used basically the INEEL has documented them very,
very well. And we just used those material properties
along with the wuncertainties in the nmaterial
properties in the report for AP600.

The decay heat partitioning was based on
t he amount of uraniumthat was in the ceranic | ayer,
and in the bottomnetallic | ayer, the heavy netallic
| ayer.

Now, the first was to verify a nodel
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benchmar k our nodel agai nst the DOE and | NEEL resul ts,
and in order to do that we basically used the DOE heat
transfer correlation, and you see t he conpari sons for
the heat flux to water, and the vessel wall thickness
her e.

Now, we di d anot her additional cal cul ation
wher e we used our own default, whi ch was heat transfer
correl ati on. And all that does is just shift the
di stribution of heat flux inside the ceram c pool.

So where there is |l ower heat transfer in
the ceram c pool, there is a higher heat transfer in
the netallic. So that is all it does. But since we
got our data fromthe | NEEL reports, of the conmparison
of our predictions, shows excel |l ent agreenent withthe
| NEEL results.

But there is sone di screpancy between t he
DOE results. As a matter of fact | saw the sane
di screpancy inthe netallic | ayer, as we can see here.

MEMBER WALLIS: This is all theory?

CHAl RVAN KRESS: No.

MEMBER WALLIS: Is this all theoretical?

CHAlI RVAN KRESS: No, the correl ations cone
out of experinents.

MEMBER WALLI'S: There is no data --

MR ESMAILI: That is correct.
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VMEMBER WALLI S: | don't understand the

ot her figure about vessel wall thickness.

MR. ESMAILI: This is -- you see here,
because of the heat flux is |owest at the bottom of
t he vessel, and hi ghest towards 90 degrees, towards
the top of the nolten pool.

So that is why you see the vessel
t hi ckness i s about --

CHAI RVAN KRESS: What is happening is the
vessel is nmelting to -- and getting thinner to
accommodat e the heat fl ux.

MR KHATI B- RAHBAR: -- heat transfer on
the --

MEMBER WALLIS: It looks to ne that you
are predictingthe vessel thickness, which you al ready
know.

CHAI RVAN KRESS: No, this is thickness

versus position to accommpdate the heat flux at that

| ocati on.

MEMBER WALLIS: Soit is actually nelting?

MR, ESMAI LI : It is actually nmelting,
right.

MEMBER WALLIS: This is howfar it would
nmelt given that heat flux, until it --

MR ESMAILI: About 6 centineters |ess.
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CHAl RMAN KRESS: And that is what is |left

to have structural integrity. And the question is,
now, do the loads on that fail?

MR. KHATI B- RAHBAR: That is the key i ssue
here, how nuch of the vessel wall do you have.

CHAl RVAN KRESS:  Yes.

MR. ESMAI LI: Okay. We also predictedthe
netal pool tenperature within a few degrees of both
| NEEL and DOE results. And, as a matter of fact, the
top at the crust, the interface between the ceramc
pool and the netal |ayer was within --

MEMBER WALLI S: Must be a pretty happy
vessel with that tenperature inside, and boiling water
on the outside.

(Laughter.)

MEMBER WALLI S: There nmnust be thermal
stresses --

CHAI RVAN KRESS: They are accounted for in
t he | oads.

MR. ESMAILI: W can see the top of the
vessel is nmelting, you know, the inside tenperature of
t he vessel can reach up to 1,600, 1,700. And on the
outside it is practically saturation tenperatures of
about 400.

VEVBER WALLI S: Ther e are no
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di scontinuities, thisis just anice hem spherical --
penetrations, or anything |ike that?

CHAI RMAN KRESS: Not in the AP1000.

MR. SCOBEL: Thereis adrainright inthe
m ddle. You have a drain |ine sonewhere in the --

CHAI RVAN KRESS: | nust be t hi nking of --

(Everyone speaks at the sane tine.)

MR. ESMAI LI: Now, as far as uncertainties
in the |ate phase progression, sone differences in
design between AP1000 and AP600, specifically the
power is increased by about 75 percent to 3,400
megawatts in AP1000.

Now, the reflector in the AP600 is
repl aced by a thinner core shroud in AP1000 to all ow
for a lower core site, and there is a thicker |ower
core support plate.

As | showed you before, we consi dered two
boundi ng nelt configurations. Melt configuration I
was the nolten ceramc with an overlayi ng netal pool.
The second configuration, thenelt configurationll is
the ceram c pool sandwi ched between two netallic
| ayers, one is heavier than the other.

Now, |INEEL also considered a third
configuration, and that was the configuration where

there is a ceramc pool, thereis athin netal |ayer,
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and there is an additional ceram c pool on top of
t hat .

We did not consider that very inportant
and t he reason i s because, you know, the challenge to
the vessel is really due to the thin netal |ayer
associated with the focusing -- so you have to take
care of, you know, the thin netal |ayer first.

CHAI RMVAN KRESS: How did you deci de how
much material was in the bottomheavy netallic | ayer?

MR. ESMAILI: Yes, I"'mcomngtothat, it

i s com ng.

CHAl RVAN KRESS: Ckay.

MR. ESMAILI: Now, this is the -- when we
tal ked about the ERI, it only accounts for thernal

i nteractions, chem cal reactions with the vessel wall
i s not considered, we have not considered it. And we
may have to do it sometinme inthe future, but at this
poi nt we have not --

MR. KHATI B- RAHBAR: Let ne add sonet hi ng.
Due to chem cal energy addition, as youw || seelater
on, with configurationIl, which is the heavier netal
| ayer in the bottom because of the ratio of the heat
flux is sosmall, evenif you were to add t he chemi cal
reaction heat it would not make a big difference.

But the eutectic issue still remins.
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MEMBER S| EBER: Since you don't consider

t he chem cal reactions of the fuel, and internal s when
they are nelting, would you expect largely different
composi tions inlayer thicknesses, froman actual nelt
experinment that included chem cal reactions, as
opposed to one that just |ooks at thernmal effects?

MR.  ESMAI LI : Vell, they do consider
chem cal reaction during the core nelt progression.

MEMBER S| EBER:  Chemical reactions with
other things, but not within the core itself?

MR. ESMAILI: Not within the core, right.
Once the pool is fornmed you assunme a quasi - st eady.
Now, it is possiblethat because of chem cal reaction,
heat -up reaction, etcetera, there are periods that the
actual, the heating of the material may produce sone
t enper at ure excursion, but --

MEMBER WALLI S: But isn't the eutectic
thing that Dana is worried about the real source of
heat, isn't it?

CHAI RMAN KRESS: Yes, one of the things,
but --

(Everyone speaks at the sane tine.)

CHAl RVAN KRESS: -- question | always had
about that is it does have crust | ayer protection from

t hat .
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MR. KHATI B- RAHBAR: And the ceranic | ayer

is actually the whole issue, the crust affects the
vessel .

CHAl RMAN KRESS: Yes. You have a crust
there, too. Well, maybe -- maybe not.

MR. ESMAI LI : We basical |y consi dered four
uncertainty distribution. The first one as the decay
heat, because that is where we define the four
rel ocations to the | ower plenum

The second was the ampunt of zirconium
oxi dation, the third one was the actual anmount of core
rel ocation to the | ower pl enum and the fourth one was
the metal content. And the netal content is really
the nolten core uncertainty here.

Interms of the decay heat, our decay heat
distribution was based on the results of plant-
specific MELCOR cal cul ations that showed, if you
remenber from the previous presentation, that the
timng of core relocation varied fromtw and a hal f
to three and a half hours, 3.6 and 3.7 hours.

And that i s howwe based our nost probable
range in terns of power density. W also considered
a high power density up to about three cubic neter,
and that is because we relied on the MAAP4 cal cul ati on

that showed an earlier relocation, about two hours
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into the | ower plenum

But here we considered only the residual
property for this higher power.

CHAI RVAN KRESS: How di d you deci de on t he
distribution, that is not normal --

MR ESMAILI: No, it is not normal. It
is, actually, if you go back -- yes, it is -- okay, we
assumne t he nost probabl e range was between, let's say,
interns of the core fl ow decay, between 23 negawatts
and 29 negawatts, okay?

And it assi gned | ower probability anything
above 29 negawatts, al so about 38 negawatts, dependi ng
on the core relocation. Also conbined the timng of
core relocation decay heat to come up with this
distributionfor -- it is anaccunul ated probabilistic
distribution, for the Westinghouse is a probability
density function.

But this showed that the | ower bound of
decay heat is 1.3 conpared to Westinghouse and our
analysis, as a matter at the nedian is also 2.1
megawatts and it is the sane for Westinghouse.

But, as | nentioned to you, because we
consi dered rel ocation we have a higher upper bound
her e. Now, the second wuncertainty distribution

oxi dation fraction in vessel, is al so based nmai nly on
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the results of MELCOR cal culation that we just saw
earlier, that showed t hat the nost probabl e range was
about 50 percent for that, but there is a different
cal cul ation that showed that it could range from 44
all the way to 65 percent.

So we assigned a nobst probable range
between 40 to 60 percent, but we al so assigned somne
probability for 60 to 70, and a residual probability
between 70 to 80 percent. And the reason we stopped
at an upper bound of 80 percent was because under very
degraded core conditions thereis alimted amount of
steamand the core is really degraded, so there is not
a l ot of chance for oxidation of the entire zirconium

CHAl RVAN KRESS: What | don't understand
is how you deci ded what probability to assign. You
just got a bunch of people together and --

MR KHATI B- RAHBAR:  No.

CHAI RVAN KRESS: How did you conme up with
t hat .5?

MR. ESMAI LI: This one here?

CHAl RVAN KRESS:  Yes.

MR ESMAI LI : This was based on the
results of MELCOR cal cul ati on. The MELCOR cal cul ati on
that we did nostly predicted 50 percent zirconium

fracti on oxi dati on.
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MR. KHATI B- RAHBAR: Tom | just thought of

sonething simlar to what -- where you say ny nost
i kely regime was that zirconiumoxidationis goingto
be between 40 percent to 60 percent.

CHAI RVAN KRESS: So then you reduce a
factor of 10 to get the --

MR. KHATI B- RAHBAR:  Exact|y.

CHAI RVAN KRESS: Now | under st and what you

di d.

(Everyone speaks at the sane tine.)

MR. KHATI B- RAHBAR: -- that form the
probability level. But in order to show them here,

because people have a difficult time understandi ng
what the probability | evel nmeans, we converted it to
power density function, which is nore --

CHAI RVAN KRESS: Mbst peopl e under st and
probability -- but this was decided on, just like --

MR ESMAILI: Absolutely, yes.

CHAI RVAN KRESS: Now | under st and.

MR. ESMAILI: And now we have this 30 to
40 percent range, if you renmenber the math cal cul ati on
t hat showed t hat t he zi rconi umoxi dati on factor can be
as low as 30 percent, although it has a |ower
probability.

Now, one of the nobst inportant condition
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is the relocation of ceramic material to the | ower
pl enum Now, the MELCOR cal cul ati on predicted about
80 percent --

(Tel ephone interruption.)

MR. ESMAI LI : The MELCOR cal cul ation
predi cted that about 80 percent of the core nelt and
rel ocation to the | ower plenum

We al so 25 probabilistic distribution, we
also relied on some insights from the SCDAP/ RELAP
cal cul ation that they did for AP600 at the time. Now,
SCDAP/ RELAP cal cul ation for AP600 showed that the
initial relocation of the debris can take only about
50 percent of the core debris.

Subsequent |y t he second debri s rel ocati on
i nvol ved an additional 35 percent. So the final
rel ocation was about 85 percent. But what is
inmportant is the timng between the first rel ocation
and the second relocation, depending on how -- the
nodel i ng approach you use in this code, this can be
between 13 minutes to over an hour, dependi ng on how
you nodel this.

So, therefore, we said okay, the nost
probabl e range for our core relocation to the |ower
pl enumis sonmewhere from60 percent to 80 percent, but

we cannot rul e out the | ower rel ocati on, because there
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is enough time for the debris to form you know, to
dry out the | ower pl enumand reformat the nolten pool.

So, t heref ore, we provi ded sorme
probability in the 50 to 60 netric ton range. And
this is in light of the fact, actually, because the
vessel, the entire vessel is cooled, so there is heat
transfer fromthe entire vessel by radiation to the
core --

MEMBER WALLI'S: So that is a RELAP5?

MR. ESMAI LI : So that mght delay the
timng of the second debris relocation.

I'm going to talk about the MAAP4
cal cul ati on, also about the initial relocation, and
about 50 percent of the core, but the relocation was
nore gradual and eventually a greater proportion of
the core rel ocated downwards.

Now, one  of the nost I mpor t ant
uncertainties is the amount of metal. Now, sincethis
directly has to do with the focusing effect, we felt
t hat the amount of steel inthe | ower plenumhad to be
dependent on the amount of core that relocated into
t he | ower plenum

Now, if there is not sufficient amount of
ceramic material in the lower plenum it does not

touch the |ower core support, so in that case the
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amount of steel would have to be |limted.

And t hi s one we assi gned sonewhere from50
to 60 netric tons, we assigned 3 netric tons to 8
netric tons of steel. Now, the lower 3 netric tonsis
just the steel that is in the | ower head.

And the addition of 5 netric tons, over 8
metric tons, is due to 25 percent nelting of the core
barrel . In the MAAP cal culation the testing they
predicted that 25 percent of the core barrel on the
AP1000 PRA has nelted and come down.

Now, you need about 50 netric tons of
ceramic material to touch the --

(Pause due to conputer problens.)

MR. ESMAILI: GCkay. Now, as soon as you
reach threshold for the core ceranmic material, about
60 metric tons, it starts to touch the core support
plate, and the | ower netallic blocks. So if you go a
little bit further it is possible to nmelt the entire
core support plate, and substantial anount of the
| oner bl ockage.

So that is why you see this shift of the
steel netal fromabout 60 netric tons to about 40, and
then it goes all the way up to about 60 netric tons.
And the way we cane up with this 40 to 60 i s we said,

okay, and we assuned that --
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(Tel ephone interruption.)

MR. ESMAI LI : And so for the 60 to 80
metric tons what we have i s that we assuned the entire
| ower plenumnelts along with the core support pl ate,
and 50 percent of the core shroud, the barrel. And,
of course, this is not very inportant, but for the
upper bound they include the entire mass of steel in
t he reactor vessel, which is about 70 netric tons.

Now, just to give you a conparison, you
see that in Westinghouse's, the height of this
netallic layer varies from .6 nmeter all the way to
about 1 meter, okay? So this is a very thick netal
| ayer.

Because of the thin nmetal | ayer assunption
that they used, and associated with |low ceranic
relocation, in our case this red line here is the
hei ght of the netal |ayer that varies somewhere from
.2 neters all the way to 1 neter.

Now, the one neter in both cases are the
sane, because the ampbunt of steel is the sane. But
the inportant thing is that we have sone probability
of very, very thin netal |ayers.

MR. SCOBEL: Are you saying that when --
you ar e assum ng t hat when t he oxi de t ouches t he | ower

support plate, that you only get a part of the | ower
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support plate in through the --

MR. ESMAILI: [|'mjust saying because t he
core support plate is a solid material, so you just
need very, very little -- | mean, once you hit it at
the bottom it is a very, very little amount of UQ2,
or ceramic material to really subnmerge the |ower
support plate.

MR. KHATI B- RAHBAR: | think Jimis asking
a different question. He is concerned about the | ower
bound nmetallic plate, right?

MR. SCOBEL: Yes, |'ml ooking at the netal
mass as a function of the UX2 mass, and it gradually
increases from®60 up to 80 percent. And I was just
trying to understand, so you are saying when you
contacted at 60 percent, when you contact the | ower
support plate at 60 percent, you are saying that it
actually gradually nelts into --

You know, at 60 percent if you contact the
| ower support plate, | would say that you are going to
have the | ower support plate, and t he core shroud down
there really fast, because --

MR. ESMAILI: That is why | think -- |
don't know whether -- that is why you see -- at 50,
you know, it is --

MR SCOBEL: Oh, | see.
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MR. ESMAI LI: Do you see what |' msayi ng?

So there is this discontinuity.

MR SCOBEL: |'msorry, | see.

MR ESMAILI: Yes.

CHAI RVAN KRESS: The probability you have
in the next curve are actually the probabilities of
havi ng the gi ven amount of core nelt, and you just --
you take the correlation and translate it into --

MR. ESMAILI: Exactly. It translatesinto
this, correct. It translates into this type of
probability for the height of the netal |ayer.

So you can see for that

MR. KHATI B- RAHBAR: \What it shows is that
you need to reach, first you need to reach the bottom
of the core plate. Once you reach it, then they
beconme very simlar. That is why you see this double
hunp behavi or.

MR ESMAI LI : And this one here
corresponds to that --

CHAl RVAN KRESS: Sixty percent?

VR, ESMAI LI : Ri ght . Now, in order to
study this, probabilistically, of course we used the
LHS conput er code, and we gener at ed about 1, 000 random
sanples fromthose four distributions that I showed

you earlier, in addition to the uncertainties in the
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materi al properties.

These have all been fed into the one-
di mrensi onal heat transfer nodel, and these are the
final results. This is a probability, this is a
critical, this is the heat flux ratio that is the
ratio of the local heat flux to the critical heat
flux, and this shows the probability at three
di fferent regions.

One is at the bottom of the vessel, so
that you can see that this is at the bottom of the
vessel , you know, in the ceram c pool. The red |line
is at top of the oxide |ayer.

Still in the oxide |layer, but at the top,
where the heat flux is degraded. But even then you
can see that the heat flux does not even reach .8.
So there is no probability of failure in the ceram c
pool region.

But you can see, in the top netal |ayer,
the critical heat flux reaches 1 at about .85. So --

CHAl RMAN KRESS: Now, this is your case
for --

MR, ESMAI LI : That is configuration 1,
that isright, the two |layers, oneis the ceramc, and
one is the netallic layer, right.

And so the estimate of condition of
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failure probability, and the figure of nmerit hereis
exceeding critical influx of .151. That neans that
out of these 1,000 samples, out of these 1,000
cal cul ati ons, 150 of these resulted in failure of the
vessel , because the critical heat flux was exceeded.

Now, we also did some sensitivity
calculations to bound this range of the failure
probability. The first thing we did, actually, was to
add a decay heat inthe top netallic | ayer, and using
the approach that was proposed in the report for
AP600, we assigned 10 percent to 20 percent of the

decay heat that was residing in the top netallic

| ayer.

Now, the first thing to noticeis that if
you conpare case -- because there are three things
here to notice. One is the focusing effect. That

nmeans t hat the probability of having a very, very | ow
thin netal |ayer.

And this we can see by conparing case 1
and case 5, or case 6 and case 9. In case -- well,
| et's concern the cases with the decay heat in the top
netal |ayer.

The case six is the base case plus the
decay heat in the top netal |ayer. The CFT is about

.27. But if | decrease the probability of |oad max
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rel ocation, essentially sayingthat we have a very | ow
probability of having a very thin netal |ayer, the
failure probabilityis decreased by four-fold, from27
percent to about 7 percent.

This is true whether you have decay heat
in the upper netal l|layer, or you don't. The second
thing is that in the base case we did not have decay
heat in the netal |ayer

And t he presence of the decay heat al ways
increases the -- always increases the failure
probability, but it al so depends on what heat transfer
correl ati ons you use.

Now, if you conpare cases 6, 7, and 8,
whi ch was our heat transfer correl ations, the DOE and
| NEEL heat transfer correlation, you see that the
failure probability increases from27 percent to 31
per cent .

After sone point it is difficult to
increase the failure probability, because what you do
is that instead of having the decay heat in the
ceram c pool, you are putting this into the nmetallic
pool, so you are actually decreasing the amunt of
heat that is com ng fromthe bottominto the nmetallic
pool .

So at sone point it -- yes?
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VMEMBER WALLI S: CFP is the conditional

failure probability?

MR ESMAILI: That is right.

MEMBER WALLIS: And this is saying that
the vessel is going to fail at the netal |ayer?

MR. ESMAILI: At the netal |ayer, right,
the metal |ayer. Because the critical heat flux is
exceeded here. But there is no CFP for the ceramc
| ayer, it is basically zero.

Anot her thi ng woul d be that, you know, the
density did not consider any variations in materi al
properties, you know, there were like 20 material
properties in there. And there is a very, very
insignificant change in terns of, you know, failure
probability.

So the material property does not play an
important role. And this is very obvious here. The
only thing that nakes a difference here i s the anount
of steel that is relocated in the | ower plenum and
this is how we quantify it.

Now, the case 2 wth the nelt
configuration 2, where we have a ceramc poo
sandw ched bet ween a heavy | ayer, and alight nmetallic
layer, is alittle bit nore chall enging.

Now, we did a paranetric cal culation for
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this particular case, we assumed a conservative
estimate. It said that, okay, in case that there is
a decay heat in the lower netallic |ayer, the worse
that you can -- the tenperature has to -- the highest
tenperature has to occur at the interface.

So, therefore, in the limt, the top
surface of the bottomlayer has to be i nsul ated, okay?
So all the decay heat that is generated in the bottom
netallic |layer have to be going into the vessel.

So this is how they did the parametric
cal cul ation. But they also required sone additiona
condition which -- in order to make sure that the
saturation is greater than one, so that bottom
netallic layer is heavier than the outside |ayer.

And the mass fraction of the uraniumin
t he bottoml ayer was 6.4, this was in response to the
peer review of the original AP600 by one of the peer
revi ewers

And al|l they had to do was just change t he
fraction of the Uthat is in that oxide form that
nmeans change how much uraniumis in the bottoml ayer,
versus what is in the ceram c pool

And the partitioning of decay heat was
based, was proportional to mass ratio of uranium

And here are the results. For this faction of U in
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oxide formthat translates into the mass of urani umin
t he bottoml| ayer, changing from 3, 000 kil ograns, al
the way to about 9,000 kil ogranms.

And for this, the three-fold increase in
the mass of uranium you see that the critical heat
flux ratio, the heat flux ratio, varied from.22 to
.36. So there is not a big difference in terms of
heat flux ratio.

As a matter of fact, even under -- at the
upper bundle, at about 36.36, it is well bel ow one.
So, therefore, we conclude that the failure of the
| ower head, at the bottomlocation is not |ikely.

MR KHATI B-RAHBAR: And this also is a
typi cal reaction issue, addi ng additional heat woul d
probably not do very nuch

CHAl RVAN KRESS: Yes, | can see it.

MR. ESMAILI: There is a big margin in
terms of --

CHAI RVAN KRESS: You have a | ot of margin
to critical heat flux.

MR. ESMAI LI: Not only that, you will see
that even if the vessel fails at the bottom you know,
the FCl | oads are nore benign than --

CHAI RVAN KRESS: How di d you deci de t hat ?

MR ESMAI LI : W nmeke a cal cul ati on, |
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will show you. W assunmed that even if the vessel
fails at the | ower head, at the bottomof the vessel,
because of the difference onthe cavity wall, that the
| oads on the cavity walls are nuch lower than if it
fails at the side wall location. | will showyou the
resul ts.

Now, the specifications of the issue and
boundary conditions for ex-vessel FCl, we used the
calculation for the I'VR analysis that we did. So as
far as core conposition, and core tenperature was
concerned, this was -- this cane directly fromthe | VR
anal ysis that shows that the core has to be netallic,
the tenperature we estimated at slightly over 2, 000K

Now, the | ower head failure size we used
| ower head failure size of about 40 centineter. And
the reason we did that was our best estinmted decay
heat density, power density, we can have a netal |ayer
as thick as about 35 centineters, 40 centineters, and
still fail the vessel

But that is why for the base we assuned a
40 centineter failure site. Now, the containnent
pressure was, accordingto MELCORcal cul ation, andthe
cavity water was 50 degrees subcool ed, and | ower head
was fully subnmerged, there was a deep water |evel up

to about, | think, a depth of about six neters.
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VMEMBER WALLI S: Does t hi s nake sense? The

vessel suddenly failed with a hol e of four neters, or
doesn't it slowy grow?

(Everyone speaks at the sane tine.)

CHAl RVAN KRESS: When that nolten stuff
goes through that hole it just goes, shooo, like this.

MR. ESMAILI: The whol e thing could cone
down, the whole thing could cone zip. There are
di fferent scenarios, the whole thing could come zip
and conme down, it would unhinge.

But as far as the FCl is concerned, their
only concern is with the first second or so. You
know, because nost of the expl osion occurs once the --

MEMBER WALLI'S:  Very quickly.

CHAI RVAN KRESS:  Yes.

MEMBER WALLI S: It flows it right back
into the vessel.

(Laughter.)

MR. ESMAI LI: -- hydrostatic nothing m ght
cone out, so that is another possibility.

For the cal cul ation matrix, for the AP600
we did a ot of calculations for FCI. In this case,
because the | essons | earned fromthe AP600, we only
did five calcul ations, actually.

Thi s involved the nost i mpor t ant
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uncertainties in terms  of mel t progressi on
uncertainties that i nvol ves nmelt pour conposition, and
failure size, and variability in the nodeling of the
fuel coolant interactions.

W used t he PM ALPHA/ ESPRCSE conput er code
to calculate the inpulse |oads on the cavity walls.
Now, the case one was the best case, case two was the
assumne the ceram c pool at high tenperature of 3,100.
That neans that the -- ceramc material.

Case three was a failure size of .06
neters. The reason we showed this .06 meter is --
well, it worked out fine because of the nodalization
of the |ower head. But at the same tinme at the
hi gher, at the upper end of the decay heat, you can
support a netal |ayer as thick as 53 centineter, and
still retain the vessel.

So we went to the |arger pool size of
about 60 centineters. Now, case 4 had to do with the
nodel ing, different particle dianmeter of .1 conpared
to .01l inthe base case, and the fragnentation rate of
400 kil ogram per second, conpared to 4 --

MEMBER WALLIS: When it comes out, it is
assunmed it has a dianmeter of .4 nmeters? It is a big
jet, and then it has to shatter it.

MR. ESMAI LI: Yes, but once it goesinthe
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wat er, presumably, it breaks up, the particles break
up, the jet breaks up.

Now, there is another code, there is a
one- di mensi onal Texas conput er code, actual ly, that we
used for AP600. And that one predicts, you know, the
particle breakup

So we canme up with this particle size
based on the particle size that was predicted withthe
Texas code. So as the jet goes through the water it
breaks upinto these small particles, accordingtothe
cal cul ati on.

Now, the case 5 is the bottomfailure of
the | ower head, the one | just discussed. Now, the
probl em nodal i zation was simlar to the AP600. The
nodel said hi gh vessel | ower head, up to a di stance of
about 6 neter.

The only difference was that the |ower
head was now about -- only about one neter away from
the cavity flow, so we had to drop the | ower head.
This blue line that you see here, these are the actual
boundari es of the conputation, okay?

It i s supposed to be t he boundari es of the
reactor vessel itself. Now, inside here | should
mention that | showthis -- inside the vessel itself

we don't do any calculations, because it is just
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solid, okay? So all the cal cul ati ons are done outsi de
of the boundaries of the reactor vessel.

| think we are running out of tine, so |
will just show you -- | wll go over this very
qui ckly, these are the results of the three m xing
calculations in ternms of --

MEMBER WALLIS: Well, what are the units

on this --
MR ESMAI LI: Pardon?
MEMBER WALLIS: \What are the units on --
MR. ESMAI LI : This is a nelt point
fraction, of thenmelt. Inthe (inaudible) I think the

di scussi on came up fromthe previous. So you have to
specify the nelt volunme fraction.

MEMBER WALLIS: In what, in the water?

MR. ESMAILI: You don't see the vessel
wal | here, because it is yellow, but -- these are the
results of the expl osion cal cul ati on, and you can see
t hat the expl osion starts right here and it propagates
to the water.

MEMBER WALLI S:  What are the col ors here,
these are still --

MR. ESMAILI: No, these are not -- these
are the pressures.

MEMBER WALLIS: | thought they nust be,
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yes.

MR. ESMAI LI: These are the pressures, and
| was just going to go over this very quickly.

This is about a mllisecond, there is
still no -- at one mllisecond these are the
pressures, there is no expl osion.

CHAI RMAN  KRESS: What triggers the
expl osi on?

MR ESMAI LI: What triggers the expl osion?
The trigger is the high pressure cell at the bottomof
t he vessel

CHAI RVAN KRESS: Wien it hits the bottom
of the vessel ?

MR ESMAILI: Yes, yes.

MEMBER WALLI S: Now, what kind of
explosion is this?

CHAI RVAN KRESS: It is just a thermal
expl osi on.

MEMBER WALLI'S: A thermal expl osion?

(Everyone speaks at the sane tine.)

MR. KHATI B- RAHBAR: Rapi d heat transfer.
W have a particle that punches and transfers all the
heat to the water, and you have --

MEMBER WALLI'S:  You can see it.

MR ESMAILI: Thisisat twomlliseconds,
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three mlliseconds, four mlliseconds, and goes all
around the vessel, you know, and then fromthe -- up
around the vessel.

Now, here you can see that these are the
wal | pressures, these are a | ocation of the function
of time. You can see the pressures of the | ower half,
and the interaction between cavity wall and --

CHAlI RVAN KRESS: What woul d happen i f that
melt didn't trigger, whenit hit the bottom that nore
and nore cane up, and built up, and then you' ve got --

MR. ESMAI LI: Yes, but that is the thing.
Because nore and nore can settle on the cavity fl oor.
But it is very, very -- one of the conditions required
for a steamexplosion is to mx this nelt.

CHAI RVAN KRESS: It has to be m xed with
what ?

MR, ESMAI LI : Mxed with water right.
Now, you have a stratified -- on the cavity fl oor you
woul d have a stratified situation. Youknow, thereis
not a mxing involved in nelting for the water --

CHAI RVAN KRESS: Wel |, that is debat abl e,
because | just -- it conmes down you have contai ner
instabilities, and you have --

MR, ESMAILI: Absolutely, yes.

CHAI RMVAN  KRESS: And you have other
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instabilities that entrap water in there. And there
could be some water mxed in with that bottom | ayer.

VR, ESMAI LI : It could be, but | think
stratified expl osions are al ways nore benign than --

CHAl RVAN KRESS: Wel |, that has been the
experi ence, you are right.

MR. ESMAI LI: Another thingis that alot
nore time for it to cut down, you would produce nuch
hi gher vapor void fraction. And which increases the
-- you know, there is vapor there, so there is no --

CHAI RVMAN KRESS: But basically the hole
size, with the jet com ng down, and the distance to
the bottom fixes the anbunt of nelt that interacts
after that?

MR. ESMAILI: That is right.

MR. KHATI B- RAHBAR: That is why this is
| ower, as you will see, the bottomfailure, they are
| ow i n AP600 because the distances.

CHAl RVAN KRESS: Di stances, sure.

MR. ESMAI LI: The area under the curve so
| get the inpulse |oads that we use. For the best
case you see about 85 kPa-s. And finally - now, for
t hese five scenarios, the inmpulse -- see the bottom
failure of the | ower head is about 9 kPa-s. So you

basically do not have any chall enge to contai nnent.
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And conpared to the 85 and using ceramc
nelt at a higher initial internal energy, of course
you get much hi gher, about 300 kPa-s.

Now, these results, the only --

MEMBER WALLI'S: CGo back, what does that
mean? The bottomhead failure that nunber neans what ?

MR ESMAI LI: This nunber?

MEMBER WALLI' S:  Yes.

MR. ESMAILI: This is just the inpulse
| oad.

MEMBER WALLI'S: That is what is required
to break the --

CHAI RVAN KRESS: That is the | ocation of
the failure, and that is the i npul se | oad you get, it
is not saying what inmpulse |oad has fail ed.

MR. ESMAILI: No, |I'mnot saying that at
all. That is the calculation. This just shows what
the wal |l experiences in terns of --

CHAl RMAN KRESS: It is sort of the maxi num

(Everyone speaks at the sane tine.)

MR ESMAI LI : Now, for AP600 we did a
calculation for this scenario for the subcool ed poo
with the RPV nodel. For the AP600 we saw that the

maxi mum i mpul se | oad was about 600 Kpa-s.
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Now, consistently the results of AP1000
showed that it is a -- it is a factor smaller than
AP600. And the reason is because the vessel is
sitting a little closer for AP1000, and also the
initial reaction of the nelt comng into the water was
higher in the AP600 because of a higher initial
pressure inside the RCS. So velocity was hi gher by a
factor of 2, also.

Finally, so the results of the

(Everyone speaks at the sane tine.)

MR.  ESMAI LI : -- focusing effect for
configuration 1, so we have nore --

CHAI RMAN KRESS: So you end up with nore
nelt, that is why we saw --

MR. ESMAI LI: Yes, absolutely. So we see
that the |ikelihood of failure goes from4 percent to
30 percent. There is nolikelihood of failure for the
bottom| ayer. And the side failure of the | ower head
always results in a higher inpulse load, and the
bottomfailure is not reached.

CHAI RMVAN KRESS: And did you deci de what
inmpulse load the cavity could take, or is that
sonmebody el se's job?

MR,  KHATI B- RAHBAR: That is sonebody

el se's job.
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MR.  BASU: For AP600 the inmpulse |oad

showed -- that it still |ower than --

CHAl RVAN KRESS: Lower than --

MR. BASU. So if you conpare the AP1000,
| don't knowwhat the -- presumng it is the sane. It
is even better.

CHAI RMAN KRESS: Thank you.

MR. CUVWM NS: One comment, the slide that
we have just seen nade a statenent that these slides
may contain information proprietary to Wstinghouse.
West i nghouse has reviewed these slides, and they do
not contain proprietary information

CHAI RMVAN KRESS: Thank you. So we can
t ake them and show themto peopl e?

MR CUM NS: Yes.

CHAI RVAN KRESS: \Where are we -- we have
anot her hour to go?

MEMBER S| EBER: W are just getting
started.

MR. CUWM NS: The next presentationis on
seism c and structural design --

CHAI RVAN KRESS: Does that announcenent
get kicked out, the one over the PA that said we had
15 mnutes left?

(Pause.)
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MR ORR My name is Richard Or, |I'm

responsi ble for the structural design and seismc
anal ysi s, responsi bl e for AP600 and now for AP1000. It
seens | always get the end of the agenda, so | will do
nmy best to-- | knowl can't neet adjournnent by 5: 30,
but I will try not to go for an hour.

| will go fairly quickly. [If you have
guestions please interrupt and |let nme know.

Wat | want to cover is the Staff
structural configuration changes fromthe AP600. W
have an excell ent staffing point with e AP600 desi gn,
there were rel atively fewchanges, and so we were abl e
to do our seismc analysis, and structural designwth
a good start.

| will then cover the structural design
basis, the seisnic anal ysis of the nucl ear isl ands, |
will get into the structural design of come of the
critical sections, and | will briefly talk about the
Staff review, and the renmai ning open itens, and a few
slides at the end for seismc margins.

CHAI RVAN KRESS: Now, some of the nenbers
have expressed concern about how structure with a
heavy nass of water on top --

MR, ORR | have a little bit in the

presentationonit, | will try to sort of enphasizeit
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when | get to it.

CHAI RMAN KRESS: (Ckay, thank you.

MR. ORR:. The primary change for AP1000
fromthe structural point of view, is that we have to
i ncrease height of containment. Cont ai nnent is
increased in height by 256", the shield building
went up with it.

And because of the increase of heat | oads
we increased the size of the PCS tank to 800, 000
gal lons. We made m nor changes at the air inlets, we
got exactly the sanme air fl ow, but we made t he openi ng
slightly higher by 25'6", 12' wide, and 16', in order
to get nore colum in between the air inlets.

The capacity of the polar crane i ncreased
because the steam generators are nmuch heavier. And
this is, primarily, the bridge itself. It probably
has the sane capacity, and the load is the sane.

Al'l of the RCS equipnent increased in
size, and the walls, the shield walls above the
operati ng deck, around the steam generators and the
pressurizer conpartnent, the steam generator walls
were raised 5 feet, the pressurizer wall was 7 feet.

There was a m nor change in the el evation
of the fuel pit floor, because the fuel is 14 feet,

i nstead of 12 feet.
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We use these slides to showthat thereis
really no changes in the --

CHAI RMAN KRESS: Now this --

MR ORR -- is AP600, the right-hand one
i s AP1000.

CHAl RVAN  KRESS: Now, this is nore
vul nerabl e than the east-west direction?

MR ORR Yes. Inthe east-west direction
the footprint fromthis wall, the east side to the
west side, is about 160 feet, or so. The contai nment
i s about 150 outside of the shield building. And so
this is about 165 in the north-south directionit is
256 feet.

So nost of the seismc results are worse
in the east-west direction than in the north-south
direction. This just shows a conparisonin el evation.
Again, the cross sections are pretty much the sane.
The contai nment vessel has increased in height, the
shi el d group has gone up.

The auxiliary building is wvirtually
identical. And one thing to nmention, when we get into
structural configuration behavior, we have tied the
wal I's and floors of the auxiliary building directly
into the shield building cylinder.

The contai nment vessel is separate from
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the shield building, there is a 4 foot 6 gap between
t he contai nment vessel, and the concrete cylinder.
The cont ai nment vessel sits in the base mat, and the
contai nnent internal structures sit inside the
contai nnment, the bottom head.

Above gr ade t he structures, t he
contai nnent internal structures, the containnment
vessel, and the shield building are i ndependent.

MEMBER SI EBER: Wy is the bottomof the

cont ai nnent bui | di ng rounded?

MR. ORR. Because we -- the contai nnent
vessel is an ASME vessel. The steel head is capable
of taking pressure on its own. If it weren't

surrounded by concrete, the steel head would be
adequate for 59 psi.

The other option is to put, effectively,
a flat head, design it as a reinforced concrete base
mat, and we | ooked at it a little bit. Some of the
details you get into, are try to anchor down a stee
vessel into concrete, are difficult to construct.

Changes to the contai nnent vessel, the
di aneter is the sane. The height, as | said, went up
25 foot 6. Design code is the same. Material has
changed. For AP600 we used SA537 material. Her e

we' ve got SA738 grade B
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One of themis 18 KSIAultimte, the SA738

is a 85KSlI ultimte, sothereis a slight increase in
allowed stress. This was a material that was not in
the code in the md-"90s. It is a material being
used successfully by CPI on a lot of non-nuclear
vessels, and effectively is going to be repl acing the
SA537 material that woul d have been used for AP600.

We increased the thickness from an inch
and five-eighths on AP600 to inch and three quarters
on AP1000. This is the maxi numw th heat treatnent,
and in response to one of the NRC s issues, we have
actual ly increased the thi ckness of the | owest course
from inch and three quarters, to inch and seven
eighths, to provide additional margin in the
transition region, where the vessel is inbedded, and
goes down into the concrete.

We did the sane thing on AP600, but we
were only going up to an inch and three quarters, so
we di dn't have any increased -- this is just two views
of the PCS roof tank. As | said, we went from540, 000
gall ons to 800, 000 gal | ons.

We did this by increasing the dianeter
from80 feet to 89 feet. The height is pretty nuch
t he sane, but because it slid down, the conical roof,

we get slightly nore vol une.
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The seism c design basis, firstly it is
generally the same as AP600, 0.30gSSE. However, for
current design certification purposes, we are only
| ooking at hard rock sites.

CHAI RVAN KRESS: This prevents you from
bui I di ng one in Japan?

MR. ORR No, in Japan al nost all of their
sites are hard rock. Onh, .3, yes. W have actually
| ooked at cases with seismc isolation, there were
al so the options of operating it a little bit.

We have used the sane response spectrum
paranet er response spectrum as we used for AP600.
Thi s was REG gui de 160, which was in existence in the
md '80s and used for nost plants. W reviewed it,
and then in 1990, and we put in some application of
hi gh frequencies, particularly at 25.

Sone of the recent data in east coast site
shows that there is significant anplification around
that frequency. W did a series of finite el enent
nodel s for AP1000.

This was a sim | ar approach to what we did
on APG600. W do finite elenment nodels of the
buildings, and I wll show you two typical ones,
shortly, that are usedin static analysis, and alsoin

nodel analysis, and we use those nodel analysis
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results to cone up with a sinplified stick nodel of
t he, for dynam c purposes.

These stick nodel s are creat ed
individually for the auxiliary and shield building,
for the containnment internal structures, for the
cont ai nment vessel, and polar crane, and for the
reactor cool ant | oop.

The stick nodel s have been conbi ned i n the
time history analysis.

This now is the typical finite el enent
nodel of the shield building, and the auxiliary
bui | ding, which has been described. These are
integral structures. It extends all the way fromthe
base mat up to the top of the shield building group,
where the refinement of the nodel sufficient for
dynam c behavi or.

We did a nore detail ed nodel that we used
in the static analysis.

CHAIl RMVAN KRESS: Are the dots on there
where you concentrated --

MR. ORR Yes. The stick nodel, the dots
represent either masses or in some cases just the
connecting links between a series of sticks. The
circles are nasses, the open circles are the centroid

of the section, and the X' s are the shear centers.
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We developed a simlar nodel inside
contai nnent, very detailed, and the sanme nodel was
used both in the dynam c anal ysi s, the nodel anal ysi s,
and the static anal ysis.

This particular view represents the
portion of concreteinsidethe containnent vessel, and
all of the concrete structures, including the nodul e
structures that you sawin the presentation at |unch
tinme.

The seismc analyses that were done,
firstly, onthefairly detailedfinite el ement nodel s,
we do nodel analysis to get frequency and effective
mass of the dynami c properties.

W also use those nodels to create
properties for the sinplifiedsticks, and we check the
stick nodels, the frequencies, and the mass in the
stick nodels against those in the detailed shel
nodel s.

The stick nodels are used in a nodal
anal yses time history that results in responses at
each of the nodels, tine history responses. The
typi cal responses we | ook at are naxi numaccel erati on
and rel ative deflection of the load relative to the
ground.

And we create fl oor response spectra from
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t he acceleration tine histories for use in equi pment
design. This typical flowresponse spectrais at the
top of the shield building roof, in the horizonta
di recti on.

At the zero period accelerationthisis,
effectively, the maxi numaccel eration response of the
structure. W have an accel eration of about one poi nt
HG at the top of the shield building roof.

The response spectra represent the
response of a single degree of freedomattached to the
structure. If it isinresonance with the structure,
for instance here at about 3 hertz, you get very | arge
anplification.

This 3 hertz frequency i s the fundanent al
frequency in the east-west direction of the shield
buil ding. The small er peak, at about 8 hertz, 7 or 8
hertz, is a local node of the shield building roof.
This is the tank rocking on the conical roof.

So when we | ooked at the design of the
tank we are |ooking at, effectively, t hese
accel erations for the structure, of about 1.7G and we
qualify the building structure for that.

In addition we | ooked at the water in the
tank, and we | ooked at the sl ushi ng node of the tank,

and we see novenent of the free surface, | think it is
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about 4 or 5 feet.

But we have that amount of freed water in
the tank, so it does not inpact on the outer side.

MEMBER S| EBER: You could have added
baffles in there, right?

MR ORR W could have added baffles,
yes. ["m not sure how effective they would be,
because right nowthe frequency of the water slushing
is at .13 hertz, about 8 seconds. As you get baffles
it is going to increase that frequency.

We are very well off by the fact that the
frequency is so low, that it does not get excited by
the 3 hertz contents of there shear.

MEMBER SI EBER.  Ckay.

MR ORR For AP600 we had extensive
structural design. And in our review, with NRC, we
established a series of critical sections that were
real ly based on our judgenent. W said this is going
to be the | ocations, nost congested, nost difficult to
desi gn.

We di d the detail design cal cul ati ons, NRC
revi ewed those. We have done the sane thing for
AP1000. There are 22 critical sections. This is just
sone exanples of the shield building roof, and there

are actually three critical sections here.
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One is the colums between the area, and
that is -- the second is imedi ately above them is
what we call the tension range, running around
i medi ately above the air inlets. And then there is
the | ower portion of this cylindrical wall.

We do static cal cul ati ons on the detail ed
finite element nodels, using the accelerations from
the time history analysis. This is just one exanple
of nmodels that we created from the shield building
r oof .

We actual ly al so have nodels, this is 180
degrees, we have nodel s at 360 degrees, we have nodel s
at 90 degrees. The one at 90 degrees is the one we
used in the detailed design calculations, wth
consi derably nore requirenments than shown in this
portion.

From the detailed plant nodel we get a
nunber of forces in all of the elenments, and go into
hand cal cul ati ons and processes, to calculate the
amount of reinforcenent.

Thi s i s an exanpl e of the rei nforcenent in
this tensionrail, and in the columm between the air
inlets. They are congested, but that won't be
feasible. This was redone for AP1000, but really the

changes are not that significant in the quantities of
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rei nforcenment between the two pl ants.

In the early stages of AP1000 we had a
pre-application review,a nd I think at that tinme |
presented sonething to ACRS. W were requesting that
we could do much of the seismic analysis and the
structural design to the conbined |icense applicant.

And we had | ots of discussion and we were
permtted to do that work. So that is the work that
we did | ast year, and we had extensive nmeetings with
NRC. First we had a one week neeting in Novenber
secondly the one week neeting in April.

The first nmeeting was primarily seismc

analysis, the second neeting was primarily the

structural design. Resulting from that there are
still afewopenitens, but we thi nk we made excel | ent
pr ogr ess.

In the areas that | am responsible for

firstly there are five open itenms in chapter 2 that
address the goetechnical interface of the site. Most
of that is that we maintain the information fromAP600
in the interimthere was a new standard revi ew pl an
that was issued, so we have now revised the DCD to
refl ect the new standard revi ew pl an, that shoul d be
resolved with no great problem

In the section on seismc analysis,
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section 3.7, there are seven open tines. W have
responded to all of them The nobst significant one
was a di scussion we had with the Staff, actually since
the beginning of this year, that we resolved in a
meeting in April, related to the assunption of the
stiffness of concrete to be used in the seismc
anal ysi s.

And after extensive di scussion we agreed
to do additional analyses, and having done those
addi ti onal anal yses we have actually revised all of
the seismc results in the DCD

Changes, we have reduced t he stiffness of
the concrete by a factor of .8, the changes, the
frequenci es by about 10 percent, and changes to sone
of the responses nore than 10 percent.

Because we changed the stiffness of the
concrete we do not change the stiffness of the stee
vessel, and the rel ative frequency between t he t wo now
changes, and that does change the overall response.

VMEMBER S| EBER: | don't know hardly
anything about concrete, except that | always was
under the inpression that it doesn't bend. And,
t herefore, how do you change the stiffness?

|s there differences in conmposition, or

are you really looking at rebar --
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MR  ORR No, this is an analysis

assunption of the material property of the concrete,
the elastic --

MEMBER SI EBER:  The space it --

MR ORR -- is usedin the past, in nost
anal yses. Recently there has been a change in the
state of the art, various FEMA docunents that
reconmend sonet hing | ess, and we have now sort of used
actually the 80 percent.

MEMBER SI EBER.  Ckay.

MR ORR | thinkit is probably giving us
a better estimte of expected behavior than we got in
t he past.

MEMBER Sl EBER If it is a better
estimate, does that nean you are better off, or worse
of f?

MR ORR Not really. If it is nore
likely to be -- it is a best estimate, and then we
broaden the floor response spectra plus mnus 15
percent fromthat.

MEMBER WALLI S: Does the concrete fail, do
t hey get pulled back --

MR ORR  Well, what happens is -- the
only reason we have reinforcemt is because we know

that concrete cracks. If it didn't crack, we woul dn't
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need reinforcenent.

MEMBER WALLI S: For these transients, does
it actually open up and then cl ose?

MR ORR  Yes.

MEMBER WALLIS: It does, okay.

MEMBER S| EBER: Well, | always sort of
pictured it as the rebar being the basic structural
el enent with the concrete being alot of mass that is
hangi ng on the rebar.

MR ORR. Froma strength point of view
you are relying entirely on reinforcenent. From a
stiffness point of view, generally, the concrete is
nore significant than the reinforcenent.

MEMBER S| EBER: Right. But it is the nass
of the concrete, as opposed to the continuity of it,
right?

MR ORR Well, it is alsothe continuity

because what happens is you get cracks every two or

three feet.

MEMBER SI EBER:  Ri ght.

MR ORR Between that you' ve got
uncracked concrete. So you've actually got a

combi nati on of --
MEMBER SI EBER: A series of plates.

MR ORR -- uncracked concrete and
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cracked concrete.

MEMBER SI EBER:  Ri ght, okay, thank you.

MR ORR The third section is the
structural design DCD sections 3.8. There we have 14
open itens on all of the seismc and the structural
open itens we have provided a response to NRC. W
believe that those responses are substantially
adequat e.

We wi Il have at | east one further nmeeting
with NRC staff. One of the open itens relates to
desi gn of contai nment vessel. W had not presented as
much design of the vessel as NRC staff felt was
necessary.

Since then we have done additional work
and the information is available for themto review

CHAI RVAN KRESS: Is the purpose of the
seismc to develop sone sort of confidence in the
probability that the containment will fail? That is
t he basic purpose, right?

MR ORR O the design work?

CHAl RVAN KRESS: O the cal cul ati ons and
t he desi gn.

MR. ORR We have originally saidthat the
| evel of information for containment vessel would

basi cal | y be desi gn specifications, simlar toan ASME
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design specification and all of their allowable
stresses.

NRC staff wants to -- wants a
denmonstration that the vessel can be desi gned to t hose
requi renents neeting ASME. So that is what we are now
doi ng.

As part of the application in the PRA
report thereis a sectionrelated to seism c margins.
W did an evaluation for AP600, we updated it for
AP1000, and this report is in the PRA report.

As part of that we established the high
confidence | owprobability of failure values for each
of the safety related structures, and for the systens
and components.

For the buildings we have eval uated the
shield building, and the auxiliary building, the
contai nnent vessel, and the interior containnent
structure. That is also the | RWST tank, because the
tank is integrated into the structure.

MEMBER S| EBER: Are you fol ks desi gni ng
pi pe supports, or does sonebody el se do that?

MR. ORR: W have, in the seisnic nargins
eval uati on, we include piping and pi pe supports.

MEMBER SI EBER:  For the nodul es?

MR. ORR.  Everything, yes.
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MEMBER S| EBER:  But there are other parts

of the plant that aren't really built as nodul es,
right?

MR ORR This is -- so not just the
nodul es.

MEMBER SI EBER.  Ckay.

MR  ORR We evaluate rmechanical
equi pment, alot of this is based on generic data, and
the valves and the electrical equipnent. The basic
requirenent is that we denonstrate that we neet, at
| east a review |l evel of .5G

VWhat we found for AP1000 is
generally our margins are a little | ower, because we
have hi gher response for the AP1000. But it is not
significantly different.

And .5G we have a nunber of itens there.
We think the | owest one, sanme as on AP600, is around
. 5.

MEMBER Sl EBER: Let me ask you the
guestion that goes way back to the begi nning. You are
designing for a hard rock site, and it is ny
under st anding that nore than half of the sites, the
potential sites in the U S. are hard rock.

On the other hand you can take one that

superficially is in hard rock, and put in franki
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val ves, and things like that. 1|s that an acceptable
alternative to finding a near surface hard rock
formation?

MR ORR One of the open itenms in the
DSER t hat we just responded to relates to that. That
we had t he capability in AP600, and we now put it into
AP1000, that all ows the conbined |icense applicant to
do site-specific analyses of AP1000, and nake
conpari sons of floor response spectra at certain key
| ocati ons.

MEMBER SI EBER.  Ckay.

MR. ORR: If he can denpnstrate that these
spectra are | ess than that, or he can denonstrate t hat
any exceedences he has nade appropri ate changes, then
this design can be applied directly.

MEMBER Sl EBER: But do you know the
mar gi ns? You know, you are going to find, perhaps,
exceedencs of your findings, which aren't exceedences
of the overall criteria, right?

So the licensee, the COL licensee is
al lowed to use your margins, correct?

MR ORR As far as | know.

MR. CUVWM NS: Say your question again.

MEMBER S| EBER: | picture -- you have

multiple structures here. And if you look at, for

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

213

exanpl e, sel ected equi pnment, or selected buil dings,
you are going to find sone better able to withstand a
.5G seismc event, than other ones.

So all the COL |icensee applicant has to
do is to make sure that those areas that don't -- that
are on his site exceed your hard rock analysis, are
still within the .5G

MR ORR This seismic nmargin 1is
different. This is the one that says, okay, you've
designed for an SSE of .3G | want you to denonstrate
that you are not right at the edge of acliff, and if
t he earthquake is .31G everything falls down.

So you are denonstrating, all the way up
to .5, that the plant hangs together.

MR CUMNS: And you have to still do
that at COL stage. So the margin is really owned by
the NRC, not by the applicant, and their custoners.

MR. ORR If you have a site .5G and our
design is .3G then you' ve got that margin to play
with in some manner

Somre of our eval uation of seism c margins
nowis based on a paper plot, and so there are certain
conm tnents that are required for the conbi ned|icense
appl i cant. He is, obviously, going to denonstrate

that the seismic response at his site is |ower or
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equal to the ones we've used in design.

There are certai n equi pnment choices still
to be nade, one of them being the el ectronmechanica
rel ays, that he has to denonstrate are robust. And
then as you build it, there are always sonme changes,
there are always sonme things you find, as you do the
first wal k- down.

And so the conbined |icense applicant is
required to do the seismc wal kdown exactly as has
been done on many of the existing plants.

MEMBER Sl EBER: But that is really
intended to do things like tie switch gear together,
and - -

MR ORR It is also --

MEMBER S| EBER: -- as opposed to a
reanal ysi s?

MR ORR It is also to do a wal kdown and
see, well, are there certain other interactions there
that you didn't quite realize when you were doing the
desi gn.

MEMBER SI EBER:  Ri ght, okay.

MR CUMMNS: But it is not supposed to be
reanal ysi s.

MEMBER S| EBER: Ri ght. But there m ght be

in sone instances.
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MR CUMWM NS: Yes.

MR ORR. We are continuing some work on
the seismc margins in response to the openitens. As
| nmentioned, we have changed the assunption of
stiffness of concrete, and hence we have changed sone
of our seismc results.

We are looking to see if that affects the
seism c margins.

MEMBER SI EBER: Let nme ask another rea
qui ck question. You probably do your seismc pipe
desi gn i n hangars by anal ysis. But you can't possibly
review every pipe in the plant. Wat is the m ninmm
si ze pi pe that you do by anal ysis, as opposed t o using
tenpl ates, or sonething like that?

MR ORR | believe that the -- we are
analyzing all of the large bore, greater than two
inch. | think sone of the less than two inch high
energy lines we do anal ysis on, others will be a space
table type of --

MEMBER SIEBER:  But all the way down to
two inches?

MR ORR Yes, sir.

MR CUMNS: | think your answer is for
safety rel ated pi ping.

MR ORR Yes.
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MEMBER SI EBER:  Ri ght.

MR. CUW NS: This is seismc one piping.

VEMBER S| EBER: Right, which is better
than top --

MR ORR | believe all --

MEMBER SIEBER: And that is better than
i ndustry practice had beenuptothis point, inplants
under construction, to ny know edge.

MR. ORR The last itemwe are doing, as
we reviewthe seismc margin, we are updati ng sone of
the <calcs because we now have better design
i nformati on on AP1000 than when we did the original
seism c margi n update.

What | woul d expect is that this is going
to increase many of our HCLPFs. W will still neet
t he requirenment of .5.

| think I managed to get through in | ess
than ny allotted tine.

CHAI RMAN KRESS: W are adj our ned.

(Whereupon, at 6:22 p.m, the above-

entitled matter was adj ourned.)
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