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,

3- - 'MR.: CARBON: The meeting.~will now to order. This is
~

- -

'

~4 a continuationf of the Advisory Committee:on Reactior: Safeguards2

'
' 's' Subcommittee _on CRBR-and Structures and' Materials Working Group. .

x-
.

.

p My n'ame;is Carbon, the. subcommittee chairman. The, purpose of '
,

..

this second-day' meeting'w;ill be* devoted to the discussion of-7 -

.f e: p = 43 ;~, p 7% ,. . + ; ; v.4

f.{33 3at-*-
< , ., ,

the.HCDA issue for CRBR2,[,We will~ pro,ceed.with..the: meeting,' s
u - ,,,

9 and'I'll'. Call upon'Mr. Curtis Allen of the,NRC< Staff.
.

,s . --/;'. ,:,1 .: :. . .
*

,s.

- 10 ' MR.' ALLEN: Good morning ~ "Ad D N Carbon indicated,.~

.

.[ ' ' , [ 's i 1, i ,, ,

in this subject todcy is the HCDA energetic's. iThe staff's presen-

12 tation will be given essentially by Dr. Theofanous anc. Dr. Bell.

l{} ta- They'll discuss the results of their work on developming -- that

-14 they've done for-the staff in developing an assessment of the

is energetics ~in CDAs and the CRBRP.

16 As you Can see, the report is extensive, it's
~

,

17- sitting on the table in front of you, and it will be a long-

is presentation, and~we urge patience on your part in hearing the

is presentation. It's a complex story and they have a lot of

2o things to say.

2- I have a few introductory comments I'd like to make

before I summarize the status of the review and introduce them.22

23 These'are largely a few comments about.the staff's approach to

i

24 CDA evaluations in general, and the role of CDA energetics in

25 evaluating CDAs in particular.
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< r-q As we discussedcyesterday, the staff 1is also of the
'o ;

~

i /" g.

, _
opinion 1thatJCDAs should-be classedias beyond~thn design basis

'
3-

' events. IHowever,*.we'do feel, as was also mentioned yesterday,
,

'1( . .. .. .

4

that.because they are" considered to be potentially significant

e
riskfcontributors- and until we understand that potential better ,

,

e .. .

to be able to accomoGate such events.we' feel'it's prudent
.

s r .

+ - 47 - . O ,

And that's why we. evaluate!CDAs. 'We: , evaluate them 'so we can
,r~, - 9. , .

8- * . . n.

determine' reasonable. accommodation requirements,'and the
- t< ^ e.- .

9 . t- . ,-

capabilities of the syctem'to, accommodate,those, events. Another

lo , . . . . . . ~ ~ ~reason is to develop informati_on;for;use in,,' making judgments'

11
about the' risk of CDAs, and that's essentially the staff's

12

.

attitude in that regard.

\s Before Iiturn to the role of energetics in CDA

14
- evaluation in particular, we had a discussion yesterday about

15 :
important differences between the TMBDB and SMBDB scenarios,

16
and I thought I'd just try to illustrate that point a little

17
bit this morning. To do that, I've taken a figure from the

1e-
applicant's CRBRP-3 TMBDB. scenario. It's a sketch that illus-

'19
trates the reactor cavity domain and the reactor containment

20
building environment domain. The reactor vessel and the core

21 .

and these are concretesits down inside the reactor cavity,

#
walls, they're steel-lined, et cetera. This is the operating

23
floor (indicating), this is the head axis area and here is the

~[v)
'

reactor vessel head.

25
The reactor containment building environment is
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isolated from the below operating floor rtructures; it ish .g .

I t-

\j 2 *
,

sealed off from the containment primary heat transport system.
.

-

- 13
- Given a CDA, whenta CDA starts. developing.in the

- . -

4 . .

.
-

the CDA is constrainedcore,.as long as:the head remains intact',
.

5
within the cavity region, and if the CDA sequence is non-

6' energetic-or is of'a small energetics that it doesn't challenge
7 ?' > >^ 3' -r

*

the? integrity of_thelhead,;the prog +ressionJof'the CDA remains-'t.i
, ,

's- .
- -v

inside the cavity-region. The core debris winde up' penetrating
,- f.

g .
. 1 .

the. vessel, and it flushc,s the sodium 4and theidebris down under

the cavity', and then it progr'chsing~ goe's.along the TMEDB long-^

-11
term scenario.that you-heard about last week.

12
If the energetics are large enough to fail the head,

''
then'that opens the. direct communication.between the disrupted

"
; or disrupting cor'3 and the reactor containment building environ-

15
ment early in the transient. And you heard yesterday these.

:
' 16

things develop in the order of 15 to 20 seconds; the challenge.

17
is developed in that range, to the head. So that should that

'

is
happen, if a sodium spray fire results, you might over-pressuriz e

'''

and challenge the integrity of the containment.

2o
If the energetics were very large -- and this is very

2i+

unlikely, -- missiles associated with a head failure like that

22 could also present a challenge.

'' This is the -- the potential for head failure, there-
,

' (/"] ^ fore, is the reason for focusing on the capability -- the energy
24

25
absorption capability of the head. That's the only point I
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And that's all this slide says.wanted to make-about.that.<

..,57-

M.L./ L -21 - .

- -

, - - That~this is -- really, the role of energetics in CDAs is to

' determine if~CDAs can lead to an early. containment challenge
"

. .

,

4
or early containment failure.

,

5
And the reactor head. failure provides'a threshold

6' --
"

<

i test:to examine that question. And'we heard yesterday and we
..., ,, . o. ; .. , ,

believe that the head can 'accom'o'dAtk the(impact! o'f. a sodium
a; - - 1 - ; $,

'

slug having kinetic energy Of 75 megajoules. I emphasize it.
"

' e

., . ,74 C I.C . I''''
can because that's contin' gent'on the.-applicant resolution of

to the design -- the proposed (desi.gn.c'apability MeEiciency that-
11

we-heard discussed yesterday.

12
Therefore,-that provides a good way to test the

; A
U energetic potential of CDAs; against the energy absorption'

14
capability of the reactor vessel head.

'
; Finally, turning to a summary of where we are in

'' this review, the applicant's analyses were,given in CRBRP's 3*

17
Volume 1 and GPR 523. We had a number of meetings with the

1

18
applicant. They culminated in questions which were submitted

'' to the applicant and they provided answers to us. At that

20
time, we initiated a special task to develop an independent

*' assessment of CDA energetics. This was directed by Dr. Theo-

22 fanous and Dr. Bell. .You're going to hear a lot more about
,

! 2 that shortly.

##'
.

They gave a preliminary progress report to the

25
,

!
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: subcommittee Isack 'in' . November of 1982 ; the final report issued~

SQ :n ..
~

'

March , ll, 1983, and' it provides the . technical' basis 'of that -
_

. s: .

it provides-the technical basis-for the-staff's conclu-
.

.
..

.

report;

4
sions?,on the CDA energetics. One'of-the conclusions.is that we

i s' .. -

recommend that'the plenum fission | gas compaction potential be

e -
. ~

.

eliminated by design, and the. applicants agreed.to-. address thisf

'
6 y% * ,;;' i.+. O.; p , .o -

,7 : . r . t: - , . -

concern. .You'll hear aigood-deal.aboutJthatiin the\ course of
w. we :4 N> t;

a. .
. . .

And assuming' the ; elimination of that concern,the presentation.

. .
.

j[ > .f979'[,* .I !>e we believe.that'the proposed' structural-design' capability,
.,o - y;; :. w(,.

~ the 661 megajoules.and 75 meg'joul~es"alug kinetic impactta

.it'

energy is adequate, and given this cap. ability we believe that

12. ~

..the vessel head failure through the'CDA energetics is physically

O
bl .n

unreasonable.

14
I-know there was a lot of confusion about the 661

_15
75 number, yesterday, a lot of discussion about.that, and I

16
think we have the right people here today to discuss that.

17
Theo and. Charlie have done an awful lot of work in this area,

10
and I think at the end of the day everybody in the room should

19
have a very clear picture of how these numbers are generated

20
and how they're applied.

'21
And I think with that, I would turn the meeting over

22End tp. to Theo.
1-1

'23

24 b
.

i

25
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.[ MR.' THEOFANOUS: First of all, myf apologies for not'i ,
.

' M),-s-
-

~

12 being|able to giveLyou this. document l'or 2 days in-advance:
- s~ so you would ;have ' tineito read it;before Lthis presentation.

iIn view of this fact,~this morning I would.like.to.give you a4
x ,

kind of'an overview,; walk you-lhroughithis: document 11n what is-Es

an; overview way and, hopefully, this'will belp you as~you'try- -
4

e
_

'

|7 to. go through it, cit will help you~to find, things where they,

,

s. are and"sofon, and~especially tryjto) identify.;for3yourselves
;+t i

.

'.
, ,-

- . ,
,,

'
< t s .

the ideas that you are morelinterested<initomlookoat.e
,

The' document ap'' ears tb-be veryll'engthy one, and it
~

pio-

n ;;1 t 4 - -; . y_ , , -
,_

is.for this reason that we; separated the figures,from the text.
~

::
'

b,t , ,,

And the? text is only 250 pages, and the rest is figures. And12

(]) by the time the final figures'are. drawn and incorporated ini3

i4 the text, the actual size of it will be quite a bit reduced,

is the visual size will be reduced. I

As you realize, we are concerned about the initiciie

impact of people being afraid even to look at it, by it beingi7

is so big. But we feel that we did.not go to any unnecessarily

lengthy discussions.there. In fact, in some areas maybe you3, .

2o might' find it somewhat skimpy.

2: The point is that the whole area to be assessed

correctly is rather-broad, has a lot of facets to it. It is22

very complicated. And in order for one to be able to convey23

24 exactly what one has done, it cannot be done in just a few words i
,

as- It is rather complicated.
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1 The~ structure of..the. report, I would say a couple of
.,3_
i) | words as far as how the report can be read or how we would

3~ recommend that' you read: .it. .By looking at the table of= contents

.you will find,out that we have broken-it down, the whole thing,d- '

-into just. a - few important steps. And.the report'is organized'5

6 so that each -one 'of the steps 'is more or less like a unit , so

7 that you, by looking' at the chapter- section, you can go back

just going like this . thioBgh' the. figures . hnd Lthe :t;eit , side bya
,,t

'

,r.,:q.s .p- ?

o ~ side. You can identify the"section that you'are' interested in.
,.

, |(. ._
, ,

io And then within that, thetwhole3 thing'isra,~ complete,uait.
s_ . -

2,

Hopefully, that will help .you .to ' read it. And so even thesi

p, ,s

sa page numbers were according to units.

O is So t start with then, this is our goal today is to

?4 give you a summary of this independent assessment which we have

-is just completed and is put into this NUREG document of 5224.

ie And to start off, we want to take a look at the

17 different kindG of Core-disruptive accidents. As you realize,

there are many, many different ways by which one can enter intois

19 a Coremelt Situation. And in an attempt to assess energetics,

2o one needs to somehow abstract the complexity and be cble to
|

2i come up with some generic way of looking at things. And one

22- major classification among the different core-disruptive

23 accidents is between protected and unprotected ones. This is

3 24 important because if the reactor is scrammed, the heating rates)c ~.

as of course, are very low. And one needs to sort of different

TAYLOE ASSOCIATES
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i - kinds. of: sorts of assumptions for getting this core to melt. -

fy
) And normally, this involves waiting for a very, very.long time!'

witho6t cooling.3,

,

The heatup rates'are'on theJorder of.a degree per-4

second. On' the other hand, in the unprotected situations , the
~

s
,

power continues to be normal and the heating rates are higher,,

and suddenly this implies a ' set of phenomena .that is very7

~ '

different between those two-case,s1 ;< f!3 ' i t-a
x

.
-

,

Now, furthermore,-the unprotected accidents can be,

- :. ~

further classified into two major', cat'egories , depending as to,o

whether the sodium is in the core whenithe , disruption takes,,

P ace versus when the sodium is outside of the core.l12

And this is -- now, don't laugh at what I am telling(] ,3
U.

you' here -- but we have the genetic CDAs associated with lesser,,

flow accident, while the other ones involve the sodium in,is

coming under the name of transient overpower.,,

Basically, here We are losing pumping Capability While
- 17

the core continues to produce power at normal levels. That,,

leads to core disruption that is preceded by sodium voiding.,,

How, it so happerw. that in some of those reactors, the2o

reactivity effects associated with the loss of sodium are such,,

that the loss of flow eventually winds up as a transient

verpower. But at least the beginning phenomenology is23

specific to sodium out of the core as the core begins to24-

~J
disrupt.' 2s
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.1 On . the other' extent here,1.tise pumps continue to pump .
,

p;
A,f 'a- normal flow through the core while the power for some reason

3 increases. And ifithat power,increasesTrapidly enough, it'

24 leads to fuel melting while the: sodium.isistill running by the

5 pins, and ~ therefore we beginoto have a disruption with the

61 sodium in.

7 ~ In:this case-here,. referred to as the. loss'of heat
r, ,;- ,, n .- _ :

sink acciden't, the . pow'e'r; isy decap ;h' eat | levels ,jandJtypically:'

0 _ , _ ). , ,'' ' ' '

about 1 percent by the tjime that one is concerned about core
~

9

. . - t .
' .

io , disruption. .And,in fact, usder theseuconditiEns,.as..you will,

'i ' 'have gone out o'f t$he: core; otherwise,it see later, the sodium mus't

the core would not have disrupted. And what is more, because12

{ is .of the very low heating rates, even the' steel has had time to

14 melt and get out of the core. So that is still our situation.

is It still is out.

ie Yes?

17 MR. MARK: Theo, that 1 degree Kelvin per second

of the LOHS is applicable approximately what time after --te

is MR. THE0FANOUS: This is several hours, like 10

20 - after.

2i MR. MARK: Well, then for sever ~al hours it goes

22 through a factor of 10 in the decay heat.

23 MR. THEOFA50US: Yes.

.

24 MR. MARK: So if --

2s MR. THE0FAliOUS: This number here is applicable to
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something|like 10 hours, to answer your question.'' -
~

<-i
-

-

V |2 MR. HARK: Okay. So_it's much higher'at time zero?

h
s'' MR.' THEOFANOUS: Well',:yes,_but it.will. drop so

quickly.that__within just a few seconds ,- it - is to a :few degrees ,4

7maybe not out , -but a few' degrees.s

- e. MRi MARK: Yes. -Okay.
.

7 MR.,THEOFANOUS: This L is..just - to show the or' der . of -

. g., c 7. -
-

. , .
.

r, ,

magnitude, itis''not-reallyto[lo#okiat the d'etdil?of thea
., t o 1.

,

e. numbers. . . .. .

;
-,.

to
.

Now, Lin addition, wb Nave,''of ~ coursd, other
, .

~ ,,. ,
is possibilities. And one that' is* Quite proininent - is the

very,.very severe earthquakes, seismic,' severe seismic we alsoin-

-(]~ i3 set out. Here they have combinations of this as caused by the

i4 seismic' event, and we might also' have other situations such as ,

for exampie, fracture of the core support. This is an accidentis

postulated and studied to quite-a. great extent by the British,is

37' in particular, for the last few years. He think that the

failure of the core support is in the category of very, veryis

. i, low probability events, that does not deserve very, detailed

2o evaluation.

2: Fuel failure propagation also is a very -- has been

a very favorite kind of scenario. From the very early days22

PeoP e have studied'that for quite a long time. And thel23

general. conclusion there is that this is not really a problem24

as from the point of view of achieving core disruption from fuel
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A.1,~ 2 , As a' possibility of. tiransientiL overpower followed .bya
.

3 a-loss-of-flow accident, this would be coming about .because when

.4 one' attempts ;to ' scram the~ reactor, the~ scram' signal is sent ,

th~e' trip. signal is sent both to the pumps and to the scrams

-

e_ . system. And'one might conceive .,of a situation where the scram

-system fails.!to work-but the trip to the. pump works. We examined7
c ,s -

, T.. : ;_3 i : aJ~; , _. ,--

that,and'we think-that!it|is.reallysin;the1noiseilevel'of-e
> v i ~a;: ,,

- 1 's probabilities. It is such a , low prob. ability;that it does not
<. . ,

. _ .
,

4 y he
~

* " ~ ,, ' ' '
io - .need to~be considered.

,

Oi O
''

-

Lif"one" is Tef ti'qcompletely free
,

e,,. yc.., . , ,

ii The point here is-that

to think of eveything that comes ta mind, one can always , Ir12

N - guess, construct situations that may be more severe than thei3, v
ones that.we are going to talk to you abouc'today. We have. i4

looked at the.whole' spectrum of things, and we have tried tois

is - discriminate between things that we consider to be worthwhile
i

17 from the point of view of maybe in the way, way out low

probability range, contribute something to the risk, versusis

other events that maybe are in the hypothetical sense can causei,

"

2o higher consequences, but if one looks a the probabilities, one

2i comes 'to' the conclusion that this is so unlikely that really

fall in the category of events of the earth opening up or22
T

23 things of this type.

MR. LIPINSKI: Will you consider, on the last itemb 24.

-Q)_.

2s there, the DOS , what do you consider low probability? What
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is the number?: _ What number |do'you have in mind?
g-

1

b- 2 MR.!THEOFANOUS: This one:was examined from the-

point of view of the. instrumentation in the reactor, and ' the
~

s

people'that looked'at:that at-SAI came to the conclusion that-
_

4 -

it is.several orders of magnitude. probability than TOP. Thes

~

number was~not determined absolutely for this' event, but ite. -

_7; was determined in conjungtion, with how.much lower probability
s f.s,

-

s .
,

,

versus-having a straight} TOP. In(other~words.,|.you try to finde-

out hoW many additional failures'have'to take; place in order9-
,

: "-
1, ,

, ..

io to cause this event.
, ,

, ~ , , r

. MR. LIPIMSKI: OIcNy.
. ,

i2 MR. THEOFAN0US : You find out that you need all kinds

O'w/ of common-mode failures between electrical and mechanicali3

systems, and it is thia nature of things that make that veryi4

'

is low.

is MR. LIPINSKI: That's right. And to answer that

question again, whatJ is the probability of the TOP ?iv

is MR. THEOFANOUS: Well, I think that for this question

you might get different answers depending upon whom you ack,i,

and it is not part of our charter to look at the probabilities2o

of initiators.ai

MR. LIFIMSKI: Then how can you ansuer my question,22

because the TOP event, the last one, is the probability of l23

failure to scram.24

25 MR. THEOFANOUS: Yes.
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1: - .MR. LIPINSKI: And'given the' fact that we have a-
.

.;' '%. : [ .
. .. .

'

C JJ z ~ number and-a probability'of-failure to scram, then that sets

''s this extremely" low probability numerically.

4 LMR; 5THE0FANOUS : Yes.

s MR. LIPINSKI: ( And now if you are. saying that that is

several orders of magnitude lower --.e

7 MR..THE0FANOUS: Y_es. ,.
-

s .
.:;- ,

i3
1 . . - ,, ~ it-

.a MR. LIPINSKI: y {th6n I(can ~ spot yodrITOP event.

o MR. THEOFANOUS: ;You can-what? 'O 3

,
i. /c ;.

,
;,

io MR. LIPINSKI: The transient overp.ower event
,

'( m. ,

~
, . .

ii - probability itself without the failure to scram.

2 MR. THEOFANOUS: Well, typically, this unprotected

/"3 events have probabilities of the order of 10-5. That is -- andi3 -

D
somebody might say 10-6. There are a few studies that have beeni4

prepared by Sandia and the other by SAI, and they are in theis

ie _ category of 10-5, 10-4, 10-6. It is , mcybe all told , in
-

i7 magnitudes around 10-5.

This level of probability coupled with the potentiali.

,, consequences, at least'as these people see those-possibilities

2o of CDAs, to assess that, a judgment was made many years ago

and people have followed that through, that they have to2

believe that.22

Now, if you couple on top of that additional events23

that make these events even lower probability and bring them2,O
down to 10-6, 10-7, 10-8, that is where you begin to lose a lotas
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1

of -- and that-is how weidiscriminate'between the things that i
i

r^;
. ,

() 2 '- . e do want-to consider and things that we don't want tow

3 consider.;
_

4 Now, I don't want to get stuck _in the details or

of actually- is it t:he TOP , is it 10-5 or 10-6, because evens

the_ people actually working on that have disagreements.-

e

7 What I want to say is that wc consider the TOP * istan event that
.

*
P

.. :- -
< '

.

a has to be looked at. However,Lby'considering this' combination,
..

.

- .-

it is still so much lower' prob' ability .than this first kinde
4.- . y--

, ,

to of an event that we decided not-.to.look at..it..
. ,-

3 MR. LIPINSKI: -That depencs on what kinds of numbers

12 you have .been given for that TOP LOF event and as to whether

(3 you believe them.33v
i4 MR. THEOFMTOUS: Well --,

is MR. LIPINSKI: Because that's based on the analysis

of the hardware and the system as it stands.is

i7 MR. TEEOFANOUS: Right. Well, I think that it is

referenced in the report; in fact, the analysis that was doneis

with respect to this attd the considerations , all the detailedi,

arguments with aspect to the CRBR system in particular.2o

Now, based on those considerations, this combination21

is, in our opinion, much lower probability, several orders of22

magnitude lower than the straight TOP or the straight LOF.23

All right. So less than that. This is the basis for excluding24

as that, independent of what the TOP LOF probabilities are. But
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|
'

i ' nevertheless, we~ know that these straight events are already )
.

,m .

if i .very low probability. So I ;think your argument would be .very
.

-3- appropriate if. we . had. ~ .if. those were probable events or
.

not,very probable, maybe in:the order of- 10-2, 10-3, then-4

maybe..by... losing another one or two orders of magnitude,.we ares.
,

not totally in the' incredible domain.e .

But by thoseTheingialready veryjeXtremely improbable,7
**;L '*.

s coupled on :the top of that, anotiier'+two'of tihree1 orders of
e .. - , ,

magnitude _less in probability,jthat's what makes;it kind of go
_ ..

over the hill. So that's= the logic of it.i ; - >
io

,,: >

Another category t-hat falls in the same situation-

is in the TOP itself. We are going to come to that later on22

pJ in the discussion. You -- the question is what kind- of TOPSi3

do you want to consider. Obviously, you know that if you arei,
_

going to pull out a. bank of control!roda, it's going to be muchis

j more probable than pulling out all the controls at the sameie
2

|

i7 . time, all the rods.

i

| So some discrimination has to be made because theis

difference of probability between all those different eventsi,

.

2o are significant -- are not insignificant.

So we looked into that aspect of it, and in fact2i

we determined almost like in a crossroad of a reasonable thing22,

to look at it, to look at- versus again events that they are of23

such a low probability that the ramp rates are really -- can be
-

2,

O)1

v
as considered hypothetical.

{
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,

Y - )I- . MR. LYPINSKI: Let me.make one comment to the
I

, (O -y ,

ft| chairman. Based"on-this' TOP LOF. event, the numbers'are_ based'

3 on ithe ATWS: probabilities, f because -tihis ~ is a two-part' system -
'

4 and' basically,'we have ATWS~with.this TOP event failure-

,

V .

to. respond,: we also have the pump tripping for the'LOF. And-'s
. .

..

.

!

! 6 assuming that Done part of the circ Lacts and .the other does not,
~

.,
?' , 4

.the probability of t$e' failure to scram"is now hirectly relatec$ ,. g. .-

47~y
~-cf ;; - . i

, J t'
.

, -..
'-"

,m

e to the ATWS issue'. 'And early' arguments, we had a set of
'

_

~. a
.. 3 ii

"\ n r . ', Q 3

e data,'and the industryIwas: .:saying- wei have redtificationD
.

.n.--e ,

Now with the latest information.ba' sed =on" parts that are beingto

i si ' examined and that canno't scram, we-have effectively negative
!

I 12 . rectification, saying we haven't learned a' thing in terms of-

l . - I. 13 maintaining this hardware, and so far the discussion has not
| : A.

14- been held as to what the new number is for the data base.

|-' 15 And to assume.that we have a nice number on this
|

( 16 plant based on the analysis that has been done, everything is

17 contingent upon proper maintenance. And the industry's

!
! is record right now is poor in that respect.

19 So I would.very much question what somebody tells
f

20 you for the probability of failure to scram.

21 MR. THEOFANOUS: Well, would you encourage us then i
|

22 to take this kind of an event within the spectrum of events;

23 that it doesn't need to be considered as far as CDA in this?

24 MR. LIPINSKI: I don't think it's any jore or less
a

25 probable than the TOP itself. In this particular event, it's
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' mechanically possible based-on the w'ay}the_ plant is built.- ,- s
7m.

~

~

: - f '.a- MR. THEOFANOUS: .Obviously,.I-don't know why'you >

'

3_ say that, because}you'cangidentify additional systemslit's
.

4 safe,to fail for this event for this combination to happen

.
's versus the initial event.onithe straight: event.: 'And.I;think

it's intuitive'on.this' event, althoughLI am not asking you to-
,

-g
,

. . , , ,s _-,

.
.

- . ,..
say.that,|but if you requiredimore :isystems ;to, fail requiring-

< -

7
+: > :, L'+: .' '.

'

.ti.,.,

extreme common-mode failures, there has-to-be a-lowers .: o -; ~
,

..

. . .

Maybe . not as much ' As you"bre'saying,' but it has~ lProbabilit.p .e
s. .e . ,, ,s..

to'be' lower probability. 'I-ca'n'il see'<howtit can be higher- - to

, , - probability or even,the-same.

MR. LIPINSKI: Okay. But to say'it's extremely low12

. .

.h compared tot.the others.yo'u are throwing out?.is-G
MR. THEOFANOUS: I'think that -- well, I was not,4

is planning to get into this discussion here today, so-I really |

cannot~give you much more. But I.think what I can do'is Ite

can get you the document on which you are really basing this.,7

judgment.is

end t.1-2 .

MR. LIPINSKI: All right.,,

2o .

21

22

23

24

25
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.j-ly3',1: 1: - EMR;' GROSS- .~I f -I could.a|dde a> word).I'm 'not sure.
y.. y ,

--

,

.\ . < ..

# -a- thatL-Mr.' Lipi~nski' was at the ' full committee meeting ;1ast' week
e

. ,
-

'

13 - .w'hereLwe discussed the scram. breakers. .. I think 'part -of his-

i
,

4 . concern'comes'from the Salem' event.
J

'. s : 'MR..LIPINSKI: That's-right.

6 MR. GROSS: The'ATWS event.
,

'MR. CARBON: ' Can you speak a little louder?
~

7 2

e MR. GROSS: Last week at the full committee' meeting

o'- we did,present to the full committee the significant differ-

to ences in our design versus the typical scram breakers such as

~

i. those that are at the Salem plant. Our scram breakers are

12 entirely.different. They are much smaller. They are fully

is enclosed and sealed. -They'are not anywhere near as sensitive

2:4 to maintenance in order'to continue,

is .Only one of the two systems, and we have.two, of
-

-

is cou rse ', independent systems, and only one of those systems is

i7 dependent upon scram breakers. So I recognize your concern,

is but I believe the differences in our design are significant
.-

,

.
. ,

!

and need to be.taken into:considebation.'19 .
,

.: .
- , , .

2o MR. ZUDANS: But this meeting has.-nothing to do with
4 ..s

. Walt's. correction. You^are talking about' TOP and he is talking2

about the combination of'two. ~ ''

22

MR. GROSS: I understand, but I believe part of his23

24 - concern is-that he doesn't believe that the TOP, that the ATWS

25 is as low a probability as perhaps some people felt it was
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?lj-1-3,21 previously.
.D.

M .-MR. . ZUDANS : Not really.' The,way I heard the --
'

E '3 question, he.wants to know simply whattis.the probability of

i
_

a combination of these events., That is all.

;5 ' MR. |LIPINSKI': . The point is you.have' gotSsome

e theoreticalinumbers you are' calculating based on the design
,

'7 . you see on paper in. front of'you.- But.given the fact that

a that. design is completely'overriden by maintenance procedures

, s . and.we end.,up|with a new set of numbers, how can I believe the

~

to set of numbers you are presenting.from a nice, clean analysis

~11' ! assuming per:fect maintenance?

12 MR. MARK: There is a difference between the system

() -13 here and the light-water reactors,-which have only one set of

14 rods. This has two redundant rods. So the ATWS number as it~

might be modified for light-water reactors has nothing to do15

16 with this.

17 MR. LIPINSKI: No, but their number as might be

modified due to poor maintenance is the_. numb,er,of interest.is

is MR. MARK: ;One has to'look at the system and ask if

'

20 it is subject to the same diseases. If it's- a sealed unit,

21 then maintenance may in fact.be irrelevant. Of the switch
:

22 bars, anyway.

23 MR. LIPINSKI: Not looking at the details of the

~ll I am doing is making a general statement --24 hardware, a
, q(/

25 maybe it was the specifics -- that the vulnerability is not
-~
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,

^7/t, 's: 'MR.' MARK: 'Look,-you are abs'olutely right, it.has

Is- to beLrelooked;at with'the same question'a's' Salem,-'the light--

~

',

J4 water things'. 'If.~they' apply, then they have~to be accepted,.
.

'and if'they don't apply,'then it needs to be pointed out.s:

# ~ MR. THEOPANOUS: To. continue,.then,_in the ' follow .e,

7 ing.we~are going.to'take a look/at'the loss of flow, TOP and

a loss of heat-sink, in that order. .Those of'you who were here
\

.last . time in November, you remember that .we ' put most of oure

ice ; emphasis in theLlosslof flow accident. <

'

We fdid <tha't ' because , . number one, we could . identify::

areas that we were concerned with as far as cnergetics, and12

(]) ~really this case not being so for the other1two situations.is

i4 ; Having now completed the' analysis, we think that

is this is a correct judgment, and the presentation,and the

is report is really then with this emphasis on the. loss of flow.

17 This is-not to say, however, that the unique aspects of the

te other two initiators were:not considered, and in-fact we
*

i,

,, think there are some interesting aspects ~ asso'ciated with'

no them and we are going to talk about them later.today.

2: But the emphasis is-on'the loss of flow, and the.

overall approach here is to first consider the structural22

capability of the vessel. Obviously, you need to have a23

yardstick against which to measure energetic behavior, and24

as that yardstick is provided by *.he structural capability of the
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22|jy3,4 1 primary system.
%._*

* lD ,a LAs its turns out -in this ' case , in addition . to ~ the~

3 ; head just talked--about, there :is another like a ' mini-containmen :

.inside$the1 containment, and that is.this core cage, we call it,4-.u

s 'and:this~is.made out of structures,1the core-support structure,

., 's the . core barrelland the-upper internal structure.- It is a-
,

7 ' cage becausefit is not ' completely closed up. Things can leak

a 'out, but structurally, if you like-to put a big force, a

e. .high-pressure source in there, that source does not manifest

so itself on the outside unless there.is some failure on thiss

it- cage, on'this structure.

i . .

2 Now, here we establish this yardstick, then. We'

!
1

J(]) is go through the disruption, through'the core disruption

-14. phenomenology, and we attempt to establish a general framework.

is That is, in very, ~ very rough lines , we like to know how the

accident progresses, what are the different steps, the differ-se

I

i 57 ent' configurations that the core might find itself as it goes
!

from initiation to the!tdrmination,'tocthe end'of thisis

!

| accident. This is what we call ffamework..ie

| Here the discussioh can be-viewed.or the whole thing2o

! can!be viewed in two major parts. One is the initiating21

~ 2 2' phase. That is 1where the disruption begins. The geometry is

.23 only beginning to be lost and therefore is much better defined
1

1

24 from that point of view. And then the other one we call the
. -( )

2s ' disruption-phase, and that takes on from the point where the
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' j-143,5 3 fue1L actually begins to move 'at some rather large distances .

I)
_

.

C V- a until the action is' terminated.
~

. .

8' One' word ~about termination. 'O,ur task is to look*

d '' '

_at' energetics. Therefore, when we say. termination, we. refer'

,

' 8 - tolthe: termination of energetic -potential. What it means is-

e ~

the achievement of perm'anently subcritical rtate.and not

17 termination of the accident. Even after-the core has-gone

,e - through thisit'erminationiof the energe' tic concerns, as you

'~ ;already know from previous discussions, it has to go through

'O
J

cin the containment eventually somehow by decay heat.

l'' Now then, within this framework we look at this

- 12 f framework and try to identify if there is any potential for

.(f 'en'ergetic behavior. So we search, then, for energetic events13

14 withinfthis general phenomenology, and we can classify them
,

"5 'in terms of two classes, again,'of energetic events.' One is
~

,

16 pertinent to the initiating phase. Here you will recall from

17 the last discussion, in order to produce energetic events, we
'

,- ~

e..
, ,,

.

is need to have rather forced fuel motions. . Plain-gravity will
3

- , -

19 not do it here because the fuel just begins to disrupt and
:<

this disruption is rathbr" incoherent because of the powerao

21 distribution in the core.

22 The only way to do it, then, is to have forced

23 fuel motion. That means you require pressure somehow. On

E 24 the other hand, in the disruption phase a lot of the fuel ofg
J

25 the core moves, therefore coherence might be achieved, and
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$-1-3,6 ^ 1 .therefore even'gravitylalone can do the job of producing.
m
l' P t

%st .a- . energetics.and;thatLis the~ kind'of situation,that we call

|
-8 recriticality.1 '

,

'

d So we-identify,.-then, initiating phase of energetics
_

s and recriticality. . But then independently:of whether we
~ ~

;

I -

e ' identify the possibility'of such energetic. events,fwe somehow

7 'have'to see these come to:a~ termination,Jcome to an end, and^

|- a 'obviously there are.other non-energetic or mild ways by which

; *o .the fuel'can get out~of-the ' core,'and we'try to identify and

|

| 10 .see-what is the potential for that.
I

Itt' So again, we search over this whole range.of
i

| 12 phenomenology,'the whole accident" progression and~ identify
|

. (f -13 . paths through which the fuel actually can get out of the; core.

. 14 When 40 percent of the fuel gets out, you can call it
1

is energetically terminated.

| 16 At the beginning, again, in the initiating phase,
l'
i

; 17 the only available parts for the fuel to get out is the
| ,

| l iThis is up and down''through the actualto coolant passages.

l blankets and up and down. ,Those are very tiny, ;small pathsis
!

,

2o and the fuel as it tries to get'out might freeze there and

ai might plug them. So one of the important considerations is

22 are those parts available.

23 Furthermore, it is possible that those might plug

24 up before any fuel attempts, and this is when this cladding,|h1%)
as melts before the fuel, at least in the initial stages of the
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j-1-3;7; ,s. dioss'of' flow" accident,;and:this cladding can~be' moved-
,-; <_ -',

:J V
A/- - x .? upwards and'-downwards'and can. plug'andefreeze and completely:s

~

s ,

1L isolate from that1poinY~of' view these actual paths..

- '"4 LLaterson when the fuel actual'ly' continues to

V moveJinshat1we call-extended motions.and continues to produces-

heat,'not only through' decay heat.but, we believe, alsoe

'7 through neutronic activity, through:recriticalities, because
.

.of-the continuous presence of' gravity, the .sub-assembly wallss.

begin'to become att'acked and' melt,'and'therefore the. gapso:
|

io between the sub-assemblies:now become available, and that is

it. what is shown here.
i
,

'

2'' So in the~ disruption phase,-new paths becomei
, ..

(J is available for the_ fuel to get out. Again, those paths are

L e4 about 1000 degrees lower temperature than the fuel melting
!
'

is . temperature, a very large delta t. And again, will.those

paths allow for the fuel to get out before freezing occurs andis

17 therefore isolation,
,

' ' '

.,9j . .

is Finally, the control assemblies,''upon helting of

the walls, provide additional paths for the fuel to escape,3,

no and again similar considerations apply here.

21 One important thin'g that I'will come to again

and again and I want to impress upon you is that as the22

23 disruption phase increases, as we go from the initial first

24 pins to fail and first little fuel to begin to move , m we

25 go down to whole subassembly molten, maybe more than one
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l\3,$- 1 ' subassemblies' melting togethnr and molten,~more and more ofj -

7 . (- s' |those paths become available and eventually you'will see that
(v

i

p - :t the' actual system becomes overwhelmed by these relief

<4 paths. It is.almost.like trying to_ keep water in a sieve,
-

,

and you know'that is very difficult.s

I

e Here I am showing the sections or units'within

j- 7 this loss of flow, which is Chapter 2'in the report, that
!.

L
e . addresses some of those areas, and we are going to try to

| e walk through this , then, in a relatively brief fashion, through >

to -each one ofEthem in that order.

I 11 MR. MARK: Theo, a question of a general sort.
|-
|

i 12 You did say''that~if you disperse 40 percent of the fuel,

L () 13- then recriticality is excluded. If I.take the fuel and melt
~

it all and magically put it in the pool in the bottom of the14

15 vessel, is it~or isn't it critical if there is'no sodium?
-

Sixty percent will''be critical if there is a . good sodiumte

~ . ,
,

*

17 layer on top,- is that icorrect?| _-

is' MR. THEOPANOUS : In^ fact, I don't'think the
'. ,

-

3, sodium layer makes a big difference. .Maybe if there is some
!

'

[ .2o steel around it might make some difference, but 40 percent
|

;. 21 is -- 60Lpercent is critical if you have the normal mixture
!

, 22; of fuel and steel and internal blankets all mixed up within
!

i-

23 the core configuration.

24 MR. MARK: At the bottom of the --
| ' O --

-

25

TAYLOE ASSOCIATES
REGISTERED PROFESSION AL REPORTERS

NORFOLK. VIRGINIA

- . - -. _ - . _ _ . , . _ . . _ . . _ . - - . , _ _ , _ . , - _ - - . _ - - - , - , _ _ . . , . . . _ , , . , - - - . . . . . - , , - - _ . . - _ - - - . - -



,

-

,> .

f. . . ,
,

- >m .,

i, , _ q' y
. ~ a 27.

, > - .r
,rs . - ,

,

.j .1-3,9 t 'R.' THEOFANOUS: Inside the. core. I don't bareM
~

_

,.f 3
l!v . where you have it, but inside the1. original core configuration...a

'3 Now,Tif youIb$ing in'also the' radial'. blankets,~snd'i_f you are'

, going ' to do tha't, if you' are going to let! every' thing . melt1 J4~
-

.

.

,c (s' Jand-go.down'to the bottom, probably a1so .by ~thht. tinie maybe
'

|you bring. in' the axial blankets, ~ the lower blankets, maybee

7 j even some of theradihl blankets, then you have enough dilution

that 'in . fact without any ' loss oI fuel the thing will bea
,

o subcritical-.
,

t .

.to MR. MARK: It-is-that kind of question I am wonder-

ti ing'about..

12 MR. THEOFANOUS: It is this kind of thing. I:think

you will see that better when we discuss the loss of heat sinki3

.i4 accident,'because'in this case, in fact, you don't. lose any
I

is fuel. All the fuel stays inside,but what.happens is more and

.ie more radial. blankets come in. 'I think'I will be able to

i7 answer your questions there. r ;
-

,

is Now, the de' tail's of this wh' ole thing are sometimes

i' so overwhelming that itican. cause a lot' of confusion. What I

am saying_is one can get hung up.with details in looking at.2o
s

:21 these core disruption accidents and really misunderstand

certain simple features.of them.22

What we are trying'to do here is trying to do23

em 2, exactly that, trying to look at them in.a simple way, to
(

'

as really try to comprehend what is going on. I think this is
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' j - 1- 3 ,'10 's done;wel'1 with this' kind of picture. "We call this a generic~

1 core-disruptive accident. progression, and it is generic to ;

,, .

'

.. s ' 'the' loss of flow. accident in particular.
.

'

.

4- Here it is'shown that from initiation, what I said
_

,

s before,.:from' the initiation of core. disruption -involving just

a few pins-failing,-until'the complete core disruption, which
'

e .

-

is the whole core.all molten inside'the; original' core confines,7
,

,,
' '

.this we call" homogeneous whole core. pool. The core will go..

:from this initial disruptionLto this final disruption throughe

to- . successive stages of melting materials and. relegating

materials.
.

12 This is like a continuum,of states here, and we

'#.t ' describe-this continuum state in terms of two r'epresentative,_,3

,4 ~ones. One is when the subassembly walls are largely intact,

us so at most we have individual subassembly pools, and this is

this stage over here. The next stage comes about because ofis

the heterogeneous coreade, sign,-and here I.would like to put,7
, - ,, .

up a figure donated toi me :from the :la'st meeting ' from the,,

project, and that shows: very well, I think,.an intermediate,, .

._

stage between the individual subassembly. pool-. scale and whole20

core pool stage because of the pressures of the internal21

| blankets.,,

These are low-power regions and much colder, so23

when the| drivers are quickly melting, within a fraction of a24

O-
second, they will remain intact. Of course, they will beas
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.

;j-1-3,11. *. attacked by; melt from inside and outside,'but'you can:see

;a' . that-there is at.least'for'a short period ofItime'this
'

i

9y u,

'

structure ' over. an annular pool, shown here.by this red. |.s

4 .That is the reason, then, we have identified an

~

intermediate stage, the annular pool stage.s

'

- e Now,'through this continuum of-advanced disruption

7, stage,"there is~a potential for.the system'. to' terminate the
~

accid 6nt energetically, that'is, to obtain energetic-F a-
;

9. termination. This termination can happen either energetically,
,

to either in'a' forceful way, and by that we mean pressures-
J

; .ii, developed.of significant magnitude to f'orcefully eject the
4

jz 12 fuel materials into the sodium pool and to actually.do that
|

.,3 with enough force that some energy is delivered to the.
:

~

. i4 sodium pool, or it can' terminate'in a. mild way again by<

n

.

escape through all.'those difforent. relief. paths. Thisis
s

-

ie' process here we call hydrodynamic disassembly or disassembly,

s - .
.

.

this process over -here we .ca11' dispersal'., - u
'

~ >: i7
-

3

'

Now, depending on which of tbose exit paths theia

: i
'

..

- - system ~can take for energetic ' termination, we-have a different
i, .

Probability or a different: chance of fa'iling.jthd system, and2o

ai that is why, then, we have identified here four paths that*

go from the disassembly process into failing the reactor
i 22-

vessel, and that is what we mean by ex-vessel containment, and23

each one of those paths will have its own number, its own2,.

'

- as - probability. '

d

I
I
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x

- Now; to have: a quantitative v.iew of which' way- j-1-3,12 1 ~ "

9mb.: Lthin~gs-are:goingchere, one could put. numbers-in each one ofa

.3' -those_ paths',. probability numbers. -You see there-they are-

i

.d split point decisions. At this point what is the chance.of
-

.
. . .

- s going intocenergetic disassembly ~,fwhat is the chance of going
,

e, into subassembly pool,~and what is the c' hance of terminating?
.

"
7 Now, one could express those things by.words, and

e I.would say the most likely' possibility;here is to go into a

o pool, and then from here on the most likely probability is
,

10 to disperse. On the other hand, as you see, there is more

11 than one step here and very quickly one gets confused with
,

'

12 - words if' one tries to' do this way.

( )' 13 .fh) we have bitten the' bullet, I. guess, and tried

14 to put numbers here,and this has caused some controversy !

15 because people in general get nervous when one talks about
,

numbers, especially about' things that are somewhat maybe-

te

'<
.

. |- <

17 not amenable to exact quantification.
.

_s s ,

is But we think that it is an important exercise to
^

- 19 put this whole thing into-perspective, not to put in perspec-

tive the situation to a whole PRA,: bdcause that linvolves anothe '
2o r

2: step, but to put in perspective the whole sequences within

END 22 alcore disruptive accident.
1-31

23

' - 24

- 25
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'
(Slide.)

)
' * So I would like, then, to show you the approach that

*
we to'ok in doing that. The procedure is, first, to identify

#
or define a set of probability numbers on an order of magnitude

v

*
basis and give definitions to them. And we have chosen three

levels; one is characterized by.10- as an event that really*
i .; , . - , ;1

,

can be obtained by age df'. spectrum assumption,s. This is an7

a event, for example, that one normally would not expect on a

best estimate, not even on a 1 w pr$bability, but'one has to8

reallygototheedgeofth'espectrubbefore'one'$anclaimthat'"

'' this event has occurred.

'*
~

is when one would require toThe next level, 10 ,

g
i._) '3 make out of spectrum assumptions in order for this event to be

'd realizeable. And this implies that we understand the phenomena

'' controlling, and therefore, we can come up to the edge of the

'" spectrum. Here, the trend is different. Here we are trying

17 to look at the phenomena from the other end of it and consider

18 what is physically possible, and really, this kind of a circum-

58 stance is so far out from what we expect that this will be

2o outside of the spectrum.

21 So when we are at this level, I guess I am saying

22 we know better the best estimate behavior when you come to the

23 edge of it. When we are here (indicating) we're exploring more

24/~') to the outer spectrum and coming up to the edge on that side.
R.)

Now, if you have two events, one like this and one |
25
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' like'that in series,.one following the other, you would have
,

kj -
' ' - n -2 -3

a probability of 10 10 and physically,'I think it is, . ,

* reasonable tb claimLthat'such a 'equence.with two very unlikelys

#
situations would really be classified as physically unreason-.

s; able. :So'that's how our.definitionJof.what is physically

* unreasonable,
n; ,te r'; :' . ,; s ' , >*

Now,ihaving do e;that,!. , , eed,i'to d'evelop the basis7
-

. . -

* for judging each one of the parts,ithat were given before,that
, >

* #

. + -rc

a. t , , .r . .. f rg you saw in the generic, accident' progression, so,we can identify
,

4 s. b
' ' put numbers.to them. Now again, to!do thls precisely, one
'' would have to have the complete probability distributions, and

'* actually,' quantify each one of'the parts not with a number but

'3
- with a probability distribution.

'd We claim that really, we don't have the information

''
to-do that. It's a step that cannot'really be accomplished in

'* a reliable and meaningful way at this time. One can always

" put probability' distributions and carry through the exercise,

to but nobody has done it yet and I think it will take some time

.before anybody actually attempts to do that in a reasonably''

* confident way.

21 - On the other hand, if we ask a different question,

say what if we can assign those numbers as high confidence22

23- numbers at the end of tbose probability distributions. We

. - don't have to know the details in order to know what is out at24

25
. the end, and if we try to do that in a conservative fashion, we
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C,-

' .can'actually~ accomplish this step as we have done in the
. , (,_. ,
_U :s

report.. ' .
n,.

3
~

things are simple,'weNow after this,'of~ course,
.

'*
.

can carry..out th'e arithmetic, following each.one'of the|
- 2

s .
-

Jcomposites we are-interested.in, and in particular, we cancome

''

.

o'ut with the. probability [forh;ve~ssel failure by'.' summing up-
,

iU,jf ., s , -
;c1 -> .-: ;;

the probabilities of th'os&, four; p ;) T wparts-that"were shown on the
*'*

.

.. ,,
1

i

-- " -- -*r-
previous slide. ) .' . 'h . s ,

,I' '3.'f't~ * ' ' "
t

. C' ,s s p :s

' , Now we have a numberrat the end, and;that~is the
'

t- '. %n.. -, .
|

.-'* probability.for failing'the vessel,.and this number was

'

'' obtained in terms of these' definitions. It~would be very-

|-
'*

| wrong if~one would take.that number now and go and stick it

(h ' into a probability risk assessment study that is based on a

i
'd

L different set of numbers; a lot of them actually based on
i.
I

'' experience. Therefore, we emphasize that with the start, one
L

' ' ' has to take this number and go back and convert it into the-

|
'7

| physical meaning associated with this based on those definitions
!

here. .If,the number is less than 10~ then we can say thatis
,

to 'the failure of'the vessel is not considered physically

2o reasonable; it is physically unreasonable. And that is really

'2 the-bottom linezof that.

22 And you will see, we will come to the bottom line.
~

23 Now, if one wanted to see what is the impact of this kind of

24 treatment to a. total probabilistic approach, considering both

as the front end of the core disruption, the initiator side, as
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1 well as.the back end of it, considering the radiological

J 2 aspects, one has to go back and look at the context of the

a numbers assigned to both of the sides, what would be a correct

4 number to assign to' physically unreasonable states. And

5 that's the number that has to go in there, then, in the

e analysis, r. , ,

;! -*

7 MR. KASTENBERG: Do you also come"to-the converse

e of that? In other ~ words,' you mu'st ? have assignbd ' number 1 to
~

9 your best estimate; Something,_that.is. I.mean, if you heat
. -

io up the core you'll boil the sodium. That has to have a 1.

si So then if you propagate everything and you conserve proba-

32 bility, you have to have something that is physically reasonable

(} v3 at the end, I presume.

i4 MR. TIIEOFANOUS : Right, sure.

is MR. KASTENBERG: And you do have it.

16 MR. THEOFANOUS: Yes, and you wil] see that. At

17 the end we're going to put the numbers, and you will see the

is many of the parts, in fact, have 1, and therefore,this way if

3, one wanted tc arrive at the best estimate scenario, or if you

2o wanted, you could find out which way it goes.

So with these more or less introductory materials,2

I think we are going to go lato some of the technical details,22

23 and to start out or considering the CRBR's actual capability.

rs 24 This is a schematic of the system. And here are
U

25 some of the acronyms we use; this is the UIS or operating
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"
- t I. ' internal' structures,'and that-is-a rather large' structure that

: e

e a ~ hupports from the top-with four strong columns. IIere you see
_- .; ;*

the core bErrell, and.this-is the radial shield; there's a-3'

.C number:of. subassemblies there that contain the steel mass,
;

.s- .there's no core. The core is.in-the middle, and this is,-of
,

' Course,-.the core structur@.i ~ I TI f. A ^ ! .7
|(;;.i,$ ,* '"'{:._V .' '' ,,t

6

.'
'7 Also,there isYanothdr"strui:ture'6p here; tihe upper

r (. ( v~.
_

,

t
-

Jcore structure, and 'this is made up,: of blank'e.ts and ' the; - a
.,s _v -

, , ., _,

s' fission gas plenum, steel. ,

,,.,m, -

,s,

- , u, .-

10 So to:a large extent, this is-just an empty hole

,

' kind'of structure, like a honeycomb.t1
d

12 Now, the-failure mode through'the system,.then,

h the US'- see, there's pressure, there's an energetic eventis;

1

14 - suddenly releasing high pressure into the core and can, of

,
course, block the UIS and the cones can buckle, and that would15

make this whole thing be translated upwards and the:high16

pressures', then, would' manifest themselves in the bottom of17.

is the pool, the pool will accelerate and heat the head. This{
o

19 isLthe Vessel head structure, and this slug impact, then, can

20 cause damage to the head, and the apprmriate way to look at
4

) 21 that is in terms of the impact kinetic energy.
d

'

22 For the UIS, the failure mode is buckling, as I

23 said before, and for that, one needs to know the pressure

24 history on the UIS.

25 Now, the structural evaluations we have done show ;
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'

i ' .that the core support structure is byJ ar stron'ger.than'.any of~

f

. _

'

'''3) n' 'those12- structures, so it-doesn't even enter the picture. >

%

s- .That-is, the thing is going to fall' apart in other places

much;before the core support structure'gives way.4
.

-

s On''the' core bottom, however, hhat.can fail also by
,

, . , . . , , , y
e and

. ,
*

-

radial-strain under this body;+7. jagain,sf.or,one t.o evaluate *

. <

j . , - ,'
.

. t ;; D U"< v

7 that'one needs to know what is the pressure time history of
! ; ,-

,

- -
the bounding of-this core _ bott'om.. ( I[a .

We have done-theEandlysis, then,Naccording to this9,

S |so kind of a logic, and wenfound out that the approximate approach

; i t. to failing this cage, this stucture here, is at an event of
.
~

21 about 100 dollars per second in a two-phase disassembly mode.

() is .And I emphasize that because there is some very great difference
,

!

i4 between.the configurations to which these assemblies take place.

is And this is one that basically turns around and

I terminates by variable pressures.te

17 Now, after the structure fails, as I said before,
,

i

is the full accelerates, this work-is done, and obviously, this

.

is requires a high level of energy, and for this energy, then, ,

ao to be of significance as far as the vessel head structure is

21 concerned one must approach the 200 dollars per second, two-
|

P ase disassembly. rates.h22

MR. ZUDANS: Theo, what makes the core accelerate23

4
. 24 upward? Just the pump pressure?

^

25 MR. THEOFANOUS: No, no, this is an exiting event
.

TAYLOE ASSOCIATES
REGISTERED PRoFE3SloNAL REPORTERS

NORFOLK, VIRGINIA

- - . , . _ . . - . . .
__.._-,,,.--.._,.._,.._._._...._..__....._,,._,__.,,____.,,_,.__.,_.,__.,,_,._..,l



_.
-- - -.

M1 -_4 / 7 . '
,

.+ 37
a 4 -

.

'

sp f).y now, and how'ones-goes about g'etting-an energetic. event you
i 1

-

^/ - a_

will' hear'in the rest of it.- But here we are hypothesizingL '

.that'.. suddenly the~ core becomes molten and has developed highI

4
pressures.

,

*
'p MR. ZUDANS: -And it can't.go down.

p . ..

5,
,

-

'
-

~ '''

MR. THEOFANOUS: <These pressures, then,' d'evelop' 6 ~-

.

,. .

. .,
.

7
-within,this. cage, so it's~ going to load all the' sides of it,i.

p ' .' y ;-
'*

e ,, ,*
upward and otherwise~. And'if the thin'g fa'ils', then', of course,

t g ;|
-

< ,

| _ we're going to load also this 'otilkerYside.' *'

'
' The reference yields, just for normalizing with

,

''
l. what.you know'from previous discussions, the 100 dollars per
!

'#
_

second, two-phase disassembly has an.1150 megajoule ultimate
.

-

'3 work potential. .This is kind of short terminology to use
,

'#'
. instead-of this expansion.to an atmosphere. Normally, if we

- '' want to characterize how much an energetic event is, one

'" takes the initial state, following the neutronic termination;

" this has.a temperature distribution, a pressure distribution,

ta -and then one lets that expand pocket by pocket adiabatically|
L

''

[ until it all'.comes out'to one atmosphere pressure. And then

*O
| one calculates the PV curve from that, the PV work, and this
!

I
- 2i is what we are referring to as ultimate work potential; that

I
' 22 is,the most possible work that anyone can ever do from this

23 kind of an event.

24 MP. MARK: Isn't that similar to PVs throughout

** the vaporized region, initially?
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,

,n,
11 MR. THEOPANOUS: Initially, yes. And here, for the

,

y 3
.

.
.

.

',V '200 dollars per second.is 25,.50 megajoules; very significanta

3 amount of energy.1

d' .MR.' MARK: It would seem to me more graspable if

'

.s. instead of the ultimate. work potential you'just said the .

e -
, ,n- , x .,

productofPV:throughouNthe. core,,initiallyiis,like',.1150
'

8
> .

7 megajoules. .., ,
, ,-

'1
_ , ,

~; -

a MR..THEOFANOUS: Well~,'thht would require many more#

--, . >

9- words to say it- -- ''

to -(Laughter . ) .

It Or, .the-usual'. expression is expansion to an atmosphere; it
~

12 is the same thing.

h
~

I'm familiar with that, but obviously13 MR.. MARK:

meaningless.14

15 MR. THEOFANOUS: This is really a controversial

16 item because many people don't like to see these big numbers

17 and they think really more meaningful things. Essentially, '

ta everything is going to be contained inside the vessel. A more

19 meaningful thing is to do this PV expansion only to the cover

20 gas volume, but then again, one loses a little bit from doing

21 that because every system has its owncover gas, and maybe

i 22 even the same system that might have a different cover gas.

23 So this is really a thermodynamic definition, generic, that

24 really conveys the magnitude of the energy possibly available,

25 and as long as we remember that really, those levels of energy
:

! TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS )

| NORFOLK, VIRGINIA
i

, . . . . . . . . . . . . , . _ , . _ . _ . , . _ , - , , . , _ . _ , . . - . . _ , , . _ , _ - . _ . _ - , . _ . . _ _ . _ _ . , _ , , _ . . _ _ . , , _ . , . . _ , ,-



r, -
, - -

LY l-4/97
.

i
.

'

- - - ~

_ 39
, .

'

|

' never. manifest themselves - .one should never make the
y%, ,

,

*p mistake 1that.those numbers,actually.show up in terms of the
3 ' work .

- #' .MR. MARK: -Well, you mean-they never get converted
'

s to k'inetic energy. , :$ c- r, .
- - . . - .'s; (<

h. '' '

MR. THEOFANOUS:- Yes. s .

*

L
' '

Now, .the applicants has 'used_ a' 66'l megajoule source -7
,

'

|
n.

..

i a to record. They have neglected all,those s.tructures. Basically,

i i:3'
.. . i .

'
: they let~this' equivalent PV carb that gives this.661 megajoules

'O
; by again, adiabatic. fuel, and let it expand upward unrestrained,

'

'' accelerate the. slug. At the time of impact, there was a kinetic
i

) energy in its volume:and all the materials in the core, and12

O: '> they counted ug e11 thet kinetic enerev end they found thee
4

f to.be around 75 megajoules. Some of the energy, of course,''

I

f if you do the PV work for this source here, it is about 100'5

| '8 megajoules,'but they did that taking into account the structural
i |

) 17 deformations and some of that went into strain, so the total
i
;

ej kinetic energy was 75 megajoules, counting the core materials.
;

f' '8 And then they made the step that said we will design
i

26 the head for a 75 megajoules slug impact energy. This involves

i
- 21 a situation now to try to account for a kinetic energy that's

22 inside the bubble with liquid moving inside the vapor space
,

a

i

0 23 and then going and heating the liquid.
.!

{ So as you see, the approach that we took is somewhat24

asj idealized, in the sense that it neglects important, in our
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. , 1- . opinion, very important' mitigator of energetics into the
b

< k. 3f a pool. And this.is an important mitigator because as you will

s see, this 100 dollars per second energy level really we don't

even expect.to have it under the worst-i>ossible conditions in. 4

-s the core. _ , ~, .- ..
/ . ,

,.. ,

,_ _' r. '
'j',;f s

So. from that' point of driew, it',..is- really an ideal6

7 - situatiion. If- t-here was' a' Fa~nge of expected ramp rates that
- ;
..

e go up'to 150, let's say. So maybe in that case, .by neglecting
i ;c

>

, .,

9 all:this mitigator, may be not too. bad because maybe a portion

to of events only are covered by.that portion, and there's

si .another large portion that is not covered.

12 But what youare saying-here is the whole thing is

i3 covered by.this, and if you neglect that, you basically

34 neglect the necessity of completely mitigating the whole

is energy = release.

t{,sS

b- q
te

17

18

19

20

21

22
l

23

''

; O
25,

:
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,
- >w, ,

r s^ 1 ., e 3

hl--5,1 I $ 1 - [Now,.what'Ihave-todois.actuallywalk'youthrough' '

p .q ,
.

. the different steps of showing- how this characterization of -
-

r . .. .. . . ..
. ,eq' a;-:

i. : . I
''

l' ~ 8 - ;$100]andLS200 . per second. energy _ levels was obtained for '

, ,

A theLfailure of~those atructures.

8
~

ZUDANSi .Theo', the-75 megajoule-impact ~| MR. ,

'
- a kinetic energy '.. impact', of Course neglected all.the internals,

'7j 'and that means they'made a clear-path'for this. Now, -if .you

- a do not neglect all theLinternals',,you would get less kinetic

t s - energy at the : impact but 'you would strain the vessel- more.|
i

I - ^10 Now, I~know'that the tests show that you caniget
i
i

~

-twice the-strain with~the upper internals than you get without,11 .

i

| -Did you analyze this?'12

l'

h 13 MR. THEOFANOUS: Yes. In fact, we are looking at

|
that in a realistic way. We are looking with the internals14

e

85 and everything there. The reason I am bringing this up here

( 16. -is because~if one were?tof ook at't,hese'n,umb,ersthere andl
.. .

s[ I k, * -
these numbers, one might say,-like,f

'

1...'. . ,|. *
,

17
.

som' body' told me in ae
i

to previous presentation I!made, tihe -Staf f, who ~is !more conser-
~> . . . ...

i

! 19 vative here? You give higher numbers-but.you are coming at
,,

20 the bottom line and saying that this very, very high level
:

'

.of energy s'till, as you say, will give you the tendency the21

22 same that the applicant gets..
,

23 What I want to say is that the two approaches are

- * . 24 so different, and the one is so idealized that I don't
: .>

25 want to venture into saying who is more conservative, who is
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j-1-5,2 i less conservative. We will just give you our story here,

~

- 2 that we think is consistent, and then you have to make your

3 judgment as far as how the_two compare.

4 MR. ZUDANS: 'Well, you didn't get my point. Which

s failure modes?

e MR. THEOFANOUS: We are going to consider all three

failure modes,7

a MR. ZUDANS: But it doesn't show vessel failure

o mode. You only show column buckling --

u) MR. THEOFANOUS: We want to talk about the vessel

3, failure mode also, but the point here is that we don't really,

are not really overly concerned about the vessel failure,12

(~') although we are looking at it, because the primary concern isi3
v

i4 the failure of the upper head. Like Carson said, the failure

of the head has the potential of releasing materials into theis

upper containment, and one is concerned from the point of viewis

of violating the cont'ain'ent. N o' , if materials were releasedm w
i7

into the cavity, you are-talking about a different set ofis

events from the point of view of=failing, basically releasing,,

any radioactivity to the outside.2o

MR. ZUDANS: I just want to know whether your
21

analysis considered vessel failure as a failure mode.

MR. THEOFANOUS: As a failure mode.
23

I
MR. ZUDANS: Correct. Because you list failure

/m 24,

i
-|

modee and it does not include vessel -- core barrel strength,25
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'

j-1-5,3 1 column buckling --
i

; 2 MR. THEOPANOUS: You see, l am keying the whole

3 discussion here, and as it should he, the whole energetic
d discussion, keyed to generating failure of the upper -- of
5 the vessel head structure, potential generation of missiles,
8 basically potential threat to the containment.

7 Now, there are other ways, there are other parts
8 of the system, and there may be other parts that can fail. We

9 are not concerned about all of those other parts from the

point of view of energetics.to

11 MR. DICKSON: Excuse me. I would like to add

12 something here because I read yesterday from a figure that
,,s() contained a typographical error. The numbers I read wereis

that SM3 had a 2.8 percent strain, and SM2 had a 1.4.14

15 MR. THEOPANOUS: That is correct.

16 MR. DICKS ON : The truth was -- that's a typo --

17 that should have been 4.4. It turns out that when you include

18 the upper internals in the test, the thing that is strained

more is the core barrel and' not .the vessel up near the head.19

20 MR. ZUDANS: What was the strain in the vessel near
25 the head on that figure that was labeled 1.4, 2.8? I thought

22 the labels were switched.

23 MR. DICKSON: It was 2.8 and 4,4. The graph at

r3 24 the bottom is correct.
'V

25 MR. THEOFANOUS: The 1.4 and 2.8 still is essentially
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3-1-5,4 ~ 1- - close.to 80 percent' higher.
;p

'
- . 2 MR. DI'CKSON : 1Yes,.but it was the SM2 that had

'
<

'8 'the1 greater strain. SM3 had less, the reason being that more :

d of.the energy went into straining the core. barrel.
i

,s
MR. .THEOFANOUS: That doesn't make physical sense.

.

e ' MR. -DICKSON : Well',~it does. If the UI'S is
'7' sufficiently strong, the vessel isn't strained at all. All ;

a the strain will be taken up in the core barrel. With an. !

~
i

8 infinitely-strong upper internalLstructure, the only' thing !;
L

^ ~

'to that'can take up energy will be straining of the core barrel.

!
'- 11 MR. ZUDANS:. In other words, .it prevents the [

f
12 pressure variable penetrating upward. j

( 13 MR.-DICKSON: That is correct, and that was

!
-14 experimentally determined. . j

l
15 MR. THEOFANOUS: What is happening here is this !

7'. .,
16 slug accelerates and hith'the . top,1 and.|because of-the impact,

e .; j,

.17 the pressure is what strains the vessel. Now, obviously if [
> -

t

you keep the slug from acchleratihg'.and.you~can do that by fist
,

?-
.

.

is keeping the UIS in place', obviously you are going to be having !
t
i

20- less strain up here and more strain down here. ;

21 MR. ZUDANS: It is not you that confused me. It {
t

22 was yesterday's incorrect number,
j

!
23 -MR. THEOFANOUS: I heard about yesterday's discus- -

l
i

r^s 24 sion.
U.

25 So now, then, looking at what we have done in terms
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d-1-5,5' ;i- og;a'nalysis to analyze 1these failure modes, we need the i

?p/.
.

: pressure. history of.the boundaries. After'we get thisw a: '

s' pressure history, we'can do a structural analysis to take the
,

4- strain of the barrel, and.the-same-thing for the upper
i ,

s- internal structure.-

e For one to.do this correctly, one would require to

,

do a couple.of. fluid structural analyses. This capability-7

a really_is within reach. -Rexco can do-that but it is not really

~

e alligeared up to do this now. Therefore,.we-had to. resort

to to an. approximation technique, and the way we did it is to

it. .get the pressure histories.on the boundaries, assuming these

.i2 boundaries are rigid first. That maximizes the pressure
t

j .is history'on the boundarie's.

_i4 Now, having done that, go and do a structural
'' f."_ , ,

is analysis and find out:about'how'm'uch of a strain'we have. Now,
- - - '

t 3;i i ,
.,

'having gotten the strai,ns,,we can.go bgck and do the initialis u
<

, , \ ..

17 expansion analysis again to find the new+ pressure histories on

is the boundaries but allowing for the disp'lacement that we

calculated before.io

,

2o ~The new pressure histories now are applied to the

21 structural, this two-stop approach, applied to the structural

22 - ' analysis, and now we come up with new strains. We have done
,

23 that, considered the two levels, the $100 and the S200

24 per second level,-and we obtained in the first one convergence

2s "in both steps. The strain was about 2 percent, 2.5 percent,
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j-1-5,6 while in the other level, in the 200 level, the second time

'd 2 around the strain was somewhat lower than the first one, so

3 it.was not an exactly convergent situation but it was on the

4 ' conservative side.

s Now, remember that this is a case in which already

e we know we were going to fail that. We are primarily concerned

7 now for failing the head, and therefore this lack of conver-

a gence is not really a big problem.

9 MR. ZUDANS: Theo, the first step would not be con-

io servative pressure distribution, if I understocod you correctly ,

in If you took rigid walls and derived the pressure history and

turned around and applied that pressure history to the walls12

c

(a; is to get the deformation strength and repeated the pressure

history computation but now with the displacements as a func-i4

is tion of previously computed pressure, then that expansion

16 Would be larger than it really is.because your actual

17 pressure --

is MR. THEOFANOUS: That's right.

ig MR. ZUDANS: And you repeated those steps?

2o MR. THEOPANOUS: But if you go back and you

2i converge your --

MR. ZUDANS: That is what I am asking.22

23 MR. THEOFANOUS: And you converge. That's what )

,- 24 I'm saying. That's right.

V)
25 MR. ZUDANS: Then it would be okay.
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'j-l-5,7 1: MR. THEOPANOUS : So now I want to give you the3 , .

' pictbre here again of the energetic event._
'

4 There is no,

3 'more energy released in the core,'and typically there will be-
|

+ d- a pressure distribution in the core. There is a high flux

s.
,

region''in the center, cand th~at 's where ' the peak pressures ,
F

e peak temperatures are going-to be..
,

'Now.therefore, one would exp.ect to have'a temperature,7

'

a radial and axial' temperature distribution and pressure distri- '

o. _bution. Obviously, the pressure up here will not be'the same !

' as'the pressure up the're.to

11 Now, if this whole thing was solid or liquid and

12 had good transmission characteristics, that would be very

h 's. close-to being true. However, we-have a two-phased mixturei

'

'here that is-very compliant. It has a lot of void inside it.. 14
>

15 As a result of that, the pressures that are manifested in

16 the center, actually theyLnever materiali'ze on'the walls.'

,

That is a very'important'thingcbecausetif this mitigating17

thiscomplianceof''tpemediuminsidethecore,was18 aspect,
_

'
>

. .

! to not there, there would be no mechanism to get the energy in

2o the first place. One really needs to understand that.
,

2: If this whole thing was all liquid, let's say, one
,

22 can postulate all liquid, and say I'm going to put into that

! 23 all liquid $500 per second or S1000 per second, one
!

|
24 could generate almost no energy at all because of the thermal

|
' as expansion characteristics of the liquid. You know, very high
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Lj - 1- 5~, 8 t- : pressures, very quick' shutdown, and very low energy deposited '

, f-~3 - -

[k / ' a in'the fuel. That is well -known. for many , many years. So
,-

a th'e' main reason that one can ever expect'-- 'I don't.say will,3

M but ever expect to get energy here is because of the compli-
'

5 ance of the system.- Therefore, it is a very gross conserva-

s tism in error if one does not take into account this compli-

'

7 ance in calculating the loads on.the system, and that-is what

a we were'trying to do here.

e The core barrel'will strain under loading, and

so that will' provide additional expansion, additional energy

si < absorption within that; case than will ever appear up on the

12 expansion of the-pool. Therefore, that represents an impor-

() is tant loss. The same thing with'the upper core structure.

14 The upper' core structure, as I-said, is very much a void

is structure and.is goingitocbe accelerated' upwards and is going

se to hit the UIS. But.again, it is a crushable ^ thing and it
~

is.. going to take energy to Crush it',.andialso it yill17

is produce an expansion, which means a drop in, pressure here
,u

to before:even'any of this~ pressure can appear up in the pool.

2o So this is some of the important phenomena, and you can see

2: here the trends.

This is the center core pressure as a function of22
,

as time from an expansion, and this is the S200 per second,

24 two-phase disassembly.
i

|

as -You see, we are starting out at extremely high
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[Lj-1-5,9: 8 pressures, -1500 bar, but it' very quickly drops down to 'just ai -

,-

^ / : 8
'

7 few hundred, 200' to 300 bar, and then goes ~ like I his.t

. ,?

I 8 Now, this asymptotes out because remember'that we'

:

i

- 4'
- did.this part of.the calculation for the cage-for a completely.

- e closed system. ,Wd|didn't allow for the . fuel to get out. As a

18 result of that, these are going down.

7 On the o'ther hand, this expansion, that same
'

l
s- expansion --.which, by the way, was done using the SIMMER-

e code, and this is just a simple state adiabatic expansion,

10 and the fact is you'will.see later we accounted ~for every bit
|

ti of the energy in the thermodynamic sense at the end.

12 So in the core barrel, however, the pressure, at

() is most it is about 700 bar for a short time and then quickly;

!

L .14 . drops down again. Of course, eventually all the pressures

( . .

| have to come together.15 - '

l ~

this part, . i6 As far as Straining the core' barrel,

i7 here is'very important,. this high part,;and theishort-livednessj

|
'

to of it is important.
.

19 Now, I want to along the way contrast that with

20 what~ the project has done. They have taken basically the

21 peak pressure, not the 1500, because they didn't consider

;- :2' such high energy levels, but they took the peak pressure of'

( . .

23 the'661 case and applied it directly, I guess, on the pool

24 and in accelerating from time zero, and in the study -- not

as the project, but in the study that was published in the
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Jj-1- 5,10 ' 1. Chicago conference of reactor safety, in which the core
, . ~

~

.

--, -

. N- 2 barrel was examined from'this set of conditions to the.661,

~

3- that' peak core pressure was applied directly on the core |

4' barrel.

t. 's As a result of.'that, they.obtained displacements
~

s' on the order of 12.~5 percent or strains-^of.12.5 percent. For

7 our cases we need much higher; energy to obtain;the same '

-s' displacements, and that i~sn't' exactly because of this-

at'tentuat' ion of the pressure, because of the complia'nce ofs'
,

End 1-5 to 'the me'dium.

11

12

~O .=

14

m . ... -, s
,

.'15 ,

,

v

16
,

,

b

17 4

> * *s,,

19

20

21

22
|

23

''

O
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s- This -is ' the . expansion,Ethe P. delta p curve, and-

'(h . . .

'\ > s' this 200 dollars per second. If one was to do a pocket by
,

,s pockst isentropic.expansionLto the total free volume that is' '

4 inside that enclosure, that takes' into account the strain.of

s'- the core barrel,.as I said before,sall the.internalovoids,
:, | ! ' i;

'' ' *{, ~
,

~

,

' the displacement of the uhp'er"dord Is'tiruchure,7 adds up toe
.

: 7' about ]4 cubic meters. If .'one' wa's to do s this 'PV work, one
, . 7, i ' '. .

c

_ s~ would obtain.520 megajoules; that'ss maximum thermodynamic work
a;.

,
h, +.

e potential.

to By doing-a.similar calculation in the straining,

as I described before, we find that about 180 megajoules havesi

gone'into the' core barrell as str.ain energy. And 340 megajoules12

() have gone into the upper core structure as kinetic energy,is

.And the sum of the two is this number up here.' So you seei4

is it's a numerical calculation, and we are coming out -- we

is haven't dissipated energy, we haven't' lost any energy; it-

is only that some went to strain and some went to kinetic17

is energy.

in Now, one might say that this upper core ~ structure

2o is moving upwards with this very high kinetic energy; can
1

mi that add ~anything to the damage in the system. Because if

that cannot, what this really implies, because of all this22

23 internal expansion inside the cage, really somehow were' |

|dissipated 520 megajoules, which is a really significant |O ~

24

-%

as number.
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'
i . Well, you can visualize this upper core structure.,

('~j ' '

* .again' is a ' thing Lthat is~ accelerated and moves very- rapidly,

,'
~ * but goes and heats up the structure or mass that is much larger

*
in size and is strongly supported from;the top. And it goes

-

g' c '

i, - ,e
and crushes and-all the' damage.istabsorbedtiht'o ashes and

,*
* *

o '.. ,

* ' dissipates. And all of that energy,_then will show up as
.' r, -, .,

. .,, 4 . ,

kinetic energy. UpMto this~ point; ,' a' ' iJ7

, . - .. .na So now then, having done that,twe found that the

' 100' dollars per second somehow dissipated all of it inside

'O the bubble, gave very minimal, only 2 percent strain on the

'' core- barrel', or 2.5 percent in the core barrel' and just one

12 ~

or two inches, very little, on the. upper internal structure.

(); '3 So this 1150 megajoules.we feel is safely and totally

'd t contained in that cage.

'' Now, we consider the second threshold which is

~l6 - the long-term. expansion, and that only comes into the picture

17 {{.this cage fails, and that requires a high level of energy

is than the 1150.-

19 .The next-level we picked to analyze went all the

ao way up to the energy level that would be required to produce

a' enough kinetic energy in the pool to start compromising or

-22 approaching the design limit of the vessel head. And that

23 is the 2550 megajoules at 200 dollars per second.

24 The situation here is as follows. Obviously,{)
as under this very high energy release the core barrel will strain,
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1 and we-estimate, following' the short-term. approach analysis I
em
-- a described before, that the core barrel will strain maybe

'

3 .quite a bit, maybe up to 15, 20 percent. - Jks that is really

d going up there to the limit and depending on whom you talk to
e; p 7 ,

-
---

s

somebody -will Lsay maybe :itlwill; fa'ili _ Ar somebod$ may say it 'ss
8; , -. .,

. ...

- 8 really.up there but if you,took.into account that the vessel'

i 3 .

~

a I

7 itself isfgoing to strai and that iE's' going'to=c5me up
* - >

..
i

against the guard vessel and there's going'to be anothere

.* stiffening effect from that, so maybe this might give a little

bit maybe it .will not become a total catastrophic failure.to

It But it's right up there.

12 By the way, this analysis of the strain of the core

( ). 13 barrel was done taking into account the stiffening effect of

the vessel wall and the presence of sodium also taking intoI4

15 account the drop intressure from the edge of the core to the

core barrel. interface because of additional convergence andle

17 additional divergence, I should say.

te MR. ZUDANS: In this calculation, was it assumed

that the upper internal structure effectively close. to core19

20 barrel and that reactor vessel volume above it did not

21 participate in expansion process?

22 MR. THEOFANOUS: The first part of the calculation

-as was done by neglecting the relief of the pressure because of

24 the displacement of the --

25 MR. ZUDANS: So it was like a closed --
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L; ,N. MR.iTHEOFANOUS: .It was very close, it-was conserva-
'

a -

~ d '. -2-
tive. 1Now.in reality, when,that begins :to move out, the:

* pressureiwillLbe-relieved and;you~will have less volume.
! -

,
--However,.again,7 remember,,that mostly in this- ^-

Phj . "O/, ' '

. -4 - < '' -- - 3;
i

,

s - - --kind of forms - ;and'I!must admitDI don't.'have~aLvery good
s

'' feel ~for that,1 but justilookingfat(theJresults., iE's very,
.., ,

&: ) *
:, -

7 very. clear = that- in a very, very short time with very, very high
( ; .y c ;.

-- -

those are the onds' that 'are producing most of the*
pressures,

*
energy. release into the structure;- that has produced most of -

' th'e 's thain. - And then Efrom then on, basically it just keeps
'' on moving like that.

12
But.I do want to make.the point' however, that both,

e-
(_Nf '3 this model here as well as this model, I mean the structural

'd
'models, were checked very ca'refully because obviously,it's

'"
an important part of'the story. We went-into each sector,

'

'' number one, benchmarking against the SRI tests, structural
,

'7 test, and more really because we were -- because we thought

is we found some interesting discrepancies between our results

to and this paper I mentioned to you from the Chicago conference

2 that was giving about the same kinds of strains for what we

21 thought were different pressure histories. We took their

22 pressure history that they used in'there to get the strains

23 and we put it in our model and really got exactly the same

24

} deformation. So we have an additional confidence then that

25
our structural results are consistent in terms of the methods
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' 4

% .n.he

Japplied-anck" techniques! to' such a: core ~ disruption which has' ' LiI .

~ '

.m- -
,

s.
7 -.

a= ?really received' extensive study arid everification over many,M ,

. |-

3: many years.

'4~ MR..ZUDANS: sin all~-thisjprocess, the. core support
. .

i h 'A , ,k ! ! n. I ~

h*, _ |, ''

,

s. plate and the core barreljand connec. tion-to the conical skirt,e

- e: were'they as'sumed to be rigid? /The' bottom end:wasiclosed -- ?
.p a. 7: .(p*.'

,. s ~< .
.,, ,

.. .a - .

7 -MR. THEOFANOUS: The bottom end.was closed and
r, ~q [,v , c g_ , ,

''s > ,, , g, . ,1 (

a rigid,.that's right.'

s Now, then, what happens here', .if we have this

to. -2550,-megajoule kind.of an event, the UIS would ' buckle, will

-
it move up by buckling the . columns, and that will then generate

paths.jfor the'high pressure zone to' expand. And therefore,12-

'h .is a bubble will form here, and on the other hand, there will

14 beianother. drop in pressure between the core and the bubble,

is and this is caused because of the' additional acceleration

ie- . required as the fluid flushes to fill up the bubble volume.
'

17 And-this amounts to about a half -- the pressure

is here is about one-half of the pressure up here, and that is

i is shown schematically like this (indicating). This is how the

2o core pressure decays with' time in this long-term expansion,

23 and this is'how the bubble pressure decays with time,

typically maintaining this well-known critical pressure vessel |22
|

)
23 about'.5. I

J

24 This we refer to as the throttle effect, and you
,

v I

'as can see that that is very important because over this part
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' '' of the' transient'the' pressure'really does not decay.very'

- ; (3
'

*
rapidly; you are almost near'.the pipe, .so if you're thinking

~

* in t'erms of-the delivery-to the slug in terms of P delta v,t

# yousee'here'the delta v5isithe - s.ame ;-in bo'th caseidyou see~
.,,'*>*ts \s

-

, ,

1

t ,
,f,2.* that~in this case you'r'e''oing to'get a wa'rp'that's'about'halfcg

'
n. x /. ,

8 as much as you would have gotterilid ' ou'ne'glected ' his.
>; -

, . +

7'
~

MR. ZUDANS: 'I'm-trying to find.the. slides in
v 3 - e

a - your.. handout - --~ - *

* MR. THEOFANOUS: You won't find them there because

'O those were noti made'directly from the --
,

'' MR. ZUDANS: This is not very easy for me to follow

12 because you have~.so many additional-loads on the slides. It's

(3
'3-(,1 just no way we can copy them and I think this is part of your

'4- argument.

'' MR. THEOFANOUS: Right.. The idea here is that --

ie again, I think the problem is that you do not have the document

17- involved ahead of time. But the idea is that I want to -- I

is didn't. want to. restrain myself only to the figures that are

18 only from the pages because then I wouldn't be able to explain

2o to you --

21 MR. ZUDANS: Can'.t we get a copy of the slides made?

22 MR. THEOFANOUS: What we can do, however, is we

23 can make copies of those on the break and you can then take

1
(~ 24

Q.)}
notes right on it.

|

25 MR. CARBON: Let's just take a break.at this time
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L

f. 'I

., .c .

.
-

1

.and-make copies of all thesc| slides for everyone.
- .. .c

.,s

.N) a-
Zenons,Jwould you like to go back'andfstart back

.>

3 .

.

,

someplace?

.
.s.,. n. ps ' . .- ,. ,. - . 9. . ,.y

ZUDANS: 4 :No! ' that 's| fine,;,-.?as-( ;,,long as we
c .._.A'

iMR.
_

>- 1

-

, r -r- ,
-

+ t- , s,... .; . v-, s_

;(. get the pictures..
.

,: - + 1 :>.

f.-'6 , *1 , . . . .
*

-

L'et 's : b'reak ' an'd ' start a"little earlier .MR. CARBON:-,

.y . .
. ,1 ,+y, =+ r y , v *t << r

'''J T!-(A short recess--was taken.)~ >

"'
.. E n d ' T p '

MSl-6
9

-10

.11
'

.

12 ,

A
3%)'

14

-15

16

17

18

19-

-20

21

22

23 j

p 24

v
f 25 - |

|

|~
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,

'

hi MR. CARBON:- Let's, resume.'the. meeting.'. 1 >

,
.

<m/' :: 2 ) _ LGo' ahead, Theo.. Could|you move your.microphonw up:-> '-
.

, _
-3' 'clbser? .

~

.

4 ' .MRL THEOFANOUS: Okay. I was suggesting we. start

a' couple,of slides back, andinow we;ca'n! focus'onithe vuegraphs'.s

. ' ' e ?MR. CARBON: >Just give the entire pr ent.ation if..
e-- . s . . . : 7 ., '

* '
_ > ~ , , , ,

| 1.6 3 * ;

7 you will. |y ', j ",_ , N,; %
''

! 1-

~

MR; .THEOFANOUS:S Gi,ve what? '~ ''*'- ',
,

a
: '!

. t ;m $ !..
n<<'.C:v, ,. ( ), ..;.

9 M R '. CARBON: Give'the entire-presentation.
,. 4

. l
. , s, < , ..

,
..

.! ??
'

ei ,'

'to- ' MR . THEOFANOUS: Oh, the entire presentation? Yes.

I1 MR. CARBON: 'Unless:that takes you too far back.
.

3

12 MR. THEOFANOUS: No, I will do so.

1 m
13 .The structure that first we see the energy in this,

:= |
~ ~

14 from the core is this enclosure, this-cage'made out of the UIS,

15~ the core barrel and-the core-suoport structure. The core

to support structure is very strong, much stronger than those two

17 other ones. Therefore, this internal containment, or this cage,

te will generally fail first through here or through here. The
.

to failure modes would be radial strain of the core barrel and

20~ buckling.of the' coils of the UIS.

.21 And what we need in order to be able to evaluate

22 thoseuis the pressure history of the boundaries. Assuming

i
'

as that -- and also we find that there is a release of $100 per

; 24 second, corresponding to 1150 megajoules ultimate worth

25 potential, is the kind of an easy way to approach this failure
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"

1 Now'beyond that point,:and after.the UIS'has failed,

there'is|a path'for'this. energy to:show up.in'the sodium pool., . . ~
3-

'; lt will' accelerate the sodium pool then, and this pool 1is going4
-

,

s'- to hiti. the head. That is the . mode of transmission: of energy

6 from' this1 source to the,' vessel head structure. < .
,

, a > + . - ,
,r . .- 3 1. - 5. .,e:(- 4 c,,

7 .Here,'therefore,:one!is' interested on the slug

e import energy. This''is q'tia'nti'fiSd by' the Import kinetic energy,
u! I c_ ) '- : !!

'

,,

and we find about S200 per secon,d energy,. release or energetic9
-

u, *. .. , S . ; j"

m < .

to level in a.two-phase mode. ~And a two-phase disassembly is what

t8 is required to ' approach the design limit of 75 megajoules import

12 kinetic energy.

13 This corresponds to 2550.megajoules,and this is to

14 be contrasted to the number used as a source by the applicant

as'661 megajoules. And I doubt if there is any reason to go15

16 back and repeat all this discussion about what the applicant

17.. has done.

is Now.the analysis that we carry -- and we tried to be

is persistent here in terms of where the source is and how does it

20- show, how does the energy'show in different points in the

21 expansion -- can be considered in terms of two parts. One we

22. call the short-term expansion, and that is what it takes for

23 this to expand against these boundaries, these inner boundaries,

24 and kind of come up to some kind of a positive charge equilibra-na
25 tion.
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p 3 60
'

ipv 3' '
'

'
- < ,

p
.

x.a-

C :1 :This Lsort of' expansion; giVes for us.Jthe pressure
;h .

''
'

44 .a. histioriesi df tho, boundaries, :and -as a result of that,~

we can.

' t. -

-3' determine the failure - Jimits or the failure thresholds.c

4 -The longer-term' expansion requires that.this is. moved,- ,

. s. .that the sodium slug accelerate, and this'is'taking place on the

' '

e1 order "of magnitude ,of abont"50! milli ~secdnds 'wlillei fiis first~

t

jni[] di > < ,6 MO '

i
-

.

shorter expansion takes { place - ob : tihe' order of"20 milliseconds..7

/c -
,_VTW >

So that's what!.I will.show'nes'ctithen'is these two
rL:: .

a
> s_ - ; , s, .m,q

e' steps. First step: The part ofjthe"coreithatris undergoing
' ~

to. this disassembly-is. going to end up at the end of the.end of the
/

11 neutr6 nib excursion with'a' temperature history. That implies-

12- the pressure history, and that is = going to be highly nonuniform

h is because of the peaking of the flux in the center.v

14 .Because of the compliance of the medium -- and again,

,s- it has to be' compliant because if-it is not, we wouldn't have

'16- the energetics in the first place -- this very highly

17- centered pressures are not going to show up in the boundaries.

is There will be a delay in the decay and an expansion associated

to with this decay.

20 And that will show up here. The core pressure in

21 the center as a function of time as determined by an. adiabatic

22 calculation, you see that within 5 milliseconds goes from a !
~

,

: !

j 23 very high volume, an initial volume of 1500 bars down to just
|

l. .

24 a few hundred bars.
J

2s The -- by comparison, the core barrel pressure
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:1; history,:taking;into' account'the' transmission characteristics

p%;
4/ .2- of.this medium,. rises.to_a few hundred bars and then kind of-

.

_

comes .and - merges with :the' center pressure as the whole thing .3

-4' comes together to equilibrium or' requires equilibrium.
|

'

-5- - The' upper core structure, seei'ng these high pressures,

6 is goingito translate up rd,|is 9 ing to Crash.(No'w, that'is-'

2

- - -
4 .. . . .s

: complicated problem th'at'hasn't redlly''been'done'before. 'And-.7 a
7.- 3-. - . ,

,

the way that we are doing,it ~-il;didn',t. mention,that before;.a

maybe~.it 's helpful here - *the" say j we are 'doing .,it is by takingo

to the mass of this' structure, just'as an initial constraint; we

'in modeled that as the mass being there, and now seeing these

12 pressures and therefore being accelerated.

13 - And we allow it, allow this mass numerically to come

14 to a full dense condition. And until it comes to full dense

is condition, really the loading of the UIS is very minimal.

te In reality, what happens between the beginning of this

17 Crossing forces and until the mass comes to full dense condition,

is what really happens is that the UIS is there with its strength,

19 much, much stronger, of course, than this little structure here,

2o so it provides the. backup against which this structure can

2i crash.

22 This takes place over a period of about 20 milli-

23 seconds. This process of translation and crashing is only 20

'illiseconds then that the UIS actually begins to see the loads.m24

25. At that time, therefore, the UIS is going to see the loads
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-'t. of':this magnitude;instead of' loads of this magnitude.

Q
Aj :s) ._So.the:effect'of the' translation and crashing.and the.

s' straining of the core barrel-is to' basically dissipate energy
,

~

'4 .through'our expansion and dropping pressures before the pool,

o s

> .s - sees'any of the pressures present in"the core. :We have heard

[11- 'e- iabout these losses. ' 1 O U) N ' ] / '

7 ., j ; , y, a->* v

-. .+ ,, ., . ..

3- 7: . .So those are'really,JI think, the important ingredients
,

'

me 3_ g F1^ .

here,1 the importarit considerations;,f asi tio; why' one would be . far -~ e-

.> p ~

'

of f the target here if one, was(t.o tiakqj thisi' traditionale
.

. . e

to; . approach of pocket-by-pocket expansion of the core in applying

ti these'resulting pressures to-all the boundaries of interest.

* ~i2 Yes?
.

L& MR. CARBON: I would like to have a little bit morei3v-

~

i4 discussion about the upper end boundary conditions. The

is . upper core structure is supported on top against this closure

~

.is that really goes and supports against the head with columns.

. i7 And during this calculation you are assuming that that upper'

te -- at the top of your blue arrow -- that-line does not move?
,

'MR. THEOFANOUS: Yes. The shorter calculation is |is
,

ao then with this goes and this goes and this goes. All of the

at first step of this calculation with the boundaries being fixed'

rigid. We do the expansion. And you come up with the, 22

. 23 Pressure histories like is shown here in these two boundaries.

p 24 Now, since we know that, we go in and do a structural

V,

a calculation for this and for that. This will give us someas
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vb

.?w|'-'

{ .1< strains'. Depending - on .- the fpressure, ' the . srains ~ might be : quite -

| A.)7
. ,7

. -n' a bit. ' '

, _ ' 3 .Now,'this strain |then-is.taken back'into the. original,

'4 expansion. -We allow this' boundary now to move and get us back'
.

"
,. ;s in' basically;up'to an' equivalent' amount of strain as we

> .1
-

p,~;, <a3
~ 1 t. , ,

.

.-,, ..

e ! ', ;
e calculated before. t . 1 ; .,,

)1 ;, - ,: , - - ,., ,

7 _ MR. , ZUDANS :' . Including , the, top?'

- a
.

M R '. THEOPANOUS: ^Nnd including he top. "Right. Well,1

9' in fact, the top, in the:ca fthedhd[e p we didn't do-i

~

to thattin fact,'because, you see, the top before it even begins

; to work, the two come-together. So the transmission1i

12 characteristics and so on are not.all that important.

[ 13. .So we never really -- for some of them, you

14 never really took credit for any losses in venting or
,

! is displacemnt of the UIS in that short of a period. However,
; ;
.

this is in the immediate vicinity; it has to do a lot with the16
1 >

a. :
1 17 - dissipating of this~and.the pressure history, and that's the ;
'

e

is- reason we take into account this early straining of the core :

!

,

19' barrel'.
.

|, .

. So in the second time around, and allow this to !2o.
, :

r

!- 2: expand to an equivalent amount of strain that we calculate in
:

'

22 the previous step, now we calculate pressures innthe core |
:
01

23' boundary as a result of this new expansion. Take that new I

24- pressure now, put it back into the structure, and calculate !,

d I
'

2s again. We find that for $100 per second, the second time;

'
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'

- around.we-come up with the same strain.. Therefore, we think,

L ' /~I ,

'

~() a we-have conversed-enough,.and although the calculation is done-

! 3 -in another or a-couple of' fashions, I think we.are in good

'4 ' shape.as far as predicting the ultimate strain of that.g

s We-find there:is-only 2 percent or 3 percent. It is
, ,

. - mm ,-s , ,

%i ,, g .* ,

of no . consequence therdfore to; the) failtire of the Icore barrel.e- s

3 _ :s a ). - u

7- Now, for the UIS, you see -the -UIS , loading only becomes

5a' relevant' at a much .later time; about 20 millisecorids. And that's
s ,e . , , .

-.,

1 ~

after all these very-early-dynam,ic effects have reallys
i

~
~

.
to dissipated. At that time, as you see, the pressure here and

. .

L-
~

the pressure on the.UIS itself. is very similar.
.

12 MR. ABDEL-KHALIK: I find this somewhat counter-

O intuitive; 1150 megajoules is-about half a ton of TNT.i3
%)

! MR. THEOFANOUS: Yes.v4

is M2. ABDEL-KHALIK: And to say that this will result;

f
i 16 in'only a 2 percent strain is quite Counter-intuitive. I

!

I ~17 realize that you have to take into account the fact that you
I ;

is have a very compressible fluid or compressible medium in there
|

is to allow for the voiding. But my concern then, should one

! 2o worry about less energetic events with considerably less than

21 1150 megajoules where you would not have such a compliant

medium?22

23 MR. THEOPANOUS: Well, first of all, let me make

24 a remark about the intuition aspect of it. In this business,

as we cannot afford to go by intuition. If you like intuition,
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,

A- .
,

'it- 'yodicanicome up to.some very' strange.-results.' All.I.can-say is.
,

f:'
: y

_,

$f a that we liave Edone"that systematically 'and . correctly and.

.

's; benchmarked every.' step;of'the way. '

.

,
,'

'

;Now,;what<.Iaam saying.is that;if this.was.a medium'4

~
with. a void fraction: of something"less than. , .sless than 10-s e

G;,', ., '_ ,;~. y ; . ; ,, /. :
;

'e percent,.maybe 5 percent tw' ell,';in kfa'ct,fevienlle'ss than that
'

17- - .it:has to be! essentially 5a' pretty; solid;; system"~in order to
'' p; q t ; ..

'

3- ..; .- ,

'

transmit and transmit loa d ir'ec y. $And 5[y 15 t time, .youe'

_ .' ! s > 2
p, 7,

.4. < >
-

' '

e- should have not enough energy.

'to You see,'even at.the $200 per second level, you build''

--- 1 1 ; up pressures of.a few hundred bars for a very, very.short time,'..

. . L

12. and.that is-2500 megajoules of energy.that you-put.in'there.

. is If you take events less than S100 per-second, it will be of no

14> consequence at.all.

15 MR..ABDEL-KHALIK: If.one were to do a thought

16 experiment, and let's look at the different combinations that

:17' would' result'in 2' percent strain, and you are saying that one

is- ~of these is the case that we have here, 1150 megajoules with

19 7 highly voided system --

, 20 MR. THEOFANOUS: Well, it is not highly voided. Okay.

2: It is not highly voided. We are talking about the void

'22 fraction of about.only about 40 percent,40-50 percent.

23 MR. ABDEL-KHALIK: Completely solid system, how much

24 energy would I have to have in order to produce 2 percent
'O':

.

2s - strain? 'Is it 100 megajoules, 50 megajoules, 10 megajoules?
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1 1. : MR. - THEOFANOUS : In' terms of the. equivalent' amount of
73 v

-ki
~

energy that'we~ 'are. talking about here, _I think'that to producea

'

3 2 percent strain, you would have"to have probably, I' don't' know,.

I am ronly guessing,[600.4

s MR. ABDEL-KHALIK: -Ifwas going'to say.I4 think the
-;-<.

<!').- ~
n..- .' , ,- -

.

REXCO applicatton g.tves!you~ basically'that kind'of an answer,e

-n .- , , ,

and it's about a factor,of'2-lower. ,J7 , ,,

: z.:
'

g. . ..; : -*

a MR. THEOFANOUS: Ye s .~ ,6,0 0 niega j oul.e s .
< -

-

,;. ,,,

9 MR. BELL: So' that if you have a' completely

10 incompressible fluid in there, you' don't'have -- you have

it- liquid sodium in the channels, you would get 2 percent strain--

if your energy release is-half of 1150 megajoules. Is that12

O .is what you're saying?
v

14 MR.: CARBON: Would you give us your name?

15 MR. BELL: Charles Bell, Los Alamos.

16
MR. THEOFANOUS: Really, that's what the applicant

17
has done. They did not take into account the losses because

is
of the compliant nature of the systems. So tnat whatever

''
pressure was calculated to be right here, they're pulling it

: up t o the boundaries. In fact, not only that, but they put it

*' up'into the pool also. I don't think it's really too much

I counting on intuition. I don't think it comes to mind.22

*#
MR. FAUSKE: Hans Fauske. I think it's also

##~j. h misleading to try to compare this kind of situation with TNT.
v

25
It's very different. In the TNT equivalent, you're talking
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" :s. .ab'out very high~ shock waves-and'the damage potential as a.
Apf La -result can be_'very,dif'ferent. Your intuition, if you.go into

~

>

,

3- the TNT,' may;indeed be correct, but that's not applicable in

4 this case.#

5 MR .' ABDEL-KHALIK: 'Ifdon/t*have alp /ressure history
" ~

, .
-

$; _ . * .

*

e here to. compare _with, so'all Iihad was' total'enbrgy" release.
<

i
. .?The'timescales'arediffereb,tithanIEunderstood.1 The7

<
3

s , _

e response would be different., -

, ,,

. .y; y;..
. -i

'

.~9 MR. FAUSKE: They would be very different. You are

.to talking about'very different pressure levels.

si MR. THEOFANOUS: All right. So I.think that I was

32 here in the process of describing or discussing how this

{}' i3 calculation was done did not take into account the venting that

34 would occur as soon as the UIS begins to move.

15 Here we go to the energy partition. There is a

36 Couple of 14. Cubic meters of expansion taking place in the

i7 short term. And this corresponds to -- under the pressure curve

la -- to 520 megajoules. And that is the worth potential

3, according to thermal < dynamics, pocket-by-pocket maximum worth

2o potential.

2 And you look at the results of the calculation now,

22 the numerical calculation, and you see that 110 megajoules has

23 gone into a strain in the core barrel and 340 megajoules has

24 done into this, not by a mass -- remember now how we model that.Q
%)

as -- not by a mass of the upper core structure. It's moving
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'| 1. 'u'pward~with some' velocity aslinfaLmass.~

,

..

i.J . It Thei-- not much difficulty, I' guess, -in understanding =

c .
is what..this means -- the considerati~ons concerning this number

1 . 4 may|beJa little'.more entangled here. .The way we. approach it- ;
~

,

.)~ , , ... -- --

isJthat this-kinetic enar,gy,,g,ss j ins,id'a the' bottle,: so to . speak.s'
-

- 's'-sq.
, ; . . , ; ' 1) s. f . ' ,

s v
eL It cann'ot' manifest litself', certainly not to the head,.and'even. , _

.. . ,
e~-t|D" /,g , ;i s

7. less so to the pool. j: . '(1 . ( 3 |.,,'y 0 - a., ,

This kinetic energy 'will'liit Eth'e UfS boEtle. Alla
s..

o.: right. Now, a lot of that energy _is going to go into crossing

to the structure itself. Remember-that this we did not take into
J

-11 account because we did basically remodel that as a fluid;

12 the whole construction was a fluid'and was allowed to basically

; is squeeze out the void and come closer and closer together

14 without any dissipating characteristics of that thing as it was

is doing that.

16- So some of that then is going to go into strain energy

17 with that structure itself as it compresses and crosses into

is a. solid mass. Some of it is going to be absorbed in the UIS

i9' Cones. . Some of it, in fact, might be even transmitted to the

2o head as some load. But those loads are much lower mechanically

ai than the capability of the head. They are coming in at a very

22 different time frame. And again, I think, to visualize that,

23 let nie just show you the time frame here.

24 This is the time at which the UIS is impacted and

25 begins to feel the force and therefore begins to move. Now, it
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takes? time to' accelerate, of'. course. All.the. mass takes' time-*1
~

,r y
^

if a to-overcome. pressure;and accelerate. And-during this time,
'

.

~
.

:3' where the venting. process and the' formation of the bubble begins,
-q

. E4 as you will see infa minute. .The bubble hits. At.about this
~

- e o -- . n. . . , . ,,m r _., .

5' time, assuming as. you ~ will! see} ,in, $1(minute 't' hat- t'.he' UIS - has
~

13 - -;j,,%w4 - yy; ,
,-

,

s.

'e~ failed instantaneously and was displaced instantaneously to
' % " ' ' =p ' Q y; . ,;

its maximum ~ position whe'n'tiis'b'ubblelhits.fdshat!is'for.'the7

a
. .

m, r.. , , -m + , . <-

_
purpose-of estimating conservatively thisJcomplicated process

o. from the_ point of view'of,getting maximum'sl'ug impact energy _

.10 at that time.

it- So,- in reality,-in fact, the bubble will hit: somewhat

! 2 later, maybe 50-60 milliseconds. So the time at which the head

13 is going to see.this. impact kinetic energy is around'that time.
- ~

~

14 The' head is going to be loaded by'the slug at around that time.

4

is A significant' time difference. So it's just like you take that

16 energy and giVe a little kick to the head before, and you wait
4 ,

17 and give it a real big burst later from the slug.

to MR. ZUDANS: Okay, Theo, but the real question in my
,

is mind'is how much this little initial hit is, because this is

.
20 where the problem lies. It's 350 megajoules.

2i MR. THEOFANOUS: Are you saying the head --

22 MR. ZUDANS: Hold on. Hold on. 340 megajoules. Some

23 of those megajoules, although you call them all losses, but

24 they are not, some of those megajoules would be absorbed in

2s crashing the upper core structure, some of them. Some of it
'
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will becabsorbedIin crashing the support columns.. The rest of- 1-

/~) --~ . . .g j
if will be compacte'dfmass in the form.of kinetic energy-flying

'

V '2'
,

.

upwar'd. And there's nothing else to stop it'but the' head.3-

d' 'MR. THEOFANOUS: Well, no, really what'happens' then
- .,,,.m. c c;

. , , , , n ;-

-- -

is'an exchange'of-energy | A'nd.! irif fact,: 'we .did the ' calculation- s.
5- r; ,- | . tj1.,

.and you 'Can see' .this by phe , problem, , for;; example, _ we ' can -6
, , ., ,

-

<.
3 ; .,, , - . .i . f b ~

'

7. ' completely neglect.the strength of'the columns, find out what
: ;,." ~so7 <

,

would b the kinetic energy 'of the' UIS if';it was a' free body hita.

9 by that 340 megajoules. .They didn't talk about the very

to diffferent masses. involved. Okay. And we did that, and we

11 found out ---I forget the number, Charlie, do you remember the

:12 number?

(] _ 13 MR. BELL: 80.

14 MR. THEOFANOUS: It was 80. The kinetic energy of

15 the UIS.;

16 MR. ZUDANS: What was the --

17 MR. THEOFANOUS: Because of that exchange of energy.

ta MR. ZUDhNS: Well, you call this 340 kinetic energy

19 of the UCS.
.

.; 2o MR. THEOFANOUS: That is the upper core structure.

21 What's that?

22 .MR. ZUDANS: All right.

23 MR. THEOFANOUS: No, what was it hits this? That's

24 a very heavy mass.p-

%J
25 MR. ZUDANS: A31 right.

-
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:1 - ~MRiD.THEOFANOUS: You see that. sin the limit. I think>

73 ,
,

(/ j , :n it's,a-Wery'. unrealistic >wayfof'seeing it, very conservative.
,

'

You;. can 'see''.that tit 's 'a' two-body problem. One must --_s

4 . MR'. ZUDANS: That's.; fine,but it's still'an-energy'

,'l. . /N 9h! - ; p [ il." .; y
.O. 'g . '., j |

''
t ,s. conservation problem. ' '

3:.g ,
'', y; L c> i - >

.e .MR.- THEOFANOUS: . Right. _ j , , . 77
. ; ,t y ; ,g s;>

- ,-- t

,

< t n . ,
~

7 MR. ZUDANS: 340 lunle ss s you 'd'is sipated' 's'omething
,

>

,
-

.

,.r.. , , . ,

int terms of inelastic - defo'rrdatioEs 'o'r Moineth'ing 'in the . fluid;e

[ -. o it's still there whether it has a low velocity or not, whether-

io it's a large mass or a small' mass.
/

MR.:THEOFANOUS: Well, it really depends. And I

12 think what I am saying here - 'I don't know what you're driving
.

13 at -- but what I'am saying is that we have this 340 megajoules.

14 That is calculated as the maximum kinetic energy in this

is structure, neglecting its own dissipating characteritics, its

16- own own class of' characteristics.

17 Now, a portion of that, as I said before, is going

is to go into strain energy, '.into just what it takes to make that
~

is into a bundle, a complete mass. We don't-know how much that

2o is because it is not easy to calculate.

21 Secondly,.another portion of that is going to go

to the cones, and some residual portion is going to go maybe,22

23 if that-is to fail -- but if that fails, remember, that-fails
,-

|-

| 24 up here and it fails gradually because of the quasi-static

O,

l 25 levelling of the pressure. That, if you took only that mass
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~

;x 1: : hitting ' the head p; tliat UIS was not- going to' fail. Okay..-

,

c, p,
.

So.al portion of thatLthen_only'is'l' eft to' add.to;the

-

5,) : Y a, ,

~

,

'
'

^ , - ~

4 top'of.this1 pressure' level as'it,trieskto' displace,the.UIS'~

-

_3
' ~

'and failJit.by buckling thelcones.,+All-right.< -'4

; \/ . : . q : {. ,jtwj 4.

.Whatweares'ahlngbis dallhitisT6fn'o, consequences
,

at_all because we are gdIn'ci lo jailithe.,UIfOadyway. Now, I6I
.;:!;.?q,a(w ; t t. ,et

,

. . c. - , .

.7 think it is' al'so clear that ,you .can't fail .the head by pushing it
.

!, u t r ' @ % ; [; 9 ! .,,

from the' bottom through those four cones. 'There's no way-theya

9 can do tihat. - So the most"that you have'is the cones to fail.

to' Now,.if that'was to happen, another..way of looking at the

it; problem is'see it'as a two-body problem,-forget about the.

crashing', which I.think is extremely significant of this and12'

is- the crashing of that, just take the 340 megajoules and do a

14 two-body problem. Even if you did that you don't end up with

is much kinetic energy on the UIS. By the' time the bubble forms,

to this will begin to.see forces from above also that will tend

17 to make it all disappear.

to MR. ZUDANS: I guess I begin to see what your

19 reasoning is. In other words, there will be a number of

20- interactions with the UCS and UIS as the~ elastic plastic mass

i

21 and,then some of the energy through these interactionL would

22 be either transferred to through the sodium or lost otherwise,

23 but it will never be available as a net kinetic energy to move
4

24 it end to end.p(>,

25 MR. THEOPANOUS: That's right. The important point
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hereris:those interactions are happening ~in~this time frame.
.

I->

,

,w.
'

~t...A/ . a. .MR. ZUDANS: Okay.;

' ~ ' |3 MR.'THEOFANOUS: 'And:the'.. head is go'ing'to be really
.,

l'oaded,from the sustained pressures. accelerating the sodium-4
,

.~:: - . . ,
- 5.^. u. .

L s' . slug is going to ibe ,all[t e way up' libre 5 'a~ much later time.
^

Is-

-
. . .,

."
-- .-

.

1,
-s,,,

' T ef So.they are not additive,. ' t, ) ,. . ( ' _, +,
. . . - :~ ;-,

ir : ;s; .w, . , , . -

. 7 MR. -|ZUDANS: All,right..,. is s ., (-
1

sjf ; i
' :- >

. <

a MR. THEOPANOUS: All right. So I guess we covered

end t.1-8's that.
mary

-to

11

12

.O ' 13
.(_/'

I4

15

16

17

18

19'-

20

23

22

23

24

%)
.25

.
--
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I i

i ~ Long-term expansion will take place because of |
-

2 the. buckling of the UIS cones; a bubble will form. The pressurc s j

3 in the core are goir.g to be much higher than ever possibly

you could have in the bubble'becauseiit;. takes pr$ssure to~

4

-
,

?

~
,

accelerate the material to p'roduce the flashing, and that5

flashing is what is keeping the, pressure in the bubble up.e
,

7 _. As a result of:that,.we find the' typical' kind of

a thing that you see in experiments and is common knowledge;

9 that the pressure in the bubble will be about one-half of the

to pressure in the core. Just doing a simple PV expansion work,

11 you can see then that just due to this mechanism that we call

12 throttle effect, we have a reduction by a factor of 2 of the

I') potential kinetic energy of the slide at time of impact.is

i4 That is an effect, also, that the applicant has not taken into

15 account.

16 The calculation was done assuming an' adiabatic

17 bubble. That is, we did not take into account any augmenta-

tion of those pressures because of sodium entering the bubble,is

introducing additional pressures. We have looked into this19

2o problem by means of calculations, sensitivity calculations,

in which we put sodium coming in from the pool in the bubble2i

22 to build up pressure. But when that happens, this pressure

23 builds up but then the expansion slows down somewhat, there's

some kind of a cancelling effect and you don't really getr^3 24
'

)

25 much of an effect.

TAYLOE ASSOCIATES
REGISTERED PROFESSION AL REPO'tTERS

NORFOLK, VIRGINI A



fyll-8/2T -

75
#

'

<t Furthermore, what-we know.from experiments -- ?
. .j~N |

'

"V l 2 and there[are a couple more. experiments done on this --

a . when ..you'rblow down a. flashing fluid into a pool that is
. ; ; ! -. . ; y t; 3

- - s

-
-

_,
r '.t ,s,;.

~ highly; subcooled, .as ha'pp; ens,. for' exarnpl,ei by flushing hot4
,

. -. . .

,5' . water firito 'coldL water,'there's aflot ofimixingsgoing on, af'

.. s.. ,
,

' lot'of.entrainment and a loE of heat"los'ses, as you might6'
, e - ~

..

, .

,s ~ t,.
. ..
~

7. expect,cso'that-the'actually. water that you deliver in terms
.

~

e of slug energy is much, much less than even this factor of 2

9 that you see'up.here;

to on the other hand, however, we also know from

11. experiments that if the pool is volatile, this volatility of

12 the pool can interfere with the mixing from the process, and

f~) the results_look much more like adiabatic results. In fact,isv

i4 wc have a couple of experiments that we' have run in which we

is used freon here and hot water here. And we found out that

is the results are exactly adiabatic.

17 So it's on this basis, then, that we did a calcula-

te tion on the best estimate basis, and we think also it's

conservative in terms of the adiabatic bubble.i,

: 2o Now then, let's see what happened to the rest of

21 the energy. We are talking'about a delta y expansion after

the 14 cubic meters, as happened here in the short tern.22

Now we have another 15 cubic meter expansion that is the23

g 24, covered gas volume.. This 15 cubic meters, if it was done
b/

2s isentropically according to thermodynamics, should give us 160
.
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This number is 160 megajoules. Well, we got-
~

s 'megajoulesi
,

x- a in the calculation 80;megajoules'.
_

Another' point,that.has to be made,,both.durino3
=

5: 8 ;. ..-1, ...
-

.

|the short-term as well ad Ihb.long-termTexpansions'there isi
4

other heat transfer' processes in'the'losse'sithat we think'ares-
'

'

, .c .s . .

e- present, and those result because of the interaction with hot
- i i ,4

,,, ., , i .<

7 materials with cold steel that is present both here, as well

a as in the upper core structure. .These losses are significant

9 and if one actually had done some similar calculations they

io . would show that one might'be talking about another reduction

.ti maybe by a factor of 3 or 4 in energy releases. But those are

12 a little more. difficult to take into account, and people tend

() to ask a lot of questions about them because we don't like tois

.i4 be questioned and we're not going to talk about that. And we

is are not basing our results on these mechanisms.

us. Now then, to summarize all this situation, here we

17 have the structural capability of the vessel head structure

tie in particular, kinetic. energy versus reactivity rate. Again,

this is for two-phased disassemblies. What we'are showing.,,

2o here are the two limits I.just talked; one limit is the 175

to 200 megajoule impact energy in:the head, and we thina thatat

is the -- well, that is the limit extended by the project to22

the design of the head. And this is the 100, 275 megajoule23

with some uncertainty for the threshold for finding the UIS.
. 24

Now, already we discussed that unless this fails,25
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tj :

-there is no wa'y that we can release any energy in the sodiumii
-.

A/ a' pool. And that is shown here by.this green line, that up to

~

'this. kind of-level of energetics we':have;really almost nos-
t3-

i 1 s

>c,...
.

t -
, , .

impac't energy to speak 'of. However| mas"soon-as the' failure.34

e n,
.

.

s' point is reached, then there is(afpmp because,now suddenly,
m

er the minute the cones buckle,,you're goingsto get.the bubble,
,1 . : , ;-

,,

7 there'll be some release, and that release may be close.to

a 50 megajoules. And from then on, gradually this increases

, with the ramp rate, and the other point we have made is this

to calculation of this point, which is a 200 dollars per second

s i- approaching the 75. In'factk for that one case-that we did

32 under adiabatic conditions, we got exactly 80 megajoules

(~N
- for this 200 dollars per second case.i3-v

i4 Therefore, what this implies is two things. Number

is one, if one was to expect ramp rates releasing energies

i6 equivalent to less than this 100 dollars per second, there

17 Would be no structural damage to the head at all.

is Furthermore, one concludes from that that in order -to

cause structural damage you don't need 110 or 120, but there,,

2o ~ is 'still another very big significant margin on top of it that

the vessel can take. We think that this is completely outside2i

the realm of possibility, but it is good to know that it has22

also got that. additional margin on top.23

So now, then, once we go through the rest of it,24-

v
we should be keying our thoughts to, number one, to this25
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' number, ' and number two, remembering that' t here 'is. also this
- /~~N

|
' ' ' *" margin on. top.

! MR. KASTENBERd:.s~
,. - , .,,

.

3 - Theo, do :I intdrpreb shat + graph
t

-

;,,r t s
,

k5 _ . . .f . ,
8 #

d' correctly.if'I assume'that the green bar means you're somewhat
p_. t

~

. , 4

' s insensitive to the ramp rate'betweenfl00,and 200' dollars a

.second in~ respect to impact!kinsticienergy? Orjis'it'just the8

7 Way you've drawn it?.

s MR. THEOFANOUS: . Well, this is a qualitative graph,

'' .but I think that this.is true,.there is some -- there is not

''o a very great sensitivity, put it that way.

''' 'MR. KASTEN3 ERG: Can you give us a physical feelino

12 for why?

O) 13 MR. THEOFANOUS: No, this has already been taken(,

14 into account. This is not taken into account here. We take
.,

'5 that in the case of when the UIS fails. After the UIS fails,

16 we assume it to be completely displaced to its maximum position

17 and really do the expansion process,

to MR. ZUDANS: Theo, the transition is if the UIS fails.

19 MR. THEOFANOUS: That's why the transition. That's

20 why you see that great sensitivity up here, so if you actually

25 wanted to try it without the UIS, it would be more of a kind

2? of smooth curve. Maybe that's why -- .

23 MR. KASTENBERG: I see.

- 24 MR. THEOFANOUS: Now we are going to go through

25- the accident sequences. We are going to begin with the
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1 initiating phasec and walk through all -the terminology and
. , . .

! -}.
,

'

'u.s a the various' stages until we come to the termination. Each-
~

'

j. < n L +) -

7,3 , - . q . ,,
3'

- step-of the way, we are; going.to-be concerned. abo,ut"one thing,,

ii x % A; O r .3 ,1,; Q. ' -

d '- and that is,.what is the potential for generating ramp rates-

_

: e- . , . . , < .

f- Qt .|,e<} _ . a
s in ' two-phas a systems on the order .of 100 ' dollars per second.

That's the-question.we wanb'to$ answer in;'severy.'stbp of the |

"**s . , . * Is'

7 .Way'.

s MR. ZUDANS: I'd still like to return-.back to the

'8 previous -- I'd'just like to tell you what bothers me, and
p <

10' maybe if you think about --

11 MR. THEOFANOUS: There's still.something that bothers

12 you?

n
13 (Laughter.)Q.
14 'MR. ZUDANS: Oh, yes. You see, your' argument about

15 the two-body interaction seems to hold water until the UIS

16 phase.

17 MR. THEOFANOUS: You mean, there's no interaction

18 after it fails?

19 MR. ZUDANS: I don't think so, because there's no

20 reason for the motion to reverse. Once it began to go up --

21 for the both masses,-UCS and URS, will follow up until they
.

22 compact the columns completely.,

.

23 MR. THEOFANOUS: Right. We aren't sayinc that this'

na
m 24 . occurs.

.25
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THEOr MOUS : ~~ I - know. 'Sure . We are saying inter--MR . :
, .

.

E3-17' "1' ' '

7 m. ,
,

.> i- .
,

's si ,acti~on is'not only thiszway. It can be like this. The
,

'

'S~ _ question'if there is a. big body'and there is~another smaller
n .- <.

4- body, and it comes.up and hits it. The question is how much
7

~5 energy'.it can transmit to that big' body.-

,,

e' MR. ZUDANS :: _ Inelastic impact.'

3,

7 MR. THEOFANOUS: Not all of it because of the
.

!a . process'of' transmission.

~

9' MR..ZUDANS: That's what I.said.<-

10 MR.-THEOFANOUS:' It goes and hits a car. The tree

11 - .doesn't go down-the road. ,The car crashes. - --
, , ,. . w

z _

;n.

12 MR. ZUDANS: : All' of th'e energy will ?go into the

h- 13- combination of.the bodies.* -

,

_

'Th'tshhatI'msayihg. One goesi14 MR, THEOFANOUS: a
m - <

15 ~ into dissipation.in the first body. The 'oth'er part goes into-

16 ' buckling the-columns. The residual will go into the kinetic
,

17 energy of the bodies.

Is MR. ZUDANS: And that is the residual that I am

19 concerned about. How much is that?

2o .MR. THEOPANOUS: The maximum of that can be 80

21 -megajoules.

2: MR. ZUDANS: Eighty?

23 MR. THEOPANOUS: Eighty.

24 MR. ZUDANS: How did you arrive at that figure?
| s

| 25 MR. THEOPANOUS: Just taking a big mass and a small
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' t mass -and | hiti'it 'and just the two move - together. '

'

,c3
p

V a. MR. ZUDANS: -Wh'ere the' energy would dissipate in the.

s' ' buckling of-the UIS, can that be computed? You could dissi-
~

.

pate some in'the. sodium'because there is a flow, but there~
^

4

would Lbe -significant piece of 340 that would be of kinetic5-

e' energy of.two bodies, and it will' continue to. crash thei

.

Columns against the head,-and that could be substantislly~

7 '-

J. . .

-

more significant than that you get through the buckle.a

9' MR.-DICKSON: Conservation of momentum. -If you have

to two. bodies in collision, a small body colliding purely

1i elasticity with no loss o.f energy, they reverse themselves
, ,

.

to conserve the total ' outward .mo:sentum. The -kinetic energy that.12

h is is distributed between them is cons'erved," but it 's not in the

14 same direction.

15 MR. ZUDANS: That's correct, but there is no way

16 for this other -- the smaller body to go back, because it

17 has a pressure load that is accelerated in the first place.

is MR. DICKSON: But if you do the calculations con-

to serving momentum and then worrying about where the kinetic

2o energy went, you find you have to worry about where a lot

21 of kinetic energy went when the little body hits the big

22 ' body.- And that has to be conserved, independent of whether

9

.

you are making it an idealized two-body problem or not.23
l

24 MR. BELL: Well, perhaps. I do agree. Whether~
.

25 you do the inelastic two-body problem, the final kinetic

'
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'tj energy.of those two bodies moving together, it is also
~

; -
7- g g .

~,v)J'(
24 abo'ut 80 megajoules. In other words,. the 340 is reduced to-,

.

3 80.
_

i' 4
~

MR. ZUDANS: Okay.
,

L
5 MR. BELL: That 80 is continuing to move up.

'

! e MR. ZUDANS: Okay. And that would.be helped by

7' the head earlier than the pressure --

|-

a MR.-BELL: No, no. It is removed several meters

a from the head,

h

| 'to' MR. ZUDANS: How?
!

L tt- MR. BELL: Because..of its, initial location. It has
|

--

. :
, '

-,';
to transfer other than;~ what could* be transferred directly~

. . .

| .12
!

through the columns which are buckling,,and(that is fairlyis

.i4 small. - x3 ,-
, .

t
,

,,<

, -

|' is This kinetic energy is in the body, and it's

.16. located I think on the order of four or five meters down

i7 below the head, so by the time of a few meters -- I don't
..

is .know, 20 meters per second -- by the time that moves through

!

[ is the distance to hit the head, the pool has already been
!

| 2o . accelerated to hit the head long, long before that, simply

2: because the pool only has to move two-thirds of a meter,

22 and'this other object down deep in the pool has to move four

23 or five meters.

24 MR. ZUDANS: That sounds reasonably all right.h
V

25 MR. BELL: So you effectively have a staged impact,
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1.' if:you will.- The ,poolshits, and if _ this. body were tx) ' continue
_

.

3
A |m to niove up,- :it would ' impact the head af ter. the' pool impact

'
c,

.hasitaken place..~'
-3

'

'

4' .Let's'go back to the otherfarticle where_a small
-

!s: body,impactsla' big body. The' upper core structure is' supported.

e- As'soon Sa it feels the' pressure,-!it. transfers over tx) the-
~

T

,

7| ibig body?;' . ,
, .a, MR. THEOFANOUS: No, no, no.

^

,

o .- MR. ZUDANS: No?,

to MR. THEOFANOUS: This upper core structure is a,

:you know, is the fission:-Eitfis'~a"very" porous | thing. _It'sit

t. 't '. ,,. '

, , 12, supported, but you cann t'Lu y'ou~cannot' fail the columns here
.

~

r- a .-
~

by crashing =the fission (gas: plenum. , ,j-is

14 MR. ZUDANS: I 'am| not s.ay>ing you can;. -I am only_

'

is' against the' argument that the'small body hits the big body.

16 _There is no such physical process.

17 MR. THEOFANOUS: That's why I think'we got the thing
~

is with-this problem in this context.

19 (Slide .-)

2o This really is the 340 number. We did that, by the

2i- -way, only to account for the total, and maybe it wasn't a

22 good idea.

- 23 MR. ZUDANS: It certainly wasn't.

24 : MR. THEOFANOUS: But I did talk about it.

25 - MR. ZUDANS: Yes.-

TAYUDE ASSOCIATES
REGISTERED PROFESSION AL REPORTERS

NORFOLK, VIRGINIA
,

m



c. -
--

.c ;>

,

,m, '
^

ccu5, 84'

g-
,

, ,- :,.- .

.

Is.that'thisiis as you say,
^

t MR. THEOFANOUS: --
.

,
>4
'

:: .is in contact.
,

;V;
'

,., '

L 3- MR. ZUDANS: All right.
'

. , ,
,

- ;4 . MR. THEOFANOUS: However, this is a flimsy structure.-

: .

1 s- . compared to'this. :This is a very high load. You cannot keep
,

e '
s ;this onLthe-form,.and this to start filling the loads. Really

7 . what happens is that this crashes here. It crashes only to

e- the'extentLthat it can transmit forces, but.its own very

e. -flimsy nature.

10 MR. ZUDANS: Right.

THEOFANOUSi: i'And th5t 'is t not unt'il all of thei11 MR.
''

.
.

+ !| , $
.i

>

12 walls were; squeezed out'of'it and'it and'becomes a compact

jm- *C
.

~

.

G Therefore,'we --!an,d in'this,numbe,r there is no portrayal.is mass. ,

14 of course, of energy absorbedfin crashing'tha't..'1That is why

is it is wrong to think of a body with 340 megajoules and hits

36 another body here.

i7 What happens is that during this transmission process,

is 20 milliseconds, this is crashed continuously. That energy

is is'the equivalent of 340 megajoules. That is being absorbed

2o here, and it will reach the fully crashed state not with a

2i zero velocity, and that is the kinetic energy that is

22 concerned with from the point of view of adding up to the

23; top of this.

- '24 'There is a loading, and'this additional kinetic

|
25- energy of that structure will be negligible. We said forget |

|
TAYLOE ASSOCIATES i

REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



. ,

. - , .

f 85$cc 6 ~ ii

: b.
''

_
, , ,

|

.'about All of this to satisfy your question.
~

. ,

*
'

i
n ..

.

V a, .Now,.what.is the most we can get? The most is 80,

C 's- .a'ndithat;can'. appear.'- 'the velocity of that, since it fails,
~

4 ~but meanwhile remember that that is doing work. It fails -

because of this-loading, and.that hit will be moving upward;s

e? and typically it will have been displaced to.something like

~

7 maybe 3 feet,'like 2.to.3-feet by the time we are in this~

~e . time frame,'soJnow you. figure this out.

o The upper internal' structure' moves'with this

to ' velocity, but only 3 feet away from its original position.
e, ,- ,, ,7

The head '-- the sodium already. hah hit :the > head,. a't' that pointit ;
'

, ,. (
-

, ,
..

't a - and hits --.and it bounces from that. Not all of it will go
, - , ,

,
,

,

'

33 in the head:and comes out and hits ~it, displacing'the UIS

.i4 and comes b'ack a wave. 'I don't-thinkLonA'should waste more
.

is- time on this-problem.

.16 MR. ZUDANS: If that is the way things work out,

17 that makes sense because you could observe it in the sodium

is and never see the head. ,

"

to MR. TIIEOFANOUS: Sure.

2o MR. ZUDANS: Okay.

at MR. TilEOFANOUS : I don't see why it would work

22. any differently.

23 - MR. ZUDANS: Well, because of your statement. It
,

i
1 .

24 says 340 megajoules in kinetic energy of that mass, and it

2s has to go some place.
:
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MR._THEOFANOUS: . I am accounting for it.'

,

1

wJ n' -

Now,_you are accounting for it?- Let'sMR. ZUDANS:-

' s
see. The little piece'that you showed there, it's. connected''

4
.to-the top piece:that you -- that is closed.-

i s
MR. THEOFANOUS: Yes,

e
MR. ZUDANS: There is no gap, so you begin to expand

7
your interfering volume. There 'is- a lititle bit of gap. I.

.

''
don't know what you consider the end of that,,but, in. fact,

'

o the.end -- they are not smack up against the big plat'e, so

.to
that will-translate -- that will-move a little. bit before it

| : i ; i '' y /. r,
, , -

si .

there fo're begin' to ' crash'.. 1, ' s
'y

'.begins'to'stop, ,

''
MR. ZUDANS: And in' th'e Thocess, of Ithis first phase

'

~; ;,

| that you described, tDe blue (piece b ich is in the upper core'
!

* . < '

' structure collapsed. It's most of the time supported against
|.
I 15

- the upper part and in the part'some kinetic energy on that --|

!
I 16
i 'some of that will show up there. _But I.am buying your

~

i- 17
| explanation that as it goes up in the sodium, doesn't move

is
too far before the' sodium begins to come back, and it will

'' be in that fluid.- That's okay.

20
MR. THEOFANOUS: All right. This interface,

*'
initiating phase phenomenon. The important physical processes

.

22 here are sodium: voiding; that is followed by clad relocation

*'
.and eventually-fuel motion.

''O ' e ~i11 re e="er er the eet vre eeteti e ~e
25

made that there is no way that one can precede energetic
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evhnts-by;'aoving additional fluids. On the other hand, they.! t

r .f~
. . .- .

.

. ,

.

.r

?- -. qa~ ;do'have~important-consequences. They affect the power, and,

L3 - -they'are important,because they set-the stage ~as far as the

- 4 fuel.
,

:

I s .- There are two' different' aspects that have to do with*

;

L s. thos.e'proce'sses which'are the. result of~ radial boiling
~

,

-

| ,

'

7' incoherence, and.because.of'the tilt and-because of.the-

presence ofIthe walls. That causes a known one-dimensional! e s

i.

[ o ' boiling process which translates into a known one-dimensional
,

i to. clad melting and clad process. -~ - - e .. , - ,

"j, .Is ;,
^s tr; , , , ,

~

We can calcula'tk those' t!h'ings,'i and :I ta1ked about- 11 '

|

12- that. -I- didn ' t want to itialde .tinie 'and halkl abouti it here except''

- is the bottom line, that is on th b ili g. process. We feel
.j j m i .; s'' (. = '.

i4 that the ID 'ompilation correctly compilates.the voiding,

is the microscopic voiding, both in time and in rate and, number

to two, the cladding location problem is going to be much, much

17 accentuated.

is As a result of that, we do cite compilations, take

is into account the melting coherency, and we see the effect

L 20 of this plus the plenum fission gas. We believe that in

at the.UC-3 and UC-4 cases there is some pressure for fission

22 gas in the plenum. It will produce no not cladding location

23 - at all, and I really agree. That means that the core is
l'

|

'

24 going-to go'into the fuel motion stage with a total incomplete

25 -cladding.
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. Now,'if ever'of these two aspects -- that.is,

hf[> ', .a1 .
. ... .. V N c. - *

.the.- if:the fission -- if there is no' fission gas to speak
',- ,

'

t'

1 .of, there could be'some-upward location, but that would happen
j' .e . .. .

1

' l

4 :only1inLa very,=very early part of it, and it would be very,
.

s very minimal.! Juul I don't want to go through the arguments
..

ei .because they really don't even pertain too much to the story

7- because we-don't want-to' count en anything like that in this

stage anyway, but th,at it is important to keep that in perspec-a,

o tive.

10 Now, for theifuellmotion, if we are interested to
;'- , ,

< .) .. .

it s look at-what possible energetic ~ev5nts we can get from that,4

we have to look-for forc5fb1. motion, nothjusbnormalmeltingand12
,

) that kind of running around.7.And the only. thing that, ofis;
.

14 course, happens in a core like this is very low sodium voiding

is activity-and not very high power to-start with, is to look

16 at fission 1 gas pressures.

17 These pressures can manifest themselves in two ways.

ta One is for the fission gases that are retained and they

19 produce pressurt as the fuel melts inside the pin, and

' 2o that'can only happen in the early part of conditions. And

2i in this core, again, we don't expect that to happen under
.

22 loss.

23 However, the other way that they can manifest

24 themselves is to during the early disruption stage of the

i. 25 fuel, let's say there's pressure on the top, it is accumulated,
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- ..i so those.'are<the a'reas in which these considerations enter,
.

.. . t

u a so it's;because of this then that one is interested to know

'the fuel' failure mode'and how is actuallyftho' fuel going to
L

3-' -

-

p eJ

4 'fa'il.inJany certain phase.

<s Well, one can obtainLthis result by carrying out
,

e system calculations, and_to cover the' range of the activity

7. effects, we.have gone all the way from very, very accentuated

' feedbacks'like saying the sodium --a

:o (Slide.)
L

-- Then takingj'the'least possible doppler and all:to

;q ''(; *- '
+

, ,

: s .. *i - ! s ,

!- i t' of'those things into acco6nt, and you'c'an'make it slow but --
! - . .,

' ~

12 very slow' activity and increase'the negative ones.

;h :ia; Here is an example of-a slow-loss of flow accident

14 for the end of Cycle 4 configuration. This is for the purpose

is of determining the potential for separating out the steel from

16 the fuel. The slower the accident becomes, the more time

i
'

i7 .there is between the clad melting and fuel disruption, and

is as.long as.this time becomes larger and larger, there is more

|
| 19 opportunity for-it to -- Well, I made the statement before

2o that because of radial incoherencies and because of the

2 plenum fission gas blowdown that interferes, that we don't
;

22 . accept. Even.the calculations we wanted to really -- could

23 be conservative, and really there are several points, and

( L24 they 'are not ' appropriate for a presentation, but we have
.v]-

25 them all in the. report. We just thought that we would allow
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- tihe calculation to move .the cladd'ing,f that some' of the things
,

~ '-
^

q.,

' (v .1 's~ -

,
iare reasonable'in the upward-direction,-although we don''t1.~,

.

.

'3-

;expectIthat to beLthe case.
~

,

<

,'

4' 4 -
' '

,

We-findLeven if;we did th'at,.because~of the activity
's . it needs Land tihe. power, very little time for the cladding goes-

.

-

''
to move-even if you' allow it-move, and that is the process>

# whereby the power increases enough to disrupt the fuel,.and
~

* ~

as the-cladding mixed'up well enough with.it to cause a core':
1'

*
. disruption,

e p r.e 3 %'
n - -

' .We referred''o.th'at a'ssa core disruption of fuelt
~

U ;; , . ,,' -

''
and cladding. That is a.re,sult of.the power, increases, and'

,
- - ;-;

' '' ,

it -is observed in phases, wiiere the' Scri'vity feedb'acks werei

; p ,-s.
':V chosen so as to make the overall accident prog'ression slow.

$ '#
This figure contains all the important aspects of

|

'"
the initiating phase. We have plotted here the time, and.

4

" 16
7 here is a group of subassemblies grouped together from the

"
point of view of doing thermal hydraulics, and the yellow

''
line is sodium boiling. The green is clad melting. This

'''
is' clad motion, and this is fuel motion.

2o
Looking at the lines straight up this way, you can

*' . find out at what time boiling started and how much later

22 cladding melted, how much later cladding began to move, and
,

2
| how much later the fuel began to disrupt.

##
.

By looking at a line across this way, at any time

- 25
you can actually have a visual effect of what the core is
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doing. You: find out that some.of them haven't boiled yet,- .I- :

na ,

. k 'i: in - You.can look_at 171 seconds. This part up-here just began,to

'

3 boil.-- This has boiled earlier, about'a second and.a' half
ja -

# earlier,.and it begins to move the cladding, and there is

no fuellflowin~g anywhere.s -
,

-,

[c# e What-is the state.of the core..during this phase?

:-
7- I have shown here-with arrows the way by which you take these- ,I

|- -a ' terms of blo$kage. There is enough time. There is enough

L o- time.between the molting of the load and-the disruption of
,. . m ,, n , .

thefuelsothat'thecladding'can/shhar,a'tel by mot' ion.to
g t; e

- ~ ( >! 3 _
r s-

To figure out at ,what parts of the core,this is
~

it

12 possible, basically you are looking.at difforences-between thej

| : '

| Qp fuel disruption and ' clad mel' ting of the ' order- of more thanis

!

14 a quarter of a second. If there is more than,a quarter of

L
15 a second time there for -- conservatively, one might claim:

|

!

to there is blockage. Of coarse, it will be incomplete. They-

| 17 are self-limiting because it's like a self-limiting situation.

|

; is The stream that causes the upward location also

19 - is Cut-off by the blockage formation, so before you have

20- a complete blockage, a completely zero streaming, zero loss

21 of the vapor, the flow is going to be reduced to the point

..w ere it is insufficient to levitate the cladding, and thath22
i

as will happen well before the core exit of the subassembly is

n 24 blocked. So at worst you have some parts of blockages, and
V

25 you can visualize in terms of the timing to form that.
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;t~
- |So'you can see'here that suddenly you have - here

'

',,
, ,V, - '

~
a ,.

"isE6 -- this,is-the first to-enter'this disruption phase,.so,.
-s .

.

,

,

i here you say,well,.maybe thereits.some blockage' here. MaybeI;
.

,

-
. . .

P some -- a little bit.more, a half a'second, but-there is no
> >

s' ~

blockage here~aad'not in this other -- where the cladding

* ~

j. hjust melted:every t'ime that whole core disruption because
(,

i. 7 '~ $of fuel motion occurs.s
t

;
,

So this core. disruption is promoted.'by increasedt.
!

# power and byifuel motion,that'results'from that and it ic
- . 1 ., L i z i;.- ! :

"-

.

,

tot t -

,,

[ from'that' point on the|whole, accid'snt isicontrolled by the ;

'

I .
.

11
| fuel motion process itself; so t. hat-fromithermoment the

ka i ~ '- d'' E J
~#

'

12 - .

the cladding a~ctivities play a relativelyfuel begins-to move,
~

,

|h
'

V minor role.
' '* ''13~

'

14
E I want to show you a picture of what that core
!
! - -15~
end tp 2-A disruption looks like,--and this is a schematic.'

!-

beg tp 2 $ (Slide.)
i-

17t

| We have a result of a computation here, and you
!

is
can'see that this is slanted lines. This represents liquid

'*
L fuel. This is the actual condition, and here is fractions

no
of material that are in different states, and those states

*i
are -- the: key for thos.e states is-given here.

*2 The important thing is that for the active core'

23
we have essentially all the fuel melting at this time. All

*#
.this is melted steel also,.so you.can see there is a real

-25
intimate mixture of melted steel, molten steel. The boiling
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's point of steel and the determination will provide higher

2 vapor temperatures, so the presence of the two together, the-''

3 steel produces the vapor pressures, so the steel around. If
,

.no blockage is formed, then you can see here the cladding4

s did not have time to move up there before it melted completely,

e before the fuel melted.

7 Now, we have that fixture really -- as is shown

a here. It is not operated steel. It is a mixture. Now, even

9 if that mixture which is going to try to, exit were to block,
,

so the blockages would not be in the blockages. They would be

it head-producing blockages,:so'the-next time there is a power

ta increase, the blockages will melt and open up.
,

a
-m

is MR. KASTENBERG: The ordinate on the bottom?(_)
i4 MR. THEOFANOUS: There is the mil fractions,

is fraction of material. For each of those things, if you

16 look at a fuel element or a pool, you also might think in

17 terms of a fuel pin or subassembly. It will be the same.

is Here is the picture of the end of cycle 4, increasing

to the limits of the activities for clad worth and so on. What

2o you see here is only channel G, and it allows maybe half a

as second. Under these conditions we didn't think so, but that

is all.22

23 See, in all those cases, in all those, more than

,f 3 24 half of the core, there is just a very small fraction of a
O

as second available between the melting of the cladding and the
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1
'

fuel disruption, so that all this clearly is' going to corei
_

2' disrupt and mix all together.

Es MR.|KASTENBERG: Six is a high-powered chann>1?

4 MR. THEOFANOUS: That is true.in all the even-cycle

s cores. The odd cycle, they have replaced it by blank'et,-so

e in th'at case that is not.

7
'

MR. KASTENBERG: I think you said before that in a

a high-powered channel you expected core disruption,

o MR. THEOPANOUS: .No,,no, no. I didn,'t say that,
it'i ! ' , * * 1 -

, , ,

I said because of the Nigh[ power of'the\ core,'w'e bring coren)

is disruption, because as the power increases, thisiinterval
!.s,

becomes smaller and smaller._12
,

.

f~ '; (Slide.)i3
s_-

14 Now, going back to lcoking for energetic events

is in this general framework of fuel motion, we identify two

ie- possible mechanisms. One is portrayed here mechanically. That

17 is referred to as the LG-driven TOB. In the previous

is homogenous core it boosts the power early enough so that the

io very significant fraction of the core had not voided yet at

2o a time in which the inner pin melting occurred.

2 Now, if the core is irradiated, this inner pin

melting will produce high pressures. That is going to produce22 .

23 pin failure, and then that will produce an ejection of

r's 24 molten fuel into the sodiura. )
()

25 Now, depending where the fuel failure occurs, that
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,

.If.this! ailure occurs outside
. ', ( may[be,;agood| ora.badevent.J f>, *

_

m,
~,-

'(f- , n. 'the mid-range of the; core,.this ejection of theLfuel andcthe

} is ~ motion o'i' fthe ~ pin will' produce motion away: from the high
~

\ f4- flexati'on"and.havenegative~ effects,andtherefore-a' shutdowne

I' sit'uation'.-s<

i -
, 1 .

Now,.'we have. axial motion of the fuel inside the.e- ,

-7 pin. That'was'the mid-plane, and that,,of course', is a-strong.
~

.e- positive'effect. Of course, as soon.as the fuel comes out,
'n

. . .

o .it wilr have to'get away fr.om:therassembly somehow; but this-

., nei ,

'f ! ; . f -
,

i' . ,\' ....

,io1 .' process ha's to happen first beforeJtha't h'appens. *

Itisimportant!-alsofor(thetim'ngfthat'thisprocessiii. *,;;

-

. happen between the different. subassemblies in,t.he. compilation,i2
'

,, ; , . , -

'

3 but anyway, you can see that after it beings to happen, that

i4 will increase the power in the activity, and that will

is'. accelerate th'e time that the other unfailed subassemblies

.
-is might enter this kind of picture. So you can see the

17 tendency.
,

-is Again,- if the failure is to happen in the core

'

mid-plane'or in that immediate vicinity there. Now, fori,.

:
1 the heterogeneous core, we don't have the sodium void activity2o

'

21 strong enough to accomplish this kind of thing by itself.

However, we have.also clad motion and maybe some fuel motion.n2

23- You see that channel 6, and if that solid was to
,

'

24 melt.and collapse, that in itself might have given enough of
;

. ;
-

, ,

-as an activity boost to produce this kind of situation before
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,

:. : completely voiding.the core. So.we assessed that situation
_

y\
3s> . z- Int picking _all,'in every'part. picking the worst possible,

^

1 ^ situation.3

! ~

that is the maximum. That is'- ~ 4 The' sodium activity,
,

_

:the normal plus the sigma. We took the fuel to be -- we
7s

- qi .took the' lowest-possible. All.right. On the fuel we

7 assumed.that..it was not very expensive, which would offer

~ ~

r o experiments-when;fue1-is subjected to high power, which you

~

e. expect if you approachlthisJcondition'.; lit.is.very~-- we
j: ' ' , ,?j.;' '

' '

,

to took'it to be very mild.-
*

.v r> ,

one on=-toplof the.other,: ' Even with all of that,

weLfind that that that' situation,-it'is;not out of the books,12 s ,* - e

13 and you ar'e not concerned with it. We, thought that it was)

i4 very important to establish that limit because that was one

is of the sticky points with the previous core; so we are very

se careful to kind of clear-away from that.

17 Now, with that out of the way, we have no other

se mechanism for producing energetics in this case except for

i, this. mechanism of the plenum fission gases pushing on the

ao fuel column, and therefore introducing fuel into the high

flex area.2

'This happens because in an irradiated core the22

23 pressures can be very high, 30, 40 atmospheres. And as

24 the accident-progresses and the gases hit, they can become

23 50, 60; so they are very, very high pressures. And as long
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'''
~

T,[ ,as the. column is: integral,iof course, the-pressures.are.
.

pX ).
V :ro

balance ^d.
,

. ,

' ;If-you tske:away suddenly the center part, basically'

,
,

.,

# - by melting it, and'you see that this pressure will be unbal-

J[ ./anced,-|tNis cladding cannot go upward, and'it will push it''
.

* upwards. ~If that| process:was to happen unimpeded by the.

7 ~

interaction between:the pellets and the cladding,_one is

concerned by channel 6 d'oing-that, and'all of the rest of*
_

- + p . ,- ,-
.;. , ,

the channels will be jo'ining in'the' pr'ocess'.' ?
'

5: u. ; . , s .

' And so when.we approached this problem -- and the
. . .

' Applicant has considered this probably -- we w"er$ very. concerned''
~

~

q.. 7. 3 , , ,,
,

12 about how to have-catalytic behavidr becduse'of this
,G '.U' ' phenomenon. As~it turns out, it takes time before pellets

'd' can be-accelerated, and even if we assume that there is no

''
' interference between the cladding and the pellets -- and many

'' : people really, disagree with that, and they tnink -- I agree

''7 with'them,that it would be hard to push a lot of pellets, if

to you-have seen some operation, through a very, very tight
.

'8 clearance cladding.

2 We do'not have any actual evidence to say they

21 will be subject there or it will not move at all, or that

22 they will move at some small velocity. Therefore, we take

23 the approach let us see how bad that situation can get. We

d ~ carry out the compilation as before for the reference cases

** at the~ time of fuel failure. We allow the acceleration of
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71 / -the pellets downwards,'andLfrom this itiallows it to'do that.p. -

p ,-
Far ).FM .' a ' ;NSt~all-the while at the sameftime, andImaybe like'$20 per'

.

b
. ~ ,- ,

^

3 ~ second.
'

!r '4-
,

:MR.~KASTENBERG: Is.this consistent;withithe' picture' +

,

,

s' of core disruption-that you showed us that I asked the question
L

on-the previous vu-graph from the appearance that you havee

> ,

'

17 coherent: melting in'a channel over a large portion of the

I
_

1 active' core, and here'you are postulating somthing which looksa

[I

.more.like what you would, expect.zin a TOT where y(ou;have cool- :. r"& qr .c ,
.

s -

i: ,i y !j ~ - s Z~ ':
, ,

to. cla'd'because you have coolant there?
e, ,- , ., . y, _ c,

_ _ [ '4 (' 2b5 ;
|

-

"
t

~

~

J,'

7

!' 'st .MR. THEOFANOUS:.eN6,:no.N Thisi doesn'' t' -- this ' is*
-

;
. . .s . e .cr, . -

12 not done to scale, and'the time frames =are different. In'

tihe case.here, the initial melting of the fuel will be maybe- is

14- just a few centimeters, just showing here, just compress
~

is ~ this; compressible region here and the possibility of getting

16' | pressure frcm above, right?4

!

17 The other picture was shown on a different time*

is scale which is many tenths of a second, and this is only a

is fraction of a second. Obviously, you don't expect to have

2o. melting of:the fuel across the -- in the core pin instantaneous] y.

21- There-will be some small area disruption first. So the rest

! 22 : of it is going t.o- be compacted, and after this process begins,

as then you are talking about going to millisecond time scale.

24 And what.the rest of the fuel will be doing of its own
r

,.
-

25 collision is a different story. From that point on the problem
.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA

_



_ , _ .
-

s. . -

- /cc' 201
,

_99 I
'

-

w
,

, ..
,

is dominated by this process and not.by anything else. !-n
. 1

V s
'

MR.LKASTENBERG: Yes, I understand that. 'That'is,

s why I'made the comment tiha't if you were to believe that this
~

'4
.were to occur.

s - .

MR. THF0FANOUS: Yes. >>

e
MR. KASTENBERG: This picture.

7
~THEOFANOUSs This picture?'MR. ,

a
MR. KASTENBE,RG:,y Then you)may never)get to this

other state. 1, a. -

;[;g ,,"i l'*
2

, ,

'
-

,

'

to - e rMR. THEOFANOUS:,!Yes, sure. .

,
- ';+7

,
, ,

' '( 'b, *

g

MR.~ZUDANS: It. starts _to act like a TOP.
; L ,' *s < , ,

12
MR. THEOFANOUS: If it happens', you will never enter

~

'
the state. In fact, you will probably-have an energetic

14
behavior. Again, if the failure -- if the pellets were

15
allowed to move again, I think that is an.important qualifica-

16
tion of that, and we only assume that because we have other

17
evidence.

is
MR. KASTENBERG: Do you have a picture in your

''
packet or in the report which shows the temperature profile-

20
as you approach melting?

21 MR. THEOFANOUS: The temperature profile along

** the pin?

#'
MR. KASTENBERG: Right.

,

'**
MR. THEOFANOUS: That gives you a feeling that you

c 25'
j can have such a' vocalized phenomena, because I tend to think
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of it as you have more uniform heat operation. That's true.

" 2
MR. KASTENBERG: And this tends to say that you

3
don't, that you have more of a gradient along there, and that

4
space in the middle of the core you nelt and start a little

5
disruption, and it leads you on this path.

*
MR. THEOFANOUS: Well, I am only at this point. I

7
am looking at this picture here, Bill.

*
MR. KASTENBERG: That's what I-am,saying. Is this

^

consistent with what? ~

' ~

~

MR. THEOFANOUS: It;is consistent because it never
..

''
fails the whole pin at the same time. It.will be some portion

12
of the pin that is going to fail. It is not coherent over

g
(_) the whole length of the pin, and I don't care how much of it-

'

'#
fails at the same time. At a very short time it begins to

15
become soft. There is no cladding. As soon as you have

16
that fuel becoming soft at some spot, it will begin to fill

17
in compaction, and it is controlled by this process only.

18
Of course, the other important aspect of it is that

'' there is a power distribution across the floor, the inter-

20
subassembly. We don't expect that to happen all at the same

#' time. If it were to happen all together, it would have been,

22 of course, a different situation, a different story. But

2 because of this intersubassembly coherencies, because there

24

( }) is not enough time for different failures to come into the

as
picture and have time to accelerate and add their activity
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;t ~ t'o that wh' ole core, begins.to act coherently, so only a few" " ~

p3 ,

V1 La -of the. subassemblies. undergoing.that. And before the.other

L.
3 ~.endcof the. picture thcre is never vapor pressure-developed'

that we have.this assembly and.the whole thing is over.-4

.s However, :there is:.one -- -

e 'Yes?.

|- 7 MR. MARK: ~You said the cladding was already?

. . .

,
s.' MR. THEOFANOUS: .In this,particular tunnel..

!!''' iff; .[ , \/ ., . ,

,

o ' MR. MARK: Only,infth,e place that red is?
|

1o. MR.' THEOFANOUS: * No'; /Only - ~
,

' h,' / , y [ '!

,- ;3

11 MR. MARK: If the cladding is gone and you' don't
, . . . +

,_

- , ,, ,. , . ,

12 have any friction moving the pellets?-
,

;

is MR. THEOFANOUS: Well, you have friction in the

!. 14 blanket-area. The cladding is only going in the active core
|

15 region.

'te MR. MARK: Okay.
t

| 17 MR. THEOPANOUS: This gas pressure has to transmit

|
is itself -- has to be transmitted by pushing the blanket pellets.

19 So just like-a piston, the blanket pellets come in and

|
20 push-the rest of it down.

2: MR. CAdBON: In your. calculation do you only allow

- 22 for the initial?

23 MR. THEOFANOUS: Right. We asked the question to

y 24 the project, and they told us that in fact it is possible
.

- 25 that some of the fission rods that have migrated might even
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[,i inake like fan easy Lsliding condition.
^

'

. b,. [MR. CARBO':. 2So-you: assume thattthe~ cladding isNa-

3; . goneEin the entire active region? -

,

,t,
~ We ass'ume that cladding is gone in4 ^MR.yTHEOFANOUS:

s_ the: active region'.. We don't assum':anything. ~We are just-e

calculating a'ccording.to the. calculations, and they tell use-

- what?is g'one.'
'

'

7_

.e .
-MR.-CARBON: But=when it comes'to, calculating the

-

~;73 e s !;,. ff # ;rt; .;

( .! .

s :,,<*

. - . p e l l e t s ! a: .re pushed'in...to thescenter to give7
rate at'which the-.,

io - you' your reactivity expe'ri'e'nce . :- O f'
'

, .. > - .,< .-mi.
'

. 4 _

MR. THEOFANOUS:- Only,on the basis of the pellets::
- | 4 l' s i : s*

,,

.i2. - that have not disrupted. In reality, there will be-significant

N'
i3: , interaction here in the blanket period. So you won't be-(J
i4 able.to transmit this. force in the velocity downward. We

is look at it in a.very pessimistic, limiting kind-of condition.-

' MR. CARBON: When.you calculate the pellets in these

17 upper part of the active region moving toward the center do

;is you allow th'em to move out into the channel, or do you assume

that they stay in the state column? And my reason for,,

2o asking is it seems that it has been moved out into the

channel. Then.you would squeeze more of it in a hurry.L 21

MR. THEOPANOUS: But now the whole calculation is22

in a one-dimensional sense. We can't do that in two dimensions,,23

so whatever. pellets we have, they can only move downwards,24

not in a radial direction. However, as you try to visualizeas
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i subassembly, is'a very, very tight diameter, there isn't

j much of-a space for things to move over in radial directions.-2m

3 I think the real -- if you ask me, the real conservatism here,

4 if you wish, is not allowing any interaction between the-

blanket pellets and the cladding, which is true, and that iss

going to be -- many people feel it will be significant, ande

many people in fact don't like the idea of analyzing this,7

and see the pellets can ne'verimove, but we likerto;see somebody~
~

a
,

. ,
,

prove that in a reasonable way,'and th'at we don't see because9

there are no experiments at.all with th'is' kind of -- for thisio

si situation.
A

32 MR. CARBON: You spoke of the different times at

[u') 33 which from pin to pin or subassembly to subassembly. What

i4 kind of time differences is there? You haven't given any

is numbers. What do you mean? What are the magnitudes of time?

is MR. THEOFANOUS: I think you are asking about

i7 Corewide incoherencies, and that gives you an idea of the

is difference in times. If you look at it this way, you can see

i, by how much different parts of the core lacking other parts.

no That is for the fast case. That is aggregating all positive

2 effects and degrading all negative effects. You could find

that between the channel 6 when this reaches a point of22

23 failure of the fuel, and that would be 50 percent melt fraction .

24- So the changes were time, and it becomes more and
('_N)

25 more coherent. However, the process of concern also becomes
|
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' ' shorter and~ shorter in time, so that coherence throughou't
.g- +

VE
'- - - a

~

.
~

the scenario is important.

L a
3

i - MR. ZUDANS:' On this section, how long-is' time
'

!,

* compared to the core where you have one that is no longer

*
j cxisting-in the core? - By the' time you reach that. boundary,

,

r
,

it will discharg'e?|
*

,

-

7 MR. THEOFANOUS: What you are thinking here, yes,
i

' - e ,, n, - n-

I understand'the questi n.'; Thisiblanket area 'is!30 centimeters, |
' ~ '

' *

' L' i' . , . |f ._ ' J |
* and'you are talking about movement here. They are a fraction

V J ,' <:-
'

i ;_m,. , ,

$'' ' '"'O 'of a centimeter, s -

I ~ s., .., ,

! '' MR. ZUDANS': 'I see.i t >
. e

|

12 MR. THEOFANOUS: Before the thing disassembled. That

A) ' '3( . is why it is limited.

'' MR. CARBON: Theo, let me go back to the question:

'8
| of forcing the pellets toward the center. Am I understanding

this correctlM7 The pellets may be broken up into bits and'''

|

'7 pieces,'is that so?
!

to MR. THEOPANOUS: Not the blanket pellets. They
f

j to .might break. I think it is doubtful in the time frame all

20 the way observed to the very, very end of the core they will

2i be all broken up, because first they are going to disrupt

| 22 in the high power ridges.

'

23 MR. CARBON: Let me ask a question. If the pellets
!

24 are considerably broken up, could you get a higher reactive

as rate:from pellets-not only going straight down in a column but

TAYLOE ASSOCIATES
REGISTERED PROFESSION AL REPORTERS

NORFOLK. VIRGINIA

--- - -_ - . . - . . _ . ,-~.. -.- , .. _ . . , , ._ _-- ,... - , ~ _ _ _ . _ . , _ . _ - _ . .- -



-

...
,

. cc 26:
u 105,

1

s. . bits'and pieces of pellets going out and filling up the

'a ' channel so as to.give you greater compaction and more fuel

'- 3 in'the matter.of.the core?
~

, , . 4, MR. TiiEOFANOUS : No, Max, I don't think so. But

the time'there is expansion associa'ted with the-heating thats

is required. There isd't much'. room there..-,

7 Now, that activity rate is really concrolled by

M 11 9 ,. m - j'.

therflux of fuel comingyinitimes',rr "the' worth = grading,, so ifs
_ 7 >., , .'ri.; ;

'
-1 .

you allow any movement in. this direction because of continuity,, y, , , ,
.,

( i s , ,
,

. and your flux is going to. dropp so dt!siireaNy radial motionsso

.- .

:i - are mitigated. Wehavethemanha'y. 'I don't. follow your
~

!
.

.

i 32 explanation. If you move natorial in the one direction, in
,

- .

one direction, whatever you push in, the top must come out; ,3

,

'on the bottom. Therefore, you have the maximum flex.i4

is MR. CARBON: Wait a minute.

MR. TIICOPANOUS: I am assuming you will not onlyis

iy . push it downwards but that some.of the bits and pieces move
1

.i. radially outward into the channel. I mean this way. -

MR. CARBON: Yes. And could you go'c more fueli,.

.

2o moved into'the center of the core than you did get?

MR. TIIEOFANOUS : No. Any of the macs from that21

one additional motion by radial notion, that is not available22

.to move downwards. If you look at the sample fuel that isj 23.

2+ disrupted, cut out the core, say where can that go? All the

O
,

'

as' gradients are for it to go upward because~it is controlled by

TAYLOE ASSOCIATES
REGISTERED PROFESSION AL. REPORTERS

NORFOt.K. VIRGINIA

. - _ , . _ . . . . _ - . . _ , _ . .-..._.. .._ _... __ _.. _ . -,- , _ ,. ....



p, 3 ;_ y - - - - -- -

>

,
r ,

, ,,
'

+ los*

3. '.tc 27 >
,.

,
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,

*

m

y i .theJfission gases that'are being released in the-active
.,

,ns

y
part of it, and.the gradient |is.'for the fuel to move out.

' b a
.

4 s In, fact,-that.is: exactly what-happens. .If this' thing is

'

going'.to come in, this;part-here'actually'is dispersed. It.4 ,

s' goes'out.in both directions. In fact, that'is what we are ,

t,

,

.doing in the calculat' ions,.and that is what all.the experimente. e

7 show, . so that any disruptive ' fuel, .the -natural tendency is
,

a to move ou'twards from'the core., .

m - MR. CARBON: . Well, it' appears by the same token-

5t the top of the active core region you assume'that the~

to

: cladding is gone, your fission gas pressure is going to
.

12 . apply throughout, not only going to apply at the top of

M the column of fuel pellets, but the fission gas pressureisV>
.end 2-A.&i4 would go out into the channel.
end-2-B

is
*

*

16

17 I [<'''
-"'

-

"; , T.
'^

.

. .

',! *1- ,
8 i

,

' r ' " *
u ,,a

1

- - ,,

IO
. , , . '{'

\ 20 *

-. . 1, .L *,..
.

21

22

23

_

24

'N
,

25
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.

1 MR. THEOFANOUS: ~ I know where you are coming from.,; ,.
:
k- / ' a The problem here with ' this logic is that t he pressure '-- the-

' '- nO., /1, f, '-
highpressureisuph'erS.,{r'Now',,in?o,rder for'this; pressure to

_

s.

7 y : .s.. .

.

. .4 manifest out-here, it has to go through ,some very,,very tiny
g i..: /- . ,,

! , 1-
' '

clearances between the b'lhnket pelle'ts'andi he cladding, so/ ts
s

rot, t: ,4
, :.

l'In fact,Jthat is theo you talk about a very ~ effect' cladding.

7 reason that we have a problem. Really, if this clearance was

a somewhat' larger, this gas would have vented well befor'e the

o fuel disrupted, so because of the tight clearances here, we

to . retain.the pressure at high.

This: retained prosaure is effective in push'ng thei::

in blanket pellet, but not effective in pressurizing the vessel

() is because of the larger volume out here. Much larger space.

i4 So all the gradients, then, all the pressure gradients in the

is channel itself are from the core out, from the center out.'

is. .The gradients are from the core out, and only inside the pins
:

i7 and only because this pressure here is basically kept there
,

is by this blanket pellet.
,

MR. CARBON: So we have two reverse pressure"
,,

2o gradients?

2: MR. THEOFANOUS: One is inside downwards, and the |

other is on the other side and is upwards. |22
|
.

23 - MR. CARBON: I understand what you are saying, but |

24 I guess in my own mind I am not really convinced that there

(:) i
-

as couldn't be more fuel pushed in there.
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.

A -- MR. T!!EOFANOUS: Well,let~me give you:an example

. [_} ~

L a -that may be of help to you, because this process is only very
'~

, || [ (},il 4 Q ;If , [] f.

2 .appropriate..for the cladding. loc,atidn.f.,The pressurization ofE8
n - . . . .-

'

the tunnel by': gas coming $ rout-i.stimportant in the claddingd
3

,
-

.,

I ~ ' ;) .., .*+ r . .' \ _

; -
a location picture. What. do ~ we lave lere?' We ' have another -- we

: 9, re 5 y , ~ 1; ( ,-

all it something like a'14",'.~15. psi,'and that'is'the velocitye

7 that causes.the'. upward c1' adding position, and considered-one

a dimensional. And there is no bypass around the molten fuel.

o 'Another guestion is, in other words, the story when

10 nobody considers 'these releasable-stresses. Now, we did that.

I1 You remember-inkthe November meeting'a very detailed discus ,

12 sion in the report, and we are saying this gas there, of course,<

' () is is goin'g to push'the pellets, but even before that is going

14 to start venting into the coolant tunnel, and maybe now it

15' can push the cladding-downwards. The same reasoning that you

.t e are thinking of. And, therefore, it will interfere very

17 drastically with the cladding location process.

to Well, we took the gas out. We compared that against

19 the experimental data which was done with the pressurized
|
|
< 2o plenum on the top, so we did a very thorough, very detailed
i

2 study of that, and.we found out that even in the beginning
,

L 22 the first time the cladding fails, and that is typically about
!

23 .6 seconds to .2 seconds earlier from when this happens here.
|
:

L
24 -That means.you have the highest pressures and the highest

25 .blowdowns. Even then, there is not enough flow that they come
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'out;to even' reverse the'pressurezgradient, and that is only |'

.

,

./s

V - ai pressure gradient of'only a few psi.'

.'' ', * C'. r ,I - b[Do yo'u feel b,Q ?[l.3 i
-

ett'e,r- about ! tha.t? .So it.cannot inter-s
-. , ,.. ..e. ,

fere with the-cladding'under_m,uch more benignsconditions. -In4
,:--

Y
"

I -urds pushing n; ~We'have muchthis case ,. we lave lower. res

e r1 ~. 1 + | t! ~C7t ,

higher pressure here becausd~of'the disEribu'ti'oniand the-

, ,

fission gases being released, and there is no way in the world7

that could have-anything -- that the released pressure from,
4

here can interfere with the overall pressure gradient itself.,

The two processes are-so -- you know, going to the_ ,o,

cladding that is much more. I guess one would expect, if this,,

.was the case, what you say was correct, that we should have-- ,,-

a very clear picture of cladding moving downwards under this{) ,3

effect, and we can grant that is going to happen.,,
.

MR. CARBON: I suspect yousare right. Let's nove
- is

16 -

*

MR. ZUDANS: Could I'ask a quick question, Theo?
,7

'

What process creates this delta t in the core?,,

MR. THEOFANOUS: In the tunnel?
,,

MR. ZUDANS: That 's correct.2o

MR. THEOFANOUS: The process I was just talking

about, or what generates that adverse pressure?
,

.2

MR. ZUDANS: Just the buoyancy, because you don't
,,

have any driving power there, do you?
, . ,,

A''/ '
MR. THEOFANOUS: Well, you have very.little. The

25-
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53- flow'is about 20 percent down in the pump.
, .

There is only
. . ?^{

- -

.

t t. ..

|2 10-seconds after the thing, starts..,\7 ,_ .a.

'+ -

. c.s ,
<-

; ,
' ''

m. ,
gi

.
,' i.

3 'MR; ZUDANS: iThe 'o'ther - thing is 11f lyou; apply that
,

' full pressure base of g .th'at lyou have on the figurh , whdt4
' '

' , . E;; L -
,

happens:to those pellets at the, point _where they(get out of' .s
* ',

-
. . <>*

.e the core?~ They:still move the same' amount?

7 MR. THEOFANOUS: That's right.

s' MR.-ZUDANS: So'it's really immaterial.

s MR. THEOFANOUS: Because the motions are so little

to that.can affect that. -

it Ek) with this,'then, we satisfied ourselves~that

12 .there was no auto catalytic problem even under the very, very

/~') i:r worst kind of assumption, but'another problem came up as a
A.s

i4 result, and we did really bring this up in the previous

is meeting in which you remember that we had the vessel failures

is fromiall events, and we had one going from -- in fact, it was

17 stretched out and was made to be 3 over 1000 because we were

is concerned about that, and since that time, we have been able

to put some numbers to this, and it does turn out that becauseig.

2o of the channel fix and the next channel to fail coming in early

2 enough, and because of the whole accident _ progressing slow

enough, and because this is like a slow accident progression,22

so everything is slow.23

Fuel motion, voiding of the core is slow, and nowr~s 24

k)
as this brings us back to the whole problem that we have happening
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^

becauseJthe primary, reason being sodium voiding. Now, it~

--f I-
s./ 'a. y rt - . , - .3 -

'happens because: sodium (n.3voiding;is,notif,astienough so to speak,;

4 e . ; i . . / 'n , ,j q. , <
, ;' ,, ,,

' si' 3 - ,

and'because we have.the additional kick that comes'in and..

- c ,, t . M ;4." 7 r. 1 v '-
g , , *;j4*

4 ._
'

._g

. generates'an.over-power bondition).so:I wantito; emphasize,

'sothat'~this:is:nottakenhut[ofhonte'xt$;{ hat [tliisisputting
' *

too - 'I really don't want'to callxit pessimistic,'but put

'

two; bad; things one on' top.of the other.

a
Well, the question now is canLthat be auto catalytic.

o
By'theiway, this'was driven at'a much slower rate because this

~

^ ' may'bi driven by as much as 20 dollars per second, and we
' ~

-

''

j are concerned'about that because there isn't much known about

'12'
. this situation.

' This is,with sodium fuel tunnels, and we feel it

14
has beenLirradiated. How does'it fail, and how much activity

'

can one get by this? So we are very hesitant to try to cope
4

''
~ with-that in the old ways of the homogeneous review. In

"
fact, this~was an attempt to mitigate this situation here, but

'' if there was anything accomplished from that or learned, you

'' -can'get any numbers you like by just changing things in the

* order if'one-wants new certification one way or the other,

2: We want to calculate this. We have done some calcu-

22~ - lations, but we don't report it because we don't think it's

23 . meaningful. It can be a bad situation, and then, it also has

f'} the ability -- we have the ability, or the project has the24

x-

** ' ability to eliminate it altogether if this pressure vent is
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~21 made to act on the blanket, and that looks~like it'was the

t').
V -2 best solution of-all, and' brings us.to the--plenum fission gas

|}c1;>|,- {k [,;

composition resolution,'which'.is'to eliminate it by# design.3

7, 7 ..

", ( ?., d' (Slide.) :
.

5 We have been talking to the project, to the applicant
_

,

.and they have agreed to consider changing their design and are6

7 writing us- a letter to that effect, also,

s. MR. .KASTENBERG: CanJyou'give us a hint as to what

~

the, design solution will be?9

.to MR. THEOFANOUS: One of the possible ways that one

si 'can do that --

12. (Slide.)

() -- between the moment that the cladding fails, of course, there.is

-i4 will-be some time between the failure of'the cladding and

is disruption.of the fuel, especially in this core. It is

i6 typically half a second or more, so that the gas would have
.

i7 'come out well before it's relevant if there were a small volume.

.is We have a large volume and it stays there -- the pressure stays

is up.at the time this comes. So the thought, then, was if we

2o take a volume and break it into two volumes, one volume --

21 that is, the two volumes separated from each by a very, very

small clearance.22

Well, if that is the case, the upper volume being the23

big volume, when this disruption process happens, only the24

25 lower volume will be really ef fective in pushing that, and that
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-i lower volume;can expand very quickly because-of the normal

D .

i ,
,

. , . = . ,-
, .,

V a blowdown while the upp9r volume.* willDdecayimtich slower, in a
i ; n.v . ..,

s longer period of time, and because of that, because of the
V , [ }}

'

.

. clearance,-will not be a'ble|to' apply.any' press'ure,;11Le putting-4

. 7 .,

s another impedance up here2., Thatim'eans this:c~annot be pressurized.

.e. So during normal operations and because of the

7 small clearance -- and it will be a calculation.and enough

:s space for the gases to flow, but under the rapid conditions

o there will be no way by which .this -pressure here can manifest

to itself on the top of the fuel,

is MR. CARBON: You will effectively put'a little

12 orifice there?

Q. ,3 MR. THEOFANOUS: Yes.

14 MR. KASTENBERG: Do you know if there is anything

in terms of other accident scenarios or normal operations?is

is MR. THEOPANOUS: I think the project might like to

17 take this question.

la MR. DICKSON: Maybe I could explain that e little

i, more clearly. At the top of the axial blanket is a spring

2o about 7. inches long. It rests at its top on what we call a

2 plenum spacer which is -- think of it as a closed tube except

that it has a tenth of an inch hole in the top and the bottom22

23 just to provide a landing at the bottom and the top, which

24 is almost to the top of the whole pin. Four inches away, a

; 2s space for the tag gas capsule. We could close that up and make.
|
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'1' it hermetically' sealed and.make some very fine holes in it
Jw *

,, - ,s,, ,, , .. ~,! r - c.. . .

'

like a couple of two-mil holes!in;the bottom'and;a1 couple of,Q g a
1 ') t .g ' -LL ' ;-

;

.two'-mil holes in the top. . It.would; absorb, as Theo said, all3

.k tw <

.

'd
t., ,

the fission gases slowly,1but''would let them out only slowly.2

,? . .. :. " -
5 We have actually,builtisuch pins-for' experimental

s' purposes; not'for this reason whatsoever. We regarded it as

! 7 undesirable'to.do that. 'Obviously, you have to tailor it so

that you will get the tag gas out when you want-if you havea

a failed pin, for normal operation. You don't want to get its

out so slowly that it impacts your failed fuel monitoring system,to

it And secondly,.it is going to cost something to do that.

You realize that there.are some 50,000 pins in every12

() is core, so it doesn't have to cost very much to have an impact.

14 And third, the only reason all that junk-is in there is for

is shipping. The objective of the plenum is to give you a~ lot of

16 room . The advanced fuel are trying to save the cladding from

i7 ]5 mils down to 12, and here is a whole mil inside there that

if we follow this path, we never get out,is

is There are a lot of other ways you can think of to

keep those. -- this pellet back from moving during shipping,2o

besides putting in~ plenum spacers that take up space and use21

22 much more as a gas plenum, reducing the height of the thing,

reducing -the cost of the fuel and the capital cost of the plant.23

So we do regard it as undesirable, but can do it if necessary.. 24

n.)
25 MR. THEOFANOUS- So with this conclusion, then, we
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c' feel (that the energy, particularly,'the.. energetic behavior,.
.,

< - :-

: 7_.n j . 3 c. . . , _
. .3

, ry- .; r:
.i r - i rt.' #r, - ~e - ,,

t 'J .i, jg(- :

, .

'is'physicallyunreasonable'.[C ~ '
--' ;a ~

<'
- -

,
_ (., . 4 - ., t. . 2 3.'

*

8 MR.<KASTENBERG: Just-as a follow-up, when one has'

. t ; 1.<- . .. , ,
'

.aA . ,r., , . .(; . ; s ' e- <
- t. . - -

.

. ,

'' a bulletin that says that' applicant h'a's agreed 1to'' consider
:

~

,- e , , , , , . ' ,-

. . . . ..q. -

.? <- . .

t-

,

''' 'it, does thatnean -.that |. this will b5- refisited at 'sometime. I

s,
e- later, |or 'does 2 3 t just 'mean --,

7'

: , s
8

a

| .9

10"
i

11

>

12=

i

'~,n
'8 13,

. 14

15

! 16
j

17

18

19

20
.

21

22
2

d.

23

.

p 24

b
251
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iCj-2d-1: 1 MR. THEOFANOUS: . I thinkLthis-is important for.the
5

-'

77-
-( -

,.
~

.'J -2 |NRC St'aff to' answer. ._With the way you are~ approaching it,'is-,

3 7this ; going to" be ! fixed;one way or. another and' therefore we

4 don't.have,to consider it any.further'from our point'of view?-

5 MR. DICKSON: Let me. add'that we haven't had a.
~

e chance to evaluate these results in detail. The project has

~

7 heard ofs it'but.we haven't been able to evaluate it. Since-

o 'we know of the design fix, we can' commit to yes, if we agree,

9. and see.that that does need to be,done. We can do such a-

so thing, but'we nave not yet agreed that that mechanism is

is really operative,'considering that Theo himself says that's

32 a very conservative basis.
. .

() 13 We reserve the right to look at it first, and if

14 'we can convince'the NRC that maybe we don't need to do that.
- . 4

''
';

is '. MR. _ THEOFANOUS : 'Yes.
'

'
"

. ,, ,

-

-te .MR. CARBON : .Along the same lines, how strongly do
':

you feel the need for this'?'<I think we have certainly -- we
~

17

- ~

obviously have concern-about s'afety,'but I .! don't think we are~
i

is

is pushing for something that is grossly overconservative.

2o MR. THEOPANOUS: Well, our own feeling is that we

2i have taken the approach throughout.this study here that we

don't become so entangled with the details that we start ;22
i
i

23 really chasing an. imaginary event. I think based on what we

have seen in the calculations, we think that it is a reasonableg- J 24

V
.2s concern that we would like to see it fixed. I

!
1

'
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j-2d-.2 ~ - 1: , On|the .other. hand, ~it is ~ not something .that: we
, , )%
C. /' 's- .:cani say 'that youlare going' 'to .get all the - time , bilt'.we certainly

3 'see -- and I think this is.-aLgood,pictureLto show you that --

4 youisee~that you become' susceptible to detail. If:you grind
'

s. Jit.down=to the point where you'.try to-separa6e a few tenths
.

.of a second.between the core voiding ~orJ20'orf30 percent'f e
'

7 sleft'over,3you be' gin to have a problem.

'

a Like here, .for example, you can see , that this .
_

'

.o 'shows - that the. time that the fuel disrupts , essentially all

to :the core'is voided except for the very low-powered parts
. .

:: ;which have just begun to boil,

12 '(Slide)

Y)- is In fact, boiling has started everywhere. It is not

~

i4 the classical one that you have seen before where maybe.'50
(; n -.

- percent ~of the core hadinot even come even close . to such.is
o

.

.ie- That'in itself is important because_it,affects the failure
; (

*

iv- location. If you have time to heat up the core, the failure

~

to mechanisms become different, so there~are sev ral aspects of

io. -the problem.

2o :- What we are saying here is they are of detailed

2 nature and they have to do with processes that we don't know
.

how'to characterize yet, so taking this plus the fact that22

we are saying it in calculations and also taking into account'

23

that our knowledge of it, or our direct experimental evidence24

2s on the effect of this pressure on the fuel pellets is non-existent
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Dj-2d-3? -1 t and inot . likely..to bei discovered _in the -next ' one or. two years ,
J.; q):-'\v- :: -it is thelkind'of~ calculation that led.us to the' conclusion-~

.

3 .that~we would like to see;the core fixed in;a different way.
it ,

.
.

-

'4 ; -But what Ifam:saying is if you sharpen your' pencil, you.can
'

; e

5 ~ see the way.'out of it, but-the question 7is as you sharpen-
,

your pencil, you-lose a l'ot of the confi'dence that we have --e

that'doesn't' allow you anymore to make the-' statement that-I7

a made-before, that you strictly cannot see.=

9 MR. DICKSON: Two more' points I.would like to make
,

-if'I could. On'eTis'that we have a significant amount of timeto
'

1i before we order'the fuel to resolve this problem. The-second*

s

.12 -is the, probability exists that'we-would choose to make the

-O : s s' design fix rather than attempt the analysis because it mightJ

be cheaper to fix it-than to go through the,analys.is.-i4
< < 1 -

, ,, ... -. ..

This pencil sharpening costs;a~ lot of money, soi15

'

is we have left that open pets as I say. 'We haven't'had an
,

17 opportunity to relook at it,
.

.
but since We.Could identify a

.

4. .

is fix, we could go forward with the NRC that we can fix this if

is necessary.

2o MR. STARK- This aspect matured very late, and the

21 applicant found out about it quite late, so what they did,

22 they sent a letter to us, which I have here, dated March 8th,

23 saying that they are aware of the aspects that we are looking

24 at but they haven't had time to analyze it. In addition, they

I indicate that the design change that we suggest to them is25
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1 * feasible, and since the' fuel won't be' constructed'for several
-f3

,d a more years, what' they have done'in(the SER is saying if you-

E3 ~ want some more time to-study and analyze-it, you can always
"'

,,

4 come back with another way of . solving the problem.
-

; 1s - We know of,one..fix'that exists, and unless:they''

'

-could show us another yGy, which- w e are always open .to, wee-
.

7 are.not the designers. We just kind of set the regulations and

a the criteria. We know of one fix, so.therefore, since a known

9 fix .is technically feasible and that exists , we indicate

to our criteria or equivalent,'and they will have to come back

ti and convince the Staff, whatever.the' equivalent might be,
|

which happens al'1 the time, but it's possible. So I think that12

.O is why we have hand 1'ed it in the way we have.-

is

14 MR. CARBON: Theo', it's.12:00. How.much. time will
.

.

s -

;

is your;next topic take?' Is this a good point-to break for

8 ,,

is lunch?
. ,

'17 MR. THEOFANOUS: 1.think it,is.a good time. I am

is in between topics now, so it would be a good time. None of

io. the topics, as you see, none of the topics are very big but.
S

2o there are a number of them. I guess if you wanted to go over

21 the next topic, it could take maybe an hour.

MR. CARBON: Let's break for lunch, then.22

23 (Whereupon, at 12:00 noon, the meeting was recessed,

-END'2d
-

-

-24 to reconvene at 1:00 p.m. the same day.)

25 s-
,
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AFTERNOON SESSION
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.. 1

j . ;m' (, 1:00 p.m.),.

,

. 3'
..

:
~

. MR.x. CARBON : Let's resumelour' activities.1
,,

'4 .Theo,''go ahead.
_

" i~-

'
-s MRi'THEOFANOUS: ' We ' will continue wit.h Mr. . Bell', -'

'

e "o. taking La bit of.:the time;to kind of break him in: here. ~~

7. MR. DICKSON: Mr. Ch' airman,-could I take . this'.

a' (opportunity to ask a question that was' asked yesterday and

we said we woul'd try to get an ariswer?e

, , MR. .CARBONi Yes, go ahead.,' .so ,

, si MR.-DICKSON: Yesterday the question was asked
-

if:we accounted for the la'ck of symmetry in the loads in the12

- (Q | - - boltis ;because of the assymetric head. We have checked. Thei3v

:34 ' answer is yes , we do. PI.t :.isi not ~as strong an 'ef fedt as you
I'~

.
,}, ,,

'

' '

is might see. The variat' ion'from the mean is only abbut plus
,

. , - . , , . .,e . , -
_

,or minus 10 percent while they/are in_the elastic, mode..te.
,- -

I17 MR. ZUDANS: I ,wouldiexpect-lar. ger; radiation in-

,- .,

is the elastic mode than in a plastic mode. Integration related
,

io. more to the sheer key load. The.large sheer.. key that you had ---

2o. sheer range.

MR. DICKSON: That too has a variation around it,21

22 yes.

MR.'ZUDANS: About the same?23

g, 24 MR. DICKSON: I didn't check that number but we
().

2s did calculate it.
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~1' EMR. ZUDANS: Because:I th' ink-when you do go out youjj-1-2:
q: y ,

v' 2 ~ find-there-is a.'significant difference, maybe 50' percent
'

,.

1 '

3 minimum to maximum 11oad. 'Then you would have to model the
s~;

4 : flange in the plant test scale _rather_than put some plant _that
~

;

q zs kind of hides this effect. 'If it is 10 percent, I don't care.

e MR. DICKSON : -Fine,:thank-you.

-7 bE. CARBON : Go L ahe ad ".'

,

a VOICE: I~am going to' pick'up, then, where Theo

e left off. Herjust finished the discussion of the initiating

~to ~ phase and'the energetics potential _for that phase of the-

~

et accident,;and what we would like to do now i's move on into

12 what we:have called the disruption phase, which is roughly

() .is that part.of the' accident that continues from the early
- ' .- r? .,

disruption in the initiating phas'ai on ;o~ t . to the t'ermination ,i4 u
'4

,[
'

Q ._ ' ',
,

is' either by fuel removal, which weLhave termed dispersal, or
:, . ,

by' energetic events, which we' call disassembly.,_is-

So a lot of the perspechive lhat wejhave looked17

is for in the initiating phase was to gain a handle on what the

is conditions for this disruption phase legitimately might be.

2o To do that', we have looked at the other end of the spectrum,

21 so to speak, of the uncertainties and initial conditions of

22 the initiating phase to look for that behavior which would

23 tend to make the disruption phase more prone to energetic

24 events. Therefore, we are particularly sensitive to anything
|L

25 that might change the extent of blocking, for example, of the
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: j-lh3 , tj .nor;nal: cooland channels and the" extent'of disruption that
.' ~/ 7
[ - ' They ialked'about. iThese things will play'a role-later on8t ~'

.
A 'in the fuef removal processes a'nd recriticalities to come

.

. . .

'# ^

_

-In the disruption phase, as we. move into-that, I,

,

- -
*

- .willlreview.justi briefly wh'at are the major' aspects of this

[
-* 1-

f . phase.of.the-_ accident:that we.are concerned with.
E

:1. 7"

(Slide) . '

=

a 1
-

.

,
As Theo was pointing.out,what we' find ~at the end

w
o ,. of;the initiating phase is that most of the instantaneous

,

.' ' ; 'neutronic activity.is controlled by the fuel motions.. The

' '' ' voiding an'd the cladding tend to control the state of the

12' -reactor in terms of how far subcritical or how near critical

- 13' .it may be, hit the instantaneous reactivity ef fects are
'

, ;
'

primarily._ controlled by;the fueh motion. [
,.

'
'4

! ;(.-

.. ,

'5 Now, what we.will do.is follow those fuel motions
,

s

'' on' as we progress in time' along this sequence to 'see how they
i

!

' further control the overall' ileutronic< behavior ^ of the system.'7

is
[. What we generally will be looking for is the neutronic activity

'
! .

both from the standpoint of how it manifests pressures for| 'S
.

L 2o fuel removal and also from the standpoint of whatLthe energetic

|

; 2' potential is. We have laid the groundwork now in terms of

22 what the. system appears to be able to take in terms of specific
P

23 ramp rate. events in a two-phase disassembly. The remainder of

|
24 our discussion will be to look at this scenario itself and

as see to what extent we develop ramp rates that even come close
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-

Tj-1-4' 18 _to ' those' li~miting' situations ,-

,

t -_ / \.
'

< !- v) ja |So neutronic. activity,.of course, is a fundamental,,
.

-

y :
~

33- partfof'that,1and'as'I, mentioned, we'will be looking for the.7 .

4- .transierit. pressuressin terms of fuel removal' and how that:
A

5 influencescthe. scenario,. and we will.be keeping an eye out3'
ie for this. progressive-disruption as we go through these

-17 'different identiified phases of subassembly disruption, and .in
n ~

:s a 1arge scale, annular disruption and eventually to the whole

e- ccylindrical: pool.
-

to < :We will'want to. watch as we ago along to see what
,

kind of' fuel removal': paths are becoming available as we go.11.

.12- through that sequence.- We will also want to be looking for
, ' .

( 13 the other _ major : aspect that tends to control the magnitude of
4 * f

'

Lg
,

i- . ->
. ,

.

;14' therecriticalitiesor[theirseverity,'Iand(that!isthe~way-
> '

i . . .,

is .in which this extended fuel. motion becomes more coherent as
< t.

'. > *
,. ,

the physical-structures'within th,e core are broken down through16

i7 this progressive disruption-process. ' -

to So we will go through this phase by phase, starting

to with the subassembly disruption phase, and look at some of

no the-main features of that and particularly try to finally

21 come to grips with what the energetics potential of this phase

of the accident is.22

23 A typical type of activity which goes on in a

'

f 24 subassembly phase following the initiating phase, where we may
'

,

25 have fuel still largely distributed in the subassembly structura,
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z.j-1,-5 ,1 astilliatfa-high. fuel 1 inventory state-at this point,fand.there-
? y.ty n,

~

,- s

fM a' f' ore . the fuel /cannot' really be 'in a gross slumping mode becauseo

3) it would; have been critical.-long before'. that. In general the.
,,

1 .

4' -fuel tends to;be' distributed. It.may be'. bunched up more on

- s' the ends.

e 'There i7 a lot of' coherence between channels, but

7- 'on the average it is still roughly..a distributed core.in--

- a terms of-the fuel location.:

e, -We'found in~every? case from the SAS analysis of
. .

.the initiating phase that we began this disruption with aso-

highly neutronically-active system. _It was not a quasi-steady:

12' ' state but a system''in which| power transients are continuing.
'

In that process what .that-m,eans in terms of fluid: :a
-

>;
tr 4 4 /

motions is'' the potentidlj :at lhas,tk even in the " subassembly14

is phase, for . these. multiple ~ neutronic' events ,: which ' ca., act~

j,3
"

1-.
,

i6 across the' structural boundaries not impededby,,hhem,liutpower
| t ,>3

->

. .

- 17 - into:the different subassemblies in essentially the same

. te time frame, causing a progressive increase in the coherent

is behavior of the fluid.

2o One typical subassembly, if we follow through a

2 sequence, might look like this,where we have the fuel largely

distributed but over a longer time frame of a second or more.22 |

23 This fuel will -- much of the fission gas will be de-entrained.

p. 24 It will- begin to slump. With the high inventory, it will
:Q

25 tend to go recritical into this active neutronic mode, and
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-1-62 , it- .withithe'more or less classic but mild disassembly -- notLreally |.

. ,T-
,

,

q. M a ' disassembly. We'will have to watch that terminology. We are

using| disassembly to be'a:neutronic terminating. event. This.3,

1

4- would be mod recriticality, with.the power and the pressure
'

,s - tending to.bescentered about.the_mid-plane,'the result being

6 that the materials are. pushed axially towards the ends of

7' the ~ subassembly, creating a highly -suberitical state.

- a Now, at1this point.it is not:likely that massive

s' fuel removal would have ~ occurred. It is still very early in

to the transient. We haven't even~ failed subassembly walls,

it The thing that will happen will be that the system will try

.12 to obtain more ene'rgy. It does not have enough energy at
4

(). this point to overcome all the. heat; sinks available. It cannotis.

, '
,

.
. ;-~ :. ,

i4 maintain a steady dispersed: state;(and since itican't do that,

~

it has no choice but to}go-recritidal'and.t'ry;to'obtain a15

-

se higher energy state.
__

'
. .

37 It does that in one of a couple of ways. We have

is defined two possible modes in-which this state breaks down to

to achieve a second.recriticality state. One is what we call a

-2o. .drainback mode. 'If you imagine the configuration looking like

2r this, that_ material will not be stable there at the top. If

22 sometime over at your kitchen sink you take a glass of water

23 and turn it upside down with your hand over it and pull your

24 hand away real quick, you will see this mode of fluid dynamic

~

25 drainback occurring, where a bubble will grow up through the
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\j-l~-7" 1; iliquid slug and-the materialIwill~ drain down aroundIthe outside
'

,

:j} __

"-
,

. . a .. of'i,f, ,ThatLis1 a'well-known' solution..

's Throughithat mode one canfget the mass reflux 1into-
'

-
. _

.

' ' the'~ puddle at the bottom, and-as'the puddle grows, the
~

5' criticality stat'e will'be reestablished and this drainback'.

frate would 'give. ~a ramp, rate- and ' t[hereby will define a seconde ~ J

7 reCriticality.
A

I'f we do th'at and-if we arbitrarily say that'everyj. !
a

subassembly.in'the-core is undergoing,this process coheren.tly,.o

- O that is, in the same-time frame, and add all these mass refluxh

13 rates up t'ogether, and if we take then what the differential
-

12 - reactivity worth of'this puddle increasing per' centimeter

h really is .and multiply' those> two' things together|,.4e find that13

.
,,

'

84 we would .have a second recriticality of about $30 ' or $ 35 per
- - ..,.

15 second.
' ' ;<

16 MR. ZUDANS: Is , this - physi,callylposs_ible? You have
, . :- a

17 both walls to contain,

is - MR. BELL: At this stage, yes. In fact, any other

to way would be really rather difficult to explain, I think. 'We-

:

2o are still at a state where these walls have not had time to

21 be heated to their failure point.

22 MR. LIPINSKI: These are the subassembly walls?*

23 MR. BELL: Yes. Remember they are starting out,

:

; f24 roughly at the sodium boiling temperature significantly below

25 .their melting temperature. O
!
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i MR. CARBON': What;is the temperature of the: molten
~.f q
L .

.

-
1

[f a ffuelrinsidetthe.' subassembly?~
'

,

~-

'^
'

i 8
. 'MR.' BELL: A''few hund' red degrees,-it'is, melting

! ,

h .' point.,
'

2d

|,
> '

L'. c:'
s' MR. - CARBON : Which is what?-

>

|
'

L .e M R'. B'E L L : IThatlwould.1be around 3230 degrees !
i. -

, i

. 17 Kelvin.
'

I .

'

j -a MR. CARBON: 'It:seems that is so high that in
.

..

s heat' transfe" r 'to t' he stainless steel subassembly walls, it-
. ,

'
-

-

~

'
doesn 't' se.em possible that- the (subassembly walls would exis't -to

, 4 -

11 there.
,

12 MR. BELL: It wouldn't except that. what happens is
-

. . . . . . . . . ~. -

I
'

the' material on contact:with the, cold / wall free'ze's'the crust13
% j. c e,$.: ,

y

of material'. The urani'um ilioxi'de "hhs 'a very low conductivity ,.
14

s- <y

15 . one-tenth of that of the stainle'ssistiee1{, So that crust of
te - material that-forms on the|w~all".is}basica11yfan insulator,

. .,

2

17 and even.a crust a millimeter thick will require nearly 2
1.

is. seconds of time in order to melt that wall.
,

| 19 ,MR . ZUDANS: But looking at this, your column' number

20 ' 2, when that happens the wall would dry out on the outside.
'

|
f

21 MR. BELL: No, not necessarily. You won't

22 necessarily strip this the way I have got it shown.
L

23 MR. ZUDANS: If it doesn't dry out, it will not

24 happen. It will: remove the heat and it will --j

25 MR. BELL: No, there is a film -- even if there is
i
'
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ij-l-9 1 ' 'a111guid film on here, the ' fuel just' does''not have the ability
_

ya

E k. / _

La to reject heat.to the wall because of-its low conductivity.

-3 'It just cannot reject it that fast,. particularly at these.
.

,

4 ' low temperature' states . It will always form a solid crust on

~

.5 - the wall, with the wall temperature what it is, yes.

6 MR.- THEOFANOUS : There is-no disagreement here. We.

are notOsaying that this transient is going-to last for a very7

La =long time. It is going to be maybe a matter of.a second or a

o' 'second'and a half.. Now, if the walls were to fail, wo would

to - go'to the next~ stage. What we are doing here is taking

-- it snapshots,-and this is the first' snapshot. It is not long-

12 lived by anyfstretch of the imagination. In a second it will
m. ,,'

| .f.-hs 33 .be over, t ':#-- ,

,; .,

14 MR. ZUDANS: Well you see, for the fuel to~ melt,
.

,

you would have to dry out(thefoOtside& sufface.is <

'I*
16 .MR. BELL: :No, no! ! O ,

17 MR. THEOFANOUS: That is the wall of the subassembly ,

is The fuel melts inside.

MR. ZUDANS: This is the outside can. Then I don't- se

2o. disagree with you.

2: MR. BELL: I'm sorry, we didn't clarify. We are at

a state where the pins are completely disrupted and we are into22

23 a subassembly scale of fluid motion.

MR. ZUDANS: And you say you might have a second or-- 24

j . s
25 - 'two of this.
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~

-

h b l0$ itI iMR. . BELL:1pThat's right.-
W
i e

' :MR.EMARK:
,. _

-
So there id a fair amount.of steel insl - ,

-2 3
'

'
4.

__
:.JL ' '

"" ,

jsl ;that.--red : solid stuf f.-

;4> MR./ BELL: ,If the cladding stil-1 has not been
,

y ~ .-
-

,

,

' relocated into -b' lockages', . then - this would be roughly ^ on'e-third" s-

'
'

'e| . steel; that's right. '(.
~-

,

'. 7 MR. KASTENBERG: Charlie, you mentioned at the

'

a; 'beginning that your power is-moving dynamically during this

Lperiod,-c;r'at the beginning of thi's period. Are you at a-
- o

Ji o' critical situation? .Are you'at' low power, high power,~where
4

is. are you power and reactivity wise?

12 MR. BELL: All over the map, literally. I mean

. ' - -

youarecomingintohe're1(inbkha d) .. Typically hen you'are
~

is
.? 2 ,

, _ ,

'

- 14. finished with the fission ~ gas control dispersal, phase and so
.

. .

is on, you may.be at most a'.fes dollars subcritical. -It doesn't

i6L take Very much fuel slumping.to bring 1yNu'back up to a critical

17 state.

'

is MR. KASTENBERG: My experience has been at these

i, : stages and calculations, any little change makes you diverge
4

20 either up, down, any littic motion, very sensitive reactivity
,

ai changes here.

MR. BELL: That is exactly right. You don't22

~23 necessarily have high ramp rates.

MR. KASTENBERG: Right.
- -24-O

25 MR. BELL: But when you are near that critical
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K|.j-1-ll? 11 point -- 3 inifact, .,that's one thing tilat keeps o the ramp . rates -
s ,% -

; y, ~ ,,

1V' 'sa: : from 'being very'liigh',..because you are 'never in a position to
; . .

'*' -ge.t momentum' built up before;you are recritical-again.-
'

H. < .
.~.

#
MR2 KASTENBERG: I guess the.next thing is how,

*
.do you jus.tify .these very clear pictures from one bar to the

8 ~

next?

7',?, MR.-X BELL : What we are tryinglto do-is~to establish,

s - if.you will, a bounding situation. This(is asI big as it can
'

get'.even in jthe worst circumstances , and if that~ bounding si-'

'O tuation - and we~ agree that it is a bound,'and if'it is.of

'''
,

. this' order,''then we are still not challenging the system.

12 -MR.' 'KASTENBERG : This_is really not a snapshot --
s , e,

-' h a
#

13 ' it'is,not a progression ys;yobJ 1ook.across the picture, then.- ()
14 -MR. BELL: No. (This~isafepjes'entationofwhat

.,!>
.

-

w , .

is. .could be going on in a given subassembly. ..I_think that is real ,

- , ,a
, a , ,

18 The thing that every subassembly in thecore is doing this

17 . simultaneously is simply a way to get to a bounding situation.

is: If you wanted to be concerned in the limit of this neutronic

'
tuning, having.everything going up and down together, and we:ie

2o- don'.t think that's really possible because this state breaks

21 down before about two or three neutronic cycles and therefore

22 'that is not en'ough to tune the whole system and therefore

23 clearly this is a bounding type number. It cannot get any

24 - bigger than that.

as Now, you can get a somewhat bigger number if you
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fji -12l .s- ; don ' t , take :wh'at I -would ' consider. to 'be a more ' realistic type
n .-

[ }~/ :n ;of.drainback or? reassembly of the puddle. If one-were to
~

"

.3 postulate that this upper half of the material on its way up

-were to compl'etely uniformly distribute itself and not get'toob ,.y 4

^ s' 'much momentum such that it would free-agglomerate at the top

'like-it did here-but justuenough'till it gravity acted on it,e.

7 'then. Lit turns out that the reflux rates are a bit higher in
~

a that mode. 'And"again on this wh' ole core basis, it is around

-9 .$82Lper second.
~

. io' MR...KASTENBERG: Why do-you rule out a slump flow?

if Why can't that whole ---

-2 MR. BELL: For the,same reason that.I can't get it
* -~:.,-',

--,C to fall' out of my glass of water' when I turnuit' upside down.
,

. U)
_

i

.i3
-

i4 It is unphysical. You would+be pulling a vacuum up here at
.

! '

the top in order-for th'at to do th5t'. IE would'not fall. Inis

<-.

is order for it to fall, a gas bubble has to grope through it.

37 MR. KASTENBERG: But you are not closed on top.of

is the channel, are you?

MR. BELL: If we weren't closed, we would removei,

2o the fuel here and we wouldn't have the problem to begin with.

2: This channel is what I would call a leak-tight channel where

y u w uld expect some degree of blocking.22

MR. ZUDANS: I am just following Bill's comment.23

.

You could begin to slow down and form bubbles.~

24

.

25 MR. BELL: Well, I have never seen that physically.
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- M R .~ ZUDANS: A $ glass..never ' falls along the- wall;
^O

'

~ - v' a it?alwaysLfalls.in'the middle.

' 3) C MR. BELL:- I think'at this point-these details

r.

.. don.'t'' matter.- 4~
.

,

'5 (Laughter)
'

.; .

~

-e MR. BELL: Yes.

7 -MR. THEOFANOUS: ' I want to. clarify this-point that

B'ill brought'up. The process of having liquid fall down is.e-
.

e- one,in.which-the acceleration record is the. record from the
i

to~ light phase'to the heavy phase. That'is known as the classical

ii stability. There is.no way, though,.which you can have itE

t2; fall down. independently,oregardl.essiof whateis on the top or
ji

~

'

|-. ,

is ..the bottom, just looki'ng at the' interface. 'S

.14 Now, the sizh 6f thist.t!hing.is slich that at the
4

- l' - . -.. .r<. 4 . -

15 most it will generate one or# two wavelengths,-_and that is why
^

: i e,

ie the, picture of this first thing that you see there. kind of big
_

- 17 like a bubble. So it is inherent that the slug would break out

is because of the instabilities.

is, MR. BELL: Now, what this does for us in this

* - 2o stage of the accident where we are talking about the subassembly
.

2i scale fluid flows, what we are led to is that unless some

'

22 mechanism exists to induce higher ramp rates than these that,

i

23 we are getting f rom this - oscillatory recriticality behavior ,
t

t . 24 we will not-have'a challenge to the system, the structural
I t

2s. system. So the only potential challenge will come if we get
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d[1-14 n into ph'enomena that we ' discovered as we were looking at some17

y~< . -

'
!

/: 'as - postulated configurations,|primarily from the standpoint of
'

' is tseeing how-recriticality or' disassembly yields would.be

;4- . dependent ~on these. configur'ati ons. Obviously, you could have

a- whole range o'f configurations here, depending on what thes'

fuel; inventory was and when.it would go recritical.e

7- So,--in'that process we~came across something which.

'
'st - we"have-termed a. disassembly or recriticality best phenomenon,

~

and it has to'do with this kind of a picture here where the.o

'

, t <f material ^is puddling in the bottom with the flux peak because

ti part-of the reactor may not have disrupted yet and be in a
_

. configuration more lik'ej this.? If you ,take f thd reactor as a12.

!r

t( w h o l'e , the flux peak might- b'e~ som'ewhat above ''the top of this
~

i3

, . .
,

:( puddle.
~ *

If that's true and now you,put a mild burst on thatis

ie' puddle, the thermal expansion of this puddle would drive mater-

iv- -ial up the flux gradient and actually give you a positive

is reactivity effect right at the peak power. In other words, you

is get a disassembly or recriticality-type boost.

2o That worried us for a while, but it is only this

2 phenomenon. If this phenomenon does not exist in any signifi-

22 cant way, then I think we are prepared to say that this

23 early phase of subassembly behavior cannot challenge the
'

24 . structural part of the system.

25 So we have investigated that to some extent. I will
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3;-{l--315- - - not.try to go,into-all'.the. details ~of it'at this point,-but )
i

~

1
.

~

- hsd
~

?: basically'what we; find.is this: thatLif you only had.thisa-

13 , occurring on a very. local scale -- in other words, the . res ti
'

.~;

"
c.4 'of the1 reactor;is.:not disrupted and not coherently doing this,

~

s then-the ramp rates,jbecause1only a small. fraction of the

,

core is'~ involve'd, are relatively small. The ramp rates coming<e'

. 17- .intoithis recriticality are small', and if one does have any

a_ of this phenomenon going'on, you are amplifying something that-

is ~ already' small' and therefore you never get again . to thee

io . challenging energetics level.

si If, on the other hand, a large part of the system

.m-.- 4 , , .

has been tuned or coherent so: thati a lot, of, iti bas' begun to12
~

f*,

..
. ,3- puddle all-at once, we have to remember that the worth curve

34 tends to follow the mass centroid _of the mat'erial.
~

is Now, starting out'with'halfiof1it at,the bottom,

is -roughly, that means the mass centroid is very close. In this

Case it is'up here somewhere. But as the material movesi7

is 'down, what will happen is that the peak of the flux will
~

actually move into the puddle, and now the recriticality,3,

no rather than boosting, is actually mitigated.

So the only possible place this can happen is if21

you- re in the very early stages of disruption in the22

subassembly phase, in which time the initial ramp rates are23
.

going to be very small in this mode and therefore the boost2(

2s. 'is never powerful enough to achieve a threat to the system.
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_

-

-- ,

'

7j--l -1(d T1 'There are many, many conditions that have~to be.
'

.. .

,- .

V :: satisfied'in order to get the' boost'in the' first place, some

'

. of which :I'have listed down here at the bottom. Obviously,J' - 3'

4-- if therefwas-rddial-compliancet in_theisystem,_any radial

s= expansion, which typically generates quite pressures, might
.

'

e. just;.as' easily move.' sideways. If there is any void in here

7_' to' Start with, that local: compliance will observe the

e. thermaliexpansion and therefore you won.'t go.t the boost.

of ' - There areJa. number of things that you have-'to have

c .to; just right in order for'this' boost process to'come about.
,

w

ti 'Obviously,~.in just postulating configurations we managed to'

find'some.thatwerevery,I;verh.capdblelof.produingtheseii2

i t, ! 4. . .
,, . .. ,

' j. - *'
,,e

i9 i3' boost's,.but we, I think, as our,-perspective has matured a
L.- ,

,.

| .

.- <t
.

..,

14 .little bit, we find out,that'those'' idealizations really have
'

. - ,

; End - is no place in this at all. They,just cannot:come|about.

| Riley 1
| 16

17

18

19,

20

21

22

23

24
%,) '

25
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F
^ , (Slide.) hhk Ii h}h /_ . h ~

)
^{ < .

, w. .
. .

,

A/> inF 'IfMIf try-.~toi pu., t ? the- enti..re 'sequenceYint*6 perspective:
'

.. y . ,m y
. ,v- ,s. .u s . ._t

3 <.f f. d' A% Eh '''

..4
'

. r 3

_,d;in.nthe'; framework of the . system, continually :losingsfuel,
" ' ' s an

x a n .-r;,-, p ays.c r,.
'

, . . .
. .

. . : u V t ' u : *s w+ > -
' , +

. ,.,

(what:'we2 find?isithat3the-boost-mode willitypically have a4, - ,

-~ x .
,

C.
-

. ;s.

is dfairly. narrow range'in whichiit.'can. occur;'either1because of-
-

*m .--w ,

m _. . ~ . w. .

..
.

. . .. .

~ .

' e' the ; high.. i.nventories . andithere fore : low reduction's. ;of. inventory ,C -

s ,,
- -

.

,

7. you=just!Ican(tiget Ehe ramp' rates ~. That's what;I"w'as' talking
c .

caboutI JYo'u don'tihavejthe ramp; rates. iYou) don't get a2; s i-
3.

- . ,

i 's: significant). boost 1 e f fect .

;iol
,

On :the .other hand, if you've lost nothing buti' you-*

' '
_. .. . . . , .

., - i.i i :|are such 2thatiyou have to puddle ' t.h'e reactor . extensively in-!'

"
' 12 order t'o go-critical again,.. then the flux peak moves into-c

_

,

7 [): . . is the puddle, and you very quickly cause disassembly or;mitiga-
..

~

.

%

1 14 tion:of'any recriticalities'from that point on. So at best

is' it can only- possibly -happen in a very narrow range of inven .

tory'and for aivery;spOCific, set of Conditions.16

'
~

17 And furthermore, the only way you can get that

is'through this-ideal ~ .rainback mode of reassembly rather-Lie- ,

- ie - than.in the drainback mode that we showed on those two

ao situations. So, therefore, we are very comfortable with

at the conclusion here that we cannot'get a significant boost,

22 - and therefore, we cannot get a significant energetics threat

. 23 during this early~ disruption phase. We just cannot see that

'

ihappening.1.jf 24

./
"

' 2s Let's move on then to the next stage, generic stage
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. Lofidisrupt' ion?where_we have now s'een the can walls'betweene

'i_

v] _
' '

f
-

.- , . ..
~ ^

. . , n ,. , ,

2 >the| driver-subassemblies disrupted duelto this rapid heatup
I' 0; -

3 .- 1 .y _a

s from the fuel material. But because the internal, blankets are
cn tw s'

.i,. . .

'

4: starting'from'a colder state and they have no internal power

s'- generation, .at least of'the same magnitude'they have,_which
'

' '
.e -is roughly one-quarter as much in terms of_ specific power, ,

7. that their disruption will lag behind the disruption of the

e can walls, the subassembly walls, and the drivers themselves.
L'
,

9 So we-can see that the generation of the pool or

L io the progression of the pool becoming larger as different

I : driver subassemblies merge into this annualar pool. I've got

12 this displayed here as again we look for in a generic way the

(]f is kind of bounds on ramp rates that one might expect in-thisi

t u.,

; 14 kind of configuration.
;

i is . Again we start with a gravity-controlled fuel

16 motion as the primary motivator of the neutronic activity. At

|

this point just about everything else is gone in terms of| 17
t

|

! is reactivity effect. If you visualize this as a particular
i

is starting point for one of these neutronic cycles -- and of

2o course this is not unique; there's nothing terribly generic

| 2i or unique about this, but it is simply meant to show a tendency
i

22 for puddling at the bottom because typically you will have

23 lost some fuel by this time, so you have to have some degree

24 of slumping to achieve a criticality state.pd i

'

25 But beyond that, this is a relatively chaotic
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~

' Nbh,' ,'ik gbes'' rebritical.''have1 ' distribution material. I

fs ..- , , , . , ,...,

v) a power shape tha't looks' .something L lik.e ,th, is'.i L Again, it's
1, sc 1 - <.!:'

(
a ;,

s . ._ . . ..,, ,,

- SI peaked down ,at' the mass centroid,pand ylt'st alsoj' eaked atp
,

4- the radial inside'of this annulus simply because the rest of-

fthe' core'is over in here tending to pull the flux up, whereasa

e Rat the.outside you have nothing but blanket, and you have a
,

7' leak flux going on there. uSo the power leak radial shape

will1 tend to be peaked in'here and. die.off on'the outside.a

o- Therefore, when~I-have this next recriticality, my hot point

to will be'right in here at the inner radius at roughly the

-st axial mass centroid.

12. The result then if you look at-the flow dynamics

{) is of that kind of a bubble growth through heating a region here.

14 that's preferentially expanding just like a disassembly, that

is vaporization and pressurization at this point will cause

se -these fluids to-want to move in a typical type of motion that

17 We calculate and observe experimentally, because We've actually

is set up some experiments nearly full-scale with water with

19 introducing gaseous' sources to represent the disassembly here

2o to try to follow this fluid dynamics. And indeed it does

2 appear to have these kinds of characteristics where the bubble

22- grows and because of the inertia being less at the top, there

23 is a bias in the growth of that bubble upward and outward.
1

24 Momentum in this fluid here is given in the early
_

25 . expansion phase, and it's given a momentum upward and outward.
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1. 'And as that momentum /co'ntinues to' drive the fluid,.the
n nf3 .

q,< .,

V.;'. a ~ fluid ' tends to, collect o'uti; of' the, wall, Jagd it's vertical

. component .tends Lto ~ carry it(~on ltowards]the' top' as the bubble3

4 breaks through.

5' That momentum, depending on the strength of this

recriticality, if it's very mild:this momentum will.not bee

7 enough to carry it all the way around the~ circulation. It will |
,

-s- ' tend'to climb the wall, turn around and fall back down. That's

s. a very-low ramp rate as a result of that,

io' On the other hand, if the momentum is high enough,

it it tends_to have the circulation pattern. Now, what that

'
:2 does effectively-is if you look at-this picture, half of the

.(]) is mess-is down here, the other half is up here, but this half

14 that's up here is really distributed over two lengths of the

is . system. So, therefore, as it circulates and comes back again,
,

se it will have roughly one-half the reflux rate as it would

17 have if it were all just draining down together.

is Consequently, you calculate in a circulating mode

19 -ramp rates of roughly $35, $36 per second -- again, no real

2o threat to the system. Again, if on the other hand you know

2i there may be some subassembly wall stubs sticking down here

22 at the top or other dispersion sources here at the top such

23 that this climbing sheet is dispersed into a rain here at

24 the top, I think that's very ideal in the sense that it'sO.
25 perfectly distributed and then rained back.
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i* What w'e'would visualize as a,real upper limit on'
'

s,

r3 e i, _ g3 ,. , e , 1 4 1,

b a' ' this would' be lik'e ' S72 per :sAco~nd '- ' again, we1I below the
.

~

.ssi; ;p . , . , . . .

s, . structural threshold for vessel head fai'ldre'.-
.

s

'4 MR. MARK: Don't'put the other slide back on. But

s '.in.a' slide or two ago you had that thing that Bill Kastenberg

~

-

e was asking about where half the fuel'is condensed at the top

7 -and half at'the bottom. And you pointed out -- and I don't

argue against that'-- that you can't think of that top thingi e

e coming down as a slug in real life. It will break up like

io water out of a bucket, agreed; but nevertheless, I think if

.

you imagine that slug coming down under gravity, you would-
~

:

32 break it off these other, more complicated variants you have

O shown of rain, et cetera, and have a ramp rate that's probably.i3

higher than any of the ones you put on the slides.i4-

3
Is.'it so that.that ramp rate even is not so highis

~

,

is as-to cause you a problem, or is it too high?,

i

17 MR. BELL: I' don't know that magnitude. Do you, Theo?-

i

to MR. THEOFANOUS: That'would be about three times highe t,

i
i so 36 times 3 is a little bit over 100. And as you rememberis
;

ao from the last concluding slide of my structural presentation,
i

21 it removed'that problem. If you applied ~the factor of 3 on'the ;
i

Irainback on tne $70, then you were pressing the limits.22

23 MR. MARK: I was wondering if you knew a number to

24 go with that,'because that's a geometrically single set of

as assumptions,
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"i ' ;MR. BELL: . I gues,s what you're paying,;.this would
,, ; . j;, ; ,t ,y, >>.,

a' factor.of 3 1 anger *thh$'thh2 Num'bers!Nohave.'5h)- a- ,be roughlyc

,

p n* . j.. * (<ma, t,,
-8

. '

's MR. MARK: Three on' top 'oif one' of' the' numbers you

.( have'.-
<,

s MR. BELL: -Of which one, the rai'nback. number?
s

e MR. MARK: If it's 3 times-36, then you would have

said well,.there's a limiting' case, and everytbing is still7

fine.-a

~

s. .MR. THEOFANOUS: Yes'.

to MR. MARK: If it's 3 times 70 or 80 cents, then it's

is not so.immediately obvious.

12 MR..THEOFANOUS:- You mean $70 or $80.

'( ) For the rainback we_ have about $70' times13

i4 3. That's.about $200. And what~we're saying is in that

us. extreme-limit we~are approaching--the threshold.

16 MR. MARK: Is that dollars or --

17 MR. THEOFANOUS: It's dollars,' dollars per second.

is MR. MARK: Oh, you said it's $82. You'd get $240,

and that would be a little high.i,

2o MR. THEOPANOUS: A little high, yes.

MR. BELL: But that would in fact require you to2

22 stretch,your imagination even further, because now if you're

23 bringing things back in a given subassembly more rapidly,

24 that means I have to require a closer coherence.

25 MR. MARK: I wasn't arguing for it as probable event.
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It seemed to me it' had to be limiting,,.and-if,,it-were also
'

, .
t

'

- | ' _- . . i- /3 ..
-

then, . of course, ' you could 'save soine~ of' these
.

b' . s' 2 tolerable,-

- .~ - g * , . .-..

'
~

'

3. drawings.

4 (Laughter.).

s MR. BELL: That's right.

e MR. LIPINSKI: I think that last slide of your

7' annular pool - has this phenomenon been verified through

e analysis with the code?
:

o MR. BELL:- These patterns are actually calculated

to by the code.

11 MR. LIPINSKI: What are you using and what are
;

I the, assumptions in terms of boundary conditions?2

h is MR. BELL: We did this with the SIMMER code, the
,

i4 same one we are using all the way through this, and

i
is seeing a lot more of it through here. These are rigid

,

'

is boundaries'all the way around here.

i
~

17 MR. . LIPINSKI: Are they six-sided?
g.

is MR. BELL: These are annular.'

<

is MR. LIPINSKI: If you don't have a six-sided can,
,

zo if you assume a cylinder in order to make the analysis --

4

2 MR. BELL: There are no cans at this point, right.

22 We are out in advanced disruption stage.

23 MR. LIPINSKI: Okay, I see. I'm with you now.
!

24 MR. BELL: This outer boundary might in fact be-

as . jagged if you chased it around.
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8 ' MR. LIPINSKI:j(Now'.youtve. smoothed >it(out.

(V '~'y -

c .> ; ''- wM u.o 1 > .a -<

ia MR.' KASTENBERG:* Therline on,the ,left"in each figure'

,

. .. >>t',am. ,,, ,

8 w'hich looks like a center line --
i

d5 'MR. BELL: .That's really.the inner radius of the-

,

'' annulus ~..,

*
.

-MR.;KASTENBERG: Okay. And that is solid still.

' ' 7 MR. BELL: It's porous.
.

e :(Laughter.)

[ - MR. KASTENBERG: I guess that's what you want it to'' '

'O be . .
1

'' MR. BELL: Well, you can imagine it as being --
,

12 there are subassembly structures there, but the gaps between.

| '3
~

so there can be some.small passage ofsubassemblies are open,

'd material back and forth between this region. And those cans'
,

''- are'being melted, so you know at one instance in time it may

'8 look like. subassemblies,.and the next instance it may look

f 17 like a half a subassembly and on and on.
>

| te
(Slide.)

,

8 Now, we~ move on to the whole core pool, and I think

ao
,

not surprisingly that if there's'a threat to be had to the
1

ai system it is in this phase that it would come from. And I;

22 think we probably all were able to forecast that months and,

23, months ago, but perhaps there are some new things here that
.

24 -we have not up until now really been concerned about. But they

as turn out to be very major aspects of this early whole core pool
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4

.i ,

< - e s. , , ,,

o. .
,

i. u. .,
,

-]$ '. 2 'I'migoing to make the dis, tinction,here:in the wholecc
'

- . < ,r,a . , ,'

, ,

;s ' corefcylindrical| pool between its early behavior, which I wills

-

4- also call its unhomogenized.-state,-and its longer term behavior
.

s- in-which.the internal. blankets, which I have shown here in
.,.

e. . purple,L it's' simply.a_ collapsed rubble form. This long-term
.,

,

'7 . phase.would be.when these' blankets ~are homogenized into the

a system. It turns out that the whole-core pool'has a very[

o' .fundamentall'y different behavior in those two arrangements.~

so' MR. LIPINSKI: Is that core center line on the left?
,

si MR. BELL: This is-true core center line, so this

12 is roughly to scale, roughly a meter radius and a meter high.

( }} . 33 'All the structure within the-core boundary has been disrupted.

i4 It's all in a mobile, largely fluid state at this point. And

is 'again, as we'look at some of these idealized calculations, we
~

~

is can think of these boundaries as being solid.

17 The other reason that the early behavior of the pool

is - or the unhomogenized behavior of the pool is different is

because all of this blanket material in the middle does oneis

2o fundamental thing, and that is to shift the power peak outward.

2 Instead of one peak at the center line in a normal fundamental

mode, it is peaked out here in this annulus region.22

23 Now, that means that whenever I- have a recriticality

24: event, my peak energy deposition is going to be out here, and
O.

25 a slushing mode, that's the one we typically worry about the
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most in terms of_getting(;1arger'rampJrate^eventsi
-

,
-It's not"

sj y
, . 3. &~q ,o 7j the~ classical' slushing mod $3......,.thati.startis sa. . <t;the' middle'where:

,

.m

* material sloshes out and then runs back in a bowl-shaped

4 s'losh. It's, going to be more of a confused slosh now where
' ~

,.
materiel is.goin'g to tend to split at this radial. location and

* - :go both. ways as well.as upward.'

'.Now, it t. urns out that is a very, very fundamental
,

* . change-to the way the ramp' rates are. developed and tends to-

*
., ,

keep the pool'inLa more or less confused state rather than in.
' 'this-highly ~ organized state where you can slosh back in with

'' 'high-ramp rate's.

12 So the'early behavior is not a central sloshing. And

furthermore, the ab'ility to homogenize this material, if you're''3

'# tending to generate the sloshes out in this region, there's,

15
not very much of'a homogenization potential here. 'If you

'' were centering your power in here, then obviously you'd be

'7 driving all this material out and mixing it up. But if you're

'* centering your power out here, and it's actually more

'' dramatic than what I've got it shown here, then you're tending

2 to, if anything, keep the material bunched in the middle.

21 Now, what this does for the whole scenario is that

22 it allows a time period beyond the initial formation of this

23 pool for additional fuel removal. When you get to this state

24 you've got enormous fuel removal paths along this outer

**
boundary. If'there.'s time available to move material into
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. those paths Land remove it .fr'om.f the' c! ore',.; hhu' can literally'

*

i

have-'a very high assurance of reach'ing. perm $nent neutronic'l $a
.

s subcriticality_before this homogenization. process is' completed.
,

4' And that's the theme then-that we will want to try to walk<

s through_as we go on down through this disruption scenario.

e ;MR.: MARK: In this_ picture you're'not assuming that<

7 any fuel has already penetrated down into the lower blanket.

s MR. BELL: JIt need not. 'In reality it really has.

o MR. MARK: You say it might freeze, so we'll assume

io it does.

is MR. BELL: When we talk about the actual analysis

32 of the scenario, these are'just kind of postulated configura-
f

33 tions at this point, but the actual analysis, we are in fact

ha~ving fuel move out of these regions continously all the way.i4,

is up to this p71nt in time. And what we find is that with-

this material in this general configuration -- in other words,is

i7 nonhomogenized -- that the threshold for subcriticality has

is been. changed; that we really only need to remove something on

is the order of 20, 25 percent of the inventory to reach a

| 2o subcritical state, continuously subcritical state, even with
!

2 the material completely slumped.
L

Now, without that or in other words if this is all! 22

23 homogenized, then-you have to remove something like 35 percent

24 of the inventory to achieve that permanently suberitical
.O

25 state, so the lack of homogenization not only keeps the
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.neutronic oscillations under c..ontrol, keeps them to a lower. j.,
, ~ . s. a , . , . . , ay-.. ; ,
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..

-

,

ramp rate, but it also tends to put you to an arrest, if you
,

*
will,Jtolan'arrestLperiod.in this whole scenario where you,

., 4
| - are temporarily subcritical'and maybe even more than that

s
because obviously if you're suberitical, how's this stuff

t e -

.

! ever mix.

7i

| Let's go on now then --
l'
'

s
j. (Slide.)

|' s
-- And explore-this a little bit further in kind

;

i to

L of-a bounding way again. To simply say what the situation
|

L 11
| wou1d be if I went all the way to khe limit of having things~

!

L' 12
| completely homogenized, we have all had some concern about

<

'
these sloshing modes and what kind of ramp rates could result

!
'

14
i from them. So we decided that we would in fact actually
|

t is
! attempt to do some sloshing-type calculations with full

16
coupled neutronics to see just what the feedbacks really were

17
from these things.

to
Here is an example. If we imagine again some

''
partially slumped initial state with everything homogenized

~*
| and then assume that there is a perturbation applied to this
i

! 21
| system, either mild recriticality or some sort of pressuriza-
i

22 tion source that is centrally located, now a neutronic event

* will tend to be centrally located; that's one reason we have

24Q been worried about it'in the past.
-V

25
Pressurization events if they can occur -- there's
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Lnothing that says they ne'd,to,.be,,at the..cen,ter.,.,They coulde.g.,

-( ^ > ;); , si 'l c ,~ \1
' :be-anywhere. But the most organized. sloshing behavior and

~*
~ therefore the- highest pot.ential for a high magnitude ramp rate

4
.must come from a centrally located slosh.

~

~s.

So now we- apply our perturbation -here to center' l'ine
* and again at the axialLmass centroid of this. What you find

',7 is.again that..the material that tends to be driven to the
,

a '
'

:outside -- this is the classical disassembly, only it's going

o
way beyond disassembly. Normal disassemble calculations move

to
material a centimeter or two, and you have neutronic shutdown,

is buti you put momentum in the system.
''*

What we're doing-is following that momentum on out

'* in time and asking the question what happens then. If I

14-
haven't removed fuel, I temporarily disassemble. This is a

15
disassembled configuration. It might be $20 suberitical,

16
but:the accident is not over if there is still a high inventory

17
of' fuel within that reactive core region.

la
So now what happens at this state in time which might

i

; - '' be'several tenths of a second after the original neutronic

'' 20 '
event, . which, by the way, might be a very large event; this

-

21 might be'just a few dollars per second type event initially --

22 we have a system here now that's pretty much pressure

# equilibrated, nothing but gravity to act on it. Most of

** the momentum has been 'disspiated, and gravity simply begins
25

now to pull this. It would go down to here. This material
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i at the~ top < falls down. The: material at the_ edges will tend

' // ) ,g, St 4,J W , ; . .:
'sJ . .a to' drain down.and'then have.to drain in as it wants to reach

's a common' level'here. 'And that's what I have depicted at this

'

4 point. 'The top material has fallen down and' formed a region

fs in h'ere. The.'other: material is simply draining down the wall.
,

e Remember, there is a radial convergence here. So even though it

7 doOSn't look like there's much material here, by the time

a you start moving it across the bottom, it starts to look bigger

9 and bigger.

to MR._LIPINSKI: What provides that. top boundary?

ti MR. BELL: Here?

12 MR. LIPINSKI: No, the next one.

() is MR. BELL: This top boundary here would be normally

the upper axial blanket which has been plugged up with eitheri4

15 fuel trying to escape and freeze in that location, or from

is prior steel blockages from the initiating phase. Typically

17 it is not an absolute boundary.

is MR. KASTENBERG: These are SIMMER calculations again?

is MR. DELL: This is a pictorial representation of

2o the actual SIMMER calculation.

2: Now, from these calculations what we see is that

22 when the pool is reconfiguring in about this state -- in other

23 words, the mass of the material really has not reached the

24 center line yet; it's what we call a partial in-slosh or

25 inward slosh. What you find if you simply do some K calculation s
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,1 , - "in~alcon' figuration like this'and jimply)ady'ahce;its state,
'' ~ ''

V,.
}- _7(

'

pull this-down-and move'this down a little bit, you can actuallys ,

''
get a progression of ramp rates if you know the velocity of

.

#'
material here', or you can construct a radial' differential

4

''
1 worth. curve.

<

* What you find _out is that typical _ velocities across

7 here.are like-a. meter per second,-and the differential worths
'

8 are on the order of afcentimeter again. That's a very magical

* number. It seems like it crops up allithe time.

'* Consequently, in this configuration one can envision

'' for this_ organized axisymmetrie centrally located ~ slosh ramp

'' rates on the order of $100 per second. If I let that slush

r
| _ (.) ' progress under this state where it's come on down all the say

'# in and starts to overslosh'and build up in the center, which

15
.again is not an unreasonable thing to expect since this

'' momentum.has to be dissipated somehow, and the only way to do

'7 it really is to turn the corner and let gravity work on it,

' '' so it bulges up in the middle.

''- What we find again from doing the. differential K

# calculations is that the minute this material reaches the center

at line and starts moving up, we find that the differential

22 worth changes dramatically. You're going into more of almost

23 a hemispherical type of reactor, and that's saying the inward

(') . 2' velocity when it's in this configuration starts to look like
v

**
$300 per second. And it's the worrisome-type numbers that we've
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* -.. been confronted. with11nethe,past.c.1I- s...-4 , .,r , ., ._, ,
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~

,
. JBut.l'etDme point ~out one very significant point here.

/t.; *

' ''

. ,

This-.~co'nfiguration at best must'have:a-fairly. low' void,'and
# - in fact if does have a low void, that $300'per second is -

s
nearly meaningless' It'does not produce.a significant energy.. ,

'' yield.'1In fact,.the actual calculation'that we did had one

I
,

that'went recritical at'about.this configuration with'$100-per

*
second and'another one that went-~recritical at $300 per second.

* This:one prod'uced.twice the energy ~of this.one, and it's
' simply because to get.that high' ramp rates in the filling of

' ' ''- 'tihe.' central. region and.this turning of the momentum, it has

end'AR 2 12 to'be' single phase.

O '>

- 14

15

16

'17 3

18

,
19

- 20

21

22

23

#
..

_)"w

25
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't- MR. MARK: 'This has'to depend upon the power level
p, . .i G } m :'; Q ; b |fL'i;|

*

t

.I
' .. , .. . .. , s

, f, y'o, u,s are,at' fairly,h'i.gh: power you'- :2 from'which'you.Lstart. t

.. t, . -- - .

. ill'. reverse: that thing on ;the- lower right .before :it ever gets3s w
' c ; 1;

* E'
- i: * %

]y. ,a. .qq *7 L'_ ,

<-

1 ..( s, s . 1... .
s MR.. BELL: Well,'you're. coming from a highly sub-

-

critical' state, so' typically you will be coming in there ate

7 relatiVely low powers.

e- MR. MARK: You will start to vaporize junk in the

-o middle, and as soon as it starts that--

to MR. BELL: That will eventually crash around, but

it what'I'm saying is that with these high ramp rates, we're only

12. talking,diat, three more-seconds of' time between critical-

is and promot critical, and it's a very, very short time to

14 overcome any momentum, and if the powers in that range are 10,

is - 20 times nominal, you are only heating material up, you know,

16 a few tenths of degrees. The calculations show --and I think

17 that kind of a fairly. simplistic. reasoning also confirms that

is yousreally won't get much of that happening with these high

3, ramp rates. At low ramp rates you will tend to get that

.2o mitigating feedback coming in due to vaporization on the way

21. to prompt critical. But here you get there so fast it really

doesn't do much.22

MR. KASTENBERG: Charlie, could you go back one23

n- 24 viewgraph? .

V
23 MR. BELL: Yes. To understand what differentiates j
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''_f this' case or-this kind ofia:'. scenario':is the heterogeneous core
-(V

,

% si f(
'

!i 1 t ,, ,-; , ,: " 4,-,
,

' ! -
' '' - 'giving you that '.in' itial' power'sha''ke.+"-

a' ~

.c.m .x ,,

MR. BELL: ' ~
; 3., .

-Esactly. .
-

-
, 1,

,

. . , . p -

. ,
,

# MR. KASTENBERG: -Did you do some sensitivity calcula-
u ni- -4 , . <. ,

< ,,

* tions toisee what would happen if you got-some redistribution

* of the blanket materials and you changed that?
~

7 MR.' BELL: In the whole core calculation; these are

just spatial. effects',' calculations I've ta1ked about so far.8
~

* where we 've started with idealized : initial conditions.

'' Now,'what I'm going to show you next are a few

'' results of an attempt to mechanistically' calculate all the way

12 through this thing from the SAS conditions, and there, of

<g
(/- '3 course, you have a continually changing configuration. I

'd don't think I have enough details here to really eliminate

'" that too well for you, but we will see some of the efftets of

'' it, nevertheless, in some of the overall results here. But

17 indeed, that is continually changing. And what you find is

"' that every time you have a mild burst, this whole power shape

'' changes dramatically.

2o' MR. KASTENBERG: That's what I was wondering. Once

21 you get into some movement it will forget what the initial

22 condition would be.

23 MR. BELL: Exactly.

24 MR. KASTENBERG: Then I wouldn't see why the hetero-{},

25 geneous core would be different than the old homogeneous core.
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1, MR.? BELL: When you,have a" mild event and?you move
,e3 . *{ ,> '1 || ;; |

'

, ,

\/' a this material, typically'you're movi'nf ie.into a' higher leakage

3 condition.- What that doe's, fdlyou thkeith'is, material, for
:.- ~.

,.
,

,_.

4 example, here, that's on the... average much. higher-enrichment than
, . ,,! ( c. N

'

, ,
,.

s this material, the flux tends to be peaked out here. The j
l

power. burst'then is centrally located here and will' tend to6

7 move this material up on a sheet on the side in some confused

a motion back'in here. This material on the side will become
;

a very high leakage c'onfiguration, and wh'at you will find ise

to that this flux will peak and go back to the fundamental mode

11 kind of thing. The coincidence with that is the fact that

12 your systems is110 dollars sub-critical. Then when it

(])
"

is reconfigures again into a critical state, you're right back to

14. the same over-enriched region out here, and it comes right

is back to that same kind of general power profile.

le And what we find is that after a number of these

s'7 events, this will tend to start to be mixed, and what you

is find is that you'll go recritical with this thing being
1

is essentially flat, for example, and eventually as it's mixed

5 2o more you go back to the fundamental mode and you'll see that

21 whole progression changes.

22 MR. KASTENBERG: But all along you're assuming this is

'

23 all bottled up, right?

'24 MR. BELL: No. In the actual calculations you're

'

as 'not assuming that. In fact, that is the key thing you're asking r

4

TAYLOE ASSCCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK. VIRGINIA

. _ _ . - . _ . - . _ . , . _ _ _ , , , ._. . _ , . . _ . . . _ , . _ - - . _ . . . _ . . . _ _ . , __ . _ . . _ . . . . _ _ _ _ _ _ _



- . - - . - - - -- .- .. -

'

Y-AR3-4 155'

.
this is what'we would c'all:|the'.--'in;thd'dev01opment of theI

f~x '7 q | ' ..<*
,

, , ,

N a clearance in the system, . going han'd iri hand with that is the,

"
' '

I,.

loss of fuel'from the system whichhis,.trying to-.take it sub-8

4 critical, and these are two verylimportantjfeatures that one4

tries to consider, and'we will talk about this whole businesss

of dispersal or removal here in a little bit, because we've6

7 tried to tag it, also, in these different stages in kind of
~

'

o! a generic way, using this whole core calculation as sort of a*

background perspective.to give us an orientation of what's goingo

10 on,

11 In this by the way, we basically ran across this

12 whole behavior as a result of that whole core perspective.
3-

Q is (Slide.)
~

14 Let me go on and just say.a'few words about the type

is of results that one gets when you try to make a stab at

16 analyzing this thing all the way through. There haven't been

17 Very many of these kinds of calculations done, and they are

to literally of a project nature to turn in and do them. So
,

19 you don't expect to do a'whole lot of sensitivies in these

2o kinds of things, and, therefore, we have chosen to use them

as not in a mode of saying this is the answer,but more in a mode

22 of establishing perspective for us, and then we'll go off and

i 23- do the separate effects and even idealize things a little bit.

24 But at least we have this background which is a kind of bench-

2s mark for idealizing. We just don't pick things out of the air.
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Well,youseea''very.complicatekpicturefliere . What~I
-i.

t. ss (- .t - ,,.ig)^ , , , ,

we have~is the green lines are M e^deactivity state of.'the:V z'
/.... 3 F

.

,' ~i . ,,

system as'a function of timp.(Times 0 here-isc,at:19,757
.

s'
_

,

on the SAS calculation that[ preceded'if. Ip; happened to be the4
.

'

's SAS calculation that Theo was1 terming as the slow development
,

e of'that' transient. We chose that one because it-would tend

7 to maximize the blocking of the system prior to this whole

s' . Phase, and we were trying to edge towards the conservative

e side of things, so we chose it that way.

to The SAS calculation up to'this point had already

si manifested some neutronic activity. There had already been

i2 .several swings up and down in the reactivity rates. The

({) 33 SAS. calculation was, in' fact, run out to this point. It had

i4 run through this burst. We did it purposely so that there

i 's was an overlap in the transient, and we can check the SIMMER

is calculation of this power burst versus the SAS calculation to

i7 see if we have made the transition in a reasonable fashion.

is Indeed, in this case, the power burst occurs 'at

very nearly the same time and is of almost identical magnitude.to

2o We feellike we have preserved the system reasonably well in

making the jump, but what we see here is the very cyclic2i

neutronic behavior during this first 1 1/2 seconds. And it22

turns out to be synonomous with the subassembly phase of23

24 disruption.~

25 Now,Qiat is going on there is literally the simple up
J
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n
~3 ,< ,

and down motion that we'were looking'at: earlier ~1nsthe cartoonI
i.(~ .

''

2 fashion where the neutronic event burps this material up into'-
,

t |
'

,
,

3 the air, gravity pulls it'back'down. 'You'look'at the timeframe

'

and it's exactly the time you'would expecE:fo'r gravity to4

5 reassemble the material. It also manifests a very gassy phase

of the exit of fission gas and there was some cushioning goinge

7 on. In the reassembly process you have these nice single-phase

a puddles at the bottom.

9 Then there is a very distinct change in behavior

to here at this point. Also notice I have tried to plot on here --

18 the red curve is the fuel inventory in the active core as a

12 function of time. It starts at about 16/100 kilograms of

,.() 13 driver material, so what's happening is that every one of

14 these little bursts you can see there is a change of slope here

15 on the inventory, and it's simply the material being burped

to up against the top. Its momentum is actually carrying some of

17 it into the axial blanket. There's also some fuel removal

to going on here through the gaps between the subassemblies of

is the internal blankets, and it turns out in this calculation

2o that those were not very effective; they do not add very much

21 to the fuel removal, primarily because of the way we've modeled

22 them, and we intentionally did that because we wanted, again,

23 this perspective to tilt on the conservative side of things -

24 We didn't want in fuel removal that couldn't clearly be
(~SNJ

25 defended.
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'' E So what you seenhere is a reduction during the!

{
' *

'

subassembly. phase |of.nearly 13 percent of the inventory.
~

'

,
,

* Roughly speaking, 1. percent'.of inven' tory is almost 1 dollar
4

in reac'ivity,' so you-would expect that at th'at point I have.t
,

*
not removedLenough material to keep ~the system sub-critical'if

:
*

.
indeed it puddles a't the bottom.

| ..

7 'This minimalIchange:in behavior here comes about

* because at'this point,~the internal blankets have begun to
~

' ~

l' break'down, be'come mobile.. In o ther -words, the annular pool

"' - space is deteriorated'.at'this point and we're going into the
,

|

'' cylindrical pool: phase.

| 'This-last recriticality actually was able to.cause'*

| ('/% '3(, radial movement of material. Therefore, it does not reassemble|

'd
( in the;same timeframe as it was in the simple up and down motion.

L
"' The other thing that we see going on here is the

| ,

"5 ~
. .

| gradual puddling of the| core inithe reactivity state | coming
-

1 ~ , ,
,

. # 4 s. ? ?" back. 'Now we are basically in this phase, and here to here we
r

"' are in this non-homogenized.whole core pool' situation, and again ,

'' it comes back to critical. ,And then!what happens here is

2o exactly what we expected would happen. You start with a very
!

.

small reactivity event and the thing grows with time. This2

22 has been seen in a number of these kinds of calculations and

| 23 it's simply a manifestation of the fact that you've disturbed
,

| ('') the puddle a little bit and it comes back slowly. You disturb24

%./
.25 it a little more and the next time it comes back a little
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1 faster and then more and more. And obviously, the thing is

J 2 growing. This is a log scale so this one last one doesn't

3 show it very much, but it also would manifest a very large

4 swing. This is 30 dollars sub-critical at this point; very

5 large reactivity swings because these motions are very

e coherent and on a core-wide basis. But the interesting thing

7 that we see here in these very mild events, this last one was

e sufficient again to drive a lot of material in the axial

8 blanket. Let me point out that this calculation was done

to assuming that this outer circumferential boundary of the whole

11 core pool was 100 percent solid. No fuel escaped past at all.

12 We will see here in a minute that the gaps that come

(.s_,i 13 in from that boundary -- in other words, the gaps between

14 subassemblies of the radial blanket and radial reflector

85 region constitute a very large fuel-removal area. Those gaps

are guaranteed to be openz there is;no mechanism to closeto

17 them. They do have sodium in them. The sodium has to be

is ejected, but allcbring this period,'basicaily from here to

is here (indicating) those gaps'would'have been opened had we

2o allowed them to be open.

2 This calculation shows that even withont those

22 large gaps and without control rod fuel removal we have

23 driven the system down to something like 23, 25 dollars

's 24 sub-critical at this point, and note that it does not come
us

25 back critica1'again. We have gone below the criticality
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,
'

, ;

!
i threshold of'the system.

. .y .
y f= Now,1that.is completely'in.line with'what we spoke' a

3 aboutLearlier.x When completely slumped,'the'non-homogenized
'

pool |-- it has a criticality threshold which is higher than'
4-

's .the homogenized' pool. It's around that.20, 25 percent level,,

- 'eL so what this simply shows -is that we 've . achieved neutronic
'

7 shutdown.here. ,If'there were some mechanism to rehomogenize

and get'about-10 or 15 dollars of homogenization. reactivitya

,
's. ' coming'in, then.it would bring it back again. Our perspective

i

so 'at this point is that even this is pessimistic, and if this

it had actually been open it'would have been-clearly shut down-

,

i

! 12 by this point,

i .()~ i 3'' MR. MARK: :In all of these considerations there

i4 is no control rod material, no absorber?

is MR. BELL: The control rod for this particular core.

is ' state, which is into cyclei4 -- six cont'rol. rods 'are only
'~ ,): .

, j,

, , .,
,

4 - ir roughly one-sixth of the way in from the top. In other
,

! 's words, it's basically at'the'end of=the burnup . cycle, soi

they're nearly all out when?Ehe' ace'ident' start's.,is

2o MR. MARK: This is what you call an unprotected

accident?21

MR. BELL: Yes.22

!
MR. MARK: But that is not an LOFS.23

-

24 MR. BELL: This is an unprotected loss of flow
(~hb-J

25 accident.
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1, s .

''# 8' So even"from this.unhomogenized pool phase',' what'we
:

8 tend to see'is aidamped.typ'e of neutronic activity. We see

d a.large window for' fuel; removal and, therefore',' we don't see

s any' credible potential for. threatening energetics, even during

8 that' part.
|

-7 Here's the point of the instantaneous ramp rates
i

thiough that same sequence, and as.you can see, they are' s ~

~8 pretty: volatile.: These large negative ramp rates are charac-
,

'80 teristic of disassembly ramp rates. But in general', what I

II want to point out is that the general magnitude of these

12 things is technically in this 40, 50 dollar range, except out

() is here at the end, where we see this oscillation building up and

14 then we see an upward trend in the magnitude of the ramps when
~

'5 it g.es critical again, and that, again, is perfectly to be
~ a

i
16 expected, that is what would happen. '

i
- ;

17 This last one gives gets up to around.70. dollars,

and, of course, we-were sbberitical-by this'Uime so it never~'

is

- .

is had a chance to do anything.

20 (Slide.)

21 I'll point out briefly the significance of this

22 flux tilt. If I look at an RC map of the specific power which

23 is proportional to the flux, here is the center line of the

24 core. We are going radially outward. This is a situation of(~)v
25 three seconds in that calculation right before the centerline
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'
began,-and-that is the actual flux peaking. A very dramatic

C,_ ..

peaking out there in.the outer region. -In fact, it begins

'

'
to look very much like a spherical reactor.-- more like a

~

#
toroidal reactor, I guess. But this is~the kind of power peakino

# that has a sort of. fund'amental damping built into it, because
'' you can move materials literally in four directions away from

~

'7 .the power' peak and get very efficient neutronic feedback from

* the_ fuel motion.
* Now, 'just a little bit later in time -- we just

''
. happened to pull this one off after a power burst where the

'' material had spread out, and you see the complete shift in

12 the flux shape. There's a very dyanamic system when you're

O >> moving meterie1s ereund ee this degree. It.e very imgottent --

'4 MR. KASTENBERG: R is in the radial direction. What

'8
is C?

,

88 MR. BELL: This'is'the bottom of the core,and this

'7 is the top axial.
' '

,

te MR.-KASTENBERG: ,Okay.
, ,

'' (Slide.)
2o MR. BELL: Let's summarize ramp rates, and then

21 we ll go into the fuel dispersal part of it, and I want toe

22 try to walk through with you what we really think the fuel

23 removal or fuel dispersal characteristics and possibilities

24 at least are for this core, even though we, in this calculation,

25 took it to be very, very conservative in terms of fuel removal

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK. VIRGINI A

- , - . . -. , , _ . _ . _ _ , ~. ._ ,-- -__.~. ..,,- . - _ _ _ . _ . . . . . - , _ . - -



_
_-.

,

A
~

Y AR3-12- 163
1,

-

~.

'
.

.by simply not allowing'it'to take place. So by summarizing'

.n -

>

/> a he're'in the' subassembly pool phase, we clearly see energetics

8 less'than 100 dollars per second. In fact, I guess it's only

d in the.very idealized situations that we see-anything'even

8 approaching 100 dollars per second.

~

* In the annular.poolyphase this situation is essentially,

7 identical, recalling again that the 100 dollars per second

a threshold was the structural threshold at which you just begin

o to get loads in the primary system'on the head structure. You

'O .just fail the UIS at about this condition, and in both these

li phases we see the situation has been well below that, well

12 below that. So it's only in the whole core pool phase then
! r~g(_j that one sees any possibilities for threats at all.13,

b* In the non-homogenized pool, from that calculation
i

"5 we just showed we have several opportunities ther,e for the
H5 ramp rates to grow, and they did, in fact,.' grow,' b'ut still'

1 0'' doll'rs'per second. It's only in17 Dever even Came Close to: a
~

the homogenized pool phase that we, rave,even identified ramp' H5

i

19 rates that would get above the 100 dollar threshold. And in

2o fact, in the one very idealized calculation, we actually did

21 get to the 300 dollar threshold, but it's non-energetic. So2

22 in terus of energy threats, we see the potential being

23 maximized out here in the homogenous phase, the pool phase,

{ which is certainly no startling revelation. But what is24

; .2s interesting is that we believe from those calculations we have
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l - done, it seems.to be' fairly clearly indicated now that the
.

'/ 2 only way'you take the leap, if you will, from.this class of ,

3 ramp rate up to this class is by that central compaction into

4 'the middle into the centerline region, and that fundamentally

s- has to be connected with a low void fraction configuration of

a material which, in turn, is non-energetic and basically immune

7' to ramp rate.

s .So if I were"to put a bottom line on that, I guess

.* what I'm saying is that we' simply see no critical threat to

lo the structure of the system, the head structure, as we have

'It defined its capability to withstand events up to 200 dollars

12 per second in the two-phased disassembly mode.

'O
() 13 MR. KASTENBERG: Charlies, in breaking up the

14 calculation', or your approach, by looking at these three

is phases -- which I think;is an-interesting and reasonable way
L <

.

16 to go -- did you check toisee that'during the transition from

:- . . ,

17 your subassembly phase to your. annular pool phase that you

te couldn't introduce something which.would give you.a high

is ramp rate?

2o For example, melt-through cans? 'Are there any

2: phenomena that you may have overlooked, or are you convinced

22 these are the places where if you would have a higher ramp

23' rate, it would be these places?

24 MR. BELL: We tried to go to the upper limit of

25 coherence in each phase and see what kind of ramp rates could

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK. VIRGINIA



,
. . . . - - - .-, . . . . . .. .

5 . ,.d' T
p

N-AR3314'^ 1654, , .
,

- _

, i

Li- po'ssibly be~ manifested from that. I don't know if.there's,,

Q' % '
:

a anything s'ignificant there. Nothing' has' come to mind that we'

'3'
, ,

clearly-understand)to.be"a major problem. I. don't know --,

'
~

'again',Lkeeping it in' perspective, trying to keep fairly close4

,

to reality -- I'm, sure we could dream up something, you know,a ~

s. postulate something that could, in fact, drive us into a bad
1

,

-7 situation.'

a MR. THEOFANOUS: Bill, in the' transition from the

subassembly to the annular, you enter that through reduction ine
;

: io the walls, and that tends to be kind of lik'e a quenching. Is-

si that so? If anything,'during thats. stage--I don't believe you

'

12 will'see~'the potential for developing any big things but axial,

;

13 . things. And really, you have the same problem there.

-14 The only suggestion.would be if you go from the-

,

~

is annular pool; stage and you introduce'a piessure'isource, you

'
'

is would --

17. MR. BELL: Yes., ,
' -

is MR.' CARBON: Theo told us;the last" time'that your

to- analyses are based on not needing to rely on large computer
4 .

20 codes such as SIMMER. How much of this conclusion are you
!

2i really basing on SIMMER calculations of which I'm inherently
4

*

22 suspicious, but how much can you base on reproducing them, so
.

| to speak, back of the envelope or anything that you can check23

- 24 that's fairly simple, that you can't have much doubt about?

25 MR. BELL: I think that's precisely why we wanted
f
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1 to investigate some of the simple gravity slump configuration
. , m,
a :
, A.( 2 for example, I_think that's something.we can agree on.there's,

| 3 nothing very-mysterious about,

The SIMMER calculations indeed have played a bigd-
y

5 role in the understanding'of the expansion process, but what

6 we have done -- the material that.Theo talked about earlier---

J7 we have intentionally driven it into a mode where it. is purely

a fluid dynamics and not taking into account any of the fine

e details of heat transfer.and'those kinds of physics; they are

10 difficult _to quantify.

11 Some areas we are~using it, we're using it primarily

12- for perspective and then we're backing it up with some actual

(,) 13 experience in these regimes where things are sensitive, like

14 the annular pool and the whole core slushing pool. We're

~

15 actually doing experiments and comparing'the code to those.

16 If we had time we could actually show you some movies

of the calculation and the. experiment side'by side, and you17

could see the report itself'do'es speak'tbithat issue.is

19 What we are trying to quantify in particular are

<,stt e s . We have a section in here where20 these ramp rates from -

analysis of the fluid dyamics directly2 '. we tried to bencla . +

22 against these experiments. Even that alone doesn't need to

23 stand'by itself because one can go through these differential

~g 24 K calculations to see how the reactivity of the system is
.(J

~25 changing in a static mode. We have done that, too.
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I ^ We..have come at this from several different angles,

( )
~T 2 and~I think/areLviewing:it very much on.a first principle kind

,

3. of, basis, so in that sense.I feel very confident.

4 MR. MARK: iI.was going to say next,'you should

.

probably-uithhold ''our suspicion of the SIMMER calculation ass: y

6' .used'. WhenRSIMMER is trying to discuss drops in fuel pumping.

7 out or not pumping out of a little hole, that is doing a

thing which Izthink everybody deserves to be suspicious. Buta

these are rather~1arge-scale things. You do have to do a9

'

complicated _ calculation .txi get this two-dimensional fluidto

.ti- mechanism in neutronics, but they're'not -- they're sort of

.12 kinetic calculations, and you use this big machine because

()
~

is it's the easy way to get-the integral of the ramp rate while
,

i4 the thing is swishing back and forth. You can't do that easily,
,

youcan'tdoitonthebahkof'an' envelope.,'All~youcandoisis
yc. , -

1, .s

ie' say well, it will swish back and forth. I wonder how high it

17 Will get. -

is It's not involving the' things that' I think must

is involve your suspicion about the SIMMER framework.

2o MR. BELL: I think in many ways the whole core calcu-

lation dbes involve those kinds of things that one should beat

suspicious about. And in fact, I think we have been duly22

23 suspicious and that's fine. We're not saying that calculation,

(~ 24 as it stands, is the answer. It's. simply a perspective on the

"\.)
as kinds-of things that --
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' ' it L MR.' MARK: .Now that you've assumed a starting

/~3 . .

' /- a conditionfand you're suspicious as to whether it applies, but'-

.3 once you --

4- , MR . BELL: I think what we have learned,- if anything,
'

. s here is'that without'some kind of perspective of that type.

: e. you can' idealize. 'You're into a very difficult situation

- 7_ simply because you don't have the perspective that you need to

.e ~ have to simply integrate all this high, non-linear mess together,

< - 9 You just cannot generate that perspective in the head.

to MR. . CARBON: Well, it isn't clear to me that a

: computer code that I don't fully appreciate how much has been

52 checked and benchmarked and so cn, couldn't=give you the

() i3 incorrect perspective, so I'm going to ask the question: have

your experiments of which you speak -- are there enough ofi4

is those that by themselves they put'you on pretty firm ground

in terms of perspective,j and are-they meaningful experiments?is

iv- MR. BELL: .I think-the answer is' yes. Th'eo has been

is itching to respond back there.

i, MR. THEOFANOUS: On this question, we take the

2o approach that SIMMER is a very, very general tool. You can do

~

2i a lot of dif ferent things with it. Therefore, for such a

thermal tool, to think in terms of it as a final tool thing is--22

We would use it for a specific task that is very well identified23

24 and then we try to make sure that for each particular task we

as check it either through other analysis or through particular
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9

experiments ~to makefsure that the calculations'for this.

,

<

,

') - a particular task is.done corr'ectly. So it's-in this light, for
,

>- 1
'

3 example, that SIMMER has shown-that in this annular pool, the

~ '

bubble <was breaking up very quickly and producing the sloshing.4
. .

.

' action..While recognizing that SIMMER does-not'take into accounts

-

all the ' instabilities. that are present there, we '.were suspiciouse.-

as'to whether it.was calculated correctly. But in fact, we
7

i
found:very good agreement in the whole process that gives use-

a very good-feeling of~what we can do with-it..e

We have not covered yet, but we have a calculationio

now that we can apply'to a particular experiment in this- is
.

prototypic material'and actually looking at this particular12

.

problem..-We'calbulate -- make sure the calculation isp 33
v

correctly reflected in-'that.. So in that sense, we are takingic
(, n ,

'

a step-by-step. approach! add making:sure-that every step ofis
, ,

__

the way, SIMMER is doing a, good job. ,is

IOne aspect, however,-I must say everybody seems to17

be emphasizing, andcorrectlysobisthesensitivityto^

is
i

|
detail of some of the dynamics here, but one aspect I think --

i,-
|

!

in fact, we rely a lot on it -- we rely on SIMMER.'

: 2o

- MR. CARBON: In which aspect?
. 21

MR. BELL: In the neutronics aspect. If you cannot~

|
|

do it in your head, you certainly cannot do it with codes any
| 23

better, because SIMMER is the state of the art. When you get
2,

s ,4

it slushing back in, it's not only the motion that's coming| 2s
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' ' back into 'the pi' ture; also, you need to know what is -thecm.

p
W

2- reactivity: rate,'and what ramp rates are as a result of that.' ~

-

8 We think.this is the'best.way we know how.to do it. We

d '

don't know of any other method to do it better.

5' -MR. LIPINSKI: You've got Jul unhomogenous mixture,.

you're keeping; track.of' fuel.and blanket materials, you''ree
_

7 moving around in three-dimensional geometry. You're bringing

a us backjand you're calculating ramp rates. How do you know

* that's being done right?- You've got to know-where the material

'O distribution is in the three-dimensional-geometry.

31 MR. THEOFANOUS: I'm:saying that the controlling

12 aspect that has given -- I'm saying that SIMMER does.the best

A)(, job we know of any code in that area.13

14 MR. BELL: Actually, there has.been some benchmarking-
'

i
. <i.~

15 done. NRC actually ran it throughfthe. critical experiment

some years back where the9 took the" core and slumped it altogethe16 r

17 at the middle and slumped it out top and bottom, several

te different drastic configurations like that, and then various

!
to codes and various methods were used in an attempt to calculate

|-

2o . those various configurations. And if I recall, I think SIMMER

21 probably came out better than any other tool around.in

22- calculating those criticals.

23 You can obviously do some benchmarking against other

(S codes that in some ways are neutronically different, constructed24

\_/
25 different, but ultimately, you go back to the same fundamental
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-I' . cross-sections-and fundamental data. Whatever residual'

n .

-

,1V'. 2. . uncertainties are in that' data, of course, are in here, also.

'3 MR. CURTIS:- SIMMER did very' well:.against those -

. experiments, but I' would say. that any' transport code that had4

a proper group structiure.in' terms of the neutron energy andis-

6' enough resolution of the spatial dependence.also gives very

7 good answers. And SIMMER relies very heavily on TwoTran

and the established , transport codes tliat have been in use fore

o many. years.

to MR. BELL: Characteristically, we've had more confi-

|

11 dence in neutronics over the years than we have in the ability

!' to predict precisely where this fluid is,and I think that's-12

is probably still-true.
_

If there are4no-other questions about the energetics14,

,,; i. m 1 <

| .

of the ramp rates that iwe ;see in$he system, I will move on,l ~ '

! is
i
i 'l

is then, to the area of fuel removal'.i

I
j 17 MR. CARBON: One question. Back there on your

! .is last slide,.in the way-you presented it you jumped rather

!
rapidly from 100 dollars per second phase to 300 dollars per! is

2o second phase. You just sort of jumped one to the other as if

there were nothing in between. I don't think you're saying
2i

that here, but it's not clear.22

MR. BELL: I think what I would really like to do23

is let this stand as a general perspective on where the realX. 24

U
bounds are out here, but as I go through this next sectionas
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I.Lthink what you'.re going , to see is that this is a st ate :at. . . . ,,

:(
' a

3
..

.which we'never' expect'to' arrive, and,.therefore, we don't

8' really,need.a high level resolution of what's going on.
-

m
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'' / a Let's look nowiat;thisLarea of.,fuelfdi'spersement.

If you remember Theo's edsly introductory [chaft of this8

. iv' ',, :;
~~

.;y
_

1 continuous; disruption process, there were two. processes
FQN 6..O .

5 that'.were competing simultaneously for control.of the.-

8 ~ accident, one of them being-disassemblies off to the rightc

7 side, which'could bring about neutronic' termination,;and off

ar to the left side was dispersal or fuel' removal. And the
:

' dispersal or. fuel' removal process is a more or less continuous*

lo process that begins clear back in the initiating phase and

continues'all the way along, and ultimately the termination11

mode is not satisfied with one big discharge of material, but.32

1,r) it's the ar umulated.effect of that discharge occurring13 a

14 all during this time and with some final point then where

'5 sufficient-inventory has been removed that it renddrs

to a system subcritical.

17 So in dealing with this dispersal problem in that

is termination mode, there are really three fundamental aspects

to that have to be dealt with. The first one being that you

20 have to have a fuel removal path available.

Now, what we will do is go through -- as we go21

through the disruption sequence, we will identify which22

23 paths are available, how many of them there are, and what

24 their general characteristics are for fuel removal.

25 Now once you have a path, you have to be satisfied
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: that indeed you can move-material. through those paths with

S) I'a- a. sufficient | throughput to make a difference. '!
"~

8~ In other words,-if we put through one gram per- |

* ~

the inventory out, thatsecond, it takes us 10 years to get

* won't do us any good. We've got.to get it out in the time-

*
frame between the start'of disruption and'the achieving of

7 thi's homogenous cylindrical pool. :That's what we're taking

a as kind of the cut-off time window to see if indeed we can

'' see the fuel removal taking charge before that occurs.

''O Now this then is fundamentally dependent on the

" mechanics of freezing and plugging of materials in this

12 passage, and 4.t is also dependent on pressure. We are in

() 53 an environment that is energy-starved in the beginning.

'd In other words-. we have not integrated enough energy in the
'5

system to bring the bulk mass of the core up to a

ie temperature that would sustain a discharge pressure.
17 MR. THE0EANOS : Any time you want me, I'm here.

.
.

'8
.- .

. g

MR. BELL: Come;on. F.o'rtunately,'we are inter-

18 changeable.

2o ' MR. MARK: This is the opposite of- one of those

a' ~

movies where one guy plays.six different; characters in the

22 same role.

23 (Laughter.)

-) ad MR. THE0EANOS: All right. Going on to the(O
1

as dispersal, then, next we want to look into each one of those
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' aspects before we integrate all of ~ this together and see as a
(')'' 2-

function of the core disruption how much fuel gets out of the

core.

d (Slide.)
5

The first thing is the pressure, and here is the

8 result of the calculation for the whole-core integral
7 calculation that Charlie mentioned before. This is a

a function of time, and you see the spikes and those
8 correspond to the activity spikes that we showed before for

'o the power spikes.

l' What is interesting is not so much the spikes as
12 that the pressure never gets below 5 bar. As soon as the

C) 13
pressure tries to go over the material comes back together

14
and gives it another boost and keeps up the pressure level

|

|'8
at this 5 bar. So from the p6 int of view of obtaining a '

15
perspective as far as how much fuel you can push out of

17
this core, as the different paths become available, it is

is important to know that the pressure does not 'go all the way
down to zero.is

2o
In addition, we want to remember that there are

those pressure spikes that, of course, are very effective
21

in themselves in pushing fuel out.22

23 (Slide.)
y 24

J Now something about the bundle availability. In
25

the beginning, of course, the subassembly walls are intact,
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1' -and during the tail'end of the initiating phase and early
n,

'"I ~

stages of the' subassembly pool phase, the only paths'-

8 available are the. coolant passages.

:d -- .Here I have portrayed the-pins. You see-the<

5' ~

, , cladding and these are the coolant passages, and that's

o'' ,the only thing available for the fuel to get 'out.

7' Now we can make some very. good arguments, we
~

a think, for claiming that for the case'of irradiated cores

' - where we have pressure coming in to interfere'with'the

i 'O sodium, and together with the radial incoherency of melting;

'' of this' cladding, we can make some very good arguments that
t

32 no part of the core is going to be-blocked in these areas

' p)t

( 13 here because of plugged locations. Even independent of core

-disruption, for example,.for people who don't like to buy'd

"5 these kinds of arguments. So that as soon as the fuel within

the core disrupts and the cladding in it reaches the16

'7 temperature of the fuel and therefore provides the pressures,
n' ^

.,

is we would expect to have an : axial" motio'n of 'this core

disrupted mixture into these. areas here..
_-

is

; ao Now even under~ the worst conditions , hosever, at

leasthalfoftheupperaxialbkanketsisgoingtobe21

| 22 unblocked, and three quarters of the lower axial blankets
|

| 23 also is going to be unblocked. So even under the worst

;. (S 24 conditions we have a lot of space there.
' %.)
.

(Slide.)25
.
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'
~ Here lis a calculation of penetration of this

()~ m
molten core' disruptive material inte the upper axial blanket.-

*
, This is a result of the calculation which has-been benchmarked

4
against the experiments. This is where it is. pushed, under

.

*
pressure, into'a structure similar to blankets. In this

''
penetration in-here, we have the picture of the pins. This

7 is'the blanket area,.this is the spring area you heard about
*

.before. . Penetration and distance, that's_ roughly 32

~''
centimeters on the blanket. This is a function of the

'
injection pressure.

'''
Now the experiments we have are at high pressures,

'' so we benchmark around here, and then we are able to go back-

,

,.

'b' by writing the calculations to.see how much penetration we'

''
get at lower pressures.

'* Well, what you find even under.5 bar pressure,
'' which is this .5 mega Pascal, we have a complete penetration
''

|
of the upper axial blanket.

'is
Another interesting thing;that you.see in thfs

|

'S calculation is that the degree of penetration is.' independent
~

| of the amount of superheat. Somebody might have thought2

the more superheat it is, tile more it will penetrate, but2'

22 you see the two results are very close together. For that,

23 of course, the cladding is so thin that it very quickly

] gets hot, so the amount of superheat plays no great role.24

**bu3. 'Now in this distance of the-length of the upper |
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"
1; . axial blanket, by :the time you melt -the cladding. in that

7
t e
V a'

.

area, and therefore you produce more space, you can I
l

-3 accommodate essentiallyLhalf-of the core fuel in that. area.
,

' *
So you think in terms of the 20 percent _you need t'o become-

'

5
temporarily-subcritical.and the 40 percent you'need to

*
become permanent-suberitical. You can render the system sub--

7
ritical.

* ~

What is the delta TS?MR. MARK:
.

*
MR..'THEOFANOS: This is how much the temperature

' '
is higher for_the melting temperature, so this is, fo'r

''
example, the fuel' coming in just at its melting point, while

'*
'this one is 200 degrees above that.

n '
(.l' MR. MARK: And this is running into cold areas?

'#
MR. THE0FANOS: Right.

'' (Slide)
''

Now let's assume that at this point there is still

'7
neutronic activity as you had. before, so the next time that

i
'8

,

we are going to have some - obviously the thing continues,
>

'' that means somehow the exits were plugged'. The next time

2
around we have sone more possibility when the subassembly

C

2' walls begin to fall apart.

22 This is a cross section in the core, and we

23 have taken a small part and blown it up. What we are

('') showing here is the drivers with the disrupted fuel, and the24

v
25 green area here is the internal blankets. Now because the
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-' 's6bassembly walls =are going to become heated, and as they
~

7

*
.

become' heated, they become more pliable, they_will probably

* - :be: pushing against.each other so that even when they melt,

# that's; going to cause merging rather than an' escape p.ath,
s

When .you look at this junction over here, you find

*
that.indeed because:the blankets are cold,.there is a gap

7 there, and as soon as the subassemblies crack at the edges,

* there will be a path that.is open for' fuel to go into thist

*
gap, ' travel axially downwards, and here we are looking at

' '
the lower axial.b1anket area. Also the driver subassemblies

'' ~ are not very hot. Therefore, the fuel can go not only

12 . axially but can start going around in a radial motion. So

h '3 the fuel goes first down along the interblanket gaps, but

'' then by the time it goes to the colder areas, it begins-

'"
to s'pread off in all directions.

'' MR. KASTENBERG: Theo, why doesn't it freeze on

'7 the cold green surfaces before it drains-down? -

is MR. THEOFANOS : It can freeze, an'd that is part

of the' analysis that we want.to<show you ilext. Here I-am''

2o trying to show you the paths, and..I want you to remember this

23 number. There are 90 gaps, if we count only the gaps in

22 the internal area, and we will consider that next --

23 MR. KASTENBERG: At what stage of life are you

p 24 looking at of the core?
V

25 .MR, THEOFANOS: If you are thinking in terms of
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'
| swelling, yes, sure, the swelling is going to be more

2
at the center of the core, but eventually the subassemblies

3
.also are going to melt in areas. So that's really not a

4
very big problem.

5
MR. CARBON: Would you go back to the preceding

*
slide for a moment?

7 (Slide.)
*

If I understand this correctly, it's penetration

*
vertically upward as a function of injection pressure

'
and temperature and so on?

''
MR. THE0FANOS: Yes.

'*
MR. CARBON: Really, with zero injection pressure,

,

'J I presume that penetration upward would be zero?

''
MR. THEOFANOS: Yes.

''
MR. CARBON: And those curves don't indicate

'*
anything like that?

'7 MR. THE0FANOS: That's[whytheydidn'tgoallthe
'"

way to zero, Max.

'' MR. CARBON: I know, but is there some explanation

2
for why it would have almost a vertical slope there at the

2' start? Or is it that these curves are numerically off and

22 this isn't correct?

2 MR. THE0FANOS: No. All it shows here is that

24
( you need a very, very small amount of pressure to actually

**
go through theIrocess here of the cladding or the blankets
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an'd-then heat loss makes-this; freeze'up; unless:you'are'- -

.

l/ ;a unabl'e to do that, you are not : able - to plug .up the ' channel.
'

'

:8
~

i. ItL-takes.so'me penetration to be able to do that. So the

d tendency here is not -justitoL go in .and freeze right away,
8 .but in the'beginning you'are going to see a very high'

4
~

e sensitivityfto the pressure because even if you'have small
:.

7 pressures,.you penetrate a loti But then what'you show here

a His a rather great sensitivity to plugging out of the

S. disruption process.

10 There are two ways to look at that. From here

11 -to here (indicating) this thing shows very abrupt, because

this one-is very slow. If we plot-it different1y, this .'2

() thing could show like titis,. and then showing almost like a13

4 horizontal line. See, it is kind ~of like portraying this.

15 The reason this looks very abrupt is because that is.very
'8 sensitive.

~

?17 MR. DICKSON: What is the! unit on the vertical

is access?
"

'

< ,

is MR. THE0FANOS: .This is centimeters. .aat is 30,

ao 40. ,
,

21 MR. MARK: It~says meters.

22 MR. THEOFANOS : I know it says meters. That is a

23 mistake. I am sorry.

~S 24 MR. CARBON: So it should be centimeters?
-(Q

25 MR. THEOFANOS: Right. That is what we have here.
,
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This is the upper axial blanket, and that'is about a foot,

2 30 centimeters.
'

~

3 (Slide.)
* Here we will go-to the freezing dynamics.

5 What we have'done here is to put in c pressure,

three pressures and the temperature, and. considered how much6

7 mass is going through those gaps as a function of time.

a What you see here -- let us take the green one
,

9 first. It increases all the way out to more than 22 and

then very quickly goes down as a result of this still")
_

coming in from the wall of the subassembly and making a11

ta particulate that actually slows down the motion.

(/) Now at this tbne ycu see that almost complete13

plugging has occurred except that it did not quite stop.14

15 It just oozed out and eventually the thing picked up again,

and af ter this particulate comes out of that oozing stage,N5

actually the passage has become now! bigger and you have17

got a passageway much longer for fuei to go th' rough that.is

The blue line at 3.4 atmosphere and 3400 degreesto

2o Kelvin gives us up to about 10 or 15, and then slows down,

21 again tails off a little bit, and then takes off like that.

22 The 3.4 . atmospheres and 3100 K goes up to 10 kilograms per

23 second, and it just gradually slows down asymptotically.

24 The point here is that within one second or half a(-L);
25 second, you might want to claim 20 kilograms or 15 kilograms
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per second. ' You read those things for pressures' of 3.4~.s
./ 3
\,../ 2 .

atmospheres.
3

: MR. MARKS : These kilograms, 20 per second --
.

'4 .

~
,

MR. THEOFANOS: Per gap. 'So we have to multiply-
s ~

those numbers times 90, times the total amount of kilograms,-

e
~Just to do it very roughly, that's why'I told..you about this

..

7' '15 kilo' grams per'second.
*

MR. BELL: 1 just want to point out that the red-

*
curve |is sort of the classical fuel freezing and occlusion-

'
problem where it is pure fuel at its melting point going'

''
into the gap channel. That calculation was actually checked

''
against a theoretical. solution which it can attain for that

A
''(/ sit.uation and matches very, very well.

''
MR. THEOFANOS: Also, the other calculations,

'15

these other calculations are also benchmarked against the gap
''

data at Argonne and they also -- in fact, that's.how the
?,
'"

numbers were fixed. I -

_

'''

MR. LIPINSKI:._How long;are.^the gap,s?:

MR. THEOFANOS': Well, half' of bhe cifre length;''

- .. - ,

*
about half a meter. That's it. Most of the injection point

2: is in the center. Like Bill said, if there is some

22 swelling there, then it would be just maybe 10 or 20

2 centimeters.

O- (Slide.)**'

v
**

Further into the core disruption stage, we have
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_ one more class of gaps.'so to' speak, coming in and they'are-
s' !' ~ ' * ' coming in b'ecause of radial blankets. _These are radial

*
blankets all around-the' core and there is-a lot of warmth

# associated with them.
''

This is a driver'that opens up between these

*
radial blankets and:now the flow can go radially'out this

7
way, but of-course also can axially _down now into those areas

*
through those gaps axially down. So you get c three-

* dimensional flow that quickly. develops as soon~as the
' - corners open up here.

'
In fact, what we think is that by that point

12 the' gap areas become so many that the problem is completely
r~sV overwhb1med by the number of passages that are available'

''
for the' fuel.

''
This is indicated here'by saying that the

'' discharge area is 10 times, greater than the area associated
, , , , ,~

''
with the opening up ofi the internal blankets.i

18
Now I also want to point out that the availability

,

'' of those paths will be right in the beginning at the

2
annular pool stage as anon as the subassembly walls are

2' falling apart, and the annular pool phase begins to form.

22 That is when those become available.

23 (Slide.)
2'

-{ ) Here is a summary. Because we not only wanted you

25
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''
to know:how many gaps or how many parts are available, but,_x

; ;

* '
also'we ne~ d to -know how much the coolant volumes can hold,e

*
F -and here this is summarized.for you, together with the

4 ~ The time zerotimes at which we have access to those.

*
i right at.-the beginning of the core disruption phase following

*
the initiating phase',-upper and-lower' axial blankecs within

' - .the pin structure, .we are . talking about capacity in ^ terms of.
* percenti, how much is. core pool, 12' percent in the upper and
*

25 percent in the lower. The percent of removal now under

'
-5 bar pressure is on this list here, and you said that in

''' order to remove these 12 percent, you need about two seconds
v2

to do it; to remove-25 percent, you need about two seconds.

O '3(/ That's about the amount of time you need to begin to fall
'd

apart -- for the walls of the subassembly to fall apart, so

'* the internal blanket gaps begin to open up.
'' Excuse me. .I think I made a_ mistake. This

+ , . <

" capacity is consistant with this timing up hdre. The total
~

'* capacity is more like 50; percent.
'' MR. BELL: I just want to clarify the difference

2
between the upper and lower axial blankets. You notice that

2'
one is just twice the other and we purposely derated the

22 upper axial blanket by a factor of two because in the long

23 term that fuel could fall back into the core. When it falls

24
(vq back in with the blanket material coming with it, it has the

**
neutronic effect of having half of that fuel removed. In
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'
,5 other words',.that-dilution effect of the blanket is the

? s
' k ,,,/ -2.

same as. removing half-of that' fuel. So that is simply derated

to t'ke that into account.a

#
MR. THEOFANOS: In the internal blanket areas, we

*
have-the time of access on the order.of 2 seconds, and in

# the~ lower axial blanket area we can accommodate about 10
7 percent o'f'the-fuel, and in a matter of this time we can put
a

in~21 percent under 5 bar pressure, which is always going to
*

be there. And'the radial blanket gaps, the rate of removal

' and percent per second is 200. percent over here. In both

'' cases, the access time is 2 to 4 seconds, and the capacity
'*

-of the~homogenous fuel that.we can remove in the time
n
U that is available is about more than 10 to 40 percent.'

'#
Now remembering that we need only 25 percent at.

15
this stage here to keep it temporarily subcritical, and you

'* need 40 percent at this' stage here for . permanent' suberitical,'

" you' realize that any combination'of tho'se' numbers'is going
'*

to give us -- in those numbers..over thefperiods that are
''

indicat'ed here -- to g.ve us.the room that we need in order

*
to assure there will be permanent subcriticality at the time

2i
of entering the heterogenous pool.

22 (Slide.)
23

Here is one example of how we have tried to do

24Q that. Just to show you the bottom line in the upper axial
** blanket, an adjusted rate of 3 kilograms per second, taking
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'' -~

.. into account the effects you just heard, the discharge time

:f'#)
-

.

'- 2' of^5 seconds, we can remove in the lower axial blanket 6

8' kilograms per second times the time of 5 seconds. The lower

4 -blanket is the only one that counts. About 10 percent in
~

8 .the radial blankets, 10 percent in the reflector, 40 percent

6 in the control center. You're hoping it's more like 100

7 percent,

a That kind of gives you an idea of how much margin

e- is there for removing fuel from the. volumes that we are

") looking for.

' MR'. ZUDANS: In that case, up there where you

'i2 . list 40 percent --
. .

O.
5j 13 MR.-THE0FANOS: Here. This is the radial reflector.

'd MR. ZUDANS : You can leave that much to the gap,
"5 but if you bring that material to that location, that is

associated with another t'rtorous path, so this :is not the16 o
,

'

, . .

'17 real number. I mean you have to get'it sitting'there to be

is discharged at'.the gap. :It has/to. come to that location.

to That's half a core.
.

2o MR. THEOFANOS: That's only about that far apart.

28 MR. ZUDANS: Can you get there at the same time?

22 MR. THEOFANOS : Sure. Why not?

23 MR. ZUDANS: If you say so.

24 MR. BELL: Typically these discharge v'elocities --

as the material can move the distance of a meter in a second, and
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~

and swe are talking about a fraction of a meter, - too.
p
't 1-

~v a 'MR. ZUDANS: But.does.it have'the passage open to,

:8 do.that?. In order for it to be open you would have'to have
.

4: the whole core, the whole thing.

* s ~

MR. BELL: No, these gaps that-he.is talking about

are in the radial blanket reflector which are not being*

7 heated. They are in fact open.

s MR. ZUDANS: But to discharge ~40 percent of your

core through there, you have to bring that 40 percent tothe8-

10 gap?.

it MR.-BELL: Oh, yes, it's sitting right there all
-

'2 ready to go, if you remember our presentation.

() is MR. THEOFANOS: It's about so far apart.
.

14 MR. ZUDANS: There's no-further distinctions in

55 the core?

MR. THE0FANOSf: LMaybe<1 can put the. picture16
y

57 back on.
9

is MR. EELL: The only thing is the blanket gaps,

and the blanket gaps are also cold,,and they are going to beis

2o filling up also first, and that is the first number that you
,

21 saw there.

22 (Slide.)

23 MR. THE0FANOS: Now we have an overlay here.
,

e 24 MR. CARBON: If you feel this is the start of a| 'u)j

25 new topic, perhaps it would be a good time for a break.
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1
.

'~
-MR. THEOFANOS: No, this.is the summing up of what_;.

.

J . ;- -

i

*~' we.haveLgot covered up to now, and then we are going to get
.3 . .

-
-

.to a new topic.

4 (Laughter.)
,

* -
The completion of this detailed discussion. Now

*
we'vant-to go back to-the origin, where we. started from.

7 This is .the picture I showed. you, and now 3de want to go and
*

put those: numbers that we talked about, the probability

*
numbers', and since everything is fresh, we should do that

' before.the break,

''
MR. KASTENBERG: Ours doesn't overlay,.Theo.

''
(Laughter.)'

O
A_) MR. THE'0FANOS: Next time I will remember.

'

''
MW. KASTENBERG: It looks like a " follow the dots."

''
'(Laughter.)

s . . - ,, , . .

,

'' MR. THE0 FAN 0'S.: <I'have;a. lot of'chnfidence in
,

"
your imagination.

''
I will start fro the' b'eginning. 'The initiatingi

'' phase, the disruption phase, as you have already -- we

*
expect zero energetics. There is no way of producing

' energetics from that, and we therefore put on this

probab'ility 10-3 because of the fact that we believe22

as energetics in this stage are physically unreasonable. In

(~ 2'

. V) attaining a permanent subcriticality, that is discharging
-

** 40 percent of the fuel, we also consider that to be an
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.- -valikely evsnt,,not ~ so much'because we cannot see ourselves'

o

I() .

'

with.thefcore not plugging.up, but because we can see some-s

* situation under whibh'some exits'of the core.might be plugged
#

Lup. That is the reason that we give a. number of 10-1 That

s-. .
'

meansithe' main' path 1will"be going now from the initiating .

6
disruption of the pin; structure to the subassemblyJpools. .

:

- Now~, as 'you heard from Charlie a minute ago, the'

' *
likelihood of^ obtaining signifitent energetics _is very low.

'

-

,

'

.We assigned a:10-1 number mainly because we think -- we
,

10
might have factored.in energetics in this assembly, but this

II4-

. path _only indicates the pot'ential for attaining a disassembly,.

.

'*
not of.failing the vessel. This over here is'-- this isE

' the age of spectrum condition, conservatively also under
- 34;

this step,-the age of spectrum condition again, because we,

15
can see that maybe-it will take more than this 1 second

* f '' '
y , w -"

5 i' ''16 2

that is available from'th'is.po'in't to;that' point before you

[ fail all the walls.to discharge 40 percent-of the fuel. So
'"

-

, .

o la
; .that seems to be 10-1 so again thd main path"would be to go

' '

,

'* ^ '

I to_the annular phase.

| 20
|_ Now at this stage again the energetic potential

21
i is very sbnilar to that, we will say maybe slightly higher,.

**
and again that is a spectrum. However, now, in going from

23
this stage to this stage, we have the availability of the

**
_ (])

'radial blankets. As you saw the problem, it was becoming
25

completely overwhelmed by these openings, and that is the
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- reason for the 10-2 assusing-it is considered to be outside'
.gs ,

.; )
V 'J 't

the spectrum.-

3-
' hen, the way we see it, is goingSo the main path, t

#
to go from-the initial disruption of the pin into subassembly

'*
fpools.into the-annular pool and exit'into a milder

*
specialty from there, and that is conservative, with less

'
likelihood you could do, and with even less likelihood it

~*;
- would'do th'at. Assuming that we got in a whole-core

'*
'

- homogenous pool, stil] again, of course, we would have

'
the ability to do the paths and the probability would be

''
mainly this one, as'a spectrum condition, to attain it:for

'*
this stage.

( )- '
Now I want to follow each of these energetic

'# paths and :see what the probability is and the corresponding
'* outcome of the ' disenergetic assembly.

y t

''
This part here is'.almostinot;here. Similarly

" th'is part here is considered to .be. physic:111y unreasonable.
is The' subassembly pool was all'very well bounded by $100_per

_ ,

,

'' second. We have all the additional ~ probability of

*'

'another $100-per second, and we think it is unreasonable.

2i -physically to fail'the vessel. Similar things apply for

the annular pool. Again, the. outlays were bounded and 10-322

2 was for this path over here.

24f'} Finally, for the whole-core pool stage, as you saw,
v

** we had bounds. There is a level required to fail the reactor
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~ ~^ head.y.

I.,

'"' *
On the other hand, we recognize that really this is, ,

. .-

~ *
a rather involved kind'of-situation. Max, you mentioned that

4 4
we:only' explored the one case that was two-phase. It is a

'

'
imulti-dbmensional kind of a ~ problem. We cannot really have- '

.

*
.the: confidence:that one has with those two stages for not

7
failing'theLvessel, and it is-for this~ reason that we gave

'the number of 10-4 for.the probability of failing the vessel*

9-

'for this' kind of an event.

10= - -

So this has complet'ed this story. Obviously.we

"
have to. multiply this110-6 , multiply this' path 10-4 , multiplyL

this path 10-4~and finally multiply this path here-another
,

('~) 13
10-4.and sum them up, and the total is 3 x 10-4 That is.

14

well below.the 10-3 that you considered physically reasonable,
15

and therefore we come to the conclusionEthat'for lo#ss of-

*
16 W- * '

flow ~ accident, theconditionalprobabilithtofailthehead
17 'i

is 10-3, but then converting it,back to physical 1 reasoning
*

is

is physically' unreasonable and not expected. ;

19

MR. DICKSON: Question, please Were those
20'

numbers made with the fuel pins in their present configuration?
21

MR. THEOFANOS: If you're asking me with respect
22

to the gas compaction, you see, we put a 10-3 up here.
'23

That means physically we wouldn't get any energetics in that
/'% - 24

bf stage. So that is assuming that we didn't have the plenum
25 -
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''
' gas fission problem.. If we did have this problem, we would,.

'' * -have1some prob'lem knowing'what to put here with a very high
8'

degree of confidence, and the way we want to bring this

* '

-across is that we have a very high confidence level for all-

* those numbers in the conservative' side, and we can claim we do

*
that in every1 step of the way here. If we had that problem,

7 we might have some difficulty really assigning any numbers. We

*"

-just wouldn' t know what to put.

*
- MR.'KASTENBERG: Theo, just a couple of questions.

.

'
Let me see if I can phrase this correctly:.c

''
If you end up in the disassembly box, . you have to

'* go somewhere', so doLI interpret the' green line as being one
/~N -

i..) minus?

'' ' MR. THEOFANOS : Yes, that's what it is, but-I

'"'

didn't put the numbers on it to avoid the complication.

'' MR. KASTENBERG: So it is basically one?

-
'7' MR..THEOFANOS: This plus'that;should be.

is That's what I did here. Those are all the leftovers from

'' those parts. So it would be very close, even if it got through

2
that' path.

,

2' MR. KASTENBERG: Two other things. This assumes

22 that if you, for example, went on the gamma gamma prime path,

23 that those probabilities are not dependent on one another,

- f',) yet they are in a sense? I mean they are end of spectrum and24

-

as if you are going on that path, you' d have to complete that path,
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[ wouldn't you? In other words, you'wouldn't"come'across''

.a a,

* gamma and go down on the green line, you would.go-down.on-

.

*
the red line which says gamma prime? No?<

, , .

*
MR. THEOFANOS: No :no, no. Remember, this is only.'

'
there for processes'of qualifying for an exact determination.

* An' exact determination means-we have a high pressure

7 ' developed because of an. event, and~as a result of that,.the
.a fuel somehow gets out of there and that is the end of it.

' ~

| Now having gone through this -- tha't's why~this is in the
|

'' process now.

'8 - Now at this point we can ask the question, is
,

,

' this a necess'ary event sufficient to fail'the reactor

!O >> veeset heed? ind if it is, we end og with this fect2 Or

'' is it not? And if it is not, we are not in this box which

''
means the fuel'is some,pl' ace inside thef reactor (vessel and-

i . .

'' dispersed.
.

'

| Soinfactyougothroukhthis,- then you split"

to into two parts, depending how energetic.the event was.
( *

'' MR. KASTENBERG: Well, I have to think about it

2 '

all, ~because it just seemed that once you embark on one of

2' those Greek letters, your process becomes dependent upon
1

what you have assumed to get to that stage and become--

23 independent.

24
. In other words, if youlre end of spectrum, you are

( as end of spectrum all the way? No?
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, ; f ', ' - :MR. THEOFANOS: LNoE no,' no, b'ecause these'
'

.

.

f;g ::
numbers ; tere', Bill', they are not -- well, . those numbers -

' '
'

3 <

'really .should;be distribution probability. Iffthey were',- 9_

.: -

3' -
what ' we. are saying1 is- you could ~ ass ~ociate ' one part of the,

,

'
,

s ~

.'

cdistribution with another part of the other. But those
~

,<
.

,

e~
Lare boundings', so~what we are saying.is tha~t_out of'all these-

,

? ~

cvents'that=can get us into this state, only we could have,

*
end of spectrum events to get us there. That means we count-

*
all the processes ~^that actually qualify for hydrodyna~icm

,

''
' disas s emblie's .

'''

Now that's all of.them there. |

'
Now'we-have to go there1and pick'out some of:

fk' '3 them,.if there are any that have failed the. vessel, and
,

'' .we have to. count those against the previous ones to find
'''

. ,, . ,, .. ,;
out what is the likelihbodlof going- throdgh[that.l ?And all we

; 8 m. ~
, , . , ,''

aresaying- is that even though we s'ee some edge of spectrum
...

.

,.

"
situations bringing us h're, weD think;that:welrernot' going'

e

'' .to find any among all those.'dfsassemblies tha'tIcan cause vessel'
''

failure.

2o So it is dependent, but we do that dependency on
2' the basis of the technical material that was provided before
:2 we look at the wholeJpicture and say, "Can we find any
as situation that can get us to that," and assigned a number.

(]} In other words , we don' t try to do that in a very
*

88 detailed fashion because in almost all cases we couldn't find
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'
-any cases, so we couldn' t limit it' or identify 'one ,-

i )
* ~Any other questions on this?
'

MR. ZUDANS : You say youcouldn't find any, but

* how do'you' dispose.of that $300 insertion?-
''

MR. THE0FANOS: Because'it's single phase and

* : disassembles quickly. It's much less energetic.
~

.

7
MR. ZUDANS : In other words, single phase?

*
MR. THEOFANOS : Yes. In fact, that was much less

'
energetic than some of those-cases up here.

'' MR. ZUDANS: Then the highest number you got on

'' the energetics was 18, something like that?

'* MR. THEOFANOS: We got about 80 or less, and really

O '> 80 it ridicu1ous1y coneervative. 1 think the numbers here

'd should be more like 30 or 40, and I think the closest thing
, ,t

. ~ - , , ,. y , - ,
~

, s ,

'" that we came to producing' |significant eneigetics ewas taking
.

'

.
,

'* the whole-core pool homogenized,< perfect s,ymmetry, putting a
, 1 ;

" source in the center, perfectly symriie'tric, then: allowed to
,

'*
, . .

have a perfect symmetry of slosh,' a'nd on that gave us $100

'' per second. It's really putting a lot of things on top of

*
the other, and even that one only gave us the equivalent of

zi what would be required on the basis of our first discussion

22 this morning to only fail and still be very far from doing

2' anything to the vessel head.

Q 24 MR. KASTENBERG: I don't want to harp on this, but

as I think it's important to understand something, because it
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8: _'was your second major ~ bullet, of certain things.that were

physically unreasonable by this' thought process and I want to

L
- 8 make sure I understand it.*

|

*'

If I go through and I look at what your best

5 e s timate', so to sp'eak, I go one and one and I am at an

8 annular ' pool, and your best estimate is that you will get

7 dispersal with'the' annular pool, tell me again what does.

a your gamma mean when.you~get into the minus one?

* MR. TIIEOFANOS: That is the conservative best

'O estimate. I'm bounding it along the way.

'' MR. KASTENBERG: But what does the gamma mean,
'

2 going the other way?

O' '= MR. TitEOFANOS : 1t means we expece it is not

totally impossible that we might have.an initiating event'd

1
-3

.

,1 9'
'5

| from this stage. ,

,

.,
~

-16 MR. KASTENBERG: What is the physical' process

that would move you along the,10-ligamma path?':What is17

the end of spectrum process?''" ' ;18
-

'' MR. TIIEOFANOS: That would be some criticality of

2 the type you heard previously from Charlie. Any of those

28 are criticalities. This $50 to $80_per second bounding

i
22 estimates, they will be doing that, and I do believe there

l.

23 is some possibility for those things to happen.

24 MR. KASTENBERG: Suppose that did happen, then

as what is your physical process that would atke me along the
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~ deltaLprime?',7

'V a .

MR. THEOFANOS: You mean the gamma prime?

*
. MR. KASTENBERG: What'is the physical process

* that wou'1d take me that way?
.

*
MR. THEOFANOS : That will.take you here? The

.

6>

physically unreasonable process-would be -- well, you kn'ow,
7 physically unreasonable doesn't exist. That's why I can't

*
tell~you what the: process is.

*
(Laughter.)

' -
MR. KASTENBERG: This is what bothers me;about

''
the schematic is that I see the --

'*
MR. THEOPANOS : If I had a way, Bill, of telling

' ' you that.I had to assume this and that, and I will get the

''

vessel to' fail and we have tol,d you.what_that'was, but we.

s

don't have that. Now we day ' ' ih fact, t we have' seen the'*'

''
whole-core pool coming in, giving uss reasonable energetics,

:~
<

,

not very high or not very low', and we can'see how one can''

'' maybe go back in the calculation and can push a few things
'' back and forth and make energy levels come to this level

*
that we need to fill the head. But in those cases we really

2' don't see any physical process to cause that, and we have

* to represent that in some numerical fashion, so we assigned a

number of 10-3 for the process which we cannot see how this''

''O can happen. That is what we defined as probability level to it.

**
MR. DICKSON: Could I try to paraphrase it and see
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Lif I've got it right? When you are going'the horizontal

L "74)t

f ''' * ' gamma line at 10 that's theLS40-$80 ramp rate'that you.say
*I probably' won't. happen, but is within the: spectrum?' ihen you
#

~ get on down the vertical gamma line, you'd have to have a
;

*
| couple of hundred dollars a.second, and you don't see how that-

* could happen.
7

MR. THEOFANOS : That's right. It's outside of the
.

*
spe a um because I have bounded it before at this point, and

~

*
.in order to get $200, I must-do something outside of the

' '
real-possibility.

''

| MR. KASTENBERG: And what is the physical process,

''
going back to your annular pool again? Because'that's where-

O you are most 11kety going to end ug drepging that 10-2'>

'd
to complete disruption. What.is the, physical-process that

'' I '

might take you down that line? .

'' MR. THEOFANOS': 'The physical" process would be if
'7

somehow it was possible for these, radial blankets to not

'' open up. We cannot 'see how this can happen because the

'' same process that is homogenizing the pool and melting all

a the internal blankets, not only the walls, but also the solid

2 materials, and that is why we are putting outside the spectrum,
22 because we'can't see how this can happen. But you see

23 what the process would be, that I postulate all the outside

8'(] walls remain intact --

**
MR. KASTENBERG: Even with that, you feel you
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i' would go to the dispersal?. H

j ,

\ a- MR. THEOFANOS : O'.1,- yes. That would mean more-

8 - time available, because every time.you are pushing your time

d' -limit, you must ' push harder and harder for getting material

s- out.

By the Way, as you SaW from the whole core6

7 Calculation, the transition from this stage to that stage

's is not a very instantaneous thing. It takes some . time

before~ you homogenize everything, and if you ask me, that'so

to one of the most interesting things learned, was that part

it of it.,

12 MR. BELL: Theo was pointing out one possible way

() is to defeat the paths to the left. It would be those gaps

84 where available to come down to the.next stage, and,to defsat
.< ,

, , ,
, .

that you'd have to also;'say,7 forExamplN,"thecontrolrod.15

16 removal Wasn' t available,' or"other modes of ~ removal were not
.

' .

17 'available. In addition, you' re compounding the sort of

incredible nature of the whole tbing.is

to MR. THE0FANOUS: Any other questions?

20 MR. CARBON: Let's take a break.

21 (A short recess was taken.)

22

23

25
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''

fMR. CARBON: Move'right on,*Theo.>
i-

7
,

M) .- a
,

- MR. -k THEOFANOUS : ' We.have, completed-the-discussion on;
'

|'
'

' - [.
, , .. .

3 this, andinow we.want to. cover.two.more accidents, the transient
'

i

a ;; ,! u sfof-heat, sink.'!,9,| 4 overpower or the TOP, eand the'los
is ;-L < < , 2 ', s;fr- - .

1 ! ,7 ; F a r D
:s The-TOP, of allithe accide;nt's,''it is'* looked at, 'and.

, e- e - in' fact the applicant hasYsherit[a littleh th$e on S . The ' loss
~

,u a.u.;~ ;. a. .

of' heat sink accident-is~all).the more moderate,;somewhat.more7,

'$ q 'g; ; Eta;Lj .

[
'

:e neglected in.;the past, probably not for. bad reasons. . But we -
,

's thought'we would take a'look.at that accident also.

I I think"I will give you the bottom line from now thatto 1

is wefsee no energetic behavior'in any of those ' accidents,-but-

|
~

! ta maybe.you.'are still interested to know what the story is
:

-

or.what' story we are putting together.i3

i4 (Slide)
:
'

is Now, then, this is the accident..that is characterized T

is by;very, very low heating rates. Now, remember, about 1 degree

n per second, and because of that there is a lot of time for

to recovery, and this is something that is not really covered in

is the probabilistic. risk assessment studies adequately, in our,

|
I' 2o opinion. There"is not enough credit taken for recovery from

this accident. Therefore, maybe the. probability of them getting| 2
!
l

! into very extended core disruption is slightly overexaggerated.22

23 In this case, if one postulates, extends an unmitigated loss

u. of. heat sink,-eventually the core will disrupt and the way that

,

this:is.g6ing to happen will be only following uncovering ofas .
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e it - the core' sodium. ...There is.no.way it can start. melting ~while it

$( / ~is covered with sodium. And that is very similar to what is~
p

~

a |

h a p p e_n'i n g _ i n - t h e . r e a c t o r s . -
-s-

~

-x ',;>

' }n o .. - {'7,i j; ,| ei

.,

,4 Yes?
.

''!
, ''

,

,rgs, nt. g 1 ,y 3,
vi .. a . . . _ . - -

:s MR.JZUDANS: _ Could you quickly explain ~to me what is
.

' ete -
, ,. . . , ,

U ,. ..
-!

the' dif ference between lo'ssi of flow 'and. los's' t.of> heat sink?
<

a

y.- ,m m r. - . ,,

7: MR. TIIEOFANOUS:[s(Well,O,the loss ,of; heat sink is in

a the~-- going back to the first vuegraph.I gave you -- is'a

-o- protected accident. : Remember, no. power generation, very

.to quickly within.a-few seconds is'down to a few percent. And'

it somehow you lost capability of removing heat'from the system.
_

12- That can' happen because of a large earthquake and you sheared-

r
off the pipes or it could be a particular problem with thee is

-

.

14 heat cxchanger.
~

15 MR. ZUDANS: And loss of flow also as a reactor

'

16 shutdown?

17 MR. Ti!EOPANOUS : No. The^ loss of flow we have been

te discussing here is an unprotected accident. The pumps were

19 ^ Closed down, shut down, the reactor protection system, the

2o 1 control system, has failed to act, so the power is at a high

21 level. So that is a very, very unique, very, very different

22 situation.

23 So as long as sodium is in the core, the core will

24 remain intact, but that sodium will -- that will happen in a

25 matter of' a few hours or more like close to 10. hours. And
-
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tihen if the primary / system' holds together at this very, veryi
,;

- 1.

. %:1 3) a: high'temperatiure,.I-will take quite a long time to vaporize

~

3 all the= sodium.in the upper plenum before the core actually
-

.

~

n - , c, p z .

c s,-
-

.

begins to get uncovere'd.7|An'dithatJis 1,00, hours toy'do that.4
,

bj;3[,.. , [s i ,,'' ' -
,

^

s - Ilowever, at these high temperatures, other things -

.- e , , .. , n
' S-

_ _

'1 .!' !
. }} +

'

happen structurally in the: system'tliat"migh't cause the emptying; e

'
n r. .. -.m. e., a : . + . ~ .-of.the vessel of the sodi,um1bef~orefitihas an opportunity, all,

7-

e .of.it, totvaporize. In the beginning -- and I think I brought
.

e up-in the discussion in November -- one of the' things we were

to concerned with is maybe the high temperature creep of the

11- vessel wall might~cause creeping and vessels fall'off. We

*

i2 examined'that, considering some recent data at the high

O '> te veree re" tor creev- ^=a ro="a thet eue time" were meca,
!

14 much longer than the time frames that other things would be

is happening.

1

to On the other hand, there is something else that is
'

,

i7 of similar nature. As the vessel wall heats up, it will
,

is expand downwards because it is so far from the top. Similarly,

se- the guard vessel is going to be heated up, and that will be

20 expanded upward because it is so far from the hottom. There is

21 not enough clearance here as this nozzle goes into the vessel,

22 so the one vessel is going to be interfering with the other.

23 And some preliminary assessments -- and I think the applicant

** """ a " " "x " r """ "e """ = ' '" " ""i " '" re "it-jr)-
25 be some structural failure associated with this interference
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_t : between.those.two s'tructures.<-

fy
;a Well,.if,that is goingJto happen, the vessel.is go'ingQ 2

,

- s. to.; empty of. sodium and the. core will remain on the body. If

. . ~ ~ .3 n e r , , : 'i. j.D f' ?
th'at were not going toj happen,i thery, is i not E.any; dif ference '-4

9- ; a ., me -

..-

-s'- because'100 hours later-there is enough sodium. You. talk about
'' -*- g z?

_

_ .
-

-youfget to 45 minutes andhi't;does not* Affect'the cdnclusions- e. -

, . . ,9 c-;,,- or, ..
9

- 7 ;or the' way that- you go abou'tt ana'lyzincj sthe ' core disruption:
,

.e independently.of what happens.

,
, In any. case, this is the range of the heating range

io that we.can expect to be present at the time of core -- beginning

: of core. disruption.

12 (Slide).
~ 'Now, I would like to follow and see how that core33

i4 study begins to fall apart,and our interest is to see if there

is is'any potential way. Obviously, in the absence of coolant,

there is no way that one can associate any of that initiatingis

17' energet Cs that were talked about before with this kind of

is scena'rio here, so here we have pictured inside the case, the

i, structures, because of the slow heating up of the fuel, theres

2o is. ample. time for the cladding to keep pace with it and

ai because of the 1,000-degree teinperaure dif ference between

the. melting.of the fuel and.the melting of the cladding, there,,
.

23 is ample time for the cladding to melt and just drain out.

24 There'is no forces to move it upwards, so all the

O.
as' cladding from the core is going to melt, is going to fall down,
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,, and is'' going to;formia very massive steel. blockage in,the

a entrance to the core.. hnd in fact, if it.'s; going to block up

. 3 he re ', in. fact, some.of the cladding is going to.make it all the-
, ,em 3 f, r, _ , ., .m.

m :r ,s.s. .;, --

way, ~ and some of it will; b'e -inside the' core! regi~onfitself.4
s a . -

. ,.

s :The other l'nterestings aspect , ofi.this. .is .that the

- j j '. , t -L* ? '; c ..
s v, _ , - . <. +r w.

upper: axial plant cladding,fbecause of the proximity to'thee-
,, y , - . . ; . ,- ,_

Nickly and. fallactive core region itself) is. oing'tb t'7
,

down. So the upper axial pellets,'they are going to fall on-e-

tihe top of the rest of the core.o

to Now, the core'at that point is very hot. -The pellets
~

is are cindered together. They might' stay together. But even'if
.

12 they' don't, if they shake up a little bit, they might make-a
.

~

random rubble bed.' But in any case, we have_a solid packed.

33

i4 configuration' It is like a packed bed and is far from being.

is fully compacted.
,

is We have typically a worth fraction of 40 to 50

7 percent.
-

is Then the next. question that we had was will.the upper

core structure melt? Again, because of the long time durationi,

2o of this thing and the very, very small heat, obviously, there

will be radiation, heat transfer from the core into this melted
at

i

-- into this steel area here.'

3
i

Well, our conclusion was that this will not melt,23

because of two reasons: Number one, this layer of insulating2,i

O'

as pellets or the blanket that is not heat producing and has
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f-$ 'l very poor thermal. properties. nThen:we'did some radiation-
'

,,
- a c'alculations and;found out,uin order to be''able.to produce the-

heatil fluxes to melt the area,here,, one woulci .have r to have .8

31 , , , - t ;J . ; a , +, - i s n >;.!
s i: .. . . \,.' .ntemperatures _of the orderjof;:5,000<-6,000.degreces'in, the.

. .. -,

4-'

"''

f 1 ~ ;f { x . ;
' ' 's center.

'

;, .

j t ', ;3 'k *
c .,

Of course, that goes.well beyondethe fuel meltinge .

tp
-... . s - .: ~, -

7 point. Therefore,.the picture-is one-in which the. steel melts-

e out. That is why we call this steel melt-out. The steel heats.,

'l

e up slowly. .The upper axial blanket: falls and forms a rubble

j 'o bed on. top of that. .And the upper core structure remains, or

88 oven maybe might be resting on the-top of this bed. We will-.

12 show it here for clarity. But the whole thing might be' resting

O '> = it-s

i
84 And, of course,. the UIS is still sitting up there.

<

85 Now, then, the temperature continues to increase at this low
i

is rate, and the fuel will begin to approach the melting point,
i

17 and it Will begin to stack. So'it will start becoming smaller

is- and smaller, being absorbed by the siding of that oozing fluid,

i s. pellets. And all this time it will remain -- well, it's

I 20 suberitical, but-it will approach criticality because, as you

21 know, we know that something of the order 10 centimeters of

22- total reduction in height of the core would be suf ficient to

23 cause criticality with all of the control rods being inside the

24
.

core, which- sill: be the course in this accident. So that is

25 one of the ways in which you approach criticality is by this

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK. VIRGINIA

. - _ . . _ _ _ , . _ -- ,, _ . - , , - . . - - . ._ -_.. . . - - . . . . . - . - . -



,z. - - -.
,

tron;t.4A-
,

aL -207
'

.,

pv .7, -
, ..,

.
.

_

'
'

..

gradual. siding.
~' '

,,. n.
(f 'a ~

,

The. criticality approach will begin to produce heat,

8

and you have "alreddy app}ro6ched ,tlie iinolting point > /Right around; ; '' ' f Cc e , ; ;'
;, s

'# the flux area.. The fuel'begins#to'mel't.? And'of co'urse, this
, :3;p } ' j' [ '} h~

melting b'egins. The weihhtiof (all'itliat be'd..id Iyoing to try- to
e ., . m . , m ,,m . ,, c. .

..

push its weight downward.~(The weight thatNwe:are: picturing in. - '

'7'

this~ situation,:the weight we picture is-as'follows.
t

e
. . |.

(Slide) !

U'9
_

.,

'
. .

Just like suddenly the conter of this core becomes
,

to

molten and it cannot carry the weight anymore, and all'the rest i

11

will' fall. It falls under gravity. Similiarly, the fact that
~

12

in going from critical to prompt critical we require only 1

13
. |V'

or 2 centimeters' displacement. Therefore, there is only~so
14

| much acceleration that you can achieve. And by figuring out the :

15

upper limit,the whole thing falling under gravity in this kind '

16
of a distance, and that by the worth curve which is about $1

17

per centimeter, we come up with a maximum to operate of $60
is

per second.

19
Now, as you know, this would not have any concern

F

20 [
even were the sodium melted. There is no sodium to transmit '

i 21 !

any of the forces. Of course, that is of total neglect. Really

22
is nothing about that at all.*

23
If this was to happen, it obviously would be enough |

24<

to dispense the core, and one can claim this would lead to a

25
termination. On the other hand, remembering that the upper core
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Jt structure is still sitting on-top and the.UIS also on the top,'

-w.
,d;- ,-a and remembering.that this' melting..isinot'.likely-to' happen

'

,. ~ .. . . .. ,
.

across the core ' altogether but'more 111ke'sinJ,the icen'rer of the
~

3
!

3 3 ,; Q , t .. e..

'

( '. e; ,
. . . ., - s. - .x .

:4- core because of.the radial.-peaking,'one would expect more'like.
.. , s - .

,

g ., .7
- maybena fraction of thaE mater,ialib:ing. Somet[hi'ng like maybe 's.

v -y - 1 -

And]if7that was".the c.ase,(,one wod1d not.e; $10,.$20 perEsecond. s

'7 obtain. termination at this point. Land then the question is,

s .as you go-through this burst, . the question 'is -- and.of course,
.

'e as you go through that, the whole thing becomes molten, so you

to have the whole core cool situation.

:: Ca.' one obtain from that the higher activity rate

12 than before? We'1, the immediate reaction of one is that, as

i3 was ours, well, this is a case already for loss of flow case

14 ~and so we can forget about that. Well, this-is not the case.

is There is quite a bit better than the other.one, because now we

36 h~ ave quite hot radial blankets.

37 Now, the upper-blankets are sitting up here, and

''

is because of this,the tendency to homogenize the radial blankets
~

into this molton situation is much easier. And this will beis

2o -enough to produce permanent criticality because from that --

^

21 and I_want to show that just from that.

22 So in the event we did not obtain permanent

23 recriticality from this initial burst, there is a bubble.1

24 (Slide)
**

It will tend to push things up for a time and then

TAYLOE ASSOCIATES'

REGISTERED PROFESSION AL REPORTERS
NORFOLK. VIRGINIA

. , , _ . . . . . . _ -__ __ _ ._ ._ . - .._._



r'on .~ t .'4 A | ;t
~ ~ ~ ~ ( ' - - ,*

'

''
pv 9'; .~ '209-s.

-

-
,

-a, bring [them back down. Indoin'gso,'there'willbea"tendencyh~

L *

.

'b 'a ^ for thisDblanket toncome:. in and homogenize and the other ra' dial
.

-
,

o-

blankets' Lto come"in and homogeniz,e.i t
, , , n , , ,,. _ . ,,

'
.

Q> ; 1 * y. i ; , 0' give.. you' a'?little
.3 T

*,4 - p, 4
,

. w, . . ., ,

'4 account =that:Dr. Carbon was asking about,-here is the activity
;- , ,. ,;

'

. r .3.
,, .

s. balance. .If.we homogenize;thevupper axial' blanket, they are-
,. .

,

worth ~abobt1minus $20. ( C'[T!Jh , L*
'

'

e-
,

~
'

7- If you homogenize ~the internal blankets, they are
,

aJ worth about.$20. So'if those two were to come in together, the-

o effect will be not really very high activity state in the

io system. To homogenize half of the radial blanket, it wil1~have

si- the offect of minus.$40. .To remove.the control material has

t2 the effect of plus $30. These two things will tend to happen

'(]~ i3 at about the same time scale. The radial blankets will come in

~

i4 'at the time that the other material is being vaporized. And to

is ' completely puddle the core, we require plus $10.

ie As you see here, the sum is zero, and all of those

i7 processes happen together, and we cannot see that core

is achieving configuration stage in which the potential for higher

is activities is present following that initial process.

ao So the way that we see the process going on is

21 following this series of mild recriticalities we can mix all

22 the blankets in and put all the material together and being

23 eventually all of the steel up there that, of course, will have

'24 to be melting and coming in and end up with a permanent

2s subcritical puddle simply because radial blanket material can
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: mix well and-doesn't separate, of-course.
. y. \ ,

,

(.)- s' So the~best-estimate! discussion here,.the best-estimat
'

e
'

..,n m, c y, , R p .
y ~ .3 result =is, >of course, p'o ,signi,fic,a,nt; energetics, j at. all and

tj , i ;| C i 'J . O%;c, .

4- permanent.subcriticality by dilution with.other materialsccoming
C !. 3' t '.,

.

$, 7Nf , , , :s[ //~' d h'i ~
, ?

'
j .s, into the' core.'

,

'
~ Theo'.j'I e d i E D 1 OI[.e. MR. - ZUDANS : -

,

7 - MR. TIIEOFANOUS: Lyes?'

-

4

a - MR. ZUDANS: Do.you assume that the sodium was. lost
!

, completely?

io MR. TilEOFANOUS : Well, that'is a long time ago. It

? has1to be before anything melts.si

:

12 MR. ZUDANS: .Did the guard-vessel go?

MR. TilEOPANOUS : Regardless of~what?33;.

i4 MR. ZUDANS: Did the guard vessel, did it go too?
,

is . Because it is' supposed to keep the sodium level about the core.

16 MR. TilEOFANOUS: Do you remember, that was the

interaction between the two? That is one of the possibilities17

is is either the sodium gets out because of the failure,'because

of the interaction of the guard vessel and the vessel itselfi,

, ao - or the other one is if it doesn't happen, the core is going to

sit there until all the sodium vaporizes and gets into theai

containment.2,

MR. ZUDANS: I am just wondering, is there a23

'

sufficient way to get it out of the guard vessel so that it24 ,

2s ceases to flood the reactor?
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i LMR. TIIEOFANOUS: If.the. guard vessel fails,~you can
, ;. p . ,-

a get,it'out.
'

c , s . .- . . , -, , . .

! r, : g- >;s ,4; /- .( :, J ,

3 MR. LIPINSKI':f ? :-.You didn't| fail.it7:2 .) L J .b . -;]'>.+.

'

4 MR.~ZUDANS: -It,still leaves. sodium,in 4the reactor .

, .

.ig ? [* | .';f 9, < l { , . .,,,.

s tank. . That's what,I understood now.',' ,- ' ' " ' ' - ^

. . - . -. 7,y, -. ,, ., +
y

,

'Let me sh'ow you'the~ picture here..e MR. ~ TIIEOFANOUS :' I

7 MR..LIPINSKI: All you did was dump sodium in the
.

a guard vessel'.

o ' MR.' : MARK : It's a place where sodium can run out.

to lie will '. boil it' of f.-

_ : MR. LIPINSKI: Where is he boiling it to?

12' (Slide)

is MR. TilEOPANOUS : I think the first thing that we need
;

14 to understand is unless sodium gets'out of the core, we don't"

have to worry about core disruption. It doesn't melt. Thatis

se is the point that'you needed to remember.

i7 MR. ZUDANS: Yes.

se MR. TIIEOPANOUS : Point number two is, somehow that

io sodium isn't going to sit there forever. It will have to get

2o out one way or the other. If it doesn't get out because of

2: structural failure, it will boil off. When it boils off, it

will boil over to the containment. If the loss of heat sink22

23 was caused by earthquake, already we have a broken part in the

24 system that causes leakage.

L
as The seals can fail because of the high temperatures
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' ,
i because"you' build very_high pressures and :you will get~ sodium

m
'

A).
.

.a. vapor out of that, but-it has to get out and only..after it gets
# # '- i' 6 S,i b ' t$J

e -
out then Lthe core 'can inelt. .>tj .il );;

c# 3 ,

'.'d 'O
' ^#'

13- -

v,
> w m .sr6.-

4' - (Slide) -t 3 ;3 J'- 3
.

t"'
4

fLE.ijf'|n D >| \ l j |, [4 y2 '

s- Okay. . We are done with that. Then, of course, we'

j^;'T $ h {MWN{_

e like to also ask the what-if questions, and here is.one for
.

-7 you:. What if we like,to postulate an energetic? .Of course,
,

th'e thought here'is that we don't~have the sodium pool.and's

.o- therefore there is r.o direct means by which we can couple the-.

,

to. high-pressure means to the head. . And just as a matter of<

is curiosity'more than anything-else,.we carried out of this.-

.2 compilation -- and Professor Hawkins in November'was curious

{ i3 about this situation, se he might like to see this result -- |

i 14 from the same kind of compilation,.$200 per second compilation,

1

is that we ran to assess the vessel'with sodium in. We ran it
i

j te again except now we don't put the sodium in. So we get out of
,

r

o the expansion as before, and then we let the UIS displace

'
is upwards, and we 1.ct the venting process go on its way.

!

ie By doing that, we calculated the pressure history

!. 20- on the top of the UIS. By taking the pressure history of the

2: UIS, we calculate, neglecting the effect of those because maybe

| they are warm and somebody might say that they are strengthless,22

"
23 overybody to accelerate under this kind of pressure. And we

- 24 found'that this UIS will be given total kinetic energy of 45
i

as' megajoules,.and considering the head capability that this kind,

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK. VIRGINIA

. .. . . . . . - - - - - , + . - , - . ~ - . - . . . , - - . - - - . . - - -. _ ~



-'

n 3.1 -
;-;,' ' ron , t . 4 A '- '

_ q1 , . .

~
. I

'

L 213 |.'pv{13
'

'

. . .
..

$
'

1 of' energy.is,.from the point of view of'the pressure to the
~

'

. r*~ 1 .

_

L- Uj a
- head,. direct pressure to,,the_f:

~

head,. in the case of sodium
i . ] }. t c; '.si ' ;37 !?

~

1

- r ei t i ^3 '' '

in, you 'k'now that ~ at tile; ti. me.* u ,f ' impact- you have a' hammer ef fect
. -

s
.

. o,
,

, ,

and_itgoestovery,.very'h'ighpressur,es,[dndt:heyhre
'

I/4
s .; . , . . . .. . 2. ; ~n, . - " -

,,
_

. : s;p 2 s . L. . :
Gndt4A1 .s shortlived. c., . . . , - -

?, ! !'4B'folo. C 'l' . - o 'm
.

i'
;

:s
,

.

7

e

9
~

10

11

12

J
. %,/

. 13

I4

15

16

17

te.

19

to

21
.

|

22

23

~'

24-
-

-

(
. 2S
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1
'

.In this case,.the pressures'are of the order of 20

^
- 'a bar, and I don' t want [an bodyj to get the,|id,e,a': to,; expect that_

as |} ,'} Q );.. h / i (\ - > j t
L3 :20 bar pressures there. -There'is'just the hypothetical

3 g, c -.,7, . ,,

d' compilation to show that. margins;available:from the point of
u>; - ,, . :. .\-

view of failing the head.'c.. e- Lp ;:
s r .!" |W

, ,' rt >,

. s t. u< e i

e MR. ZUDANS: -The 20 atmosphere, of course, the vessel
.

-7 couldn't take?

e MR. TilEOPANOUS: Of course, I don't want anybody.

o 'to say that we expect this kind of pressure, but it is part of
'

to the hypothetical computation..
i
'

MR. MARK: Will 5 megajoules left of the UIS evep up11

't 2 as far as the head?

-13 MR. TilEOPANOUS : The 5 megajoules are in the UIS.
;

14 That is a free body.

' is MR. MARK: Yes.
.

16 MR. TilEOPANOUS : Whether it will work against gravity

17- up to this distance -- I have a feeling that it would.;

;

18 MR. MARK: I sec.

is MR. TilEOFANOUS: Yes.

20 MR. MARK: It might, because there is going to be

21 gas ahead of it. which will exert a downward pressure as well
,

22 as gravity.

23. MR. TilEOPANOUS: Yes. And to summarize the loss of

- 24 heat sink, because of the long recovery times on it in hours,
,

s
.

'

~25 we really think the likelihood of getting into these situations
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L -t up to core disruption is_ considerably' lower than one normally
~

73
.

J -n- says.
'i [! .i! :' ir D} i

r|'n . T ; i'.
S. '; *t s j e ;7

. . .

2
, N,,, :,t,

. t,

din any' case;'the' loss'w'f heat' sink event. is ,1: 3

.
3 o

- |: . ;? T:. '. ,

'

4~
.

.

- And even {if |lt',was. ,. there is a:ai very'.high ~
., .

nonenergetic.
, , ,3 y m ., ..,

s' tolerance-for energetics becaus,e of: theTsodium{ pool.c. c.1 - - 1

s! And-'that/ summarizes our-discussion of the loss of

-7 heat sink. Any questions'on that?

- a MR.'KASTENBERG: :Could you put that back? We' don't

o have that.
.

,.

to. MR. BOEHNERT: Yes, you do.

t1 MR. KASTENBERG: Yes.

12 (Slide)' '

II is MR.-TilEOFANOUS: By the way, maybe I should make a,

14 remark that. there were a number of people in fact that were

is very much concerned about the loss of heat sink accident for

is some time now and the reason being is that.they could see
~

17 themselves how they could get into a whole core pool situation
.

is and _then. extracting from the literature about what was existing

abouti the core pool situation and compiling that' together withis

20 the higher probability expected for such accidents to happen,

2i they felt maybe that could dominato even core disruption. And

22 'I think that we want to make a.very strong point here that we

23 really don't think that this is the case or should not be the

'

' 24 case.

w/
as The last initiator that we considered is the power
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1 accident. That has been cited by many, many peopic. And here

2 I want to give you the' essence of our argument for claiming

3 that -- for the kind of TOP that we consider not completely

4 incredible.

5 We don't expect to have energetic behavior. And, of

e course, the interesting question is how much of an operator

7 do you expect in a situation. And we had a little bit of that

a this morning in our discussion with Walt Lipinski, who wanted

9 to put some numbers from the TOP itself. We did not try to

10 quantify the TOP. We do not consider it was part of the scope

11 of our study. Rather, what we did was we said let's consider

12 the most probable TOP that we can have there.

() 13 Now, let's consider higher or lower than that and see

14 what is the relative probability. Ilow much more additional

systems have to fail in order to achieve this higher transientis

le overpower condition. And what we found is the most probable

17 betWeen the -- if I remember Correctly -- between 5 and 6 cents.

to That is the most probable.

to Now, from that, we go down to 2 cents or go up to 10

20 cents. You need another loss of probability for a factor of 2.

2 And then from there to go on to something like 15 cents per

22 second, you need another -- additional systems have to fail to

23 produce that situation.

cx 24 We decided therefore that this 3 order of marginO
25 between the most probable TOP, that the people consider all the
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I time, and this higher range would be adequate. And we put our |

\ \
^ *

..

s/ 2 thrust at 10 to 12 cents'per second.- t
' '

3 All right. That is the maximum.to. operate that we

4 considered here. Now, what.is the concern with'the TOP is that
,e,

5 if one postulates and if the beams were to fail'in the center

6 line, the same process that we were discussing before, in-fuel

7 motion pushed by the gases can potentially cause prototypic

a behavior.

9 Now, the mechanics of the failure here are not very

10 well understood. And that is why we are almost pushed to .the

11 limit of having to pursue it. We have no real reason for

12 excluding it. On the other hand, it must be said that

p() 13 we have no real hope for expecting them to happen. The fact

14 is interesting, because as one goes through the analyses, one

is is interested to know what is the rate of sweep-out of the

16 fuel. And then one takes a look at the experiments and what is

17 difficult to see is the experiments don't provide midplane

to failures, so you can follow the fuel for a long period of

19 time, and that gives you a little bit of the discrepancies of

20 conditions that we have to assume in order to get into this

ai problem here.

22 On the other hand, it must be recognized that the

23 operation increases, there is more of a tendency for the fuel

('S 24 to melt and pressurize more and more to the center of the core
O'

25 and therefore it becomes more and more likely for the failure
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REGISTERED PROFESSION AL REPORTERS

NORFOLK, VIRGINIA



y- ;, - -.
.

,
, .

, ron ; t'../B -. , ,
,,

sg pv. 5 218-
,

.

; .f ,to happen at-this point;
, j~q p 4tc,n , m ; r; 3 . ry p ;.r

, V; La .,So that is the.reas,onstha,te.we'putta, discrimination
. . . . . .

,m z 1 4 . w, e

u9 ...: C 4, A .
--

. _ , -

M^ s" there-between'what.we'want to.. consider"and-what we. consider-

.I j,:*h ,di',1 *i. .,_. . ,

3 ,

m... , t.>a,.
.

.. . ,,

outside of.thetspectrum wi'th reasonabl6 considerati'on.4

~
e ypi. , W. 3 :*;t,,t<

So n'w then', haOing 'donE that 'much, we' like to know~

e5 o

atLthis upper rate'of 10 to 12 cents per second whether'theree-

'

is any. potential for -- because of this mechanism h'ere, and what.7

' e .- are - the: processes as follows.- The opetator is introduced at,

e full: flow. Another part'is produced'and melting happens,_and

then the subsequent.importance tells'us which,way the accidentto

it-' is going to go and depends _on in-pin fuel motion at the failure

12 point.at the midplane. And the activity will be augmented.

is .If it is outside or' farther..from it, the activity

i4 will be reduc'ed. This process.of sweep-out is the process by

which the fuel and the coolant mix and pressures generate.andis

tend to push the fuel out and away from the point of failure.16

17 This is not only the process from the coolant but

also they can arise from fission gases that are coming outis

19 together with the fuel. This is a sweep-out, and in general,

especially if this is the midplane, the effort will be negative.20

2: Of course, if the-fuel is going to move out by some
.

22 pressures, also the sodium can move in the same way; and,.and

23 course, if' moving sodium is the causative effect, it will be

- ~

24 increasing, so in the analysis that you are looking for, has to
.

as properly weigh all three of the effects in order to fulfill the
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RG
j-4c-1- 1 - The other interesting part here is tliat' not all

*

.:. . .

2 processes here are coincidenti This'is a p'roce'ss'that has

. .. .
_.

.
~ - +

.

3 to happen first. Then.it has to follow. From that point of

d view, then, the coherence at which failures take place is
- t

5 important. 'If all the core was to fail coherently, you would

e have the whole core, the fuel moving inward, and if I wanted
i

7 to still postulate, one would have a bad situation before

a anything else happened. But the other thing happens because of

8 the power distribution.

Io Some part of the cores would fail first, and some

18 motion is going to take place, and then as soon as the fuel

12 gets into the tunnel, this due process is going to come in

( ,) is before even the rest of it begins to fail. So from that point(

14 of view, the timing between success and failure of the core

is is very crucial because that tells you how much time is

te available for the sweepout to come in and before the cause

17 and effect.

to So we are looking, then, at this process.

is MR. CARBON: Question?

2o MR. Ti!EOPANOUS : Yes.

21 MR. CARBON : Before you left it, does your plenum

22 gas play a role there in pushing fuel in toward the center?

| 23 MR. TIIEOPANOUS : Well, no, because in this case

(^) 24 the cladding is so strong and everything is in place.
'V

25 MR. CARBON : But you assumed this morning that
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ij-4c=2 1 there was zero friction be6 ween,th pelletsLand'the --
f
'

(
'

_

2 MR. THEOPANOUS i ' Yes'. You'k'now,'this disruption
p. ,

3 happens with molten material in'the center.and just rushing

4 out. There is still, in fact, sol,id fuel: around that cavity,
5 so you cannot really compact that very well from that point

6 of view,

7' Furthe rmore , the time scheme of this process is

a slowed up in the projection. By the time there is any chance

o for anything else to happen, it would be completely out.

10 MR. THEOPANOUS: Okay. So this here summarizes

si what are the three aspects that we are looking at. We are

12 looking at coherence. We are looking at failure location and
,,

(v; 13 at sweepout. Or the coherence increases with the operation.

14 We have already said, considering 10 to 12 cents per second,

is we consider this to be adequate. Also, the coherency in-

te creases with the; power distribution.

17 Now, the end of Cycle 3 core is much more coherent

to than the other cycles because in this core the six subassem-

is blies that are driven fuel are refueled and replaced by

2o blanket fuel, that is, with closer power and therefore more

2 coherence for more support.

'

22 In the beginning of our work, in fact, the data for

23 the analysis for this core were not available. We requested

,r 3 24 from the Applicant and we got them in good time, and in fact
(_)

2s we were able to do the analysis as the Applicant was able to
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j-4c-3 1 do the analysis. On the ! failure ( ' locations , again, it goes
, ,,

more to the midplane with a higher ramp and affected by burnup,
''- 2

^

3 and there are a lot of questions associated with.that. If

you remember, in November I brought up#theidiscussion about4

5 the W2 test. That was showing, temporarily, at least,'that

the midplane failures are more likely to happen, but sincee

7 that time the Applicant has taken a closer look at this test

e and found out that there were a very large number -- in fact,

8 they make this test completely worthless from the point of

to telling us anything when the pins are going to fail.

It MR. CARBON: Question. If that test is non-

12 productive and you don't know it until afterwards, how many of
-/s) #3 the others are that way?x)

14 MR. THEOFANOUS: Well, why we even take a look at

15 the test after it is run? First, the person wants to do a

le good job before he r uns the test and decide whether the test

17 is close enough reality, and then after running the test, I

is doubt that anybody can see any results. One doesn't take it

so at face value when cross-examining him.

2o MR. CARBON: Take it at face value if they are

21 good results?

MR. TilEOPANOUS: No. I think that may be -- I

23 doubt that anybody takes any results at face value. At least

f3 24 in my experience I don't know of anybody that does that, but
'sj

25 there are many different forces in this environment, and every
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force is;. looking together{ from|1,t's! ow,n(p.\ / ,gerspect:i,f-ve,.and'I-
'

g
_ _

I

j-4c-4, 11 _ '
,

., - g , , j !j e (.y ( * q, i. i pym.
i 1 . . . . .

-

. don't>think:there:is any chance at,all,~th,ere will be,:but.,y- -a :
;,,,. n

' .

. p
'

,
,,,

}_ i ' R ' ', ; { , ~s' . , . > t. ,
'

f
~~

E they are sitting ; there aridi all' o'f Lthdsei dif f'e' rent'> pe'ople are
:; -~

'

. .. . . v. u, s r e.n..,

~4. going to'look atnit,-andLthey can': forget'aboutssomevimportant'
.

,_

,~ .s. and'- ' ,
, .

,- -
,

8- MR. CARBON : Usually the things that were wrong on-#

7. the N2 'weren't wrong on the other tests.

Yes, Paul?'a MR. TIIEOFANOUS : :

o . MR. : DICKSON :- There'wasn't anything wrong. That-
'

.

to test wasn't' meant to be prototypical-of1 Clinch River fuel;

11- .You-had a: lot"of> experimental fuel' elements. It was the first
-

12 .one in'which we.saw failure at the. center line, and a lot of .

, .

,i3: people.got' excited.. Then when people looked at it, what does
|-

14 .that~mean relative ~..to our fuel? There werea large number of

.is non-prototypicalit'es. It wasn't.because they didn't want toi

se achieve their'~ goal. They weren't trying to make it proto-
-

END 4c 17 typica1.

!

18

19 *

,

20

.21
..

t
L , gg

i

23

p. -24'

O
25

L
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4 i 1MR.' THEOPANOUS:[$Ndlik s.yes. .I:think:this is a
-

;cc 1 - 1 >

n -

jd Ea- _little bit maybe why-you go~off.on;a tangent.from-what we.
~

c
..

e -

_

are discussing,fbut;I.'do~want to.say the obvious question to- W ys:
'

4, .why does-anybody|do tests that are completely outside the
.

.s . ,

s range of.' interest here, why you were doing. tests that'do.not

;e> ~ support or:are notlrelevant to the case at interest, so I

,7 ican'really make'it both: ways. .But let's not pursue that any
-

~ , ..
.

i s 'further.

o' : The' fact.of the matter: is'we don't have any good

to- tes'ts'to tell where-the' failure location is' going to be.under

it these kinds - of conditions, and. as a result of that, we are

' t2 ; . forced to assume mid-plane failures-which might be a very

. h- . . is - conservative' assumption.

14 On the sweepout we have the forces produced by

' fission gases as well as,by. hydraulic pressure. Remember
~

is

to that the flow is going full-blast through the core and that

=17 is -- so if you were to Come'in a-tunnel, it Would be Carried

le away'with.the sodium, and we refer to that as hydraulic

to pressure, hydraulic force..

20 Now, on.this one we have experiments, and we can

|-
'

2: make use of those experiments, as the Applicant has done, to-

22 -quantify the sweepout. It is very important to quantify

23 sweepout correctly, because as you see, the time margins

- 24 vary process here, after we have assumed these processes are
J-

25 not that great. So one does do a good job in qualifying the
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.t- , timing'ofithe sweepout. .The quality of'the f6el+ involved
M .

~V si
. . ; . .."+r s t' .

in this is'relatively small. We'are about ten percent _of
>

, .e

*o : 3 .' the> pin.-. . w<r
~

L4 . What happens is there is a molten' fuel that builds;, .

is up.inside the cavity-up to the~ failure point and then opens

e- :up,.and all.of:it'just'comes out, and'a little bit more melting-

, 7 you get.after that,.bdt'it is not.anything significant. So that'

~

-eL kind of an operation is really. limiting the amount of fuel

9:. that-makes it out into the tunnel. So-from the point of view4

to of sweepout.it is not as-detailed and difficult and anything

~

ti 'to examine as, for example, if you were going to melt half

. 32 of a pin coming out, where you can visualize the first maybe

N is 5-percent coming in or.10 percent, interact, produce pressures,
us .

L
14 and|get sweepout,~and all the rest of the 40 percent coming in

| .is .and get nothing except going out and not being able to move

is away there.

17 So because of this small quantity of molten fuel

se available,-cne can really be quite a bit more comfortable

is about'this whole sweepout.

2o (Slide.)

2: That is the point I was trying to bring across,
,

22 and here is what kind of a -- here is what you can do in
!

23 calculating the experimental sweepout. activity, and this is

24- specific sweepout activity expressed in cents, subassembly

25 perJgram injected per peak, and the experiment is done in the
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' t. ' ' react'oi , and it was',a- high ' ' 'it ?was on' the order of $7 - to $8

~

. ,

rA-
" M - (s' -per second,;.and.the' calculation is done'with a PLUTO-2icode

.

'

3 ewith a" set of' assumptions concerning'very. detailed physical

[ ^ ~

processes.- So"I.. don't want you to get-hung up with.all - -f4

cs begingverification and all that.the -- all those numbers
c -

%, 'e forg6t t!he . important point is that we are trying to match

.
7 the experimental sweepout and the fact one could haveTdone

in this just as(good a job on the b'ack of the envelope or~

e'

-

Ljust by,taking the experimental data and applying these to:v-

10 .- the reactor condition.

'i And-herefis the important point why.one can use,the

12- PLUTO-2 tests to'make those judgments. In the early part of

I h3 tiie - ejoction 'of the fuel,-. 'the ejection is very, very similar
~

i4L .between the L-8, which was at $7 per second and this 10 cents

15 .per.second, . that if that was to be done either late or if.

- 'te -it.cVer was' going to happen in the reactor, and there is --
,

17 and the reason is that as soon as the rupture happens, whatever
.

is molten material was there will just run out very quickly. And

19- 'to the extent that the rupture is going to be a function of
4

,

20 how much molten material is there, you see about the same

'~

quantity of material will be available to come out, and that2

22. .is why it is about the same in all three cases.
-

<23 What happened in this case is because it operates

: 24 ~ slower,.the rate at which you are melting more material is

e as '- much slower, of course, so you are not putting much more in
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1. 7I_, while;here.you'are; continuing on to' melt very rapidly,.and!
-s s _ ,

m

i :
.

"i

(a t .you'are: ejecting'much.more.
,

s- - Lon'the other han'd) the process'ofisweepout-is.more
. m

1 - .-

r, elated, Fespecially for this ~ water. bridge, 'is' more related Lto ._
'4-'

.-

a ..
__

.

1
thi's |.small, up .to; 20. milliseconds on the time frame , and small-5

~

-

s.'- >

.

P v
,

'

quantities'to 20 grams per pin.- . ,e

' '

|5 ' }7' .
MR. KASTENBERG: 'Theo, do you really;mean written in#

>_ .c

a, the' green PLUTO-2'h-8 or'do you mean PLUTO-2' Clinch. River?
'

'

'e MR.|THEOFANOUS: .No, no. ; L-- 8 , we _.took the' PLUTO-2
,

-

toi code and ~ applied t'o L--8, - because ' another question might have

- : been.how does thefL-8'---
,

'i MR.'KASTENBERG: - But-that'is what you read once.12:

jPj. .is- 'MR. THEOPANOUS: -No. That is $7. per second.
m

14 - 'MR. KASTENBERG: L-8 was $7?

15 MR. THEOPANOUS: This is the L-8 experiment itself.
.

16 It granted $7 per,second.and analyzed with PLUTO-2 code. This

'17-' 'gre_en'line is the PLUTO-2 compilation applied to a hypothetical

L-8 experimen't-but ran S7 por second rather than 10 cents perte

-19 'seCond,'while this blue line is assessed for a PLUTO-2

20 calculation. Together, the two together form the 10 cents

2 per second.

22' 'There is some difference in the lengths of life and

23' so on, and'here is it. There is the most to say for the end

p 24 'of. Cycle 3 with the new data that came in, which we used to
d'

as ' generate independent inputs and to run the calculations with,
. -
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..

.. a new tape,eand this was done~very successfully, which has
~

.D 1 . .. ,

N '- a : the. possibility -- capability of very, very' fine. As-you
v;

s. . ace,ithe. number is much more than the' numbers in-Article 15,

th'at are. being ~ usoid',| for example. IIere in parentheses ~ is the-
' '

' 4-

- ;, '

:s. number of subassemblies, so as you see, the group is very ,

Le - -small.
,

7. licre is the fuel temperature versus time. Now, one,

s' might say we- have .a ~1oti of series about the location for_ --

e. 'were serious' about t5he time of failure, and therefore,.one might

t o_ say how does-this1 translate to.your knowledge of the coherence
.

of failures?:

: 12 . Well, the point there is that whatever it is-has to

.

.is .be related, and in fact, in the report we have some good argu-

14 ments that the failure cause or failure mechanism is the --

15 'can be related to'the FOP.in the fuel, and as long as that

16 happens on a-similar temperature, just by looking at the

17 relative position of the curve we can learn about the

te coherence without necessarily being too-much dependent if the

gg failure. happened at this point or this point or that point.
,

. 2o As'you see, this is of the order of 100 milliseconds.

~

2 _As you see,.we have something of the order between this group-

22 and this group here of more than 100 milliseconds of time

-23- available for sweepout to come-in and to begin initial in-fuel

. . 23 motion that happened because of the failure of those two.
- |

25 To relate you to that, here is again the experiment.
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,

ij ?a c A hundre'd : milliseconds ist way up here~, and you see,

t' hat.the experiment gives us a specific sweepout of-the order~

t
'

*
3-

4

df: 15 cents!per'the. sun ssembly forU13-within 30; milliseconds,'," 4- .

'
^

;

u;g s} ;softhere iscample time.
4

.,~

So what?you do in~the report-is with this activity.e.

<you know how much; fuel is coming out and very quickly. calculate
'

7 >

- e what is-t.be negative effect, and .you can actually see- and,
~

s visualize 1the res lt.that also one obtains-from an actual <
~

>

) ,,' . r

to analysis, multi--tunnel analysis of the all the ef fects going
,

11 .onitogether. And what.you'see here is one'such analysis for
'4

12 a total activity feedback. Here is the input. It comes in

w 13 and,then this is the second ejection that you saw before. This.

14 is.the sodium which is just-under 1 cent per second per sub-

L 15- assembly.

!-
16 This should be per subassembly, and this is the

17 sweepout activity,- and the. net comes in in this picture here.
,

is You see within 28 milliseconds sweepout was able to cancel the;.
I

i

! 'to : sodium, and the in-pin fuel motion, and from them on it keeps

f no on being' negative because it is'very strong and brings another

21 activity: to -2 cents per second and a little later even more,
|

12 clearly <saying that the action terminates by this process before

23 the--next group fails to come in and gives its portion.
~

2r So based on the results then, we conclude that the --
,

- as. : operates less than 10 to 12 cents per second. There is
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'IW " ' ;,. .. . . . . . . . . .. . . . . . . ,

'J it: 'negligiblefautocatalyst. potential, and that? TOPS of'this 4

s .

; :g ,,

4

. v -: a range orzless"are.nonenergetic.
i .,

.
3 a '. Operates. greater than 15 cents per second. ,Maybe,

;
'

;41 therefis;some potential'autocatalyst". I think after one learns.

.

.s' 'more-about falluhe: location and failure mechanisms, one can
~

-

-e' answer more definitely this que'stion. But.:in any case, the
' ~

_

-7 probabil'it[y of this type ' event is three times lower than ~ this

a event, and in fact, it is in the range where you consider it_

3 -is.a negligible level.

10 MR. -| MARK : ~ You said three times lower?'

,

i:. 1MR..THEOPANOUS: Three orders among the lower, thank
,

"
12 you'. And I'think with that I have concluded what-we had

it 3 ' ~ prepared' liere. Do you.have any.more questions?

~i4 MR. KASTENBERG: Yes. There are two questions I

15 - would like to raise. Last year, I~ guess back in May, I had

-~ le asked.the question about one~ configuration representative of

~ 17' a class, and I don't remember exactly which.one it was, where

ta following the' initial TOP you looked back at the picture. Let's

19 put it up.

20 (Slide.)

21 You ended'up in a situation where you had, say,

22 one-range of assemblies failing and sweeping the fuel out.

- 23 .MR. THEOFANOUS: Yes.g

24 MR. KASTENBERG: But ending up in a situation where

25 you were at some low power level below steady state power,.
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h} |and you 'were a 'little . subcritical' or'somewhat subcritical,,

s. - c

)U J 'but1what t was that-was causing the reactivity' insertion
~

a
,

'st-il'11had: a ways to go, and > that you might: start on a second3
,

u

4. -TOP.

.

- MR. , TiiEOFANOUS : Yes..s

fe , MR. KASTENBERG: -And at that time I guess we heard

7 that,someone was going to be looking at that, and I wonder-if~~

'

'youL ave looked..at.that or if the Applicant has looked at it.h''a

'o- MR. Ti!EOPANOUS: I-think that--the Applicants have
<

io notidone any more in thia area. This work was done for us

is- ' by 'IIarry Ilumble at Argonne, and I repeatedly questioned him
,

32 about it,.and he tells me it is clearly shut down and that

'there is no concern for really building up again to a situation.] i3

where we'have to consider even more coherence. But I think~34

is - that.you will find probably in more detail.

se And, Bill, I think that is a good question, but I
~

i7 do Want to'gi.Ve you a more specific answer to that. We don't

.ta have much of that in the report, but I!arry 11umble has an

is assembly of his own based on which we abstracted the important

2o . things in the report, and that summary is going into a

2: computer which is all the additional information that we can't

Put in that big thing, and I will let you have that, and maybe22

23 that will answer the question for all those detailed analyses

End 4-D -that we discussed. .But I know that IIarry has looked into it.24

25
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'MR.
_ 7 f :. , y , ,7 p r ., g p g ,(;;O j, ..

Tj-4E-11 1,- ' KASTENBERG: TA. ;second -pointi.thati h'as - been j
'

< a -- .c .

- ,-<- c,g,, 3 , .

7 is '

'

alsollastLyear,:,1 guessiitgwas,Maytrwhenswefdiscussed
'

4/: v -a' 'raisedt
.

_Wi 3 ,o;+ ,, .t g;4

'%<
^

3: - t'his?'.with : respect to ' Top ~ Thkk $lonsNhrmcholbit, . an'd .,

g -

,,77 ,-3w .m , -- -
.

" - d. the,re,is-some schoo.1:of thought that when'y.. .
.,,.m tu. .

, . .

.

-

_. s m

s . a
- ou'do_have. sweep-

;s up," the' particles,wil1;_' cool as'they get. swept up and. freeze-

- -
-

4'
_

_;and plug,/ bloc'kingjsome: channels, and this could conceivably;, -e ,

' '7 ~ Ilead=to a secondary; event', a secondary' melt. Again', I,, wonders
~

! .. .
.

-

a whether you have; pursued that.at.all.

'

e . MR. TilEOPANOUS : =I_know'the Applicant talked _-_to us_

* 3 abouth that and-had| some feeling' .of when they_ might- be; into-

::: troublef butf-I wonder if you:have-looked at that independently.

32. .We have looked'into that but not in a great' detail, and the-

{ is . reason is that we feel we don't expect to.have a very exten-

i4 sive' luggage -- because of the small amount again. If it was
'

-15 S8 per second, take the L8, I will give you a different answer.

te But_if it is only 10 cents per second, I don't expect to have

i7 .a lot of fuel moved out in the first place. Then even if that

ie' fuel was moved out, I don't expect it to form enough blockage

to to stop the' flow.

2o I want -to take it one step further. Even if the

21 flow was going to--stop, I don't think I can get very excited

22 about local' multi-ridges in the core, especially when I see I

23 can move fuel all-around the whole core and still somehow

' '
.

- . 24 being able to get it out.
;( ?,

25 (Pause)
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I LI !'know lit? s ,n'oti a direct' answer,-
* .h',g ^ s

.h4E-2" fi ..j MR' TilEOPANOUS:
s ;.,

Ecs .

y;g u>- -
- s - ~

~Y
'^

' but pI? know it's ;a very, t verygdetai, led ;. kind :ofi a jthing, and ifO.
- , , .

, ;';# o2.

f:
i

~ | C , |: .; .. }, 'r ~')'!L
' .~. ,.

|you really try +'fapproabh*it?on"the best estimale b' asis, it-3y c. ' '

,y _
. ;- - e

( 7'';v-.

-

,,,.,,,y y
': ',6

, .

.
. >';tQ s:. 'is a simple; thing'to follow *|wherever'part of the fuel has gone.

9 >'

id-

4 .

J s ~ J Sut in' view o'f~the small amount.of' fuel involved, I don'to

'

- s1 .think.we..are:very concerned about that.
.

'7
'

VOICE: ' Talking.about 4 or 5 percent fuel to shut-
,

.

..
-

.
,

e it down?

's MR. TilEOFANOUS: Yes,' sir. 'Very small.

,

to- '. MR . MARK: I don't have a question. Maybe I wi-11

:: .later.
.

12 MR. TilEOFANOUS : You don't have a question?

13 MR. MARK: I don't mean later this afternoon. I

14 .do have a slightLeomment. For: example, I find in the summary

15 at-the'end of Sect' ion-0.4 the expression "such events are of

te -sufficiently low probability that they can be excluded from

17 consideration." I don't believe.that is the only place that

is - a phrase _of that quality is in the summary.

se Now, tnis morning you explained -- and I think from

-20 my point of view rather satisfactorily -- what you intended by

21 using that phrase. If I try to say what I carried away from

that, I think of an event like an ATWS or an event like pump22

23 stopping,.'and you think of it as having some low lovel of

24 probability, and that that actually happens -- perhaps 10-3.

oO .
.or 10-5,and when you use that phrase, you mean following thatas
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;j-4E-3 l' event you must have enoug .su'fficient unlikely'fai' lures or

sequels that you feel, judge, that'you could put'on that first2

3 probability, which you don't.here, concentrate-on -- another
s

factor like 10-3,4

5 MR. THEOPANOUS: Right.

e MR. MARK: I know this is probably the final time

7 that you ever hope to see this report, certainly to carry it

e anywhere.

8 (Laughter)

80 MR. MARK: If you were ever to come back to it,

it it would seem to be useful to put in there very visibly what

12 you mean by using that phrase. I can just hear Professor

() 13 Okrent running on that phrase.

14 MR. THEOPANOUS: Yes. You can't imagine how much

15 we sweated in choosing that phrase,

to MR. MARK: I am not saying I think it is easy. You

17 did it to my satisfaction this morning pretty well, and I

to don't find that in the report. It may be there somewhere else.

is MR. TilEOPANOUS: The way I said'it early this

20 morning is in the bulk of the report. My original inclination

21 would be in the summary to use something like " incredible"

22 Instead of saying sufficiently low, saying incredible.

23 MR. MARK: You put it in a scale of incredibility.

g3 24 If you did, that would be much more satisfying than just using
L.)

25 some words like "it's so small we don't care," or "it's
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. MR.|' TIIEOPANOUS : Y es '. > ' ,(; *
,

' ,

. L ;3 , 'f + 2J 'a n e ' x. wgc .
, ,

a
"

, ,.
3 " MR. MARK:

.

1Thoses. phrase.s don'ttsell well, and.I'-

<
, ,s . , u a & w. , 4 e

r

l on'.t'mean,only toIdkrent, but to whoever reads'it.^i'

-
'

4 d
~

'

r-
,, e,

.

>.

s ,;, t ~ MR. 2 TIIEOFANOUS : That-is a good < point. IEthink.we-,

e- will consider..that.
.

. ~7 Any other questions?
? '

'

.e ~(Pause)- ,.,.. >
,

. <

9 . MR.' : KASTENBERG : Just a point of,information..

- to iThere is. considered'a-final draft now --
,

- l' i - MR. TIIE FANGUS: This is the very final report,

.12 fyes.
W
G .t3 MR. MARK: See, I was assuming'that.maybe I should1

't change'it. 'I knew I was talking in a vacuum.14

15 (Laughter)

16 MR. CARBON : Are you intending to say'anything here

17 today'on' peer review and agreement with this?

^

. to MR. TIIEOPANOUS: I can give you some off-the-cuff

'i o remarks if you like on this. As you know, we have been

2o - operating on a very tight time schedule. On the other hand,

21- we had an extensive review. We had really two reviews, pretty

F 22 mubh official reviews. One was done at Los Alamos about two

I-
L 22 weekstago or one week ago -- I think it was two weeks ago --
p .

p .
2i inQiich this review was conducted by the Los Alamos management,

[ 2s represented by McDowell, Mike Stevenson, Jim Scott, and Laron ;
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,u- 1-s;r $3' .gs +

Nrid as part of'that',' ik w, $s. .-I'thN 'firit' time # that we. Y 4E-5
'

;,. /Smithi j

u (N A
'

_ <[ _

py( (-'.

:actually presented the results'of.Jthis.': study i to (a . body of
.n,

.a-
. ., n . - ,. w, .

.

. a
i ' 31 people. . .At that time we actually,saw;a'fter~the" report andh>

,

-

aalso~this. meeting was attended by.Curtis Allen, Bill' Morris,4

7- _

-. s 'I and' Nelson. Grace from the.~NRC.
~

'

'e- Then following this meeting we went through and

7- 'made-Some..- based on their. comments, made some changes. Then

e' 'we had:a. meeting'last week which'was-like a review meeting. ,

~

,
:o conducted.for.the NRR atflarge and the~ Office of Nuclear-

:to - Regulatory Service, so this was attended' by IIal Denton, and

: t'he of fice of Research was Denny ''Ross, Charles Killberg,it
,

i2 Bob Curtis,, Bob Wright, and a number of other people, and Phil

is Wood.

'i4~ -We gave basically a similar presentation to the

'

' meeting. So that was like-a peer review, and in particularis

se_ Denton encouraged everybody up to 6:00 or 7:00 or 8:00 to '

17' . bring up any comments or reservations they had, and we did

is not hear anything negative. In fact, everything that we heard

is from that group as well as from the previous group was very

2o . positive.

- 2 Now, we also had, as you probably gathered from

22 the cover page -- the main part of our team is from the

23 - Los Alamos Laboratory, and to the extent that these people are

24 there and available, in fact I think they have read most of
D

~ ~

this in court over the last two weeks, and again, individual25
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tj-4E-6 .I workers were familiar.with what we were working,_ but'it was
,

c - ~ -

~

,,7 ,

L 1 the first time they saw[the:whole th'ing anditho' comments Iu-

c.,,s.- ,C _got'were that.everybody,didnRtthave any-problems:with what we

4 , ere.saying here.w;

,

. s' That.ileaves out only th^e group at Artonne,-and that~

,

tis llarry and.Phil and leaves-out the Sandia. Laboratory. We
'

- e

-7 .have one member wh.o acted as a consultant,. Dick Bast, who has

e not seen it. 'I th' ink'that istaboutfit.
*u~

* Now,.what we intend to.do is get this report.to

Sandia and also to geti it Eto the people' that -- like wasto

11 suggested in the previous presentation. We.did send our

t2' ' document at that time around to the laboratories and asked

.is for comments, and we did get some. comments like that, and those

14 letters.are available. We can make a copy of them any time

is and get'them to you'.

is We intend as soon as we finish this business here

17 to respond to those comments. Some of the comments, of c"ourse,

to we took.them and we incorporated them or did some work and put

to in the report. Some other ones we didn't feel they apply,

ao and those we are going to respond to by letter at some later

ai- time. So the next thing we are going to do is follow the same

22 procedure, take this' report and send it around to the national

.23 laboratories in the community and ask them for a letter from

24 them withitheir comments, hopefully before the 10th of the

2s. month.so we can have their input by everybody before the next
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"' '
,2

_

~ ./ % n. N. .,
.

< <,

'j-4E-7fC1t} ; committee. meeting. Maf' be Ch,arley_ wants tio add anything_ to. , c - , n.
.

-

f '

_

e
~

,. *-
-

_ e k ,

.

M, 'a. that., b e, & -Mo9 . 0,; { -
'

. ,

,~
. . .. nnx-,(p :, . . - . . , . .r,

3; MR~. - BELL:' , IJ was_:trying 4to irecall' who| else was at
, -

'

. 2 the NRR ' i'eview ' last week . .I knew Professor.Reynolds was.
. -

:sy theret. '

,
-

I
.

-MR. THEOFANOUS: Curtis Pierce was there.~ e -
'

.

.y -MR.' BELL - Alan Wal'ter. I guess he is'a consultant,,

s .
.

s. .but well-known.in'.this area'.. . Dick Ireland, I guess,-was there.
.

_,. MR. CARBON:- .Could you,-Mr.. Stark, go a step further
.

. to and say are all'the NRC. people th'at Charley just mentioned
,

,

. ,,. 'in1 agreement with this?
~

- ,2 MR. STARK: We' don't know of'anyone that has a

,

,3 - problem. We'certainly made'several opportunities recently..

available to encourage as many people, and as Theo is saying,,4

tilarold in particular was trying to encourage people to digis

,,; down and ask questions, get them out now, don't be bashful.

,, We made a very conscious and serious effort to do that, and I

know of no one within the NRC right now.i,

MR. TIIEOFANOUS: But I do want to say, though,,,

that we don't want to oversell the agreement now at this2o

cpoint because I think that it is not unreasonable to expect21

that somebody will go to a whole-day meeting and listen to

this complicated story, and by just not voicing big disagree-,3

.monts, to take it for granted that that means a lot of. ,,

25 agreement.
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._
, s g. . . . . -~

Ij 4E-8*- 1 ;: -7 would|like.,to,see that everybody;had a copy of3
~

,,

a (k .

_tha't and actually h'ad it9itih" therit for twb weeks, ~ ~and if
5 - < . t; A: . 'U ? 1 :- -

Y 18 : ^

<
. ,

.,, . , , , ,- .,e,

(thsn I don.'t'hearyanything;"bnly"tiien:i'N;ill say[that there.[
,

3' E'
,

~

# ?are:-no problems.,,

.~8- ' MR. / CARBON : ~So.you will-. follow up?
-

,

e, '.* - MR.' Ti!EOPANOUS : We are following up by sending out'

'

7-c and requesting comments from the next two to three weeks, and
~~

:

a we will hope'to be-able to summarize..~the comments for'you.
;

- '8 MR." CARBON: Bob Wright.

10L MR.' : WRIGIIT : Bob Wright. I might just cormient in
'

.

[1 . .

Il that. regard, . speaking essentially for myself, I think I am
~ '

' '

12 ~the only one from Research here.at the moment. ~ I think the

h 13- questions.were di'd we have real' objections with the conclu-!
:

14'
, .sions,:and I think all the Research people that were.there

;

l

|
15 went along and.though.t that-the scoping analysis and'all the

|
'

,| 16 ConclusionsJfollowed well, and we so expressed that. There

! 17 .Were some details, as one would expect, in such a substantive

.

to piece of work with which one could have some questions, and
L'

to several of us', including myself, did have such, but I don't

'
20 think they- af fected .the conclusions particularly. That is

21 the point I want to make in general.

.22 The thrust of the report was very well-conceived.

23 MR. CARBON : Any more questions of Dr. Theofanous?

p 24 If not, thank you very much.
! ,v:

. 25' MR. TIIEOPANOUS : Thank you.
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4 ~ a. > w. ] . i . c. . v . g. < -
.

-
,

t . .,,c. _

tv

ijf4E-9; /,J ' .-MR. : CARBON : - tThe' Applicant is'on^the-agenda to,,

i, i , . ? n ', : u =i f .. ' S.f;f 1 6 -yT:- * s,
, y

| N('' IE bomment. : DricDickson?_ w^t '
,

,
- .'+ > #

- . . . w.-
-

-, . n a v n. q ,. .y,n v, ,q
_

'
.. . L .. J f. vf s - t. . a..us

,f,c .MR.cDICKSON: We have no comments. .Thank-youcs <

[~ i ". MR. CARBONi .May weiask,~are you in agreement with
i'.

~ ~

s.- what. has been. said he re ' today except" for the one' point' that .

i 's - you have: only committied'yourself to consider the . plenum gas
, _

7 ; question'that came up;this morning?-

e MR.:DICKSON: Wel1, of course we haven't had the'

"

e opportunityJ that the Staff.has to review.this document. We;

~

io' /just sawLit.. But .I don' t believe anybody 'has any basis for

It ' disagreement at'this time.,

! - 12 MR.' CARBON: Dr. Fauske represents you.or is a
L .

-

33 consultant to you, is he not?

-14 'MR. DICKSON: He is.
,

,

ts' MR. CARBON:- Could he comment on his views of this?
,

16 MR. FAUSKE: I think generally speaking, as Paul

|' ty Dickson' pointed out, I think we agreed with what we have heard.

to I would just like to reemphasize that all day we addressed
i

io probability events, and in addressing such events, one should

-2o - apply reasonable assumptions, and I think on the basis of

! :2i applying reasonable assumptions, the project came to the
i
I

L 22 conclusion that energetics are very benign, and I think

|. -23 . listening to Theo and Charley, they apply reasonable

. 24 assumptions, and it is my understanding that energetics is

! 2s 'very benign indeed, and in fact, in order to develop energetic
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jevents,(ycu have-to~stretchfphysicS..l>redlity!,t'and even if.~i t
.

p\ ,- : i ,;;- .y - ,{
-

-

.

;d ., = g. .. .#

, they stretch it : pret'ty [far, I,.!
,a .so.to. speak,s the energetics stil1~

Lii
' *

_,
- '+ vG - i

, ; ,

s' ;are within .the capability' of the machine.
s.

+ ,

'='{.. , . _

4: =So.in. summary, I;th'inkithat we-generally.dgree. I

think in' the particular area of compaction ;of .the fuel by.'s,
.

'

- 'e fission gas, I'think'we want to look.at it a-little more, and

7 my-only.' personal. View on.thatJis that I think'that is~of
.

^

potential' concern. It is a means by which you could get intoa:

o energetiics , and I think you want to.look at the~ analysis. I

think. analysis of this regard may'be.more expensive than. makingto

it the design change. That is something we,will.be addressing

.32 in the next year'or.so, so in summary, I would like to take
.

D the opportunity'to congratulate Theo and Charley and all thesaV

v4 rest of the consultants for, I think,'very outstanding and a

is very independent piece of work in this most dif ficult a rea.

16 MR. TIIEOPANOUS : Thank you.

17 MR. CARBON: Does anyone have any more questions?

is MR. TilEOPANOUS : This morning you brought up the

io problem of yesterday having to do with the expansion process,

no that-there was some confusion about how we are doing it and
_

at how the Applicant is doing it. Then he was hoping that my.

22 presentation'will qualify this point. Is there any point of

2a confusion left there as far as how the Applicant is counting

.24 energy and how he is doing this versus how we are doing it?
~

Q.
< .as Since we are all here, maybe we can inquire.
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[ozm.jj4E-ll-{'l- .MRisZUDANS:~ - don t t'h'ihk fati this! '.tiIne;I - h' ave
n. 1 j

. . . - . ,

~

'

.s,3 -

. .: ac, u v. v a .

,

,
.

,
'

any further problems. s

g ,<,J -

s
A/ s - mm ;' 41 ' , v s .1 T '.'i 4tih ,' Y

1- - - .

3 TMR.- THEOFANOUS : _Okay.s>
,

>
,

,

# i 4- MR. ZUDANS:~ I.think that you"added .to - .the

~

-s - question,.is -- I am .'a . very primitive person. ~ Unless.: I . can - do -, ,

.

think you ha'e done a magnificent i'e - it, J I f am not' satis fied. .I v

.: 7; job. 7,j.
-

.

s MR.,TIIEOFANOUS: Thank2you.-'

.9 .MR. CA'RBON : - 'I would also'. comment'to you and t|o.

so Charley, itmappears to be a real fine job. We ' thank you. We

|t thank all for the-presentation.

END.4E. it (Whereupon, at 4: 30 p.m. - the meeting was ~ concluded;)
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