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PROCEEDINGS
(6330 a..‘!‘..)
iR, XKrlRs 'he meeting will come to order. This

is » meeting of the Advisory Committee on Eeactor

ame is

.

-
<
e |

Safeguards, Subco .itrtee on Class 9 accidents
Karz. T am subcommittee chairman. Other ACRS committee
members present are Yark, Okrent, Plesset, Shewmcn,

~

Etherinaton, and

eES.

[

We have consuyltants, Lee, Seale, Stratton, and

N

Siegle and ACRS, Bessette, also present

This mzeting will continue the subcommittee’s
examination of the role 2f Class § accidents in the
licensing process. Specifically, we will alsoc examine the
question of possible da2sign ccnsideration and analvsis of
core mitigation features at the Zion and Incdian Foints
Nuclear Flants.,

The subcommittee will also continue its review
of the FY 81 and FY 82 NRC research budgets, that part that
is 3iedicat2d to severe accident phenomsna and mitication.

In the process for at least some members ¢f the sutcommittee
an effort is being made to Jefine a Class ¢ accident. We
don't necessarily exprect to be able to dc that, but we shall
perhaps continu2 to> try.

Rules for participation in teoday's rmeeting have

been announced as part of the notice ¢©f the meeting

ALDERSON REPORTING COMPANY, INC. 5
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published in the
transcript of the meeting is leing Xkeérpte. It will te
available as stzted in the Zederal “egister notice. It is
reguested taat 2acn spesaker identify himself and if pessibdle
makes use of a microphone, otherwise spearx, recocnizing that
your timeless werds are being reccrded. At least we are
making an effort to do sc, and you will re cf considerable
assistance to the reporter if ycu can get close to and
remember that vcu 2are speaking at a microghone.

We have received more written comments oOr

o

reguests for time to make oral statements from members of

the public. The d2siagnateéd federal employee £for this

meeting, Yr. Cary Juittschreiber, is on my left.

e Wil the mseting, and the £first
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scheduled speaker is ¥Yr. Thomas of NZAC.
¥Yr. Thoras.
DR. THOMASs Thank you, Chairman Kerr and other
members of the sub-omaittee, gentlemen and lady, I

am Gary
Thomas. < am from FA's Nuclear Safety Analysis Center, or

BSAC fer shart.
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NSAC-2, Tha2 title of it i=s Yitigation of Small Preak LOCAs

in

ressurized Katar Feactor Systems.

)

-

Hopefully, we will

ot

hrow some more light on the subject
later. I hope today to open your eyes a bit. I hope to
viden your perspective on accident mitigaticen. The
objective of the NSAC-2 report was specifically to provide a
perspective on the ability to mitigate small break LOCAs in
a pressurized water reactor system and as a3 result of that
perspective provide assurance that the resulting threat to
the containment, threat to failure of the containment can Dbe
virtually eliminated or car Le eliminated thrcugh positive
mi{icatinq actions.

Now when I use the phra2se "mitigation™ it was
used in the title of the report as slichtly different than
NRC's current use of the phrase "mitigation." I consider a
mitigating feature or a mitigation of the accident any
process throughout the portion or seguence ¢f the accident
which tends to revarse the direction or stop the progress of
the accident.

b 4

belisve the NEC'ts current definition involves

1

startine with a core melt situation and talking about

mitigating features from that peiat on. In my talk I am
talking about nitigation from tne very start cf the

accident. Tome peorle may shrase some ¢f thece actions as

ALDERSON REPORTING CCMPANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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preventive acticas.

(Pause.)

As T indicated, I hope to previde here
perspective on the ability tc mitigate a small break LOCA in
a PWR system. It inveclves =ctive miticating responses. As
a result I believe it is very realistic to assume a very,
very high probability that containment can %te protected
using installed or potentially improvisable systems within a
PWR plant.

The basic otjectives in the report itself was to
define primary cbssrvables that develop throughcut a small
hy

break accidsnt. Kow observable is a izal majer of the

ko)
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current state and trends of the syste systen

’

-
=

undergeocing the accident. or example, temperatures,

pressures, radiation monitsr respoancses, neutron detector
resgonses. These are all observables.

The report also reviews primary autcmatic and
operator-initiazted responses that are available fer
mitigating the small break LOCA. The report hopefully
demonstrates the rasiliency of a PWE system for mitigating
the small break LCCR, and alsc demonstrates hopefully,

potentially that the worth ¢f the observables for

realistically rrojecting emergency clanning capabilitye. By

(29
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this I mean an intsgorate
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you a tcol to tell you where ysu are in the accident, where

ALDERSON REPORTING COMPANY, INC
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345



10
n
12
13
14
15
16
17
18

19

21

24

% B 5 7

it ie going and using extremely conservative projections
vhen possib .y can it threaten the public as a tool for
realistically projescting energency action.

The ultimate regulatory cbjective, I telieve,
should be focused 2n control of public risk due to
environmental release o0f radicactive fission preductse. That
is to say, ultimately the regulatory greccess chould focus on
protecting the public from containment failure.

As I said, my discussion today will try and show
that there are many ways that the csystem can inherently Dbe
made to proctect that containment.

DR. KERKR: ©Say that again.

DR. THO¥ASs Oray. I will get that right next
time. The ultimate guestion of containment protectiocn
involves two primary major points: assurance that the small
break condition can be identified and appropriately
ctespond24 t3. The obs2rvaples definitely provide 2bundant

101

or

evidence £5r this identifica

.

The seccend major point is assurance that sonme
vater and pumping source can be made available in the event
that you lose all normal a-d installed backup systenms.

Adiitionally, I have adided in another item which
should be added to the notes an assurancr of eventual
availability o2f a hsat sink. £And I will say eventual and

emphasize that. Tt is not necessary tc have a heat sink for

“LDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 1202) 554-2345
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the first severzl hours, severazl tens 2>f hours potentially,
in a PWF system, ac long as eventually ycu can provide a
heat sink for -dunping the descayed enecrdy 2ut of the
containment building.

I will try and display the ability to mitigate a

small break LOC2. I have defined operating space. The

»

operating space involve~ £our primary variables: the time
available to react; the otservables that define the systenr
state and trends; the options that are availalble for
countering accident progression, and cpticns include bot
installed and improvised -- also should te added to ycur

%

notess I was making late ad

~
‘s

A

he == and

in
rt

iticens 1la

-
wl

£inally, the magnitude of the responses that are reguired of

D

ti1e available options,

A small break LOCA Zdemands a very small response
to completely contain or remove the decay heat from the core
cegion. Ani when I say small I mean small with regards to
normally installed coclant water injecticn systems, either
engineering safety feature systems or normal systems such as
makaup.

I tried to display this operating space in a
graphical manner, cepresenting it as a coom, with the axis
of time, system state observables, available and
iaprovisabla options for mitigating the accident. The two

variables time, svystem state cbservables provide a

ALDERSON REPORTING COMPANY, INC.
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of the time and the observailes tell ysu where you are,
again the system state and its trends.

The axis starts in this corner. As we move
through this opera*ing space on some directed path that is
responding to automatic emergency safety feature systenms,
that is responding to operator-initiated actions, we will
either progress towards an acceptable directieon in this

ns we will proceed

O

manner or under virteally nen-- conditi
to a degree 5f the core condition and finally possiltly to a
core melt situation.

I have represanted those boxes basically in the
size that I feel really represent the situaticn. And that
is something I want to emghasize very much.

For example, in Three Mile Icland e sgent over
two hours mdoving arcund in this space before we hit this
blue boxe. There was no core damage in Threz Mile Island
until about twe hours approximately. ke sgent a lot of time
waniering acound in this space. Any time juring then a
proper continuous resgonse emergency safety feature, such as

BPI, or a proper, suffici

©

nt response 2f£ another cccling
system would have taken us azway from the core damage
situaticn.

-

Rdditisnally, if vwe enter this box, we can

ALDERSON REPORTING COMPANY, INC.
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retreat from that box. We will not undo the damage but wve

can stop the preogress c¢f the damage and effectively prevent
movement upwards towards that small corner.
I relisve it is very realistic to state that

also if we have reached the little red box, if ve are in a
fuel meltiny situation, under virtually any condition, wve
can pull out of that situation also. 4We can retreat from a
melt situation.

Some more information on the use of the
observa*les. The observables represent the deviations
basically from normal or expected ¢ °nditions during what
would be normally a2 shutdcwn 0f the reactor or a scranm,

There are abundant ckservable conditions
indicating the state and the trend of the accident. The
scope use of these cbservables in the time available provide
a very rational basis for salecting of effective
coitntermeasures, again roth installed and improvised, as a
very effective tasis for conservatively proejecting your
potentizl public danger and emergency planning actions and
in fact provide realistic set points to use for implementing
emergency ac-tions, deciding whether thsy are nacessary to
implement and implementing.

The next viewgraph schematically takes us
through 2 small break LCCA. This is taken again from the

NSA--2 document. What we have are an increasing time scale

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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in this dirsction, increasing 2amage in this direction,
increasing protability ¢f cccurrence.

I have broken this into four categories, three
basic times -=- early, early neaning a few hours, possibly
tens of hours; intermediate, being several hours to
dafinitely tens of hours to> a tfew days possibly; lcng-ternm,

days and onward.

ey

our basic coenditions: prevent core damage,
terninate core cdamage, terminate core melting, maintain
containment intejgrity, establish cooling a meclten core as a
debris Lbed.

If we move through this, we move through in a
time segquence where initially in the early chase of a small
break LOCA observables are showing immediately that vwe are
in this situaticn, and integrated use of these cbservables,
for example, through a safety panel, will tell us what the
system stat2 is, what the trends are, the system will
respond with automatic responses, high pressure injection
for example, engineeriny safety features, operator options
are available base? on the cbservables and we can move
straight down tc a cooled, mitigated condition.

For example, at Three Mile Island, the base PI

had been left on. Hhen it came on we would have moved

directly to> this condition with no core damage.
If we have no automatic resronses &r nec operator
ALDERSON REPORTING COMPANY. INC. ‘ P

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345
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responses or insufficient responses, we are going to mnve on
to the next phase where now we have the chance to terminate
core damage, we are still moving around in that operating

ace and we are trying to direct it into a more reasonable
position. The obsarvables will tell us if we are
successful. The trends of the otservables tell us if we are
successfully mitigating or if we are continuing into a
worsening conditione.

e go throeugh the same pPrLOCESSe. “e are

developing more obsecrvables.

-

DR. PLESSET: ¥ay I ask ycu a guestion?
DEk. THOMAS: Yes.
DRe PLESSET: -=- == you have in this first box,

cr the first distinguished set, if the cperator has a small
break LOCA? How would you know that it is a small break
LOCA, not somethinj else?

DR. THOXAS: That is =--

ET: I meawn if there is a way I would

Lar ]

CR. PL

r#)
i
n

like to know.

DR. THCY¥ASs O©Okay, basically, if we use
something, what we call -- we are trying to design what we
call safety panels. A safety panel has five basic

. 2

functionse. It monitours criticality. It monitors core
coolability or co21linge. It nonitors availability of heat

sinks. It monitars, the fourth one, containment integrity,

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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and monitors als) release of £issicn products, particularly
outside the containment.

Okay, an integrzted usz of a panel such as this

L3 )

provides rou indications, for example, of a small break LOCA
or somethiny else that is disturbing the cocling of that
core. The core very rapidly responds with observalles,
thermocouples for 2xample, pressure, primary pressure
loweringzg.

next viewgraphe.

Q
=3
t
o
ct
e o
w

Maybe I should g0
That right help.

DR.

"nJ
P
m
n
t
(O]
3
-

well, if you are gcing to explain
this later that is fine. I Jjust don't believe anything you
have said so far tells the operator he really has 2 small
break LOCA and not some other transient. It locks like a
small break LOCA.

DR. THOMAS: Okaye. Fy primary olbijective is
initially t> protect the ccre. OCkay, if we are in a small
break LOC: we are noving tcwards conditions which are
telling us the core may become uncoverad. That is
representaed by temperatures =-- again core exit

tamperaturas. It is represented by system pressucre. it is

w

represented by approach to csaturaticn conditicns in the
primary system, again a temrerature measure. It is meacured
by voidiag¢ in the systerm, which is seen >y source range

neuytron detsctors.

ALDERSON REPORTING COMPANY, INC. o
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The~~> are several incident:s that are telling us
W@ are appro? .4« a4 condition that the cocre can he

uncovered, #shether it is a zmall breakx LOCA or scmething
else. Ther2 are several indicaticns that are preliminary to
a core uncovering, preliminary to a core being damaged.

DR. XERRs Dre. Thomas, <¢id you understand Dr.

Plesset’'s juestion?

DRe. THOMAS: Say acgaine.
DR« KERES Cid vou understand Lis gues*ion.

From what you are saying I don't think ycu understced his
guestio.

DRe THOY¥AS:; Okave.e ZIxcuse me, could you reneat
it then?

DR. KEERe¢ I think he is asking whether you have
an unambicusus way cof deterrining a small break LCCA is in

PLCJ LRSS .

©
m

o« THOMASs I cannot say whether it is

unambigucus. I think there are unambicuous =--

]

o
(S Al
.

KEREB: I mezan, we will accegt an answver

®

which is nos, if that is an answer, that you don't have a
way, that you hope to develop 2ne. Yavbe that is the
answer.

DR. THOMASs OCkay, I think it can be develcped.

DRe THOMAS: Well, specifically, no, I have not

ALDERSON REPORTING COMPANY, INC.
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developred a procsdure zcor it.

DR. XE27s Ckay.
DR, PLESSET: Thank yous. I have got the answer.

o
'

HOMAS:s 1 would like to surplement that
though ry saying I think it is very traceable by observables
that we are entering a ccndition of threatened coolability

of the core, and those observables develop very early ir the

incident whether it is a small treak or some other
incident. 2And those observables can be responied to.
This is again taken from NSAC-Z2, and this just

ey

O

presents son2 cf the examples grimary observables that
wvo.ld be seen in an accident. for example, if we are in the
initial phases of it, we will see the primary systen
pressure decreasing. W¥e will see the pressurizer level
changing in an abnormal manner. XFI actuates on a low
pressure siynal, 1500 PSI for example in Three Mile Island.
That is definitely an observable that you are in trouble.

It is also a2 very strong witigating feizture that should take
you to a control full condition.

Your primary, your containment pressure, your
containment temperature are increasing abnormally. These
are all indications that you are in a small break 1LOCA.

I mentioned the source range nsutron detector,
That was a very, very sensitive instrument £for telling you

that you are agrroaching a core uncovering coniiticn.

ALDERSON REPORTING COMPANY, INC.
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versus pressure tells you the cszturation temperature for the

system and the current temrerature of the syster. Are we
approaching satucation conditicns?

DR. SHEWYONs D¢ you know if deviation and
ssucce ranjg2 monitor signals is part ¢f the operating

procedures 2f reactors?

-
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DR.

3

BOYAS: I am sorry, sz

DR. SHEWMCAN: Do you know whether the

interpretation of deviations apdi sourca rat

o |
O
n

3
v
o
ot
"
O
=

monitor signals is part 2¢f operating procedures?

DR. THOMAS: I don't believe it is now. I
believe it can be =ffectively run intc it.

DR, SHEWMON: “ell, you are saying that a

technically trained perscn the week after zan lock at these

3

=
<«

i

=

things and say somet 1g was geing awry, but you don't think
the reactor operztsrs either have on their control panel or
are trained to interpret this?

DRe THOM®AS: I would say richt new gprobably they
are not trained t> use the source neutron detectcr
currently. A cource neutrcn detector I telieve will be an
important signal involved in the safety panel development.

For example, at Three Mile Island, virtually the

instant -- well.

DFE, SHEWMON: I know, that is not ay guestion

ALDERSON REPORTING COMPANY, INC.
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1 thoughe.

3 involved in the systen.

4 and a singularly accurate measure 2f system disruptione.

4

6 range system be operative?

7 DR. THOYAS: The source range neutrcn detector

-

8 at TMI was loczte? outside the reactor. It responds

ot

9 basically due to power levels belcw, I would say about 30

10 percent. I am not sure. R normal shutdown ¢©f the source

11 range detector is singularly projectable on simply a decay
12 heat curve. You zould project ahead cf tinme. Once you

13 scram the r2actor you coculd preject ahead of time what the

ll 14 curve for a source range neutron detecteor would look

]

15 throughout a3ll time. Cnce you receive a deviation from

16 that, that is a strong signal that you may be in trouble.

0

17 DR. KE

1
w

\

»

H I don't think you understood the

18 gquestion. At least it dcesn't cseem tc me ycu are responding

9 to it.

20 DR« THOMASs I am sorry, I thought I was,

21 CR« KERR: Yaybe I misunderstocd the guestion
2 too, but =--

23 DR« SIEGLEs I was concern2i that source range
24 instrumentation would essentially not he crerable and would
2 be swamped by other signals until the power level of the

ALDERSON REPORTING COMPANY, INC.
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reactor was guite far dnwn, and that may be much later than
you want to have that inforration.
experience of TYI, the source range neutron detector
pcovided 2 signal almost instantly from shutdown and it
provided a zontinuous signzl, It is still providing these
unusual signales.

DB. KE3R%3s What do you mean by shutdown? TDo you
mean effectively zerc gower?

DRe THOMAS: No. well, the scram 3f the
reactor.

-

DR. KEERRK: ut this is DPr. Siegle's pecint, that

w

until the rs2actcr has been chut down -- I think, isn't it =--
you won't see anything in the source =--

D

s )

« STIZGLE: That is one of my ccncerns, that
you may hav2 an opesratin: condition where the scurce range
instrumentation is simply btlind.

DR« THOKAS: I see., That is

21
<«
(o]
O
£
o
o
'
b
(ad
.
]

-

was assuming I was in the scram condition. I was assuming
that we have scran rased to upset conditicnse. Source range,
I was using as cne gparticular instrument because o¢f its
tremendous information content zt Thres Mile Island. I anm
assuming basically that since we are in a small break LCCA

that some systenm parameter has zcrammed the reactor.

ALDERSON REPORTING COMPANY, INC.
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i 19

I a» getting from your scatement, that ycu an get somehow

an ambicuouz interrretation of source range detecter signals.

o2
v 3

H

(S
<

¥i€s3 D14 I say unanabiguous?

Be

‘o

« LEES: "niguely or singularly accurate

Lo )

information or something li%e that. I thought you could
interpret -- -- source ranze detectcr tsignals in a variety
of ways.

DR. THO¥AS: Okay, it can have 2 variety of
sources., And i I would say actual final interpretation
vanted, what this signal doses represent is a long-term
analysis effort. But the instant the signal starts to
deviate from a very prescribed and rrojectatle course we do
know we ar2 in an upset condition. It does not define what
that upset is. The upset could be a failure of *he source
range monitor.

-
-

Es It coculd re then something unrelated

"y

DE. L
to> a small break LOCA?

DR. THOXAS: Yec, it could be.

I am usipn ; it as a -- okay, I am using it as an
obsarvable, and maybe I am focusing tco much con the source
range neutron detectecr. It does have 2 unigue scram

signal. A deviation from that signal is an obcervable that

you are, that you have something of trouble that you should

check out. There is sdore trouble in the esystem™ that you
should check out. So from that point of view it is a very

ALDERSON REPORTING COMPANY, INC. *
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delicate source 2f tellinc you that there is an upset in the

=4

U immediately what that upset

(8]

y

[

systen. It doesn't tel

-

ty, an increacsed sicnal.

>

tical

| B3
0
o

is. It could be 2 rec

"

-

Tt tells you I have to pay attenticn to that.
Froa that point of visw it is 3 useful observatle.

DR. XE5Rs I think our concern, my ccncern stems
from the fast that in order to mitigate a small break LOCA,
unless it ic done autcmatically, one needs to know that one
has one.

I «ould have thought that you would have first
told us how to unanbiguously identify one. It seems to me
that is fairly crucial in a2 mitigation process. ARAre we
getting ahead of you? Are you going to tell us how to
identif¢y on2 rapiily and unambiguocusly?

CR.

-3
e =

O¥ASs Nec. I am not going to get into a
specific case of unambiguous identificaticne. It is an
integrated use of the obtservables. The observatles that
vould show up in a small break LOCA ag:in --

DRE. XERRs ®ell, I would have an idea that if you
wer2 trying t5 tell a reactor operator what toc do you might
find what you are telling us confusing.

DE. THOY¥AS: I am not telling you procedures.

Procedures ic have to be develcoped. I am tellinc you that

O

O
"

our f£icrst srdier of protection is €. de have to cool the

frimary systenm

w»
re—
in
.-

“9re. There are very strong sign
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pressure, primary systes temperature for example are two

very prime ones -- that tell us th=2: we could ke aprproaching
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a condition of 2n uncooled cure or
Those are vnamtiguous signalss prirmary system pressure and
prinary system temperature.

When you develor a superheat, for example, in a

than a cocuple degrees that

i)

PdR systen, a superheat of mor
could be involved from stored energy in the vecssel
components, you have an unccvered core. Tlat is an
unanabisuous signal.

For example, if the core outlet thermccouple
shows a superheat 2f 20 deagrees Fahrenheit, ycu have a
partially uncovered core. Ycu must ccol that cocre first of
all, even if =-- whether it is a small break LOCA or whatever
the accident is. You must cool that core, which basically
is tringing in more water.
« KERR:s Yr. Thomas, I think what you have
just said was well known to almcst everybedy before TMI,
that if you have a temperature above saturaticn you would
have a rroblem. And yet one had such signals available and
they certainly wers not unambicucusly interpretecd.

PR. THO®ASs That is true, and that is because I

think primarily the engineering, or man-machine interface at

Three Yile Island, and possibly as 2 general case for
reactors prior to Three Mile Island. e 4o need to develop
~
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an integratz2d systa2m th
say it, a panel of mayte a two by three £fo20t size that
integrates these signals and tells thea what the current

state of the system is and the trends in that systenr.

2]
-~

e ]

e K

*

¢ Your rpresentztion tazkes up at the

b* 4

point at which cone has identified a srall break 1CCA and

goes on froan there, but you ars not going to te concerned
with how one identifies it. 1Is that coarrect?

DR THOMAS: No, but I am ccncerned that we do
formulate a method of integrating the information =so the
operator can identify that. I believe it is an identifiabdble
system or situation and that it can be identified if the
operator has the proper information in front of him in an
integrated way that permits that. I think it is most
decidedly a situation that can be defined through rroper
man-machine interfaces.

DR. KEREs Continue.
to

DR. THCOMAS: Ckay, the next viewgraph trie

"
mn

L8]

point ocut scme of the differences cetween the NERC-
approach ani the WASH-140C methodology. I also managed to
have three typocgraphical errors in it on one pace, and I

attribute cthat to moving offices over the last three days
over three wniles. My secretary was almost in the moving van

typing this in the process of moving.

a contradiction of

ot

Tha NSAC=2 report is no
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WASE=-1400 ta2chnoloay or methodology. I belisve it is a
preliminary, and I emphasize rreliminary extension of the
methodology. &And I believe the extension falls into four
basic ar=zas: 3 reevaluation of scme of the concervative

assumptions that are involved in the WASH-14

o

0 study.
The first major conservatism, I believe, in the
WASH=-14C0 study is the assumption that reaching a high

h temperature in the

"
=
Pers
0

temperature in the core melt, ©
core, 2200 degrees Tahrenheit, represents a core melt
situation.

In reality a core with 22C0 degree Fahrenheit
temperature can be recover=4. You can retract from that
condition throuch mitigating actions. In actuality, also
temperatures, melt temperatures range from 350C Fahrenheit
up to over 5000 Fahrenheit for the components in the coree.
You have » lot of time and cspace, operating space, available
to still return from a progressing damiage to a control
candition.

The core melt progress would tend o be a very
noncoherent effect. Possitly it would be self-limiting, and
this is an area that nceds definitely mecre study.

I believe under almost any conditions it is
revarsable with cosling, and I think Three xile Island
provided a tremendous landzark and a2 gigantic experiment of

this condition.
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go back to it, you
see I gcot Three 4ile Island tasically was scmewhere in this
staje. It wac a very late
Condition 3. T believe there was some liquefication or
mel+ting in the core. And z2lsc we have I Eteliave
irretutable, virtually irrefutable prcecf that once cooling

was brought into the T¥I-2 core it was alrmost monitonically

ot

decreasing temperature, an incrsasing ceoceclability.

We started .ith a core that had at least some
liguefication or melting. water was brought in and it
cooled, a very strong gigantic datapoint that I am extremely
interested in investigating the detzails when we finally get
into> that resactor. It has tremendously important
information for mitigaticn gurposes. Try and trace down
exactly how it 4id become coolable.

The second major conservatism in the WASH-1400
is that containrment failure probabi’ity and environmental
release are effectively a probability of one if cocre melt
OCCUrsS.

Now the two conditions together provide a
tremendcus concervatism in the risk evaluation that is
presented in the WASE-1400, and it provides a tremendous

amount, again a uss of the thrase, operating scace, a

tremsendous aacunt 2f room t5 maneuver with availatle options

or possibly imgcrovi

-
‘n

able ogtions that will tend to move you
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intc a cooled coniition.
A thiri major conservatisr is an accident

l, are never

b

on fi t ca

"
"

[

mitigat. 2n cystenms. I¢ they fai
again useable in the WASK=-1400 type treatment., For example,
if emergency diesels do not start the first time ycu try
there is no option to try azaine There is nc cption to fix
a relay that may have failed that causes them not tc start.
1€ one of the zocolant injection systems does nct ogerate the
tirst time tecause of valve misalignment there is no
opportunity to correct that valve misalignment.

Basically, that falls in the, picks up the other
conservatisme. There is no consideration for positive use of
time aspect in actual accident segquence. &And the time
aspact basically rassults in increasing time, accident time,
provides opportunity for understanding the accident
progress, for taking positive acticne involving installed
systems and for improvising new mitigating systems and
actions if necessacy.

I would like to try and emphasize -- I mentioned

magnitude of response. I think it is 3 very salient point

7]

~

in a2 small break LOCA. You do not need a tremendous amount

rh

0f response 0f systems to provide enough cooling %*¢ remove
the decay heat f.om the ccre. And here I rresent a table.
Thiz is for a TYI type core, 180 megawatts electriczl. In

pooportion these vilues accerding o the size of the plante.
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R 2 percent full power, decay power, occurs at

r of an hour. &t that time it

about 14 minutes Or a gJuart:

[ o1
w

will requir2? about 34C sallons of subdbcooled water from the

4

HPI coming in at 9C degreec Fahrenheit or 540 gallons a
minute saturated water coming in, inlet to the ccre or inlet
t> the core reaiosn, to completa2ly remcve the decay heat.

By about two and a half hours you are down to
170 gallons a minute subcsoled water coming «n by the H?PI.
170 gallons a minute would £ill1 a2 deep bathtubd to two foot
deer in one minute. It is not a lot ¢f water.

In l:ss than a day you are down to less than 100
gallons regquire: »>r slightly over 100 gallons for saturated
water. In less than five 1ays you are down to about 40
gallons of water reguired inlet to the ccre region to remove
the decay h=2at.

These values are far less than many, many
redundant emergency systems and even standard systems that
can provide water to a PWR system, and they are also very
small if you neced to recycle with ycur =-- recirculating the
water using the s2condary system. Again it is a very small
capacity of that seccondary system necessary to remove the
decay heat.

I édo want to «~mphasize alsc that a large break
LOCA, if you have 2 large break LOCA and you initially

resyond to it, if the systen automatically responds to a
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high pressure injection, low pressure injection

0

necessarvy, focr the first ten tc twenty minutes you remove
the stored znersy, YCu are now basically in a2 small break
LOCA situation. That is, ycu are now in a coadition where
again this type of a response to the system would be
sufficient to remove that decay heat.

The last viewgrapn is scme experimental data,
and what we have plotted here are TMI core =2xit thermocouple
tims history, hours after the accident starting from three
hours out t2 the end of one day, percent of thermocouples
that wers offscale. And 2s you recall at Three Yile Island
there was a set point cffscale at 700 degrees Fahrenheit or
370 degrea2s centigrade. NoO temperatures were measured above
that. You look here at the fraction of thermccouples and
percent that were ibove 7C00. At 176 minutes, just slichtly
before three hcurs, the 2B pump came on for less than 10
seconds. It dumped scmewhera, 4000 to 8000 galions of water
into the pressute vescsel. Virtually the instant that
occurred we started on a coolinc trend, a virtually
continuously cooling trend. The core was in what I consider
a coolable condition to maintain that coolability.a

About a half an hcur later, at about three and a
half hours the HPI cam2 on ani guarant=ed chat the core
remain covered. That is a necessary reguirement if you want

td> ool it, to make sure that it is covered.
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Eut we continue coosling. Thies is the time vhen
they were f204 and >leed basically trying ts burp the
hydrcgen cut of *he systenm.

Ratwaen four and five hours there were physical
measurements cf temperatures, basically around this area,
physical measurements o2f temgperaturas as high as stainless
steel melt, which is 2500 Fahrenheit. S0 there were
definitely hot spots in the core, but it was in a
progressively cosling condition. And I think that is 1
tremendcusly imgortant experirental data point that has, I
think, very wide implication on the ability of a very badly
damaged -~.re to be made coolable with injection of water.

That completes my rresentation.

DR. ¥YE223 Thank you, ¥r. Thomas. Are there

guestions? Mr. Shewmon?
D2, SHEWMONs If ycu were advising the NRC on
wvhat resear-h th2y should 30 to try to better determine how

r

to mitigate or reduce the probability cf a Class 9 accident,
what would you zugzest?

DR« THOXA

17 ]

s I would suggest emphasis more on
the first pvart of it. And the first part would be in the
early phas2s ranging up to =-=- I weculd like tc emphasize the

ability to reverse a core, a damage process rangins in one,

H.
w0

two, three; that » Where we are, early phases, virtually

no damage. That is not too well unknown, you bring water
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into a =ystem, that

to damage it.

In the

define as dz2formati

disruptions of norm

up into this area,
coolable gecometry.

because I believe,

the room, w2 are m>

you haven't got tro
everyvytody would agsgr

WASH=1400 in this p

had 2200 F. to a2 me

v

as I urnderstand it,

segquences which have convinced ¢t

encugh ceolant to «

they wen't be aklz to 4

Bnd the

reamember, in this v
it won't ever work
little bit harder.
I zuess
the

it more in cont

g3t into this hole

ons,

D

..l
o |
[ad
>

core is not

area when we s iamage, the damage I

€ailure the fusl rod-r,

al ceoolant Starting from that area

as

how can we ure that we can cbtain a

this is a very important area,

operati

space represents

ie'y

ving around in thi room ==

agree that you can cool if

r

uble, but I don't, and I suspect

- -
b

ce that there is indieed ccnservatisms in

articular part of the process where they

-
-

lted core. EZut the reascn they do that,

is because they have gone thrcugh

hem that they 4idn't have

eep it from getting to 2207 F. and sc

much thereaftar.,

(6]

only thing that you have talked about, I

far is if it d4idn‘'t work once

ein se¢

again, and at that a

what I anm you to dc is to put

)
s

the W2
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"

Xt scenario ard how we

w
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DB, THOMAS: WASH=-1400, I think rightfully at
the time, took very conservitive assumpticns on core damage
and the ability t> remove =-- NOot remova, but praven
additional zore 4amage, to miticate the situation. I think
at the time it was a useful dccument from that point of
vievs I think now, particularly in light of Three Mile
Island, the lack of understanding before Three Yile Island
and improved understanding since then show us that in fact
ve can 20ve around a lct in that operating space teyond 2200
degroes Fahrenheit as 2 set point and still come tack to a
co2lable coandition.

DR. SHEWMCON:; That is a defensilble credo but it
still droesn’'t ansvwar my quest.on.

DPR. THOMASs I am missing everybody's question
this morning. Sorrcy about thate.

DR. SHEWNCN: The guestion was what do we urge
the staff t> do for research s¢ that they can feel better
about the probability of mitigating events of this sort.

DR+ THIOYAS: Okay, my interpretation of that
question is that I think we need to study the akility to
¢cool a partially damaged core, and the rartially damaged
goes up to 2arly melting as an area of focus. It is an area
that has not been sztudied to any sreat 3ietsil, and the
current plans cf N2C I believe do nct have that area covered

very well,
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DR SHEWMCONs Tha ik yous
DRe XKE8Rs Yzs Dlesset.
DR, PLFSSETs Well, I Jjust vanted to indicate a
little concern in the kind of thinking that ycu have put

be pretty much limited along

v
o
O

ints this, which seers to
the line of the TYI-2 accident, It seems tc me that that is
not the way to get us into a more comfortable situation.

You thinrk entiraly in terms of a small break LOCA and how it
proceeded at T"I-2, ani that bothers me a little Dit,
particularly since we c2n't tell the operator to recognize a
small break LOCA when he has one, or maybe he doesn't have
one and thinks he dces.

DR I'HO“ASs Okay, the small break LOCA is a
relative high probability accident, and that is one reason
for focusing on the small break LOCA. I will reiterate a
point that the primary cbjective initially in an accident is
to cool the core. And ther2s are a progressicn of
observables that tell you that you are heading towards an
uncoole? condition and they can be reversel2 with cperator
action or auvtomatic engineerinc safety feature reaction.

Fegardless of what the accident is, whether a
small breal or any other accident, if we are heading towards
an uncooled condition it ic a reversable condition, but you
have to undarstand you are heaiing towards that unccoled

condition and it 40es require an integrated use of the
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observatles to édefine the curcent system state and its

OFR

vl

e SHEWMON: Hwell, I 3ust might add in the past
eight nr nine months there have hezn four transients which
155k like a small break LOCA and there was no small break

empty, and

a)
[

M
r

LOCA involved. °Pressure fell, the pressu

-
.

the operator proce=2ded as if he had a2 small brszak LOCA,

core.

DR. SHEZWMON: Yes, that is true, and that is why
I think that you shouldn't just think entirely in these
terms.

ODR. THOYASs No, I am usiny a small break LOCA
as 3 context. I 4o not want to limit it to a small break
LOCA as far as the philesopny. But
context in this presentation.

PRe KERRs Y“r. Okrent?

DR. OXRENTs I am developing a strong interest
in getting what I call guality assurance in propabilistic
analysics, and in a sense this is a semiprobabdilistic

analysis, since 2n page 31 there is a statement that, guote,

o) |

<

0y

a preliminary evaluation by NSAC of the and primarcy

nethods and data

=3

maka2up, letdown syztems and eguipment using

comgaratle to those used in WASKF-14CC indicate that the
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installed hardware properly deployed ty the oOperato
capable cf reducing the probability of core nmelt and

subsequent containnent >uilding €ailure resclting from a

L9

small break LOC? by a factcr of 1C tc a2 10CC.

DRs THO¥AS: Correct.

DRe CKXZENTS And later you say, therefcre judged
very improbable that the accident will proceed through the
full progression without rececgnition cf the increased

established core ~2¢clin

Q

Okay, get:ing back tc my first cstatement about
quality assurance, it seems to me it is ti.» for everybody
involved -- that means the nuclear industry =-- I an not sure
vhether that is the nuclear industry or noct. when it wvas
£armed T originally hoped it was nct, tut I have decided it
praobably is. The N®C alsc. And in fact I will include
intervenors or memhars of the public or so forth in the sane
comment. It seems to me there is a need for guality
assurance, and to se, I will define that term in the
followwing too abbreviated +ay, that after ycu have done a

study you yourself critigue it and exanine where there may

(ad

be things you haven't said %“hat are relevant to, let's say
the other side of the pisture, that you have clearly stated
the assumptions you have made and the things you hope will

apply or whatever it is.

when 1 first read this document, I didn't have a
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feeling that it reprecented what I would call a document
that had rezeived that kind cf gquality assurance. In other
words, s5 that somesone picking it up, sophisticated or
naive, could see what were the assumpticns where there wvere
things that hadn't been included in this that might be
important and so forth. I suspect that while the staterent
is probably one that you could argue in a narrow s2nse can
be justified, you could show, taking a narrowv view, that if
certain things applied you could include things by a factor
of 10, I quastion the factocr of a 100C unless you are really
assuming a very hizh preobability initially.

But I egqually well suspect that I could guickly
make a short list cf ten things that could defeat this
improvenr2nt becaus2 they didn't fall intc the rattern. And
the sophisticated person might be able to read it and look
at this and sayv, ge2e, well, you kncw he has omitted the
possibility of z small leak affecting equipment that you
really neei to run by the environmental gualification or
vhatever, and not being richt or a variet)y of things.

The less sophicsticated person may take this at
face value and be deluded, and if we are going to oget tg¢
some kind of guantitative approach ir this area I think it
is really past due that 23ach person trying tc make a
contribution in this area really do his own guality

assurance on his study. I must say I iidn*t fecel myself
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that this study in fact
meetinc mininur standarde in that regarci.

I don't know whether you think it does or such a

step is even aprropriate but I think it is time.

©
o

THCXASs COkay, the NSAC-2 docurent is most

decidedly 3 preliminary or a -- I almost feel it is somewhat
a philosophical document because it is trying to raise
questions. It is trying to raize rew guesticns in people's
minds atout methods of mitisating accisents, abtcut methods
of statistically treating the risk ass=ssment, and it is a

fully technically

o
ot

preliminary document. It is n
defandable.

It 4id receive gquite extensive peer group
review, both in the industry and particularly in NSAC. I
would appreciate your detzciled comments tecause I would like
to improve it if possible. S0 if possible, I would like
your specific cumments cn where you feel the assumptions
vwer2 not made or w=ere inaiequately defined, because it would
be very helpful.

DR. CKEENTs Well, it is conceivable I could
provide comments, but I think ycu are missing in a sense the
point of my ccament. I think the author or authors of the
document should te3zin feeling a 2eep responsibility, and in
fact it should, in my ogpinicn, become 2 necessity to clearl

write out what the assumptions and clearly gpeint cut the
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things that mizht in fact gc the other way and then possibly
still conclude if they so dare after stating all of this
that there is a trend in the direction that they hcpe.

But I think to only present part cf the picture
is nc longer acceptable.

D

1)

o TH2YAS: Okay, point well taken. The
probability analysis yocu did mention there, the 10 to a
1000, is very preliminary. We do 3o, I think, inte
basically a new field that is definitely an extension of
WASH-1400, beyond WASH-14CO, in trying to involve a tinre
aspect, a positive --

DR. KEZE=xHK: Well, T think you do get Pr. Okrent's

message, don't you?

DR. THOY2S¢ Yes.

PR SUDMAN: I am Eill Sudman from NSAC. Dre.
Ckrent, I wdould just like to heartily agree with what vou
said. I had scme hand ias helping Cary investigate the
probtability aspect o0f this. We realized at the time we did
not have a rigorous case for supporting a definitive

probability argument, and in our desire to putllish in a

rh

timely fashion we decided not to wzit for a more thorough
probabilistic analysis.

The rescon why there are no more definitive

claims than ths on2s that are in there is becaucse we didn't
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have that case . inned iovwn

absclutely right, that

down very carefully and

it beccnmes appar=snt to5 the

made.
MEy
ALY

comment tc the speaker and

that it seems to m2 that th

gave up a lot of lines of 4

Fe« core equal tc a core

som2 cf then; that is, the

to develop sone of these op

about them so we don't givse

think in that regard this h

“hether it nas the adzsguate

future

exXp

melte.

37

3t the

ain exactly the basis such that

reader what the is teing

S
case

Shewmon?

I would like to make cne other

I cuess to o2thers, and that

e staff in

w

efense in takxing the 240C degree

And I hope that we can get

L)

staff and their research program,

tions and learn a little kit more

up those lines of defense, and I

acs be useful exercise.

en

gquality to be accepted by all

concerned I think iz not as essential as pointing out some
additional lines of defense.
DRe XERRs ¥r. Thomas, it seems to me we have

seen in a number 92f recorts

that in retr -<pect, at leas

equipment performed very re

performance, maybe hrecauss

left be

something tc

It is not zlear

)

desire:

rec2ntly conments indicating

t as to Three Mile

Island,

liably, but that the

cf training and cther

~
-

(&9

to me whether in your
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Sansidera..on of aitigaticn you are taking such comments
intc arcount, whether ycu agree or diszgree with them. 1
woule be intersstei in whether ycu think cne should move
more in a 2irection of less degcendeance conh nperators or more
operater training ¢r any comment you want tc take on at
least what I perceive tc be a number of comments ccncerning
the relativs importance of operators and eguipment.

DR. THOMAS: I think if I was able to manage the
philosophy =f the ag:roach of an accident it would
definitely te more operator training, a definite improvement
in man-machine ints=rface in allowing him to understand the
current trends and also probably a greater or a response to
the current state cathsr than, if I Zan use a guick story by
Dr. Pigford frcm the -- Commission, he said the operators at
Theee Mile Island couldn't use a small rreak LOCA rrocedure
because when .hey looked it up the first step in it said
assume 3 loss of onsite and offsite power. And they didn't
have that, so they didn't have a small break LOCA, and they
hhad no procedure to follow.

This is a situation -- use of the cbservables
can tell you where you are and tell you which direction you
are going ani tell you if mitigating responses are improving

the situatioson. And I think a more real-time ucse of this

L8

information, involving operator trzaining and integratad use

of the safety systems would provide a much safe

g

ro

a2 Cle

-

L&)
0
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pover. T am paraphrasing what I remember his stating at
Knoxville.

DR. JKRENT: All right.

DBR. LEZs Could yocu comment on the observables =--
DR. KERE: Excuse me, let me exrlain. The
microphone really joes to the recorder. The cother
microphone is connected to the speakers.

"

v

o

e LZE: Could you comment on the observables

available to the operator of a plant, especially in case
they have not been able to arrest the accident in the
initial case of the accident, and you night have some kind
of degraded core, anéd especially in licht of the type of
pcohlems we have 2xperienced with the Iinstrumentations at
Crystal Ziver?

DR. THOMAS: I 4o nct think I wculd like to
comment in detail on that, particularly at Crystal River. I
have not been that clos2 tc the analysis of Crystal River.
T would recommend reviewiny ~-- I triel to present that in
detail in the report -- a develcpment ¢f increasing, as you

increase damage you increase existing obsarvables, you bdring
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in new observables, for example, production of hydrogen when

oxidation ozcurs, that is new observable, that tell you

W

vhere you are, 23ain defining state and trends

Sather than get in detail I would recommend,
could we talk abtout this later, using NSAC-2 as a basis. I
45 have a faw copiess of NSAC-2 left, abtout fcur cof these,
and anyone interested in the document they could give nme
thair busina2ss cari.

I had better sisn off.

DR« KERRs¢ Thank you, “r. Thomas.

I next have ¥r, == I am sorry, Yr. Sieqle?

DR. SISGLEs I would just like to make a couple
of comments. It seems to me that ¥r. Thomas has maintained
that evidence is availatle that the small break LOCA
exists. I think Dr. Plessat suggestei that that evidence
was at best circumstantial and that the interpretation of
this circumstantial evidence indicates an additional input
of plant design parameters that are plant specific and that
¥2 need a prasentation then of the results of that
evaluation in a coherent format that is useable by the
operator and the ST? if we have one.

And we also need to know whethsr cr not that
interpretation is unambiguous. It seems to me an
appropriate reccmma2ndation at i risk of making one at 9:30

in the morning is that the research nesds 40 include the

ALDERSON REPORTING COMPANY, INC.
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1 addressing 52f the interpretive needs to assure th

D

2 identification of whatever accident sejuence is in progress
3 and alsc indicate the needed interventions and alsc the

4 extent to which a j7iven intervention is relevant to various
6 accident sequences, Crystal River and TM¥I, whatever.

6 And as the last comment
7 to me that the kind o€ thing we are lodokinc for is the fact
8 that even today peorle suggest that the availability of

9 hyirogen as the result of oxidation was something that

10 wasn't predictable. I would maintain that that was

11 imminently predictable.

12 OR. KERR$s Thank ycu, Mr. fiesle.

13 ¥r. Cybulskis, we were soing to get to you and I
14 think ve ar2 there. And tell me if I am proncuncing your

15 name correctly.

16 DRe CYEULSKIS: Cybulkskics.
(i DR KERE: Cybulskis?
18 DRe CYBULSEKIS: Yes, sir.

19 DRe KEEBBs T did leave off the "s,"™ didn‘'t 17

20 Thank ycu.

21 DR CYBULSKIS:s That is a cardinal --
2 (Laughter.)
23 Good morning. I am Peter Cytulskis. I am with

24 Battelle's Columbus latoratories, and this rornirg I am

2 going to talk to you very briefly.
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Those of you that naven't heard re before, YARCE
stands for Yeltdcwn RAccident mesponse Characteristics. 1In
the first slide, very 3uickly ard perhaps very rasically,
what T would like to review is some c¢£f the X2y rhenomena
that take place given a core meltdown z2ccident, and we will
g2 on to the YARFCH code frcm there.

Ther2 is nothing pacticularly sacred about the
nomenclature. -t is a way we at ZBattelle like tc think of a
-=== accident. We have a meltdown £for 2 thermal hydraulics
box, which is 3just basically the core reltdown precess == =--
associated with a meltdown thermal =-- it is ccre melt, so
overheat, and you have a fissicn product release factor
which can have 2 feedback -- -- on the meltdcwn process. It
can have, 32t to the t2rminal stages of a core meltdown, you
have a potentizl for steam explosions. And of cocurse if you
are2, particularly if you are in the desraded core cooling
situation yosu are interested in what is haprening in the
containment in te:m§ 0f pressure, temperature response, s°C
that you can predict whether the containment will or will
not fail or what are the relative probabilities.

Some of th2 f2aturss that have a ccntainment
response are things like hydrogen combustion; i.e., if the
pressure gets too high the ccntainrent will fail. I alluded

en

o
n
(84

to the steanm exrlosions earlier. hat hap Cc be a

O

mechanism thata then directly lzads to containment failure,
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though nowalays it is believed to bz a very low prchability.
In the fission rroduct relcase area of course
you are interecta2d in the fission product transgcert
procescas) namely, how are the fission products =-- =-=- from
the containment. hsow do they -- =-=- out, what haprens to thenm

nte.

»

during the zsourse 2f the accid

Of course the bottom line t> all this exercise
is the fission products relzased to tha environment. If the
fission preoducts aren't released to the envircament,
presumably the aczcident is relatively benign. It may be
econcmic chaos, from a rublic viewpoint, but there should Dbe
no 3reat problen.

Let 22 just make a comment. The MAECH code does
not treat sufficiently the product transpgort process. Gets
to that latar.

Now juct thinking about those meltdown
processes, let me 3o on to this slide, which is the
amplification of the previous one, and in this we have tried

t> illustrate how the MARCH ccde addresses some of the

m

aspects associated with core meltdown and which aspects it
doesn't address.

In the meltdown thermal hydraulics area I have
tried to indicate scme of the key thinss that are included
in the YARCE cod2 or the parts of the problem that YARCH

reached. W2 have 32 primary system trying to, tasically it

[
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is a2 sirple Ylowdown model for fission transients and small

brezks.
W@ have the core meltdown 2nalysis, which is a
takeoff of the =JIL cods that was developed for the reactor

safety study. That is a meltthrough model predicting how

Ty

tha core chaws through the bottom end of the vessel -~

Df. SHEWMCN: Yr. Cybulskis, pardon me for a
minute.

DR. CYBULSKTS: Yes.

DR SEEWMON: The last talk was only small break
LOCAs. This talk is only large breax LCCAs, is that right?

DR. CYBULSKISs No, MARCH treats all accidents,
so large br2aks --

DR, SHEWMON: Okay, well we have talked conre
melt., Could you tzll me a little bit about doil? Is this
something that has some supplements to it, or is there any
vater arcvni during the boil except from anything cocming in
or what?

DR2. CYBULSKIS: Let me back up fcr a2 moment.
The primary system transient, prime~? mcdel, basically keeps
track cf the water inventory in the primary system for
transients anj‘small LCCAs. For large LOCRAs it will

typically take the blowdown results of other codes and use

wn

them as a starting point.

For small LCCRs ani transients it will start out

i
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vith a full system and the prine-p -- -- and keeps track of
the water inventory. Leakace as well as makeup, if there is
any.

“shen we get to the preoint where the core becomes
uncovered, ve transfer to> the E20IL code, which basically
then looks at the -- the assumption is made that as long as
the core is covered it is well-cooled. Once you start
uncovering the core, then the boil -- =-- routines take cover
and parallel the uncovering of the core as well as the
heatup of the fua2l route.

Then if you reach melting pcint, 2a specified
melting poiat in the B0IL code, then you get into the core
meltdown problaem.

e SEEWNCN:z 2nd the melting pcint is 2200 F.

DR CYBULSKIS: The melting pcint is an input
option at the option of the user. In the typical

calculations ve use =-- or shall I say typical, or our

-

favorit2? number currently is 4,130 decgrees.

DR. SHEWMONs Ffine, thank vou.

DR CYSULSXIS: Som=thing less than the melting
point ¢cf the 0-2, If you arce using the code you can input
whatever you like, however.

There are threes meltdown models in the E2CIL

cci2, and that is 3 key asgpect here. hone of the meltdown

ALDERSON REPORTING COMPANY, INC, e
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models are mechanistic in the sense that we do not calculate
through the fiow 2f the molten fuel down the tuel rod or
stress calculations in the fuel rod, and what have you. We
do keep track of the metal-water reactions, ths oxidation of
the clad, the ener3y input, et cetera.

The slumping of the core is modeled in each of
the three models in what we believe is 2 bonding type of
approach. OJOne cof the meltdcwn models maximizes the downward

procression of the core melting, tut =still assumes that the

<3

molten core is retained in the core region up to some

trigger thresholl when the cors falls into the tottom HEAD.

s maximizes, if

(=]

The second of the meltdown mode
you will, the uppecr movement ¢f the core, ¢r if you want to
look at it another way, the slumping of ths upper portions
of the core into the molten region, it still retains the
tail or molten region of the ccre in its criginal area up to
some trigger level when the core falls coherently in the
hottom HEAD.

The third cf thz meltdowm models assumes that as
soon as a mode is molten it falls into the rcttom HEAD of
the reactor vessel.

When the core gets cdown into the bottem HEAD of
the reactor vessel, it boils out any residual water there,
attacks the HEAD, falls intc the reactor cavitve In th

reactor cavity w2 have th2 HOTCEOP option, which caused

ALDERSON REPORTING COMPANY, INC.
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considerabl? contraversy rscently. It basically acsumed

that the debric frayments and interacts witnh the water in

v
w
-
[
wd
o
n
lad
m
W
3
o
g |
W
m
0n
('™
"
T
.

the cavity and can generat

After that it will 30 on to the core concrete
interaction model, and we have adapted the fandia developed
INTEER cnde £5r our rturposes.

Throughout the processes we calculate fission
product loss and redistribution of the core nmelt, and wve
have the meltdown ~alculaticns continuously coupled to the
containment pressure and temperature.

The steam or jasses put out by the meltdown
enter into the containment calculations, taking into account
sprays, coolers, heat sinks, what have you. If we are
interested in a hydregen bdurning case, they can 4o that.
That is a user-selected option. Rgain the code keeps track
of the flammability of th2 mixture, and if yocu want the
hvdrogenrn tc burn it will burn. It will not burn unless it
is flammaltla thcugh.

Going on to the containment £fa2ilure mode, the
code does not calculate vhen the containment fails. It
reguires an external calculation tc specify failure
pressu. e. If in any given calculation you reach that

failure pressure, the code will opan the containment up with

a given hole size orifice coefficlenat and release the
contents to th=: atmoschere.
. ,
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is no explicz

for the

steam rroduction,

maintained as

effects

B cougple of
it moi=21ing in
ated with

asscoci

vapor production, what have you,

an snergy balance.

DR XERRs ¥r. Cybulskis?

DR. CYBULSKIS: Yes, sir.

DBE. XERR: You spcocke of handling the coambustion
hydrogen if you decide you are going to call on that,

DR. CYBULSKIS: Yec; sir.

DP. XKEREKs That it won't burn unless it is
flammable. That is right. Do you 2ls0 discuss hydrogen
gena2rations in this code?

DR CYBULSKIS: Yes, within certain limits. In
the core meltdown area we take into account the reaction of
the zirconium cladding with the water, and there is a fairly
elaborate procedure. You have your choice of reacticn rate
lavs., We calculate diffusion in . nhe gasecus ghase and in
the sclid state and pick the lowest of the twec. So ve do
keep track of the reaction 2f the zirconium with the
cladding.

the ECIL

reacticn on

ani

During the initial portions of the core through

the HEAD models we do not take into account any

steel with water that may be available.

to the zirceonium, you have
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the reaction rites, and if the temparature gets high enough
you can burn hydrecsen 2zt a sreat rate, which isplies the

water 2nd in fact about

@®
"
&)
oy
b
®
w
=
o
‘
-
*
0
"

presence of a ccngzsid

ten times as much as is burned, becazusz the efficiency of

burning the steam is itself not 10C percent. You would have
the cooling effect of that water in the coolant?

DR. CYBULSKISs Yes, we do have the cooling
effact of thes st2am. with regard to the reaction rate as
vell as the extent of reaction, one would typically see in
£acet that the =xtent of reaction cr the rate of reacticr is
controlled by the availability of steam. It is not the
reaction =~

DR. KE2R: Okay, it doesn't assume that the water
appears magically?

DR. CYPULSK.S: No, it is all continuously
coupled. The flcw cf steam through the core in fact is
tracked undestatably, and that mcre cften than not contrcels
the extent of reaction.

-

EE s well, I have seen some assumptions

N
=

b2 4

B

-~
- 4

vhere the cooling of the water was not allowved for or its
availability was magical. That woul. not have been a MARCH
code calculation then?

DB. CYBULSKIS: That would nct have teen. If it
was, it wasn't used correctly.

DE. SHEWMON: Carson, let me proceed that. The

ALDERSON REPORTING COMPANY, INC.
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! vater you are talking atout is stean from wnat is toiling
2 inside the pressurz vessel or are we talking atcut core
. 3 spray at this perisd =-- containment spray at this point?

Rl OB, YA

e 0
~

$ It ic water which would have to be
5 provided in order to ¢ive the substance of a hydrocen-metal
8 reaction.
7 DR. SHEWNCN: Okay, so that is inside the
8 pressure vessel?
9 DE. YABXs Inside the prescure vescsel, inside
10 the core channels. £2And you have all seen this calculation
11 0€¢ hydrogen genera.ion in which the water was just provided
12 out of thin air to burn as fast as it could burn.
13 DR. SHEWMCN: Ckay, but the hydrogen will buen
4 in the containment?
16 DR. MARKs No, that is not hydrogen burning. It
16 i5 hydrogen generation.
17 DR. SHEWMON: Ckay, but he was talking -- all 3
18 right, lot ne ask 3 differant gquestion then. It there any
19 option to discuss the hydrojen combustion in the containment
2 with the cor2 sprays on an? off -- sorry, the containment
21 sprays on and off?

Dke. CYBULSEXIS: VYes, certainly. Whether the
containment sprays are on and cff, that dces not really

affect that optrion, as a matter of fact, which is typically

8 8 B B

seen, JIf the containmen. sprays are on, the atmosphere will
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teni to be nore flammable than with then off, if mcre
flaasmable is the proper expression.

DRes SHEWMONs Sorry. You are saying it 1is
easier to burn hydrogen in the rresence of a steam droplet
or water droplets than it is without?

DR, CYRULSKISs °Steam can act as a suprressant.
Given enoush steanm in the containment atmosphere the steanm
actes as a suppressant to hyirogen durning. You move out of
the flammability limit. With the containment sprays on, if
they are in fact cooled, tney condense the steam and you are
basically dswn to an air-hydrozen mixture with a small
partial pressure of steanm.

DP: SHEW¥ON: Nc, you are d2wn to an
air-hydrogen mixture with a suspension of water droplets,

which will tend to quench zny flame.

DR. CY

w

ULSKISs 1In these particular
calculations, if there is 2 guenching effect due to the
water in terms of 2liminating flammability, that is not
taken into acccocunt. The heat transfer effect of the wvater
droplets, once the turning takes place, is taken into
account.

DR. SHEWMON: I am not sure what yot just said.l

DR. CYBULSXISs What I sajid is that given any =--

PRe SHEWYON: If£ I have a suspension of water

droplets ani the burning f£ront comes through that will tend

-
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td evaporate the 4ronlets and slow dcwn th

understand it, or o5l the burn.

L]

DR, CYRULEKIS: Well, it will cool the burn.
don't knov whethar ic will slow it dcwn., As a matter of
fact, recently T heard a discussiou of water droplets
spesded up the prosagation of a burn front. Fut the cooling
effect is there.

DE. SHEWFMON: Iz in the ccde?

DR. CYSULSKISs Yecs.

Let me again allude 2o the fissicn preoduct

transgort which we handle with the COPRFAL code. MARCH does

r

not calculate the fission produ groblem. MARCH

0

t transgor
provides the essential input that is needed for that
protlem, including determining whether there are released
emissions in the containment, z2.3 defines the time dependent
leakage rate out of the containment, which are all needed to
define that protlem.

Let me Just go on 32 moment, indicate how we use
MARCH and its companion code or what has pecome the
companion code, CORFAl. We can start out with input
accident deformation, physical description, what have you.
We 30 throuzh YARCH with all its various subroutiness, and
MARCH will calculaie the therrmohydraulics cenditions,

accident event times and give you the basis for calculating

1Y
n

the containment failure mode.,
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branches, if you will. We

5
. 4
Ww
n
W
ct
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We taks
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feed them through a data rzrocessiny ccde ani fee
the CORKAL codas ani then COREAL takes the HAPCE up and
calculates the reslezse t9o the snvircnment.

There is one other step that I could have shown
that I didn't. Of course you can take the relsase to tlr.
environrment as well as some of the KAFCE inputs and feed
them into a consaguenca2 c2ie such as COFEXEAL II, translate
the results intc property damage or fatalities cor whatever
measure cf =2ffacts you want.

fefore I get intoc scme specific examples of
MARCH calculaticns, let me just use an idealized picture of
what we are talxing about. A convenient way to represent
results for meltiown calculations, a3 convenient framework,
is a2 pressure and temperature history in the containment
whizh is usually closely coupled to the events that haprene.

In this particular idealizesd diagram you are
boiling off the steam generators in this timeframe, uncovery

of the core takes glace here ~-- I am sorry, thz lifting of

)
-

the pressurizer, reslease a takes place here, ard you start
dumping steam intc the containment. The pressure so0es up,
the core is uncovered at this pecint. As you start uncovering

the core th2 rate 2f steam input to th2 containment goes

=9
o
1]

tec t bottom

O

dovn. The core is fully unccvered, slumps i

i

HEAD of the r2actor vessel at this point. Th

a
"
L
=
]

an

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345



10
n
12
13
14
15
16
17
18

19

21

24

51

accest in the pressure whil=s the core melts through the
botis= FEARD., At this point here the core is =mclten through
the bottom HFAD t> releazse primary syscam stear tO the
containsent. You interact with acute core debris in the
reactor. They accumulate the water. You get a high
pressur®s spike. In this particular case, the ccntainment
fails to depressurize.

Sormewhat ¢f an idealized diagram as a lead-in to
somz of the spacific calculaticnse.

-

The calculations I am abtout to show are related
to 2ur recent =xorcises for the Indian Point/Zion study, and
many of the people in the audience have seen these things
quite a few times. This is a TMLE sequence bacsed on Indian
Point-3 reactor, loss of power conversion system, lcss of
all heat removal, lecss of electric rower. Leads to == I
won't read >ff the numbers in terms of the timing of the
event. 2gain, start dumping steam to the containment. The
pressures 322S up. Cors uncovers. X low arrest in pressure
At this point here all the rad things happen. The head of
the reactor veesel fails, and there ars twdo Xey things that

happen.

Cne, as the h2ad £fails, and in this calculation

e

it is assumed to £fail in a catastrophis way, meaning the
very large opening in the bottom HEAD. Felease the primary

system steanr -~ lat m2 back up for a3 moment. Throughout

ALDERSON REPORTING COMPANY, INC.
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this seguenc?2 the primary system is at the release
offsetting and the hoiling off the «atsr inventory, high
pressure.

At this point you release the steam in the

pcirary system. Y2u get an increment of pressure ug o

about here. Acs the pressur> in the grimary system drops the

-3

accumulators discharge. he accumulators have nct heen able
to discharge up to this point because the primary systen
pressure wvas hich.

1€ you make the assumptiou that the accumulator
discharge leads to some kind of a fragrentation interaction
with the core 4debris, you can gredict rapii steanr
genaration, which takes the pressure way up ==

PR, SHEWMON: How rapid is rapid?

DR. CY2ULSKISs In this particular calculation I
forget the exact number, but the evaporation of the water
takes place over a number cf seconds, like S to 10 seconds,
I assune.

CR.

(8]

HEWMXCNs Zc you are =aying in secoads the
core, the eantire cocre n> doubt, 7ets the water, -.nmmnediately
breaks up into =mall particles, and ycu then weorry about
trar sferriny the heat fror *he small particles?

DE. CYRULSKIS: Have you ever done anything to

tcy to make this more reali=stic? If people really got toO

4"

where they thought they were going to put vented ccntainment

ALDERSON REPORTING COMPANY, INC. 3
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on things and teliczsve this code?

DRes CYRULSKIS: As I made th

- 4
@®
0O
O
-3
3
m
2
o
ad
O
w

a3
i
»
n

question earlier, T would not treat MAF a design code.
I wouldn't 4esign a2 mitigating system strictly on the lasis
of MARCE results. There are to20 many approximations in
there. I think it can be indicative cf the types of
protlems y2J4 ¢an ctun into.

Obviously, as you =-- within the context of MARCH
you do make the assumptio that the entire cocre fragments.
In this particular case the fracments are very small, though
the size of the fragments is nct quite as important as you
might thinke.

DE. KEEEs I have indeed heard you say you
vouldn't usz MAFRCH as a design cod2. Have you worked cut a
system to prevent other pecple using it that wvay?

(Laughter.)

DR CYBULSKISs That is not within our control
obviously« The only tning they can 4¢ is stash ite.

Let me just cross 2ut the alternate cace, if I
can overlay this. Of course, if you don't get this
fragmentation event, the situation is nruch more ltenign, and

the precssur2 only joes uvp to &ebout here, and then again it

o

cliabs back up to 2ssentially the same level over a longer
perio. of time, and the cdifference, which in this is the

interaction of watar with the core detris.

ALDERSON REPORTING COMPANY, INC.
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DRe STRATTCONG Is this interaction an input that
you can control if you have a srecification =-- =--

DE. CYBULSKIS: VYes, you can either interact or

3

not interact, and if you suppress the interacticn, then the

-

ebris will fall to the bottonm

0
(8]
2]
]
)

code assumes that the

ab

[

*

cavity essentially in the = monolithic form, and the

-
m

heat transfers to any overlaying water as controlled by
rad*aticn and film boiling, and that is why you still get
the relatively cslov ¢ re rise.

DRe STRATTONs: S0 the code can be used to at
leacst identify certain problems at certain points in the
sequence, and then if there is something alarming or
suspicicus, then you can examine the specific substance in

MARCH --

-
rd
w

K

- -~ -
DR. CYBU

4

Ss In greater detail. Precisely,

or specific points couli be exanmined in greater detail in

3

separate calculations. I think that is an excellent way of

putting it.

I always seem to start out with bad
calculationses In the last calculation the pressure spike
vas due to, I think, rapid steam producticn. And the
atmosphere was not flammable due to the higch partial
pressure of steam., In this particular calculation the high

pressure was due to2 a combination 9of hydrcs2n burning and

- g

rapid produztion of steam 2and again this hapgens to be a

L4
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large LCCA,
Again, in the limiting case, you can get to very
T#

high pressures. If you eliminate the hydrogen turncff fronm

out the pressure sgike

ot
W
o~
®

thiz particular sezuence, ycu
(inaudible)

DR. SHEWZCNs¢ All right, cculd you tell me what
coclant is yoing on in the system during the scenario? Are
the containment sprays operating?

DR. CYBULSKIS: In the 1l st seguence, as well as
this sequence, there is n2 containment sprays orerating.

akle.

4

Loss of electrical power, sc they are not avail
From my point ¢of view these are limiting

arge LCCAR with complete loss

[

segquences. sSeguence ABE iz a
of electric power by definition.
DE. SHEWMON: So you are telling us that -- okavye.

DR. CIESULSXISs These =--

DRe SHBEWMCON: == =-- system with water and hot
metal we have got protlems?
DR« CYBULSKIS: fasically, that is a very

simaplified way of putting it, and what MYARCE does is ¢go

throuch the arithmetic ané show how bad the problem is. But

certainly that, you don't really need a3 fancy calculation if

that is the right word, to tell you that you have a problem.

2

B, 1
- -

Ley

E n I infer from the comparison ¢f the

.
O
I

two figures transference (inauiible) that somehow for the

ALDERSON REPORTING COMPANY, INC.
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pictgose 2f limitiny all the pressurization in the
containrent you had rather not use accumulated water?

ULSKISs I 24id nct make that statement,

L)
)

DR. CY
and I perscnally would not make that assumption. The
calculation tries to £follow the behavior of the system as
realistically as it can, given the initial <definition of the
seguence.

In the previous case the s2a2guence was a
transient in which the, without any heat removal, and in
fact, given that type 0of sequence you would boil cff the

primary system inventory threoush the r2lief valves. And the

4 3
S0 G

N

(W)

accumulators would not te acl charge. And if ycu
vill follow that seguence lcgically to its conclusion, what
haprens is that whan the primary system fails the pressure
drops, the accumulators would 3ischarges. And if you
discharge the core out of the primary system at high
pcessure anl follow it Lty z2ccumulator water at high
pressure, 2ne has to recognize 2t least scme possibility of
interacticn between the two.

If you take what might be considered a limiting

case interaction, you get very high pressure.

DR. SIEGLE: Couli I ask a guestion on a couple
of your charts?

DR« CYEULSKIS: Certainly.

OR. SIFGLFE: OCOn your cacze one, withcut hotdrop.,

ALDERSON REPORTING COMPANY, INC.
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between startirng up and core slump you have absut 32

-
-

hen on the next one, the gamra base case betwveen

0]

minutes.
core melt, betwean starting up and core slump you have about
15 minutes. What specifically needs that factor of two
difference?

-~
DR. CY

\n

ULSKISs In the first case, in 2-prime

wi

seguence, the core is entirely covered with water,

coampletely zover2i, and you have to boil off all the water

AR-gamma sezuence it is a large LCCA sesguence where you have

it

blowdown, excuse me, blown Zown the primary system inventory
to the containment. You have alsc lost some of the
accumulator wvwater to the containment s2 th2 core is only
partially covered a2t the start of the boil calculation.

So the major difference then is the amount of

wvater that you have to evaporate before you melt the core.

ALDERSON REPORTING COMPANY, INC.
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Connelly
Tape 3 1 DR. CYBULSKIS: Let me go on gquickly to again run

® ,

3 | about as S2D sequence in the nomenclature of *%“= safety study.
Y : 4

through some calculations. In this particular case I'm talking

‘ 4 | S2D is an initiating event which is a small break. B is failure
5 | of the emergency core pooling system in the injection mode. The
6 | containment safeguards are operating in this particular case.

7 | And the specific calculation that was done and the containments
8 | considered were the containment coolers. The sprays were not’

9 | included, and the reason why the sprays were not included was

10 | because in the initial phases of the accident, the containment
11 | pressure was extremely low, and the containment sprays were not
12 | be required. The coolers are more than adequate to take care of
13 { it until things get bad.

14 I don't have the numbers printed on here, but I believe

15 | the core starts to uncover somewhere in this phase. 1It's probably

, REPORTERS BUILDING, V ASHINGTON, D.C. 20024 (202) 5542345

3 16 | done (inaudible) at the bottom head at this point. Again, the

E 17 | head fails, and you get a high pressure peak. In this particular

a 18 | case again the high pressure peak is a combination of hydrogen

g 19 .bqrning as well as the discharge of the accumulator water.
20 k DR. OKRENT: Excuse me. Do you have an indication some-
2] | where of when the hydrogen gets into the containment for this
22 !event?
23 DR. CYBULKSKIS: We do have an indication. I do not

. 24 f have that in the transparencies. In the transients and the small

25

breaks typically some of the hydrogen is released to the

ALDERSON REPORTING COMPANY, INC.
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containment during the course of the meltdown. The majority of
the hydrogen tends to be held up in the primary system until the
failure of the vessel head when you discharge essentially out of
the primary system inventory into the containment. That is a
typical! scenario for the small breaks and transients.

In a large break the hydrogen tends to be released to
the containment a little sooner.

Again, if I overload these things -- the first one is
the worst combination. You have both the burning as well as the
steam reduction. In the second case if you eliminate the burning
first, the pressure is somewhere close to the design pressure.

If you just go cn and just look, this is the converse
of that or another variation of it. Eliminate the steam production
and look at the burning only. Again the pressure is up in the 80
psi level. 1Instead of 60 it's up to 80, but it's not anywhere
near as high as the combination of the two effects.

Let me go on to the next case which is kind of inter-
esting. Let's look at it singly. If you assume a small particle
size for fragmentation, hydrogen burning nd the pressure due to
steam production tend to reinforce each other. If you assume a

very large size for fragmentation, and if you have a large size

| for fragmentation and if you have containment safeguards operating,

as in this particular case, what you see is a separation between
the two effects.

This is a first peak due to the hydrogen burning which

ALDERSON REPORTING COMPANY, INC.
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{in itself isn't a factor, but due toc the large particle size for

fragmentation assumed in this calculation, it takes some time to
develop to steam generation; so that by the time the peak due to
the steam generation comes along, the hydrogen peak has already

passed.

So it does make a difference on the types of assumptions

that you make. And let me just go on to the iast slide.

DR. OKRENT: Could I ask one more guestion on the
hydrogen --

DR. CYBULSKIS: Yes.

DR. OKRENT: =-- Release to the containment for the
small break or the transient. Do you reach flammability limits
in the containment prior to the point where you calculate that
the molten core goes through the bottom head?

DR. CYBULSKIS: That's an excellent guestion. In the

transients, the particular transient that I presented, specifically

you in fact don't have enough hydrogen in the containment prior
to the failure of the bottom head of the reactor vessel. When
you release the steam as well as the hydrogen, then again it
wasn't flammable because of the high partial pressure of steam.
In the small break locus you may or may aot reach a

flammable mixture before you go through the bottom head. It will

' depend on sequence and the specific things that are going on.

We typically in the types of calculations that we do don't know

when the hydrogen will burn. We have typically assumed that the

ALDERSON REPORTING COMPANY, INC.
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failure of the bottom head and the falling of the hot debris on

the concrete in the cavity is the most convenient or perhaps the

1
'

most likely ignition point for the hydrogen. It tends to emphasize|

the burning or make the burning worse because at .hat time yon have,

a lot of hydrogen in the containment.
If you make the assumption that the hydrogen burns as

soon as it reaches a flammable composition, you have a tendencey

| to stretch out the burning and have much lower peak pressures as

a result.

Does that address the guestion adequately?

DR. OKRENT: For now, yes. I'd be interested at some
future time in seeing what the calculated curves of the hydrogen
release are, but no rush, not today.

DR. CYBULSKIS: The last curve, just for illustration,
it's all part of this S2D sequence. I pointed out that in this
particular area here the coolers are operating, and the pressures
are very low. For the purposes of the calculation we turn now
to coolers at this point here to see what effect the coolers have
on the peak pressure that one ¢¢ culates.

And in terms of these real bad situations, we see that
the coolers have essentially no or very little effect on the

pressure spikes that you would reach in an event like this. Of

' course, they have (inaudible) factor in the tail.

DR. MARK: Could I ask in this case or one of these

. cases where you do have hydrogen burn after the failure of that

ALDERSON REPORTING COMPANY, INC.
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baseplate, is the hydrogen generation then calculated by boil?

' DR. CYBULSKIS: Yes.

DR. MARK: So that as the melting proceeding, there was
hhydroqen being formed.

DR. CYBULSKIS: Yes.

DR. MARK: And there was water being supplied in a
i sufficient rate for that much hydrogen to be formed. Does this
{ have anything to do with a likely supply of water? I mean, if

{ you boiled the core off, then you don't get any hydrogen unless

you have some water coming in.

DR. CYBULSKIS: Well, the two effects are simultaneous
to a great extent. As the water level in the core drops, it
| generates steam. The reason why it's dropping is because you're
| generating steam and not making it up.
The steam rises up through the core as portions of the
écore get hot. The steam reacts with the zirconium and goes off
#s hydrogen. So they're simultaneous effects, if you will.

Now, a peint I might mention that is perhaps germane

to this question or comment you raised, if you use our meltdown

|
| model C, which is the model where we assume that the molten nodes
]

II
l[drop immediately to the bottom head of the reactor vessel as soon

!
| as they melt, no holdup on the rods, no holdup on structures or

} anything. What we would calculate is that as the nodes drop into
| the head, they generate more steam. The steam rushes up past

. the core, and you evaporate all the water in the bottom head

1 ALDERSON REPORTING COMPANY, INC.
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before you get significant hea‘up of the core, before you get

| extensive amounts of metal-water reaction. In those cases you

would in fact run out of available water, and you would predic£
less metal-water reactions.

That was the last of my prepared remarks. I would be
happy to entertain any gquestions.

DR. KERR: Other guestions?

Mr. Shewmon.

DR. SHEWMON: Tell me, this very sharp pressure spike
that I see in the last three slides is due to steam generation?

DR. CYBULSKIS: In the S2D sequences?

DR. SHEWMON: Yes.

DR. CYBULSKIS: It's steam generation and hydrogen
burning for the very high pressures, and then there are variations
where I eliminated one or the other.

DR. SHEWMON: The original sharp drop then is due to
what?

DR. CYBULSKIS: In the base case calculation, the sharp
drop is due to the fact that you do have the coolers on in this
sequence.

DR. SHEWMON: And what is the width of this spike, the
first vertical line segment there?

DR. CYBULSKIS: I don't recall the exact numbers. It's

of the order of seconds of fractions of minutes. For the purposes

' of containment loading it's a quasi-static pressure load.

ALDERSON REPORTING COMPANY, INC.
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DR. SHEWMON: I guess I'm trying to decide what it is

that drops the pressure within seconds over a matter of 25 percent.

DR. CYBULSKIS: In *he case -- well, again, in this

| particular case you nave the coolers on and the capability of the

coolers is more than adequate to guench this thing if it's stretched

out in time. The problem comes in =--

DR. HHEWMON: So there are fans which bring the air past
coolers, and you're saying it will cool this, they are so vehement
in their cooling that this will bring temperature down that far
in seconds?

DR. CYBULSKIS: 1In seconds. 1It's probably not seconds;
it's minutes. Of course, the temperature is very high in hydrogen
burning cases, s> you have an extremely large delta T to work with
in the cooler.

DR. SHEWMON: Dces your containment fail in the code
under these calculations?

DR. CYBULSKIS: 1In these particular calculations there
is no =-- the containment did not fail whether we were doing this
following the pressure response, assuming that the containment
is intact.

DR. SHEWMON: So if indeed then the yeneration of
this steam or the dropping of the core into the water below took
to the order of minutes or whatever the relevant period is here,
then the spike would be dropped back down by this 30 percent that

I am looking at, is that right?

ALDERSON REPORTING COMPANY, INC.
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DR. SHEWMON: Okay. Could you tell me what determines
the fact that in a hundred minutes -- is this a hundred minutes
from the rods in?

? DR. CYBULSKIS: All these accidents start =-- time zero

DR. CYBULSKIS: 1Is a SCRAM plus a break in the system.

? DR. SHEWMON: Okay. And at that time then we lose any
ability to put any water into the core, is that right?

DR. CYBULSKIS: By definition of the sequence you have
lost the ability to put water in the core.
f DR. SHEWMON: Okay.
DR. KERR: Other gquestions?

Mr. Lee.

R —

MR. LEE: I have some comparisons of MARCH calculations
|with TMI-2 data, and I thought they were gquite good considering,
as you indicated, there are approximations inherent in the MARCH
model; but I thought that calculation perhapt¢ had to use some
adjustment or the selection of certain parameters.

l
|
|
i DR. CYBMLSKIS: Yes. If you are referring to the

ﬁreport that we put out for the Rogovin inquiry, there was a

| substantial amount of adjustment, if you will, of parameters to
|

ﬂget the agreement. We knew certain things that were -- to use
I

'Mr. Thomas' words, there were certain observables that we could

i
‘ ALDERSON REPORTING COMPANY, INC.
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| would be the time of the initiating event in all these calculations.

| DR. SHEWMON: And the initiating event is the SCRAM plus -
i :

|

|
|
|
!



sC

300 7TH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345

10

11

12

13

14

15

16

17

18

19

21

23

25

o

ReR—

ceer B9

benefit from in that particular case. There is no way that we

could have predicted a priori or without any adjustable parameters

what happened.

DR. LEE: Have any attempts been made to compare these

;components of the MARCH code or MARCH model against some experi-

mental data?

DR. CYBULSKIS: Of course, that's one of the key aspects
that is missing in the core meltdown area. Of course, there is
no experimental data. 1In the development of the MARCH code we
have compared components, say the large loca-type blowdown calcu-
lations, the peak pressures that we calculate in the containment,
with other codes like CONTEMPT. We have calculated our heat sink
subrcutines against exact solutions where they are known.

We are in the process now of comparing parts of the
MARCH code with corresponding codes that are being developed in
Germany. They have a similar approach to what they're using, and
that comparison is in progess and hopefully will continue.

DR. KERR: Mr. Stratton.

DR. STRATTON: Mr. Lee covered certainly part of my
guestion. I note that the MARCH code is a collection of -- in
part a collection of subroutines, some of which look to be
pretty significant. If we should wish to examine one of these
or several of these for our own satisfaction or because Mr. Kerr
might ask us to judge them, could you furnish Mr. Quittschreiber

with a letter that would just list the references for each of

ALDERSON REPORTING COMPANY, INC.
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these is described and whare each has been tested against some
physical experiment?
DR. CYBULSKIS: The MARCH code is in the process of

being documented presently. Our commitments to the Nuclear Regu-

'latory Commission call for the MARCH locumentation to be completed

prior to the end of the fiscal year. That document would, of
course, be the prime starting point for anyone who would wish to
examine the code.

DR. STRATTON: Very good. Thank you.

DR. KERR: Mr. Thomas.

DR. THOMAS: I have a couple of guestions.

The BOIL code originally was a quasi-static calculation;
that is, temperatures in the steam region, temperatures in the

cladding are dependent strictly on level, not how you reach that

| level. Has that been improved in the MARCH code?

DR. CYBULSKIS: 1I'm not sure to which version of the
BOIL code you are referring. The temperatures in the steam are
calculated as a function of flow rate through the rod which in
itself is calculated, and as a function of what's happening.
The steam can cool the rods or vice-versa. The rods can cool
the steam depending on the relative =--

DR. THOMAS: That is not my pcint. The MARCH or the
BOIL code when I have worked with it is a guasi-static solution;

that is, the temperatures above the water level are dependent

|

only upon the water level, and the resulting steam produced at that

ALDERSON REPORTING COMPANY, INC.
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: water level. They are not dependent on how you reach that level. %
2 They are not dependent on prior history. f
|
3 DR. KERR: Mr. Thomas, if you want to go into details, §
i
s {we are behind schedule, and I would appreciate it if you could
. | maybe get together with Mr. Cybulskis.
w |
|
§ 6 f DR. THOMAS: Okay. I would like to guestion your state- |
-4 i
g 7 ment Or realism. You said you use realistic methods of trying to |
§ 8 | calculate the events like in TMLB'. :
A |
g o i DR. CYBULSKIS: As realistic as we can. There are
Z . L ey b : |
2 10 ;obvxously limitations. As realistic and as self-consistent as i
= we can. |
n ]‘ |
: |
d 12 DR. THOMAS: Okay. |
- { |
‘ 3 13 | DR. CYBULSKIS: Given the definition of a C-flex(?) == |
R |
l . »
2 ( this is somewhat -- |
= ” s ;
E 15 | DR. KERR: We all recognize the limitations on "realistic),
& - |
= 3 {
. I think. '
3 16 |
A 7 | Are there other questions?
E 18 Mr. Shewmon.

E 19 DR. SHEWMON: As the keeper of this code you're probably
¥ |
20 | More familiar than many of us with what sorts of things lead to

|
21 the problems of concern to us here in class 9 accidents. If you
97 | Were looking for ways to mitigate the occurrence of a containment
23 | rupture, what avenues do you think would be most fruitful to
24 | Pursue? f
f‘ |
25 t DR. CYBULSKIS: 1I'm not sure I fully understood your

E ALDERSON REPORTING COMPANY. INC. |
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{ public from this kind of an accident.

«cav v 72

DR. SHEWMON: The problem of concern that this code

addresses itself to is when there is substantial fission product

|

| release. Our problem is to try to generate regulations or research

to support those regulations which wou'd reduce the risk to the !

My question is if you were involved in trying to formulatL
|
that or look for ways to reduce that risk, what do you think are |

the most crucial avenues? [

DR. CYBULSKIS: I keep hearing the words "reduce the

risk," particularly in the case of say the Indian Point/Zion

study in which I've been involved. I have not heard any words as
to how much one desires that risk to be reducad, and I think that'ﬁ

kind of an integral question.

DR. SHEWMON: Let me start with an order of magnitude.

I'm certainly not interested in anything less than that.

DR. CYBULSKIS: T think the types of things you would

do in a design basis would depend on the particular design you are
considering. Socme designs may be more amenable than others in

terms of reduction of risk.

But obviously, the primary thing that controls risk to
the public is early containment failure, early in relation to
the coremelt process. And if you re trying in fact to reduce the
risk to the public, you would want to do something that in any

given accident -~ I'm sorry =-- in any given design would reduce

ALDERSON REPORTING COMPANY, INC.
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the probhability of that early containment failure given the
coremelt accident. In some cases that may be vented containment.
I'm not sure though. There may be limitations to what you can do
with vented containment. I don't think it's a fruitful idea.

In other designs there may be very little that you can

{is going involved.

DR. SHEWMON: Thank you.

DR. KERR: We now come to -- thank you very much, Mr.

Cybulskis -- Mr. Paddleford from Westinghouse.

DR. PADDLEFORD: Thank you. I'm Don Paddleford from
the Westinghouse Nuclear Safety Department. This morning I want
to take about 15 minutes to describe some calculations that we
{did at the request of Dr. Stratton last August and September when
| he was directing Kemeny Commission technical staff.

f Next slide.

* Basically re sent us a letter asking us to address --
{1f we could assist in addressing some guestions on inadegquate
core cooling crea, and this slide shows the four particular areas
that he asked us to address.

| The first was to look at the core, coolability of the

lcore in the vesseli with no emergency cooling other than the

i
| throttled makeup flow that was being provided at the time, and
i

Jasked us to take a look at what would happen in the transient if
i

fthe block valve for the relief valve line did not be closed when
1

ALDERSON REPORTING COMPANY, INC.
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| it was.

Secondly, he asked us to look at the coolability of

| the core in vessel as either a particle bed or as a molten pocol,
{ assuming that the vessel was flooded externally all the way up
| to the nozzles with water, and i1n che latter case suggested that
iwe go about it first looking at it as if the vessel was a bare

|
i
|
|
hemisphere cylinder, and then go back and take a look at what }

conclusions we would draw with the actnal insulation and structurall

considerations.

Finally, he asked us to take a look at the cooling on x

a flooded reactor cavity floor as a debris bed. '
{

| And he gaves us about four weeks to work on these, so
|
we did these in parallel, and I guess there were areas where we i
|

would have like to have put in more work.

First, for the case of coolability as a core, we didn't
do a full system model. We made use of an NSAC report that had
come out about a month or two previous to his request to us which |
i showed -- provided a lot of information on the water level history'

was expected to be.

Basically we assumed the core was covered until approxi- |

imately 100 minutes. The block valve was open and never closed.

h

| The RCS pumps were with no safety injection. tie makeup flow we

|
| used we obLained from the NSAC report in discussions with Dr.
|

i Stratton. It was like 41 GPM of cold water which is like 10

1
|

| percent or even less of what normal ECCS flow is, which is up in

', ALDERSON REPORTING COMPANY, INC.
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TR 75
the 500 GPM area.
For the 41 GPM, this was cold water; we treated it as
60 GPM saturated water up to the core inlet, based on the capa-
bility of it quenching some steam that would either go through the
loops or through the barrel check valves.

Okay. Oh, originally we thought that the water in this

| skate and bleed (?) process might be able to cool the core several

times between being injected and escaping through the relief
valves, but we couldn't justify this. We didn't have enough
information on the secondary systems, and there were gquestions
about the possibility of the loop being blocked by hydrogen and
things, so we didn't really lock at that.

Finally, we did a little lookiny at the pressures and
what we would think might happen over the next half an hour or
s$O, and we didn't think we could justify accumulator discharge,
s0 we dida't account for that.

Next slide shows some additional assumptions. In the
water double transient we used the Gay-Boyd fraction for coming
up with mixture level, and we accounted for, at least during the
depressurization and the core uncovering phase, we accounted for
some steam flow from heat losses and boiling of the lower plenum.

This slide shows the mixture level that we obtained

lfrom the NSAC report. The actual transient is somewhere right

along in here. The block valve was closed out here. The reactor

ﬁcoclant pump was started, and out here safety injection was turned

=

ALDERSON REPORTING COMPANY, INC.
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back on. In our transient we just allowed the water level to
continue boiling off and asytotically(?) approach the level where
the core was covered like two to three feet. And the decay heat
in the submerged part of the core was just matching the boiloff
energy of this makeup flow, and the steam generation rate which
was cooling the upper parts of the core decreased and dropped
cown to about less than 30,000 pounds per hour.

The core model created a best estimate zirc-water
reaction model. We used the Cathcart model from Oak Ridge, and
made one modification based cn the observations of the PBS test
that it looked like a subscantial portion of cladding beyond
CHF test was being oxidized by the uranium on the inside rather
than the water on the outside. The rates appeared comparable.

We assumed that 40 percent of the clad would be oxidized

free compared to the zirc-water reactor.

We used melting points of 4900 degrees for both the
UO, and zirc oxide. The model included radiation and convection
of steam. We used a best estimate TMI decay heat curve that
Los Alamos had provided the Kemeny Commission staff We included
a model for volatile escar2 as the fuel heated up based on one

of the appenuices of WASH-1400. It was like a linear model between

12500 degrees Farenheit and the melting point of uranium dioxide.

We used a single channel axial model, and the fuel rod

'we analyzed was the average rod in the hot assembly. The hot

ALDERSON REPORTING COMPANY, INC.
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‘e 77 |
assembly had a peaking factor of about 1.49. :
|

|

The results showed that the (inaudible) of the clad wouldé
completely react and that we had an area near the top of the core
about eight-tenths of a foot in length where the temperatures --
actually the clad temperatures went above 4900 degrees, so the
zirc oxide would have melted. The fuel temperature lagged the
clad temperature L’ approximately 200 degrees because of a gap.
At lower levels the oxidation was occurring much slower, and we

felt that the blockage of the assemblies due to that .8 feet of

clad length, that we did conclude would melt, would not have anv

significant blockage effects. It was distributed over some lower,
cooler elevations.
This slide gives an indication of kind of the time

period where the zirc oxidation was taking place. It didn't

after approximately 20 or 25 minutes the reaction wasn't proqressing
hardly at all. i

DR. SHEWMON: Could you reorient me on the amount of
core uncovery on that draft?

DR. PADDLEFORD: This is the mixture level showing =--

DR. SHEWMON: Where's the top of the core?

DR. PADDLEFORD: Twelve foot.

DR. SHEWMON: Okay. And the fueled section is how
long?

DR. PADDLEFORD: About twelve foot.

ALDERSON REPORTING COMPANY, INC. |
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DR. SHEWMON: Okay. So you're saying that the zirc
oxide doesn't start to form until you get down to that three foo.
level, and then it forms very fast.

DR. PADDLEFORD: Right.

DR. SHEWMON: Thank you.

DR. PADDLEFORD: Okay.

DR. LEE: Wa che effect of radiated heat transfer to
steam important in this analysis?

DR. PADDLEFORD: We included it. I'm not sure it was
very important.

DR. LEE: Thank you.

DR. PADDLEFORD: The convection at these high tempera-
tures should have been very adequate. The coolant temperatures
or the steam temperatures at the top of the core were very close
to the clad temperatures.

Okay. The second area we looked at was the water-cooled
particle bed in the bottom of the reactor vessel. Now, based on
what we vent just through, if we had the 41 GPM or scme kind of

an ECCS flow even throttled, wouldn't have expected the core to

have gotten to that point. And if there was no flow, ycu couldn't |

could a particle bed because it would be dry.

So we just took a look at two cases. One was arbitrarilwy

assumed that we did have a particle bed at a time like five hours

in the lower vessel and that the 41 GPM makeup water was available

' We plugged into the Harding-Neilson particle bed correlation

ALDERSON REPORTING CCMPANY, INC.
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{ to look at dryout, and we concluded based on our non-volatile

{ decay heat and particle diameters of one millimeter and above,

even if we had a bed void fraction of as low as .3, we wouldn't
have dryout. But that assumes you have to have sufficient water
to remove all the heat by saturated boiling as a minimum. And
with 41 GPM, you only have enough flow to cool 40 percent of the
core. So our conclusion was that you couldn't cool the bed at

this time with the amount of water that was given to us as a

boundary condition until the bed had cooled and decayed for some-

thing like 38 hours.
The third area we looked at was a molten pool in the

vessel, and again we used the five-hour decay heat for the non-

|
|
|

|

volatiles. and that was like 65 percent of the total of five hours;L

We assumed the external vessel surface was flooded up to the nozzl

and started off ignoring any structural imnpediments.
In this case what we were after was trying to come up
with the heat f£lux from this melt to the vessel, through the

vessel, so that 'e could check and see whether we exceeded CHF

on the outside of the vessel, alsoc to check if part of the vessel

wall would melt, what would be the remaining thickness and was
there significant strength.

We postulated several melt configurations, the main

' significance of these being that if you pick a layered melt and

. assume that your fission products are really tied up in the UO,

flayer, you increase your heat flux to the vessel, and this was

ALDERSON REPORTING COMPANY, INC.

|
i



sc 20

i }
l !the limiting configuration of those that we looked at. ;
. 2 ? This shows the fact that then as you get into, you'd ;
3 ihave to just reach in with the volumetric heat source and freeze
‘ 4l the crust. It's fairly thin, and the heat transfer model that
5 kwe used was based on some calculations by Mayinger from Germany :
§ 6 ?who indicated that if you have roughly equal wall temperatures,
g 7 Lhemispherical geometry, that you have the average heat flux into %
g 8 | the hemisphere is like one and a half times the heat flux to the ]
: ;
g g | upPer surface. We used that. i
é 10 | Secondly, we included in the vessel wall the contributio#
% n { from the frozen layer. And thirdly, Mayinger and some others' ;
; 12 calculations and tests indicated that at the top corners of the |
‘ g 13 melt you may have twice the =-- because of the convection patterns ;
g 14 ;you may have double the average heat flux into the hemisphere, E
E 15 ?so we counted that. g
i 16 What we came out with were heat fluxes like 135,000 i
; 17 gaverage over the hemisphere, and maybe 280 or 290,000 up at those ;
g 18 itop corners. Based on that, with the average heat flux there |
E 19 would be essentially no vessel surface melting. We'd be left
§ 20 éwith like 4.8 inches. And this is wrong. This is really the |
21 ilayer case, the homegenized case. The remaining thicknesses were
Py 2 'f 6.8 and 3.4 inches. |
23,1 The minimum thickness was 2.4 inches. And our conclusioﬂs
z‘gbased on some simple hoop stress analysis, looking at the temperatdr
i
25 égradient through the wall, was that not only could we carry the i

— =
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weight of the melt, but the 700 psi that was in the vessel at
the time when the analysis that we were looking at started.

DR. PLESSET: Did Mayinger consider any motion in these

i layers? Did he assume they were static?

DR. PADDLEFORD: No. They were convection patterns

established.

DR. PLESSET: Oh, he did take that into account, and

did he think that there was overall stability in the pattern?

DR. PADDLEFORD: I believe so. Yes, they were calculated

as stable patterns.

|
P
I
|

|
|

All right. Then back to part B of this was what happens

if you don't have a bare vessel? Well, the first thing we did was

| contact Metropolitan Edison and Babcock and Wilcox and got some

information from them about what the arrangements for the insula-
tion and vessel support were.

The vessel is supported by a cylindrical ring that has
in it 12 like 9-inch holes. 1Insulation sits off the bottom of
the vessel about two or three inches, and even though there are
some clearances around the penetrations and so forth, some discus-
sion with the people at the site indicated that they made a good
effort to try to block those; sc¢ our conclusion was that with
the insulation in place, there would be very little chance for
leakage to cool the vessel.

Secondly, we postulated what would happen if the vessel

wasn't there, if it would blow away from steam generation or

ALDERSON REPORTING COMPANY, INC.
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something like that. We were left with the problem up here, this
zone up here would steam blanket, and we couldn't include the
vertical conduction through the vessel's field would be adeguate
to prevent failure if we had a melt that went above the top of

these holes.

We did feel that without the insulatiocon present that

{ you could contain melt in the vessel up to about the top of tnose

holes or maybe a little above, which would correspond tc maybe

10 to 15 percent of the core.

The last area we looked at was the debris bed in the
containment floor. Here we assumed the whole reactor, the whule
core particulated and was in the cavity. The cavity at TMI has
a cross-sectional area of 200 sgquare feet.

Next slide.

These calculations indicated that with one millimeter
particles the core, the full core would be coolable even with
a void frac .ion of .35, and with higher void fractions it could

even be coolable with smaller particles at the 200 square foot

cross-sectional area, five~hour decay heat and a void fraction be- |

tween .4 and .5, you would conclude that you could cool for
particles down in the 500 and 600 micron diameter range.

DR. SHEWMON: Do particles usually pack that closely

in such cooled beds, or have experiments of this sort, measurements

been done?

DR. PADDLEFORD: I asked Bob Henry what he had seen

ALDERSON REPORTING COMPANY, INC.
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| | regarding information where a particle bed had formed from a quench%
. 2 | okay, and he thought that they were up in the 400 to 500 -- 40 to Sit\

|
3 | percent range. g
4 | DR. SHEWMON: That's void or solid? |

DR. PADDLEFORD: Void.

w

In conclusion, we felt that the reactor as designed,

| even with much lower than the normal ECCS flow required to meet

(202) 5542345
o

i
8 | Appendix K, could provide coolability even tiough you would have
|
!
!

cubstantial clad oxidation; felt that major core Jdamage had

10

|
occurred by the time the block valve was opened. We didn't think
11 | that leaving the block valve open a little bit longer would have
12 | led to that much additional damage based on the calculations that

13 | we made; and we didn't calculate any fuel melting. For that

300 TTH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024

14 gtransient we did have something like onc toot of clad melt.

15 f That's all I have. E
i ,

16 DR. KERR: Thank you, Mr. Paddleford. E

17 ; Are there guestions? There being none, I declare a

18 | 15-minute break.

(¥
—
0

end tp (Brief recess.)
20 | DR. KERR: We will now hear from Mr. Peoples concerning
21 | a number of things.

"' 22

i
i

23 1and gentlemen, my name is Lou Peoples. I'm with Commonwealth
{

MR. PEOPLES: Members of the ACRS Subcommittee and ladiei

4

| Edison Company, and I'm here today representing Commonwealth

| Edison, Consolidated Edison, and the Power Authority of the State

&

,j ALDERSON REPORTING COMPANY. INC. |
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Ve
: of New York as owner-operators of Zion and Indian Point nuclear
. : ?stations.
4 We were thrust into consideration of Class 9 accidents
|
. p ;on December 7, 1979, and it was on this day that the NRC staff
. écalled a meeting in Washington, D.C. to discuss their concerns
g . itelated to the safety of operations of nuclear power plants near
g 5 glarge populiation centers.
§ 8: As a result of that meeting on December S5th, the three
é 9;utilities embarked on a 60-day studv program aimed at assessing
é 0 |the comparative risk posed by Zion and Indian Point stations and
Z “ evaluating concepts for the mitigation of severely degraded core
% . accidents. And that 60-day study has been extended at this point
’ § 13 ’and is still continuing, and we will explain that.
; " | The results of the utilities' 60-day study effort were
g ‘sfpresented in a report to the NRC or Februa-y 20, 1980. This was
: 16 followed by presentations to an ACRS Subcommittee and to the full
2 ‘7iACRS in early March of 1980. Since that time the utilities have
E bursued a longer term probabilistic risk assessment study, have
E ontinued to research basic phenomenology related to severely
-
=

degraded core accidents, and h ve continued to evaluate mitigation

2

the utilities and the NRC have common objectives. These objectives |

a

S

|

l

I

Pre, one, the safe operation of both Zion and Indian Point facili-
i 1
ties in both the short term and the long term; an< two, any changes
{

25
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in plant procedures or equipment must be carefully considered and
result in meaningful improvements in safetv.
The purpose of today's presentation can be broken down

into six segments. We wish to convey both the sericusness and |

R —

depth of the utility work related to Class 9 accident consideratioﬂ

Each of the utilities has from the very beginning date in December

1979 approached these studies with the view that a well-organized, |

P ——

thorough and best effort approach was to be our mode of opz2ration.
Today we will review the short-term, mini WASH-1400

probabilistic risk assessment, whic! included plant specific

—

features which were different from WASH-1400, and therefore
changed the risk assessment.
We will also review the longer term probabilistic

risk assessment being conducted under the direction of Pickard,

=

Lowe and Garrick. Our presentation will review the state of the
art and describe the utility program related to the phenomenology
| of degraded core behavior, hydrogen burn, steam jeneration, core

coolability and containment structural response.

We will also indicate the direction and scope of the

And in closing‘

and conceptual design work on mitigating features.

we will indicate how the Zion and Indian Point studies fit to the

degraded core rulemaking.

Today we are seeking ACRS Subcommittee support wi N

regard to three lessons we have learned from our work related to

ALDERSON REPORTING CCMPANY, INC.
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Class 9 accidents. First, we would ask the ACRS to encourage

the development of a safety goal so the designers may work toward

a fixed objective. Such a goal is required if objective decisions

are to be made.
Second, the probabilistic risk assessments of Zion and

Indian Point stations have taught us the value of a disciplined,

consistent approach tc the evaluation of reactor safety. We ask

that the ACRS promote the use of probabilistic risk assessment

as it relates to a brcad view of safety. This broad view of
safety should include not only design but also siting and evacua-
tion.

With respect to design consideraticns, one could segre-

gate existing and new systems into two categories -- prevention an

mitigation. And for our discussion, prevention is defined as
systems to prevent the severe degradation of the core, and miti-

gation is defined as systems which reduce the radiological

impact on workers or the public after the core has become severely

| degraded.

And the third request we have to the ACRS Subcommittee
is that analysis of Class 9 accidents, which are highly unlikely
events, should be done on a realistic basis using logical
mechanistic or physical models.

DR. OKRENT: Can I ask a question about your third
point?

MR. PEOPLES: Yes, sir.

ALDERSON REPORTING COMPANY, INC.
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DR. OKRENT: Could you put that Sack con, please?

MR. PEOPLES: Sure.

DR. OKRENT: We had a meeting just yesterday, as you
may know, which was on the subject of quantitative risk criteria
and so forth.

MR. PEOPLES: Yes.

DR. OKRENT: And one of the more important points made
at that subcommittee meeting, and which has been made at previous
subcommittee meetings on the subject, was the question of how
well we knew what the risks were, whether it was the risk of
coremelt or the risk of certain health effects, and aow to deal
with uncertainties, defined uncertainties and perhaps more diffi-
cult, those that you may suspect but don't know how to deal with
and so forth.

MR. PEOPLES: Yes.

DR. OKRENT: I think there's a considerable school
of thought, say among third parties who are not, let's say, in
the pro or anti-nuclear camps, that this is an important area,
and that one has to address it somehow.

When one tries to compare r:sks from nuclear with risks
of electrocution or lightning or fires in general and so forth,
on the one hand, namely the categories I've just been mentioning,
there are lots of statistics, and you have fairly well-defined
values. In the case of the nuclear, I think with reason we have

a rather broad range of values to think about.

ALDERSON REPORTING COMPANY, INC.
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unrealistic things that just aren't going to happen.

With regard to risk assessment itself -- and you will
see later on in our presentation we have identified explicitly
a treatment of uncertainties in our longer term study where
we're able to have the time to do that effectively and propeily =--
that does try to address both the mean, if you will, best estimate
and a range of uncertainty that we ¢ rry through in our analysis
to give us an uncertainty band about our final results.

And so I think we have recognized that in our study

and will be addressing it quite thorocughly for you. We understand |

that.

DR. SIEGLE: I r>ve another comment, if I may make
it now, on that same third point, which perhaps only paraphrases
what Dave Okrent says.

I find a certain logical contradiction between using
the phrase "best estimate" and the associated recognition that
the Class 9 accidents are very unlikely. I think you somehow
have to carry along in parallel both the course you propose of
best estimate in the face of a great deal of uncertainty because
of the low level of probability, together with some kind of a
bounding approach, which you say is not a best estimate, we don't
believe this is a best estimate, hut it is a bound which we lay
out explicitly. And then the decision as to which of the two
courses is ultimately adopted by this third party is not one

that maybe you or we can make. We have to lay them out in

ALDERSON REPORTING COMPANY, iNC.
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i i It's not clear to me that if we use realistic best é
. 2 | estimates we're addressing this question. Now, I'm not arguing i
3 | that we should somehow use unphysical conservatisms inr some kind |
. 4 ! of analysis. That's not what I'm arguing about or for. But that |

5 question of best estimates ends up being presented in terms of

6 ! numbers. I see numbers from your own group in fact presenting

7 | best estimates, as you know.
8 i MR. PEOPLES: Yes. f
9 DR. OKRENT: And it's not really clear to me that to
10 meet the concern about what are the uncertainties that using

1 best estimates is in any way adequate for the purpose. And it

12 seems to me that it behooves all of us, including your group,

13 to come up with an approach that is not only acceptable in what

14 f I'll call the technical community that's trying to review this {
15 j but to an uncommitted third party. ;
16 MR. PEOPLES: Yes. E
17 ? DR. OKRENT: And so I suggest yocu rethink your item

18 three and --

19 MR. PEOPLES: Okay. I would like to say that I think

300 TTH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554 2345

S

1
i
we have thought through in very much the same line of thinking ;

2] | that you are offering, and if I did not communicate it effectively),
22 i I'd like tec do so.

23’% The thought is here that the realistic best estimate

z‘gé has to be toward physical models in the sense that you dc not !
25 5 assume instantaneous heat transfer, for example, or othes ;

i |
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parallel.

MR. PEOPLES: I think it is important, though, to
distinguish evaluation of Class 9 accidents, to distinguish that
from a design basis analysis where you put in every conservatism
almost imaginable as you go through the analysis, and that what
we want to do is treat those conservatisms in a Class 9 accident

to understand where we have taken them out and understand what

| we've done with them.

And we will show you in some of our presentations today
what we have done in that regard. And the containment structural
analysis is, I think, our best example today that will illustrate
that. And what we have done, I think, is very much what ycu are
suggesting, if we have defined, even after backing out the con-
servatisms, what we would consider a very high confidence level
bound with regard to containment structure capability. 1It's not
suggesting that we know exactly where it will fail. We say that
we have a high confidence that it will survive until this pressure
limit; and we have consultants here today who will go into that
in some detail.

But that if you were to apply all of the normal design

| conservatisms in a Class 9 accident, I honestly believe you

could not build a nuclear power plant and operate it today. And
sO that, you know, you want to design tc¢ one set of criteria and
yet be able to lock in what I have called a mcre realistic sense

at what might happen in some really quite severe case.

ALDERSON REPORTING COMPANY, INC.
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STRATTON: Do you have the defiuition of a Class 9

KERR: Excuse me. Mr. Stratton, would you use the

|
|
STRATTON: Do you have a cdefinition of a Class 9 i
|

accident that you could share with us? What is your interpretatioq.
|

MR. PEOCPLES: The interpretation is the one that has
become, I think, common in the usage, if not defined explicitly
in any one place, which is what your problem is, and I haven't got |
it written down here in front of me either. But it's certainly

beyond the design basis and results in greater than design basis

radiological

that as a synonym, I think, for a severely degraded core, coremelt,

and ultimate

to prevent that release to the public in some fashion, and that |

that is, you
DR.
MR.
DR.

MR.

effects to the populace. And we have been using

release to the public. And we're looking for a way

know, what we're trying to prevent.
KERR: Is that clear, Mr. Stratton?
PEOPLLS: Probably not.

STRATTON: It helps. Thank you. E

PEOPLES: Before we start the detailed technical

presentations, I'd like to review the current status of 2Zion and

Indian Point.

to operate

Zion 1 and 2 and Irdian Point Units 2 and 3 continue

Confirmatory orders have been issued by the NRC to

each of the three utilities, and these confirmatory orders specify i

certain hardware, procea.ral and operational actions which have

ALDERSON REPORTING COMPANY, INC. |
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been or are being taken.

The utilities are responding to the NRC's acceleration
of current generic and plant specific licensing act.ons as N
enumerated in the NRC action plan for Indian Point-Zion. These
licensing actions include 35 pages of listing for various acticns
*hat relate to the four units under consideration.

Six meetings to exchange tecnnology between the

utilities and the NRC and their consultants have been held. These
meetings included in vessel sequences and phenomena, ex vessel
sequences ard phenomena, hydrogen behavior and control, filter
vented containment systems and core retention devices, containment
structure response in short-term probabilistic risk assessment
and sequence selection.

The Nuclear Regulatory Commission research efforts
are also continuing, and these efforts relate to phenomenological
studies, to mitigation concept design work, and to probabilistic
risk assessment.

The NRC will be reviewing the longer term probabilistic
risk assessment being performed by Pickard, Lowe and Garrick in

some detail. In addition, IREP studies have been initiated in

four other plants which will expand the data base beyond the
Crystal River pilot project. Also, the NRC has asked Limerick(?) |

station for a 120-day probabilistic risk assessment.

The NRC has proposed a degraded core rulemaking with

advance notice of rulemaking likely to be issued this summer. \

ALDERSON REPORTING COMPANY, INC.
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The actions described before fit within an overall
program which has bee: developed by the NRC for both Zion and
Indian Point plants. First, the assessment of risk of operating
Zion and Indian Point stations, given their current physical
siting, is being identified in detail.

This assessment of risk to nearby populations is being
conducted on a plant specific and site specific basis.

Second, interim actions have been or are being taken
which help to ensure safe operation.

Third, generic and plant specific licensing actions for

Zion and Indian Point are being accelerated so that outstanding

issues are resolved ror these plants as soon as reasonably possibl%

Fourth, severely degraded core accidents i1re being
studied to assess the likely impact on both plant operation and
the surrounding population. As part of this study, mitigation
features such as filtered vented containment systems, core
retention devices, and hydrogen control measures are being re-
viewed.

The conclusion of this program requires a definition
of a safety goal with appropriate methods of measurement of
achievement. Design and operational decisions that explicit
functional criteria be clearly stated.

Now, to give you a more detailed description of some

of the technical work which we have conducted, we have six

speakers today, each addressing topics within their own expertise.|
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I'll name them now, and each in turn will introduce

himself and the tcopic of his presentation. They will be Dr. D.

Walker with Offshore Power Systems; Dr. John Garrick with Pickard,'

Lowe and Garrick; Mr. Nick Liparulo with Westinghouse; Dr. Robert

|
Henry with Fouske and Associates; Mr. Adolph W:lser with Sargent '
l

|

and Lundee; and Dr. Richard Toland, United Engineers and ConstructT

ors.

At this time I'd like to turn the floor over to Mr.

D. Walker, and he will be addressing the mini WASH-1400 studies.

DR. SHEWMON: May I ask one guestion?

DR. KERR: Mr. Shewmon.

DR. SHEWMON: I'm not gquite sure what a safety goal is.
Is that what we were talking about yesterday afternoon where
you would say things of 10”2 and 10-3 for something or other?

MR. PEOPLES: I believe Mr. Ed O'Donnell made a
presentation yesterday that represents some of the atomic
industrial forum thinking, and that gives us an insight into it.

DR. KERR: Thank you, Mr. Peoples.

Mr. Walker.

MR. WALKER: I'm reporting today on the short-term
risk assessment study conducted on the Indian Point and Zion
plants. This study was conducted in a period of about six weeks,
relying heavily on the methodology, approach and information
developed in WASH-1400 and similar follow-on studies. We did

not develop new approaches, for example, in the common mode

ALDERSON REPORTING COMPANY, INC.
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failure area, but rather largely utilized the system failure and
operator error estimates from WASH-1400.

One of our objectives was to preserve 3 frame of refer-

ence to WASH-1400 for comparative purposes. We at OPS led the

study and reported the results. There was extensive input on

systems operation and specific plant reliability data from the
utilities.

The objective of this short-term study was to establish
within a limited period of time a reasonable estimate for the risk

associated with coremelt accidunts for the Indian Point nuclear

station units 2 and 3 and Zion units 1 and 2, and that compared |
with tha’. calculated for the reference PWR in WASH-1400. And !
also to determine the dominant accident sequences contributing ;
to coremelt risk for these plants. h
To calculate the risk from coremelt accidents, one ?

first icentifies accident sequences beyond the regulatory design ;
basis and establishes their probabilities. Knowing the character-!
|

istics of the accident, one proceeds to determine accident con- i
sequences. Finally, probability and consequence are combined |
to arrive at risk, and this process is indicated on the first 3

vugraph, which is alsc in the handout. |

As we've indicated, we :*art with identified dominant i

accident sequences, develop system unreliability estimates, follow|
a similar approach in the containment, combine the containment ,

|
failure modes with the -<-minant accident sequences, and assign |
|

ALDERSON REPORTING COMPANY, INC. |
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these to fission products release categories, utilize CRAC for
consequencea estimates, and plot the risk curves.

We indicate at the bottom of this vugraph some of the
sources of information we utilized in this short-term study.

Before I describe the results of the short-term study,
I want to summarize the areas in which we utilize WASH-~1400.
This summary then emphasizes areas where we were similar to
WASH-1400, and they are these.

Generally we utilized the methodology of WASH-1400. We
started with the WASH-1400 list of dominant sequences. In
calculating the accident sequence probabilities we used the safe
pipe break probabilities for the initiating events. We redid
the transient and V-sequence probabilities, as I'll talk about
later.

We gencrally utilized the WASH-1400 ccomponent of
failure data base. With respect to containment failure mode
probabilities we utilized the same five containment failure modes
as werz: in WASH-140U, ard for the isolation and melt-through
failure modes, we utilized the same probability values.

I'll talk about the other three as I go through the
discussion where we made some modifications.

Next vugraph.

In the fission product area we utilized the same core

!

inventories basically, with some slight adjustment for power level,

We utilized the same spray washout functions as WASH-1044 had.

ALDERSON REPORTING COMPANY, INC.
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We utilized the same containment release assumptions and the
same seven fission product release categories. And for the
consequence calculations we utilized the CRAC code developed for

WASH-1400 and also utilized the WASH-1400 evacuaticn model.

With this introduction I want to talk some about the

headings on these vugraphs and the basis that we utilized for

some of the more important results; and I'll start with the

accident sequence heading.

Okay. Regarding accident sequences, the starting point
of our stud was the table of dominant accident sequences from i
WASH-1400, and this is Table 314 in Appendix 5 of that report. :‘

|
risk in WASH-1400 would likewise dominate risk for Zion and Indian
Point.

From the WASH-14"0 list we chose to consider those
sequences which had probabilities calculated in WASH-1400 10°8
or greater. Two of the sequences omitted because of this cutoff
had probabilities of 10~7 in WASH-1400, and the others had

prcoabilities of 108 or less. :

Now, during the examination of the Zion and Indian
Point plant systems, cause was found to both add to and delete
from this initial set of accident sequences. First, with regard |

to sequences that needed to be added because -- there were

it was found for these plants thatc failure of the containment spra*

sequences that needed to be added because of shared equipment,

ALDERSON REPORTING COMPANY, iNC.
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recirculation could result directly from loss of the emergency
coolant recirculation capability.

Sequences invelving coincident loss of containment
spray recirculation and core recirculation were not dominant
in WASH-1400 because of the independence of these systems, and
hence their failures. However, for these plants such sequences
were added, as indicated on the vugraph. And those are the AH,
31-HF, and S2-HF sequences -- the first letter, of course, indi-
cating the type of pipe break and the last two .ndicating con-
current loss of recirculation and the spray capability.

In WASH-1400 a major contributeor to risk was the S2C

sequence which proceeds from loss of containment spray injection

following a small rip. sreak. In the sequence, containment failur

occurs from stean .verpres:ure before sufficient water colilects

in the containment sump to support containment spray recirculation

The capability to recirculate cooled sump water to the
core is lost and coremelt results. Both Zion and Indian Point
plants have fan coolers whose failure is independent of the
spray injection system and which provide redundant containment

cooling capability. Thus, the result obtained in WASH-1400

requires an additional independent failure, and so these sequencese

were deleted because of their lower probability in these plants.

In the aftermath of Three Mile Island it is widely

believed that for at least some of the sequences, coremelt require

failures beyond those which were assumed sufficient in WASH-1400.

ALDERSON REPORTING COMPANY, INC.
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One example is loss of auxiliary feedwater or heat sink following

shutdown. More recent studies indicate that emergency coolant

injection systems can provide the ccoling necessary to avoid |
coremelt. For this reascn, sequences were deleted which involve

loss of secondary heat sink, and an exception is the special case

where there coexists cumplete loss of AC power; that is, the TML
sequence was deleted, but the TMLB' sequence was retained in
our considerations.

Finally, two accident sequences involving transient
followe” by failure of the reactor trip system were deleted.
These sequences, which are the TKQ and the TKQM, have been
analyzed by Westinghouse, the NSSS vendor, and found not to result
in coremelt.

And so the next vugraph then indicates the sequences,
the 12 segquences which we retained and evaluated in this study.

And you'll see there the pipe break, the large pipe break sequence,

the A sequences, the Sl intermediate pipe break sequences, the |
S2 small pipe break sequences, the interfacing check valve failurei
sequence V, and the two transient sequences. We split the TMLB'
into twc cases, one being longterm sus. .aed loss of all power,
and then in the B'' sequence we assumed that some power was
recovered in time to operate sprays before contcinment failec

and so we split that sequence in tnat way.

Estimates for the probabilities for occurrence for each

of these sequences for the glants as designed were developed

ALDERSON REPORTING COMPANY, INC.
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utilizing the approaches of WASH-1400. Before showing you th
results, I want to talk about the assumptions employed in our
study which were different from those of WASH-1400, and these
differences are summarized in the next vugraph.

First of all, the probability of containment failure
due to steam explosion, producing in vessel steam explosion which
produces a missile which can fail containment was reduced from

o value used in WASH-1400 to 10=3 for the large break sequences

10
and 10™% for all other sequences.

The rationale for these reductions has been discu~ .2d
at length in technology exchange meetings with the NRC, and Dr.
Henry wil. talk about it again briefly today later.

The operator error contributions to LOCA sequence is
identified in WASH-1400, and their associated probabilities were
modified in the following ways. First of all, in WASH-1400
the failure to shift from cold leg to hot leg recirculation
at 24 hours into the accident was considered to result in coremelt
for the LOCA sequences. Since *he cold leg to hot leg shift is
not essential for safe ter nati n of the accident, this operator
error contribution was delr <  .:om consideration. We believe
its deletion is probably appropriate for most of the PWRs. Howeve
the probability of operator error during the shift from ECCS
injection to recirculation mode was retained. However, 1t was

reduced by a factor of ten in the intermediate and small break

sequences.

ALDERSON REPORTING COMPANY, INC.
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This reduction takes credit for the presence of the E

shift technical adviscor in the control room and also recognizes i

that for many potential operator errcors, ample time and indication}

exists to justify credit for this corrective action. We did not {

take the credit for the large pipe break sequence where events }

happen much more rapidly. ' ;

With regard to the probability of interfacing check !

valve failure of the V-sequence, our study applied the identical |

|

methcdology of WASH-1400 to plants substantially different from i

WASH-1400 PWR. Plant specific features related to the interfacing
check valve will be summarize in a moment in my presentation.
Regarding offsite power, a probabili:y of 0.04 was

utilized for sucn a transient at the Zion station, and that is

based on data for such transients collected by Commnonwealth Edison,

The probability of 0.2 utilized in WASH-1400 was applied to the |
Indian Point plants. l
Sequences other than TMLB' were assigned to combine !
containment overpressire fa.lure probability of 0.l1l. This |
probability estimate was thought to he conservative based on
containment pressure calculations for a broad spectrum of hydroyen
production and combustion scenarios.
We chose to take this approach because the probability
of overpressure failure is only listed in WASH-1400 for TMLB'
and for those large break sequences with spray system failure.

Overpressure failure probability for the large breaks without

ALDERSON REPORTING COMPANY. INC.
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spray capability was generally in the range of 0.1l to 0.2 in
WASH-1400.

In light of TMI, we thought it necessary to re-examine

the probability of overpressure failure to acknowledge the potentia
|
for failure resulting from hydrocen burning. We therefore as Lgne&

a combined overpressure failure probability of 0.1 to all sequence

|

S

When I say combined, I mean we combined the gamma and the delta !
failure modes from WASH-1400. %
We believe this approach is more conservative than é

that of WASH-1400. ]
for TMLB', containment failure probabilities for the i

gamma and delta failure modes were taken the same as WASH-1400. ‘

The last entry is the diesel generator common mode

failure. We discussed our basis for the numbers in Appendix A

of the report we've issued.

-2

To summarize, a common mode probability of 10 was

assessed in WASH-1400 on the basis that all the diesel engines

might trip because of normal starting currents. We frankly

disagree that this is a realistic common mode. Dia@sel generator

inability to withstand normal starting duty is a design fault

that will be detected during preoperational tests.

Other potential mechanisms are suggested in WASH-1400.
However, the probability that one such event would disable all
generators is judged to be of no higher probability than 10-4

per demand. That's the probability we utilized for common mode

ALDERSON REPORTING COMPANY, INC.
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diesel failure in this study.

Okay. The next vugraph is the one specific example
I wanted to talk about, and this is a summary of the plant
specific features that affect the V-segquence or interfacing check
valve or failure mode. Those features are indicated both for

the three types of design we considered for the WASH-1400 PWR.

You note these three plants have check valve test connec

tions which the WASH-1400 PWR did not have, and allow one to reduc

the probability of this seguence through testing of the check
valves.

I've indicated on the vugraph on the next line the
periodic test interval that was practiced in these plants up
until December. At the time that this exercise was initiated,
you note that periodic testing was not done at Zion and was done
done at Indian Point and Zion.

As a result of the interim order from the NRR director,
testing is performed at each reactor coolant system repressuriza-
tion for these plants currently.

Another difference, particularly for Indian Point
plants, are the low pressure piping inside of containment. The

high pressure piping terminates inside containment. Part of the

1

%
T

low pressure piping is inside containment. So in the Indian Point|

plant the likelihood is high that if you have check valve failure
that the low pressure piping will rupture inside containment,

and you'll simply have a LOCA inside a containment rather than

ALDERSON REPORTING COMPANY, INC.
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a blowdown outside of containment.
DR. LEE: Question.
MR. WALKER: Yes.

DR. LEE: In your characterization for the check valve

anreliability I notice that the unreliability is directly propor-

tional to th. square of the inspection intervals in units of
years. Could rou comment on what it really implies?

What I'm a little bit curious about is if you go to,
let's say, weekly check intervals or something like that, you
could reduce your unreliability by two orders of magnitude or
something like that easier.

MR. WALKER: All I can do is =-- I agree with you. But
we simply utilized the model out of WASH-1400 to maintain paral-
lelism in that respect.

DR. LEE: But I thought you indicated WASH-1400 didn't

include that test interval and the credit for that.

MR. WALKER: Well, there was a model in there for indi-

cating the interval, and I think the --

Do you want to put that up?

If you want me to, I can go through this model; but
this is generally the model that was developed in WASH-1400 for
the failure of one check valve error, and the indicated failure
rate and the T2 is the time between testing.

DR. LEE: In your evaluation ot the methodology that

was used in WASH-1400, you believe this is a realistic model

ALDERSON REPORTING COMPANY, INC.
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when the test intervals go down below the annual inspection?

MR. WALKER: well, I guess we really didn't go into that

kind of depth, you know. We do have some problems with this
particular model, and it would take, I think, a subject for
separate long discussion if you want to get into that.

DR. OKRENT: Could you put the previous vugraph up,
rlease?

MR. WALKER: Sure.

DR. OKRENT: I have a gquestion for Mr. Peoples probably.

It says that on Zion the testing is presently performed but that
it was not done. When was testing begun?

MR. WOSSLAND: You say that's on the test interval?

DR. OKRENT: No. The guestion is when did testing of
the check valve =--

MR. WOSSLAND: That started with the interim order in
terms of the periodic testing of repressurization.

DR. OKRENT: So it was not done prior to that time.

MR. WOSSLAND: It had been don2 to verify original
installation, and I don't know the frequency of testing before
then. Certainly not as frequently as we do now. It hadn't been
done at some irregular frequency, but for the purposes of this
to try to establish any type of numerical data or something on
it was almost impossible, so we just staced it was not done for
the purposes of the study.

DR. OKRENT: What does "irregular" mean?

ALDERSON REPORTING COMPANY, INC.
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MR. WOSSLAND: It was done more after -- well, during

the initial startup time there were a lot of discucsions

originally in the various ISI works that went on, and some change
in departments, and discussions on when things could be tested f
and when they should not be tested; and so it became, as I
classed it, more irregular.

There were also a few times when some maintenance

areas went on, and there was some testing that went on. And in |
the initial startup of the station there was some early developmen&
work looking at some of the capabilities of the various systems
and how you may go about testing them.

So as I said, there were several different reasons why

things were tested, but as I said, it was done more on an infrequen

basis. There was really no established periodic tests to systemat
ically rcheck those out.

DR. OKRENT: That's what I'm curious about. If I
can indicate my area of interest in case it's not clear, WASH-1400
dx. ft indicated that the check valve failure sequence was an
important contributor to risk according to that analysis, and
the final report in 1975 didn't charnge that.

I'm sort of interested in the reaction of the operators
of Zion to this information. Did they review it, decide it was %
wrong? Did they review it and decide it was right but not use it?
Did they not review it? I'm trying to understand.

I mean, we've heard a minute ago that we should deal,
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if we can, with safety in a quantitative way and use probabilistic|

methods. Well, here was perhaps an interesting lesson, assuming
WASH-1400 was correct, that this failure probability was
significant.

I'm trying to understand what the logic was at the Zion
plant, what they did and so on.

MR. WOSSLAND: No. I can't comment =--

DR. KERR: Do you understand the guestion?

MR. WOSSLAND: Yes, I understand the guestion. He
wanted to know whether we used basically WASH-1400 results and
then applied them to %“he plant. In this particular case I do
not know of any conscious effort to do that, but I might make
the comment that in this particular case -- these are the inter-
facing check valves -- that (inaudible) from RHR systems where
the operability of them to open is actually verifled upon use,
and if they would fail in several types of modes that it would
be reflected back into the system itself.

We also have some test connections which do allow, as
I said, some indication; so there is some -- in the normal opera-
tion there is some gquasi-verification in the normal course of
the state, even though it is not in the (inaudible) check the
failure of a non-controlling valve.

But to the first question, no, I don't know of any
particular study that had taken this particular sequence.

MR. PEOPLES: I'd like to respond on a broader scale.
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I believe that one of the lessons --

DR. KERR: Excuse me, Mr. Peoples.

Did you get the name of the previous speaker?

Thank you. Please proceed.

MR. PEOPLES: Peoples here.

That on a broader scale both the nuclear utilities and
the industry through NSAC and MPOL(?) are reviewing information
that is available to them and have (inaudible) in a much more
systematic manner in the last six months and is ongoing further
and will continue.

We have organized an (inaudible) based on a specific
responsibility for that so that we will try to identify strong,
broad scope reports or specific reports at other places that might
be helpful to us.

DR. KERR: Thank ycu, Mr. Peoples.

Further comments, guestions?

DR. LEE: Just one gquestion. I might be jumping a little
bit ahead. If I am, please stop me. But in the transparencies
you just showed us briefly, in calculating the reliability of the

check valves, subsequent to that, I think, depending upon whether

it's unit 2 or unit 3 of Indian Point, you applied another unrelia-|

bility factor and so on. But nowhere =-- and I believe this
particular sequence really contributes qguite a bit toward the
overall risk to the public in your analysis --

MR. WALKER: Not these plants as analyzed now.
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' | DR. LEE: Not the way it is analyzed, but because of !
|
. 9 the reduction ia unreli bility, it doesn't contribute very much; l
3 but if you go back to WASH-1400, it would have, am I correct? ;
\
o i MR. WALKER: That's right. |
s | DR. LEE: 1In doing so this calculation of unreliability
§ 6 {in my opinion has scme bearing to your overall risk assessment, and|
g 7 iin doing so what I'm a little bit puzzled is where y 1 have tried
é 8 to account for, for example, operator errors or any other common !
g 9 mode failures if you do not want to include operator errors as §
§ 10 ga part of common mode failures.
% " | Could you comment on that?
; 12 | MR. WALKER: Okay. Just a brief answer to that gquestion,
‘ '_§_ 13 Iwe didn't carry the analysis beyond a simple WASH-1400 model in
; 14 lthis short-term mini-study. That level of detail is being picked
g 15 ;up in the detailed study which Pickard, Lowe and Garrick is doing, |
: 16 S0 it's really the next generation, the common mode failure and |
; 17 ;the integration of other factors into the model.
E 18 : DR. LEE: WASH-1400 did consider some amount of common ?
E 19 mode failures and operator errors. ;
§ 20 | MR. WALKER: But I think not in the V-sequence. i
213 DR. LEE: But, in general, the report did. ;
22* MR. WALKER: Right. ,
23 i DR. LEE: But when you're going to reduce the unreliabili?y
2% iin this particular case by ™ don't know how many orders of magnitud%,
zs%a couple orders magnitude maybe, wasn't it somehow fair, in your ;

g r
|

ﬂ ALDERSON REPORTING COMPANY, INC.




sc 50

REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 5542345

300 TTH STREET, SW.,

10

11

12

13

14

15

16

17 |

18

& ® 8 B

T oV 1’0

opinion, to consider the operator errcrs or common mode failures?

MR. WALKER: Well, I don't know what you mean by unfair,

you know. We did what we could do in a short-term, six-week
study, and we intend to pick this up in the longer term followup
study; 80 I quess I lose the aspect of unfairness.

. DR. LEE: 1It's something along the line that Dr. Okrent |

iwas proposing earlier in the day, but when you present numbers that

show that, okay, you can reduce unreliability by a factor of 10,

but I just lose the perspective unless you dig into some of the
numbers and begin to realize maybe there is a problem.

MR. WALKER: Yes. We're not saying there isn't a problemi
What we're saying is we did a quick study to try to get some over-

|
view of what the totality of sequences looked like for these plants,

and then the intent was to look a* the details that you mention !
|

in the longer term study. They require a longer time than we had E
available to us in this study. ?
DR. LEE: Let me try to pursue this in a little bit diffeJ-
Lnt perspective, again depending upon whether it's unit 2 or 3, |

you end up with different unreliability for sequence V, and that

is something to do with whether the (unintelligible) involved is

kormally supposed to be closed or opened. ‘

' In your opinion that difference is meaningful to change ’

|

ithe risk to the public by, let's say, 10 percent and so on, apart

Hfrom perhaps the quantitative assessment you came up with. I £follow
i .
the mathematics. é
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MR. WALKER: Well, let me answer it in terms of I'm not
even sur« that a change in 10 percent of the risk to the public
calculated by these means is meaningful at all to begin with. You
kK..2v, I think that's a much sharper differentiation than we ever
claimed was available in a study like this. I wouldn't even clas-
sify a 10 percent difference or a 10 percent change out of a study
like this as being meaningful at all to begin with.

DR. LEE: Okay. Thank you.

DR. KERR: Please continue.

MR. WALKER: We talked some then about the low pressure
system piping inside containment. The check valve isolation by
a normally closed valve is practiced at Indian Point 2, and this
was just mentioned in the comment; and this factor was included
in the analysis we did.

Then we've indicated here the number of low pressure
piping -- I'm sorry, the number isolated by check valves, which
were four in these plants, three in the Surry plant. And the numbe
of check valves in each path are indicated here, they being three
at Zion and two at Indian Point similar to the Surry plant.

Okay. The next vugraph contains a tabulation of the
probabilities we calculated for the dominant sequences for these

plants and for the WASH-1400 plant. Let me show you some of the

imore significant things in here.

One thing is the HF sequences, the Sl1, S2, and the AHS

sequences. Our probabilities for these plants are substantially

ALDERSON REPORTING COMPANY. INC.
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‘substantially lower for Indian Point 2. And you'll note the TMLB'
sequences have significantly different probability, due mainly to

{more reliable power supply for these plants.

jent values than WASH-1400 for the steam explosion. For the contain+

ment isolation failures we utilize the same value as WASH-1400.

values that we selected. We utilized 0.1 for all the pipe break

§WASH-1400 the probability of containment failure by basemat

vee 112 !

higher than they were for the WASH-1400 PWR. As we indicated, E
the 52C sequence we put here is not applicable because the probabil1t
was very low, and in fact we didn't calculate it.

As we've just discussed, the probabilities for the V-

sequences are lower for two plants by a couple of decades and

And so these are a summary of the calculated probabilities
for each of the plants we analyzed.

The next step in the process of evaluating coremelt
probability is to combine the accident sequence and containment
failure modes, calculate the probabilities for the pertinent combini-

tions, and place the combinations in appropriate release categories.

The containment mode probability values are summarized '

on the next vugraph. As I've indicated earlier, we utilize differ-

I've discussed with you the basis for the overpressure

sequences where WASH-1400 simply utilized a va.ue in the range
0.1 to 0.2 for the large break seguences without sprays.
We ut.lized 0.8 for TMLB', the same as WASH-1400, and

for the meltthrough :ilure mode, we calculated two cases. In
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{meetings, water on the basemat at the time of meltthrough is likely|
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meltthrough was assigned a residual probability after the other

failure modes were subtracted from one. Thus, it was assumed that

the containment body would always be violated in the case of a ,
coremelt accident only by basemat meltthrough. |

As has been discussed in the NRC technology exchange

and will probably result ir the cooling o the core debris ~ the

cuntainment basemat. Because of this possible mechanism, results
have been compiled with two different assumptions recarding the
probability of the epsilon failure mode.

One employes the WASH-1400 approach, while case two
we utilized a value of 10~2.

Now, for each combination of accident seguence and contain-

ment failure mode there resulted a particular gquantity of fission

products released to the environment, and the possible spectrum

l
of fission product releases was divided into seven discrete i
categories in WASH-1400 for the purpose of evaluating consequences |

{

{via air pathways.

Each combination of accident sequence and containment

failure mode was placed in the most appropriate release category

falong with its estinated probability of occurrence. Then the

:probabilities of all entries in each release cat=gory were then

summed to arrive at the probability of occurrence, the overall
probability of occurrence of that release category. We utilized

the WASH-1400 approach here also.
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The next vugraph summarizes how we categorized the
sequences into release categories, and if you just look across

here °* bu can determine what these release categories refer to.

category 1 being without spray and 3 being with sprays. And you
?can see the sequences we placed in here, the HF sequences being
those without sprays. We split them into low pressure and high

| : . .
pressure at the time of containment failure.

You note the TMLB' sequence at Indian Point was placed

of a diesel-driven, independent diesel-driven spray pump system
in Zion.

In category 2, overpressure failures without sprays,
category 5, those with sprays. Again, we split the placement of
the TMLB' between the two plants. And then 6 and 7 are the melt-
through categecries with and without sprays.

» Sequences in which containment failure results from
meltthrough and in which the containment -~ I'm sorry. Let me go
on to the next vugraph.

Okay. ©Now, for each plant this process produces a
summary table which indicates the probabilities for each of the
isequence-containment mode combinations by release category. This
?is cne example for the Indian Point 3 plant. And looking then,
;just as an example of the AHF sequence, you'll see we placed the

|steam explosion failure mode in category 1. 1If the spray drop

t ALDERSON REPORTING COMPANY, INC.
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Category 1 and category 3 are steam explosions with spray%
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radiant(?) goes in category 3 as it does in AH, the gamma failure
mode without spray was placed in category 2, with the sprays it

goes over in category 5 on the AH sequence. And then, of course,

6 and 7 are similar, with and without sprays.
The end point of this process is the total category
probability obtained simply by summing down the cclumns, and these i

numbers are listed at the bottom fnr each of the release categories

The next vugraph then summarizes the results for these §

three plants, as well as for the WASH-1400 PWR by release category. |

Here there are some significant differences. You will

|
'

note for the category 1 and category 3, ‘“e steam explosion sequence
our numbers are substantially smaller as a result of the assumption
that the probability of steam explosion is less.

In category 2 the numbers for these plants again are

smaller, reflecting the reduced probability and the elimination of

§2C. The bulk of the probability in 2 is due to the HF sequences. i
In category 5 we have higher probability, reflecting the +-
we have higher pgobabil;ty than the WASH-1400 plant, reflecting !
our assumption with respect to overpressure failure. And the 1
numbers in category 6 and 7 are about the same. i
Now, some comments regarding the significance of these
numbers, in particular with respect to tiie risk calculations which

I'm going to show you in a minute. For the short-term consequences,

{which include early fatalities, categories 1, 2, and 3 are the only;

g Gl o . ) . |
contributors to short-term fatalities, and their contribution ;

ALDERSON REPORTING COMPANY, INC. ?
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decreases with increasing category number. Risk, however, short-

term risk, is dominated by category 2 releases with its higher i
probability of occurrence than categories 1 or 3.

For longer term effects the principal contributors to
risk are the category 2 and category 5 releases, so with respect
to risk numbers, these two categories of releases are the dominant
contributors.

Before presenting the risk results I want to again

i
and the Surry plant, and the next vugraph indicates for the signifi+
|

emphasize the reasons for the differences between these plants

cant seguences the principal design differences in the plants which%

influence the probability. |
|
First of all, Zion has a diesel-driven spray pump. There

are containment fan coolers at all three of these plants. The |
|

Indian Point plants have parallel low pressure recirculation systemT
!

All of these plants have three diesels as opposed to the two that

!
|
|were present in Surry. The Indian Point plants have gas turbines. |

As we've discussed, the three plants each have check valve test

connections. And the last entry, the WASH-1400 PWR had containment;
1
spray recirculation separate from the ECCS recirculation, and this,i
of course, affects the probability of occurrence of the HF sequence;
which was low in Surry, higher in these plants.
DR. SHEWMON: Sir, will you stop for a minute there?

I'm somewhat perplexed, if I understand your column 7, that's |

containment failure or mat failure with spray.
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MR. WALKER: Right.
DR. SHEWMON: I guess partly I don't gquite understand
Phere the water goes or why the spray does you no good. But in a
Hifferent vein, you're saying there's a difference here between the |
rwo plants because the spray recirc was in WASH-1400, and it's not,
but yet it doesn't seem to make any difference to 6 or 7.
DR. KERR: 1Is the guestion clear?
MR. WALKER: No.
DR. SHEWMON: Okay.
MR. WALKER: I'm lost.
DR. SHEWMON: Well, let's start with a simple one. The
Blide that was up there, just to confuse your slide expert here,
Baid that the containment spray research was separated from ECCS
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