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1
MR. CARBON: The meeting will come to order.

2 This is an open meeting of the Advisory Committee on

3 Reactor Safeguards, Subcommittee on Advanced Reactors.
(]
As

4 My name is Carb on , the Subcommittee chairman.
5 The other ACRS member today is Mr. Mark, and Mr. Bender
6

will be j oininF us tomorrow.

7 We also have present ACRS consultants

8 Messrs. Avery, Golden, Hartung, Lipinski and Siegel.

9 Len Koch, for your information, called e~

10 little while ago and said that his wife has a herniated

11' disc and is in excruciating pain, and he was on the way

12 'to the hospital with her.
g
(_) 13 So I don't know whether he'll be here

14 tomorrow or not.

15 The purpose of this meeting is to discuss

matters relating to the LMFBR safety design criteria.16

17 The meeting is being conducted in accordance

with the provisions of the. Federal Advisory Committee-18
~

7 r

and the Govbrnment in
g,-
the ' -S'un shine Act.19 Act

*

Mr. E. Igne is a* designated federal20

21 employee for this meeting.
+'', , ,

.

,m ,

km/ 22 The rules fo'r participation in t oday 's

meeting have been announced as part of the notice of23

this meeting previously published in the Federal24

Register on June - 30, 1991.

II

. . . . .
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1 A transcript of the meeting is being kept;

2 and since we have no PA system,.it's requested'that

3 each speaker first identify hims elf or hers elf and7,
V

4 speak with sufficient clarity and volume so that he or

5 she can be readily heard.

6 'cle have not received either written statement:

7 or requests for time'to make oral statements from any
y

8 members of the public.

9 The agenda first calls fcr an opening

10 statement.

11 And I'd like to make a comment or two myself

12 and invite other comments.

''' 13 With ' regard to the agenda, it indicates'the

14 day ending at 4:30 p.m.

15 But unless this works a hardship on someone

16 because you weren't aware of it, I would propose that

17 we continue till 5:30.

18 If the DOE people are available and have

19 presentations, we'll continue with them.

20 If not, we can hold executive discussions and

21 then knock off around 5:30.

([ ) 22 For tomor ow, the agenda as originally

'

23 printed indicated : quitting' at J 4 s > ' c. l o c k . I don't know

24 why.
|

T,
'

It's the intention there, also, that we'll
' ''. -r

r

. - ,-
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1 'probably continue our discussions till about 5:30.

2 I guess ~I have.no'other comments at the

3 moment.._
_

b)
4 Parson, do you have anything'to --

5 MR. MARK: I think not,unless agenda -- at

6 .this moment.

7 'I' expect that through the day we'll be-

8 ' talking about some of the things which were in this.

9 -set of thoughts and. opinions put together.

10 And maybe I would have'some comments and

'

11 . points there.

12 But I don't have anything to say about the
.

D
L/ 13 planning or. layout of,the meeting.

14 MR. CARBON: With regard'to that point, each
.

15 of you, I. hope, has received a copy of what everyone

16 put together-on;those -- our. individual statements.

17 And then also, Mike Bender sent me a 1etter,

is and I think each of you have a copy of it.

19 And that general material will be a starting

20. point for'our discussions either late this afternoon

21 or tomorrow.

f') 22 Bob, any comments?
a

23 MR. A V E R i* : No.
,

24 MR. CARBON: Jerry?

MR. GOLDEN: No.

: | { r' T y({' if ,% ))
'~

?)D , | s ['! ; > J ' ) . *
t

,

'l 'a' .
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1 MR. CARBON: Jim?

2 MR. HARTUNG': No.

3~c MR. CARBON: Sid?
(
'~'

4 MR. SIEGEL: I have a question o f sorts,

5 mostly' addressed, I suppose, to DOE people.-

6 In the Kemeny report on Three Mile Island,

7 they very pointedly addressed most of their concerns

8 to~non-technical issues. .

9 They hardly dwelt on-technical aspects.of

10 the plant which-they felt were at fault.

11 And my thoughts -- so my question or

12 observation to DOE is, have they'given any consideration
_s %

'

'-' 13 to-the non-technical studies in the area of fast-

14 reactor safety which might have to be done in addition

15 to or as a new tack in-the whole philosophy of reactor

16 safety which has not been done before?

17 'J c ' r e also familiar with the technical

18 studies, investigations, designs, considerations that

19 go into the matter.

20 And yet, the Kemeny report doesn't dwell on

21 these but emphasizes other areas.

,

( 22 Who will look at these other areas? I sort

23 of ask it to begin with because maybe t.ie DOE _pecple

24 have thought about it and will have some comments to

make as we proceed.

^

;

-;
- l;' t s. . . , . .

',,
_

,

i -

~ .

,._ .
-. . -
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hR . [j C A$3b?J:I x 'll be turning the meeting over

2 to Frank i{ j ust. a moment here , sand: pe rhaps he can
:,- i',

" '3 address that q ue s t 'i on . '
'

,_s

(,) ,r;
. cp .g'

4 Any oth'er' things anyode.would like to bringl

5 up now?

6 (No response.)

7 MR. CARBON: Anything we need to discuss?

8 MR. IGNE: No.

9 MR. CARBON: We'll-now proceed'with the

10 meeting.

11 And I call on Mr. Frank Gavigan of DOE to

12 begin discussion. Good morning, Frank.
A
52 13 M". GAVIGAN: Good morning. Sid, let me j ust '

.

14 answer your question to begin with.

15 The Kemeny Commission Report triggered the

16 beginning of a review inside DOE of all our 3perating

17. reactors.

18 And one of the maj or purposes of tl.e review

19 was the very thing that yoa mentioned.

20 If you're talking'particularly acout

21 organizational strength and operator capabilities, a

() 22 review was conducted all through DOE in Savannah River,

in Oregon East, Oregon West, San Francisco,23 in Idaho,,

24 Albuquerque, al? the operating reactors.
.

A report was prepared as a result.of this.
~

3+ + w e
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1 It took maybe eight months, with A multiple' number of
-

: ,e
'

i ,.

. . , ,
'' '2 peying3, g 3;

3 The ,repo c was;propared that was issued:,_.s
,

; '; .
- -

: -

'
4 recently to Congress. describing the results of that

5 review,

6 And it's caused quite a stir inside DOE

7 because-it tended to be somewhat negative about our

8 own operations.

9 There are a lot of compensatory-ectivities

to going on inside DOE.

11 And the questions are generally those

12 considering the seven or eight areas inside the Kemeny
('N, < t,.

v/ 13 report, includirg those of operator qualifications

14 and organizational strength.

15 So an internal review has occurred. It's not

16 part of our R and D program, however.

17 MR. CARBON: Frank, can I follow up Sid's

18 question, perhaps to help him a bit.

19 He may not be aware, but we've had some

20 presentations to ACES in which it's my understanding

21 that the reconnendations of your review committee

() 22 aren't really being supported in the whole, at least,.

23 and perhaps in considerable chunks aren't being sup-

24 ported by some management in DOE.

I don't knov whether this is right or wrong.

- . . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _--
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-

7
~, .;

1 I don't wish to'take'any s i d e s'.
'

..- -- ,. .

2 !'The que'st'io,n I wouldiget at, though, is, has
3 that. review led te any changes in your philosophy; for

C') *
.. .,.

. ,v
4 . example, your approach to the safety on LMFBR?

5 -MR. GAVIGAN: Normally, it has not to date in

6 the R and D program.

7 Our program, and Don might want to spend a

8 little time on it later, emphasizes the idea of

9 nan-nachine interface and developing design criteria

10 for operating systens that have to do wit 4. safety

11 events that night occur,'an well as operator

12 interactions and the extent to which operators can
p,
\ e
' ' ' 13 interfere with the operation of safety systems.

14 But that's not new for us. It's just'that we

15 wrote it down before the TMI accident occurred.

16 So it has -- the najor change itt our program

17 as a result of TMI has been the heavier emphasis on

18 nan-nachine interface activities.

-19 We've always had a fairly accurate risk

20 program, as you know.

21 And the shutdown heat renoval always has been

,m,

( ) 22- something that we've been very interested in $n the

23 R and D program.

24 And we've strengthened it somewhat as a

result of TMI.

_ _ _ _ _ _ -
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.But we-haven't f.nitiate.d'anycnew work-

.

. . . .s
^

'2 ' '

.p - Jbecause''of it. '

.

-
,

'

'3 '

We.'ve.Jalways had a. strong-program there... :; a,

-

, .'; , c.

*
.. .

NRC.'
.

,

-r
:4 .

'
.

_ me.ask acquest. ion.

ME.m4IPI}iSp:,sLet,0k
,

$d$Ye U Y E NY*l '

!s ; s. r
fs s u ed.f t v o ' do cume nt s . >

* -

g. . QQ<Q n , , _, . q , _ _

'

,

10necia UREG(696|3an'dsthe other one"was~727,#

,

wu 1,.y a? % : U 1r yg.(:,
'

-4 7,

'whicNie f fe ctively ,are b,f %g appli,ed to all' 2.the. plant s. -cin
.QU35 i (/' i p; h y . | qe

,

J-c Jthat are seeking,their operating licenses rightTnowL.
- >

- ,
,

9 -Have: you looked at [thos~e documents ? 'Some:Lof $
'

l
,

~

^ 'to ~
>

. . .

..
.

.
,.

-

.

them are very specific;in terms of the-technical-
''J s

, ,

.n, ,

fixes on lightLwater,reactoro. ' -'' - 11 - r

.' --
, ,

,

' 12

<.

-But supposedly ,; those -do_cumentsi stimmarized ''
c. -

.
.

-
-

'13 - - -
'

- '~ - the'Keneny: Conmission.'s re commen'dat' ions , as well' as,
-

-

.

.

,
-;

.

,
'

14- NRCEs.own find'_ngs. -

'

'

.*
'

, _.

MR'. GAVIGAN: ' They;'ve1 b een lo.oked at : 5.ns ide15
. s

a
~

16' - - -

'

^rath'r than inside>the1R gnd..D' program that.-
-

,
. proj e ct s e

.

, < ,_
,

'17 |I'know of, though Don.imay have done it.
'

*
.

And'both CBR and..the'la'rge devel'opmental
'-

18' -
,

,

' 'I8 . plant ?have looked,at thos'e : s pe ci fi cally to' assure that- ,

4
_

.20 '

to be doneifor b'reedersnisfb.ein ;.whatever we think needs
t

21
,

2 d o n e ~.

'22 ~

'

This is a' good" time to do-.it in--the ne,w,

23 ~

,c project.
_

'
. ,

24:' E. .

So I.think from proj ect viewpoint, y e s ', ,

~

-they've been' looked at.- -

:
9

_

I

'

J. ". t '.

~
e. i . _Q. -

~
,
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1 This -- the presantation we've put together
~

2 has been ained at trying to give you an understanding*

,

3 of how we pick our.R and D work, why it is that wegs
! ()

4 do it, t-n s ; ,. ,
- ,.

- s ,

, , . . . , s ,-
5 As you recollect, at~ our last meeting'in

.

6 spent.p.ay[e.a; morning'on this.April, we

7 I think'at the<las.t t.ime ,I spent an hour,
,

8 I think, and Don spent two hours or so giving you a-

9 general introduction.

10 And-that's all in your meeting minutes in

11 the hand-outs we covered last' time.

12 Today's meeting is aimed at a louer-level
,o
i'l'

13 description of why ue do the things we do.

14 LTith the individual managers.from the TMC

15 to explain the scope and objectives of each packet of

16 work at the-LOA-1, 2, 3 and 4 level,and then individual

17 researchers from the laboratories and the contractors

18 will come-in and describe some of the highlights of

19 that work.

20 We -- as the last time, we prefer an informal

21 approach and are ready to answer any questions that

.n
; 22 you wish.!. .,

23 And Al told me earlier that you'd like to

24 start off with an hour or so of free discussion.

And we're happy to do that, if you dish.

.

i - - _ . _ _ _ _
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~

j.
It's not in your agenda, b ut do you want to do such a

2
thing?

3
,m MR. CARBON: No.
i L
V.

4 MR. GAVIGAN: You don't want to do that.

6 Okay.

6
7,11. j us t give some general-view-grmphs,

7 which a're repeats'of what we did before -- what I did

8 before but to bring people up to speed.
|

9 iCommercialization is the goal, of course, of

10 LMFBR's.

11 ~

And to do that, partly, we have to meet

12 re q uis it'e levels of safety or risk depending on where
p y > v- -a rs ,

,, ,'
ri s k s t and's" v e'r's u's' Ya fe t y . #k'13 '

-
. ,~ ,

14 .. .There'isba difference: yn< approach for many
c ':: *^

.,

15 people.
c = *.s < . , - , * o

i 8 ir ,
, '. o. ;

+

16
.

And from our viewpoint, there'have to be

17 . unacceptable economic penal',ies.

18 There will be no commercialization unless

19 you have reactors t h at people will buy,

20 Our purpose, then, is to provide data base

21 .to assess.the risk to-the public of LMFBR's.

rm. .

.

i

'( ,) 22 We provide this'directly to, if you wish',.
,

23 our customers, which is the project.

'
24 The people themselves are designing the

reactors and have to go through the regulatory reviews
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1 in the future.

2 MR. MARK: Frank --

3 MR. GAVIGAN: Yes?

4 MR. MARK: There is a nice question raised- '-

ej , ,
.

.
. --

5 in that firs t - b o x'. ' ' ' t *

It ' S'' b e en add re s's e d f by; s ome of the people6

7 here who wrote what occurred to them on the general
r:

- -

. ,

8 question of, what. .. .

should be the real boundary condi-

9 tions when you think about LMFBR's?

10 Okay. So they'll require the demonstration

11 that they meet requisite levels _of safety.

12 Now, one can ask one's self about that.

/~N
._) 13 Presunably, one means by that, does one, the safety.;

14 And by " safety," I think one has to go back to

15 something measured in person rem per year.

16 MR. GAVIGAN: Right.

37 MR. MARK: That certainly may be the most

jg easily picked-out term, person rem per year probable

19 for the public at large.

20 That~ clearly cannot af ford to be higher than

21 the--analogous number for light water reactors.

('l M R '. GAVIGAN: Correct.22
\./

MR. MARK: And in fact, it can't be higher23

than thh number that will come up for light water24

reactors in three years or five years or something.

- . .
_ _ _ _ -
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1
So while that number doesn't move a lot,

2
it is -- there are great e f fort s to try to move it

3
down.

4
And consequently , t he requisite level of

5
safety includes, if it isn't equal to, that kind of

6
nrospect.

7
MR. GAVIGAN: I agree.

8
MR.4 MARKE lit wonld bei att ractive if it

"

.
; ,. . . s .. .

9
could be d e m on,s t r at e,d , t h at ,i t were lower.

, ,

10 B u t : 1.t. ' s essbntial'thatfi't be demonstrated
lI that it's notfhigh'erl ', *

12 MR. GAVIGAN: Correct.

dBi 13 MR. MARK: Now, in addition, of course,

14 a.' BR's suffer from the perception that the fuel might

15 be easier for terrorists or fore'ign nationals to use

16 malevolently.

17 This really isn't very true, b ut it's felt

18 to be true,

19 So they have to have that kind of thought

20 in nind, at least.

21 But they absolutely must meet come criterion,

|) 22 which I've tried to put my own terns on.

23 It doesn't have to be ten times safer

24 than LWR's, for myself.

But it has to be at least as safe as LWR's

-- - - - - _ _ _ _ . . - . . . . . .



- - _ _ _ _

14

I are perceived to be by the time LMFBR's come on the

2 scene.

3 In other words, that line of questioning,(s2

U 4 which, as I'say, has been raised by some of the people

5 here - .a fair description of DOE's thoughts on this

6 general subject --

7 MR. GAVIGAN: I think the phrase that we

8 always use io comparable to LUR's.

9 New, that 's a fairly subj ective term and

to allows us to be less than LWR's'if we ao choose.
,

11- The whole area, you know, of application --

r* ** . 1,
, f I

anpl'ybis ;jtseYf-and(npplication of that .t o
4

12 of risk a

(O 13 design.and;in.naking decis, ions based on the risk
. s. 4 . - ;_j: ' -

14 analysis 13 'ru dime niary ; to"say'the least.,

+. :, ~; - t -~
- . ..We.,ar;e,'trying: 1t'id.the -- have tried it,.

15 '

16 as we.showed you last time, in the large developmental'

17 plant.

18 And the criterion we used to judge was,

19 - given that there is'no publicly published requirite

20 level by HRC, we use the NASH-1400 number, the risk

21 value from that, as a way of determining whether1we

._

(si 22 are comparable to LWR.
.\_/

23 Now, we have.a problem in trying to
.

24 determine that we're equal to or less than LUR's,

' which is the uncertainty in the risk values that we

.

_ _ . _ _ _ _ _ _ ___m,.-.-._f_ - _ _ _ _.
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1 come up with because of our data base.

2 LWR's have the same prmblem, of course.

3 And when you end up trying to compare means of risk
n
U

4 curves, you end up with a broad uncertainty band

5 around either risk curve.

6 And then you're trying to make judgments

7 within that.

8 So what I'm t.rying to say is, yes, wec
,

- .
,

,
.

. a
9 agree with 'what' y'ou ' re talking, ab out . He're.trying

-.

10 t o d o i t .' F' I ,

' *
.

t ,

11 The tools that we have to use are not all
1 -

e ,

12 that sharp or all that well-honed.

(.(> 13 We have in addition this constraint put on

14 us, unacceptable economic penalties.

15 MR. MARK: C1 course.

16 MR. GAVIGAN: At the same time, when we work

17 (: lose with a project, they're leaning on us not to

18 have too costly systems.

19 They're leaning on themselves not to have

20 .too costly systems.

21 So you're constantly searching of ways to

(~ ) meet this criterion at lower cost.22

So I guess in summary I'm saying, yes, we23

have that in mind. We're trying to make it work.24

We car't say that we've been totally
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i successful yet.

2 But there is pronise in the approach that

3 we're taking.(_
(~). 4 MR. MARK: I guess I would -- well, to say

5 only in connection with what you just said,.and I'm

6 not disagreeing in the least, there is a tendency to

7 regard NASH-1400 as having numbers in it.

8 And in my own belief, it doesn't deserve to

9 be thought of that way.

10 You have to make a comparison. The numbers

11 in '? ASH-14 0 0 aren't known with respect to LWR's.

12 They aren 't :a'ppli cable joda >, anyupy .
,

),

\s' 13 And. no all,you cans. do is get a feeling for
p

~

14 the fact that' we ' re no eorse'off*than the other one is
>:

..
,

15 if judged by the attempts that WASH-1400 set own

16 rather than the results and probablistic *1ck

17 assessnent, which is a great p ro fe s s i on .

18 I think in~ Mike Bender's letter he separates

19 the "A" from the "PR."

20 He thinks that PR deserves to stand by itself

~21 in its usual connotation, and the "A" is an assessnent

-,m
; 22 or something.,

ss

23 And as a quantitative thing, it's a good

24 effort. It's good s e n s e'. It should not be believed.

MR. G A V I G A!I : Well, there are cases under

. _ _ . - _ _ _ _ ___--_____
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1 which you can believe it .

2 MR. MARK: Only in the conparative.

3 MR..GAVIGAN: Yes, only in the comparative()
4 sense.

5 As we use it within a, plant where we take a
'

.

6 fixed data base, then comparing systens and systen,

7 substitutions and conponent substitutions, it helps,

8 you nake up your nind of what
~

--

9 MR. MARK: This one is norelin~need of

10 attention than that one.

11 NR.'GAVIGAN: Right, exactly.
.

12 MR. MARK: Things like that. Well, I

- (~/ '

didn't want to go off separately except to ascertain
,

')
's- '13

14 that requisite levels is sorothing of the sort we've

15 been trying to phrase.

16 MR. GAVIGAN: Right.

17 MR. SIEGEL: I'n not denying your dacision
,

18 'not to have general discussion.
,

j 19 But.I'want to raise a question about how
> .

unacceptable econonic penalty20 constraining,that
.

' J; , ), "; [ . . , " w.V '

21 really is.
,*. c . |,

I" ;Do -- we: read < nowadays that the nuclearC) 22

,

23 stean supply., costs naybeetennor f$fteen percent of the
,; , 6y <

24 ' tot al _ plant _ cost by the tine it 's built.

And.since nost of'the decisions with respect
(

e <

* - - - - +-- - , =,- ,,n ,w ,
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1

to the inclusion or the omission of some particular

2
element of the design which influences safety probably

3
r~'s relates to the cost of the -- of some part of the
NJ

4
nuclear steam supply, it seems to me that these

5
decisions have a small -- a very small influence on

6
the final total cost of the plant.

7
And if a more risky decision is made, one of

8
the consequences of which is delaying the schedule of

9
the licensing process by some' time, that cost could

10
swamp -- the costs associated with the additional

11
licensing process time: could suamp the_ cost of the

12 piece o f , e(u ipm'e n t' y o ul omit t e d .
(.s) r-.. ,

ss la
How is,all.,that recognized in making a cost-

-
, ,,

' '

14 -

of some.'particular safety feature?b erae fit analysis

!jR .' IGAVIGAN:' We;hd'enjt gotten'to the point- v

16
yet of making a cost-benefit analysis in a true --

l7 MR. SIEGEL: That's what I'm asking. How doe. ,

18 that constraint of unacceptable economic penalties

really apply?

20
MR. GAVIGAN: Both of those elements of cost

21 that you're talking about figure all the time in our

22$

\_/ arguments with the project.

23 If we as independent safety people are
,

24 pushing a particular safety system, they will come back

with us in the arguments of capital costs because
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I
they're controlling at a lower level than 'you were just

2 talking about.

3
When they control plant costs,'they control,

j'

4 down the components.

5 If we're talking about an additional

.6 component, they'll try to keep that component out'

7, because their job is'to protect cost.

8 On theRother hand, we'll tell them 'that it

9; is'our. considered judgment, let us say, that without

10 this component ~you may add some amount of additional'
i

11 licensing time, which at that time in the schedule'can

12 . cost you so much money,
r\
\ 13 Then, if we try to quantify ' it, we find

14 it's very difficult to put any estimates on the length

delay we $1'ght; hAve. .[ntrod'u,cek . irk the licensing515 of
i u s. . ,. .. -_ --

16 schedule b;g not 7 putting 3t h e-- c o mp o n.e nt in.
O* s:.. t' f.

~

-

17 N ow. , we're'bett,er abie t'o quantify the.

;s;' ':'; ' ' 7,d .-: -
. , ,

. , . , , . . _

18 component. ( t
'

-

,

19 So it= figures .subj ectively but not quantita-

20 tively in our arguments, both those elements that you

21 mentioned.

(m) '22 MR. SIEGEL: Subjectively..

.

23' MR.'GAVIGAN: Now, how constraining is this?

24 It is constraining'because ---

i MR. SIEGEL: You say it-is?

_ _ .
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I MR. GAVIGAN: Yes, it is constraining

2
because I could take two cases.

3 For exanple, we are developing the safety,_.

b ~

something called a SASS, self-actuated4 progran,

5 shutdown cystem.

6 And there are a number of uses one can think~

7 of it for it.--

8 It could replace an existing secondary

9 suutdown system'because it's ~ activated'in'a different

10 way and nay have certain. desirable fe at ure s .

11 Or it could be considered as a tertiary

12 system, though that's not a very popular idea.
(3
kJ 13 In either case, they're elements of cost.

~

14 People in the project tend to be happy with things

15 the way'the'yca'rd. N
' '

.- .

, n._, ,1 s .<.,

16 Yet, on the other hand,.they see certain
; - y .

. .
.

2 L.. - ,. 4 :
17 features that ,' are ~ use ful .

- . . - ,
.

,

,,

Soncostit' hen b,ecomes.ad imp'ortant element in18

19 whether you have this particular item entered into the

20 reactor' system or not.

21 We're no't at the point now-of having
/x

(v) 22 developed it yet that they want to take it over.

23 But cost is a significant element in that

24 decision.

The second constraint is that when we discuss
,

'

- . _ _ _ _ _ . - __. _.. .-_A.-_-. - - - _ - .a - - _.. - - - _. -
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'
plant'.coscs, and I and Jim Hartung particularly have

2
'done a lot of work in this area, they' talk about costs

ry of particular safe;y features that one_might want'to
U-

4 consider at .this ti ne in a conceptual design process.

5
.And there are a lot of features that'we

6 talk about.

7 There are internal core catchers and' external
8 passive core catchers,and different containment

9 ~

designs.

10 And all of these have cost elements involved

II in them.

12 Depending on our philosophy towards safety
( :

~

those as potentially
'

'# 13 of the plant, you can'eith'r seee

14 adding to the safety of the plant or no't or potentially
~

15 improving your schedule or not .

16 So cost figures in: prominently into whether
.

17 we introduce those features.

18 And they become very viable things in a

19 project.

20 And every time we. tend to add something ~ to

21 the plant, we have to go through a cost argument.

() 22 Now, it's not a very quantitative thing.

23 Sometimes ,its's guite~. quant,itative,>but- generally it's
?- . t,,

.
; ? ' 7#. s . .

24 -not quantinative.
t y , -

[But l't ' af a,n _ ' element jdhen you add something of

, , ~; , . g t r u 7,9,

( \ s'< ,- t,

4

4
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1
safety in the plant.

2
And it's often -- it has to be traded off

3

(- against any safety advantage, I think, you might get
>

\_/ 4
from it.

5 MR. LIPINSKI: Question?

6 MR. GAVIGAU: In the plant now, we're

7 reducing the cost of this large developmental plant

8 right now; and safety played prominently in that.

9 Some of the safety systems were modified

to because- of the cost of the safety systems.

" MR. CARBON: Walt?

12 MR. LIPINSKI: In reviewing some of the LWR
|
'

13 systems, it 's become obvious that the single-figure

14 criteria is totally' inadequate in duplicating a bad

15 systen, still doesn/t give,you, adequate performance.
~ .., .

16 In looking at your numerical assessment, you

17 look at t,he reliab'ility oftwh~e her duplication,when

18 you meet the; single-fa-ilure cri.teria,or triplication,, .

19 if necessary , to give you the higher reliability, is

20 considered?

21 Because you get to higher cost levels each

(/ 22 time you --

23 MR. GAVIGAU: Right. As you mentioned last

24 time, not' only -- it depends on what you mean by a

reliability and how you achieve the reliability, of

_-
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1 course.

2 If.you have to look at diversity and

3 redundancy and common-cost failure considerations in,,

b
4 addition to just the simple number grinding out what's

5 a failure-rated difficulties component, given this

6 sort of onission, we do look at that in great detail.

7 Mg, LIpINSKI: You can certainly See some

a numerical advantages.

9 MR. GAVIGAN: Right. Requisite safety

10 levels.

11 Our R and D -- to achieve the goal of safe

12 operability of LMFBR's, our R and.<D plan', when we put
g-
'' /' 13 it together, considers-to'what extent R and D can

. 14 influence a design, the operation in all modes; that

15 is, cold shutdown, hot shutdown and normal operation

16 as well as maintenance actions.

17 Licensability of LMPBR's is an ultimate

18 goal.
.. . . 1a u , e, (, .

Shat ! s, alde f,init l'oh' o ft requisit e safetyto

20 levels in additibnGto.'our own-criEeria that we use in' ~

'; t'c ,-

. %- a , t. . 9 .t

21 DOE; namely, the dose cwiteria mentioned earlier.
. . ,. , ..; < ^ r-,

.

fx , . . .

q) 22 We must ul t imat e 19 ,me e t! ~ 'N R C safety criteria,'

. 23 if they get established for LMFBR's.

24 Right now they're in an-evolutionary stage.

And NRC possible utilization of quantitative

.
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,

I risk goals must be followed also because-this would

^ cive us a different hind of critenion to meet, from

3
<-m our viewpoint a'more rational approach,'perhaps.
N-]

4 Safety R and D program is broad. I'm sure
,

5 you -- Don will show you later a work breakdown.struc-

6 ture that shows that we have work in all' areas.

7 We call them our lines.of assurance,

8 1, 2, 3 and 4
9 It's broad in that we address both: prevention

10 and consequence mitigation.

11 One of our' controlling philosophies is to

12
_

exploit inherent' plant characteristics ;to' resolve
'' " ' 13 cafety issues.

14 That is, we won't depend.only on mechanf. cal

15 components..

16 We also depend on, let's say, Mother' Nature

17 to help us out of cert'ain situations..

18 And we utilize sound management tools and
..

19 structure the work and set the. goals.

20 Don can.give you some details in those, if

21 you wish.

(~h
,i ,) - 22 The broad technology' base within cost

23 constraints nentioned earlier, we arrange our programs

24 -s o th at w'e supply information.during the design and

evaluation. process.<

!

.

A *4 ~$ s

- ' .t -( m 7. ._ m 3 .
',y -qn

m g.
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1
We aid during regulatory review by bringing

2
expert's'from the national laboratories to help the

3 .proj ect in the discussions with NRC.,-

(~'l'
4 And we are concernedEwith this question of

5 economics optimization, as I mentioned earlier.

'6 Now at a subjective level, eventually we

7 hope at a more quantitative level.

8 We have to develop capabilities, then, to

9 integrate these safety program elements into an overall

10 risk assessment structure.

11 We do have risk assessmer.t studies going on

12 at the same side.
/,

t )
(/ 13 And we try to assure that our work falls in

14 that kind of structure.

15 Later today, perhaps tomorrow, when Mark

16 Temme is here, if you want to ask him, he can show you

17 the rel at ionship of event trees to lines of assurance,,

18 some preliminary work we've done to see what ths

relationship is'.of> risk tofthe' program planning.19

'. -. . .t ,

20 And taen we have to disseminate the results
'

_ :

21 for use'in design.;and'llcensing of future LMPBR's.

I~'l 22 And3we have! elements:o'f work aimed at that.V

23 Taking those in a little more detail, design and

24 evaluation gives the analytical tools, the large codes

that were developed in Oregon, the codes we helped'

. _ _ _ _ _ _ . _ _ - . _ _ - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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1 support for whole-core accidents.

2
We evaluate cost benefit for certain design

3 option.
,

\'"J 4 And we develop new and impro"ed safety-

5 features.

6 I mentioned one of those earlier,4 the self-

7 actuated shutdown system. ~

-8 For regulat.ory reviews we provide project

9 ' support, SHR analysis, R and D for resolution of. safety
to incues and expert uitnesses.

11 He provide new and improved design feat'ures

12 for achieving requisite safety with reduced cost.
,

(J -13 And'the last thing is risk methods

14 development.

15 The development is ongoing and has t ae n fo r

16 a number of' years.

17 We're'for' ming a reliability data base at

~

18 Oak Ridge National Laboratory using our own breeder

19 reactor' pro" gram information as.well as information

'20 from the U.K.

21 We're trying to get the.information from U.K.

I; 22 It has demonstrated its usefulness in'the design
iv 1 ,~ v -/ .

,';;
,

3 /
, 1 ,i.:

-

7 ..

23 process du ri ng' t h e ~ la rg e ' de v e l"o p'he n't'al p l an t study,
t ' c.

-

:. . r .,
'

.

24 It;hi~ghli;ghts the need.fo'r reliability
-

._ ,

,

s.

testing.
. .,

t . . ;

~

4 ( k
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1
It points out the shortage in the data bacc.

i 2~ '

I
! lt points where you think it is that you need more
i

3
information.*

c
I a,

4 '

And a quantitative acceptable risk criterion'

j 5 -

yyy1 be useful, yet the nethods are useful in a
,

6 relative way without such a criterion within a proj ect.

7
However, overall, we're going .to need such a

i

8 criterion if we want to make the risk business. work.,

9 If there aren't any more -- any questions on,

10
'

j -that, I think Don can --

"
; MR. MARK: I guess I have a kind of a

| 12 question, which I'n not sure I've formulated well
,.

h ('~'i
! -

13 enough and I'm not sure that I understand well
I

h 14 enough.
t
!

! 15 Let me hypothecate. You could concentrate

16 on~the study of reliability of control rods and the

17 nechanisms that drive them.

18 And you can say we'need some more

19 assurance on the certainty that the control rods will
i

20 act at sono given speed when we want them.

21 If you had in the LWR an absolutely
,

;rm(,) 22 guaranteed decay heat renoval systen, if you had one, ,

- -
, , s . .-

23 you-could p u t : all. y'o u r pe llan c,e o,n : th at and say,
. !

i 24 contaol rod drives, cit;'s up tofyouf,_Mr. Plant
.

1 ,
-

Builder, whether'they're thid or thkt re]iable,'

+ -, . ...
,

L . ~ . _ _ . _ _.. _ _ . - _ . _ _ _ _ _._ . _ _ _. - - ----- - -- _ _-_._ _ - - - _.-
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1 And.you .may,n,tudy,,it;and,you have a damng
tr + . i ., .

N hk & >s, [ k} b- h *5

2 good reason to do so because, if they don't work,
,, ; ,

,
n

naybe.youkll de s t i'o'y , y o.,u r f.u e l'l- ;J3
,\, ..

- .c

'~' 4 But, we. , don,' t -cara if :you de s t roy your' fuel
; .i . 0 a> >

'

-5 because even if you do , the plant is safe.

6 For a limited accident, something of that

7 sort could be said.
3

8 And, therefore,Lthe only thing we, DOE or

0 NRC, cares about is that you assure the latter.

10 And you, for your stockholders, may want to

11 do further work on the former, on the mechanics of

12 avoiding the need of using the decay heat removal
~

o

p
's s' 13 system because you have a big interest'in that.; but

14 it's not our interest, it's yours.

15 One could find instances, at least, and-

16 whether.I've given a good one I'm not stre, where you

17 would not need Oak Ridge to study the reliability of

18 this or that component, providing you were insisting
,

19 upon a thing ~which would guarantee the outside risk

,20 'from the. plant, even if the thing b urned ~up .

21 MR. GAVIGAU: sYour hyp' thesis depends on ao

('l . 22 system -- shutdown heat removal system that operates
w/

23 with a reliability of vue, correct?

24 MR. MARK: Of course, yes. ,

MR. GAVIGAU: Well --
.

. - _ _ _ . , _ _ _ _ _ _ _ _ _ _ - _ _-.2_. - _
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1 MR. MARK: But, you see, we're led into

2 saying each thing has to work with reliability of

3
-s one ninus ten to the minus 3
l.v}

4 And if we had an absolute block at some

5
-

could say, you don't have to study that orpgint, we

6 -do.it except for your own' interest.

7 MR. GAVIGAN: I'm not quite sure how --

8 MR. MARK: Would there be a line of approach

9 in this problem which had such features?

10 I mean, if you knew the containment was

11 really guaranteed --

12 MR. GAVIGAN: I think what you're describing

' - ' 13 ~1s somewhat close to what o ur philosophy is.

14 MR. MARK: That's really -- it was really a

15 question rather than an assertion.

16 MR. GAVIGAN: We -- I would like to phrase

17 the answer in terms of prevention versus consequence

18 limitation.

19' We could -- we would like to be'able to

20 convince people, the.public and NRC, that our

21 prevention methods are so well in hand that one
. ,m

I () 22 doesn't have Jo consider the large accidents that '

13 people aref. very| concerned | ab out and, there fore , the
.: t:

24 la rge off-site doses.that are normally associated with

big accidents andIwith,LMPBR's.

, , - "-
,

. , .,
9
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' If.we had a' perfectly reliable shutdown'

2 system and a shutdown heat removal system, you eould

3 easily convince people; just' fall back and say,,f~si

-U
4 ,you're right, the accident can't' happen.
5 ~

We are moving toward.that. overall, however,
~

6 in the real L wo rld', with aiming at reliabilities that

7 are very, very high.

8 We can calculate reliabilities by adding
'

8 additional' diverse systems, considering common cause

failures, that can make reliability extremely high'10

11 and close enougn to one that one would think that

12 human action'would say, that's good enough; that's
7m
( )v 13 one,

14 But.they don't. They choose instead to-

-15 emphasize that one chance in'a million or a billion,

. 16 whatever it might be, of getting that big accident.

17 We would like the industry and regulatory

18 people in general to be convinced that the biggest

19 benefit in safety research comes'from preventing

20 accidents rather than letting the accidents happen

21' and then1 bottling up'in a containment building and
,,

( ). 22 telling the public, don't worry; we've got that thing

- 23' in a building. You shouldn't fear.

24 'I think that' TMIchowed that that resulted in

the wrong psychological-response downwind, that, people

v.n ! t n
9 ; 4 A.

p, - ,: ,,
,t t l' ' i* , ,

i L % % ,* ,'J . ,1, J j , x . n. s
,

- x .. . . _ . - . ._ - 4.. _ , _ _ _ . . ..

-



.
. .-

,
,

!;
,

1

-3 , , - :c 31-.

,

I
wished that hadn't happened.

2
And from our viewpoint, the better approach

3
by far is to tell people that the acc lent won't

(-)T%
4 ..

with operatin~ his tory and realhappen and demonstrate

5
data that the accident does indeed not happen.

6
MR. MARK: I_wish you would have just

7
reversed the order of the phrases in that last

8
sentence.

9 You said tell them and then demonstrate.

10
MR. GAVIGAN: 57e l l , of course -- right.

11 MR. MARK: I would say it the other'way

12 around.
./.

x
1

%J 13 MR. GAVIGAN: I agree.

'4
I1R . LIPIMSKI: You get a conflict because

15 with probability one, if you guaranteed that any

16 a;cident is contained,'it doesn't a f. f e c t the public,

17 you've accomplished one thing.

18 But then also, if I say with probability one

19 the first time you run that plant, you're going to

20 destroy it, you're defeating your economic evaluations

21 in designing that plant.
r- 8(,) 22 MR. GAVIGAN: Right.

23 MR. LIPINSKI: So you have to consider both

24 ends of it.

One,'you want to protect the public --

:~ ,. , ,. . , ,, -

'' I .$ 't.
'

w y ,, . , , ,
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I
MR. MARK: But the economic thing is up to

2
the builder and the utility, and it's their proper

3 -

concern.g-)
\_d

4
MR. LIFIIISKI : ' Yes , b ut it's part of an

s R and D pragram.4 ,I.think that's appropriately

~6
'

included.
,> F|.*

7 .MR. G AVI G A t! i ; Ri'd;ht f. , Ig gu e s s you have to

8
~

,th1nk of --sthe e co.nomic s o f.-the 7p lan itself with

9 respect to what it costs to make electricity and will-

10 people buy it or-not is a legitimate goal of DOE.

" Otherwise, we're developing the wrong

12 system.

(~#'1 13 |'' The viewpoint of property damage, though,-

M from an accident is not legitimately in our area,
.

15 even though we have a lot of tools that could help

16 . people make'those kinds of studies.

17 That is, considering the accident where

18 everything is bottled up, no one's hurt downwind, and

19 .yet the plant is in the situation that TMI is.

20 That' kind of study we do not do in our

21' R and D program.
c.
(_,) 22 We're prohibited from doing that because'it

23' simply is not in our area of responsibility.

24 MR.-SIEGEL: I'm'not sure I understand the

real meaning of your last comment,

s
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1 But I certainly want to concur in your
!
j 2 position that nitigation is by no means the solution
1

! 3 compared to prevention.

|
4 Prevention of the accident is by far the

i
4

j 5- nost important thing in all corts of ways.
,

i
6 The econonic consequences can be translated

7 into hazards to the health and safety of the public,
<

8 if you want to.
:

| 9 And then there are the indirect consequences
i

|

j 10 that you nentioned of psychological damage.
;

11 So nitigat!.ng the accident, as was done in

12 TMI, is by no neans the solution.
O
k/ 13 Prevention has to get nost of the emphasis.

14 If that 's your approach, I certainly second it.

15 MR. GAVIGAN: That is our approach.

16 MR. CARBON: Fine.

17 MR. GAVIGAN: Don?

18 "R. FERGUSON: Watching previous presenta-

19 tions to connitteen like this and others where each

20 individual speaker gets up and throws out his view-

21 graphs, we decided it would be more coherent and

n() 22 organized if we produce all of these in a single

23 packet.

24 And so I've taken the liberty to do that.

That contains the copics of the view-graphs

#- *
p4 >f, ,. n ,. s t
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that will be ppede'nted'by the' speakers throughout the

2 - ' ' " ~,
balan ce of|'thisl pre's erit ation .

* ' , ''

. ::, , '.
, .

,

3 7,ve appeared before this subcommittee or
(~) '' ' (|, i j (l' N f' n,,

*
>

4 .

at least the same people now -- this i.s the third

5 time, once last summer, June of '80, in which we tried
~

6 .in about a four-hour st' retch to give an overview of

7 that the DOE LMPBR safety:pbogram was,about.

8 And then in Ap'r'il'of this year over at the

9 Royal Court Inn we tried to relate how the-various'

to elements of'the May safety program - .how it relates

11 to t he large dcrolopmental plant project e f fort .

.

12 To cone at this a bit of a different way.,m

U 13 today and tomorrow, what we've-tried to do is to provid "

14 a brief overview of the program by stepping through it.

15 And'in ea'ch of the major program areas

16 identifying.the strategy and approach-being employed,

17 to briefly identify,each significant R and D task and

18 then to provide more detailed preau.mtations on R'and D

19 Work in a number of the major tasks.

20 And about twelve or *hirteen areas we'll

21 he discussing in more detail now.

f.j 22 The program managers from the technology.t

23 management center wi.ll be lea. ding off the discussion

24 inreach.of theirirespective areas of responsibility.
.

And except-for the more detailed

_ -c. . . ._ -. , _
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1 presentations.to,, follow, they'll be covering their..

~
,? .'r <* 22 areas fairly bri'cfly.

,.

"* <

v.,

/s,
- 3

- If, you ',want to ack qu'est' ions and discuss task:;*-

\w)
_' "

4 that they identi.fied rather briefly in some more
'

'

's ,. ,

' 5 d e t' ail , feel free to do so.
,

6 They may not have view-graphs prepared, but

7 certainly can discuss with you the work that's going

i 8 on.and so on.
,

9 Ue'd like to stimulate a discussion on the

to viability of the current strategy and approach in each

11 of these areas.

12 That's the kind of feed-back that we've
/~'s
O 13 received'at earlier present ations , has been very useful4

.

14 to us.
_

15 We find our program tends.to be rather

16 Insulated and isolated these days in the absence of

17 neaningful'LMFBR licensing activities.
i

! 18 So to have a group like this look at it and

19 .comnent~on it is very useful.
,

t
20 Now, from the technology management center

21 staff, Mr. Amar, who is on assignment to the TMC from

{ [) 22 Atomics International, Leu Baker, myself, Ralph Singer
'-p

23 and Jussi Vaurio will be heading of f the presentations

24 in the various LOA areas.

|And then the contractor staf f members , asi- -

,

.
,

h. , , . . .. . ..
.

.
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a

1 they are identified on the agenda, will be

2 providing more detailed discussions in a number o f
4

3 progran areas.

h ;

i4 The next vicu-graph.is really a capsule!
..

.

{ 5 summary of the goals and objective statements that
i

6 Frank nade.

I 7 -;.Te're about providing a technology base.

I

8 'Te ' re not about designing plants , designing sarcuy.

:

| 9 systens for plants.specifically but rather providing a
.

'

tt- , ,
,

.!'.,.t
., 2 . . . . - '

10 technology base, supportive safety considerations, ., ,

- ,.
, ,

11 in the rance,of a,reas*of concern; namely, design,
~

4

'
12 licensing and econonic o p.t imi z at io n .

I '. ,,

G
<

t 13 And in that latter case, T guess no aluays
;

i 14 find ourse3ves at opposite ends with the plant design

! 15 people.

| 16 And I guess that's been the' case throughout

i

j 17 history and will probably continue to be the case.

18 ' ele have to provide strong justification for
,

19 the adiltion of any s a fe t y .systens becau3e they cont

20 money.

21 And that drives the overall cost of-the
,

h 22 plant up.
,

23 So a major part of our effort has to.go.into

24 naking certain that we con justify the inclusion of.

additional safety systems, both'for ourselves and for'

.

r

.# ..+. .,,_ -_,-- _. - -w-,, . , . , _ . . . . , - . . - . , - _ _ _ , , _ , - . - - , , , , - - , - , . . ..._,-.,w,, ,w,,_.,-., --%,,wy %,y,,,.,,.,.-...wmyw--,-, .--w..i -,r,m,--w ,-e 4-w-
-
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1 plant designers.
, , _

-A n d t'h'i s 't h*i r d hiew-graph and the last $n2 #

3
.. my brief int ro; duct ory remarks you've seen a number of,

*

4 times.
>-

.

,,

5 It merely indicates how the program is

6 organized.

7 Our reactor reliability work; core damage

8 limitation work in terzo of looking at ways in which

9 we can accommodate,with ninimal core damage, faults in

10 the maj or safety systems; the work that focuses on

11 accomnodating the consequences of ACDA's; and finally,

12 on attenuation of radiological consequences.
O

l 13 And we'll be covering, then, the maj or

14 progran tasks as they fall under these various second-

15 level products in the work breakdown structure.

16 And that's a dozen or so presentations

17 scattered throughout these major program areas.

18 Are there any questions up front?

19 (No response.)

20 11R . FERGUSON: That's all I'd intended-to

21 say.

t. ('/N 22 I'd like to get right to the meat of the
N-

23 neeting as quickly as possible.

24 If there are r. o n e , then as indicated on the

genda, Jussi Vaurio is going to go over the work in

, _ _ ,-
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1

LOA-1 and then provide more detailed discussion =in the
2

area of comnon cause failures.
3

- And he'll introduce the additional speakers-

that are tniking,ab9ut ntaska., 3 c,

5 +# 'E * * ' ' ''

MR. VAURIO: The objective in LOA-1 is to

6 '/' I' d '
.

-

prevent ace,idents.and demonstra,te th'at LMPBR's can be
7 ~

they havedesigned, cons tructcQ> gnd, ope, rated' s o thats.,
, ,

8
extremely low probability of accidents.

O
By " accidents" in this context we mean

10
multiple fuel pin failures.

11
.There are basically two means'to accomplish

12 accident prevention.cs
i \
\_/ 13

One is to-use sound, conservative, intrinci-

'4 cally safe design f'en tu re s for normal. operation and
15 adequate margins for operational transients.

16 The second is to .use reliable, dedicated

I ~

3afety systems to assure'that o f f-norma 1' eve nt s , c an b e<

18 prevented or accommodated safely.

'8 These principles are used in the LMFBR'

20 ppggram to accomplish three maj or second-level pro ~ ducts
-

21 .These are reactor system reliability, reactor

/") 22(_j shutdown reliability, and shutdown heat removal-

23 reliability.

24' There are three major considerations in this

LOA-1 area.

.

O

_m.
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<

l First we.have to establish a strong designer

2 and. safety enalyst interface to assure that appropriate

3 safety design criteria and reliability requirements
/~T
\ 1''- 4 are' reflected in the plant.

5 To accompkinh.this, we have to advance the
. , , , ' .

.

,

.s . , ,

6 st'at e o f t be art ~,i'n' design,' engineering, quality
~ . ' ; C;

_ . ' ' F
.,

7 assurance,foperating and! maintenance practices.
. u , s

8 An.d.we have,to, develop. proper specifications
.: ,, , c; 9.

9 for redundancy, separation, diversity, human engineer-

10 ing and fail-safe fe at ure s .

11 Consequently, reactor systems can be made

12 very reliable so that the probability of occurrence of
~

( /- 13 off-normal events that would necessitate the use of

14 shutdown-systems or shutdown heat removal systems is

15 very low.

16 And these shutdown and heat removal systems

17 can be made reliable enough so that the core dis uptive
,

18 events can be excluded from the design basis.

ig ?tR . SIEGEL: Excuse me. Is this last

20 statenent a goal or ar. acconplished fact?

21 MR. VAURIO: It is-the goal at this time,and

f'') 22 the-best of our -- to the best of our knowledge,.we are
v

23 abic ~ to demonstrate that.

- 24 There is no' evidence that this cannot be

'

accomplished.

. _ _ _ _ - ._ _ _ _ _ . -- __ _ - _ _
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1
I cannot say that we have definitely proved

2
that it need not be considered anymore, but --

3 because the work is continuing.g3

(-) 4 MR. GAVIGAN: It 's been shown -- there i s a

5 Ictter from NRC . COT (phonetic) project that says

6 CDA's are not a design basis event.

7 MR. CARBON: That is only for CRBR, though.

8 MR. GAVIGAN: Well, yes, it wasn't broader.

8 MR. VAURIO': The first second-level product

10 is reactor system reliability.

II ' There the objective is to demonstrate the

12 reliability of reactor systems resulting in low

<J 13 p rob ab'ilit y ,o f o c c.u rren c e . o b; ofr-normal' events.
| L t. , ) > .' t .,. ; .

'
- '

-

.

I4 The third-level products;are reactor core
,

'
i.s n .

.

system, h'c kt |t,ran's p o Nt ' s y s't e ms,, auxiliary systems and15

16 nonitori ng 'and c ont, rol sy ct,.cnn . _ f >r ....

17 The reactor core system reliability is

18 accomplished by providing mechanical and electronic
~

19 stability, minimal fuel failures in design basis

~20 transients.

21 And heat transport system reliability is

. p),g_ accomplished by mechanical integrity and providing'22

23 performance capability for all design basis transients.

24 Reliable auxiliary systems means reliable

supply, auxiliary sodium systems, component cooling

{ '
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1
systems and so forth.

2
And reliable monitoring and control systems

3
mean reliable i ns t rumen t at i on , control systems,,_

-' 4 procedures and operational aids.

5 Major progra,n tasks that --
,

6 3 3 , C A R B'O ?! : Excuse me. What's the signifi-
U | .

. .. ,

7 .

cance of.the-words " third-level product"?
: - . .

8 What dQ you, mean,, third-level product ?

9 MR. VAURIO: We have a safety program plan

10 that is a structured -- structured so that the first

11 level is this line of assurance, one line of

12 assurance, 2, 4 or 5.
n

13 And then each of these are again divided in

14 the nub-tasks, second-level products.

15 And then under those to the third-level

16 products and so forth.

17 It's a structured program that Don Ferguson

18 just started with.

19 MR. G AVIG AII : Third-level detail, more

20 definition on the work structures.

21 MR. VAURIO: So the first level was line of

?>
') 22 assurance..

,

23 One, prevent accident. Second-level,

24 reactors first item in the second level, reactor--

system reliability.

_-__ _ _ - - _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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1

Under this, the third-level products are

2
these.

3 --

I didn't number.these any more, but they' (y
\_) 4-

are numbered, of course.

5
And maj or program tasks thab are ongoing or

6
have been.conpleted is the FFTF1 operational safety

7
program at Hanford.

8
-EBR-II op,erationalnsafet{ program.at ANL;'- tet |4' : ~ ., i' 4 'a ,3 , ,,,

.. . .
g

also Westinghouse is participating in that.
*' _ , ' * y' . fi ,- ,

10 '$ m-

Re, liability (analysis?(ethodology by General

11
Electric, A t omi c s eIn t'e rn at_i'dn,aI |pn d Los Alamos

, ,

12 National Laboratory.

\J 13' And seismic and fracture mecahnics studies

14 are being corhteted by ANL and Westinghouse.

15 MR. CARBON: You divided between ongoing and

16 completed.

17 Which do you consider completed?

18 MR. VAURIO: Well, some of the-reliability

19 .nethods tasks have been. completed.

20 But basically the work is ongoing in~all

21 these areas.
n

; (,) 22 ach of' these , thereIf you go into-needr o

23 "are completed and ongoing r

24 This is basicallj plant ;tatus' control systemp

development and some diagnostic / prognostic techniques

. - _ _ _ _ ~ . - ,
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1 development.

2 This is basically natural circulation

3 experiments and local fault experiments.
( )
''

4 And there are a number of reliabilities

5 being developed and defect flaw analysis, operational

6 experience and So forth.

7 Seismic work.at ANL is concentrating on

8 developing the nost comprehensive models and metals

9 for selsnic analysis .
' -

,,
n, * .o-< ,

10 h n d " t'h'o s e $ r e the ways'to test 33npler
r , t -4 ,

- ,; ;,
, , _ ,.

11 methods that are currently , u s e d ,t, so'to test the
,

12 adequacy of tho.ge.go.als.
,a

a .,
n 4 '> ,- a; ,

1 1
'w' 13 And 'f es t i nghous e has concentrated on

14 structural reliability studies of the core support

15 structureLand sodiun piping.

16 So our strategy in reactor systen' reliability

17 s to advertise comprehensive nature of the safety-

18 related design and reliability criteria.

19 We want to-be sure that we include everything

20 that affects safety when analyzing any of these

21 Systens.

(< .) 22 We want to make sure that we don't forget
u-

23 support systens from any essential'narcty systems.

24 We we.at to demonstrate that plant and

reactor systems are indeed reliable and demonstrate the

4

4

- - - - _ - - - _ . - - - - . . _ _ . - - _ . - - - - _ _ . _ . - -- -- - . - - - . . - . . - - . . - . _ . - _ _ - .



44

1 effectiveness of man-machine interface in enhancing

2 reliability of plant operation.

3 The approach is to work with the designers
[- s)
N/

4 to establish design and reliability? criteria, carry

5 out-reliability' studies of system and component designs
.

6 to con firm ~ reliability . follow extensive man-machine
1

7
'

interaction program in LUR industry, and establish

8 nan-machine interface requirements unique'to LMFBR's

9 and continue these programs at EBR-II and FFTF.

10 MR. SIEGEL: You use the word " demonstrate

11 offectively," demonstrate a plant is reliable.

12 To whom and how?
,x
,
E

'' 13 MR. VAURIO: First, of course, we have'to

14 demonstrate it for ourselves.

15 And then, of course, we want to demonstrate

16 it to URC and all regulatory authorities that have'the

17 final say of appro.ving these plants.
.

'

a.. ,'l' ,; ,
,

18 The method to demonstrate is both -- it'

19 includes b o.t h /e x p e rime n t s , ' r e d,l' p lan t experience

20 evaluations, zand , 'o f . c ours e-, '.the o pe t i c al studies 'ith- -

.

21 established data b ases ,

y

-( ) 22 And I will talk about that later.

23 'Te want to high?ight two areas, two topics,-

24 in the reactor system reliability that deserve most

a t t'e n t io n .-
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1 These are common-cause failures and

2 nan-machine interface.

3 Operational experience, including the TMI

'~ 4 incident, indicate that if we want to improve the

5 safo* record of nuclear power plants, these are the

6 are- we have to work on.

7 First, I will talk about the common-cause

8 failures, a little bit about the definitions so we

9 know what we are talking about.
-

.s .
,

10 Sociething about the' background. What has
:. .. .

~

11 been done; -b e f o re ?' What is our strategy and plan
'

_,; ,

12 .concerning common-cause failures? And some highlights
- ''

,-. . r !

V 13 'of recent results.

' 4 ,, By the way, these programs are in the early

15 stage so that part of it's still in plann.'ng-stage,

16 but some work has been started.

17 But we don't claim that we can present very

la impressive results at this point.

19 First about definitions, IEEE Standard 352,

20 published in 1975, defines common-cause failures.as

21 " multiple failures attributable to a common cause."

/

i ) 22 This is a very general statement. For
\ J

23 example, it doesn't require that the failures are

24 simultaneously present.

It doesn't require -- s p e c i fy how these

__ _ - . _ - - ,. _ -
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1 - failures should be attributable to the common.cause.

2 It could be a common external event, like

3 fire or flood, for example, that. fails several
(;
'- 4 components.

5 Or it could be a failure of one of these

6 components in such a way that it fails one er two

7 others.

8' Or it could simply be an event that changes

9 the environment without failing any of these, but

10 changing environment in'such a way that the failure

11 rates of all these ccmponents or more than one

12 component is increas,ed so that'At becones more likely

(n :^ t E..L . ;\ !'s- ':.
_) 13 that they fail simultaneously later on.

.. :- ,

,
,

mhe.re;aremahy|oth'erJdefinitions, of course,.
'

14
, ,

15 this one from jygited {:ingdon}:#, . -y
,

;, 4 o

16 " Common-cause failure is an

j7 event which, because of dependencies,

18 causes a coincidence of failure

to states of components in two or more

20 separateEchannels of a r.edundancy

21 system, leading.to the defined system

(~)Y 22 failing tc perform its intended.

%

23 . function."

24- Fio re specifically, it requires a coincide'nce

of failure states'.
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1
For example, it also requires that the

2
system fails.

3 This one only requires that there is more-
1,-,s

N. '' g
than one failure, not that the system fails.>

5 The conclusion from all this is that

6 conmon-cause failure', that tern, means dif fe rent

7 things to different people.

8 And that'is one of the reasons why rao re has

9 not been done before.

10 This chart illustrates background if a

11 common-cause failure proalem was recognized early on
~

12 in the '50's and '60's.
/- 8
E i' ' ' 13 Data...ev.aluation s,t a r t.e d late '60's. These

p> :
.

,, e.

>
- ;

3..>.
14 evaluations all " s u r'f o r # rom a variety of definitions.

'

15 g,teryb ody . chboses his}own' definition,
~

and-

16 for that reason 1 >theJresults are not directly applicable
,s,

,

17 to any other system or study.

18 You always have to go back to the original

19 data base to determino the common-cause failure

20 contribution in your system.
~

21
~

Prevention methods have been' identified,
-,s

(_) 22 also starting' late in the '60's, and reliability

23 methods.

24 Many of the standard reliability methods

can be applied to common-cause' failures, as well.

_ _ _ - . _ _ . _ - _ _ _ . - _ _
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J 1

; 3ut some methods have 'oeen developed

2'

i specifically for common-cause failures starting early
,

3
'70's.

! q( /
4

i This doesn't include the relevant

5 publications but some of them.

6 The conclusion is that operating experier.cc

7 indicates high unavailability contribution due to
!

8 common-cause failures,
j

8
! And it almost doesn't matter what definition.
2
-

,

to is used and what system is being analyzed.

Il In spite of that , we have evaluated the

12 current LMFBR systems using pessimistic. assumptions>

>i l'Ds /

l
13''

and found that th y are adequate.,9
| .,w

~ expect common-cause
,

i
14 Th~ere iu no reason to

!- .

15 failures to cause higher risk int ~
'

-LMFBR's than in best

16 light reactors. -

,

4.

i
*

| 17 MR. CARBON: Excuse me. You just made two
1

| 18 different statements, one that they're adequate, and
|

| 19 one that they're no worse than in_ LWR's.
i

1
20 ~

j How can you know that they're adequate unless ;

,

21 you've carried through a very detailed design of a
,

n
| ( )~ 22 specific --
t ,

j 23 ?!R . VAURIO: I'm saying that at this point,
t

24 with the level of details that we have about the

.

designs, the best expertswe have been able to find have !

!
,

,,.,,.--,,.-..---n---.~,---,.-s.-n. - - - - - - - - -- - -------------a-- m-= ----w~~~
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I evaluated these systems and~have found' that even with

2 .the most pessinistic. assumptions, using data base from .

3 currently operating plantsLthat, of course, have
[V
''' 4 .different -- have used differenc design criteria and

5 principles than.what we have now, still the reliability

6 of these systems is as good or detter than.in light

7 water reactors,

8 It's because we are in -- current concepts

9 have more diversity and redundancy, for example, than

'10 most' light water reactors.

11 We can come back.to these specific design

12 features later on.
.gs
\-- 13 But that's.the current status. We still

14 have to, of course, ask why, then, pay attention to

15 common-cause failures?

16 Wefwantjtb Memonstrat^;qu'antitatively that
!2,,+ +-|+,.e 1 s u, .,

s

17 the designs,are . a.dequate with more .spe cific information
.

,.

t'and wechave now.18 about'the designs h

And (af s b , ' We wantifd {j us11 fy flexible, less19

20 conservative design criteria,

21 For the reasons I~ mentioned, there'is

() 22 considerable doubt in light' water reactors -- LMFBR

23 industry that -- or opinions that some of the current

24 criteria and practice may be overly conservative.

We.want to evaluate that more carefully.

,

& c
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1 Also, there is this public acceptance of

2 nuclear power in general.

3 We don't know if we can 2ccomplish this ever,
[)'
'# 4 but we ought to try.

.

5 And -if we can show that we can control

6 common-cause failures, that certainly should help.

7 Why do we believe that common-cause failures
,

8 can be eliminated or at least reduced considerably?

9 One reason is that current = plants.have,been

10 designed in the '60's and ' 70's.

11 And all the data base we have comes fron

12 these plants.
O
k/ 13 All the design-criteria or most of then

14 .have been changed. Operational criteria have changed
.

15 since then.

16 There is a good example ~from aircraft

17 in du s t ry ., , , , .

i:Jx . >
- si :

18 Ihey "have two orders of magnitude difference.

,~ ,
.

. >
{, s ,Q < A - ->

19 f r o n _c o m m o g r,C a u s e. failu.re s :for. sys.t e.ns with same
-

. . .

- 20- degree of complexity. 3 p;-

21 MR. LIPINSKY: On that subject, the recent
-

(n'i 22 incident at Hawaii where all the engines went off ons/4

23 a Jumbo jet sinulatenoously, causing it to lose-'

24 altitude, is going to be interesting when they find

out what the common'cause was on all those independent

.

h

_ , __m_. ___m _m______.__--_ _ _ _ _ _ . _ - _ . _ - _ . ___._.._________m _ . _ - . _ _ _ _ _ . _ _ . . _ _ _ . _ _ _ _ _ . _ . . - _ _ _-
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1 systems.

2 MR. CAR 30M: In all seriousness, do you look

3 into something like that?
,_

f i'~'' 4 MR. GAVIGAN- Have you tried to follow up on

5 that 774 event and try to get the information on

6 that?
.

7 MR. VAURIO: Not yet. I have been'on

8 -vacation for a week now.

9 MR. CARBON: I don't meanfyet, but I mean in

10 the long run.

11 Do you look into probabilities, risk assess-

12~ ment, conmon-cause failures in other fields, other --
rs
i' ')

- 13 MR. VAURIO: Certainly, we try to follou

14 that as widel'y as possible, both in-house.and, I'm sure

15 the. contractor 6 are doing that all the time.

16 MR. CARBON: Are you sure, Urank?'

17 MR. GAVIGAN: No, I'm not sure it's being

18 done. That's why I asked hin to answer.

19 NR. CARBON: I just uondered if you were

20 sure, too.

21 fir . GAVIGAM: No, I'm not sure. That's his
,,

( ) 22 job.
m

23 MR. VA.URIO: Also, studies indicate that many

24 of the common-cause failures could be eliminated by

- inproved , test $ng and.inspe*qbion methods, both
t

. t . >
- -

.
*

..
&7 y

I
1 y

. "g

e ,: > {: .c :, . .

_ .- -
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1

pre-operational and periodically during plant

2
operation.

3
MR. SIEGEL: At first sight, that lastg3

N| 4
statement appears surprising.

5
I would have assumed that common-cause

6 failures are more likely to be associated with subtle

7
deficiencies in a design which weren't really. foreseen

8 and then they crop up and it's a design deficiency

9
rather than an individual equipment item deficiency

10 which improved testing or inspection might reveal.

~ ll Or it might be even some phenomenon that is

12 occurring at a different rate in the operating,_

13 reactor. system than was origina''y believed to be.

14 true and equipment fails earlier than it should have.

15 MR. VAURIO: There are mostly most of the--

16 common-cause failures are human-related errors in one

17 way or'the o_t h e r . , . .,
-

, .

18 ~ They'ba9'be'humad errors, mistakes made in
, C

the design phasefor in op'5 ration;'and maintenance and19

20 testing and in opqration.
,.

t

21 But I'm saying that if we evaluate this-,
. , .

(_f 22 pre-operational testing prr.ctices L. .d the periodical

23 testing practices and learn from the current -- past

24 experience, we can neu how they should be improved,

what should have been done in those to have -- so that

. _ _ _.



-

53
'

1 these mistakes had-been found earlier and prevented.

2
'4 R . SIEGEL: Before you leave this chart,

gg I have a relative comment'or question.-

'''

4 I find the first two statements kind of

5',

c ont radi c t o ry..

6 if I under-Operating-experience seems to --

,

7
stand what I'm reading, operating experience reveals

8 what I interpret to be a substantial amount of common-
I9

cause failure.

10 Yet'the second statement says that LMFBR

11 design concepts today are free of these common-cause

12 failures?,s

.I.
3

!
' v 13 ~Which.-- an I-reading it right or what?

14 MR. VAURIO: This operating experience, of

15 course, most'of it'comes from light water reactors..-

16 Pased on those, evaluating that experience

17 - and seeing how much ore redundancy, separation,

18 diversity and.so forth we.have to build for these

safety systems to cliE11nate, reduce those common-cause19

20 failures.
- ., , _ q.,. - , a

*~ ~
: r ; ,, y

A'nd <in' ' LMFBR' de s ig'n lcon$ cept that we ht.ve
# ''

21

(7
! ) now, we have:more di've rs ity ;( s e p arfakion , redundancy,

_, , ,

22
.

., - ,, , . .

( '3 g' 9
*

? gi

23 all these features that are believed to eliminate
y ,* 3 ,,to; ;'.

common-cause fa lures'.
'

' '

24

i

So that we don't expect the current designs

- _ _ _ _ - _ _ _ -. - _ _ _ _ -
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;
:
1 1 here to have as much as -- i
! 1

(
t 2 I4R.~SIEOEL: That operating experience 1

<

3 relates principally, then, to the current light water I

r3 |
t' ':

4 reactors? 1

I

| 5 'tR . VAURIO: Right, yes.
!

G ?"R . LIPINSKI: On the subject of redundancy;
'|

j 7 ar.d dive rs it y , have you found that diversity helpa to
:
,

| 8 improve the sensitivity to conmon-cause failures?
! |

-9 ' ' ' . VAURIO: Yes, what --

i
'

10 AR. LIPINSKI: It's been applied in terms of
1

i 11 a general feeling that it should.
;
i

12 But have you been able to-verify that it
,,\

I LN 13 has?
i

: 14 MR. VAURIO: I have-evaluated this operating' '

\
*

,

| 15 experience, some o f it , pers'onally.

'

16 And I'm -- what I have seen convinced me that

in'eed helps.. |.17 yes, it d

18 If you have : steam-operated pumps and . ele c t ri c

19 . pumps, for example, instead of all electric, it

20 clearly helps.

I don't know how much the contractors.-have21

f''i done this cyalyation vork. . .,22 y
.c- ,; n ; s.

-
.,

s . , .
_

Bitt I thisk t' hat that'l[ind'or work is going

i t,'4 . ,,1

on at Atomiles In t e rn at ional ,, fo r.Ge xanp le .
, 1

- -.

Can,you.connent.on tha*; question, Jim?

- - - - . - - - - ___ __ _ _ ___ _ _ _ _ _ _ - - _ _ . - _ _ _ _ <
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1 MR. HARTUNG: Yes, in our work-we think
v.

.

.

dive'rcity, .htlys you, as conshderable amount .2 that

3
- We 'ne Arying

ts 1
- t o j de t|c rmin e exactly hcw much

(I~ 4 and trying to make the most of~it.

5 MR. VAURIO: So what.is our strategy

6 concerning common-1ause failures?

7 What do you want to do when you have a

8 strong. enemy and small troops _of yourLown?

9 You want to do what the small armies have

10 don < throughout history.

11 You want to first determine the boundaries
12 of the eneny.

(,
J 13 You-stop it and isolate .; from all other

14 troops, fram other events in this case.

15 Then you divide your enemy into small pieces,

' 16 smaller groups, so that you can then destroy these

o parts one-by-one.

18 To accomplish this we first have to develop

19 a Structure of definitions and categories for common-

20 cause failures to inprove connunication and management

21- so'that everybody knows what everybody else is talking
. , ,

( . 22 about and what he is including in his derinition and'

x -

23 under what title he handles all the other things.

24 Ic also is necessary for data collection and

evaluation so.that every piece of evidence has a

s

k
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1

definite nlace in the structure to go to and where it

2
can be found when needed to evaluate the systems.

3
He have to evaluate operational experience

4
to ve ri fy the feasibility of the categorizations,

5
ansess the likelihood under current design criteria

6
and guides, assess the app.icability of lic' vater

reactor data to LMPBR's, and estimate parameters from
>

8 the experience failure rates and so forth.

8
And then we have to identify potential

10
defenses against common-cause failures, evaluate the

Il efficiency of these and identify and develop methods

12 for quantification .

O 13 Now, this figure illustrates one of the

14 di f fict ities we have in demonstrating that we can

15 control common-cause failures.

16 If we take current average light water

17 reactor plant, the unavailability of one of its

18 systems, whatever system, is somewhere here due to

19 common-cause failures.

20 If you use the most recent design and

21 operational criteria today, if we had that kind of

() 22 plant, we=would have unavailability considerably lower
'

23 than what Ne have fron the current plants.

24 'Now, before we can have.this plant in

operation, it takes-perhaps ten years.

_
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1

And then we only have one plant. One plant

2
doesn't prove anything! statistically.

3
Ne have to wait.another ten years, perhaps,g s,

4 before the average plant and the real field experience
'

5 proves that yes, indeed,in 1981 we~were here.

6 So if we have to wait' twenty years'before

7 we can prove anything, we might-as well forget about
,

8 it. It'dwenn't help _us in - lic ens ing.
8 We have to use some other means to prove-that

to although the current plants show this, we are actually

l' here.

12 And to do'that, we have to evaluate what has-

13 happened-in these plants and what. have we'-- what are-

14 we able to do to eliminate most of those cases so1we

15 can show that this is the real situation?
,

16 This figure indicates some cf our initial

17 thoughts ab ou t '' s t ru c t u re cause 'f ailur'es .

18 If we start from any informational experience ,

19 licensing report, forneXampl~e, we can!first determine

20 wnether.that'was a. ' dis cree t event in time,Da sudden

21 o cc urrence . that ' faile.d . s e veral components, or whether'
n
(j '22 it was an event that' simply increased failure rates

23 instead of.failing'the components.

* 24 ' Thq.hext*steg:1s t'o! evaluate whether these
'

t, , 3. , , a n. . .a,

. multiple failures wer.e in the same system, in different ,
'

- ; -r ^;,. , ,

s - ,a : il . * ~ ~
..

_ _

"';' T ]/]l'4 f ' ,10. * !~[ p; * _
_

-
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1 systems-or whether it was simultaneously a demand or

2
challenge for the sai'ety systen that is being analyzed.

3 The next step is to look, when did the common -

7. .s
t !
'

4 cause failure intrude the system?

5 It could'be pre-operational, before the

6 commercial operation, due to periodic activities like

7 testing and maintenance, or it entered randomly in

8 time during plant operation.

9 And these all have different causes.

10 IIext step is to look the causes before the
,

11 operation.

12 There could be a design error; there could
+ 1

's 13 be a conn'n component, a common link between two other-

14 uise redundant systems.

15 There~could be'a common material manufacturini:
16 or installation error.

17 Periodic errors usually unrelated to

18 testing or maintenance, randomly-occurring failures,

19 could be due to events beyond design basis.1

20 They could be due to common operator,

21 repeated human errors., or events either external or

( ; 22 i n t e rn al'.

23 And al3 these can be divided into sub-
:

24 categories, of course.

Then we have to look, when did common-cause

, . s v
- ,4 - si , ,

N
. ..

"

f d

[- , .r'_,' - ,
,
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I failure exit the system?

2
When did we find it'and' eliminate it?

3 The worst' case.is, of course, if we only
( n.- . v. n .. . mm <.

4 find it b,,e cau s p > t he re ',4, s ,ai ,c h al. .l p n g e for the safety
" .

_

, g - s 3

5 systen. .That i s -' al.rq ad,y tco late.-

y .|i ' ; j y;
__

'

z , th'e r ' pos sib ilit ibs' are' during 'annuall6 *o *

. . . , .. . ; . s ,

~

. , , - e r-

shutdown because'th'en horeOc'odp,oWents'can be7

-

8 inspected and more systens.
<

9 The discovery could'be due-to randon

10 operational circumstances due to' periodic testing,or

11 the failure could have-discovered itself when it

12 entere'd the systen.

r ;

13 Then, in developing defenses against this,
'

14 we have to narch backwards through.this' chart.

15 These '-- all these cases, of' course, had one

16 or nore nodels and netals-that could be used to

17 exactly describe the process of entering and exiting

18 failures.

19 But developing defenses,first.you want to

20 look, how could you have discovered it earlier than

21 you did?

(~'i 22 Then you look the causes. What should be

23 done?

24 How should design criteria be changed so that

you can elininate this cause and entry?
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l A number of models have been developed for

2 common-cause failures.

3 In this case I have divided them into two7
i

4~

categories.

5 Of course, the occurrence of failures and

6 their removal is a slow process.

7 And one set of models intends to model exact 1;

8 the process of each different type of common-cause

9 failures.

10 And these kind of models were used, for

11 example, in UASH-1400.

12 mhey had an explicit modeling of energetic
('')'

' '
'" 13 events, f'res, floods and so forth.

14 They used conditional probabilities for

15 repeated human errors.

16 After one error, the likelihood of another

17 one sinilar in higher.

18 And they evaluated the coupling between

19 failure rates.

20 Event tree methods can be used to take into

21- account functional dependencies so that, if one system

( ,) .
,

-

failes,-it doesn't really. matter whether this other22

23 system fails or not because the consequences are the

24 same and so forth.

Many fault tree methods can be used for
. . .

-

g y .

"I > ;c_
_ , _
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2
Reliability _and failuce diagrams can be used

3
with computer cores, such as PROBCALC,. FRANTIC,g)(

'J 4'

et cetera.

5 Bionomial common-cause rate models can be

6 used by NRC and. conditional probability mo d'e ls by
'7 SANDIA.

8 Then there is another family of models I

9 '. call here summary models.that-try to lump together all

10 these common-cause failure types and describe them by a,

Il single model..

12 One'is geometric mean method that was used.
,ms
(._ ! 13 in' WASH-1405.

14 For these common-cause failures that were

15
'

not' explicitly treated, they tried to estimate to

16 r;et some numbers for unidentified--common-cause

17 f a~ilu re s .

18 There is a beta-factor mod.1 that was
,

19 developed by Generals Atomics.and a correlated or

20 coupled parameters model by Atom'ics International.

21 I feel' that the summary models do not''really~

( ',. 22 support our strategy;as well as these explicit

23 models-because these try to draw all the common-cause.

24 failures into one model, lump them together,when we

really want to split common-cause failure into pieces,

i

.
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1 Ind explicit,model is.one of them. And;;
r

j
'.

.
,

,
,,

2 then find de fence s ' agai,nc t'?them.s - /-

.

3 MR. t LIPINSKI: fEarller 7 yod stated that human
, ~,)

,

t-

v 4 errors were the biggest contributor.

5 Out of this total list, none of thece-

6 _ analytical methods" allow you to put a handle on t he
,

7 human error contribution.
,

8 MR. VAURIO: I think you can put human error

9 contributions in any of these

to MR. LIPINSKI: Yes, but where do I get the

11 -data?

12 It's a statistical number that I 'need inn,t

V 13 order to factor.it in,in order to come out with a

34 number. ' ~

.

15 MR. VAURIO: Mell, of cource, there are

basic human error or-data banks being developed like16

17 the one at SANDIA.

18 But also, a l-1 th e. nuclear event experience.

ig in licensing event reports, you can identify there
i

.

;. 20 what.-- how human errors contributed to the event
21 and estimate parameters for whatever model you want to

22 use,
m.,

23 MR. LIPINSKI: Okay. I can look at a

; ;4 particular system that an LER 13 written for.

I can compare it to.the system that I have.

<
.

3.

. . - . . . - _ . . - - . _ . ~...,---,._....--,.,,__..,,,..__......,,,m-.. ,_,-.-,-m,--.-.__---.-_,....-_..,..._~.....m.,-,.
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1
If I sce ~ a' relationship I can try to change

2
the design of my systen.

3
After I get through, what do I conclude about.fs

!
-- 4

the reliability; of my system wit h re.s p e c t to.a common-
.

5
cause failure.due to human error?

6 MR. VAURIO: Well, I don't know if I under-

7
stood the que,stion. ,.

J .,,
, s

,. ;
,

, .' ' i.; s

8
.. ;1 J..;7. ;;,.

. < , u u .> t -for existingBut if you. include both
eq.,

. , , . s

systems t'h a t ypu [t a,1;4i-you,r; da6 a. from and evaluate where9
,.,. s . - .,4

10 the' human erorra.were in-.there;pompared to hardware.

,! . ; , -,
, ,

" errors, and you, include in,your new system model

12 similar type of human error possibilities that have been
im
( ),
'"' 13 found, I+think in principle you are able to compare

14 these properly.

15 Of course, this human -- the emphasis in

16 human errors is more recent than'the work on hardware

17 failures.

18 So that I think we need to work more on

19 human error areas.

20 MR. LIPINSKI; My only comment, I think, is,

21 there's a'n aw ful lot -of j udgment . involved in evaluating

( ); - 22 common-load failure due to human error, that it's not

23 amenable to hard nunarical treatment.

24 MR. VAURIO: That may be the case, yes. The

project that'is going on at Atomics In t e r'n a t ion al has
_

,

-
,

_ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ . _ m _ _ _ _ _ . _ _ . .
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1

two objectives.
s , ., 4 , ,,

/,
'

I,i j!2 One is'to de0 clop under,4 standing of common-- .z

Q)y
-3 > -

- '
*

failure mechanisms'f and' app,1y;,this. knowledge to,- cause
'.'. . << .

improve LMFBR safety.
; a " ( P; 31"'?;'~t,',

The technical approa'ch- '' ;'
/

,

*Y"^ *5 <

is to develop a

6 ~

failure model, in this case the coupled-common-cause

'7 parameters nodel, evaluate operating experience,

8 evaluate common-cause events, design and operation

9 criteria that were used for those plants when_those

'O events occurred, and the relevance of those events to

" _ current LMFBR.

12' Then identify common-cause failure
C)s'''' 13 prevention and accommodation techniques and evaluate

14 the efficiency of-those'te'chniques.,

15 MR. CARBOH: In operating experience, is

16 that intended to be all reactors, LWR's, LMFBR's?

17 MR. .VAURIO : Since there are much more

18 light water reactors than LMFBR's, I think we have to,

19 to,some extent, use light water reactor experience.

20 And I think the justification for that is

21 that many vf these common-cause ~ failures are human-
rn
(,,j .22 err 6r related.

23 AndLwhen they are human related, it doesn't

24 . matter whether.it's water or codium in..the pipes.

You can do.very much the same kind of errors.
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1 Of courne, there is act complete correspondence
,

2 .there.-

3 MR. CARBON: Can you cite an example or two
,m
+ +

L/ 4 of common-6auc7e} failuies' from peop;1e , experience,

5 actual experier.ce? ., <
>

u
."

. .r- , , .;
#

!. ;. , s t.

6 MR. VAURIO: 'c K c t u a l' e x p e b i e n c e ?

. . .~

M R'. CARBOp/ Whatiyou wo'uld consider an7
. . . _ . , , ..

8 example that fits in that category there.

'9 MR. VAURIO: Well, there are cases, for

to example, when the~ valves were that were supposed to--

11 be open were' closed because after the testing,.the

12 maintenance people didn't -- forgot to open them.
p
( ,t 13 And that is certainly something that could

34 happen in ~any kind of plant .

15 Just one example, the basic assumption in

16 this coupled parameters model iS'the accumption that

17 component unavailabilities.have.a. distribution.

jg There is certain probability density fcr the .

}

{ '19 . component unava11abild ;y
f
.

20 In this c- i. e distribution is such that
^

f 21' the median value la ten to minus three, mean value five

| (~~v 22- times.' ten to minus three, and variance seven times ten
(-*

,

{: to minus four.23
!

This is,.of cource, not -- nothing very new '*

.24
3

;

; because the same kind of thinking was used in W AS H--14 0 0.
; '

4 -

?1
%

k_.__'_.-.r_.__..,__.-h---- - - - = " - - - - - - - - - - - - - - - - - - ~ ~ " - - - - -" ~"
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1 When they evaluated systems, for example,
2 tney used 'ionticello -technicues to'obtain a distribu-
3 tion for the system unavailability.

/ 'N
\
'"

4 In one case they used completely-independent
5 sampling of the failure rates for pumps.
6 One pump had this value; another pump had
7 'this value.

8 And this kind of campling gives the

9 distribution of this kind.

10 Then they'also used failure rate coupling so
11 that t h ey, us,e d the~came failure rate.

i ^ ; ''
, , .

, ,f j_+ . i.- +s, , ,
12 Whatever is sampled for one pump, the-same

7- ,, ,

- 13 number is''used f o'r; all' t hehot erjpumps in the same
^

14 system. And ,,t h en. t.his ,s anp1 p n.g ',i s repeated..
., -.

.

15 And that gives another -- other distribution

16 that han -- usually has'a wider uncertainty, and also
17 the mean value is' moving.

18 WASH-1400 did not emphasize this e ffect , and.
19 they used Monticello techniques ~ bhcause the systems

20 were complex and the Monticello code was available.
21 Now, it is-possible for series parallel

f ') 22 systens to do this analytically, and that's what this

23 product is doing.

24 Here are some examplea now. We have the

average unavailability for one component.

.
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1 And here is the number of components,

2 parallel components, 1, 2, 3, 4, and the system

3 unavailability.
(~h
+ |

..LThe bottom (lineSic;for completely independent'
. .

.
w .

''- 4
!_ ,. .<

5 component,s.
, j

: ,

6 - Of : cours e', 'then= ihe' - ' wit h two components,
, , ,.

. t . -,

7 the unavailabilities, .the souare of the mean value for

8 one component.

9 And for three components, it's the third

to power of the mean value.

11 For completely correlated, "R" is correlation

12 coefficient from zero to one.
,,m

(_' 13 Completely correlated case, of course,the

14 unavailability of two component system is the mean

15 scuare value of the unavailability of one component.

16 And for three components, it is the mean

17 third power of the unavailability.

18 And for other' decrease of correlation, the

ig results are between these curves.

20 I don't want to go into more details with

21 'this model, just to illustrate some of the results at

(~') this point.22
t

I want to go ahead and introduce this other-23

24 important area in LOA-1 reactor system reliability;'

that is, man-machine interf t :e .

!
, ._ . . ._ _ -_. .
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1

-The objective there is to improve operational
'

2
. .

of humansafety and' proper -- using proper application

3
r3 factors engireering to the design of systems ,
t
'"'

4
facilities, operational aids, procedures and

5
4environments.r' G,/ L*^

6i .,; .i a lt, I. ''

The second , level products in this program
3. -. g5. s. .

,. _
7 *- r - . .include in formation',:Qn . cont rol -sy s t' ems .

8 An( ' th:itf i's|, c onTI;oyraris and facilities,~

9 control panels and data displays.

10 Diagnostic and prognostic systems are

11 basically operational aids that. help the operators to

12 determine what'is actually the status of the plant _,
7_

13 what is the prediction for future and how to optimize

14 ~ transient'the decision-making process to respond to the

.15 Operations personnel includes-operators,

16 maintenance personnel, nanagement and so forth.

17 All the_ procedures associated ~with opera-

18 tions.

19 Systems integration and analysis evaluates

20 all the circumstances in which this man-machine

21 interface could be important and determines the

rv
1,) 22 control' strategies to the optinum allocation of tasks

23 for machines.and. men.

24 Ongoing activities include LMPBR man-machine

interface program planning-where all are_ participating,

- -
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1 plant status control system development at IIE D L ,

2 transition control concept development at HEDL.--

3
f,.,

!IR . SIEGEL: '!h a t does that mean, transition
i

- 4 control?

5 MR. VAURIO: Transition control is that you

6 define safe and different degrees of unsafe states

7 for the system,for the plant.
; .. . ,. ,-
. :> -

8 And..then using cohpu'teri'ed aids, youz

9 determine optimum b'areito get from' unsafe situations
s

to to safe situations.
- y-- ,.s

,

se''3 ,

11 And ~ Steve'Seeman, after my presentation,

12 will talk more about these and other vords at HEDL.
r'

- 13 Critical safety parameters are being

14 evaluated by General Electric.

15 And they also develop -- are developing

16 dynamic data monitoring concepts.

17 Now, the second major -- second-level product

18 in this LMPBR program is the reactor shutdown system

19 reliability.

20 Objective _a to demonstrate --

21 HR. SIECEL: Do we have time to dwell a
''

22 little bit on that previous?

23 HR. CARBON: Yes.

24 MR. SIEGEL: I'm curious, using the example

of TMI that you quoted before about the valves that werc

..

T'
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i

| inadvertently left closed, now, there are a number of1

4

j wayc that particular situatic.n night2 there might--

i 3
! have been an information syniecm which revealed to ' ne
4

/,
J L) E4 particula r set of valves pluaj control ronn that that

|

5 any others throughout the plant, which there are

6 hundredo, are in a go or no-go state.

7 'I'here nicht be an interlock which, if any
8

8 one of those valves was in a no-go state, you couldn't
i

!; 9 start up.
l

{ 10 Sou might have a philosophy that no
i

11 interlock 3 can be. bypassed, or you can have bypassen.

1
-

12 You nicht have redundancy, that if that. I

i 'N ;

: s ;
'

! 13 valve it closed, there is another one|in parallel with
I
I .

| 14 it which in open. !

! !

g What; kind oh phllosophy;is sort of used in '|
'

15
,

.. , , s, . r,.

16 vhat you're doing now? !
..

.

,
,r s, -

|,
!17 ;' yhat are ypu' goings t 6 *- 13.there any onc

18 identified' approach,thgt;;--;information, denial of
*

a , < < ,g

19 operability, warning, prevention, duplication, what?

20 IiR . VAURIO: All the means you mentioned, I

: 21 think, are reasonably well established and known in
,

h;- - 22 nuclear industry.
v

23 I!R . SIEGEL: Yes. I mean, that'c where 1 |

24 learned them.

MR '. 'I A U R I O : But what we are looking here

,

>-en- -sW""E TTh= ve s=WYWh M fauFfb++=p*--
- r N W =e-'w wN e * h W'r M - - 1- wN"**h-M*** - - - - - - - - * " -
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I
for -- 'cause those are the remedien.

2
But I t h ir.k in thic progran we want to

3 emphacice,how would you best discover those cases?

O 4 And, or cource, there are both electronic

5 and administrative meanc to discover those.
G And I think -- we don't have specific

7 progran ongoj. ; in that particular area, although I
,

8 think it's v e ry ' imp or't ari ' are a .
'

9 ,B u t the meanc to discover those errors is

to where this program chould work.

11 MR. LIPI" SKI: Yes, but when you talk about

12 adninistrative .ercus electronic means, if you don't,

13 c ay, en force the line-up of your cafety system, cay

14 through a plant status control cycten by hardware, and

15 you fall back on adninist rative control, then you

16 introduce the poccibility o f common-mode errors due to

17 operator failures.

18 MR. VAURIO: Yes, certainly that is one

10 aspect that has to be taken into account.

20 The more hardware or computerized aids we

| 21 can develop rather than things that rely on human,

O 22 tue "etter-'

|

23 That's why we have the advanced technologiec

24 enphasized.

MR. LIPI?! SKI: Will ' hose, th e plan t status



.

'7 ?

I ~ control system, be discussed in detail later?
~

2 MR. VAURIO: I think Seeman is going to talk

3 about them. .-s

/ i

'v' 4 MR. LIPINSKI: .Is he? Okay,
it -

5' MR. VAURIO: So under the reactor shutdown

6 system reliability, we have th7 following third-level'

7 products: The primary shutdown system, the secondary

8 shutdown system, shutdown system instrumentation'and

mon it orin g' add.> ..4 c o n t ro.l, is y s t o,m #,.
. .- ..,.s s .

9 I L-

.

t.v... .- .,

10 Andsth,e major: program, tasks that~are goingy
'

,,, '. r | - 't,. <
( ,' ' ' -

. , ,-
' '

. 4 $the pEim'ary ' control rod testing by Westinghouse,11 ! on are
. . . - , . ., . . .

912 secondary control rod testing by' General Electric,
(.,
t ,

13 plant production system testing by Westinghouse,'''
,

14 digital plant prodt$ction system design and reliability
,

15 analysis by Westinghouse.

16 This will be discussed by Rico Simonelli

17 later on.

18 . Operating experience evaluat ion, de fec t - flow

19 analysis-associated Uith control systems 1s being done

20 by General Flectric.

21 So the strategy is to demonstrate the

e
(n| 22 extremely high reliability of LMFBR shutdown systems,
v

23 He have two completely separate, redundant

24 shutdown"systens, for~ example.

The approach is to conduct extensive

.

- - - . _ _ - . --. ---a - . - - - -
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4

f 7 3

j out-o f-reactor tests of primary and recondary control
4 2

systems; evaluate the operations and failure
|.
|3^

Iexperience and feed back the results to the designers;s
_

'4
conduct failure modes and effect analysis, common-cause

.5
failure analysis and reliability studies of shutdown

6 s'ystems and feed the results back to the designers.
7

A lot of this testing has been completed,

8
and we have. priority criteria for tests that still,

0 perhaps, are needed.

10
Shutdown heat removal system reliability is

' the third second-level product under LOA-1.

'12
There we have to demonstrate that shutdownr^s

13 heat removal will reliably remove decry heat-

14 following shutdown.

15 And the third-l'evel products here include

16 -main heat transport system,. auxiliary heat transport

17 systems and monitoring and control systems.

18 The major program tasks that are ongoing

,,v. v. - , ,c. . , , , .
19 include r'e l l a b.,+ r.tyinnaly3.'6 o.f . main heat transport11 e

a

20 systems by .Gonera,1 Ele ctri c ; ; reliability analyses of
,

~

,
.|:,,

.
'L 1auxiliary ~-heat" tr' nspo( rt- syst ems ~ by Wes tinghous e ,21 a
'

A't omi c s -In't;e rnational .17r ?
.

~.~,s../m ,
;

22 - General Electrid'and'(,)
23 Testing shutdown heat removal system compon-

24 ents and systems is done!mainly under LOA-2 because

there is -- much of it is natural circulation ,

.
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I experiments.

2 So the strategy here is to demonstrate

3 extremely high reliability of shutdown heat removal7_
i ;

(_/ 4 systen as a neans of reducing focus on core nelt

5 events.

6 Approach is to conduct reliability studies

7 for systems and components, conduct. tests.on hardware,

8 tasts for system and components and evaluate operating

9 experience and work with designers to enhance

10 reliability of shutdown heat rencval systems.

11 . Unles s, there , arq. none-questions , I guess
u -

t' t. J :. ><
12 I can I would like to introduce Steve Seeman from--

(^. '

!!EDL to talk nore I .abotit. man -nachine interface program.
., .

,

V 13

14 MR .. I IPINSl:I: .I.have a question. Later on,

15 I tsaume, the digital PPS in going to be discussed.

16 But your philosophy is to have a primary rod

17 system and a secondary rod system.

18 What do you conclude in terms of reliability

19 on those systems with respect to conmon-cause fa13ures

20 due to maintenance?

21 The primary system has identical components;
-

(s) 22 the secondary system has identical components,'in. terms

23 of the mechanisms.
,

24 MR. GAVIGAN: Not true.

MR. LIPTMSKI: The mechanisms on the primary

_ - - _ _ _ - _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ - - _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ - _ _ _ _ _ _ - - _ _ - _ - - . _ _ _ _ ,.--
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1
systen --

2
"r. GAVTGAM: Are different.

.
3

-

r, R . LIPIMSKI: I know the primary mechanism

4 is different from the second, but all primary mechanism i

5 are the same.

b "R. GAVIGAM: As all the primaries, right,

7 7g3,

8 v.i P . LIPINSKI: So ny question is, given a.

9 re li ab ili t y analysis of 4 .ose primary nachanisms, how ,

do you factor in a common-cause failure due to .)10

11 naintenance error?

12 !!R . VAURIO: There are tuo aspects. One is
- e

,
' --

enpha01s 'in now' moving 't'6da' ds systen testing
. ..

13 that our r

14 rather than' individual rod Aesting. >

,

15 And this c o n, p l e, t e systen testing would also
, -- :

> - t...

16 include genuine operational and naintent-ce activities

17 to the extent possible.

18 That is one approach in the long tern.
i

19 In the shorter torn I think we have to again rely on

20 nuch of the experience in earlier L?"BR's and light

21 water reactors to see hou nuch those maintenance

() 22 activities have really' contributed:to the unavailabilit ;

23 of shutdown systens, get some number for you.

24 MR. LIPINSKI: Okay. But the fact that they

have not occurred in the past does not mean that they

..
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'

I
! will'not occur i n ';h e future. There is a
i 2
! correlation.

3
; But the fa c t that you can't get a statistical

!9 4 base in the past doesn't give ne complete confidence-

4

5
that I can't have it occur in the future.

!

6
! MR. VAURIO: No, there must be also this
i

7 qualitative evaluation of all the maintenance and

| operational practices and criteria and guides that'were8

1
8

uscd before and what are used now.

10 Are the current practices better or worse
, .

3 U '

than what was used before?
!
' 12 You can.deternine on that basis whether you

.

O,
13 are improving or not.

4

14 MR. CARBON: Do you have any exchange of

LER,'s htit h' .the ' Brit'i sh or French or.anyone? I15 data like
,',i ii] '

t, , ,,
,

16 Do.you;get.any. operational safety
;' ';

*
.- ,

17 in fo rnation ? 1 >
.

I

18 MR.'VAURIO: We.are E-have started to

f 19 contact U.K. in trying to formulate an agreement by |

20- uhich we would receive data from their plants and also
,

,

21 work on'this common-cause failure problem so that ,1 e

h 22 have a wider bas e for demonstrating this .
,

i 23 HR. GAVIGAN: With France we have no t hin;: ,

i . 24 Zero.
'

i '

i MR. VAURIO: Steve?

!

__._...__-.______;_____-__..-.______._____..______._.____._ l..___ __ _ . ._L..,. _ _ _ _ .
_ _ . .
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1 "R. SPEMAU: I would think that come of you

2 in the aircraft industry, although you don't have

3 exact situations, you have a number of complexities,

4 degreen'of tacks, that the operatorc have to do.

5 And if you don't have those hindo of numbers,

6 you can pick up those from handbooku from aircraft

7 history.

8 There's been a lot of work done on that in

9 the pact.

10 You nontioned that it wasn't -- wouldn't

11 cone acrocs.

12 But if you don't have anything alce, you use
'

13 what you have.

14 "R. LIFIHSKI: Hell, you've done numerical

15 reliability evaluations for the Atlas event; namely,

16 a primary system failure given that you got a

17 cecondary cystem.

18 And you conclude that you've got a total

19 failure probability of primary-secondary system

20* cimultanecunly, which is a very cmall number, right?

21 But in order to come out with that number,'

22 you have to make certain ascumptions with recpect to the
. . . 2

.

23 common mode | failures:that^can b'c' introduced to em ch
, c

24 primary system c e parate ly..'and r cocondary cyctem
, ,

accarately in order for me to take those two numbers,
+4

*
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I put them together as a product and conclude that I've

2 got an overall performance number.

3 And all I'm questioning is, how do you,_,

( e)s
4 factor in your common mode failure, say on a primary

5 system and connon mode failure on a secondary system

6 and in term of what you conclude their individual

7 reliabilities are?

8 MR. SEEMAN: I would think that you could use
i

I 9 come of the dat-t from aerospace because you've got
!

10 systems where a man has to make or doesn't have to make

11
,

decisions and can foul something up. I'm not sure.
|
'

12 MR. VAURIO: One comment on that last(
| t :

' '' 13 question.

14 Our common-cause failure models include

15 common-cause' failures withi'n-eachtindividual system and
4 .

16 then common-cause failures..,that cross this -- between
,

-

.

'

17 these tw o. 'di f fe ren t : sy's t ems '.

18 MR. SEEMAN: My [name 'is' Steve Secnan. I'm

19 from Hanford Engineering Development Laboratory, HEDL,

20 in Richmond.

21 And I've been asked to talk about some of
r,
t,,j - 22 HEDL's programs or one of their programs in the

23 man-machine interface area.

24 It's something that we started about a year

ago.

- - _ _ _ _ _ _ _ _ _ _ _ _
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that wo,needed |The new:TMC recognized'that,

2
some work-done in this area;cso we have sat down and

1

developed a staall program., s,,

'

4," ;; Me '.-re* also involved With the TMC in develop--

s; . ,[ ' ' <i$*' '
1 .

'

5
ing a nat,ional program plan that brings together.a lot

+< ' 'j
G

'
L. , , |, -

of the el'ement's. '' '' e' ',' " < +

''

7
(I,ti 'v i,11; b e o'r in t e re s ti , I think, just to

8
some of you to,see how we're set up here.in the,

9
sa fe ty departnent.

10
I'm in the safety department. T work under

11
Mr. Pedersen- and Dr. Al Waltar, who I think some of

12
,_ .

you know. My group is called analysis and
/ +

\'~') 13 integration. -

14 The objective of our work is closely related

15 to what Jussi was talking about previously.

16- And that is, we're trying to enhance opera-

17 tional safety.

18 That's the key, operational safety through

19 preven on and accomnodation of plant accidents by

20 evaluating and optimising the man-machine int e rfa c e .

21 The man-machine interface is a term that's
,,

22(,) kind of thrown around. -

23 And it's worth taking just a moment to see

24 what I,mean by it since it may b .e different than-what

other people nean by it.

, _ .- _
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1

We look at it basically as being the

2
boundary between nan operations and machine operations,

3
but there are two kinds./ s\-

L.) 4
You can say it's the space between you md

5
the video screen or it's the physical place that man

6
touches.

7
But there's also what we feel is a more

8
important one or as inportant; and that is the data

9
flow.

10
What data do you have the machine manipulate

'I
an opposed to what data you have the man manipulate

12
in his nind or whatever tools he has.

,,--
t +
\"' 13

And that's the primary thrust of our area,

14
and that in to look at this functional nan-machine

15 interface.

16 An example of this, just to reinforce that |

17 a little bit, is when you look at the -- a control

la system, quote-unquote, in a power plant where you get

10 data in, you ve ri fy the data, you diagnose the data,

20 you decide on a course of action, you do some action.

21 These aren't, the man walks over to the

() 22 panel or anything. These are functional dependencies.

23 These show the data flow within a plant.

24 And what we're trying to find out is where within these

functions you put an interface so that the man can do

'' "
,

, s:
i. .t:g. . s ,. s

_ _ _ _ _ _ _ _ _ _ .
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I of-it'a'd't'he nadhine can'd part of it .part n

2 ~

defined for91 ht now it's fairly well

3 light water plants; at least it has been.
. . -

\''' 4 I.think $t's moving more in.the direction

5 of more machine operations ~now.

6 So the question is, where do you optimize

7 this man-machine interface?

8 It's very complicated. It's dependent upon

9 the state of your hardware and a lot of different

10 other things, how you're going to run the plant.

11 This is my septipus here. It's .ntended to

12 show the various connlicated things that go into this,

p/x(. 13 In the_ attempt that we had to try to find

14 out what we re ally need to be doinc, we've got lessons

15 learned from TMI.

16 We have program plan from the fast reactor

17 technical' management center,

18 Light water people are working on plams of

ID . action to try to improve their man-machine interface.

| . 20 Ue've got miscellaneous advice, a number of~

21 'different things.

/~ ) 22 And the question is, what really do we-need,
's

23 .especially in ay case where we're'looking at breeder

.24 reactors?

And what can we do for future breeder

**A f 4' 1r y, p .. . .. , ,.s. ,.
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3
.

,'

reactors? 's ^; i- '.
*-

,

< , 2: .-, ,

2
What we.feelris neededs.1sua. development of

, , - ,- t'
~ .

3 0, '- ''
-

* '

systems to ' optimize this'ma'n-machine' interface,
.

3,7-
V . .. f. ,

.
. .i w .

4 followed by assessment o f ' t h e ire l'a't i v e benefit.

5 This is very important because you~can put,

6 one of these more automated, if you will, systems on
f

7 plant, but how do you know i t 's going to.be better?

8 How do you know that you haven't introduced

9 more risk?

10 And so we feel a very.important part of the
i

11 program is to -- once we've developed some of thesc

|
12 different systems, tofdo assessments of the reduction

,,
- ( ';- 13 in risk, if you will, from these programs.

14 The way we do this, the way we plan on doing

15 this, we have not gone into tnf a in detail yet; but

16 it's to look at cost benefit where the benefit is
~

17 actually a: reduction in consequences, where these

18 are probabilities times of occurrence timesthe--

19 consequence of the occurrence.

20 So you look at what you thought it~ was

21 before and what you think' it 's going to be with the

f.,; 22 new system,-and'that is a reduction in-risk.
xs. .

23 And you.do some kind of cuantification of

24 your benefit from the system.

The cost will be the usual methods as to what
.

-

-

_. .._m- _ .



-

|

'83

1 it will cost to implement the system.

2 Our approach at HEDL is, since'we have a

'3 real nachine and it's a test machine, is to use this
,_

(' 4 as a test bed where possible, to develop some of these

5 operat'or aids, test them off-line, perhaps or on-line

6 if it's justified, and verify 'its rel'. ability of

7 things like this,. determine cost b0nefit and tr$ to

8 ext rapola,te y tt sto s future r e a c t o r s ',' -

.i : :,.r . is', ,

s .,,

9 This is important because'we're not just
e -. ( . ;w

,

10 doing it'forFFTP, 1 I4*
,

'We ! {er.doing. it, f a,o,' that f we can give the11
,

12 designers of the large breeder reactors, future breeder
,-

\s' 13 reactors, a data base tn work from.

14 As Mr. Gavigan said, we're $n the business

15 of developing this data base; and I think this 13 a I

'

16 very important part of it.

17 The scope of the work that we have at HEDL

18 now is, we've laid out a fairly large program.

19 Me're not doing a HEDL program r.ight now.

20 Ne're basically involved in planning.

21 Ne have a system tnat is called plant status

I' ; 22 control.
(/

23 We're working on a' transition control concept ,

we're developing a testing24 and we're getting --

methodclogy as an important part of this..,

_ -. ,
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-)i )

,

1 *v
~

,
~

' Later'we feel we'll')e'getting into more
2

. . : 1
.

concepts.
. .

detailed'apecifie diagno,stics 'or simulationg
'

3

(~) But.we are n o t. 1,n t o _ .t h e m ' r i g h t now. So l'll
,

V 4 -

' )i
'

briefly talk about the plant status control, transition
5

control and testing methodology.
6

These work packages are broken up into |
'

7

MIDAS, which is an acronym for master information and
8

data acquisition system, which is a plant status
9

a management s y s t r.mcontrol system'that's used --

10
being used for testing and use on FFTP.

11

And I'll go into it in more detail, buc it

12
basically just releases -- it tracks the work released,7.. s

, 1 ,) 13s

to the' plant.

14
It allows-the operator to make decisions to

15
release work to the plant based on what the systum has

16
in it.

17
The testing methodology which we've coined

our data display system, this is our tool that we're
|

19
using to do .t he tes ting.

I 20
| We also are developing a transition control
l

21'

system that is a diagnostic operational system.
# '

22()' -And this is a system that we're hoping will

23
give - enable the operator t o have guidance during

24
reactor' transience or equipment problems so that it

t' ells him not necessarily what the overall problem is.

. - _ _ _ _ ._____ __
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I but how to - .where to get to a safe state.
a .,.. ,. s t ,,7 ,_7

2 ~

And.I.'ll 50 in'to thati.-in a'little more
3

' detail. I'841 'go' t riro uhh e a c h 'o n e of these.
O c,'w + :

'
.

4 MR. LIPINSKI: Your plant status and control
( _< v *; s, s. : r. s <

'
. ,

is not a h a r'd -w i r e' d ' i 's y s t e'm ; i t ' s 'k;a' paper' system?5 - >

6 MR. SEEMAN: .It's a paper system. It's

7 called MIDAS.

8 nd the situation, we feel, at present. the t

9 operators have to rely on long lists.

10 Ycu've all seen them. The computer prints
.

11 out that, shows all the equipment in the plant, the

12 valves, the breakers, the load' lifts, this kind of

13 thing.

14 They rely an awful lot on their memory; that

15 ~is, their model o f what the plant looks like, drawings,

16 leg-work.

17 And they needed to do this to determine if
,

18 it's really appropriate to release work to a plant.-

19. If someone comes to them,and they do very.

20 often, and say they need to do main,enance on a

21 particular valve or. a particular piece of equipment',

22 they need to take.that particular piece of ec.uipment

23 out, taking it out, that pars on that's making that

24 decision is put on the spot.

IIe - c an , by naking the wrong' decision, put

,

e

_ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ ._ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ .
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1
the plant in a place where it shouldn't be.

2
And so we feel it's very important. And

3
the problems, from the way they're doing it now, iscs

(m) 4
that it takes time.

5 ~

fnd Ta'g a[in}{ 1) It; ak'e sj t 15,e , a'p d - it ' s very,
. . . . . m. . -

6 ygpy.compli.cated.
,. .y- r- c.

.Iii increases - hhere#1's a large potential7

for mistakes, we fe'el.8 # 'c
#

. #

9 And-this really places the operator-under a

10 lot of stress to do it right.

Il The solution that we're looking at is to --

12 in this "IDAS system, uhich will maintain a work
,

(
.

'' 13 document control log, maintain the status log, provide

14 all sorts of querries aad sort capabilities.

15 It will provide the component safety and

16 technical-inforaation.

17 Dut most importantly, we feel, is that it ,

18 integrates the plant components functionally.

19 That is, it doesn't j ust allow single searche. >

20 or flat searches, as they're called, through computer

21 piles,

(n,
t,. ,) 22 It allows the operator to ask, for example,

23 if I dig out this valve, what other components in the

24 plant will be-affected?

What other components an I directly
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1

affecting?

2
What is within the hierarchy' of that

3
particular component or the cross-hierarchies, if you'

,

t i
%J 4

will?

5
And the system that we've come up with is

6
a MIDAS sys tem, called master information a nd data

7
acquisition system.

8 It was' coined by one of the operators. The-

9 -at-FF?F have had'a very strong hand in theoperators

10
design of this system.

11 AndLanybody that tries to design a system

I li ke t h i'si[t'h'at| d o e s nt' b gb t '. t h e op e r a t o r s in it is
^

,
; _ >. 5 ,, , , , .

' '
headed for a.. bad. fall. , _

,

'| r . ,
. ,

, ,

.. ' The ope rat ors 'know ho'w' ' th at plant works.t ' . -14

15 They know';whitl's'2 npe de d d ' i .' . 7
16 They know what they.will use, and they know

I7 where their problems P .' e ..

18 They've been really valuable in helping
.

19 d'e s ign the system.
~

,

20 7,ve got a schematic, a rough schematic, of

21 the system, which I'll show here. This is kind of

(i 22 conceptual. -

23 7,vefgot a couple others that are following.

24 They get a little more detailed, which I will skim

through because they are involved.

1

<.
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1 Basically , t he operator works through

2 screens, video screens; and he operates on this MIDAS

3 data base.
g
k- 4 The data base has access to equipment groups,

,. . .,.
.. - ~ ,

5 and presentJy,in these groups,now we have on the order
.

6 of fi f t y-one. thous and. component s..

-s ..
,

7 There are'equipmen't"in"the lists, valves,

8 electrical load lidts and'. dampers . It's a very large

9 list.

10 We also have included in data base document

11 in f o rma t ion ; that is, the reproduction of work control

12 logs -and generation of the work control logs.
p.,,

; '(,) 13 It provides information for these kinds o f

(4 documents.

15 There are a number of documents in the plant

16 that we work with.

17 And then it has the special lists, tech.
,

18 spec, critical system and sone of the shop lists where

19 they have maintenance requirements.

20 And the data base actually ties these

21 together.

/~) 22 It will say, for example, for a particular
v

23 valve, what other pieces of equipmt at in these other

24 data bases apply to that , a re functionally related to

that piece of equipment.

. . . . . . .
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1

It will then go into this part and say,what

2
tech. specs are related to that particular valve that

3
. T ' n. taking out?

4
During this mode'of operation of the plant,

5
tech . 'cpc,c' am I'. going to i b,e ,pos sib ly j eopardizing?what

,

,et ..i - AL.

C ri t i c_al systems, applicability and shop are
b '

''

*
7

the same ways. r C, i!'
. ,.

-
i -

.

8
A1:1 thje s ej;p hings arg' ;t ie d~ t oge t he r , and

9 that's what we feel is the really uni'que part of this.

10 MR. CARBON:. Steve, this sounds ve'ry good to

11 me.

12 Are you deep enough in it to-know -- does

.O 13 the operator still get so many answers?

14 He asks about a valve. Can there be so many

15 answers that it takes him forever'to look through them

16 all?

17 MR. S E Eti A N : That's a real good question, and

18 what we tried to do in.the beginning in the design of

18 this is to give him enough querry capability so that

20 ~ his answers.he could limit

21 Forfexample, he doesn't ask, tell me all the

() 22 valves. That would be suicidal in a tremendous

23 output.
I

24 But he said instead, tell me a-11 of the

valves that are related to this tech. spec,that are in

1

i

,
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1
this particular cell of the reactor.

2
And so that automatically cuts down the

I,
list tc, say, one or two or a very small number.

i
~# # So he has that capability. And that's the

5 capabiltty of one of the standard large data base
t
'

6
.

: management systems that are available now through the
|

7
soft core vendors.

8
( It's very powerful that way. The querry

, .
. C' I'r i'

9 ,. .

capability -- they>cnjoy,using'it.,'too, because they

10 ~ '

don't have to sort {#dhrough. ~'

u p ,'
I

gy - L,, . (T - .

An operation that takes sixty seconds,for

example, with-tlli:s achine Nuld'take a man. sorting at#12

c' ,,
N/ the reactor -- would take him on the order of. eighteen

14 hours ,Just to get the same kind of information out,

15 related information.

16 It's tremendous, the querry capability.

17 MR. CARBOH: Is this used c1cewhere at any

18 of the LMFBR installations?

19 MR. SEEMAM: Not to my knowledge. I think

20 that some of the LMFBR people have the flat ~ list.

21 That is, .they have this portion of it that

22
( ) they-can go in and querry.

23 They can ask for a particular name of a

24 damper and give me .all the information on that; an

electrical load list, give me all of the electrical

.. . _ __ _ __
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1 equipment asacciated with this breaker box; give me..

2 this particular valve'.

3 They can go through these sort lists. I'm
,3

I'J 4 sure they can do that.

5 IIR . LIPIMSKI: What did FFTP do to establish

6 the status of all of the carety components in the

7 plant? Is there a:hard-wired systen?

5 Let ne give you a case at hand. TMI-1 has

9 a turbine-driven feed-water pump, and it's got a

10 pneumatic operator on it.

11 Did you mean to' say that pneumatic operator

12 can win'd on the hand wheel, shove the diaphragn down
,.,

I 'tv 13 all the way and that guarantees that the valve will

14 not li f t ?
s

'Then you're through with maintenance on that15 -

_, ,, . . . . ,, , , . .

16 operation ,; you ;rdlp'Jon 'tl e.2 operator to restore thatJ> .~ < ,

17 hand who 1-back sos the diaphragn can lift if that
. +, ti,... .-

18 valvc's to"be'ca110d'on:
-..

'

, - ~ . . .., e r-

19 .Th'el e; id 'ho' in'di'c'afor or e.ny t hin g . It's.

20 strictly an. administrative control, that when he's

21 through he restores that valve to~ service.

f.,l 22 Now, are you i- a similar condition, or do
~

,

23 you have your systens reinforced through electrical

24 interlocking?

MR. SEEiAN: I can't speak for the FFTP part

_ ____ . . - - . _ . - - . _ .
,.
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1
of the house.

2
But I can say I know that a lot of the

3
naintenance procedures in done by procedures,,

Y 4
administratively where you have re-tects, where you go

5 back in and you assign re-tests.

6
I do not know which safety syctcms or which

safety-related components, if you will, are hard-wired

8 so that you,can tell which way they are,
'

;
g .

s .;.

MR. LIPIMSKI: Because your data base is goin ;
,

dekended upon'somebody that's done a maintenance10 to be

11 operation,and'said, yes,;I',ve restored it to service,

12 and then he goes down to your data base and then you
, .

' '
'' 13 believe it.

14 MR. SEEMAM: That's correct. I would like

15 to have taken a bigger step in designing this.

16 However, we were limited in scope. We

17 limited ourselves in the c o n t u .. t that we didn't want

18 to get a specific j ob done to a demonstration of this

19 functional relationship concept.

20 Su in order to accomplish that in the time

21 that we had, we did limit our scope.
,

22 You can expand on this system just()
23 $mmensely.

24 Everybody that's seen it has said, gee, why

don't you do this? Why don't you have this particular

- _ _ _ _ _ - - _ _ _ _ _ _
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1

acpect of it? ,

*

Why don't you throw it up so that it-tells

3
you when to do a maintenance?<s

k 4
And you can. The answer is, you can. Not

5 ~

time and money. Software costsvery easily. It-takes

6 noney,

7 MR. SIEGEL: Does the system so ceganized

a have a pattern which, in.a sense, prevents the
A. ; -- . . . , . , -,

operator fr,om jas king fo,o;11sh ju$est, tons8 which will
, ,

,

to dump, you ligow;" sixty thousa,nd pie,ces-of information
'

11 '.' ,

on him? ' '' ''

yy,(3f'gpig go,i he can make large dumps.12 2

,

\- ' 13 He's limited from making large dumps in front of him.

14 He can make large dumps down at the main

15 host computer, which is down in the Federal Building

16 in Richmond, for those of you who have been there.

17 We're connected to a large UNIVAC 1100 down-

18 town.

19 He can ask silly questfonc to it, and it

20 won't give him the answer.

21 It wil-1 tell him, no such component exists,

rm
22( ) for example, if he's asking for a noncencical

23 component.

24 MR. SIEGEL: The system advises him_on what's

|n'more concible question?
.

.

b' - _ _ - - -
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1 Mn, SEE".AN: No, it cays that I don't have

2 the answer to that question,

3
^

Or it says that that component doe; not
,css

(-) 4 I don't understand.exist or that --

5 if you askIf you ack him comething that --

i

6
it the urong valve nunber, for example, it will give

7 you the wrong valve.

8 It can only reproduce that, that which you

9 give it.

10 VP. SIEGEL: Well, you-gave an example of

11 how the operator getc a very linited and, thereby,

12 useful sen of output data when he ackc- the right
, , . . .. .

p3 -- . ,

"'' -"' '

x/ 13 " "question.
t

.
.

. . . . .
'

14 t'n still troubled uhether -- how cmart
' i.*

,

15 doca the operator have to be in. order to always ask
- ; , , s- i.<-

,

right questions? dan he ask foolish questions?16

17 MR. SEEMAN: Okay. I understand. Yes, he

18 can, and I've seen it. I've done it mys elf playing

19 with it.

20 .You ask for something that ' c too broad in

21 scope,

r' 22 I asked for the components -- to list the()
23 eculpment in System 81,that's the primary heat

24 transport aystem; and I got tremendous dumps coming

back out.

_ _ - _ - - _ _ _ - _ _ _ _ _ _ _ - _
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1 You just cancel it, and you say uell, I did

2
a dumb thing there. Let.no see if I can limit that.

3 Let ne see'the valves in this particular
7-
T-) 4 loop, which is Systen 81-A, for example.

5 And you start to get another large one, and

6 then you start thinking well, naybe I shouldn't do

7
.that. I need to ask for a particular valve in a

8 ggy7,

9 You can carcel those. Those are pretty much

U
de tailed .

' MR. LIPIMSKI: Does he have a thesaurus that

12 he can work with?
, s,
; )'" 13 Because the computer rejects a request if

14 the-conna, the dash or the plural isn't in the right

15 place because it won't be in-its vocabulary.

16 So how does the operator know precisely how

17 to-put in statenents with precision that the conputer

18 recognizes?

19 MR. SEEMAN: It can get around.that by
. -

'

i '(**
$,

saying, Tor exanple , give 'ne' als of the equipment in20

51}that,ctaptc,with " V " ', valve numbers. I. don't21 Cell
~

1 .

e

( ) 22 have to know that,
v .

''' '
, . .

23 And he then p rints it out, and he novos a

24 pointer to the particular one he wants, pushes a

button; and it goes and pulls that one out.

;. -
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3 That's a physical man-machine interface

2 problen right there.

3 MR. LIPI?! SKI: Because one of the biggest'

('~'T 4 problems with computers is, the thing is very precise.

5 And if you don't get to it precisely the

6 way it has it stored, it will say, I don't have it,

7 junt because yr.u didn't put an "S" behind it.

8 MR. S E E M A!! : Ue had an operator that did not

9 like the system.

10 And that'n not uncommon, for operators not

11 to like that kind of thing, mainly if they can't type.

12 And his~ comment'after we brought it up we--

' ~',i

g( /
, +

, . . ,,

13 brought up about hal,f of this cycten.

14 .His;connent wan, geci,'I~used it this norning
~

15 and it didn 't ' even| have' th'e va.1've in it that I wanted.
16 !Iow , what good is it-for me?

17 And 30 the guy that was demonstrating nald,

18 what was the valve nunber? And the guy naid V-222h.

19 And they put it up and sure enough, it said,

20 not in file.

21' And the guy.said gee, what cell wan it'$n?

f') 22 And he said 151 on the lower level.
us

23 He said, give me all the volves on 151, and

24 cure e n o u gh ', it's not th'ere.

And the guy was kind of looking over his

. _ _ _ - - - _



97

1

shou) der, and he said there it is; ..t's 442, not 224,

2
And-that's the kind of thing that we're

3
after.

$m-) 4
That's the' kind of nistake that does lead to

5 -
~

large prohlems.

6 We think.this is going'to do it.

7
MR. SIEGEL: Can the operator ask a question,

8 all' valves required for. operation in the rightare

9 -position?

10 MR. SEEMAN: No. It does not develop line-

11
ups.

12
i That,'s son,ething that,would be really nice+-(s. , ,. ,

(~) 13'
' ' ' ' ' ' ' ' ' " "' '

to do on a synten like that, but it's expensive.
' -

., i ,
,

~

Y;oi ca,n. do' it .k You can do, all kinds o' f -14

15 things like that*. mi f ,t'*
.t

4
< < ><.,s- , ,.

16 MR. LIPINSKI: If the operators are making

17 . entries into this.systen after maintenance operations,

18 is _ storing the information an the current condition..

19 of'the plant or.not?

20 MR. SEEHAM: It's storing conditions as to

21 its readiness,

n 22is ,) It can be operable; it's not down. It's a

23 one or a zero kind of thing.

24 It's not'saying, the valve is lined up this

particular ut.y.

_. . _
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1 MB. LIFIMSKI: You're not using the operator

2 input to accunulate and store that information?

3 MP. SEEMAM: 'l o . It could be.
(\
;# 4

' 4 MR. CARBON: I may be asking t h'e same questic a

5 Walt just did.

6 As soon as you undertake some action based

7 on the operator having gotten information, is that

8 action immediately fed into this system so that if a

9 second operator comes a?ong and asks about a valve in

10 the same cell, will his answer re flect the fact that

11 ten ninutes ago they took some other --

12 '' R . SEFMAN: That's correct. And where that-

.rx
'

4

't._./ 13 happens is over i T this portion right'here.
,

14 In the virk release form when the person --

15 the craftsman that is allowed -- when he's allowed to

16 go work on that, valve, he.'sygivene this ' form from the
i. , ' , ,

' ~
5,,

.,4 ,

17 computer.
. ~ , y

-
.

18 And he:goes out,then.'.'And'as it's fed into
,

19 the computer;.it'd automatically' - the data base is

20 updated.

21 And there's a -- in this particular valve,

(~') 22 it will -- it's a taking-out status. So it's on line,
'j

23 if you will. It knows wher9 it is.

24 The next three view-graphs I don't think

I'll~ go through in detail.
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1 Those of you that want to look at them that

2 like software uill enjoy them.

3
r3 , Basically, it just shows that the soft *are
i, )
v

4 is buil''in three partis,t a transactions portion an d

5 the two data banks;;a, work c'o n t ro l log,which is your

6 paperwork, the docunentation for what you're getting;

7 and the IIIDA3 index, which is the fifty-one thousand

8 pieces of equipment.

4

9 The one important par , of that that I would

to like to point out, and that is within the index -- it

11 gets more complicated as you go down into lower

12 levels,
r~s 4

( i
''

13 But within this MIDAS index, ahich was one

14 of those three,you have all of these pieces of

15 equipment, the instrumants, the electrical load lists,

16 the dampers.

17 But you also have this thing called FEG, and

18 this 13 a systen called functional equipment groups.

19 And that is the hierarchy. This 13 where

20 that's stored and is brought together.

21 f.n d that's something that's fairly tedious

g)( 22 where you have to go down to the P and ID level and

23 cay, where does this piece of equipment belong on

24 my overall hierarchy of the plant?

I
'And that also gives you nome kind of

. _ _ _ _ _ _ _ _ - _ I
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{

-

-1 standardization for your plant, too.-

~
i
4- _

; 2 So everybody starts saying. . hat's part of'
:
i

3 t h i s, system; that's part of this' system.

FO
'

'

4 :And they ' re starting'to use now the same -

;
- ' |- ,

,

1
+- 5 nomenclature.

6 hight.now we are~ set-up.w?th a keyboard'in

'

7 the plant.
:.

.
-

in the: plant.- OneThere are two keyboards
.

8
i;
'j_

is right'at the desk of the person that releases the>
- g

?

! work to the plant, h'ooked up to a-CRT.10
,

=He's gut a printer available to him,; - 33
!
i, - .

it has.-- it '.s. this .!

. .

it's rtn intelligent t o rni.n al , so: 12

!h
.

!
'

controller type' arrangement.
i 13

And it does -feed with a hard[1'ine down. to our |[
L

34
! i

controller building down in downtown Richmond wiiere ' ;j. - 15

i- '!
we're hooked up to our 1100 UNIVAC. 'l

! 16
;

t
That's worked out pretty well. ife've had; 37

;

| twenty-four-hour-a-day service, and-they've kept. good
18 .

p
availability for us'.

19

L
Just-a quicky.on our milestones. We have,.

; 20
1
;

i I would say.,:over half of the system in place |r$ght'
21

' -

, .

now and operational.[ .22
-

1

{t The-operators can n)w use the flat lists
.

23
r,

and some of the functional relationships of-thei .

' 24 q

equipment.. .

,.
.

,

[
, .. 3s y ;

> $ ;ri 3

|
* [ <i t 'p3 J (' .h !(.iv

i
'

T G~ ^ p,
.

L, ;*

. l ,, +-
. . !a . -+:*;____ - . - .

_ _ _ _ . _ ; _ . _ . _ _ .._ _ _ ,
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.

Tr.cy 're getting used to the system. They're>
1

4..
3'

.

2 essentially, if you.will, playing with it, getting ,.

,

i
'

.
. 3 -over their initial fears of it, seeing what-it can ,do,

.o >

? 4 '. developing their skills with the system.
,

b Nnd it is helping them.' It's helping'themi 5

'

's -do;their equipment searches.
; . ,

7. 'We do not have'the work release ~ portion to '

'

!.

a .it. now, . the documentation. portion 1 o f it .
1 _ .

,g
- And that -- our software is on schedule,-an~d-

'10 'that will be brought'up Idefore the end of-the year., .

;

&

'

11 - 'That' system has gone'very~well. ~I'm'very
,

i . pleased'with it. d12
.

-

: ).., p:
'

/ -13 . Some | 'fut ure l it ems , depending on funding,
,

, , , ,. . . a
1

34 we're_goir3g to be going in.and determining some of the,

>. .

'
; . ; .i - <

f' 15 safety enhancement's.
.

1

<
q.. .

')And thistis"ver.y difficult because PFT' is! 16~
'

a
; a plant whose status is changing.37

It's going from a cold plant to a ' start-up-18
|

plant and then~to a full-power plant.19 ,

4

20 .So we .' re . ;e tting dif ferent ranges of

information.21

But *here are ways we.can do this, and22
1

mainly-they're going to be done with operator234

j . interviews and trying to catch some of the mistakes24
i

'

'that.they.are making and maybe have made in the past'

.

,

'

j-
' . , - ,. ,,-.J ,, - _ ,....~,--..... n ~....- - - - . _.,,..._, ... .- .,..--,-------,,.u-,-----.---~, ~.
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<1 that'have been. bought..

~

,2 In 'he-future we're going to be.looking
t'

.Lat enlargements to this.!
- r.

- 6-
3

| We:really.want.to be looking at'what would4
0 -

'' '

5 this plantf1'ook likeJon' a.very large plant,with a-
! >

,
,

5
6' ' balance of plants, steam generators and'th'e whole .

4

-7 works and perhaps working at developing.some-artificial .

i :

8- intelligence |.for;such'a system. '

;

*
~ '

'

9 This would.be a' system that would.say to;the

10 operator, no, you can'.t do-that; your valve ~ alignment.
,

6 11 .is wrong, or some offthe things that ~ Walt 's- beeri

:- t ilkin g - about .
i. 12

13 I'm going to briefly touch on this. data'%
,

j . display? system that we're setting up.94

It's separate from MIDAS.. 'MIDTS'is being15
,

- put' up - on the .p lant.. There are tools in p la c e . :'or l't . .
16

.

But. basically we're using this thing, this_37
i-

particular, tool,t'o develop and test the advance sy u cems
18, ,

{ that we're going tn be looking at'.39
?

,

'
It.J.smour testing methodology, i f. y o u '' w i l l .' 20 . 7

* ' ', m ,'x . . .! > ;>

f He need to provide an interface for evaluating some
~21 --7 .,

' , ~ '
. ..

. j*

^

e* ,
_ ,

. h .opthqimanymachine-interface methodologies that we're22
.y ,

going';toTb e, . ;deve,lo ping" and als o for providing isome ' of.23,
> -. ,u .t.

t tihe. , advance proj ect s , such as diagnos t ics ,. simulations .,

20

and. -t ransition control sys tem, that I'll be talking.
'

4

'

,

k

a
:=__ - _ _ ___ _ _ __ - __ __ _ - _ --_ - - ___ ____ _ _. _ - - ___ ___ - - - _: _ - _
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*L s

t

1 ab o u te. : We've' configured.that system.'

_;

:

1. \7 ill . skip . over the ne xt' one and go' on t'o this:2

f ,

-
3 figure here that showsiwhat'.we have now.'

.'.

| -h . . ..

4 ~ We .have 'a c olor.> graphic system that's-hooked -
,

( . -

-is a fairly; potent CPU.; 5 up . t o -- a 'DEC 'VAX.,- .whic h ,
t

5

6 -We're. going to be running tapes-on this '|:
-

1
: 7 . -VAX; in.. the . future .

, u y
> - > .. ,.

,
.

y 4 a ... ..
, r

. ,
..

8 This~1s something we'reJtrying to develop
'

;

h- . f' . [ ,

.. , , .,

9 'fromithe..operatorrtraining simulator, y
~

: -v

<It's t,hesEFTE training simulator, and'what t
i 10 < ':c c +;7,

*t;

i 11 i.a envision'is that~we will have a' methodology that-

L
,

I .[ 12 uses reactor data.
|.
t (!- 13 For example, a' diagnostic system that looks' -

-
, -

-14 at~some-kind.of reactor ' situation and gives fhe
g

!
t

15 operator a. promptL.and then says , that's what.'s' happening
f

16 andLdiagnoses something.

17 And what we want to do is to run a situation 4

18 with the simulator and ge' 'e operator response'to

0 19 :that Jcondition .and. then- run the sare situation with
i=

'
- 20 the1 operator- watching- the video screen to see ~ 1 f, he

21 . gats better~ prompts, see if he.can bette'r underst'and
.

$

L.h.
_

. 22 what's going on, see if it would actually1 help him' l
~

<

p

[-- ;23 and reduce the risk in that particular type,ofcaccident- . .

s

,

- 24 Early recognition, it ,;u will,|so'that'we
!

I" can' demonstrate-some kind of risk reductlon.
I

)

') 1

i

L . .
-

%_ ,, --. ..-,.-. ..-.....,,...a / .c,-,;
_

_..~,,U.,.-,i-~_-,,,,. ..~...,,4.-,_-,.--..,.- _ ..< .-, - .....,,-, , - . . , . ,
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j

'i - . .

; 1 A:little status.information. .Basical-ly. n'

~2 - we've developed the methods,and'the machine is sin
4

-

;
'

. .

2 3- place and ue'.re. bringing.it.up.
.-

, ' .Q ;
_. L ~

i: 4 Final-item of development-work.that.-I.want-' '
. ,

15 . to talk abont isithisEdiagnost'ic/operationals syst.:m- . |j .; . ,
1

' .

thatjwe've' called our transition control system..
, , 4

' 'o 6'

1: 2

l' ~
.

7 This is kind of complicated.- |It runs"a
.

; 8 little~ counter to what some of the'present~ thinking:is.'

!'
and we're9

- ~And. we think :it 's got some merit , 7 .

1

)

.10 testingeit.on a-smaller system.[
4 ..

defino and demonstrate a11- We'd_like to*
-

j'

i

- tr 1

\'
L 14 Andiby that'I mean it does not necessarily

!
'

! 15 tell the' operator or go into high-level diagnostics as
!

| 16 .ta what's' going on.

1 . It} d'e t ermirie s if a piece of equipment h a~sD , '. Y T17
L ;.;; &i. <- '

,

f failed.. _ *i 18 ,, s
y, ;j t. : g ..

s f . .. t

I y '$ J- Arid ' tht 1-. it s ay s , based on that, here$s a'19
.. . .f . , , . , ~

2'O - statetthat.7-you. carr gg to that 's s afe .
.

.21- That means you don't have to describe"all of'

,

' O - the u"sare statee' =e1 e the noe=1e e ta1"ce that22

23, can go! wrong'.
'

2
s ,

All you have to decide is,-what's left tc go24 .g

e + .

} _, ,
,

'.to?
-

<. __

~
v ,

1

'' *<
i , , ,

.

ds=-ae.qW q,# -pr wep y-g -bDrtW .tg.,%-m 9 pt@ 1F 39 % (st|-sa ty gS-gY k *'g T yr'r-wMP*-ga=,aer ug gwp g -ag g $9=e s p p-g e eyq p *-9-egW y ,.>wer fg M g g (ga y49MggMy $M-Wf erM te- *tm -G -@ ye-K M *g-Mr 59 99 g vg y g T* WT g VT 8T*t
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1 Uhere can you go'within the matrix of
'

. 1

| 2 acceptable states?

3 nnd'we think that's quite a; bit different.
,

. cg

:. 4 The premise,.then,.is~[that the status of-the plant

.5 equipment : directlyi det ermines the pochible acceptable

~

* - 6 states. .
,

,

~

,
-

7 This.is'what operators go through:in their
,

! _ .

~

8 . head.
'

t

_

;
- g When they see something happening, they'say, 4

-,

to well, what's d.o w n ? What-happened? Whatipiece of
1

!

11 equipment failed? Where do.I have to go to'. bypass that'

'

12 . problem?

- 13 The'y need to know what' t he acceptable' state-

'

is to put the plant'in.34
I

4
'

15 Our approach is that we're-going-to-formalize ,

!- the hierarchy of acceptable states.16
:

] Now, this is kind of done already with
37

i

.
18 proceduren.

'

!
;

'

i- If you go through the way the operator39
|

actually runs the plant, he has a hierarchy,whether 1
i 2r,

h - ?it's written explicitly.or not.
21

f.
- He's.got one in his mind of which state is

22
: '

| safer than.twhich' state is safer than which state.23 .

s'
So h'e'can go ~

,

down these lists. It also can2'
24 ,;. ,...,,c-. - -

g <. 4 . 'i~ ~ <. 2 (.' +

b e pull'ed, 'out of the-pro'cedbres as,, . , ,

to -- you know., and
,

'

7 ,- ;.

f .y , ~

7;-. - ,,.. ,

_,*, .s

-

.-.___.-_.._.,_,-,..~..m,_.,_._- . _ :_ - .__.& _ . . . - . . . . . , . . _ _ . - . .-__em. . - . . . _ . , _ . _ ,
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1 laid out.in someskind_-of hierarchy.

2- MR. LIPINSKI: How viill the system sense the

- 3 state of :the. plant , through direct measure"Ont s or -
.

. '

4 , - ope ra t o r;. ent rie s ? -

, 1 'e ''
,

5 MR. SE MAM: It'would have to be through
.. < . :.. . .

.

'd i r.e'c t ' [ mea s'u re m e n t sy i n5 t h i s6 case.

.7 ,j , c. N o w ,' y o u fe a li T g e t grandiose where you'can-f p 'y i

. .>. '- ;. * . -<

8 look at Lthe whole plant -scale.

9 Oriyou can say., well, I'm going to do it:or
'

to a small piece of the. plant,.maybe:an important piece,
~

11 if you will, maybe a shutdown system or something

12 like th'at where it knows the state of the plant based-

~ O
13 on software redundancy, for example.

14 It doesn't necessarily have a micro-switch-

15 t hat tells you a valve is shut or opened.

16 But it looks at the flow downstream and

17 looks et the temperature.

18 It-does calculations. Software redunda'nt l
1

19 tyoe things.

20 MR. LIPINSKI- A lot of safety systems'are-

it st an ding .in" s '.andby . s t at us , waiting to be-~ called on.<

() 22 You-wod't necessarily'have flows? .

23 - MR..SEEMAU: Tkat's' correct, b ut then you
i

has- po'cier t o -its or it's not the24 use'something where- **

proper position, line-up or what have you.

.

+ -
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;
,

-

1 - M R'. -L I P I N S K I : Where it's in standby, you'd
'~

-

-2
,

h' eve to!go'- there and' measure the st atus of all the- '

; 3' b'reakers, the' ralve,,whatever is involved..that aays

O
-

,

,

. ,
'

4 'thatJ system--will operate when you want it to.
.

t...

h. .5 : Irfyou don't, then you can't get that:--
i

~

i :s MR,.SEEMAN: That's c o r r e e t '. cAnd9that - you .

,

|
.) look aheadLto an awesome task if that.indeed is going

- 2
,

:
--

,. .

i. 8 .tu~be done. plant-wide because it would have,t'o'be
t

9 .done?for.all, pieces.of equipment.E ,

| 10
~

Once the off-normal state is realised, which'J

| -
<

f
11 icfno trivial matter, is what you're'saying.too,.uhen ;

i ^

L 12 you can . find a t ransition matrix which is'-- which

LO''- 13 describes the chinges required to return to an
I

14 acceptable state.
c
;

15 I can tell you briefly where we areK.on'

+

! 16 this. ;
'

; ,
,.

17 We've'-gone through quite a review of ' work
i

~

,
|

18 being.done.both internationally,and nationally.and j
,

I

19 came up with the methodology - for doing this, the
-

q
'

|- , ' 20 mathematics, if you will, for-determining what

'

gtecp|ptablesagate to go to., based on equipment .

21 7
. ' | j h ) ' sL . ? ?I t i.a

.h
-

22 failure..
1 . , -<- ty _ g. ~ a 9.,

,
,

a
'f.

, . ..

'

23 ' ' . it'And 1.1t ~ ge ts, Tairly involved. .And as a. ;, . .. ~ . .
, . .

,

'

i[ 'denonstyationgfw?'ve,J: chosen a system on FFTF,-turns ;"

24-

# >3 <; .t y m ..r*
- w,

outstoEbe<[a system |on onc~of the main transport pumps..

(_ . . ,

<
-

t

c .. .

!, -

a--._..._-_.-....,....~...-,..._..._=._,-._..____._......m._,..._.._.__.__..., . . . . _ . , . . _ , _ - -
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'

; 3 m t- .14, .

'l ;. 'Anduthis'fsystem is small, but'it's-very'>

,ya ~ . v . s ,

2 comp,Licated < andI has ay 3 t;he features we want in it to
e, . ' ,,| ) it : 0 4 '~ | |

.

3 be'testin's this kind.of methodol~o'gy.

O'
4 It''s got alarms.to the col. trol room. It's

.

got things.that. require that'.the operator send a5~

.

'

16 : watch | stander down:-to see=what's wrong.

'7 It's..got valves'in:it. It's got all :of the

8 ' features that we need toibe^ testing, and'this is the
. <

9 System Ne'll test.it~0n.

'to We're' mocking this up. We're not running
.

11 it n.t'the plant.

: n 12 We don't intend to do that until it's been
i- D.h ,'
i 13 demon s't rat e d .
,

'

14 ,That's,true in all these methodologies', is
i.

'5 t h at: 'we Want t.o show that indeed it will le'ad toj' 1 .

i

16 ' reduction risk-before. putting it on the p3 ant.

~

17 MR. MARK: You said you had explored.what

.ou could find in.other countries or.in other-y18
,

19 ,situaticas.
, .

- 2; Did you find'anything mudh?-

PP

21 MR. SEEMAN: Sure. The people in other
. . - -

| 22
countries are generally.right.aow loo..ing.at cost

23 'conseq"ence diagrams, falt trees.

24 And.you;haveia'high-level plant-symptom

f whei : you have. .Several things going ~ wrong or several '

s

;'- ,
'

s'. .
<

-,
'

'

.i
'

,

/...:.-,.4...-_.--. _.u.. ... .._ _...4 .....-..u..._.,_.-4'.-...;.a,.|,,,..__,:_.,,. - , M, , ,,e ,-ei,,_.
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i- 1 symptoms = happening at'a high pointclevel..t'emperature
: 1

2 flows, power, whatever. '

:
. . ,

,
'3 .And these go-~back to these-fault trees and

b ..

'

4 down to . a root'cause.
.

|-
'

5 And they say,=aha, I know what 's wrong; but'

f :6 they don't tell us where to go.
a
-

< 1

7 I t ',s a very complicated way of -- I, feel,'Of_,
1

,

Y

'

8 finding ou" - what 's wron6
f- ,

-9 And that' implies, you know, all of the
1-

~

10 -accidents,.all of-the'possible sequences.

11 MR.' MARK': Still,you must include a-certain.
:

!! 12' amount : o f - t h'at came line of thought 1:: this system'. .

| ~.
'

'

j - 13 MR. SEENAN: Nell, I don't think.we'd'even~ '

'

14- use' that' because ' building those fault trees. implies,i

., n . , c c ,w .. .m+ .

ypu"l now , d ever,yt,hinfthat,; pan E;o wrong . with : the plant.i.; 15
e v .

., ,,

'

16 ' El n/. MR. MARK:
True. '

<

! . $.
,

MR.SEhMAN': 'Ind 't$at 's a pretty.-impossible'#' 3'7j
j m.,,#, , . . . . s i ~i=

-18 'j ob . e ' 3d *' d *

,

.

ig MR.. MARK: But you > s ay youi' sy st em wil.'

e.
f

'

20 enunciate'Tipe 117-F'or pump-has just br.oken down..
,

i- ..

u - 121 However, what may-have broken down is-the
|. .

.

flow in;some'line'.' .22

And it could be because the pump isn't' work-' 23
!

l. ing or there is'a. piece of bric-a-brac in'the line.24

'

And you-have to be prepared to observe or"

:-

b

-

.

< -

.|,s.,,,,,,-|, *

w,s, --.mn.,,n,+,.,,._,e,,,_a,,-,,,, vn,--,n,, n r, w--,c+,,,,-.,e.,-,-- .-....,6nn------"- .n-1--
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i

1 comment on such a' situation, which in not too;

2 different from pump . failure or the symptoms that'you
,

i
3 .say the ots.ar people are star. ting with.-

:eo:
i 4 MR. SEEMAN: 'That's correct. This
!

h.
5 methodology is. based more on equipment status, more|

;

i -

{ 6 directl'y on equipment status. .

|~
; 7 And this is'not to say that this is the only.

q
i

j a{.,d t. hat, t.he , operat,og would have .
-

8

V ,
. :

'

- <
~

"' '^ ' ' S[me of-th'i future plans that we're looking; 9

| ;a .
. m

"

.

L forytardutoj, .wi th;'- MIDAS , I think I mentioned those at10j.
,

,

I 11 .the---end , o f the. MIDAS .. pre s entation .
l- : s vi'

*

'
.

12 The data display systen,we're just looking

Ot

13 forward to e'tting some ofitheJoperations s y s t c'.1 put 2
!

-

, i

i

14 onto it, some of this transition control system put

f .15 onto it so that we can start at-leastuvarifying to
|

;. 16 'ourselves that we're getting the kind of results
'

I 17 that we want.
|

18 We're~then going to try-t-o do'some advance

19 systems where'we perhaps look at this transition

'

20 control syster on multiple systems, start increasing-

' - :21 the complexity and making sure that it extrapolates.: -

h 22 In the end, then,: we're -- later we'll.be

| '23 looking at advance techniques,~such as adaptive ~ learn-
:

(
24 ing and pattern recognition.

!

I

L - ]
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1. , p ej?v -._ y., s -
. t i . . * f . p "T i . nf *% .;' r J' ~ ~ - > r ws :

,..

t ' ll .L,
,

o,

4
~

'f' 'l
'

:But/the software; field has gon.e . s o . f as t
'

' 2 *

j 'and'there are'so many. things _ going on that it's. very.
,

3 difficult'to even keeplup w'ith it. Dij
'

,

i ; s)

[ - This 'isL.a' good example, adaptive. learning,4
' *

!

|
5 . where you:hnve1progr'imned your machine to recognise-

2
-

6 -

; : patterns ..or signatures: 'or events and to'tell.you
i.

7j. if any?hing is out of the normal range.

8 : And .when -it -- when something, when.an
,

.,

,
.

9 event,.happens that it feels is out of the normal
L

10 }
.

because you have just re-loaded| range but you feel is ,
:

11j. a-new-assenbly in this particular area, vot tell it.
.

. -12 that.

|' 13 Ana it re-programs itself to accept 'that-
;

,

14 within it. It's essentially learning. They_have

!

!. 15 theninow for playing chess.

f- 16 That's all I have for my formal presentation. -

L

- 17 I'd be happy.to answer any questions that you ocople
-

i

- 18 might h a v.e .
\ .

19 MR. CARBOM: Frank, I have a questionVthat

20 -- doe s n ' t: ' dire c.t ly apply .
.;

-21 A re"- J e rry 1 G ri f fit h and the DOE -- _did they
'"

: 22 exprese interest in'this? .t
'

.
..

23 -MR.'GAVIGAN_: ~ Rit;h t , -;we wo rk with --- at
s

.

headquarters,;our. man wh.o?.fo' lows this works;d4rectly' .24

Jwith.thos.,e, people. .

n ; .: ,. ,,
')7 1" ,0 %

'

,; ', *',,r 4 r . f, . -~-

y

,r

,p kh W^ e-
14

'

fy

> d - fw- t-M+=,-e t w-++w ww-w- w* Mt e e- m- ervwwe r-r T' 7' h
'

-w-m-- -- - -----h*'*-*****^W - --- " " * - *
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f..

, s ,

'L
. And the wark is being done at DAS at

.
..

. _

1
,

,

;

{ _ . ~2 !' Combustion Engincesing.
. .

'

3 They're very interested-in this. In fact,-._

} 7 p ,9 ,,7- .

-
_

|
~ - 4 we/voihad3tholcontacts.f;om;utill_ ties who'

are. >-
.c

r-

{ '5 .interes't'ed2inIthe' MIDAS; system'in particular because?'

.

p. .~-q - 3 ;'
.

'

.'6 they'say itis'"a rNalIdown-to-earth way of helping-the'

f '

, %,
,

p; 7- s

7 ~ o p e rtit o'r 3 give"h'im~an' eX$ension to his memory so he:*
7

}

| 8 doesn't have'to go through all that-process thatahe
'

,

. g mentioned earlier with: .all~the lists, plant status
t
l'

i 10 an'd-so on.
:

| 11 MR. CARBON: A re- 'any of the people. sufficiently
i

I~ interested'that it- looks like they might-apply? f. . 12-

:O:
13 "R. GAVIGAN: Yes. I don't -- did you ever

i 14 get a. contact from a utility ~who was interested in '

t.

! . .

15 getting that infornation.from you?
f

.

MR.-SEEMAN: Pete's3 talked to me, but mainly. 16
.

- ur centact so'far has been the CRBR. CRBR' people
17

are interested.18
.

,

I haven't had a utility talk to'us d i r e c t l'y .
ig ,,

l
PR. ~nAVIGAN: There seems to be a reluctance

20.

~

when;they~'do talk about. changing t.hdir plant,[is-what
21

'

Lit is,.even_though they see this- is-a useful thing.-

~ 22
'

' '
'

' ~ |They| don't like to go'through the process-23

'o f changing. what' they : have and going through an.NRC- 124
-l

dreview.- 'It~ always gives them the shivers. '

['I '

,
- : )I. ,

,
.

) *

'
'

' ''
ym y r- w =v y-y p- vo w tv-[wr eg* wei w w g e . ' ' '

.
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1 MR. MARK: Which do they find more

2 frightening, changing the plant or talking to the NRC?

(~\ ' 3 MR. GAVIGAN: It's not in the t'alkingEto the-

'v >

'4 ARC.

5 It's the lack of progress when they talkfto

6 -the'NR*4. ?That's.what concerns them.-

,.

7- }M. CAFBON: We're a little behindLscNedule, '

'

8 |.bu t. why don't we take a short break, .about : ten

fg minutes or something?

30 (Brief recess had~1n proceedings.)
~

_

3i MR.~FERGUSON: The next speakerithis morning.

is Rico Simonelli'.12
A

,
.

A' He's going.to be talking about two subjects,13

one, the nat1~onal digital reactor system that ARD'did
_34

Por.the base-system; and secondly, talking about the15

reliability analysis-that was donc for the shutdown
16

heat removal system for the CDS study that was
17

completed recently,
.18

.?, . . ?
'

, (; e '

=

'MR.|SIMONELLI: I'm going to cover the:
39 ,

~

digital reactor | shutdown systen right now.20
' t, ,

The basis for going to digital is, if;you21
, 1. .

rene .b'e r" b acid -- I guess''it''s RATC 6'whfch originally#

1 22

started some discussion on diversity, IEEE-603.' 23

And ~it's been a principle now, t h e - F F T,F ; and24

I'm not ouite sure whether we do have d i'. a rs e shutdown

1| _ 1

.
- __ - - - - - _ _ - - - a
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?y - ,. p, , , ,,>
,

' > i ^ = e., - ''., ' ,

; ;1 : s y s t ems-i J " ' ' '
r;

- ''- ' '

'

% ....,
, ; r' . .

, . , _ _ .

; LIrt; de sign improvements, inherently a digital
]g,;,

2
,

' - < -; ; n,

.

. 1s. a design, improvement,. as you_know working with3 1

9; ,-

-

< g
. .",1 ,vi .o_

'

4 >
,

; 4 your calculators at your desks.
;. -

+- 5 And design improvements based on't findings:
-

,

;-

6 started way back in 1973 ir the air force document'
-

7' where things like that were recommended,
t. . -

TMI findings,'the same; we should make'

- 8

!
improvenants in state of the art.

~

; 9

; . S

I And,certainly, a' digital system <is a state10 .

i
~

_of the art. No question about that.
11

It enhances reliability, auailabilty. It
'

'

q12-
4. -

'~

uses less power'. .It has built-in= test capabilities.
,

- 13 _

Ue can self-diagnose very fact-~on line with|- 14
,

. .

i '" ' -

- 15
'

V-
3

.So,.therefora, .it will enhance the plant:
.. ..

g
-

| protection system because we.can nake very quick
.

_,7

ealculations'and very. complex? functions; and it'.s
8 J

' '

v.e r y . e x a c t .
' '

;
- 19<

'

an y wan s.-t interrupt with any--

20

C.., ,
,

particular questions, feel free to ~do.so. ;
'

321, 4
,

- ,

L
J. i.'. p

FR. IG!!E : Are these slidet n this book?
I,

c ..

'

, |-

22'

, - . ,
,

n MW. LIPINSKI: Ves, they're not in sequence._.
23'

: .

At-the'present' time we''re
s

. .

-24: - NR. SIMONELLI:'

1- ,

.

:- .attenpting to-establich performance requirements.
:

' '
, ,

7

4 ;

- f ,ww.av, e-g=,+v'-y4w e. e n gr -g,ya,-we,-,-, , ,3 y- . g -g e s, ,,p-y e,,4%-,,v,----w-mer- py,,vc *y+ -+,,--m--- +,--,-,y-e t. wer t- +,=-*'r ~**NTV T* r*- ee,-
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24 ,

,

3
1 The big' problem at this time-is response'

, ,

2 . time.

,
.

'3 We'll 'probably do that, and we are doing'it.'-
.

, .

L 4 based.on the duty cycle events o f- the plant . !
- , - t

,

5 So we ered up with. realistic numbers that ,
,

4 .

reactivity
- ,

! 6 would satisfy both the core people with '

i . ,

~

*
-

the micro-processor can
. ,

'7 events and how qitickly

.. . . , c w
8 reppond tosanythin|g -

-

,

a. - t.: . 4

9 Now,=in the.past,.all the marginals, even in-
7..

,

.
+ ~

.

:s _; ,,
,

to light' water' planta and I guess Clinch River FFTF, also,i -

!
>' .r

i
.

. , , , . , ...

ue have 1^ c comparator' units, instrumentation and iII.

t

t 12 various things.

LO
; 13 And we're all accustomed to parameters like
:

!

14 fold-over, common-mold reject $on, fall time, rise
,

l>

! - 1

! -15 time, repeatability problems.
'

t.

| '16 This enti:1 lirgo does not apply to a2

L

--37 ' digital. system.

.

[ 18 -.So we have to specify new words,2 probably=

[
-,-

,

ig- random. access time, things-of'this nature.i *

b
j ;.- '20 And we-have to get very exact in this. So.
o ,

i )

{ .we will have to speciTy exactly.what the digital-21

h sy s t em '|can ' do .22

And I think it will.end up being a lot of-'

23,

|

C Mconputer. jargon ~ things that you -- protocol, for24 ,

!
i-

! e x amp le ', access time, as I mentioned. .

1.

p I

,

*
--- s ---e- % w sw e t m - w, wmw o-ow -ew k Amn -rMew s v -+ -w <-e s v- ww wsn e-o es=v w=-- o m m> . s. - - . - --.

.. - , e.umm,,-v-se r .ee- w ee mw o-+--e s we ts *s'
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| 1 And that's:our big problem right .now or our
.

i ,

2 activity at~this present time. !

,

t

3 MR. CARBON: Excuse me. This is completely'

j . 4 .o u t of,my field. |
.

t ,

!, .
- .

f 5 Hould you mind taking a sacond or two and

6 fexpress what~the main thrust of -- what'c the
,

i . ,

I'm not.'with you+~ 'y / significance of the~ digital-system?
.

,

<

! 8 yet. -

i
4'

.MR . SIMONELLI: Okay. In order to have 'two,g

What we call, really diverse cyctems, shutdown; s ys tems ,10 ;

i

: gi - it'would be r. ice if we'could have one' analogue and one
~

J.
.

|-
- digital-systen. That's~the real reason for it.

12

Ba ically, digital modales areleasier1to'
13

i-
buy right'.now. , ;

. 14
l'

Probably in ten years you won'.t find a lot
! 15

i .

-
.

-

of ngs in our' analogue.
i -16

,

' If you have a calculator, you can see that.
, _ g

!
+ '

- Ahd that's the real reason.- 4

4,
-

18
,

4

- D'h_ mon MHam. D 's fas k un dng.
. 39

any ngs'I can say for R. I
20- '

,

l-
-21

It has an' excellent'. success; record in the
,

.

defense department and-acrospace..
' -

4 Ng , y .
i

. k' ' J M So ' it 's not' that we ' re just using it,.you) - 23
i

';
- .- - 3 s

knowi [ust}right'*now. ''
a
; - 24 '

'

y ,,.

3

-

, - ..
..

! I'll nrobably get.into it later, but the .

>

!- r- .g 7;:
-

.t )< 4

,

; - .s.

4 -

.

.

a
-

,,-..m.-..._....a__.._.,,s . . , _ . . . ~ . . - . . , _ . . . . , _ , _ . _ _._.,,_.,_,.m._.,,,,.,_,__,,_,,,,,,_,_m-,,.y,-m,w
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a

$ d

F

. water reactor division-are almost close to licensing j! 1

j 2 the" digital shutdown systen.

| 3 MR. SIEGEL: This is only for,thr information

-O:
4 flow from the instruments to Whatever decision-makir.g - -

i.

I.
|- 5 MR. SIMONELLI: Also, we'd like to have it
;

!

! 6 for'the coatrol system.. ;
'

j.
7 We would like-to have it initiate the :

l 8 control system, although that's not plant protection.

| 9 We-~see that wc can-enhance the reliability-
.

!
. ..,-

j . 10 'o f the-control system itself,.notwithstanding what we
;

|. 11 were doing.

i-
12 MR. SIEGEL: In' addition to the shutdown;'

,

13 system.
,

}- - 14 MR. SIMONELLI: In addition to it.
!

u
; .

.

F'TF and Clinch j15 MR. LIPINSKT: Let's-review'

i

! 16 River, i

; a..

- . Do e s n ''tj- I'FTP ,have a' relay and a, solid state- 'l17
-

,

18 ,systenTror diversity? -

: i' ,

* 4
,

~

'tR . SIMONELLI: Good grief, I dori't think |! ig
'

|- c3 yr : 1*+

| 20 they have relays 7 -7 d6n't know.
!
*

MR. LIPINSKI: I thought.that'both FFTP and
21

O c11 men a1ver had a --.

22
1

'

f
.

MR. SIMONELLI: Clinch River has. Clinch
| 23
t
>

' River has discreet components on one system and
, 24

'

| 4 integrated circuits on the other.
!
:.
i-

N..._...._.--.,..~,__-.--..,,-.~,...-m~. / .__.u-...~.....-.,,._ . - - - , - - - - , - . . - . - . , - - ~ . - ,
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1 That's as diverse as we get. Relays will

2 take you backwards.

3 At one time it was discussed, if I remember,s
: ;

<s'
4 ny. Clinch River days, that we should have p o s s ib ly

e ,

5 relays on one side and solid state on the other.

6 Relays are so unreliable as compared to solid
'

7 state it seemed like a backward attenpt.

'

8 And I'm sure FFTP is all solid state. I'd

g be surprised if they had -- in the PPS now, understand.

10 'm . LIPINSKI: Arkansas has been licensed to

11 have two channels of information, the DNBR and the

12 ' low at t s per foot handled by computers, an d it ' s now
?\
\ )

13 operationhl.''

"R. SIMONCLLI: I was thinking more of a34

|

15 plant protection system.

"R. LIPINSKI: Westinghouse's integrated j16
|

'

protection system is a conputerised total systen.
17

'

MR. GAVIGAN: Doesn't Arkansas have a CE-80- i18
|

system?19

''R. LIPI" SKI: No, just -- there are about20

eight channels that still go through the comparator.j j

~

(-) tripping.
22m

/

But then to do the calculations for the
23

kilowatts per foot and DNBR, they use a f o u r- c o mp u t e r-
24

systen and digest the input in fo rmation and then come

_ _ _ - _ - _ _.
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1 out with the trip circuits.

2 So effective?y, it replaced two channels

3 that they had, I believe, on 9t. Louis with analogue7_.s
( )

\s
4 eauipment with digital equipnent.

5 And that did get licensed.

6 '!R . SI"OMELLI: The transient 'nalysis,which

7 would be a starting point to deternine our response

8 tdne based on these two key events, of course, loss of

9 flow events and the reactivity, we're thinking sone-

10 where around one hundred nicro-seconds right now.

11 It seens to be a reasonable number we can

12 nget.at this tine.
, rm ,

'
(' s) "R. SIEGEL: Seens to be a reasonable what?'

13
.

MR. SIMONELLI: Number we can neet with a14

digital-systen.
15

And that seens to be in tune with -- in16

time to pick up all the responses.
17

'!R . SIEGEL: Are these dedicated channels.

18

or are t,h e y nultiplex?3g,

t

MR. SIM0"ELLI: I'll get into that problem.20

I'n trying tc follow these slides the way my boss had
21

,..

U) then nresented./
22 *

This in I ght water situation we just talked
23

about.
24

Pe don't have the resources to re-design an

:

., - . . . . . . . . - .. -, --. , . - - - .--- , - - , - - . . - - . - . . . . - - . ~ . - , . - - . . .-
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j - :

~I entire newfsystem.{
! Ti
i 2 :So if we can find or even evaluate an entire

~

~

'3 new system.

L .O
>

: . 4 So what we try and -do is get some benefit'

|. i

j. 5 from' existing. designs. <,

t

I
j 6 And as I said, the' Westinghouse water '

'
;,
4

~ division has one with a lot of -- an awful lot|
' reactors

! ;

'
8 Lof information which we are looking at.

I

_

9 There's a lot of' design in f o rma t i on'. And; >

,

W our j ob next will'be to. determine how wo go from t hat,

!
! . 11 to the large; breeder reactor.that seem to be the most ;

I
i

! 12 ' cost-effective or which way.to take a look'at'this-

:o-
13 thing,

i
.

! 14 So we don't want to re-invent -- really
t
i

| 15 re-invent the-wheel.
<

| 16 What we'd like to do is Just take what's
!
1

|
17 applicable to a large breeder reactor from the light

!

i 18 water and work from that point on.
i

i 19 There might be some modifications and ..

:

~20 et c e t e r a '.! .

i
t

[ 21 A-little caution involved here because-this

f -h 22. is.a syst m'which'Westin'ghouse' of course,.wants.to
~

,

! *4

! ' 23 sell,..has'put'a lot'of development time into'.
i
i 24 'We have to be delicate-in:how we review

'

U .

i. . .

1.-
.

-their data.and apply-for our~ breeder reactor..-

-
.

.f e 4
'

w h *g''
-f e. ig

; . c t , v. w. x ;.sm.

. . .
,

'
.
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' !

, Il21 I'

:

i
I

I That's -- yo'u know, it's another division.
.

]
2 '

MR. LIPINSKI: .That was my' question because i

! i

.

3 you can get the published reports-where all^the

f - 4 Dropr_ietary pages'are planning,'and'then you can't
J .-

{
's tell'how the system works.

~

I '6 If you want to know what's in the system,- -

7 then you have to get the. proprietary version.
. . t

8 1MR;.SIMONELLI: We're working'with them on |,

q

9 that. There's'a delicate balance.;,
! . i

~

e .

of.see how it works. We'd have.! 10 We can' sort
.

.
. -

| - ..

i 11 to re-design for-our. channels,-notwithstanding.them,.

- 12 anyway. '

f~:0
i: .13 This is'.the problem he just mentioned. If
I
s.

f ' it is' applicable to'a'large breeder reactor.14
I.

-

,

i
; 15 We'have search: issues to concern ourselves
i

16 with.
:

17 Response time because of the.-- there's a

18 lot of software in the system.
.

19 Of course, that eats up time. 'And. separation

20 is going to be a problem.
. 4 e,

t
*

,, , ,
6

21 ,' .We have testing-type problems, and'here is- *

~h ,|puryprobl"em of nultiplexing.,d- 22
.. , ,

..>
- s

23 I don't know-how we'll go along with that.
e .y , , , - . 3

24- I'' don t 'know NRC's feelings.i^

And I guess-we will learn that from the

'

-.._-_ _ __ _ . _ _ _ _ _ _ _ _ . . . . _ _ _ . . - . _ , , . , . , . _ _ _ . , _ _ _ _ . _ . _ _ , , ~ _ _ , . _ . --
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i

|
3

- -

.

J 1- water reactors.
t

er

i 2 There is also problems.with a single chip
i

! ):3 having nany' functions on it.

! 'O'
-4 And you're~ concerned again about a single'

,

s-
!

5 ' point of failure o f activity , j
;

6 So these are all the things we lhave -to lookJ.
~

7 'ED:as-we adaptirrom whatever system they have.to one

;g that's applicable to a large breeder.
,
8 -Vp 3 p i W t# ' y ' is ., ., s

And nullipl>ex.s s.- going to b e. g U,i
,

E i a -- I see it-,
sc. , > r ; . u. ..- s,

|: jo a s; di f fi c. ult,yan elling' liRC 's, b ut that's a personal
t. < . ,>.

,

4T . *. .!:< . . r
'''

- ' op in ion .." 'ii ,

M . SIEGELilr, ' < :'' S
. . y y . e. .1 - < - -.

' -

) ' It seems so closely coupled to
. , - "12

'O:
'

13 the possibility of common-mode failure.>

', IfR . SIMONELLI: ~Plus it's shared --'it's ' '

j

sha' red circuit ry on a chip. point of-view.-15

So the benefit of multiplexing, which1 savesf16

j7 a : lot :of weight : power and et cetera, we would: still take"

.. ;
y, ,

,
-

"O#U'and more. chips, I guess,
18

,
.

.

s. :
l'e.!could atill get multi-redundant- enough ,:'19

but, you;know, w'ithin some optimum design.
20

' ~So basically, our task the rest o f 'the Ilme
21

~ will be to establish'a design' basin-for the large
_.

hreeder.
- 23

'

We'll have to write' programs adaptable.to
24

;the large breeder.
p. +. , .

,

* ?

I

so m e-r + w tr ~ ee--* tee as+ r e-* w w-N w-w +=u v w e= < e+e w g ww*e64-etwww e=ss y yewser sWwww=* www-wor mate , y,ehr We er aest- y**TP'*TNw FwvT 'et ' *T"w e-yce-* mw4P '**==>-tv''TT*9t<ve*N**"W7t"-
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I We feel we *till have enhanced protection

2 functions.

3
,N There are many calculations that cannot be,

b]
4 done on analogue circuitry that ne infer from the

5 data, really by in fe rence , which .till be calculated

6 exactly on the new synten.

7 Feliability considerations. Problems we

8 nentioned.

9 ' .' e certainly can enhance reliability, but we

10 have to be careful on ceparation, single-point chips

11 and thin sort of stuff.

12 Hardware calculations with a digital simply
,

t \
\
''

13 are really a piece of cake. There's no big

14 difficulty.

15 Defence and aerospace de it all the time.

16 iTe have scada af data or everything and micro-
,

17 nrocoscora at thin tinc.

18 Software reliability is a state of the art.

19 Tt har.ically comen dgwn to operator errors.
.

20 And it's a -- or programmer error, whatever

21 we'd like to call it, or soneone did not consider the

(~n
_) 22 right function an he coded hin little program.'

23 So s o f t'. rare is a son of a gua. I think

24 there are nencurca now in state of the art being

considered, let'a nay, b y ''9'| cn Software errors per

.
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r,
- p)- p ,

,
* .;es >* '

~, . . . , .,'

1 ' instruction.-

1;

f:
. .,

-

2 * T1think there.'s some ways you can play with
.< ; >

-

.,
.

1~ s

,7 ;3 - t h a t .. , .., m,

w
,

-
.

} .I i i+ , +

4

; 4 -So there's a lot of work to do in this
t-
.

e
5 area. <

l'
l 6 Has.anybody got'any _ particular questions'on
t-
1

[ 7 the more general?
1.

8 I'm going to move on-to the heat removal.
~

'

,

>

|- '. 9 MR. MARK: I believe you said .that techniques
!

| 10 of the sort you're looking at have been applied _in the
,

! 11 rpace program' routinely.
i

:

I .12 Are.the systems which they use there

.O!
13 conparable in size 'to the one that you envisage here

| 14 or not?
i >

i ~

'f R . SIMONELLI: Well, first-of all, they15
:

16 ' don't have the so-called common-mode-type problem per

17 se as we discussed'it in the nuclear business. Their- i

.t

18 consequenc s aren't so serious.
.

, ,3

,ey're working mostly in the' computer19 - '
.

'

20 area. They need'a lot'of computers.

21 :They have more tightly packaged modules,

_| . 22 more crowded,

i

( '

' 23
t

So compara.ble-wise, we should have in easy .
!

'24 time'in a nice, mild, benign control roon versus a

typical aerospace environment,

i-

I.,...w_.m_.....;_._---.......,.__.,.. . _ . _ . - . _ _ _ . . , _ _ _ , . , _ _ - - . . , - - . _ _ _ . _ . . , . . , . , , . - , - - .
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5
:f

1 However, they have more highly technical
{. -

f people running all phases of maintenance and operation2 -

!-
! .3 ' that we.may not have in the. nuclear business.
! O.

.

' ~

4 MR. MARK: They don't worry about multiplex-

5 ing and using ..a single chip .for sixt een ' different --j
,

6 MR. SIMONELLI: That's r1 ht, they don't,.and6,

I

; 7 they keep extra.computersLaround.
L

8 Of course, sultiprocessing is in a sense:
{- ..

; .9 multi-redundancy.
! -

. .

i 10 . And they-have such a severe weight-type.
!

f . 11 things, they:can't, goJas. wild in redundancy as1we're- q
.

i

!
'

. 12 able t o -. d o . 1

L O.~
13 MR.- SIEGEL: 'This may-not be a : question f orL

.
.

1
'

u
|

p
14 you, but I'm curious.

,

;
~

.

is'15- On reactor'ehutdown system reliability,
|

[ 16 this all we're going to hear, only the -- sort of'the-

( 17 iuI'ormation flow rather than the actual mechanics of.
!?
| 18 ' the shutdown-system?-

ig MR.GAVIGAN: Right, this is it. We can

i - 20 schedule more later, if;you wish.
r.
,

: 21 MR. SIEGEL: Did I hear that-you were going:
!

.

22 to -- you are going to t alk about self-actuated?
;

23- fir . GAVIGAN: That's single-system we're.
;

i
,

24 talking about.
: .t . .s, . ,. ,~ ,m ~~,. .j

.. ._

* M R.. SIMONELL,I: Let me say that we had - on,
- +.

~

- - ) d ,, f
-

f,
r , ,,

+ y e+ + e-r-w ++w.>e a e sp =es , ,wmg e w e .- v' *,y s v.w ,%,w s.v me. w mee e rse, g y,w , p w . , gr ym %. ,,.e, er weg v -c = inees-d a,% -e--+se - c e se+sa , t ae,r e - en we-e e + 't e -e,--w w r e e r *- es e,-tw e er *e,, ~T ede *



_ _- . - _ . _ . _ . _ _ _ _ _ _ _ _ . _ _ _ . . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . .

,

i

126
;
;

I 'the PLBR before the CDO~ base *
--

! I

j 2 !iR . SIEGEL: I mean, this certainly isn't --

,

{ 3 doesn't cover the total reliability issue on reactor
.O

j 4 chutdown systems
a ,

[
f 5 MR. G AVIG A!! : Right. We need more tilae, a 'j

6 couple more days, I would presume, to cover tl.e whole| ;

f

;
'

7 program.
1. |

L -

j 8 MR. LIPIt! SKI : You have a reliability gon1
-

'

4

t

j 9 that you're designing,.too, de you not, for the overall '

I !

| 10 systam function?
;

i

f 11 This,on'y. represents the input _information
|

'

, .

the function of the drives.; 12 to the. drives plus

.O
'

a13 :, e :41R q C AVI G A:! : Right, this doesn't cover the j
L. .x : n. L

<
- >.

} testing program'or the program as run by"CRBR.-14

{
L'7 '

/ ,).
_ g

.-

'

| _.15 cMR. SIMONELLI:, During the PLBR phase prior~-

1-
t

.
16 - t o" C DS~,: wei haye, c;one :thi'ough about six dif ferent

u i

I
'

17 architectures of ty oical digital systems .

18 And preliminary findings were with,very small
,

Ig reliability differences between-them.

t

20 And it came'down to selecting 'which ones-
<j

21 would have better. separation, which ones wtre more j
,

22 suitable to your_particu?ar design and acceptance.

23 _And there's a lot o.f problems involved, not

24 ito mention software .
-

,

I

But we've.been doing this for quite some.-time

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

1 now. !
1

2 On the shutdoun heat removal system, the
.

'

3 purpose of having reliability assessments is obvious

: 10- .

-4 here.
1

-

5 We need some kind of an a priori method to
i

. t

8' see that our design--will meet safety goals, if possible .

4

'

7 Reliable' design, optimum, with Narious
i

8 independents and diverse criteria, single failure.
1

'

g criteria'.,

I - 10 .So these are the things we sort of look at.

.

11 Therc~'is a criteria to develop a heat removal system.
!

.

| . - '12 Thensafety working group ---I guess this'is-

|O
~

13 an; obvious-statement.
i
d

1. The safety working group.has de.termined that-34
| e
. .

reliable decay' heat removal system. 1
'

.

. .i

'we needEa highly15,

i

: And that, of course, is, you know,.rather ija
>

ob viou s .'37 ,

.They further recommended that weachieve
18

! Ethis with two independent safety grade systems,'eachig -

i 20 one: of-which is redundant within itself. >

i. ,, . ,v s.- -

4'l.. !,;,And.Purthermore,,.if we could get one of- 21 .

22 these'not;to , depend,on.the primary heat transports.
';

, .; .
- i

,

And"that's sort of our requirements on thisn 23
1 . - .;; ~ -

, ,

partiedlar thing'. ''' 'i 24
'

On CDS, unfortunately, this design has

,

, -.4-,mi-,-,b,rd-,,.,~,',..-,:.-.-._-.-.,r-r ,,.-w_, . ,,-wy,-r.,,,,-.,,,,.,,--,,-,,-~~w_.,,..m,---,,w-
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I changed; but we'll give you what we have. I

2 Uhat evolved out of the system was two

3(~) direct systems from the vessel, not requiring any
.

\/ l

power, port of a natural draft system, and two syntens |4
s

l-
,

.

5 of f the interned $ ate. )
6 3'ach one of the four systenu can remove

7 thirty-three. percent of their decay heat.
.

8 And, of course, we have our normal system.

9 These two would be the dedicated heat removal syntenc
i

1
1

10 at the time.

11 This in in the process of change right now, i

12 '? ? . SIEGEL: '!h i ch is in the process of,_,
/ \

|,
,

13 change? '

14 MR. S I'IO!!EL LI : I think we're Coing to two,

15 wh5ch is the normal heat removal cyntem all through

16 the condenser; and the air H7, think, will disappear.T

17 Evaluating this particular system, basically

18 .e have two r.ethods, I guess qualitative and

19 quantitative.

20 Dur qualitative approach to the reliability,

21 of course, is to get the designers involved, thinking
,,

.i(_, 22 in reliability terms.

23 So that', I gu e .n s , involves working with

24 then.

In this particular case here, this commen-

. - -- .. .. - - . .- -_ -. ,
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cause failure, the d e'n i gn e rs have checklicts and,1

you know, nany neetings we have with the decign people2

3 to d e t'e rmi n e what kind of notential connon-eauce evento
U's

-

4 should we denign around?

5 And of course, we're reviewing the light

6 water industry, various sodium loops, EBR-II and

7 et cetera,

8 I'd like to stop here and emphasize from

9 what I've heard previously that it looks like, from

10 data -- a data need, everybody here han mentioned,

11 where are you getting data?

12 You know, light waters, sort of lack of
n
V

13 codium

14 We're going to have to push for foreign data

15 exchange, it looks like. That would be my recommenda.

16 tion rig .t now.

17 Ct atinuing on, we do fail re modes and

18 effects analycic.
|

Ue do have design engineers working together.ig

20 "e interface with the designc through the top document |

I
21 cyster decign specifications.

("% Me work with them in writi.g operational(,) 22
1

I
23 nroced"rea.

l

24 He even do availability studies, not _f u s t

reliability.

1

.i- --- -. . , _, _ _ ,
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1 That is the plant up time, non-safety issues ,
,

-2 makei . trade-o f fs , evaluate maintenance.
.

D-
-

3 This contro'l system here, management control,> <

+
, ,.

V. ; - .
. >

,; 4 idc sign:. re views - . I: wish I had a piece of chalk., .

t,

8 1 - 's B'tt if yo'ulhave someone on a lina function
y.

' [ design ,._ it would b e nic e if you had:a parallol path6,

4

'

, ] 7, jbeside.them which'13 ~ s ori: of the checks and balance
! ' "

9
. it.E

<

,

s 4against ' '
. ' '

,4 _T, ' u,

c "x g This'is.ivery nicely pointed out in the'

4

, 10 IIaig and at son ' rt.poht- out of the 1.K.'

*J

And 'it shows some ways . of minimising sind;1e '- a
~

,, 11,
'w _. ._ .

.

a. design error,qoperator-
,

12 ' point problems,thether,it's
n

' ' '4 n er7or,- et" cetera.33 ,

. -
, y

. .
. > .

It-doesn't.get ridLof it, j us t 'minimis es it'. :!-x -34
'

Our.quan'itative' approach which we.have a-
,

'
tfj s' .

,;
,

." .
.1', ., ,

.,

~
. , report hn', we'reSto.7model the' system... 16

7 - ~
, . . ..

In ord9r to do that, you have to establish'
% ; x g ,- - 3 -3,17 _.,om.~
.t e-[

,' ~ I (') e i g) y,2

'some ~d6$t' $f 'an ds$thn$p'61 n 'of what - the hardware cant .[
'

'

g,

'

- 1m 7 ' t' 14, r-;
o e or 3 0% g.a y a ere nW own wor R'

19
< < $ j. . - var ~ _,

,

s.and mod .ls.1,t. . ,.x

' t , s u, i ,' ' 20 4s.y s s . >> t.- . - e >.,

! .e .., ..

L So-Oc assume we work with. design, make' '--

21. ,

assumptien 'on what the design can er cannot:do, start- '

22
l' . .

- -

~- }21 a;nodel,ftry..'to gather failure data,.randon, whatever,
, . . .

~

{
~ Twe can find ~on' common-cause, model the system.

,24
L

~

~ _

We assess 'it. Various-predictl'on methods, runL' . .,

,

- .-

.5 #
,

# - #
4 i. p

s_ L . t. .
3 . . 5' '

. .

_

' '
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1 computer codec,and eventually it yielda us come kind

2 of a cysten reliability.

3 On CDS we did it thic particular uay. We

4 established fail-care block diagrans, calculated the

5 probability of what hardware contributes to each

6 block necessary to get to a failJre state.

7 Then we generated event treen. I'll show
f

8 you come of these afte_'.

9 Which in turn givec us an idea of how many

to t!nes things will happen.

11 For instance, a re-fueling shutdown once a

12 year, how nany days and et cetera.

O
13 We pick those kinds of things up from the

o

14 event trecc.

15 Then nultiplying then together, '-a end up

16 with the systen norm on reliability.

17 This in our design, which in no longer, I
<

18 think, in force.

But from the decay heat removal curves, we19

20 establish these peak heat tinec, you know, zero to

21 forty hours, et cetera.

' And in each particular cane we need certain22

heat cinks for success.23

In this par;icular case we need three out of24.

eight, in' thy r'e s t 'o f t h'e ' p l a n t , and for next phane,

,

i

a -
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,

I
, . tso out or eight, one out of eight, et cetera.

2 <,
,

2
> 1- And this'is from -- right from a four-loop

,

-

3p'p hundred--percent power operation coming down.
v

- ;4 ^

This is a little more blow-up of some of the
~

'

.
, ,

is innsumptions.
'

6 ' 'This.is the re-fueling outage, one a year,
'

' q; 7 ' thirty" days.-

:, ,

1,'p r.,~I . .v . y ., vs n

, 4 . v ,iThe,se m,ight b spurious-acrams, various8-

# ., - . ,

'1 -- 9, ethi sci,like th .. ,

/. :- .p~. '*
. e .- .

. -z10 Now, 'the ' forced outages , tho;e where railures
n , , . . . . . , , , , .~ -

^ 11 _ac t uallk i o'c' cur', 'ke'' O come'nup=with three different.

,,

, 2 e
'

e

12 types.
'

'

.

- . 13 Some take thirty days, seven day one' day
,

..
.

,

,

\,: I'4 a n'd ' e t cetera.
'

**, 4. , - .
..

.

det emined based.on the acLual-116 -And this a,.iss

'
-

1
~

16 : hardware' involved to'_make these-things fail.
'

<,
.

*
|17 And.as.we calculated those probabilities of,

; . ..
>

:18 ' failures, ve've come up with-this frequency per year.
,,

L 19 'Now, anything thc.t's common-c'ause, which of
~

20 ' course'is .a big pruolem over here'that we know about,
I

| * . I

21 would'be, identified.

. 22 Those we don't, of course, are not in there. i

I',.,' . 23 .This is sjmple..

p
l

H f24 This shows four DRACS in parallel. This is,

,

t
'

, ifour'IRACS in' parallel. !
*

[ , |
'

<
,_

. m
- .- 4

| - < 3.

'
'

N, m ,-,,r - - - ,. . , ~ . . , . , , . - , , .n~
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l?3

I And this~ primary heat transport in the
~

2 haiance'of the plant, really there's four heat
.

3
~

.- m- transport loops here, four primarie3 wit h the balance.

> .. t
< <n ,. -. : .p . g u . .,

' o f,A t h e p,l. a n t'.~ - i', i4
. .

5 3 77 7
.

i s; This.is tpo.show:you the paths from a very,

,

v o .. ./, ,

6 .cimp'lis tic point 'o f 'viek .,

'||
-_g,y. - ;,; e ,

'
-,
"So these,are 'all thr' plants to remove ~ the !7 di '

8 decay.. heat.
,

9 But,the DnACS and the IRACS in.'the present -
I'

,

10 -design.are ca. cable of' removing sufficient decay heat

i 11- with one.un'it down, so it's an M ninus one_ set-up on
-

12 .cach of.~those.g ,

:g < - -
-

J*

-
'

13 .Of, course,.one.ma,Jor systc' takes everything
.

1

14 out.'

1' ~
15 I won't go through this whole thing- but j

~

16 try.to give you an example,.

~

17 This is the -- if we need.three out of eight

-18 for failure, this is six.>out of eight,
,

19 Three-out of cight for success, this is .six j

>

- '20 out of eight.would be a. failure s'.tuation.
,

I. . . .
'

i 21 Here is:- a simple one he're. If we lose the j
%.

' ~

; . 22 reactor'vessnl"and the quard vessel, that's one
;

23 . failure path. -

. . |
:- 24 If'we lose four DRACS and two IRACS, of ;'

!
'

,
,

\ .

,a .)-

_
I -

j1

:_. . . . . . - - . . - - - . . . . . . . - . - . - ~ . -.
. . a ,. . ,_a
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a
, .A

,

'

1' .courne, we haveya failure problem.
' '

> ,,

. f2 (Or , you know, variou' events like that.
t'
-

.

-ps ,
3- Would.anybody like me to go through another couple?

,' hY
..

We hate a' report wo can reference to'show.
' 4- +

3,. .y
'

,

'
_.

7theseNpaths.. r<
,

5 ,
, , ,

f
[

n

.

'

, . ~ .

. . -
- 6 Happens to'be the,way our, computer calcula-,

e ,

' ' '
, _< .. ,

%

-7 tion runstthis thing.. *; u ..
-

s ,

.,
.

^

,
, .

1 Thatiwas the' block diagr'am for. failures.,
.. -8,

-
. . - -

9; 'Here ,is - theDe /ent . type flow ."
. ,

%

4

,
-

-

10 f.Eighty-five percent of the~ time we assume

, we 'll be lin a ' four-loop ~ operation, . fifteen percen ; ~ ofi - '

11
t

n
- '12 the timesin-a three-loop operation.. (. . -

: |fb

{V . '131 '. ,"Amortising~these numbers times-the'

' '

p}r'obability!of being in each one of these, here' is-the-14

f

15 . planned' outage..
4

1

16 Mere is a condenser failure; here is a primary
'

,, 17 heat transport! failure,.et; cetera.> -

18| This multiplied times that gives.us the
,

ig frequency per yearLoffa-particular event involved.
i

'

ts .
If you'll notice down here, you-know, the |p, 20 <

y ..

|' ~

:21 steam gener.ator path,-(alth}ough this number is
.

.

not
..,i'L

.

-| p
., 5 ,' ,;-

,, - .c
1\. ',

.

- . * ' ';7,. : ,' .,

- particularly h'ig* h ,' it' 'doniin'at es many- o f these things.:( f ' 22'

. g
_

.q r ;,, ...
_

k23 bb; sides" the ---of[coubse,Yhirty-day s h u t d own', which is'

,

. .: : - , ,
-

,

' ' , '

24' obvious.
.

e -.
. s-

, .

m

, 'py, x (:7 ; ,

.
w <, c- > <,

And that was the results'of the Phase 2'CDS; !
- . >

i

,.
' ^

,
,

'
- ' s.

.

,
. - x . - .

_

. ,

, -+. -
-

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

9p; i< ,

.. i, .. av_:

.

.
.

- -

studycat the time.,
.

.1
- ; -

, .s n 2. .,
.,2,.-

1. .
. m-

., 'r - ,., . p, Overall re s ult s', "unreli abilit y ' o f' * ~
, so, isv

.

3., - + , .i,s;.
the overall;. 2 v

. -f
.. .7 ,n .c. ,:,,c, .i.

,

' c a d e<*j,) t e n t'dY the minns<t'en.
.

| ,- ,

31

V,
.That's.an enormous number, depending.which-

, !-
, . .

.

4-
,

',~ ' + . .

,

5 side:you look.at'it. ;
.

# f.

With seq'ential operation, we end *1p.uith a ;g' u6
.

*> .

2

P G 7 ilittle lower' number.-
,

~

6
'

|8' And, of course, if there is no. natural-

'

|g- icirculation'available, that neans more force circula-
,

;

i ilon. Ilardware inninvolved.jo
.

j i .
'

f Of course, the number . lowers a bit to accom--
. ;11

; 7 |' ;.

modate that.
'

L, '~12y)e

' '

e valua t'e d .We.also had"two sensitivit:f cases
-

'
13,

L - 1 1
' ~

one where the two DRACS '!Restricted DRACS operation,< g
,

f - 15 0,utside, opposite sides of the vessel, have to work and
,, 2 ,
' ~

any-two.
-. 16 .not''
.+ ,

.a ,

And in another case where we could not lose*

37

the power,to'the' diesel generator af the power flow.onh 18
r ,

the sameis'ide ~ lose a primary loop.as we
3,

. |
.Or I may have that reversed. |

* u
20

1

S we've run-many, many cases and come-up'

21,

' with this-series o f -numbers - here: -

22 jA/ , *

'

I.And as far'as:the numbers, the interpretation'

-

,1. 23

~ 24 .of',the' numbers go, you know, we're not trying to push.

r. ,
,

forfexact. numbers. |
' '

s

,x
'

1

I .
- ,.

7 - , ,

b.'..- : : # -

. .- . . - . _ . . _ . _ . - _ .~ . . . , _ . _ . . . . , ... . _ -.. _ . _ . _ _ .. - .... _ __ .. _ _ ,,,- . = _ . , , -_

. .
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1 But apparently we've exceeded our goal on1

2
- CDS with a considerable margin.

.

- 3 And.weI tbink we have some sufficient data in
' . (O,) =,

^4 [ there , let's call it, to handle ature design modifi-
~

,

5 cation _ or maybe'. unforeseen. things that may happen,

6' whether error-wise and et' cetera.
''

-7 MR., GOLDEN: Do you thini you have enough
,

8 ' design- margin so -you can get rid of one of the tw ,
,

=: . ,

h
8 diverse-systems?f {e

-10 - MR .- SIMONELLI: - Th at .' s also being looked'at.,

11- one ofIthe ~easons we've gone:~to,the, .That?s/prc.>abl #, -
4 .. ., :,w 3, e
4'[} $ ' #

'
.{ 'A

'

?.g
x - ,,

' SIG ' A OS /(' phone t'ib s )'. .
#

z12
., -;

"#'

y :
-

T e -,jj, -. p ,, ., _' ' MR."ShEGEL:i-Did Nou say that the IRACS has '
_ . . .

'7( -13
~ g. m' '

g . '.t
,

,; 4, m.,, g,, -
, ,

'

' been removed?-14

y,j
"w; g 7 s- n

c,

. -15
~

MR; SIMONELLI: The next phase if-desi6n.-

16 : It?s about.-to. disappear

17 - And:we'w'illKhave the normal-heat transport'
~

.,

i s
^

,
18 - syftens with tne SIG.'ACS, very.similar to-Clinch River -'

~

-

'

19 -except'they' don't have the s.milar DRACS thCJ wa have."

| . _ a_;

.

20
~

This is the domination -- dominating number,

'

21 !as .I mentioned before on t he leak's in the steam
-f\
V .22 generator.-'

|
|

:23 I suppose the water people have the same'

,

24 problcm.
.

Loss of off-nite power really is a big-
_ _

.
,

'

. : I

,--w @ + e -- 3 -wa -me+- im,e e--g+^r,2 y- y g-w g---.vpg. e '+Fv1grr*m--w- *1 t''N f - a tr vf P e p e- -t Ar e **-- t e- t. -g y,. e ys~t-y9 w y v-g *- -y y,wi r w gwe v w y a,
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1

1 ' contributor.-

.2 It doesn't stay do'wn long, but'we end up

3 with-losing power.:

L4 41e_-go to a diesel; they fail a lot,: alse.
~

.

- 5 So this_ Lis' one of the bim paths of unreliability.=
'

.The' reason I'think~we'got such a good; number:6 -#

'

is,the DR5CSf is . veri. ~ clor o to the heat source.7
'

, ,* - ,e . .-

|8 ',c? $ Ab'd 'b/,;hatiural circulation and_et cetera,'' '

3

[ not"|dep'eriding ori 'a' lot f'o f active components , is the' - 9 j ,

+ - m. s ..w -

10 reason why I think-we got one of the higher numbers'or

' j~ie 'high 'fnumb drs''Je'' ve | go t ten .
^

-T. ;wT.T<1
. 11- tl

. 12 Well, we're not done,_by any means; so I
'

~

'

.
~

13' ch'onid'say,;we:need a~ lot more work..
' l

14 One is. the constant review of the data
'

I
'

I's base, including light weter reactors.
,

16 But, you know,-the unfortunate thing of-that
,

17 is , we 'd really like to have a little more sodium
,

18 -experience.
s

'

-19 And, you know, we have EBR-II. We have test-

' 20 -loops - running; all the time.
, ,

i 21 .But it 'n not really a full-scale ple at; and,

- 22 :of course,'FFTF is going to help us with this-

- 23 tremendously..
r

:We 're collectin,; data from them now and. 24 ,,

. dumping.itt-into'a reliability data base at Oak Ridge.
'

.

;
'? y

? ~ > -
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'

>

, ,

f1 .And we're-goinr; to try to close the gap .here.p. ,

. 4

'2 between-some of thei predictions 'in the demonstr> tor.
,

,

.
,- .,

cI^ don't know how to'do.that because-we~ don't..3;f r-
. *

\ | 1
- O s .. . .

"~
'4 ihave:a' plant to, demonstrate, at least at this time. ' '

<

' ' '

,'5 But.maybe'from small-hardware points of'vi.ew;-

,

-

'S.
. ,_ , , . A'

. ! 6 Wefre~trying.toinarrow the efforts-we have. '. s
'

'
,

r f, .

MR."SIEbEL- Is-the DRAC tystem alNaysaon,
' * ^ '

i l s.
-

''

+ . . . . .

,_

8 |line?? ,

'

, , ', 'MR . .SIMONELLI: Only comes on when requipe'd.;''
t

r 1

'

, J .. Is;that right,' Jim?. :Only:comes.on based on10
,

. 11 = certain.--'

;. .
,

MR.-H'ARTUNG: It normally , ope rat e s at'a very'

12, g'_. ,

J13' - flow to" keep the circulation and temperaturessin"811
.

'

pos'iti6n.--j
.,

- .And when they want to.come ,on, they open.t?e'

15 :,

ampers, Land it increases the flow. ~

c -16
> .,

i R..SIEGEL:' Dampers have to be opened.
, g

MR.'HARTUNG: Yes.q,
.

?

MR . z GOLDEN: That'|sicasy'to do, by the way.
'

,,
'|+ . ..

-
, .. . .

,
'

'We have'a(similar system in EBR-II. j'

120,

.i

:An'd''it''s.~ a l.sp ring .lo ade d af fair wh ere ', iffwei ,

,21- ,
,

H - '

.s .

_

~

the: dampers open automatically.f.:(v; -

22- .pT ". , lose: site power'; '

i,.5 3

' -n'

I' '

.'
$R . SIMONELLI: -We need t'oJget into some kind

!. . 23 i
,

for it e sting , ' develop ' a--: tes t program.'

<g. .

, , 24 .< ,

a ,
. , _" ;0f course,;that's such an enormous = task,'we''

,,. ..

'z< p , ,
_

, m n
__ ,

, * .
., ,, , . , s . . , -

,

. ( I |)''
k ? ''' . .

-F. '
r-' | ~

Q~. (&y ,, '
'

.

,

~

4 [,j ;; m-b n y4g ,4,. g /-
~ '

g / f r e

*e* '

- rg . p Q ~e , - Y '' '''S# *
A.

'

.] ( s
,
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'

i

.., : 1 ~

w|, Lwou'ld?have to prioritize the many-things involved,
q,

1, , w '. L. . . - . . . - . -- ., ,

<

* -,

., - cwhich'I' thin'k we've done'with TMC.n .

,

'

7 .. L 3'., ,
.

f$, . ' f. We need toCvbrify and;get better analyticci'3
<

,a%( .- . ., r
_

,

'4
_

< met h~ods b e caus e.xo f~I( >nce r.tainty in . d'ata .e
~. - y ,.g" yj,,2; 1 7.,- g. 4,

,-

< c . v , . .,.
- +

2

5 ~

f i' ' p,Co_mmon-cause. failure,.you' heard.it's-a real; jLes ' ' , ,,

.g ; ,
e 5 <e - - ;,, -c

[ a: :p$oblem;6n*3.tshows
'W '

c. s -

, ,,

, ,
c y..

:,,

., ' , j j 17> ,f D, +jT WWA'd }11kej tii:>' eipand: the shutdown' heat ;J -

-,, v . ,- - >v,.
'

'. . _ ; J : v. ' ~ (a_ ; removal,model'to, include mainten Ace and-repair t~ime.
#

,
.

. , , -
.

+ -[ a
, .,I' don't know what the advantage,would be at; - ' 9 -

.
,

iv e _ . '
'

:~

jL10| ;this ; time , show muel' gain or loss-we'd have on it'; but
4~

'
.

,

,

'M 11
_ .. .. .

9, , . -- *
.

we ' d:- cert ainly : have : to look atiit'.
'

'
<

,,
>

~e -
- - ~. .

i.
,

L
' '12 And, 6f course,-this is the-real problem herei

. [.s Y - :
e ,

'
w

I ~] ^ ~i: ?13 evaluating,;youlknow, the human f actors , ' the man-mu :hin;.g
,, n.,

^

~

(
"

;- L,

." . ~ 14 p rob le m .'
.

v .

_ 7

(, * 'y 15' [ ,
And, Eof. course,. accommodating common-caust

in . , .

-
.. ,t:

.

als . failures.:i. - < - s
a-

o
;

, . -

identify one, w. design |17 Right'now,!if we can"
,

,

,

|U
'

fis _ it-out-'or make the machines, of course, lessyvulnerable
u. \

>

; # ._
Jto' them.

,

; ;s

'

;19 -
4, ,

'7
.

..

,'#3 p. E %
'

But this.is~ going _to be a big problem as'far
', n' i 20

L-
L, 4

.,
.

..
,

k ,p.. , ,

1 21' as-perfections.' '

,

u :. . .

, Q, ,
_

Since we're in; a probabili s tic field , -maybe22 .c -

v , . .

t m:

-;F) ( ;} I23 thit['s not too bad. -V
~

- g~ < ~
-

m-

( 24 .We~have reports that'we'can reference to,, .if*1
.

,
-

, ,

,
' $, h fanyb od~y ne eds 'any .- Any particular, questions?

s ,

_

,~ _ ' ,;, e .,

, -> . 4 ,
,

,.My " ' l's ,
. .w:: - ,

,
., ,

Yi
,5'

s
#

.

,--.-..-_.J.-_.m,.,_.,-,_.m,,,,,,,__-.,_m_.w.,*,,,-...r...-..-'''
,,..-4.:.._'.-42.-_._%.._,., . . . . - .
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|

1 MR. CARBON: .Once again, what sort of
<

. :

[ |2 ' changes are taking place?

'

3 MR. SIMONELLI: CDS design will go to a ,

.O_
,

-
: 4 SIG ACS, which in the hardening of.t e ' normal h eat'
i ;

5 removal path with an air blower and et cetera.
!

6 Probably have to get protected water storage'

j 7- in the back, and the IRACS will be gone. DRACS will
I at

be maintained.'a;

!
' .

That is the Phase _3 we're into now, and I' -g

don't know if all the reports are.out. But.that's10

'

11 what .te're Ic ., king a t right now.
,

!
'

12 'f ! M RJ. SIEGEL: Is that regarded as a safer'

, ' '
i!: ~ O

'-

13 System ,or,a, cheaper system?
,4 ' . , ' ' . ;

.

<< MR.'SIMONELLI':. I don't know if it's cheaper,g
4 ,

'

at'I_lat'right,now *15
,

i

i It would-seem that we.were trying to get two >

~16

completely different heat removal paths strictly from a37 ,

diversity point, for one thing.
18 ,

And I don't know-all the reasons. Some peopl ajg

think it 's cheaper, some'not.20
-

Until7we get-all the_ reports.on it --

21 ,

MR..GAVIGAN: It's'alsystem_that's cheaper 1
'22

'

an6 still meets ~the roliability requirenents of the
23

safety system.
24

It's.part of the cost reduction. effort.

- ,,

'
- , - - , - - - . . _ _ . , - - , , . . . . . . - . - . . _ _ . . _ . - . . - . - - , . - _ ~ . - , . - . _ - _ _ . - . . , - - . . _ . _ _ . . _ . - . . - - . . . . . . . - . . -
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- bsM-. ,, ,L * _ . J P. U,R e. #s .S. IMO. JEL1,I.:. ., . S ee , it's also t'estable -

~

i,

...;
.

.

. ,.
,

2 It 3sta" normal th eat. ' path . -- ' '
,

- { ;a . . R.y . : r- i s. .

m' i.*
's,'

. .
.. . ,

.'

,; So one ' can say , there's advantages, andoI- ". . ."m . . , .: p .
, .

.

. - ',
3

.[. a .
, f

tc Ssf , c - ; , y .3 p . 3 p g i:. ?:
- '

s u p p o s e ' o * h e r s 'm .4',h t ,s a y . d i s a d v a n t a g e r . .-

3 g '

_ ,- ; I_t ' s the most different system from DRACS,

6 bet it 's: also _ furthest away' from the heat source.
,

i'

7 .Tell,. gentlemen,that's all I 'have. '

4
.

g MR. SINGER: We ' ve ..now' finished a dis cus sioh
r

of all the efforts we p'.anned to discuss under LOA-1.
~

9
,

i :I.'ll now introduce the work which weto .

defined as-falling under LOA-2.
11

4 '.And in.this area,. basically looking at lault-g
: s
f-

*

operatian of a react.or plantfsystem, sub-systems in-

,,
.

I the plant.'

14
,,. .

-And we're really trying to understand the
*

'
~

sfault ed behavior of' the ' system and understand it
16*

,

i sufficient 1y so that'we can end up with a design or at
.

.

least understanding so that the plant will respond i n-,

, .- .
>

. a benign way,.in other words, with limited damage,
s-

" " " ' " *
~ 20

.

j The basic.; objective of thir. work is tot- '-

>/%- . runderstand. the inherent phenomena ~which occur.in the
.

)
. _.

'%) ' 22.-

.
.

23
' plant.as wellHas the -- understand what typea'or'

., ..,

* '

engineered: systems can also operate in the self-actuater

mode,orfalso' inherently.to limit damage which.will
, . =-

,

%

i ' s g

%
.

5

-- - .-n, |4, ,. |,- . , - y , ,, y,_ 4p {,,, ,&g -~-
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4 -
4 ,

.-

1' 'occun,;which could occur, if an accident ~actually is
, w .

,,

_ initiated.2
>

,

u

- 3 The -- we '.ve es 3ablished -for this particular,

-Di .. ..
. .

.

'

: .
''' ~ N 4 activity the success. criteria which we are aiming for.-,.

4
- 5 .And'we would like to be able to e nd up with

t

k. ', ).P .' s a.designiin which,-if accidents-are initiated,.the. -

i

p ~ > . J 7 ~ accidents.will be terminated with lfmited core damage,
| , .

'

F < 8 .as de fine <1 by -,- for., dif ferent' types of accidents . .
s_ L

a L 2+ -3.;d d'
. ; 5 '

2 ., ,,

-

F r'' xample','if there is any.'whole-core, !
.

F;
. ,

-. .-,

ini[tiakor[Reu[chf a.n [t -a seisinic event or t. loss of
g.

~

10
z. w. ,. ,,- ~

,
,

t

p
-

electrical power.),r:nong event sin 11ar to that, +r c11
4 yJ t +-i w/ e - u -,s

: .
3; . would like to have no clad nelting at.all.i

3

. t

I
' '

13 We want-to prohibit.any contact, physical.
,

i
'

,

j .3g contact, between' molten fuel and< coolant, i
-

I
, .

{: ~ 'Is And ' for any local . faults which may occur,. )
i

'

,

(, 16 such as perhaps. internal sub-assembly blockages or;the.

Y,' .like, we want to make sure that event remains a' 3 c cal. I
"

37
I'
<

} event.and does.not lead to gross coolant boiling in a |18
i

-

,

'

-39- r e'a c t oi' .
o ,

,

So these are our. success criteria we've.!20

c e s t abli s h ed '.21
'

,
'

.

f]- } 21 :They may changeJas we get.into the - 4under-E
.

7_'':t- 23 . standing 7some;of?the inherent. behaviors of this
p.-

. ,

as.-well-as some of. ;the limit ations: and

,,

, 2( fsystem,
,

.
-

~

a ,.,,

" - ' cap ab'ilit ies o'f'it'he?s elf-actuated sys t ems we're look16g'

,

i _

+s ,

; -, <

?L
'

in )
. ,[, '.

+
., ,

*a'.* ' h_3.; .y; ,,
*r

, ,

a . e .'.= f A:'- r '

__
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[| '

.

-
,,

l h .i

i
,,, ,

s - at '. ;

2 But at present,those are our goals and are

3p indeed directed toward satisfying those success
%)

'

4 c rit e r.i a .'

,

'

'S The three. areas where khe research is directe l
.

6~ toward are f a'11ted behavior of .the, shutdown. sys tem,.
: '

,

.=7 g ,1ted'. behavior.of the shutdown heat: removal.s/ stem,
.

,

- s

i s. |and.looking at local faults,which essentially;is,

- ; ;
'

58 ' faulted behavior-.of the fuel system.
f

'10 So by : faulted events , we 're, really_ talking
,

9 i,

11 - 'ab out'1e ve nts - whic h occur-somewhat.Lbeyond'a design'
~

. .

.12 basis; in'other words, something that has.actually
, g). :

.. . '

plant-or in the. rack and core.-

,

1. ' < i.
13 failed ~in.the,.

-

|,

' 14' And we'd like to be-able to. confirm that |
''

|

15 either the inherent response of the reactor. system is.

3-
.

..

.16 such that.the: damage is limited.or that x3 can design!.

17 inherentljt ~ activated. systems which can reach.the same'

18 ; goal..

|- _ .19 p ., , dethave a* number'of capabilities existing in
-, ; ; / . .

,;
,3; _. t - re.Ai a' '

' '

( ,

20 ' an :LMFBR which are indicated here .
'

pQ
~

'- i, t ,
,

121' ;}:( . >[, , We'.',c anV 2 we' ha've b as i c ally aargins which i

p.
C . 22 are

-

a, vaila,ble: :in ' thel. d:e si~gn{.
.,- 3

- 23 These plants-aren't designed to operate
|:

.

. .24 iright up to the limits of behavior.

So they can take certain transient,_

.,

f- }; .

> >

.% . . e e -+ . , - - 9 -w w$%erre-- y mw an,wnv e,.e * w -- e ,= r, q,--+ 3.m- p cewn + w w. rwgy--ee e , ec +,g y e r+, y w -,- e gg ,9 w * w y =, w new ge * - e =+ --+w wv e w- - , + H
. .

4 *.--=+ic= * v% v se e-
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'

~1 capabilities without'gettin6.us into difficulty.

2 There are ~ a number of inherent ' capabilities

3 Of the plant, such as natural circulation, cooling,

4 various types of inherent a c t .' v i t y ,- feedback4

'

5 mechanisms, which also limit damage and also terminate
!

6 . a'ccidents.
~

7 And,.of course, wc_can~ design certain types

'8 of sel*-actuated systems, engineered safeguards in the
t

9 plant, such as a self-actuated reactor shutdown system,
i

L' 10 which will be discussed in more detail ter,to

|' 11 ' terminate accidents.

'
12 If we acet our success criteria.that I

. h.
b 13 described.in this area, we essentially, then, eliminate
p

| . 14 cora coolability as an issue completely in th'is
.

| 15 regard.
,

i

e

16 err ;What I|d likeJto-do is just very briefly go-

I , , ' * e * ;.. L _

-
.

'

17 over the scope.of the. program in these three areas,
<

-

, ,
.

~ reactor-shutdown-syst.emi. fault accommodation, shutdown18..
. .

19.- h' eat [ refioval ;s'ys' ten andEloc al faults.
, -

=,

[ 20 .And then we'll have eanewhat more detailed

' .
21 presentstions afterllunch on-individual areas within -

+

IA8 .

. ()c 22. -each: _or' these ? three1aread . - |

.

- 23 - The general-objective of the first task in

24 reactorlshutdown-system fault accommodation is, again,
'

,
-

(" ,
-

a motherhovd statement...:;.

a 4

I'
' -,,,~,~,m+e..Nm--,Ne,, e-e < , 6--., . , - - -me ve,-,,.re-- -,,,-n--e--. ,-<-w-w,--~.,-,,,.r , ,,--,,-..m e,,,,,-,.aw.w,,.,r,,--,,,nwe,~,swo*,.e-e-.~.
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1
-

''
.

1215
,

+' ~. Uc like to demonstrate that we can1

j.
,

,
'

'2 ' ace'ommodate shutdown system faults with a high
:

! b
3. .. p rob ab ilit y .,

a:,

4 The3 main' approach-we're'taking here, n o w.':

i ,

'
>m.

wef.re,a,'ss?.uminJc.~. tn:r t ; there,. 's been some sort'o'f fault'in
a a . , - '

! *

5-
., , - .

,

6 the normal trgacton shutdown systems , .whether it '.s. singl a
*

.'" |'
q e,, *

e 3 - t , \ ,

., ,2 .
'

.

; 7 syntem or primary blue a secondary. system.
<

,

:
~

<, .- ,, ~

t h''e u s e of.either a self-actuated
o .. . . .

'It is hby ?I'
f

"
8

i 9 system or by degraded mode operation of.their -- your'
i

normal shutdown system.i 10
,

ji 'Perhaps it shows an insertion of,not the. full

: -

' - number of control rods.12

!O
! 13 The reactor also can be shut down by inherent

fuel and absorber motions. _ ,14
-

'

.As an' example, core flowering during. accident:15 ,

essentia11'i nechanism which tend to expand the core,16
4 '

1 to expand the non-activated control rod systems into
3

'

the: core to add nerative 'e n.c t i v i t y , . t h i n g s of.this18
t. ,

,

! sort, as w el-1 as-there has been' sone work'done'on
- 19

.

,

annular fuel systems, I'so.i 20

And, of' course, a very obvious'important part |i 21
'

- f,this is that the basic' structures are -- have. .
22

i-
.

.
.

'
.

scary integrity to withstand all types f accident 1nec
23

.

initiators. ''

: 24,

-The main program task in.~this. area is the,

!

,

1
. _ , . , _ . . . . _ . .. _,......_.-,.......__...__.-....._..__.__,__..:_.__.-.a .. .
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1 decign and study of self-actuated chutdown cysten.

2 .And that will be discucced in come detail

3 later today.
7-
L)

4 I'll just hit on come of the general

5 objectiven of the synten that we've directed the

6 research towaru.

7 And basically, we'd like to come up w th a --

8 again, the word in cost-effective celf-actuated

g chutdown synten.

10 And ve'd like it to be sufficiently diverne

11 from the normal chutdown cystema of a pla:.t no that we

12 could at least clain that common-noda failtces won't
O -

-

13 take'out;both our cdir-actuated nyctem at the came time

it takes out'the' normal chutdown cyctems.14

15 The work in really not -- in directed toward

16 ' uroviding the technology and the demonstration of the

37 technology's capabilities 30 ti2 a t designers will have

thic option available.18

g ,

probjects, ; hen, of cource, are free toThe

use or reject it as they decide, from their prominent20

!

point of view.
21

/

(mm) 22 The arcac we've gone to, we've looked at a

number of dirrerent types of chutdown cyctems, many23

different types of conceptc.24

And we've basically focused the program on )
1
i

,

1

.
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:
>, <

_

*

. ' '
. 1h7.

i

j 1 several types'or -- on several limited types of~
t

| 2 latching systems at this~ point.
J .

t

3 They both have in" common c1cetromagnetic

: ..O'

4 ' latches.
:

h 5 The difference'is'in how these, electro-
p . ,

3 '6 magnetic' latches are triggered. ~
1

'

!

| 7- The first one is a< Curie-point system in#

!
~

,

| 8 which.the electromagnetic' latch is essentially
.

g de-latched simply 1by heating :of ithe magnet itself up . t.o ;

' 10 Curie-point temperature, where it. loses the magnetic-
4

+ 1

|- - 11 flux and then' drops the.contro rodlor safety rod', as f
i

12 you wish, into the reactor core.
,

! ^

13 The ot her swit ch , de--latching - device , is a%
4

-

..

34 thermionic switch''in-which 'we|have an electrical' _|
1

j - 15 circuit:in which barically a sensor increases'1 l
~

i

! ..

exposed to ther primary coolant, simply
.

|; 16 temperature as
r - .

?

. changes electrical' characteristics of the circuit ~,j7
,

|
18 which then,causes a loss of power to the electro-

. jg magnetic''.atch and then cau'ses the de-latch.

.We're going through a number of testingi e 20
L

programserightinow.to examine these concepts.,

21

22 -
I '.ve indicated 'here bo't!h in-pile and out-of-

~

.

PilCh t es; ting .1 p,[
-

''
#r'

23
< < - J

1 . j u 3, .< ,. -

f f 'q>".
Tlic;^ electromagnetic coil is obvibusly a(very'

- 24
'; e 7 -| t ' *

,.

| ;7 . / 5. > . 3 ,. 73 : .

''

! :, key'!1tec'in o this ~w; hole development .. , .

'

!
t. e e. + m 3 ,:q;L,,,,
1 gv |; w m .a; c t

f :, #

. |4

''
. ,. ,,,, - .,_ , _ _ ., 4 ,; A ,L J _ _.._.. _ m .....-...,# . :' ~ ' '' 'l
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1
~

find I'll just leave:it at'that and let the,

a

| ' dis cussion or t he detail 'of that2 R and D discussion on-
4

' O-'
3 the self-actuated system later~.

' -

^

4 In sh'utdown heat removal fault accommoda-,

1

| 5 tion--

6 MR. CARBOM: Excuse me. Can I raise a. couple|
.

7 questions?
.

8 MR. SINGER: Yes. Should I'go back.to the'

9 other slide?
,

10 MR. C ARBO?I : Please. The Curic-Nint

11 electromagnet ~and the thermionic switch electromagnet,i

!

12 are they'from the same system?

: O
13 ?tR . SINGER: I'm'not sure I know what you- ;

i
! 14 mean,

i

15 These wouln be envisioned as a completely
'

.

~~ I1

: la separata shutdown system.
t-

U 17 . Completely. separate,;from the normal primary /

i 18 secondary.or nornal shutdown system.

f ,19s MR. CARBON: And~you would have~two latch
'

!
.. ..

; 20 3 systems.-'on3this:s,h.utdown system ---

#- ;
, _,

'

A es- ;'

d. .. , + >
,

. .

MR. SINGER: There-would.'be a' completely| ' 21 '1

. i's c ,.
'.; i s, ,T/"V],

<

22 | separate; shutdown system, who. could be triggered'or'

~

c
'

23 de--lat'chsd either'%y :-- ;again it 's a designer opticrn.

1

24- Could--be de-latched by PPS act' ions,.since .'.t
P
:
'' is an electromagnetic device.

e
,

'!,

~...-..L-.. _. -__n,___. - ,--,_-_a,..,.~,..,,_...,_. . . - . , _ . , , . _ . . . . . ,
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1 But it also could be de-latched s$nply by

2 incroacing the tenperature in the reactor core, the

3
r's prinary sodiun temperature.
( )v

4 And the ouestion is how to convert that

5 in c re a s in g codiun temperature to comething which

6 inherently de-latchen the safety rods.

7 "R. CARBON: And r,o you have two latch

8 cystens for -- they beinq parallel.

i9
~

"R. 0T"CF.R: , dell, again,we're just, ,

to developing the. technology;and a dcaigner would choose
.

.

11 one or the other.

12 And we'ri not ~ aure -- we can't nake a final

| 13 decision right now uhich one of these two systens
1

14 would be the best.

'S I mean, it's -- nc a t of the work r ight now is

16 in this crogran here, the Curie point.

17 But there la a certain obvious risk that wo

18 nny find out nay not be the best.
l
i

; 19 And no there's e f fo rt a going on in alternate

20 typec of de-latching cystens.

21 't9. CARBON: How far <long are you on that

/b
L.) 22 cysten?

23 "R. SINGER- The Curie-point synten? I'd

,

| 24 just an coon defer t.at quention to Bob Tupper fron
|

l

|
Mentinghoune, actuall: ocing the work.

|
s

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



_ . __
.

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

6i- .

| f>

i
'

2

j' 150-
L :

! 1 There's been -- the' work's been going on-
! ,

2 :for:several years..
,

1
.. ,

- 3 I don't know if you want to answer now or --

; - ,
.

i 4 MR. TUPPER: I'd rather do tha later.

!

t 5 MR. SIEGEL: ID'o the French have.one?
t

i .

'?!R. SINGER: Yes, they have one they're
.

'

i 6
>

i .
.

now in Phoenix .
. .

a Curie -- it's
-

{ -7 testing right
.

that's --

.< ,
j
,

a they'.re developing a Curie-point de--latching device .
;

, ,

''
9 Th e y ' rr. testing the.whole~ system in Phoenix

:

; 10 but.not.t'he Curic-point de-1ntching aspect of it. -

s -
t

!
.

the(- 11 They have the electromagnetic latch,
l' -

,

j 12 whole system all set up. ;

v O:
| 13 >They j ust have not' designed the. magnet. !

l

14 They have a' Curie. point low'enough to give'one trigger. ,

~.}
'

15 They're just looking at asically the

1

16 perfornan ce o f this. s stem in their plant. ,

,, - , . , .
s . .

. ,. -
' And they'ar.c?, ag this moment in-time, '

17 :

| 'g def;initely? planning to have a -- design the super-i
r >
r ,

,%f% s ,
~ ~

j '(, <

EliB~e n i x 1 '.ig

.s . ..e ,, ..
'

3 1 4 :.

20.
-

' They -have' three ' shutdown syst em:s ,f a primary ,,'

l

21' a secondary and a self-actuated' system.
^

-|
'

+
.

,

22
~ .And in super-Phoenix'2,.their~ design 1shows j

q

23 'a, primary.systen plus only a self-actuated-secon'ary: Id
d

<

24 system.
,

MR.;GAVICAN: They intend to take out their

_

|

i.---.._.. w..2.__._,.~..A.,__.,_...._.
_ _ _ . _

,.._,,,,,,..._.,..!_,w,__,,,,_.,w....,,g,,...,,_'
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' '

, , ,

< ,

F 151e ci e . -,, .p,',

' J ,J t[ t *! ; )' >
,

1 exinting secondary system that they have in super-
,

;
,

*

4 - !,

! 2 Phoenix.1 and replace it totally with the SASS for-
j.

[ 3 super-Phoenix'2. , j
'

, .

,
;

;

i 4 MR. SIEGEL: In our| program closely aw a r,e, o f Y:
I r. , ,

}' 5 tneirs?" .

y s
a

.

we -- it's difficult. . -;

,'

s MR. GAVIGAN: Bob, are
,.

', '
!

! 7 to get -information. !
;,

t
.

8 MR. TUPPER: It's very difficult. .We.know j!
1 1
3 . .

!
- .9 they're working on Curie point naterial. We don't a

; c

.; to know where. :

1 !
,

j* 11 As I scid; it's ard to ' get in formation'.
p

, 1

| 12 MR. FOX: We talked to them several years ago,
~

:20
l 13 and we knew they were. going with an all-iron alloy,
t .

|

! 14' for example, for their Curie point, which is a nuch
1

15 higher temperature than ours.

!
is Dut we're doing the best w- can.

!

!. '17 MR. SINGER Tt's a concept the French have
.

|; 18 .obviously chosen, and they're going with it in their
1

.

| 19 plants.
,

i
i

20 But they still are'in the proccan of testing

'

. 21 its -- really, its reliability and. performance other

'

22 than the:.- Curie-poin', performance in Phoenix right now.

MR. LIPINSKI: You've listed electromagnet23
:- -

| - 24- up'there.
,

,

Ac one time it was thought . that this could be
-

,

y .

, .

'
I.

. . .

"h 4* * 0 *g/ $ i A4g , g y

-...w......_ _ ~ . ..-?,.--- .1~ eY ev. ed -r .-*- e - . , . - = . - -- [t - e.Ew. E+ w ~ . v- -c -m-.~eE wwww w e is ~ ~ *- a m we m w a, e n * = -
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I done with pernanent nagnets but you could not fini

2 permanent nagnet naterial with the right temperature

3 for the Curie point.s

4 MR. S I:l G E R : I'n not cure -- was that tt

5 problem, Bob?

6 L' R . TUPPER- It's a problen of holding

7 ctrenr;th and operator flexibility.

8 MR. SINGER: It also permits testability and

9 also use in the PPS-Ectuated node, using electromagneti a.

10 MR. LIPIUS I: One of the objectiveu at one

11 time was not to have leads go into the accenbly and hav

12 the freedon of loading the acceably anywhere in the,

13 core.

14 The electronagnetic feature, you have to have

15 leads connected.

16 !'R . SINGER: That'c right. Of cource, if

17 anything happens ;o the leads, the magnet is
|

| 18 de-sensiticed; and you chut the plant down.

| 19 It's prinarily an ave * lability probl'n. ,

1
.

20 MR. LIPIMSKI: Of cource, it's a "uel- |

21 handling proPlen.
l
;

(~ \

' _)b( 22 MR. CIIIGER : Yes, right.

| 23 'R. CARBOU: A question back here on the |

24 inherent chytdown,by fuel and absorber notion.

Are you actively pursuing something there?
,

,

s

w s on - ,, v v ,- -- - m . ~ - e - -v- ,- - - -
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i

i- 1 Does it look' promising?
,

i ,

j 2 MR. SINGER: It's a . f airly low-level e f fort .
!-
.

| .O
3 What we are doing, really looking at inherent response

e

i. .4 ofLreactor system in term of movements of materials...

i.
' '

,

i 5 Ue ' re. including thes e types of mechanisms in
I'
i -6 'the ccde.
1

j' 7' The, system which 's arid L is. developing will

a. Include these_. types of feedbacks in the modeling.
!

'

[ o So at this point, we're including'the,

| .

code development.to .nechanisms.in the analytical
.

,

L

I 11 We'll get some information out of the'EBR-II
i -

,

L - [)
'12 operational safety test program.to look at some.of.-

!( '

t'h
X ,q s,e; me c h an is ms . >

! '13 - , < -

: yL : ,1 ~ ;. m ,. t.
,

! .14 .

''
Other in formation we 're going to have to

! - J;2 if 33 , . , -,
,

! ' 15' det: frop'kKatever weicar: generate out of FFTF'or from .

t ,

' ~

s o,me ' c,f * thn ; P ER e t e s t i.ng , 'jwhich has als o -' loo ke d a t.is
. ,

> :r .,

37- ' inherent feedbacks or. inherent shutdown.' ~!

;18 Otherwise, it's all calculation intar- '

,

is na'tionally.
]

1'

.
.

t- m 'MR. -CARBON : From PFR, I think they're

b . .

! ~21 ' finding they;can demonstrate this experimentally, cant
i -

. .
- w

~ hs J22 they-not?

.. 23 MR. .. SINGER: That's right.
~

I

L 24 MR. CARBON: But if I understand-correctly,
j

.

-that comes from~the fact that it's a hood-type rather
~

l

|.

~ .

. . .
I' '

.

._
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1

1 than.a loop-type reactor..

2 MR. ''IN G BR : It helps. It gives the system -

.
3 a much h* gher thermal inertia.

_

-G .

4 So they have-much more time for some of t he

5 long-term. feedbacks to come into-play."

Y

.

6 It's not-'t foregone conclusion that you-

7 can ' t ge t the same type of behavior out of a loop plant .

3

.8 But it -- what .I've seen so far, _ it appears

9 just to be~ casier iri - a loop.
~

: 10 But that doesn't preclude the -- both vstems

11 arc' going to do that,

t
~ The'other general fau)ted area we're looking; , 12

)' ) l

13 'at , . e s sentially f aulted. behavior o f - our heat removal''

~ 14 s y s t'e m .

15 And,here we like-- tne-objectiveris to. ~

j'

.

demonstrate that=the. normal heat?'ransport circuits,or j
16

,

.

fthesnormal decay. heat renoval system of the plant 3 r
;7 j7

18 can operate in a faulted mode.
l

,

l

i 19-
And here I'm talking about the total-faulted q

|
'

1 heat removal system, not only-~ heat transport system ~
'|

'

20,

1 b.UtIany:Ta'.ifi 11a~ry Wridedicated systems which can be^21
' .o s o. ., .

,

' hf in, cl u.d.e d as, p a rt of the plant design.- 22. v .. , .

,

, .

We're l'o ckin g at: ways of designing and:#
. 23

~ v.. s , , v. ,-

[24 predicti:ng"the performance of inherent' shutdown heat!
| |

. removal systems.*

- ~ il ,

|'
.

-
.

,
.

*, ,-,.,er .,-,v, .
- + , + . - - , ,. . . . , , ,, , --,,, - - - - . . . --. -.-,,,.,y- . . . _ - .-
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<

:
. ,

' ^

1 gr.1 And'ha'h p'artlof' that, we're looking at what
~

: ,a 1a--a> , . . , , , .

t'

-2' type ..o f . limit a ,the re . ar: on. core coolab.ilit y , . wh at-
*

F .n , < - : r.* N

type r f .structura1 Inte); cit'y~ is needed.to ensure heat iy . , ^ .'

_3 o
. . v .. .. :. , . . . . . , . ~ . . .

,
- d e c a y , r, .emoval|,lan,d; what-t; type of; monitoring and. control4

.

t

5' is necessary to ---again, to ensure that t hose systems
~

c

.
. ,

i 6 are opera' ting properly when called upon.

f' E7 The main:~ emphasis of the task we're no~w

'

8 ' working'o_n in the safety area are~doing some much ,,

i.
.

more extensive natural circulation testing in EBR-II,9

.

e",

to lookinglat simulation of some significantly faulted'

f' :11 'haat' removal "ittNtions 'under natural' circulation '

e-
. 12 cooling.

i ' .O .-

. 13 Wefre'ob'viously going to uti.!.ize a s'' m u c h : a s1
.

.

'
+

! 14 i w e .f c a n . t h e' a c c e p t a n c e test program' conducted at FFTF
.

.

! 15 where they had,done-some loss of electric power in:
I

..-

f 16 na.tural1 circulation testing. ,

~
+

-

,
,

j 17. We're..doing some work:in the THOPSifacility
; n
I - . ,

[ .is .at Oak--Ridge,>which is a sodium heat =_ transport loop, '

.

1
-

...

| 19 .which we.'re looking primarily at the scdium-boiling
,

i: ,

'

j 20 -under low flow and natural' circulation condit ions it'o,

! 21. ' find dyntaic and the.coolability conditions under-
, _

;. , . .

,[
.F -

22 that mode'..5

i.

! 23 There is_ work' going _on under scale model;
~

;- .

[ 24- testing, using various fluids at this point, water and
i

I- sodium,.to try and' understand some of~the fundamentals
!

F .

j- ,

F . _ Am L.-.-,0. ,. .._._. _ ._. _ _ . - .. .~ . _ .. ,. _ _ _ _ _ .. _ , ~ a .,. ._c_ , w a . u . - -- a . % - . ~
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Sof |Isrindry 'b'ystem, natural circulation behavior.1 4

2 . . _ ,e ,7 .i l!And'' hope: fully,we'llincorporate all this.. .v. ,-
~

,

-3 information in the SASSYS code, 3-A-S-S-Y-S, which'is
O-- .- .. .

4 being developed at'AML.-

.
'

5 And it's a system-code based on methodology
,

6 and'the SAS codes, which have. been used quite widely-

"7 'in safety analysis..

8 The general strate 6/ of_this effort is|to

f -9 ' develop sufficient ' understandingL of. the inherent -
1

i-

; -10 capabilities in an LMPER during decay. heat removal.-

!
'

| '11 MR.. CARBON: . Excuse. me. Can'I stop Just'a

. 12 second?

13 Frank , in - line; with . our' dis cussion'a' week or .
,
f

14 so-ago, is the SASSYSLeode'--;is it the~same as'the-

15 NRC SSE code?,
,

j . - -

t
-

16 MR . . .G AVIG AN : .No. .

37 MR. SINGER: SASSYS is based on methodology,'

.

18 andfI forgot,which. version-o'f 'SAS.. Is'it : S A S' 14 - A ? .
-

,

-19 'SAS N-A. ' "

20 And:what is done is,a primary heat' transport--

~

21 circuit and_other modules involving' heat transport-

' O 22 avetem ere de1=a eaaea te twet met"ooo esv. which,

i

23 really describes vore behavior in ' S A S 11 - A .-

24 And so wh|at we!re doing-is b'uilding on the

necessary amount of-detal'1 onto.a'very sophisticated
,

- ' ,

. ' ver ,vyw-ow Mwise -- vet i + w ,r-- e v rt, ww.ww-, m _ _ _ _ _ _ _ T e e e-- e i e _ _ ,, y.e-r gy w w .gy www,.,=, ,e -w$.$w -- i.T W a y ' T F Tww 9*t-.'+Tr 'V* * F#F* T-T'W"''* er" 7 W*M *'T* WT T*** T-FYW'T--4k'* '# 8' V* W'T* "''W6'MF'F
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I

'1 'c' ore; code,-which;1c.necessary to; describe the. natural',

.
, .,

2' c'irculation, among:other phenomena, in a. reactor
'

v.

I

3 system.i

.O '

:
SSE started.out fronna different basis in4 '

i
-

!

5 which they develope'd.a system. code from scratch.
*

. i1-''

6 :And they have sufficient modeling in all',. ;

| ,
7 aspects of-the plant as necessary to.' describe system

' ,.!

8 behavior.. ;

'
9

- 'Is that right, Jim?-
.

| 10 MR1 GUPPY: Well, our basic intent'o'r'the-~

: . . .. .
.

_

. /

| : (1 ' bas'ic Mintent -o f NRC in the' development cf.SSE,'which - "
'

'
. ,.

'

hasIbee'nfunder - :which has been fdnded for about'five'~

12
-

'
'

; - L 13 ' years.'now, wan'.first-of all/to.have-aDgeneric' tool tliat
i-
|,

14 :they-could - :that was not plant-specific.2 *

i 15 A.This was back in the days'when FFTF:was
;

|16 being? analyzed._
r

, ,

e

. w a. s - W e s t i n g h o u s e - p r o p r i e t a r y ...- There:And-it
. .

17 ,

n qus. y .emI ' <m - , n .;- ..

- 1'8 frereMobiensNith "h'a'einffa computational tool for g
.: 1 -; v *: -

;,
=, ...

%, DD. .a({Wa,,s ||g'eperi,c }in nature .119
, , , ~ ,

.l;M. M Go they,stange,d< funding the SSE development20-
y s ; ,41 % .: e ' i:

'

;21- ' . e f f ort t o . lo~ok= at -- the i nit 1al' transients t o be
~

:

()- 'andlyped -were natural -circulation and pipe-break. |22
,

analyses,
-. 23 ,

e

'Then-once.this capability was there,-'then<

24

, additional scope was broadened to include also ;

" '
, .

-'
a

( -
.. ,

-.-_.._..__,...-u_.. ....,_.,,..u-._a.._,_..,-a..;-~,.;..:_;-__._,.-.... . . - , . -,_ . . _ . . .
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t.
.

1 operational transients, which we have since done by.
,

! 2 -adding control. system rep . representations,
t ,

; .. 3 'As Ralph is saying.here, SAS-4-A has a lot-

O:

4 of capabilities in the core;that we do not model.

i

1

| 5 .because SAS wasccoming from a different angle ,- f rom - i
a

i - ,

! e an HCDA type analysis.- !,

I

p . . ,

7 I set a lot of potential overlap: in some of
!

8 these' areas.
,

i

{' 9 But, you know, it's '-- you know', there is
!

: . . . ,

: io overlap,in the whole development area. '

t
,

it But,their code is coming from the HCDA arua.

Our code is more -- it enconpasses the whole system.-12

O-

"

It . startr * out encompassing the wMle
!

'
13,

;.
..

s7 stem.| y. 14 . 1

!~ Our in--ve ss el mo deling': is 'no't-- cannot go as15

[ far as SAS 4- Ar models , by no stretch of' the imagination..16 .

,

1

So they ar? two different entities.,

37 ,

' ~

MR. CARBON: Fine. Thanks-

18
,

19
- EU EIO " U O* ' ' #

L . area reallyfis-the development.of an experimentally-
~

'
' ~

[ '
-.20

-

,

1
,

F' validated.co.de, which right now is eccentially'the-21

SASSYS code,: although there may be other' codes which - .

22

have very specific applications.
s-23

J But the tyoe of. codes that will be used
- 24

,

w311.b e ' use,d Ippef, ,ully no t, onlyy : a --

;>
-

for assessment' of '

-

{ ,. , ; 1: a r
.

? [ s 4 ,.. ;. s i
'

v , ,

{4 -
'j--{, -[[[ ', 9 {,'

*
'

j . +
,

r > ;: ?<; . ,,
.y >

l.a.,,..,-..L~ ....a-.+--.-,,vw,-,,.c+.-_.,,,.m ++.,va f,w e,_ ~,- - .w,- -w.-w. ~,,,.m ., -., ,-,,,, ,-,,, ,,mm...
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4

l~ - c.n' existing system in' licensing and safety analyses
-,. ,

2 .but also-b'e a real aid _f5r plant designers to come up
,

3 with( optimum type of . shut down ' heat ' removal systems

4 and analysis of t*~ir raulted behe.vior.
y 'm y , , ; -I,'' ,f n'c O 'we Cdflike Jiri this- regard to be able.5 '

. to,providd,iijhlsuchn'to'3'andexperimentu, supporting'6 '

% /g_P
,

' *-
, ,

'

7 it, in formation at an early stage to the designers and
- ~

,, , , , r .

c h < ' , .
1

'

8 identify'what type .o f opt ion s t? available.in terms-of

9 shutdown' heat. removal as opposed'to, perhaps, only,
10 being in a position of analyzing existing system-

11 performance.

. 12 So we are h oping to provide this type 'o f

O
13- early input to designers-in the next plant. which'is

'

14 going to be. built.in the U.S. as.well as if Clinch--

15 River will-be the next plant, to give then support 'in'

16 their licensing arguments in terms of'chutdawn decay
.1,

17. heat removal.

18 I think we already-touche'd on this,.but the,

19 ' basic-ob.jectiv?c in SASSYS development are to-ut'ilize

~20 the capabilities which are already built'into,the
,

21 SAS-4-A,~primarily obviously, to describe ACDA analysis-

22 The code already includes a whole initiating

23 phase of.an accident.*

- 24 And r7 we already have modeled in it the
,

.

entire single-phase transient behavior as well as

-
-- ,,,g, ,

. m___.__.____ _ _ _ . _ _ _ _ - - . _ - - - - - _ _ - - - _
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3

4

- <

! - 1 two-phase behavior.

2"

A number of things' which are being' .adued to'
y,

3 theicode.'to make';it more~ applicable to shutdown heat ..

. , .

.O ;-. . .. ,

4 removal systems approach..j.
a .i i

'

;-j .

' ge /re -adding ein-core real-heat transfer.5 ;- r1,

This f i's ' h'ea t7 t ran s'f s r,3b'e $w ee n s ub -a s s emb lie s . }
j. 6

~

~ >,,

.

! 7 He already havp modifications in th'e . code

+ 8 flow;re-distribution ~between sub-assemblies.
;; ,

.9 the main things that really- have ~ t o b e 'added,
i

as'I-indicated before,.'are the reversal and;the plenum.10
,

4-

{ 11 on t o t h e ' c o r.e' .-

k . .

plenum .ere,' but it's really.i
. . .

c 12- It's aD3-D .

O .

circuit:-outside of the core which includes the
~

'13 heat
. .

---
, ,

>

14 whatever -type Tof?' outlet - upper plenums,-lower plenums
1

,

,

}- 15 heat; transport' circuits;or independent' auxiliary.
i
.

!
'

16 'c'rcuits f or - h<,3 t - de cay removal that,,are neces'sary.
1

~

(17 So that work-is al1'under way 'right now;at-
,

I (18 .M and AL.

; 19- The; testing at EBR-II is not - . actual . t es tin!'

20 isLnot under way. |-

21 The modification' facility is und e r way' ,' and . )

. 22' the. modification. consists merely of adding instrurdta- ,

23 -tion to the. plant.
4

24 The instrumentation-consists er two '

instrun'nted sub-assemblies, one sub-assembly-which

,
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_

'. 1 ~ill have.the characteristics of a driver: fuelw
e, ,

'

2 sdb-assembly,?the oi,her of a radio blanket sub-assembly
i .
.

3 And both assemblics will be fully instrumente ti

; O ,

-

| 4 -ui thi f. low L met ers , _ the rmal couples and so forth.

[ 5 The test. plan is currently.under. develop-
,

,
;

iment" and should b e ready by the end-of this year ori 6 *

:-
,-

.

' ''

37 very shortly thereaf ter and will involve a' f airly wide

~

j - ~8 series of natural ci~rculation eventq representing._

9 variout typeslof fault..and mode operation of'a shut.-.

I'
i

'to down.hent removal. system.
+

>

i ,

[ 11 Again,ithe;other two programs, one at --
'

, .

! 12 .TFORS-!programils thermal hydraulic out-of-reactor

!O .

L -13 t o dium .'t e s t in g , is being don'e at Oak R1dge.
|

| - ,,
. '

-14 Their. sodium loop. facility. is being modified
,

15 ~so that natural circulation testing can be conducted. '

.

16 -in it.

17 And they are building at tne moment two fully

~18 . Lins t rumented, ele ctrically. heated sub-assembly
i

19 simulators which will be hooked up in. parallel with

l- 20- bypass: channels so that a very widu "ange of
i

21 experimental tests can be run,with main emphasis on
'

.

, . << g n y, e ?>s.,. ,
-

,, . . .
.

) - 22 e6di'uias boiling 'in ohe t 6r mdre of the sub-assemblics,-

i

loSting a('theitype.of interaction, hydraulic' '

23
(f s .T e ;

-

,

's., 3 , te - ~

- 24 . interaction, between these sub-assemblies under very
es;- 7 ;,,,. , , yt ?,

,

., ' .e .2 ..

severely degraded type cooling' conditions.

.

%y -,,ypw,,w- =v -w bg-v er w v- -,-- w w w-w w m ,w w-+ w+w t-w ,w., ,-w ww ,,vge- *- . _ . e-w mwwa w = w - e et.wwe rie Mr-wo whw+e ewe *+vev E n ''e* N **w*ve**mve h e+he
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4, .
, ,.,

<2 ;j , y',g5 <,, , s. .
,

,

1. A. s I -indicated before, we're doing scale-i
. . .. , . , -

s ,

r. ,

a r i. e , . e

! -2 .m/ del' testinr;', bot'h .world in simulati'on with water at
.

i
;. .

Gen'er'al'' Electric fadd pldnding sodium testing at3';

: ..O .
' ~ ~ ' ' '

j. 4 Atomics International, both programs, of w hich will .be
!

5 discus' sed in some de' tail 1ater.
;

i 6 I think I'll stop there. That sort of gives f
i

] 7 a vary brief over-view of the work $a this particular '

i

|- 8 area.
'

'
'

,

d

1 9 If you have'any other questions,.I'll be glad '

i
. t

4
2j 10 eto talk:about them now.

' ' The.dotails in theac artas will be11.

.. 12 discussed after lunch. .
. ,

.13' 14R . CARBONi 'Any questions anyone.would.like
,

;'

, j4 to' raise?'- ,

!' .

"

'

i -'15 . (Nofresponse'.) . ,
.,

|
*

!
, , . .

; .

16 ?!R . CARBON: With the timing of the lunch |
1

L 37' room downstairs, perhaps'it's best we do break now for ' l
'

c I

f
'

r q

| lunch. Let's.come,b?.ek about 1:20. in
.

(P'oceedings ndjourne'd until 1:20 p.m.)| ig- r

!<
'

I,,
!- 20

-
.

A e

' '
: 23-

'

. -

r

.

f

23

f>
'

i '- 24
, -

.

I, '

1 *
1.
. <

'ei-r+=,#,y.-r*%,-,--,ve.wetv,,,,,,., -w s w. ,-we , - ,ws. y ,y,e,yy,,,,w,,,,w-qv-,-yw,,-,%,mm,,,,,-,,p.,-,,y-,,,.-..+--cew<w,w9.ry-wi-,-,,pg.y,m,-..+-y y yw,,,,,4e,
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2 MR. TUPPEP: I am Don Tupper from

3 Westinghouse Elect 1ic Corporation, principalg
V.

4 investigator at Westinghouse for the Self-Actuated

5' . Shutdown System Dcvelopment Prog _am.
- ,

6 This program was started basically with two

7 goals,in mind, that.is, to develop a shutdown system

8 that was' foolproof, one that didn '. t require an
'

-
.

.

.

9 -operator-initiated'~ signal or a PPS-initiated . signal'..
~

' - .10 .The other thing we tried'to do is ~ eliminate-

ldseyEral of f tije inost) c'omdon cause' f ailure, both-111
r y es e .

, n ;. , su
,

O . mechanical-and electr,i. cal, including top-head12
- / ,~ ,

1 j t > s- , . s'v .~ ; qa u. s .. , ., ,-
i 13 rotation, plant; p:;otection system :f allure } and .. severe

,

' cone 3" disproportion;:. &. , n . .. .: . g. ,

to - ; .

-- ,.

15 MR.. MARK: You don't~mean,- 'Oh', you must .

11 6 .have it'on the list also that i t' doe sn ' t . do| anytl 8.ng ~ J,

'17 unless-itiis necessary.

'

18 MR. TUPPER: It can respond to plant.
4

19 protection system, and'it canfrespond.to overtemperatur e
.

1

20 conditions. -

'

21 One of our design, goals is'.to.make sure
,3,

U -22 that~ it'does operate in response to an' abnormals

23 condition and it doesn' t drop inadvertly.

24 The program started'in 1975 as an '

inherently safe core design program, as Ralph-

F

.- , , . . -. _ . , - - _ _ , _ - , . . _ _ - ,, , - - _ .
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1 mentioned, we looked at things like flarring cores,

2 other mechanisms that would shut the reactor down.

3 Eventually we settled on a mechanism that
I I

4 would do it, and toward the end -- the middle of 1976

5 we started looking at a temp e r a tu re- s e n s i tiv'-

6 ' electromagnet as the most viable concept.

7 We completed conceptual des'gn toward the.

8 end of 1977 and started our test program. This

9 consisted of Argonne testing essentially on a bench

10 at elevated temperatures. With a fair degree of

11 success, we moved into c:r sodium test loop at ARD.

12 This is still on the temperature-sensitive electro-

13 magnet.

tr From there we went to another test program

15 at DOE's Energy Technology Engineering Center out in

16 Los Angeles. We have run more or less a full-scale

17 absorber assembly electromagnet prototype.

18 We have finished testing our original unit,

19 found several things that had to be changed.

20 We went and redesigned it and came up with

21 a stronger magnet, and we just started initiating,

22 we 6.arted Phase II testing, of the revised design at

23 ARD, and at ETEC we will be starting the Phase Il

24 test program sometime in October.-

In eldition to those t e s '.s , on the slide we
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1 have material specimens in EBR2 irradiated, and we

2 also have a coil reliability program aimed at-

3 establishing that we can build an electromagnet.that

4 will survive in a reactor environment at least 10

5 years.

6 The self-actuated shutdown system ve have

7 develoled consists of a drive line with electromagnetic

8 coil, a nickeline insert and the magnetic circuit that

g serves as our temperature-sensitive fuse and
,

10 articulated control assembly, in this case consisting

11 of three bundles, and outside of the control assembly,

12 sic fuel pins, which provide a signal to the

13 temperature-sensitive alley. *

14 I will go into thc.t in a little bit more

15 detail.

16 MR. LTPINSKI: What is the length of the

17 articulated section, 48 inches?

18 MR. TUPPER: Approximately, they total 48.

19 They cover a 48-inch core region.

20 The assemblies themselves were a little bit

21 longer .

22 A unique feature of this a s c ainbly in

23 comparison to the normal control as.cembly is the fcct

24 'that it does have-fuel assemblies in it in the corners.
,

This puts. burden on the inlet orifice.to provide

-
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1 adequate flow for both the fuel and the absorber

2 bundle.
,

3 MR. LIPINSKI: What is the total mass that g g

4 the magnet has to support?

5 MR. TUPPER: This is the absorber assembly

6 that we are testing at ETEC, the three-bundle assembly

7 and the lif tir.g socket at the top. It weighs approxi-

8 ma te' '' 160 pounds, and the sodium is 140.

9 This unit has been out at ETEC now for almost

10 two years.

11 MR. MARK: Is that guy holding 160 pounds

12 or 140 in that left ha..d?

13 MR. TUPPER: Actually, there is a crane up

14 there with a lifting tool.

1E CHAIRMAN CARBON: Each of those sections are

16 140 inches, are they?

17 MR. TUPPER: They are approximately 24 from

18 here to here.

19 The absorber material on the first assembly

20 start, a fair dictance up.

21 There is a glass burnet, and it is underneath ,

22 so it would be parked underneath the car here.

23 We do have a B4C interrrption where we have

24 the articulated joint, and there is a much smaller

glass in the top of this middle assembly, a very

4
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5 1 tiny one in the top assembly. These will be parked

2 outside of the core.

3 The only significant helium generation we
| |

4 have is in the first set of assemblies.

5 The articulation feature being used now by

6 Japanese, French and tne German reactors.

7 CHAIRMAN CARBON: Do they all have just,

8 like, one articulated joint, or are some of them more

9 in the form of chains, or how do you decide?

10 MR. TUPPER: The 48-inch core divided nicely

11 into three sections. A smaller core, like the FFTF

13 reacto , probably would be better off with two.

13 It is a trade-off between clearance, between

14 the absorber and the guide tube that goes around it

15 and what their,expccted. distortion is.
.

16 When you have :a specific plant, you will,

17 probably go through that trade-off.
, z<

18
- M R '. LIPINSKI: What is the clearance around

19 t. tis assembly into the fouler tube?

20 Is it quarter .tnch gaps or less?

21 MR. TUPPER: T '1 e tight clearance up at the

22 top loop where we have to maintain a certain amount of

23 magnetic ~ contact, and that is a minimum of 68

24 thousandths of an inch: down in the absortar sectione

it is almost a hundred, a hundred mills.
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1 MR. LIPINSKI: If the distortion occurs at
6

2 the top, then the top may not move, the 68 mills

3 disappears?
I I

4 MR- TUPPER: We are up in the region where

5 the above core load plane pad, it is the stiffest part

6 of the reactor. It is less likely to be blocked

7 than, say, other configurations used today.

8 MR. LIPINSKI: But this has to travel the

9 'whole length of the core, that top piece, for

.

10 insertion.

11 MR.,TUPPE": This travels 48 inches.
,

12 MR. LIPINSKI: So, if the clearance disappear s

13 anywhere in the path, it stops.

14 MR. TUPPER: That is true. We haven't come

15 up with a mechanism that will do that. We are

16 protected, I will show you a little bit later, from

17 the outer assembly walls; two different tubes.

18 MR. SIEGEL: Just the six fuel pins " hat are

19 Sensitive to normal power condition?

20 MR. TUPPER: Yes, anu that can also be

21 adjusted according to the plant requirements in

22 multipler of six. You get a significant improvement

23 and response time when you go to 18 or 24. We have

24 looked at a design with 24. It makes it a lot less

sensitive to variations in the fuel pin outlet
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7 1 temperature.

2 The temperature-sensitive electromagnet,

3 as I said before, ic located in the top load pad
| I

4 region. The ragnetic circuit is outlined in green,

5 the magnageal field is provided by the coil, down in

6 the -nil. There is a gap here showing just for

7 clarity. In actuality, there is contact around

8 nonmagnetic inset forces for magnetic flux out into

9 the nickel iron, which is gart of the guide tube

10 assembly, and then it goes back into the absorber

11 lifting socket, back down and into the coil.

12 That completes the circuit.

13 There is a latch configuration rod to show

14 that you have indeed p;cked t o the absorber as you

15 are withdrawing.

16 If you are going down to picP up the

17 absorber bundle, there is a guide tube that is made

18 out of a foritic steel that will complete the magnetic

19 circuit when you are down in the core. Only in a

20 parked position are you adjacent to the nickel iron.

21 A VOICE: Where is the parting plate, Bob?

22 MR. TUPPER: This is the upper, and this is

23 the lower. At the top surface where we do have

24 contact, we-have put a hard coat of chromium aluminide

to make sure that there isn't any diffusion bonding.
-

,

) %
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1 This is one of the things that we are testing

2 now at ARD.

3 CH AI RM AN CARBON: What kind of a. change in

4 neutron flux is neces 3ary to trie1er?

5 MR. TUPPER: We have responded to changes

6 in temperature from the fuel pin outlets. Normally

7 we would run at a 950 degree outlet plus or minus a

8 certain temperature, depending on the uncertainties.

9 We have picked our curing point so that at

10 1020 it starts to lose power.

11 CHAIRMAN CARBON: What kind of change in

12 core power does that represent?

13 MR. TUPPER: I think it depends on more the

14 rate of change than the --

15 MR. ACERY: Are you responding to the sodium

16 temperature so loss of flow would trigger yJu --

17 MR. TUPPER: Yes, a l'ss o# flow would do

18 the same thing as would a transient overpower.

19 CHAIRMAN CARBON: I missed something

20 somewhere. Loss of flow?

21 M ?. . TUPPER: If you have no change in power

22 level and you cut down on the sodium flow, the sodium

23 temperature at the fuel outlet would go from 950 up

F

24 to some elevated temperature.

At 1020 we start losing our magnetic holding
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1 force.

2 CHAIRMAN CARBON: If you lost the flow

3 completely, then nothing happens, I guess? h| p
4 MR. TUPPER: It is unlikely that we would

5 get a complete step change in the flow. We have ]

6 looked at single pin flow blockages to see if we

7 can respond to that, and we can.

8 CHAIRMAN CARBON: But basically you are

9 still depending on the heat generation in those

10 fuel pins to heat the sodium to the 1020 degrees?

11 MR. TUPPER: Right, all the self-actuated

12 shutdown systems that we are considering at AI&G and

13 Westinghouse all respond to temperature.

14 CHAIRMAN CARBON: Yes, but temperature in

15 turn responds to --

16 MR. TUPPER: Power level.

17 CHAIRMAN CARBON: -- power level and pins.

18 MR. TUPPER: And flow.
,

19 CHAIRMAN CARBON: If the flow stays constant,

20 what kind of'a flux level will change? What is the

21 Delta T across there?

22 MR. T U P P E R': We have a normal inlet of 650

23 in and 950 outlet, so it is 300 degrees Delta T.

24 We hava analyzed it for accident conditions

that are on the order of a 10-cent-step insertion up

_ _ _ _ _ _ -



I
~

(7210
1 to 30 cents.

2 CHAIRMAN CARBON: But it sounds like if you

3 had a slow change, you would ne d, like, a 20, 25
| |

4 percent change in neutron flux to get up to the

5 temperature af 1022.

6 MR. TUPPER: I am not sure what flux levels

7 the temperatures correspond to right now.

8 I can check for you.

9 CHAIRMAN CARBON: I just wondered rouchly

10 what sort of sensitivity it ha-J .

11 Is it quite sensiti/c to the 1022?

12 MR. TUPPER: Yes, I will show you in a

13 minute.

14 MR. LIPINSKI: Where is your 16 mil

15 clearance on this drawing?

16 MR. TUPPER: This pad right here, and the

17 added factor of strength that we have is we arc-not

18 ccnnected structurally to the outer duct, so if there

19 is deformation out there, it has to be very severe

20 before it affects the absorber guide tube.

21 MR. LIPINSKI: Now, you have gone into this

22 articulated design, and that assumed you are going to

23 see some kind of a verticil bowing in the tube it

24 travels to, Lut you are assuming it maintains a

circular cross section?

i
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11
1' MR.~TUPPER: Yes, well, within the 16 mil

~

2 tolerance that we have. We have not considered any

3 local distortion of the guide tube, and it'is not any
| I

4 different than what has been considered for Clinch

5 River right now. The clearances and flow rates would

6 have to be adjusted to plant expected conditions.

7 This is typical of the coils that we have

8 been using. They started out str.ictly an R&D item.

9 Over the past three years, we have got it to the point

to where we have an equipment spec that defines how it

11 should be made, and we have a contract with a

12 commercial Westinghouse division that produced 30 of

13 these for long-term reliability testing.

14 This is essentially an 800-turn coil. You

15 can see some of the wires. They are insulated with a

16 glass bonded alumina, and we have had this operating

17. at temperatures up to l<00 degrees.

18 This particular coil was the one that was

19 used at ETEC for 18 months. It is close to 11,000

_ 20 hours of elevated temperatures. The leads will be
y

Ycy 21 protected by aluminus ransic pins taken out of the

can make| I
22 tube to the upper end of the reactor where we

23 a transition to conventional e.e^trical power supplies

24 at reasonal Ae temperatures.

This is the temperature-sensitive alloy that
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1 was sent to ETEC for our Phase II testing. It in

2 separated from the guide tube by about a 10 mil

3 clearance, which is maintained by buttons and would
| k

4 groove the inside and outaide diameters to incret;c

5 its thermal response.

6 CHAIRM~N CARBON: That is the nickel-iron

7 alloy?

8 MR. TUPPER: Yes, 62-1/2 percent nickel.

9 CHAIRMAN CARBON: Does the curing point

to vary with' age or anything like that?

11 ' MR. T U P P E R': Not yet; ice have not found

12 anything that varied a curing point, other than in a

13 chemical compo r.i tion . You can vary magnetic properties | |

14 like permeability and saturation point by heat treating

15 it, a method that you work. As far as we can tell,

16 chemistry is the only thing that determines curing

17 point, but we do have samples in EBR2 to confirm that.

18 MR. LIPINSKI: What about irradiation? What

19 happens to nickel and iron in tim ?

20 MR. TUPPER: These are curing point currents

21 made for different nickel-iron alloys that we have

22 tested all with the same chemical composition. You

23 can see there is some variation in the flux density

24 to saturation. The curing point is pretty nearly

always constant. At 1050 there is almost no magnetic

-
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1 strength left.

2 MR. LIPINSKI: This set of numbers on the

3 left there, the 62-1/2 percent, that applies to all
| I

4 those?

5 MR. TUPPER: All three of these test samples

6 were the same chemical composition, right.

7 MR. LIPINSKI: What happens to nickel when

8 it is irradiated? What happens to iron when it is

9 irradiated? The cross sections versus what they change

10 to?

11 MR. TUPPER: We have seen test data not as

12 far as we go in te rr.s of dosage that shows there is

13 some change in the flux curing capability. It may go

14 down 10 percent. Some tests have even shown it being

15 elevated, not for this specific chemical composition,

16 but for nickel-iron alloys.

17 The thing that has remained constant in

18 all irradiation test data is the curing point where

19 it drops off.

20 PR. LIPINSKI: That has not been seconded?

21 MR. TUPPER: Right.

22 MR. LIPINSKI: This is over a 10-year

23 extended lifetime?

24 MR. TUPPER: This is equivalent to

approximately an eight-year lifetime from what we have
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1 see". so fa_, and we are running tests in EPR2 that

2 would carry it to the 10-year life.

3 MR. SIEGEL: What happens if the reactor --
| I )

4 if you have this system, the real reactor, and the

5 reactor is operated at part load, or for some system

6 reason, instead of 950 outlet temperature, they

7 decide to go to 875 or whatever? Does that vitiate

8 the effectiveness of this whole thing?

9 MR. TUPPER: It increases the time we have

10 to respond. Our curing point would be preset to

11 respond before any damage occurred in the core. So,

12 if they are running at part load and at lower

13 parallels, the time it takes to heat up to the curing

14 point will be a little bit longer but will still

15 respond the srme in that we limit more damage.

16 MR. SIEGEL: I am saying, all operaticas

17 have some temperature which is relatively close to thit

18 curing point. Then you will fire a 20 percent over-

19 power, but if you are operating considerably lower thar
'

. ,

20 that selected temperature, you may fire at 100 percent

21 overpower. You have neehere near the same degree of

I
22 safety that you had.

23 MR. TUPPER: We are assuming that the power

24 level and the outlet temperatures are pretty much kept

in a linear proportion.

_
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1 MR. SIEGEL: So am I. I am saying'that in

2 .one case you have a Delta T of maybe 20 degrees of

3 normal operations frcm the firing point, and
the other| I

4 case you might have 120 degrees.
.

5 A VOICE:. The temperatures are actually

6 lower', so you ~O tually will be safer.

7 MR. TUPPER: Right, the temperatures in the

ii
8 remainder of'the' core won't do anything different than

9 what is happening to our trigger fuel pins, unless there

to is a local fault.

11 MR. AVERY: I guess another way to follow

12 the question: Can you orifice the flow in this test

13 before you go into the reactor?

14 MR. TUPPER: Before you go into the

15 reactor, you can orifice it to your operating

16 conditions. Yo- will do that from plant to plant.

17 I think for part load, though, we have the

18 orifice in the fuel pins so that they respond as

19 average fuel pins. As1 the temperature goes up in the

20 remainder of the core, due to an overpower condition,

21 before it gets to-the critical level, we will have

22 inserted our rods.

23 I will try to get some more on that.

24 I am a little out of order, but this is

basically a cross section of the absorber assembly.



i f 4.7816

1 It is a circular arrangement of absorber pins with

2 fuel pins located i r. the corners of the hex, as is

3 what I mentioned before about pr.cviding protection
g g

4 from local distortion and allowing plenty of clearance

5 to allow the absorber to be inserted.

6 This particular pattern without the six

7 fuel pins is being used by Clinch River on their

CO 8 secondary fuel systems.

9 From the testing that we have done at

10 ARD, we have got an example of how the fuel pins or

11 how the magnetic strength varies as a function of

12 temperature. Between 70 degrees and a thousand

13 degrees Fahr.1heit.
,

14 We maintr.in over a 300 potad holding force.

15 At 1020'we start approaching the curing

16 point, and at 1050 we have got almost no magnetic

17 strength at all.

18 The weight of the absorber is up in this

19 region, so in the area of 1020 to 1050 we have dropped

20 the absorber, and it's down in the core.

21 Our original temperature-sensitive
,

22 electromagnet didn't have nearly the holding strength

23 when we wanted it, and it had qt.ite a bit more when

24 we didn't want it, so our redesign made significant

U |
t

.
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1 improvements.

2 Another set of tests demonstrate that the

3 temperature at which the absorber breaks away will be

4 a function of the coil current or the AMP turns and

5 the weight of the absorber.

6 Ne ran several sets with a 100-pound weight

7 on the end of it, and breakaway temperatures were

8 betwoon 1035 and 1050.

9 Heavy absorbers, such as a thousand megawattr

10 plants would break away between -- 1020 was the lovest

11 point we measured and 1040.

12 We are always in this range betwoon 1020

13 and 1050, thcugh.e

14 The ultimate would be to determine the

15 effect of these variables on our response time, and

16 we hope to do that in the next phase of testing out

17 at ETEC.
.

18 Does that partially answer your question on

19 the sensitivity?

20 CHAIRMAN CARBON: Yes.

21 MR. TUPPER: To summarize our testing out

22 at ETEC, we have accumulated almost 11,000 hours of

23 operating time.

24 We ran over 200 tests just to characterize

'he magnet, and we went on to run inherent release

.
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18 1 tests where we inject hot sodium around the nickel

2 iron and measure its performance characteristics.

3 Wc alco did a series of tests where we just
| |

4 interrupted the irrent, and this would be a normal

5 PPS initiated SCRAM to see what our drop characteristic s

6 were, and we ran a six-month dwell to see if being up

7 in a parked position for a long period of time would

8 affect our performance.

9 Before the dwell, we ran an interruption-

10 release time test, and we had absorber motion within

11 150 milliseconds of cutting the current. The same

12 occurred after our six-month dwell.

13 i Inherent release time had an insignificant

14 variation befort ' c.d after a six-month dwell, as did

15 the insertion time.

16 CHAIRMAN CARBON: What was the time for

l' inherent release again?

18 I didn't understand that.

19 MR. TUPPER: These are tests we ran by

20 injecting hot sodium into the test loop. The inherent

21 release tilde is a. basis of comparison from one test

22 to.the o.ther. It is not prototypic of an actual
,

23 reactor transient.
'

<

24 'We are heating up a much bigger mass, and

we have a di f f eren'; temperature input, but we do use

i

. -
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1 that data to calibrate our computer base back at ARD.

2 In response to an PPS Trip, the coil will

a hold onto the magnet until there has been enough
| I

4 current decay so that we are down on the order of

5 .4 AMPS. This is determined by the time constant of

6 the. coil.
.

~

7 Within 150 milliseconds, we have initiated i

e insertion, which is comparable to electromechanical

,
9 releases-buing looked at in current permeated secondary |

I
c

to mechanisms. So, we haven't sacrificed any features by
>
'

11 using an electromagnet'as a holding mcchanism in terms

12 of'our PPS response capability.

T2 13 MR. LIPIi4S KI : Given AMP turn doesn't appear

#4 on here- t release t;me would be a function of the

15 alloy or coll?

16 MR. TUPPER: This was an 800-turn coil.

17 MR. LIPINSKI: 800-turn?

18 MR. TUPPER: Yes. Our drop characteristics

19 are delinear until the point of dash pot impact. The

20 dash pot in this case would have to be located in the

a control assembly. These are very dependent on the

22 absorber flow rate and the clearances that you allow-

23 for accommodating distortion.

24 MR. LIPINSKI: What is the external circuit?

Do you just open the circuit and fire across that, or

- _ - _ _ _ - - -
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1 do you have a special circuit?

2 !!R . TUPPER: It can be an on-off switch

3 with protection in there so yo'1 don't gct a voltage
| I

4 spike.

5 Tests that we have run out a* ETEC, we

6 have experienced negative voltages on the order of

7 10" volts as soon as you open that circuit because of
I

8 the input of diodes, primarily to protect the coil.

9 There is basically an on-off switch connected somehow
g

il

10 at PPS system.

It In a d r'. tion to the testing out at ETEC, I

12 mentioned chat we had samples of EBR2. This is a

13 coilette. We hope to have it out of EDF! in December

14 and examine it for damage, either damt f to the

15 insulation or sw;111ng.

16 It is primarily glass, and if we see

17 inything at all, it's expected to be a small change

18 in color.

19 We do have a chronemoli and a nickel-iron

20 sampir at SBR 2; and after exposure, we wili measure

21 them in a hot cell to see if the curing point has

22 changed under the effect of the irradiation and other

23 magnetic properties.

24 These were put in EBR2 last August.

To summarize where we arc, we have gtt test
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21 1 programn , ' Sweater -II, that are underway, ARD, test

2 program out at ETEC, which will he entering Phase II

3 pretty soon.
| k

4 Phase II program out at ETEC will alsc

5 include some bowing tests to measure the effect of

6 bow on the articulated joints that we have on the

7 sys' am.

8 We have in the area of system qualification

9 tests breakdovn voltage tests going on twisted wire

10 pairs to see if there is any offect of t!me on the

11 Way that the coil insulation behaves. It turns out

12 instead of deteriorating, it seems to get better with

| I
13 age.

14 Our brm&down ' voltage has gone from 700 volts

15 up to the area of 1,000 on some of our test samples,

16 and none of them have decreased.

17 We have 30 coils on order, full-sized coils

18 that we will run a series of tests on, simulate their

19 reactor environment, estublish a 10-year 1 fe cycle,

20 and the irradiation tests tlat I mentioned before.

21 We are consider.ng future tests to test out

22 various features of our concept. They include

23 transient tests, which would use simulated fuel pins,

24 actually put us through plant transients and measure

our performance,

i



')

.k !' T.84t

22
1 Uc would like to do inlet orificing tests,

2 establish what hot channel factors we have to work

3 with, what uncertaintier, when we set our curing point | I

4 temperature.

5 We would like a CDS prototype.

6 I keep saying I would like. This is a wi 5

7 list.

8 We would like CDS prototype tests similar to

9 what has been done to the primaries and secondaries at

10 Clinch River to test the LOA-1 performance of a

11 self-actuated shutdown system, our reliability program,

12 similar to what they have done.

13 We also plan to do seismic tests at the

14 Advanced Reactor Division for Water Pacilitics, and

15 this will make sure we can get the absorber assembly

16 down and the magnet has enough support n,argin so that

17 we don't have any inadvertent drops.

18 Another test we consider necessary is a

19 test up at the FFTP facility where we put dedicated

20 fuel pins into the reactor and measure that performance

21 and compare it.to wlat our predictions are.

22 MR. LIPINSKI: Back to the scismic tents,

23 at this point, do you hav( a feeling for the fact that

24 if you have a safe shutdown carthquake that the magnet
.
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1 will still hold on, or will it release?

2 MR. TUPPER: We have got upproximately 100

3 percent margin in cur holding power, and according
q g

4 to the loads on Clinch River, that Thould be adequate.

5 That is certainly much higher than some of the other

6 seismic-initiated trips around the plants.

7 MR. II ARTUNG : The 2eason for the articulated

8 portion is to give the rod sensitivity to bowing and

9 deformation, is that it?

10 MR. TUPPER: Yes.

11 MR. EiARTUNG: lio ve you donc any tests, or do

12 you plan any tests to explore how good that current

13, design is to maybe optimize it for different kinds of

14 conditions for bowing, or is that just a judgment that

i particuler ebsorber is good in that respect?

MR? TUPPER: Right now it is more of a16 ' *

17 judgment.

18 When you trade off flow area leakage,

19 clearance, all things that aurn into inefficiencies,

20 when E;u design your absorber, perhaps you may act

21 wind up with a single piston run that we have now, whic h

22 will take away from your cicarance or your ability to

23 accommodate the distortion, but i* also increases the

24 overall plant performance to do that. So, there is a

tradeoff that a plant designer would do.
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1 MR. HARTUNG: I guess I am picking up c: what

2 Walt said before.

3 It is going to remain perfectly round. It ggg
4 seems like you might very well have overreacted in

5 providing this great articulation for this thing.

6 Without some tests, it may be difficult to determine

7 whether, in fact, that is the case, or not.

8 MR. TUPPER: It does provide you a level of

9 protection, though, that you don't get with a straight

10 rod, and over a large demonstration plant, it gets to

11 be a kind of a long assembly.

12 MR. LIPINSKI: But the thing I am net

13 convinced about, if you are telling me I can get

14 vertical distortions, I can't get vertical distortions

15 without ruining the circular going to cliptical

16 distoitinn if I make the thing change vertically. If

17 I make the circle go to the clipse, 60 mils disappears.

18 The question is: How much can you take

19 verticallf before the 60 mils goes?

20 MR. TUPPER: Shat f alls .nore in the category

21 of'an absorber developmen' program, which is being
' | I

22 carried out by HEDL. I am not trying to avoid answerir 3

23 your ques _ ion. I am just not prepared to answer it.
,

24 We will taka whatever technologv is avail *E'c

in absorber development and incorporate it into our
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2 MR. LIPINSKC: It seems like the articulatior.

3 may not accommodate the vertica distortion, but your | |

4 clear,ance on the top will not.

'

5 MR. TUPPER: It should provide you an

6 increasa capability to get your absorber in for any

7 specific event.Over a normal separate rod of an

8| equivalent length. It buvs you something.

9 MR. LIPINSKI: 60 mils disappears.

10 MR. TUPPER: 60 mils can be adjusted. It

11 can be 90 mils.

12 MR. HARTUNG: That is what I was thinking.

13 I have seen some people at SASS that have chosen that.

14 Instead of buying an articulated absorber, they have

15 a collapsible absorber. What they have is the thing

16 could collapse about one inch if somethinJ was not

17 in the way. It is a totally separate question. Your

18 absorber is totally separate from your mechanism and

19 can be optimized, I would thing somehow, separately.

20 MR. TUPPER: We considered that. It is

21 kind of on the back burner, but Tandchem Balls has a

22 mechanism. They are still looking at them.

23 M P. . LIPIN.KI: " hey are supported by the

24 flow, and if the flow disappcars, the bulging came

down.
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1 MR. TUPPER: Right, and they had an

2 electromagnet in the circuit which acted as a valve
'

3 to lacrease the respont time of the ball insertion.
4 g

4 MR. LIPINSKI: Is tl ' t still ur tr

5 development?

6 MR. TUPPER: Jim, do you want to comment on

7 that -- Joe, rather, Joc?

8 MR. MILLS: It's not really under development .

9 We are still looking at some materials associated with

10 the balls at that low level. It's considered sort of

11 a backup alternative option to the articulated control

12 absorber right now.

| I
13 MR. LIPINSKI: am going to pose the

14 following question. Maybe you don't have the answer,

15 41t Pete does.

$6 He mentioncd that the articulated design is

17 someone else's responsibility.

18 Is that part of the program? 7.n d they are

19 ' just looking at the magnet release.

20 How is this being coordinated?

21 A VOICE: I think what he was saying -- I am

22 Paul Fox.

23 The articulated design was put in three or

24 four years ago to give us three times dis sortic a

capability of the existing rods at that time.
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1 That is all it was for.

2 At the time we didn't know whether it was

3 going to slow the rod because we flave more contact q g

4 points or ar,ything c l. s c . It was an option that we

'
5 didn't give a ' emendous amount of attention to. We.

6 knew that we could get three times exiscing distortion.

7 I am sorry, I don't remember those numbers

8 because they were generated, but it was an inch and

9 a half.

10 The heavy tube was put in so that we didn't j
11 get any load in the core that would crush that tube,

12 We looked at very high loads in the core.
| I

13 The articulation has not been our major

14 concern.

15 The reactor designer can put it in or take

16 it out, depending on how he feels, his distortion, and

17. that sort of thing.

18 The exact c_carance, we have had 90, we have

19 had 100 ils. We have_ boon testing the height of

20 clearance -to 1see if we got any buildup or any problems

'

21 that are that way that - 21d give us any prehlems .

22 t. hat area.

23 MR. LIPINSKI: You have fabricated one that

24 is articulated that you are testing, and I am armaming

there is some basis for having fabricated that
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1 particular articulated design.

2 MR. fox: That is right, three times the

3 diatnrcion --
{ )

4 MR. LIPINSKI: In a 48-inch length?

5 MR. FOX: We can take about an inch and a

6 half or something like that. Doit ' t quote me on those

7 numbers. That is approximate. It was about tarce

8 times the distortion.

9 MR. TUPPER: It was anticipated that a normal

10 bow would be 300 thousandths of an inch.

11 We are testing the one out at ETEC up to a

12 bow of three-quarters of an inch.

13 MR. FOX: I couldn't remember the numbers.

14 Okay.

15 MR. TUPPER: That hasn't been tested yet.

16 That will be in early '82.

17 MR. LIPINSKI: Okay.

18 CHAIRMAN CARBON: How serious is the

19 termine.1 shock problem if you did get an inadvertent
'

20 release in seismic or what have you?

21 MR. TUPPER: Our emphasis right now has

22 been on putting enough holding power into the

23 reactor so that we-don't get the inadvertent release.

24 | MR. FOX: Excuse me. Again, I_am Paul

Fox.
.
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i We design fo- this now. We don't like to

2 get a lot of cycles of inadvertent release.

3 We already designed, for example, SFTP has q g

4 designed for that case so that we do an orderly

5 shutdown.

I

6 Our major emphasis now is to have these not

7 released, as you can Sec. Everything is i: the

8 direction :of releasing, if something goes wrong, or
,

9 just about.,
e

to So, it_doesn't create a serious problem if

11 you get one, but we have to shut the plant down in an

12 orderly, appropriate way.

13 It is not a serious problem.

14 MR. TUPPER: To answer your question before,

15 where do we stand now, initial sodium testing has been

16 completed, and concept viability has been demonstrated.

17 The self-accuated shutdown systems supported

18 by a temperature-sensitive electromagnet will increase

19 the reliability of a plant shutdown system, and we

20 say that because it does have a self-actuation feature,
1

21 and-it goes through a plant protection system initiated

22 separate without the movement of any mechanical parts

23 in either the drive line or the drive mechanism.

24 it is just a straight current reduction.

And we think that development of a plant

L -

|
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1' prototype should be initiated and completed, tested,

2 on a fairly high priarity basis, and that's consistent

3 with the deve2opment of the next generation of

4 breeder reactors, a thousand megawatt.

5 MR. LIPIUSKI: Now, do you have a computer

c program that simulates your assemuly so you can run

7 an overpower trangi 2nt and an underflow transient?

8 MR. TUPPER: We have right now. It is

9 two different programs. We are combining it into

10 one; one of the 10 percent of electromagnets and one

11 of the fuel pin area; and that is in the process of

12 being combined into one.

13 MR. LIP 2NSKI: So, you have not run any

14 analysis of the performance of the systen for

15 transients?

16 MR. TUPPER. We have done very prelim 1 nary

1. analysis with Clinch River data, two or three years

18 ago. It has net been updated to a thousand megawatt

19 plan, but based on what we looked at for Clinch River,

20 we have a fair margin in our response time to insert

21 the absorber assembly.

22 MR. LIPINSKI: When you get your code

23 development, will you have bench mark experimental

24 results from your tests that can be correlated against

your analytical calculations in order to adjust the
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1 parameters that go into that calculation?

2 MR. TUPPER: We are doing that now with the

3 data that we get fror our ETEC test to update the

4 model of the temocrature-sensitive electromagnet and

5 the model of the fuel pin when it hits transient

6 response we hope to get by using the simulated fuel

7 pins in a separate test. Transient response is very

8 sensitive to the mass of metal involved.

9 MR. LIPINSKI: And the heat transfer

10 coefficient in terms of wh.it you pumped into the

11 calculation and when you get a correlation to your

<

12 expc imental result, you are confident in your

13 analytical results?

14 :3. TUPPER: Right, it turns out we have

15 looked at a lot of varjables, and the big one right

16 now is nickel-iron, and that is responsible for most

17 of our lag time.

18 All we have to do, all we have to do, is

19 cut down the ligaments in the nickel-iron.

20 Working againrt us is the fact that the

21 nickel-iron' increases as it goes to a clearing point

22 so much,'and then it goes back down after it passes

23 us.

24 MR. LIPINSKI: What is the flow coastdown
s

through the assembly on a total loss of flow?

. -
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1 'MR. T"PPER: Loss of flow we have done on

2 our Clinch River coast' owns.

3 MR. LIPINSKI: Total loss cf flow? g g

4 MR. TUPPER: Normal pump coastdown initiated

5 by a pump trip at 10 percent overpower.

6 MR. GAVIGIN: Walt, do you want some more

7 on the transient analysis? Paul is a little more

8 familiar with it.

9 MR. LIPINSKI: Okay. Do you run into crses

10 where your plant prstection system fails and you got

11 total loss of flow?

12 MR. FOX; Yes, we did it for a large plant.

| I
13 We did it for Clinch River.

14 We used Clinch River because it has the

15 fastest coastdown than any plant we have seen. It

16 d;csn't have the big inertia that some of the largest

17 plant studies had, no it gave ut a factor, and it was

18 the worst case.

19 MR. TUPPER: We did reactivity insertions,

20 two cents a second, five cents a second, on up to

21 three cents a second. Ne problem. We did 30 cents

22 a second. That is our upper limit.

23 We did all the flow coastdowns, and this is

24 three or four years ago, as reported in t.- literature,*
'

and then we did the scismic, which is the coastdown,
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1 but the r e a c '..i v i t y , which is the limiting case.

2 They were typical Clinch River coastdowns.

3 They weren't artificially flew-interrupted type things

4 MR. LIPINSKI: With the inertia of tne pumps?

5 MR. TUPPER: Pumps, right, loops and the

6 pumps.

7 MR. AVERY: The full-scale reactor, how

8 raany such assemblics would you anticipate, and how

9 much reactivity would be in th.m?

10 MR. TUPPER: We don't have a plant right

11 now that we are working on.

12 M R .- AVERY: I .' m e a n , is it more than one".

13 MR. TUPPER: In CDS, it probably 'Iould be
-

;

14 close to nine, six or nine, depending on --
%

15 MR. AVERY: 'Hcne much reactivity you have?

16 MR. GLUEKLER: As a minimum, you would naed

17 three assemblics.

18 ' CHAIRHAN CARBON: We can't hear you.

19 MR. GLUEKLER: Emi'l Glucklel. One would need

20 ac least three absorbers. From a reliability stand-

21 point, o n e m i. ,- choose four assemblies.

L'
22 This is the minimum that would be required.

l

23 MR. LIPINSKI: What is the worst of the

24 s ir.g le assembly?

MR. GLUEKLER: On the order of five.

t-
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1 MR. LIPINSKI: You have the Boron Rods

2 all selected in their numbers, so it has some design

3 basis in the number of new rods? q g
i

4 MR. TUPPER: That was a very old design, a l
!
1

5 large pla r. t design that existed in 1975.

6 ME. LIPINSKI: He has got another design in

7 mind, other than the one we are looking at.
%

8 MR. TUPPER: Right, and his comment that

9 three or fou assemblies would be required, that is

10 full assemblies. We lose some absorber materia)
i

11 because of the fuel pins in the corno.3, so it may be

12 up to six, lossibly nine.

13 CHAIRMAN CARDON: Thank you.

14 MR. GAVIGAN: The next speaker is Emil

15 Gluckler.

16 MR. GLUEKLER: I am Emil Gluekler from
)

17 General Electric Company.

18 The second area on our line of assurance is

19 the recommendation of the Shutdown Heat Removal Faults.

20 I would like to speak about water-scale

21 experiments that are being conducted at GE to rupport

22 code development validation to generate the data base

23 for natural convectlan data and to evaluate conditions

2c in the test facility,to evaluate the phenomena of flow

stratification, low mixing and their effect on the

_ _ _ . ___
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2 The objective of our program in the near

3 time is to provide a well-defined data base for evalua- .

I >
4 tion of natural circulation codes that are used for

5 demonstrating core coolability under abnormal

6 conditions.

7 The scope of our work is to perform water-

8 scale tests.

9 First, I will make some general remarks

10 about the tralidity of using water tests to simulate

it sodium systems. Then I <ill describe to you some

12 of the results of our first experiments.

13 Here is a schematic of a reactor system.

14 Tne problams we are concerned about is the coolability

15 of a reactor core under natural citaulation conditions.

16 We consider abnormal conditions, for instancc ,

17 where the flow outlet is blocked or where no primary

18 system iow exists.

19 In this situation it would be only flow

to within the reactor vessel, and there will be coupling

21 effects between the upper plenum and the core.

22 For some transients, low flow transients,

23 there will be effects of the piping ' low on the core

24 flow instability, and the piping may affect the

| coolability of the core schematically, and this is

<

$
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1 shown here.

2 We have to consider several systems, and the

3 reactor core is affected by the conditions in the uppe

4 elenum, the lower plenum, the primary system, the

5 interactic.n with the direct auxiliary cooling system

6 and any auxiliary devices that may exist in the core

7 to operat e :the direct auxiliary -- cooling system.

8 The phenomena of interests are listed here,

9 We have all used water tests to look at the

to flow stratification in mixinc in the upper plenum o'J

11 the _cactor vessel. We have all looked at the flon

12 redictribution in the reactor core uncle r natural

13 circulation conditions. We have looked at the effect

14 f a direct auxiliary coolina system on core

15 coolabil.cy, and we have a'l investigated, checked

id Valve operations, and flow diodes on effect of core

17 coolability, also flow instabilities in pipes, core

18 coolability.

19 CHA ': tMA!! CARBO!!: Do you have a probleu

20 relating close strati 11 cation and mixing in the upper

21 plenum when you are usi,g water for sodium?

22 MR. GLUEKLER: I will give you some examples

23 on how we treat this problem and how we have done the

24 scaling to make sure that we have total similarity.

CHAIRMAtl CARBOII : Which of those different
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2 MR. GLUEKLER: Gbviously, the flow

3 stratification with mixing the flow redistribution
q g

4 in the reactor co a is predictable, a very significe.t

5 flow stratification.

6 The redistribution is less predictable.

7 In order to obtain d valid ainulation for

8 a large sodium-cooled reactor, we looked at the

9 scaling loss for any system under mixed convection.

13 There are three dimensionalized numbers that

11 characterize these conditions. These are the

12 Ricnardson numbur, the Peclet number and the Euler

13 number. We have demonstrat ed that if these numbers

14 are selected for false flow conditions, the similarity

15 would hold under natural convection systems.

16 We also 'found that with any scale system

17 it is not possible to match all parameters simultan-

18 eously. .There have to be some approximations.

19 So, with the experiments, as wit.. any

20 6nalytical solution, some approximations have to be

21 introduced.

I22 We selected a priority system to establish

23 the parameters for the test.

24 First, I want to describe the scaling based

on the transient momentum equation.
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1 There are two dimensionless parameters:

2 The Richardson number and the Euler number; the

3' friction term. In order to obtain an equivalent q g

4 water model, we would need similar geometry, the

5 same Richardson number and the same Euler number.

6 The Richardson number can be split into two parameters:

7 One is a material properties, depending on metal, and

8 one is a parameter, just dependent on the heat genera-

9 tion rate, the flow rate and the length.

T3 10 So, we can use the second parameter to

11 design and scale a test that would give us Richardson

12 number simf.larity with a soldium system.

13 7.aere is a card that would show Richardson

14 number scaling, how the water flow rate would have to

15 be selected for va'rious scales. You can see that

16 for increasing a scale, large flow rates would be

17 required. Larger flow rates would also be required

18 for ir. creased power in the reactor core.

19 The temperature difference across the core

20 is a functiun of the scale that is shown in this

21 view graph. You can see that for decreasing scale,

22 the Delta P across the core would increase.

23 Ba_ d on theta evaluations, we have selected

24 a scale for a water experiment, which is one-eighth

scale test with a power of one-half megawatt and a

|
|
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2 The basis for this selection was to include

3 sufficient geometric detail and also to choose a

4 power density that can be obtained without boiling in

5 the ccre regie: and to have a measurabic power or

6 have a meanurable flow rate in Delta T.

7 Let me describe some of the other

8 parameters that are important for t' .e scale.

9 We have to' match the fraction coefficient

10 as well. For a typical water scale test, the first

11 term,which represents the viscous friction is much

12 smaller in the water test than it would be for the

13 codium system. So, we have to compensate with

14 orificing' losses to make up for the overall friction

15 coefficient.

16 For a typical large breeder reactor, we have

l'
17 a Delta P approximately of 84.4 PSI. For the

18 selected test, we would have a Delta T of 0.37 PSI.

19 One problem with matching the I:uler number,

20 of cour.ce, is that we cannot cxactly -- We will have

21 have a much lower Venus number for the test.

22 In a typical sodium cooler reactor we

23 operate at Venus numbers of approximately 60

24 thousandths, and in water tests we would have a Venus

number of approximately 6,00t
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1 That means for any flow transitions, for

2 full-flow rance to natural convection, we would enter

3 into the lamina machine much earlier. At 33 percent

4 flow for the sodium reactor, it would be at three

5 percent of the flow.

6 So, there are some conditions that we can

7 only approximate, that we didn't match completely.

8 A few words c. the heat transfer

9 similitude.

10 From the energy equation we can divide

11 by one dimensionler7 parameter, which is the

12 Peclot number. To. match this parameter, we have to

13 pose some additional additions on the sign. For

14 matching the ratio of the numbers, we need a ratio

15 of one.

16 We can see that for a water-scale model,

17 we c onic pretty close -- We con come pretty close to

18 one. It is possible to match the Peclot number and

19 the Richardson number simultaneously for any gi'?cn

20 scale, and we made a compromise here in order to
i

21 n.. '. n t a i n both a, measurable temperature and a

2: measurable flow rate.

23 We arbitrarily decreased the Peclet number

24 and increased the Dcita T in the test section.

So, it is relatively small.

L.
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1 To address Dr. Carbon's question about the

2 important problems, I have a figure here that shows

3 the ratio between the conductive and the convective q g

4 heat transfer in the upper plenum as a function of

5 the Peclet number, and this would correspond to a

6 flow stratification problem in t',e upper plenum .

7 You can see here the value for the inrge

8 breeder reactor. We can match these conditions

9 exactly with a water-scale test. With the water-scale

10 test we selected, we are asing a slightly smaller

11 Peclet number. With a sodium test of the: same scale,

12 the conductive heat transfer is too large, as you

| I
13 can see here, by approximately a factor of 100.

14 So, a water-scale test actually can provide

15 a better simulation of the upper plenum of the sodium

16 test.

17 Now, this applies only for certain conditionr ,

18 and for any transients, one has to consider conditions

19 slightly.different.

20 A few words on the coupling between the

21 momentum *hnd the energy equation.

22 We have the two time scales for the

23 momentun and for the energy equatiou. Ideally the

24 time scales should be the same, and for the selecteu

test, we come very close.
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1 Actually you can see that this ratio that

2 characterizes the coupling Letween the two time

3 scales is exactly the Pec3 t number. j g

4 So, if the Peclet number is exactly matched,

synclk~r6nization5 there is of the time scales of the

6 momentum'and the, energy equation, and that can be

7 accomplished with the water-scale test.
!

8 Here is a' schematic of our test design.

9 It consists of a ecre ratio of octagon shape to

10 facilitate the flow measurements that we would like

11 to perform using lazer velocimetry. It also includes

12 an upper plenum and it will include a lower plenum

13 region, and we will be abic to add additional sections

14 to the percent of the entire reactor vessel.

15 Initially we will operate just with the

16 reactor core and an upper plenum attached.

17 The main emphasis in our water test is to

18 generate adequate flow and temperature data.

19 The flow measurements are very important

20 for validating our computer codes, so we had some

21 offorts to develop adequate flow measurement.

22 techniques.

23 We will be using turbine whcc1 flow meters

24 for the characterization of general flows. We will

be using a two and three D lazer velocimetry.
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1 This lazer functions like this: An

2 interference pattern is created in the fluid, and

3 small particles traveling through this interference
l I

4 pattern will change from light to dark, and this

5 frequency will be picked up by a photo multiplier

6 tube. So, this is the way the velocity is measured.

7 Uc will be using flow-visualization

8 techniques, and here we have evaluated three

t 9 different techniques: dye tracers, hydrogen bubble

10 techniques, some Electrolytic Ph change methods.

11 We selected the Electrolytic Ph Change

12 method because it's most reliable and provides adequate

13 recults.

14 IIer e is an example on the f lou- vi suali za tion

15 based on Electrolytic methods or thymol blue

16 methods.

17 The flow inlet pipe is at the bottom of the

18 contai!.ar here; the outlet is at the top, and a

19 vidar has been installed across the inlet section.
.

20 This vidar generates a color change in the fluid that

21 passes by the vidar, and you can see here the stream

22 line traveling up and exiting through the outlet

23 nozzle.

24 This picture i. taken for a very low

flow rate.
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1 MR. LIPINSKI: What does that color change

2 to the left mean?

3 MR. GLUEKLER: This it just the vidar, the
| I

4 extent to the vidar. That's nothing that has to do

5 with the test.

6 MR. LIPINSKI: So, this indicates there is

7 no mixing?

8 MR. GLUEKLER: Yes, that is right.

9 The advantage of this method is these

to vtdars can be placed in any location within the test

11 section, and we are presently trying to develop a

12 qualitative method of --

13 CIIAIRMAN C ARBON : A what?

14 MR. GLUEKLER: -- this technique so there

15 won't be continuous stream lines to all these

16 sections.

17 MR. LIPINSKI: Was this analytic?
9

18 MR. GLUEKLER: We have not a t t en.p t e d to

19 attack this particular prob.1am, but we will be using
.

20 3D cod;s like commi4, to correlate experimental

21 evaluation here with flow redistribution.

22 MR. LIPII+ 'I: This doesn*t even indicate

^ '

23 any diffusion mixing. ,It is just a straight line.
'>

24 MR. GLUEKLER: Yes, there is no mixing.
,

We have not expected that to happen.

L
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1 MR. LIPINSKI: I wouldn't have expected

i that either.

3 A VOICE: What was your flow rate?
| I

4 MR. CLUCKLER: The flow rate was on the

5 order of anc contiuctor per minute, very small.

6 We have performed one test with the

7 objective to determine the fic> rate redistribution

a in the reactor core under natural circulation

9 condition. We represent ed the core with six power

to lo'i channels, representing the fuel assemblics, the

11 inner blanket, the ratio blanket assembly, the

12 building assembly.

13 We had one bypass flow.

14 These channels were connected ta an upper

15 plenum and a lower plenum. In the upper ?lenum we

16 inc?uded an .pper internal structure. Pt : the tent

17 we used full-length channels, and the other scaling

18 consideration included here was the match:.ng of the

19 flow areas between the various core asstmtlies.

20 The L aling of the upper plenum vas

21 performed based on the continuity equation and assumint

22 equal convection time for the chan.-el and the plorum.

23 Jin. LIPINSKI: What is UIS, upper internal

24 structure?

MR. GLUEKLER: That is the upper internal
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1 structure.

2 The objective of the test was to provide

3 a data base for evaluating the existing analytical
| I

4 models, mainly the one-dimensional models.

5 I will give ycu some comparisons later.

6 Let me first describe the test some more.

7 Il e r >! is an illustration of the test

8 facility. You can see here the 12-feet high core

9 absemblics, sis. power load chann01s, the upper plendm,

10 the lower plenum; and here is the data acquisition

11 system.

12 We' developed some software that allowed
,

13 direct interpretation of the test results for the data

14 acquisition.

15 Fore is a view of the upper plenum. You

16 can see the upper internal structure with the flow

17 Outlets, and three of the core channels were heated

18 channels. The instrumentation we used is summarized

19 on this chart.

20 We measured the channel ficw with turbine

21 flow meters. We also used flow-visualization in these

22 'hannels. We used flow-visualization to characterize

23 the flow in the plenum.

24 We had some thermocouples installed, five

for each channel, 10 for the upper plenum and some for
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1 the channel mode to determine the measure of the

2 heat losses to the environment.

3 We also measured the pressure and t 'le powerq g

4 input for the test.

5 Here is a summary of the trancient that we

6 simulated.

7 In general we started from decay power

8 conditions with sodium overflow, and we evaluated the

9 transition to natural convection conditions.

10 Here are some typical results: This figure

11 shows the flow rate as a function of time. You can

12 see the rapid decay ~ hat would be typical of a large

| I
13 breeder reactor and then the flow redistribution in

14 the more channels under natural convection conditions.

15 The channels with the high power would curn

16 out natural convection flow.

17 In the bypass channel, we absorbed less.

18 MR. LIPINSKI: In that bypass channel, is

19 that open when the flow ccmes down, or are you doing

20 that experimentally?

21 MR. GLUEKLER: We had to do that manually.

| I
22 MR. LIPIUSKI: Okay.

23 MR. GLUEKLER: The next figure shows the

24 temperature history for the tests. I have an additiont i

figure that is not included in the htndoat that nhown
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1 the effect a little more cle:rly.

2, We have three channels plotted here; two

3 high- power channels, Channel 1 and 2, representing g

4 the fuel assemblics in the core, and a Channel 3, which*

?? 5 is a radial b'.anket channel, which has in intermediate

6 power ratio; and what we observed here, there is an

7 extended period of flow stagnation in this channel

8 initially, and during this period, the temperature

9 in t h r. channel increases significantly, and it exceeds

10 the temperature of the channels that have the maximum

11 power.

12 01 course, after the 'cmperature is.

| |
13 increased, large forces are generated, and the flow

14 increases, and the temperature comes back down.

15 This is a summary of these evaluations that

16 isn't included in t'he handout.

17 Here is the temperature rise in the chanim_,

18 which.is a function of-the power. This is normalized

19 to the maximum power assembly, and you can see that
~

20 for intermediate power assemblies the maximum

21 temperature increases itself.

22 I do not want to extrapolate beyond the

23 maasure of range.

:24 Obviously, this core shown here would have
.

to come down, and for a foreseeable power, the

- -

t-
. _ _ l
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1 temperature increase should be one.

2 We used the various one-dimensional models

3 to evaluate the test data. There are several one-
4

-4 dimensional' codes availabic, including "SC, Demo,

5 Gencon, Commix and so on.

6 We used gencaic features of these codes and

~7 developed a code callediBIFR, which stands for

8 Buoyancy Induced Flow Redistribution, which this

9 code includes a flow redistributiGn model similar to

10 the one used in SSC.

11 The assumptions are perfect mixing and

12 uniform pressure in he upper plenum.

The-BIFR code also includes pump coastdown~13 - s
)

,, --<

14 characteristics, heat losses to the environment and

c5 so on. ~ 1
,

^
' a comparison of the model16 ; r,willish,ow^you

17 with some test data.

18 The flow redistributicn coulr'. be predicted

19 very well for both the fuel assemblics and the blanket

20 sssemblies.

21 The temperature distribution was predicted

22 very well also.

23 You- can see here some tt ap c r a tur e[
t. .

'

24 oscillation in the interna _ blanket. Of course, it is

Ivery important for these comparisons to char 1cterize

I
.,

.
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1 ^thelpressure drop'in the flow channe]s very well,
50 <-

2 and we performed a series of tests to determine the

3 pressure drop as a function of the Venus number, j g

4 Our'prel'iminary conclusions are that the

5 flow redistribution in the reactor core can be

a predicted reasonably well tith one-dimensional modr'

7 on the average basis. Some modifications would be

8 required in the one-dimensional models to improve

9 the predictions. That would include using several

10 control volts in the upper plenum, rather than just

11 one uniformly n'xed or completely mixed plenum.

12 We o;;s crved that in intermediate power for

| I
13 channels, temperature peaks may occur during the

14 transition from forced flow to natural convection f ow.

15 The first series of experiments had been

16 completed. We plan to continue the tests to apply

17 some lazer velocimetry to determine more detailed flow

18 fields in the upper plenum regien.

19 Our ef? ort includes the evaluation of both

20 one-dimensional and three-dimensional models. The
.

21 three-dimensional codes that <e evaluated are the

22 Commix Code and the Tempest Code, not the Thermit Code

23 that is listed here on the chart.

.'4 ;ie re are the results of a prediction with the

three-dimensional Commix Code, the flow redistribution
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1 in'the low'e r ple;.um. We perceive that in a combinatior
51

>2 of'one-dime ~nsional and three-dimensions 1 models wi'.1

3 he used to characterize the flow conditions in the g

4 reactor vessels under low flow conditions.

5 Any questions?

6 (No response.)

7 MR. GLUEKLER: Thank you.

8 CHAIRMAN CARBON: Thank you.

9 MR. GAVIGAN: The next speaker is Joe Mills

10 from Atomix International.

11 CHAIRMAN.CARBGN: Frank, can I ask a

12 general question?

| I
13 MR. GAV.GAN: Yes.

14 CHAIRMAM CARBON: How strong a role is this

15 going to play in your analyses?

16 MR. GAVIGAN: Very strong; the reason for

17 doing this work is that the computcr codes that hrve

i ' 18 been developed didn't look at the off-normal

19 conditions that we are int. cested in, safety people.

20 Therefore, you see that the tone running tnrough Emil'c

21 presentation and Joe Mills and the other natural

I I
22 circulation work will be looking at conditions that a rt

23 outside the design basis that a designer normally

24 designs for and people like Jim Guppe produce codes

for.

-
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52 1 We are adding models onto codes under much

2 more serious situations, and they do two things for

3 us: One is that they allow us to capitalize on what q

4 we described as earlier, the inherent capabilities of

5 sodium systems to cool cores under adverse situations

G beyond those of the designers, and, secondly, we would

7 hope that would allow us to help make the case chat

8 we don't have to have all the large CLn's and there

9 is sufficient cooling capability, not only on normal

10 design, but under adverse situations, and there is a

11 large reliable margin, if you will, in the plant.

12 We are trying to see where the margin is

13 and quantify it in these code developers.

14 CF7.IRMAN CARBON: Does the water word on

15 LWR's of any value to you?

16 MR. GAVIGAN: I didn't know people were

17 doing .that.
i'.

18 ' CHAIRMAN ' CARBON: Just-natural circulation

19 , shutdowns,sfor example.

'

ptR.,GAVIGAN: I would have to ask Emil or20
,,q,

21 Ralph on that one.

22 % VOICE: It is obviously a value, but to

23 nake it useful, we would have to convert to doing

24 systems tests on the reactors theuiselves. We would

have to taka our codes, simulate their systems, and

a
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1 to see how well those codes are doing.

2 It is quite a significant eftvrt.

3 CUAIEMAN CARBON: Too big an effort for now?| I

4 A VOICE: It is a very l'ig effort for a

5 limited program.

6 MR. MILLS: At Atomix International, we

7 are in the process of doing a research program that

d
8 compliments the efforts of General Electric in that

9 we have been focusing on scale-model sodium testing.

10 Now, where we are at the present time is in

11 the planning stages, so what I have to tell you today

12 are gving.to be plans and approaches for doing things,

13 and at the same time I would like tc present some

14 results of some scaling studies se nave done that tend

15 to reach slightly different conclusions than general

16 clactric, and we have kind of approached the problem

. 17 from a slightly different perspective, and I am

18 not sure that they are totally inconsistent, but we

n'q haven't completed all our studies to date.

20 I would like to give you a flavor of how

21 we at AI envision the role of scale-model ss dium

'

22 tes ti ng .

23 In the near term, which I would characterize

24 as t 'i c next few years we would see doing small-scale

phenomenological c.e s t s that would be done in

,

i
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54 1 essentially static sodium. This would be in small

2 diameter pots, which would be in well-designed

3 geometries; and the concept would be to initiate
| h

4 transients by turning on a heat source and/or

5 activdting a ' heat sink.

O Subsequently, these would be followed by an

7 increase in system complexity by introducing a flowing

8 sodium system, which by its nature, implies a fr.cility

9 requirement, an increase in f acility reg'liremants ,

10 and there we would be looking at the 4.nteraction-of thc

11 primary in-tank circulation with the external system,

12 sort of like the dracs interacting with the primary

13 heat tratsport system, and this wa r, real)y the

14 im etus for this initial effort.t

15 We were looking at trying to do scale-model

16 testing of fully prototypic systems.

17 We were looking at this effort initially
,

18 in support of the 1Trge develol. ent plan and the

19 dracs concept.

20 Just in terms of, I think Emil has kind of

21 laid out the key issues as to the kind of issues we

22 would be addressing. iiere again, the focus is on a

23 drac-type heating removal system hat involved in-

24 vessel heat exchangers and looks at in-vessel natural

circulation phenomena as the focus, and our primary
.

-
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?? I emphasis for this mere-term testing would be the

2 generation of data for computer code validation.

3 We.sce it also as a basis for us to sort
| k

4 out those differences that may result from sodium

5 veraus water systems by coordinating this prr. gram

6 with the progr.am that is in place at GE.

7 A secondary objective, and one that we are

8 also in the process of working on at AI, is since

9 we want to use these tests for computer code

10 validation, we would like to be able to have

11 temperature data and flow data, and we would like to,

12 in the near term, hrve this sodium testing prs 'ide a

13 test base for the development of some odium-flow

14 instrumentation, which we are in the process of doing

15 at Atomix International.

16 As I mentioned, all these efforts are

17 in the planning stages, and what I would like to

18 focus the rest of this presentation on is on natural

19 convection and scaling requirements and to give you

20 I the benefit of some of tha work we have done in that

21 area, somewhat in contrast to the work donc rt GE.

22 Similar to the GE effort, you start with

23 the convectional differential equations from momentum

24 energy and -_ructural heat transfer tha we have

included in trying to develop our similarity

.
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1 requirements.

2 You recast those equations in an non-

of | I
3 dimensionalized form, and you generate a whole set

4 similarity requirements that have to be met in the

5 scale model system and the prototype system if you

6 are going to reproduce the transient behavior, and

7 this lists about seven of the similarity requirements

fc that fall out of that nondimensionalization of the

9 differential equations, and essentially if you look

to at these and rearrange those equations, you end up with

11 a ystem'that has five equations and six unknowns on

12 the assumption that you can match the flow-loss term

13 by adjusting orifices and numbers of contractions in

14 the piping and tnings like that.

15 00, given this situation, if I specify

16 one of my unknowrs, and, let's s a y. , I pick the length

17 ratio, which is a convenient thing to do when we are

18 talking about scale modet testing, say T want to

19 test something on a scale model of one-fifth. Then

20 theoretically I should be able to solve for the other

21 Jive unk.7wns, which relate to the taickness of the

22 pip'ing, the' diameter of the piping, heat transfer

23 coefficient, the velocity and the temperature

24 differance.

And what we have done is essentially done

. _
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1 that and .ooked at two sets of situations.
57

Th'c first s summarized here on this chart,i

2

3 which is done for. prototypic fluids, in other words,
| |

scale model, looking at scale models that woul.d use4

the same fluid as the prototypic system, and what we5

6 see is two specific att butes that are required if

7 ' iou wanted to meet exact scaling, exactly match those

8 equations.

One is that the v tend to scale, the systems9

tend to scala uniformly with respec' to diameter,to

11 thickness and length, and, two, it is somethlag that

Mail _ppropriately pointed out that if we want to12

| k
13 do practical tests, things we ca. reasonably do becaust

tht Delta T ratio gets so large, that we have to go14

15 to large scale if we wanted to :xactly : itch the

16 scaling loss, and we have went through a similar

exercise with water, and again we set the results --17
%

18 First, we see two different aspects with water.

T4 19 The first thing we see is that things tend

20 to scale nonuniforraly. If given a length ratio of

21 one-fifth, you can see the diameter ind the thickness

scale differently from the length if I want co match22

23 all thoao equaticns.

24 Now, so that is the first attribute.

Tne second attribute we see here again is we
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1 see the impracticability of doing tests, and that was

2 comething Emi' poinced out. That just sort of

3 clarifies that from a different perspective.
q g

4 Here again, the uey problem areas are the

5 temperature ratio and also the small size of the test -

6 prototype that would be required.

7 Given that, I think you could conclude

8 exactly what Emil said, that in both cases I reached a

lcase where water models apjOar to be impracticable.9

10 - This is 'or exact scaling now, not approximate
,

11 sc ling, which I am going to get into in a minute.

12 Water models are impractical for any size

13 range. If I went to prot ( bypic models, they would bc

14 impractical, unless I went to the very large-sized

15 range.

16 Obviously, the next logical conclusion says

17 Well, let's exar1ine approximate scale models.

18 At GE they have been looking at water models

19 on an approximate basis. At AI we have been looking
s

20 at sodium models, and what we 'aave done, is we have

21 lookt. through a s ries of models.

22 I just want to go over a couple of them

23 here.

24 The first one we h;ce looked at is a

single-node-wall approximation. It is one that's
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1 commonly used in system analysis codes. It hcs the

2 disadvantage that it has so many inaccuracies for

a very slow times, but it should be pretty good for
| I

4 good, medium and slow transients and for rea'onably

5 long-time solutions, and it has the advantage that

6 y'' could generate a theoretical solution frcm it,

7 and we will get back to that.

8 Another one that we have looked at is a

9 ' semi-infinite wall model, one that would be accurate

to for very short. times, but obviously would not be

11 accurate for long times, and by long times you could

12 characterize it, if you will, as sort of viewing it

u as the time it would take for a temperature wave to

14 travel from this side of the wall and back.

15 Here a g a f. n , the advantat e of looking at

16 these approximate models is that they are theo; tical

17 solutions available that you can play around with and

18 try to get some understanding here.

19 This i. looking at a theoretical solution

20 for the semi-infinite wall approximation. The thing

21 I want to point out is the solution contains a combin-

22 ation of a product of a LC-type number, which is one

23 of our similarities in parameters and the time, which

24 is another parameter which must match, and the thing

this equation tells ua is we can match this solution
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1 ( two wayu in the scale model oy either matching the

2 product or by matching the two individually, and we
f

3 looked at both methods, and it turns out they. lead t. j 6

$ P

4 different sets of scaling laws, and tha' is onc of

5 the things you will see on the next chart.

O What I have tried to depict here .a those --

7 Uc looked at the semi-infinite wall model, which has

8 these two methods o. satisfying e'.milarity, single-

9 node lumped wall model and this was our theoretical-

10 solution, which we started off with, and that is the

11 uniform scaling.

12 I just want to point out, without going

.13 through this whole thing in a lot of detail, I just

14 want to point out several things.

15 First of all, as I relaxed my requirements,

16 almost all cases, there are a couple of cases where I

17 duplicated unaform characteristics, I get this

18 nonuniform scaling ~ attribute for sodium systems also,

19 and the nice thing about it is not only when I go get

20 this nonuniform acaling characteristics, I also

21 improve considerably this temperature requirement

22 that was posing a problem for me before.

23 What this tells us when we go through and

24 look at all of these approximations, we think this

single-node-lumped-wall model is particularly appealing ,

- - - - a
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61 1 one, because it is one that it .s used commonly in

2 the analytical tools, two, tLat because it should be

3 good for reasonably slow transients of the type t: it
g

4 ue might be concerned with on a natural convection

5 basis, a'n d it is reason for long-term solutions, that

6 this is one that we think is a reasonable basis areund

7 which.you would. construct a scale model, and that is

8 the premise on which we ' ave been proceeding and

9 are proceeding at AI on our test scaling plan.

10 The conclusi. from that effort is that just

11 what I s o r '- of already reiterated is that reasonable

12 scallag ratios for the dracs loop are possible with

13 the nonuniform scale factors derived from the single-

14 node wall model.

15 Now, we have gone through just an exercise,

16 which is just to check the mathematics really of what

17 we have done to verify that indeed going through this

18 exercise that the saaling laws we developeo are indeed

19 accurate, and we con ~1ucted a sample problem where we

20 take a single nodo loop pipe and fluid at the same

21 initial temperature and introduced a step change of

22 temperature of entering fluid that has a theoretical

23 solution.

24 If yot take that sample problen and construct ed

two models, one a prototype full-scale model, if you

-
-
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1 will, and another reduced scale model, length ration
,

2 of one-fifth and the other parameter is determined
,

3 by the nonuniform scaling lavs, and yeu put that onto g g

4 a little compu te r r. ]de l , using that known theoretical

5 colution, you can generate a family of curves that

6 represents the temperature rise of the fluid Iersus

7 dimensional times, and this is at relative place. down

8 the pipe, and you will find that the model in the

9 prototype falls exactly on top of each other, as they
,

10 well should.

11 We took another case, which unfortunately

12 I, don't have w'th me, but I took a case which was

I h*

13 bated on a uniform scaling, using both' sodium and
.. .

14 ? water, anI'in yoth instances it resulted in cases that

15 were ' up 3.n t.his~ regime for the model relative to the

16 "rototype, which shows that you would expect

17 differences in the temperature behavior in the scale

18 model ve.rsus the prototype.

19 What we don't know significantly is how

20 important those differences really may be, and that is-

21 one of the things we are trying to sort out, we would

22 ' expect to sort out, in the experimental program.
.

23 This is a similar chart that talks about

24 the pipe wall temperature and its temperature rise,

-and here again, the modal and the prototyi results

-
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1 were identical.

2 What has this told us at AI?

3 From our rerspective, if we want to look at { }

4 practical, na'. ural convection models, in our view, they

5 require nonuniform structured scaling. In our view,

6 when we look at what we want to from water, from our

7 perspective it looks doubtful.

8 We agree that the scaling always is going to

9 require some compromise in dimensional and thermo-

10 dynamic similarity, and, therefore, you want to make

11 it as large and as practical, and practical being
.

12 ret by whatever facilitics we have in place in tne
| I

13 country', and we have been look'ng at that and have

14 actually developed a prcliminary plan of .i w2 would

15 utilize an available facility at ETEC to do e of
.

16 c h. Je tests.

17 That is it.

18 Any question, comments?

19 CHAIRMAN CARBON: What sort of testing do

20 you expect vown the rocd to follow from this?

21 Mk. GAVIGAN: I think I answered a question
| I

22 like this the other day, Max, Tuesday, but it was

23 0 ffere..tly phrased. At that time I mentioned about

24 different roles that I have versus other people ma

our office back in Washing *on.
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1 - There.are. people who are responsible for

2 development who are. interested in this overall problem

3 of natural circulation heat removal, especially for

4 the DERACS reactor performance.

5 Now, that is going to be a system which will

6 fall 'Inder the design purview within the project.

7 The people who do component design work over

8, the years have developed a lot of codes similar to --
!

9 at Argonne National Laboratory similar to the work they

10 a r t. doing at SFC.

11 The view they hold at the present time is

12 that they developed enough code work that they oughc-

13 to be able to predict the performance of.DERAUS at

14 e large-scale facilities cased on the code development

15 work they have done to date.

16 However, they are holding their options

17 open until we actually get a project, i f w e d o |* a

18 large developmental plan, until they do some more

19 detailed study at Argonne *!ational Laboratories to

20 see whether they have the full competence of the codes

21 they would need for that range of events that they are

22 interested in.

23 So, it looks like this: There may be a

24 large-scale facility built sometime in the future.

It will probably be built, if it is, by the components

t
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1 people on the grounds that tr.ey don't have cufficient

2 knowledge and competence to predict normal performance

3 of the CERACS system. g g

4 If they build such a facility, we will be

5 happy to utilize it also as part of the extrapolation

6 test that Emil Gluckler uentioned and thut' Joe tiills

7 mentioned that they are going to run later in sodium.

8 So, the futu:e is hazy, but we know the

9 problem is there.

??? 10 1Ut . SINGER: That basically completes the

11 presentations on the combination of local faults and

12 shutdowns, reactor shutdown systems and shutdown heat

| I
13 removal, and I would like to just spend a few minutes

14 descrit ;g the program we have on combination of local

15 faults, which has a number of definitions, but

16 basically involving local events which may occur in

17 reactors, as opposed to whole core events.

18 The basic objective here means that we would

19 like to be able to demonstrate that the local

20 phenomena which may occur in the reactor core do not

21 propagate and eventually evolve into a whole core

22 event.

23 Specifically, the two criterion, actually

24 in this particular case there is only a criteria, is

? simply that we don't reach gross boiling in the reactor
cht''
u
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66 1 core is caused by some local fault in the reactor

2 core.

3 So, what we ar after here is looking at
{ j

4 types of local faults which may occur and trying to

5 understand them sufficiently so that we can demonstratc

6 there is very limiteu core damage which may result,

7 that these locul faults, therefore, are ccolable

8 naturally, and where these local faults are defected

9 or defectabic.

10 The major program task in this effort right

11 now is the SLSF, Experiment P4, which I will very

12 briefly describe.
| I

13 Our strategy in this particular area here

14 is that implication that the local faults are

15 primarily caused by failure of fuel-cladding or

breacb-fuel. elements.;16

17 Simply.what we are demonstrating is that

18 any" breach in the fuel element can be detected and that

19 suitable protective action can be'taken prior to any

20 significant damage occurring in the plant.

21 The international reactor project oporating

22 the plant, the operator at present has three potential

23 options operating his plant when he is posed with the

24 question of what to do when he has indication of a

breached elements
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1 One is simply the first indication of any

2 failure and any element to shut the plant down and

3 remove the offending element. This is when the first{ g

4 gas signal is detected.

5 This a present FFTP philosophy.

6 IlowcVer, there is clearly going to be

7 economic incentivo not to shut the plant down on the

8 first indication of a gas leaker, and there certainly

9 will be pressure on the operators c: the plant to

10 continue operation until such tia2 that there is, in

11 fact, some concern.

12 I may have already indicated that it may be
| I

13 a safety problem. Their options at present can

14 conceivably be: Remove the offendirg element at the

15 next scheduled refueling, even though that particular

16 subassembly was not scheduled to be removed, or

17 perhaps idealli to perform the extended operation and

18 not remove the off.ending subassembly until it was

19 normally scheduled to be removed in the first place.

20 In order to justify these last two operating

21 options, there are safety implications in these two

22 options, and there is, therefore, an R&D program which

23 is necessary to support these options, if at all

24 possible. Taat i ; where part of our program is |

lirected: Specifically, to establish the feasibility
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1 of these two options and try to establish what are

2 the safe operational limits in terms of what can .he

3 .aasured from defective fuel elements in an operating

4 plant.

5
'

The' approach'we have taken to this.is relying

6 on' basically threa sources of information at the

7 ~ present time:

8 One _s ti'Assentially utilize as much

9 information as we possibly can gather from the fereign

10 plants which are operating on behavior of breached

11 elemants in their plants, what type of signals they

12 give, what difficultics they have in detection and

13 me thods they have in detection.

14 At the other extreme we are conducting

15 experiment P4, which I will describe in the next

16 view graph, which is designed to be a nonmechanistic

17 endospectrom-type test, which hopefully, in fact,

'
18 is designed to encompass beyond the worst conceivable

19 type of local faults we could possibly have.

20 Intermcciate to these is the EBR2 local

21 fault testing program which is part of the EBR2

22 operational reliability testing program, and this

23 program has three basic. objectives irvolved:

24 One is the characterization of the signals

we are going to get from effective fuel clements, and

L
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1 what wil.1 be done is we will have various types of

2 faults, in other words, various types of breached

3 elements, whether they are artificially or naturally ( )

4 occurring, what type of signals, as we?1 as the

5 various stages of deterioration and operating history

6 those breached elements are subjected to.

7 Related to this is a very impoI7 ant

8 phenomena, which dictates to a' large extent the

8 deterioration these elements undergoe during operation

10 and'are the kinetics of sodium-fuel reaction. There

11 is a hemical reac. tion simply between the sodium and

12 the oxygen-bearing material in the fuel, which has
| I

'

13 a-density less than that of the existing materia],

14 so'it tends to expand and perhaps enlarge the brea.h.

15 Very little information is a"allable on

16 this, and we are h6 ping to gain some information from

U our tests in the fully-prototypic environment in terms

18 of oxygen contant and things like that.

18 And finally the other particalar area which

20 is hoped to bc gained from the EBR2 testing is a

21 measure and cha.racterization of'the type of extent of

22 fuel loss, which can occur from breached fuel elements

23 during realistic operating cycles, not only normal

24 start-ups and shutdowns, but also operational transient s,

mild slow overpower transiente and normal other events
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1 which will occur during the operating life of a plant,

2 and, of course, connected with that is the spread of

3 contamination through the system, potential spread
{ g

4 of contamination, and in order tc give us some idea

5 of what type of maintenance problems might be associated

6 with operation of breached-fuel.

7 That program was just underway, and we

8 won't have results for you for a few years.

9 The endospectromy-type or bounding experiment s,

10 which is well under way in fabrication in the SLSF

11 experiment P4, this particular experiment is designed

12 so tha t there .t r e 37 pins in the bundle. It has a

! I
13 number of heat-generating blockages, in other words,

14 fuel blockages within the bundle, which are~ designed

15 so that as the ETR reactor is brough" up to powcr,

16 the fuel in the blockages will melt and the blockages

17 disrupt, so you will have a significant amount of

18 model fuel within the fuel bundle itself.

19 The tests on this type of condition, and
.

20 'thereTmay.-be'some up and down ramps in -ower, but the

21 b'asic objective is to run at this condition where you

22 have grossly defective fuel with significant amounts

23 of fuel outside of the fuel-cladding that is in the

24 bundle for a fairly long period cC time. 30 days is

basically the fuel, one cycle of the ETR plans, and
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1 hopefully to verify under these c^nditions, which are

2 way beyond any mechanistic estimate of what might

3 happen is there is still no possibility of propagationq g

4 outside of that particular subassembly.

5 Now, execution scheduled for late fiscal

6 year 1981, and I think that's still pretty much on

7 schedule.

8 CHAIRMAN CARBON: What was that?

9 MR. SINGER: Late this fiscal year, I think

10 it is August.

11 MR. GAVIGAN: August 12th.

12 MR. SINGER: So, this particular experiment

| I
13 is designed to bound any type of local fault switch,

14 which could happen, and then the next level would try

15 to get the information out of EER2 test and foreign

16 reactors which would be directly related to the type

17 of information designers would need to try to accommo-

18 date these local faults and operations with breacl-

19 I fuel.

20 That is all I have to sc y abou +: local

21 faults'.

22 CHAldMAN CARBON: Thank you.
.

'

23 This vould seem like it might ,)e a good

24 time for a break. We will take 10 minutes.

(Short racess )
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?? 1 MR. FERGUSOM: We are going to spend the

2b rest of the afuernoon then on the LOA- 3 work that is

3 going on in the program, specifically, LOA-3.1, q g

4 Energetics Accommodation, and to place this in

5 perspective, the LOA-1 related activities in the

6 safety program deal with the safety related issues

7 associated with all concerns that lle within desig-

8 basia, and in the LOA-2 work we have done, looking

9 at beyond design basis events, focusing on identifica-

10 tion of margins in the way of inherent capability es
.

11 well as engineered systems, nroviding margins for

12 accommod~ tion oftevents bcyond the design basis,a

13 while l !. m i t i n g core damage to essentially negligible

14 extents.

15 In moving into tre LOL 3 area, we are

16 now dealing with the area that is commonly known as

17 Core disruptive accidents, so we are talking about

18 revere accidents, events well beyond the design

19 basis.

20 In the LOA-3 aren, we deal with separately

21 the issues of energetics accommodi tion and re-

27 accommodation, which in both caseo the iden being that

i

23 we went to focus on what has to be done within the

24 'esign.to provide for maintaining centainment integrity

for various periods of time in the sense that
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1' .particul'a'rly with respect |to debrisLa'commodation,.c ,

2 we don't'have a good feel'at the present. time';what.

( 3 NRC might require in the(way.of containment,.-of how

-4 :long ~one would have 'to ' maintain absolute containment
,

5 -integrity.
,

6 'So,.the-safety program focuses on saying
,

v .

.7 if~you'dantfto maintain'it'for 24' hours,' here.is;what.' ,

#
- '

,

n ~8 .you wouldt havc.t do for:a 48-hour po'rio'd. . -Hereils
,

7 .

~ '

9 what'you would'have'to.do,.that sort of thing.- M
.

.

,
.

area of energetics. accommodation, we.10 In the
.

. .

-

~
'

11 .are taking a narrower.. approach, saying-that we simply
1

- 12 want to demonstrate the very ow i roba' ility of f

13 containment failure for CDA, essentially sayingithat

14' we want.to demonstrate,that'we can keep the' energetics

15 threat bottled 1up:within1the primary vessel itselfs
'

16 with-sime relatively small- aounts-of. attention

I17 '6 being devot'ed lio hhowirig that in addition, if.to the
''

x ..ae u + ~

- 16 extent that, let'r,ysay, a.significant amount.of sodit m
g- , ,,

7 ,

,

19 V7re # relciised "to' the cintainment building itself,-that

| s.-. ..~-, . , .

20 tha t ~c'ould . be, ,,accomm,odated without shott-term'

<

!. ,~

' 21 - containment building failure occurring as well.'
i .

'

22 So, the ~1ocus'is1on demonstrating that the

23' energetics-related threats,.in' fact, can-be 2dequate_ly
~

S 4 -- - ac'commodated with'i n1 the 1 primary - vessel,..while at the
~

same time not significantly modifying.the. design'of-
~

,

, .

IT

,1 3 s

,. $ e- - , .,.,m , . , . . . . . , , <. . ..., c, . - , y . r. -<-,,,,m
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i that vessel.

2 .So,,that-puts a reasonably. sharp-focus on

3 .our-work then, namely, that we don't believe'that
(

4 designers should have to:significantly interrupt

5 the. design of the hecd and vessel and piping and so

6 on to accommodate these energetic-threats from CDA's.

7 So,'the ~ third-level product is under +

8 . energetics accommodation within the~. primary system

|
9 boundary, and accommodation within containment. I

10 I have summarized.the major programmatic

11 tasks that are currently in: place in the1 program field

12 behaviorfanalysis-under.these severe acc'ident
~

13 ' con di ti'o n s and related code 1 development foruthe

14 severe accidents themselves, initiated; phase

15 analysis and code development, transition phase

16 analysis end code development,. structural response

17 analysis and code developmenc, the end reactor

| 18 experiments. program in TREAT, and then a broad range
s

19 of out-of-reactor, out-of-pile experiments.

i 20 EMR. MARK: On'that first' item, accommodation-
~

l'

. .

21 within' primary E system boundary, is there a n y-. c l e a r ;
/

22. picture of a difference /in.that' respect betwcen~a
.

23 pool-tan.d a' loop-type system?
4. . , . - ,

.

-;
. -> 3

' ' ' - '# MR. PERG'USON7' Well,24 a couple of-perspectiver :
- .<_ ' '

.

,f,One0ijs!that i|t[isdnerallypossible, if you were
- a e . . .,

. ,

,

6 -
.

t - , ts. 4 , * c,t- p: <
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75 1 concerned about very large sodium, it is very possible

2 to provide some kind of an energy absorption

(VN.,
3 capability outside of the secondary tank in the pool-

4 type vessel that might give it the ability to

5 withstand la.ger loads than a loop-type system, but

6 we are talking about loadings that are really beyond

7 the level that we are concerned with here.

8 So, let's forget about that.

9 MR. MARK: Okay.

T5 10 MR. FERGUSON: In terms of head design,

11 it is hard to say, it is a rather complex issue, and

12 I don't think there is any clear-cut differentiation(m;
L,

13 when you start talking about the large diameter heads

14 that you wind up with for these large pool systems.

15 They begin to look an awful lot like the large

the large diameter heads in loop16 diameter heads --

17 systems begin to look very much like the large diameter

18 heads in pool systems, so that again there is not a

19 big difference there.

20 MR. MARK; But we are talking about

21 differences at a level far above the one which you
rm
i !
's 22 feel need be talked about.

23 MR. F E R G U S O ?I : Well, in the case of head

24 design, yes, from a realistic point of view in terms

of.what one c a,n actually realize from these systems.
.
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1 No, from the standpoint of the kind of

2 requirements we are likely to recommend placing on the

3 designs.

4 I want to emphasize that in my own personal

5 opinion, I can't see any way of getting significant

6 loadings on the head of one of these LMSBR's.

7 On the other hand, I clearly lack the

8 ability today and probably will lack the ability

9 five or 10 years from now to demonstrate that

-10 conclusively.

11 We are still going to be talking about having

~

12 to deal with, within the range of uncertaintics,
)

13 loadings that.are reasonably significant on the head,

14 talking about 1,000 PSI or two pressure loadings

15 being sustained for a'significant period of time on

16 the head.

17 MR. MARK: Fine. Thank you.

18 MR. FERGUSON: Well, our strategy in this

19 energotic accommodation area is to demonstrate the

20 inherent likelihood of a core-disruptive accident

,

resulting in significant loads on the reactor vessel21

( )
'' 22 and head, and as we will show later cm, we have a

23 number of steps, each of which we want to show the

24 inherent likelihood of significant energetics.

At the same time, to develop energetics
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1 accommodation enhancement capabilities through cost-

2 effective design options, this is primarily with

, ~) 3 respect to containment design, that is, to explore.
V

4 containment design options that would allow one to

5 accommodate higher pressures resulting from sodium

6 spray fires in the head. We really have nothing going

7 on in this area in the'way'of vessel and head design

8 itself.

9 Well, the approach then is to start

to sequentially through.

11 In the case of the initiating phase, the

12 idea is to show there that the inherent processes that
(]

13 work are such that it is very difficult for fuel to

14 be compacted at a significant rate, and, furthermore,

15 that if the elevated power conditions should arise

16 frca rapid sodium voiding, that this fuel melts and

17 disrupts under thos'c conditions and motion will be

18 sufficiently disbursive, that the reactor would not

?? 19 experience sustained super-prompt critical bursts of

20 the type required to generate large amounts of fuel

21 -vapor. + - <

I'', -

k' 22 Now, with respect to the loss-of-flow

23 accidents, one of'the two generic core-disruptive

24 accident.| types,'there we have focused on the

heterogeneous designs as a way of limiting the amount
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of ' total sodiuni voi~d worth that the system could'have-1
-

2 'and,Ltherefore, effectively reducing'of the. amount and?'

j {) .r a't ei o f fuel disbursiveness that would.be required.lto f
: 3

-

.

.4 avoid' the sustained supe'r-promp'.. critical conditions.;_

l.
!~ 5 MR.' MARK: .Can you|put any numbers torthat,-
; '

s .

6 the void'coefficiency'in'some~.~ case or.another<might..
1

. 7- be plus'$10 jbe?-

8 MR. FERGUSON: I think I can give,you some-

9 good guidelines there with the Clinch 2 River
.

10 homogeneous design', which was studied in.the mid '70s,
-

-11 had-something.on'the order of-$3.90 maximum positive

/ 12 -reactivity and'on the order o.f $3.50'or $.60'in terms-

13 of positive void reactivity when the core and:. upper -

14 axial:blanketLwas avoided. ..Tha t - wa s a sufficient '

15 amount of-positive void worth, that when you model

16 that sys' tem with the current system analysis-codes,.

17 the codes predicted a substantial amount of sensitivity

18 in the' accident energetics 3 variations and input

'

19 parameters and'this, of: course, was what was argued

20 out back in the previous Clinch' River licensing.
,

.

21' MR. MARK: I don't remember the numbers..=

O: 22 I remember the arguments.

_ 23 MR. FERGUSON: So that it turns out that-'

24 that range, that samc range, inethe order of $3 to

$3.50, turns out to be sort of a transition range, as

,

+

m --Adu - -* -4 ,a m .- _ . -
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! 79 1 you go'toward larger systems as well.. That is, so lont
> . . .g 3 ' .j.7

2' ' a's " you 's't'a y a t' t'he' =roug hly . $ 3 . 0 0 level or below in,
.

3 driver-fuel, as in the fiscal elements-in theLbundle
)

4 reactor, you can see a-lessened amount 1of sensitivity

5 in.your-analysi's of these things.

I '6 When you go'above the $3.50 to $4.00 range,

! 7 Lthen significant sensitivity begins to come. int'o-

:
i
*

8 . play, ant the. reason for.that.is that~ roughly for-

9 the range of temperatures you-are'likely'to get to;
4

<

~

10 in this. initiating phase,'you can pick up something'

11 like a dollar to a. dollar.and a half' negative DOPRA
-

..

12 feedback and the same sort of~ amount or perhaps
.. . . .

"

; (q)%-

j - 13 slightly-less, maybe a dol'lar'of fuel' axial
~

,cxpansion reactivity _ feedback) and if the differencei 14
,

i - 15 between those'two and the amount'of void worth you--

.

16 have in a system is' greater than a dollar, as'a rule

f 17 of thumb, you are going' to find that you have a lot

t

18 of' sensitivity to the. predicted consequences of
,

19 the' accident with variations'in the modeling of the

20 codes,

t
'

21 MR. MARK: That was for a homogeneous?
O'LJ 22 MR. PERGUSON: Yes, homogeneous, the same-'

.

- 23 kind of concept obtainedffor a large. heterogeneous-

' 24 system in the sense _that if'you keep the driver. fuel,
i.

.the positive void worth in the driver. fuel elements,:
i

1
t i

e , e y y ,.w-. -. w, ,y-we-4-p-.<,- m- #w# ,-.,w--,. ,E,. --o--*-E-ww..,y--+i-4.~,m-a w,~r, ,, -e - v c',,-,,.v.v.,,,,--
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~

in~lude the~ upper axial ~ blankets.in those elements.c

2 below $3,1you tend to b'e in.a regime th'ere . wit'h

r~i 3 .less. sensitivity.
~

Qt
4 If you.take it above $3.50, you'beginito-

.

'

;

5 get in7a more sensitive. regime.

6 .It turns out.that'you can design, if you

7 are strictly concerned about'J sodium void ~ wortli, you

8 can design a large heterogeneous core with about any ~ ;
!

9 void ~ worth you-want.from on up to the. nominally

'

to $5 or $6 you can find in any homogeneous system, and
. .

;
'

11 you achieve that simply by, going'to lower-and. lower

.- 12 void worths by just decoupling the core more and more.

13 That is you can put'enough, you can keep.,

14 the rings of core fuel thin enough and the-rings of

15 blanket fuel separating adjacent annular regions of-
f

16 core fuel thick enough that you can couple 1those, ,

t 17 and from a sodium void core point you have a very,
~ e .. . y ,, ,_

, . ,. , . ?' - ' --

., . -

! -18 'very'small' positive void W...th unfortunately below
' c. ; ., . 1a'bo u t!],2 . 5 0 . '..Youn-have a core you can't control..

: '19
,

1 a % ,- .-
: 20 That is, there-used to-be a' great deal of

, .,

- 4 };

21 decoupiing between these core regimes-to th'e point -j
,

# ( )- 22 that'you begin to have extraordinary large: power
~

: '

23 ' swings over.the licetime of the plant. You. willi

! 24 . effectively h' ave separate critical reactor. systems in

I each of these.
1

. - -

'

=.-
.
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1 'So, it is1inJthis-margin-between $2.5C.that-

-

t' 2 ' sort of:representsithe' lowest.you can go to and,
i

*-'g_
,

e

~ [h{-
3 S3.00 plus where you;getcinto the sensitive region

-

,

4 that' designers .in: this: country are focusing on,.and-
.

- '
5 that is roughly where the current'large< development

,

tha t'~ GE ha$; designed 'comes :-:inDand 'so' on .6 plant core'

;

7 ..I' t h i n k that's'--

8 -MR . MARK: Okay. You._got a-rather narrow . i
,

-

.

[ 9 window, and thi~s heterogenity might help you?

'
10 M R '. FERGUSON: That'is~right, and it only

~

11 helps you in!the case of-the ability to make the~
r -

{ 12 argument .boutothe' maniogenetics associated with: the-

9-
I 13 core-disruptive-accident,.and there is no reason in

14 ' the world why you-go to a.heterogenic core,:.and that-j _

15 is something'where you see, for example', that'the

i
; 16 French and the English are saying, "Why do you want
i

17 to do that?. Why do you want to complicate the

18 design?"

19 You'do somewhat complicate the design'when

20 you go'to a hoterogenic core because they have'found
.

21 other waya-of finessing this issue of' severe. accidents
,

:22 "in their' onfrontation with.their licensing-authorition.
~

'^

23 The French, for example, have-simply defined

24' the probable way by agreeing that:the accidents they.

~ ~

flimitcd' amount'of'.wi,ll,fo,cus on is,.the. mil.kdown of a:

-

! ' :h , . 7 ?, *F -
'

',c. f, . , _
-

i- , ,
. .n _~ ,

.
,

.

_34'49( f - 9]_
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1 subassemblies; In that case,;you have'nosconcern
s .e,

,
, , , , ,, ,,,

:Mabout} sodium;voi'd, worth. YouOnever get into- this.2
,

O recji' e ;of sodium void-related ace.idents andm so on.
- , - 3

. 1 L |:s -

. _ :. .

.,

for-

< -
, ,.

a e t- _,

4 The English have es sentially said ..thati '
-

{ T; '' ' ' e i. j ,,.yroipublic] inquiry'j[ .

..11icens'ihg
-

S th'eir ~and their subsequent

they will' focus on only' events6 a c t i v i t i e s . o n ~ C D F R",t -

-

7 which do not result''in core disruption.' They'are
_

s concerned, again, about the limiting case of-a'-

9 limited number of f subassemblic s building down.

10 1<- concern about accident;energetice.

11 No requirements'on the' vessel on the primary

?2 system on the head ~in terms of accident-related
. O.

13 l'oadings and so on.

-14 -MR. MARK: It sounds the way you said that

15 that~the English an'd French are taking 'a somewhat

16 similar approach. . '

17 MR. FERGUSON: 'They wind up atz. the-same'

18 point.
,

t'
~

, ,

19 The argument they'take to get there ~ i s' - a
,

-
,

20 somewhat different: path.
.

21 They wind up with'the same thing, Land'|that? :
.

'

4 .

i

22 is a point which largely ignores the. traditional-
~

' - s

23 focus * hat tends_toibe in play.~in this. country on:.

24 core-disruptive accidents.'

,
.

They go through the same course of

i c:
,, , ,

,

,,..m . , , , , , . . . - - - -- . - , . . . . - - , ,..e. ,,,,,r,--, ,-,.r, ,.-.,_,.,-,,...vg-.- ~,,,.,-..--.,<..,,m
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1 ^ arguments abost reliability of reactor-systems,~the-

'

2 ' shutdown' heat removal systems.

B "
3 '^ 5 ) The, French, as'we-heard this morning, are. <

.-
-: , ;z w

.

4 :looking,at,self. actuated shutdown systems as a way '7

w j? s*,
_

'

_ ;r +

i- 4' " of enh'ancizig their reliability of the diversity o'f5

.

4
-- s 3 . , , and;fromourperspecbive-.!s the = 7 shutdown-systems and so on,

-n
6' -

!

~7 then, we have looked at heterogenic cores strictly;
l

8 because of past experiences and current $ understanding !

9 ~ of these severe core-disrup'tive a'ccidents, which are

10 such tha t we find.it difficult to deal with tihe *
,

11 sensitivity ~that you: find-in-examining'the lo s s--o f-

'
12 flow accidents, particularly in a core that has

13 $5 or $6.-of void worth.

14 MR. MARK: That was very helpful. Thank'-

15 you.-

16 CHAIRMAN CARBON: On'c more question on
-

'

17 that: The British are ruling out' the' CDA as' design-

18 basis accidents.

19 Are they-going ahead and putting mitigating;

20 features similar to what NRC --

21 MR. FERGUSON: In their CDFR plant' design,

22 they have a -- what do they call-it', not a core

23 catcher; it is a trade. They have a rather.

24 sophisticated' design, in fact, for'a trade below the

core support structure, which they intend to show-is

?

me . .a .. - i 2__._,._-.-.-.------m_ - - - - - -
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1 _ capable of maintaining in'a.coolable' condition the:
~

.

2 debris from a limited number of subassemblies, limited,
'

^

'
. .

p! :3 raaybe, perhaps are half ' a dozen orb a ; dozen, 'something-
. V

4 like that.
~

,

5 They have'gone-to great l e n g t h's , jfo r examplef

6' 'to.put individual. subassembly instrumentation |in
:

7 clusters of six:thermocouples per subassembly, which

-

.8 are' hooked int'o their plant-protectiveisystems,

1

9' to assure themselves.that they.will detect any-

10 abnormal conditions in subassemblics which if left
4 <

,

11 ' undetected, could possibly. lead to ~1arge amountsrof

:
12 molten fuel.being present in the. subassembly, and

a -

'

13 from there they speculate that.they could-get.at

14 large energetic' fuel cool intersection,'gi'ven Placir:

15 focus on that, that that could. lead Ito a core
,.

16 compaction and so on.,

f

17 So, to get around that, because they_cannot

18- absolutely argue that this'couldn't' happen if-~1 eft..'

! .

they have gone to the extremety.of;. ' 19 undetected,
;

20.
.

extreme length of placing this subassembly Einstrumenta-
i .

21 tion on every subassembly and h o o k e d - i t' i n t o.-- t h e
n,

! 1
. , , .,, ~ . , , . , . . . .

(j 3 i t
.

.
. ..

22 dplant-protection system, which we think goes far beyond

. 23 w;at i.s reasona,bIe'.'

.3
.

,

24 We b e l,i e,v,e . w, e can detect. failed fuel-well,

,.

'~|^ '
s a, , ,

before the point;1t reached.where that existence-of

t

i J

_ [ ..
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1 that failed fuel ~ leads to safety concern by whole

2 core detectionLtechniques.

(^ 3 CHAIRMAN CARBON: What will they have in the
s

4 way of containment?

5 What. will their containment be?

b| MR. FERGUSON: I believe they have a

7 containment confinement system, but the design-basis

8 accident for that is like a single-fuel assembly

9 being dropped in the containment.

10 It is something that has nothing to do with

11 core-disruptive accidents.

p 12 CHIsIRMAN CARBON: Thank you.
(_)

13 MR. FERGUSON: Well, as we progress through

14 the severe accident sequence, we get into the core

15 disruption or transition phase of the accidents.

16 Again, the focus is on demonstrating low

17 energetics in this phase by showing that this phase

18 of tne accidents developing in a very incoherent

19 manner, particularly in these large heterogenic cores,

20 and that as moltan regions develop and begin to grow,

21 that these tend to be stable and fuel tends to be

22 disbursite under these conditions, that if an

23 energetic burst were to develop, which would lead to

24 a significant amount of fuel vapor being generated

and the subsequent expulsion of fuel vapor and liquid

.__
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|
'

| 86 I through~.the. upper internal. structure,'thatL the'

,

e
1 . .,

22 Simmer predihtions.'that.this would result'.in'.
~

<

> -

. _ ~
.

. ,

= eq 3 .very low loadings on ? the1 head;. we 'went : to :firn -those
D.:

[ 4 up with_ experiments and'further hnalysis.
i
.

'

We;want to;be_able.to confidently predict5
. ,, , ,

:se , < .
-

. . . ,

b 6 -the strkc'tYrbl hes'pHdse to whatever loadingsTmight be*

P t" cJ u ;'
. _a3

_[ experienced 6p! theFe bylrefining the analytical7
j

i 8 capability fo,r predicting vessel, head.and piping-
. > . ,

{-
9 response,_ including considering three' dimensional--

10 effects in situations where we have assymetrically.

?'
11 located components and so on.

1

'

.
'12 And finally to ~show that if there were a

- L
13 sodium fire, spray fire resulting-from.the injection;

i
14 of.large amounts of sodium--inLthe form of spray into/

~

.

. .

15 the containment _ building, that there would be'an

i
16 inherent limitation in termstof the p re s su re s!. tha tt

| 17 could be achieved in the building itself: through ' the

' 18 burning of this sodium,*and furthermore, to show that,
~

19 in fact, for any. realistic range of energetics, that
i

| - 20 there would be at'least a very limited amount of- !
i;

p. -

sodium inj~cctionlin.1the containment building.214

s
-

i*:
.

.throughout this
.

22 S o ,- t h e_--f o c u s all the way
.

' -;

,

23 is to'showJthat aticach step, once you haveLadmitted -'

24- thit'you'are going.to consider th'e accident;in some
,

~
~

way, each~ step, in fact, expected consequences would4 r
_

. - - <

'
r

i -

I
''

s . . .

-
.

.

-
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1 tend to. lead.to mitigation of energetics.

; - 2 MR. MARK: 'You had~on-there " Suggestion'of
<

f-
3 . firming up the Simmer predictions".f ;

|'' 4 Now, as I' understand it, the Simmer

I
i 5 predictions were that if.youKhad a certain amount of
.

4

2 e calories, whatever, released in a neutron, chain

'67 reactied, someth,ing;of the order,.of 10: percent-of?''

,

;.,.w .

. _ that or perhaps a smaller factor'could be~ translated<t
' '' ~ *

,
g, ,-,

~ '9 into kinetic energ'y*, five' percent, I believe.

'

'N(TE RGUS ON : ' 'If you take --I
'

1O '

,,

11 M R '.- M A R K': ~Are there people who continue<

lI Q ;.
' 12 'to doubt that?q.

'
_

13 MR.'FERGUSON:- That particular bit of. ~

.

,
-14 analyses has not been subjected to the scrutiny of

,

i 15 a^ licensing. interaction'.

16 There are people who wot ld prudently say

17 that certain aspects of that analysis has not.been.

-

| 18 _ firmed up through experiments and so on and so forth.

f 19 M R' . MARK: So, it"is to --

20 .MR. l'ERGUSON : -It is to firm'them up.

21 MR. MARK: - -- f i rm them up.

;,-: 22 And if you were able to persuade these--

i
23 remaining doubters that.there was-'a factor.of 10 or'

,

24 20 or 30 or something at'that point, then you think
|~

'you w old have at least. your second' item madd?
t

t

e

9<wk,- - - - + 'em e e - re v.: r-r - w , -9 , ee r <*---.ir- + - - - * 9 -w'.we,-~.,e , ,-*w- w,w ww w-,--em-*,,-* ,-*.c, w , w er w me,-,r~,* ee,
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88 ~ 1 MR. FERGUSON: Yes, I think that4tho' -

.

2; 1 combine. tion of-thermaliand fluid dynamics. processes
,

s - . ..

p- 3 that Simmer models, which tend to show that there
- ,_/ . -

,s

t 4 would bo a !1arge ' amount' of energy reduction 1 combined''
^ '

' *

.
. . .

.

.
4 .

~

5 with other anal'yses that look-at the~ ability of~
7 _ .

6 materials going through an elastic' deformation to

i
' 7 absorb energy, the combination of-those.when firmed' ,

i~
8 up would say you could take a very healthy-super-prompt

.i

.

9 critical burst and result' reasonably low ~ loadings onc
,

s

'. 10 the vessel and head.
.t

11 MR. MARK:, I have another' question: .I~just-;
,

'

12 don't have atnumber in my mind. I suppose-I could

13 go upstairs and develop.it, butLif I mix enough sodium.

14 and air to consume all'the oxygen at atmospheric'
.

I 15 . pressure, initially what pressure'_do I get?
"

., ,

16 MR. FERGUSON: This-is an area wherefit.is. ,

17 a bit out of my sphere of familiarity.
4 s

f 18 If I remember _ correct]y, t h'e r e w a s .'s o m'e -

. .e

19 work'done at Argonne, Argonne National _ Laboratories,;
;

20- sometime ago that looked at something:on that order.

21 MR. MARK: Maybe someone else.knows'.

j f'Y
'

V 22 MR.'FERGUSON: _ Lou back there is a better .

-

.
.

!- ..

this..23- r.lan to talk aboutj
p

24 A VOICE: About 100 PSI.;,

, ,

MR..FERGUSON: - 100 PSI; I was going to.say-

1, , - 5,7 , s .

.|n- I '..ki 9 - ).'
r ,

4

>___m_.. m_._-..__.m__ _ _ _ .. _ . . . . _-__)_ _ - _ _ _ _ _ . _ . _ ___m_ _m.. i_- _ _ , . .-__- -
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1= about'100. PSI.

:

; "2 MR. MARK: So,.if_ IIcould contain~ 100 PSI,
,

i q -3 then I could'let sodium ~ burn until I '. wa s _ blue in.'the
.Q.

''

| 4 face?
.o ,_ . .,

i MR. FERGUSON: -I think there has been more-5 " ,

g. ,

i 6 .. recent work done at 'Atomix Internatilonal, which deals-
,- 'c .

'

7 'With some codes which are still in'the exploratory- '

,

Ti- .e
,

- '
<

j 8 . Stages, which would say more-realistically something y
I

{ 9 'on the order of 40 PSI is the maximum you could
.

10 contain.
'

11 MR. MARK: It was just that scale I wanted'

' ~
'

12 a feeling for.;
; -

13 CHAIRMAN.-CARBON: 'You're Item No.'2,_what'
;

- 14 magnitude o_f experiments are you anticipating?

15 Do you need something big, small?

16 MR. FERGUSON: .No,. basically simulaat, the

17 kind of things that have gone'on and will continue
4

'i
. 18 to gc on will be si.nulant material experiments on ' thc h

I

h- 19 scale'models on the crder of one-tenth.
:

'

' 20' The Purdue experiments have-been one-seventh
i

.

scale. ppis,.I: guess, in that_particular case very: 21
_

1 .

'. M 22 little ::tual interreactor tests because of the
t-
4

2 23 difficulty.of taking conditions in the reactor, taking

I
24 ' test materials in.the reactor, the kind of. conditions

;.
-

.t

'

Simmer is~looking 't there in terms of_the DEO program.a

!
, ,

s

,;-,-..:,..-.-..--. , . . - . -, - . , , , + ,, , , - , - . . , , , , . . - _ - , . _ , , , , . - , . - , - , , , . . . , . . . . - . _
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'91 'I -Well, briefly I want.to.run through the taskt
.

I 2 that we have in place, very;briefly here, and then-
?

/'\. 3 turn the rest of'the presentation in this arcacover to-

' (_/
i- -4 Dave Weber,fJohn Kramerland.Al Klickman, whocare going
i

5 to discuss spe'cific aspects.j

' ~ '

6 In.the initiating phase fuel-behavior?*'ork.

7 at Argonne National Laboratory,
~

we are developing the
'

8 FPIN fuel behavior ~ code and'the associated FRAS ' 3' '

9 { (cdde ,i wh'ichTlook'sla't !th'o details ''of fission: gas,
a,- .: .s . i . .+ . .,

10 . behavior within. grains and on.grai~n, boundaries an'd.on
,.

,n*,
. . . ~

,

j 11 4/;grEin edded.b 4 W -

12 . f* '' I O ^ T$cs '[r'c st'udiestgoing'on_on-cladding,'

L) .
13 failure mechanisms.and<fueltdisrupti7n modes', both:of-

' ~

i- 14 which supplement this-code development upda'te on-;here..

15 cat'Hanford we are focus ng~. on the development.'

16 of.a-second. fuel' behavior' code, namely ,: the DSTRESS

17 code ~, andlat General Electric the peopleoth~ere will'--

. , .

18 Emaintain their' behavior SST.-c' ode and look at cladding,
,

,

:

19 -failure correlation' development' work, and this work
4

20 .is all' coordinated,around a couple of efforts:. One , .

; 21 :a. continuing code comparison activity that is" aimed.

) :22 at. focusing on. similarities and. differences and the.,

:- 23 predictions of.these' codes ands which.is-using this
!;

24 ongo'ing PFR TREAT ' nd cooperative program with the-a,

} UK, the testsithere as one of the principal means of
4

'
i

$
-

. .
.- ._ _ - _ _ - _ _ _ _ _-____- __ __ _ _ _ _ _ _ _ - _ .

'
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1 comparing the predictive capability of thes2 codes.

2 In the initiating phase accident analysis

r- 3 and code development efforts, the primary focus here
U)

4 is the development of the SASS 4A code at Argonne, whicl-

5 Dave Weber is going to be talking about.

6| HEDL is looking at developing a multi-

7 dimensional blockage model that would enable us to

8 explore this question of post shutdown coolability in

9 TOP accidents in large reactors, and also at MIT
.

10 there is work going on in the Thermit Code development

11 area, Thermitting a three-dimensional sodium boiling

73 12 code that would allow us to explore sodium boiling
\
~._.

13 under a variety of1 conditions.

14 In uhe transition phase area, Dave Weber

15 will discuss the transitions of transit hyrdo code

16 development efforts at Argonne.

17 In the structural response area, there is

18 continued effort at Argonne to maintain the RESCO and

19 ISCO two-dimensional structural response code; RESCO

20 being a Legrangian code for short-term transients,

21 and ISCO being an Olorian code that deals with larger
(ry
' '
'- 22 material relocations during these disassembly

23 calculatior .

24 The NEPTUNE Code then replaces a three-

dimensional coupled fluid structure model for analysis
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|| I : o fk tlic.hir,6s p o n s'd io f; 4s syme t r ic a l ly- mo u n t 5 d ' c ompo n e n t s -

"

2 in"l a r g'e ' 'r e a c tb r s '' ~ . -
'

'
-

.

. 7 -
-

.-. , . .

.

3
- w Q ,> r e .. 3- !|A SAFE /T ASS ' code development ef fort there:p.4

V - '

: ~
focuses''on Y fluid"*Q,astructural model for~look_ingMat
7 , , . f,,m %. ,

^
,

,

^ 4 and,
..,

i ?
,

5 the response;of the:above core' internals,.ana~that,

-6 compliments the Simmer.:to work in terms |of: 1,ooking at. 1
7 the deformation o f ; t h e -'i n t e r n a l .

,

4

8
,

Simmer assumes thescLinternals are rigid.
i

9 SAFE /RASSulooks at their' deformation.-under the fluid
' "

i'
'to -dynamic loadings that tliey would experience ' and - also

11 calculates now much energyfwould be pulled out o f. -

7

12 this expanded fluid throughzan-elastic defoVmation of.
,

13 the structures.
. - ,

14 -Finally, the: SHAFT-codefdevelopment' efforts

; 15 which supports both LOA-2 and LOA-3'activitics, SHAPT ,

'

16 being a'threc-dimensional piping s tructural. 'and-

~

.: . 17' - thermal'rcsponse code-used to look at the respons'c of . i
>

,

1

18 .

, the piping sys,tems, bo.th to longer-term thermal

.

transients under' degraded shutidown heat ' removal19
,

t

20 conditions as well as response of piping under

21 -energetics loadings resulting from core disruptive
'

| - 4-
,

22- accidents.; '

i
,.

c . 23 The TREAT in-reactor experiment program,
I

L- 24 in' going to be discussed-by Al Klickman from Argonne. '

,
-

~ 'National. Laboratories,~and ANL-andri!EDL are two TREST
-

,

-w- - 4g 9 - -e n ,s,r,,- e y, - , -,,.r--#-.-vg , m , p , ,p 4 4 ,,o,,,re &- rp, ,- N- ys.-me,,--e,--p m,,. , s , g g y g-r, ,y, ,e J94- 4 w+ g - we, q w,,'s-- ,r v
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93:
espe'imenters fore the' safety program..r

~

$- 1 s

'2 ~In the area of'out-ofJtype expe'rimen'ts
~

,-
,

" (No 3 dealing with11nitiating phase issues, we have-fourd
~

\}*

I - '4~ -different:!ta'sks going on~at Hanfordfin the' area ofL '4

;

5 fuel'and' cladding behavior of t h c1 f u e l - c l a d d i n g ~.
,

6 ' transient' tests.>

i

7 These"are ' tests where short-cladding :sogments -

8 are pressurized with gas-loading and-heated, and one
.

flooks.at'?thdofdifure7characteristicsof the cladding9
} - n~ a

'

- 10 4Esegments. -

,

. ;e
'* * f* 3 .,3. =

,

11- The fuel cladding'mechanicelfinteraction.
,

* t r ;p __
y. r; a s

.

-

12 5te s ts' were in"'th~i~si case where short cladding segments

13 are subjected to that would.more nearly simulate.what.

.

+

14 -they would experience. when the loadings are being
,

15 provided by expansion fuel. Thi.s is. a ^ manual-loading:

| 16 rig that is used, againLlooking at cladding failure
'

.

.r .

17 characteristics.
.

..18 ~The cladding propagating tests are aimed

~

19 at looking at how initial cladding failureLmight
(
L 20 - expand under a' continued loading,.might propagate unde: '-

,
,

21 continued' loading, as the accident ~ continues.

;. - 22 1 Fuel behavior. tests here, using.the short-
i ,

j 23 fuel ~ segments,' single pellets,> heated radially,
.

,

;. . 24 Direct electric heating experiments at '

'

Argonne National Laboratories,_ wher.e short fuel

4.:
.

'

. .
.
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,

19 4 I segments'are, heated with jule heating and associatedt

! 2 behavior as'the fuel disrupts monitors.
_

+

TA 3 TheQcamel loop at-Argonne, this is a loop
y1

that:will~now support up to'37 full length fuel pin^ ~

-4 -

,

.5- simulators, simply being steel rods and. sodium.

i' 6 flowing through at prototypic flow rates and thermite

7 generated-UOT being in;'eted up'through''the hollow'
,

8 lower segments of these rods and out into the flowing

9 sodium through machine defects in the rods, and,this

i 10 enables us to look at various kinds of cladding failure 'L

i
'

~

i ' 11 sequences and the affect of that on pressurization

. : 12 within the test section and sodium response and so on.
t , _

.undeE overIowerJcond'itibns.i '
13' ,

o 4, 4 - w ,
; 4

-

s ,

,
. g ., ;T he - OPRA 15, pin boiling test is coming14 ,

o* -

, .

I i
-

-

~

'This=will be'15 electric' fuel pin simulators in15 - up.
,

eg,. s . , . . . . ,m _ s

I
16 %trfangiilar--shap'e'd | bundle with , again, prototypic

17 sodium flow rates,.which will be subjected to a, flow.
.

4 -
J

18 coastdown and will-simulate flow constdown-in FFTF-

'

19 for' clinch River and'looking.at.the multi-dimension-
,

20 aspects'o'fLthe. sodium voiding'that will be.obtained
-

i 21 under those conditions./
, ..

I 22 In'the transition phase we' ' arc doing -a t '
-

,

23 Argonne National L'a bo ra'to rie s simulate experiments
r.

24 on volumetric' boiling. This-is_using air and1 inert

. gas , . bubbled;through water, looking'at-flow regimes'as ,

4 _

e

P 'TMqv y re'*w1* ke 4--Egiww- g"T(.'4w--' T,9-4 *1f'TP yi'7"W'w-- '* g-= +FWi's9 -um *p+&-we g 5- w++ Wg FS N9 4 gy v ''y t-w---s* g g ft 4 '7 *Y- Fw- Y$ rt'W-#- $ gp' t '3 YjW t
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95 1 aifunction.of flow rate of gas, flow rate of gas

~

2 simulating various superficial velocities.

. 3 Transient ~ boiling flow regime testing is

4 .a' closed-tool boiling test, a continuation of these
.

5 Ifuel-freezing tests where. thermite generated ~Uo is-2
~

6 injected'into. simulated fuel' bundles and.'the-behavior

; of-the f'ucl as.it freezes and oblates the cladding.

8 monitor.

9 In the termination 1 phase, we,are finishing

, 10 up.the Purdue energy convection test. This was.a.

11 onc~ seventh scale. plexiglass'model'of the'CRBR upper

3 12 plenum.
(f\

13 Th'ere were two tests which-were1done where

14 -the hot-fluid was expanding into a cold fluid, trying-

. -1s to. measure,that exp,ansion process and look at~1oadings
.t .- ;1 p: . ' ',.

s u e w >

16 on various components there.
_ . , _, _ , -

e. . .

*~'
- 17 i< '.The FCI upper plenum injection tests are,

18 "continuingnlooking at somewhat more realistic

19 ' simulations at the response of the thermite. generated

20 UO being' injected.into. sodium-filled ~ bundles.
2

21 The simulant fluid upperLplenum inject' ion ;

- 22. tests, these'are tests using waterLand tend to simulatc

23 an explosive' pair, similar--to what one would see'with

24 the-carbide-sodium system-in a carbide-fuel bundle,

attempting to show'here'.that in'the confining geometry
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1- of a: pen ~ bundle that the mixing lengths are;sufficientl y.

2 .small,.that one w'ould not see'onergetic interaction

.;
-- 3 between a pair that would ordinarily --TTwo11iquids

4- would be ordinarily explosive if mixed under different
'

,1 + , . . . - w ,

( cond'ition s .* ;,5 ' g; h 4 $ ? s. .+, ? . o. - l 'jJ '

.e

6 [; 3 yFor example,-.;if you dropped hot tin in=:the* *

' '

1:
'c*old Nbtter ,- Me know' tf at..would yield 'to ^ a ; Vapor-7

+ ~ < .
.. s .

,; ,~

8 oxplosion.- The que'stion is: Would.that paircexpand'

9 in the containing confines'of:a pin bundling'; geometry.

- to There are some small scale sodium, uranium-

it carbide interaction t'ests taking' place at.Argonne,.
,

' looking~at the fundamental nature-of fuel interaction' s

12

' 13 -with that. pair, large-scale on UO2' dropping; tests and:

g some|other simulant fluid FCI-tes'ts.'

-

15 Finally, in the area.of energetics

16 accommodation and containment, there is some.ana1ysis-
,

17 being done with state of th'e :-'a r t codes at Argonne,
~

4

looking at--how much sodium inight actually be; injected ~;18 ,
.

-1g even thE kind.?Of_ pressures that are. calculated in

20 kinds.of cracks in headj. seals an'd - so on tha t are -

- 21 calculated under severeLcore' disrupt..ve accident
'

22 'c o ndi tio n s . -

23 At AI there are' experiments going =on in
'

r

24 single and multiple drop burning of sodium 'looking

at -the: basic physics of that, and that supports their-

g

i

'. d
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' '

' .1 developiment' of .the Somex . 2. straight-fire code , this-;
-

2 being al tiwo-dimensional' spray fire model~.with a
.

:
3 ' rather sophisticated-treatment-of the sodium sprayp '

,
,

v +
,

4 and the subsequent combustion products.
1 .

'

. ~ .
-

5 And finally'at Argonne thera'is analytical
-

,

L
! 6 ' work going on to model'the concrete structural response
;

7 to th'e sort of " short-terrd, high-pressare,:-high-

that containment.
'

8 t e m p e r a't'u r e loading. transients _
,

9 ~ building would experience.'if.a:Very
;

. large-scale4
.

i to Jspray' fire were occurring within it.
t

i 11 .So'that in a'nutshellfis the- range of
.

-- ~ 12 activities we have going on.in.this LOA-3 area at

til[d' p:he sciit' tim'o1 ~
"'

13'
,

,; ;> > - , .

e mMR. MARK: ,Could you say just;another word about-14 .

'O. : ;
.

, . . . . . . o..c
15 ' the~simulahtlfluidk FCI?,

- , +,
. . ; a ,.4 ., j . < - . , , .

16 'f $' 'What?are:the simuland fluids?<

,

*

- 17 'MR. FERGUSON: Again, I.may want ^ to d'efer
,

'18 to Lou _ Baker here, but'they have used.various' things,
'

19 like' mineral: oil, and freon, for example, attemptingj

j . 20 to get.at.some-of the fund.nental. aspects of. fuel-
1 <

.

21 coolant interactions'here'in terms of-various kir.ds
.

, ;
> s

k-r 22 ' of variables,.like-temperatures of the'two materials,*

r
,

'23 . .how they affectedLpressures and so on and so-forth.4

d

24 Lou, do pou'want to say a bit more,about
;

i
'

that particular bit of work?'
: -

V

r -
,

1

-my - ,m. - - , , ,--wy ,,,.y -,,y-- . _ , , , , , . , -y,,-- -,-,ww-,,,,.e,,mr,,e y-,,m,- +.,,yemy, ,,,,-y,n-..,.-* c,,'- ,,.r,, y,-, , , ,am ..,n47,,,._
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{98 ~1' MR. BAKER: I think they are 1so ooking ~at,

2 'some pin water experiments to look at the propagation
. .

;d 3 of the so-called.detination theory.-~
-

N.I '
4 MR. MARK: This is really verytanalogous

-

'

5 then to attemptszto studying' steam explosion with.

6 fluid's a little'more co~nvenient'than alta,-duranium,
_

,

7 oxide ~and sodium?4
-

,

, .

8 MR. FERGUSON:_ Yes.

"

9 hR.LMARK3- Okay. _

/

10 CIIAIRMAN CARBON 's Don, l''it possible to .'
,

s
T

11 summarize briefly ' sort of the world- outlook JoncFCI:

.12 interaction _ possibility?-p)
- .;

,

u
'

13 ( L'au g h te r . ) .
.- .

_

.

14- MR. FERGUSON: Well,jI think~.it'beht be ~

~

I
. ;

-

- .,

.

.
. _ '

15 described a. mixed.' bag with many against few.c

16 CIIA'IRMAN CARBON: .With wh .?
Ap ,7 -

.- ,
r, " 3,+

MR. FERdOSON': Many against.few.-# '*'l'- "I'17

-4.<u -

+
, Le ti me \ s tar t"15y saying that we believe,-..

18
_

.; ; p - - ' '>,:
-'

_

we ,i ,b,cing many people in-theoUnited States', we.believe19
-

.

u 4 ., e> <-,

,1 s,. . ,, ,

- 20 that there is.a large body of evidence which supports

.

-the concept, firstlof all, .that for the o'xide !uel21 f
...g

D 22' sodium' system,-thati.the kind of: temperatures that'we

23- calculate.might exist through-the full range of

24 - accident transierts, that energetics fuel cooler.

interactions are simply precluded by f unda.acn tal
<

t
r

# .{ - 4'

r r
^

|
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1- -physical principles, so that for in-reactor conditions,

2 an3 do not use the kind of pressures 'one might..calculatc

3 'as arising from encrgetic fuel interactions'to-in any

'4 way affect the course of our' prediction in the:

5 transients, while. admitting at the same time that one
.

6 can,.under-the right kind of-conditions,-get energetic
,

'7 interactions between' liquid, sodium and molten

8 uranium and dioxide, for example, by dropping a small

9 drop of. sodium into.a potoof molten UO2, the drop is'

10 resident for a while,.it.-is captuted by that1 super

11 heating and then vaporized .ath'er explosively.
,.

12. The primary-evidence:that is offered therc~

~ 13 is this| homogeneous spontaneous nucleation theory,
t

14 .which.looks,at the, interface temperature that would'

15 be established, and it~says.that if that;interfacez

lo temperature is below~the homogeneous nucleation-

.17- temperature of the cold fluid, then'thatienergetic'

18 FCI is jreclu'ded, and from there that theory needs

g [ some:more sophistication added to it to be'able to19

r <, ,

20 , explain the full range of experimental results.
,

'~ 21 T E
"'

'Mhe0othcr side'of the argument, of course,
.

-' 22 '''}s j-provided!'primarily by. our British friends who
,

123 claim that this detination concept, the key one, that

24 it~is possible for a self-sustaining' interaction to 'J

. occur if-you'have a large-scale coursely pre-mixed _ l
- |

|*

,

A_S_._______.m_-__.__ _ _ _ _ _ -_a_____...._____ _ _ _ _ _ _ . _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ . _ _ . . . _ _ . . _ _ . . _ _ _ _ _ . _ . _ _ _ _ _ . __ _ _ _ _.
-
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1 mixture of the hot and cald material, and you get the

2 right kind of trigger mechanism, you then get a

3 detination occurring where this shock wave propagates

4 and it self-sustains the interaction.

5 Our comment on that is that the jury is still

| 6 out on whether or not that is a viable theory. We

7 are doing some very fundamental work now on the

8 hydrodynamic and thermodynamic aspects of that which

9 seems to be suggesting that it may be physically

10 impossible for that to occur, but that is still

11 very preliminary.

12 At the same time, again, through additional

13 experiments trying to refine our understanding of the

14 limits of this homogeneous spontaneous nucleation

15 theory.

16 And, as you know, NRC is sponsoring, along

17 with some other countries, is sponsoring a series

18 of tests at ACR'R where'they intend to start with a

19 coursely pre-mixed mixture of UO and sodium, and they2

20 are going to hit it with a fairly healthy bang.

21 I suspect they will get some reasonable

22 pressures out of that.

23 I don't know what applicatility that has

24 to the interaction situation, but it may be useful in

shedding some light on the question of whether or not

, u
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'1 ,this detonation theory-is a viab..e one, or not..1019
'

2 Dave, you.are on.' We have' reversed the

^

3 order of presentations:here. It made a.little bit
V'~s

4 more ~ sense to go.with Dave first and then John

.

5 Kramer.

6 MR. WEBER:- I am. going.to-focus on a couplef

7 of the things that Don mentioned, and in.particular'

8 I want.to look at a couple ofIthe larger. code develop-

9 ment cfforts that are' going on presently at'Argonne.

10 I;~ guess I.want to make a general commen't
~

,

11- Labout'the activitics-at.Argonne. There.are?a range
~

12 of activitics, including experimental and
.O

13 phenomenological investigations as'welllast large-scale
,

-14 code development.

15 In the code development area, we,, in. fact,.
.

16 break that-up into' a couple of areas where'we have. *
c

.,

17 phenomenological modeling as well as integrated cor'e

I13 analysis,'and my-particular discu, . ion here.is going-
,

19 -to be on.the integrated core' analysis.
,

_ .

2

. Shore,.f s ;an approach here that we havei20+

. ,.v ,
. .

-

. l k .d | ' s +1| .,$' \ w a ?..bt- ?'
o> a-

' - '21: tried-to put together in the development of thesc
.

'q ; .c3q ye,
.

. k/ :22
,

ylarge-schle* codes that..I think-I have' illustrated ~
'

i
-

i ' 23 ,right here.,
'

4-

, 3, tt; ; ,

;
-

i . 's v .
; .

.

. ..

24 As'Iogo through and talk about a couple of<

| the examples,,in particular, the SAS4A and-transit-

:
.

_
a
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i l' ~ codes, I would like to come back to these concepts'to
i

;
.

.

them'into effect.2 illustrate how we have actually put
. ;

;

3 There e a couple of elements here that

| 4 in the development,of these type of codes that I'would'

i
5 clike to-point out. 'A lot of these have evolved over

i
1

i,' 6 the.yeara and in particular have evolved from the

7 analysis of core disruptive accidents. I believe-the
s ,

| 8 strategies that I have indicated here now have become
!

9 . generic characteristies.fo'r a large-core development.
'

;

~

10 The first is.a development of a mathematical

11 model to simulate particular aspects of the_ system. |;
f

12 In_these large codes we are talking about specific 4
3 ,

13 models to handle the:thermohydraulic of.the code.or a

i ' 14 fuel disruption process and such things. .

15 Once we.have:put these mathematical and.

; -16 computational-models to'.,_: hor, we entered the second
i

! 17 step, which'is a verification of the methods.and the

| 18 models and then an interaction with the experimentalist
'

J. 19 to' determine the validity of the particular models'
;

: 20 and then in.a whole' core'' context to identify the
!

!, 21 . sensitivities'of the whole core results to.those

'
- 22 particular parameters, and finally, the last, to

i_ 23 perform,whole core analyses..,

J !. . . ~ 6, ,
. .

.
..

-

c

This herf'ormance of the whole core analyses. , .

24

::
"

7
-

.;.-
'

s .

! R. leadsd.in a<feedba'ck-type of a process to a redefinitior
4

j:-
~

f* ''*

. ';} -' ' } '. . ' . , -

-;
,?- t

* '{ '
,e+,

'
. . . , - . , , _ . , . _ . - . . . . . . , , _ , - - .. ~ ..,_.. . . . _._ ,..- -,.._ - ,m ,,, _ , , ~
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~1 - of a problem and 26 hopefully some identification.of-

-2 critical phenomenology and needs, as 'f ar 'as data base

.
'3 is concerned, and hopefull'y some implications on'the

4 design process, and that becomes ou'r e7cond step, that

~5 i s , .- t h e application strategy.

6- We have been particularly involved in two,

,

7 act_ivities. The.first was in the ClinchiRiver breeder
,

8 reactor and-the conceptual' design study.to. support.tho'

' 9 design licensing 'of f orts in an a'ssessment o'f ~ the'

~

10 energetics of|the core. design as given7to us, and''

11 th'en,. secondly, the.second stepris the.clo' sed-loop- -

12 interaction',..and.that'is:an examination of the design

13 . , alternatives . t.o help, in the reduction : of the energetics
' \ut. . .

.

.~. 14 -potent'ial. .
'' ^, r .G .et; ..

2
.

':" ||
' ' -

, r .

15 ', l.i T h,e p e r s p e c t i v e that_we have for the' code.4

.. + ,

16 { .~t h a t I would"like to talk abouti, I would--like to-focus
,

17 'on'the code, such.as SAS4A and transients that are

18 indicated right-here.' 1

19 Over .tho'last several years si~nce the

20 examination ~of the Clinch River breeder reacitor,

21 .particularly. for the homogeneous core, several areas

O 22 were identified as-being important, and I should say

'23 in;the application of a. code,.the. previous versioniof
,

24 SAS, were:identifie'd several-deficiencies'in the-

< ' model', as well'as:the experimental data base.
,

~

.v.
g

- ' s

2 -,
.

_

' s . . ~
__
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1 .But looking at these types of cores, I think
4

2 these key.perspectivs have to be noted. First of_all,

3 the idea of-como sort of thermohydraulic phenomena
,

4 : associated with an overheating of the cooling can'

5 fead to sodium voiding of the-introduction of this ,

,

6 voiding a'ctivity.
,

7 -- The melting of cladding:can, in: fact,,

.

8- enhance this.particular process, and finally with.this.
"

.

.a a
9 mismatching and cooling capability, we get to the point,

10' of fuel disruption and fuel relocation.

11 Depending upon the reactor design and the

12 timing of these1particular events, it is conceivable

13 that we could get~significant reactivity feedback.

14 So, the idea _is_to assess these particular
.

15 scenarios to see if in some integrated fashion we can,-

is in fact, get to a,scenarioJwhere we have a sustained,

,

- 17 ' prompt' critical burst.

18 'If we do not reach a sustained prompt

19 critical _ burst, then the initiatin's pliase of the

20 accident _may, in fact, be resolved positively, but we

21 still have not resolved the ultimate question of
.

.

- y , , ..

i^corc onergetics,'and4that.is in a code, such as. 1 22
-

SAS'4Adhsthdetermine"the initial provisions for the~

23

Q. - >
'

.>
24 subsequent analysis.

3 ,7 f. -
-g s c ,

?

A code at the;1ast-point here, these are

o

>
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1 large-scale. integrated codes. That is,~although we
!.105

2 have : specific 'phenomenological model development

i
'

.3 tak'ing place throughout'the program, it?-is the
.. .

:

4 integration of those activities and in particular I
i-
! S the integration of the rmohydraulic . phenonionar with
;'

,

6 electronic-related phenomena that brings us to the
|

7 point of understanding the energetics pytential.
.

! 8 Several of the key phenomena"that were.
1

[9 identified in our most recent-analysis.in the licon'siny

I to context was for the Clinch River breeder reactor.

11 These same type of phenomena have boen-
;

'
12 identified in'even more recent' analysis of tho' los's-o f <,

|

[ 13 flow scenario in the conception-design study, both '

: t

i 14 Phases I and II, and these were the phenomena:
;

[ 15 First of all, sodium voiding : led Lto an -
!
i 16. increase in the power of the particular.. system,
!

I 17 in general led-to.an overheating of the' clad. *

;
;

! 18 Clad relocation then farther enhanced'this

; 19 particular scenario, generally having positive ;

l'
20 reactivity in Clinch River as well as in CDS, and

| 21 it was the combination of these two events in-here

- 22 that led the reactor to the. point of prompt.

23 criticality.
'

!

il * ,Then wo_ reach _ed the point of what happens j.24 Y e.. :
, u ,, -

,

-- - 6 .. ? e, 9s y /. .,J3 .f 3; &

i .when the fuel.itself starts to disrupt,.an'd this
: y| | 1; 'r O. ,/I'*

,

:.3 [ ' $. .) '. h f-
2 '^^ r

,

<- .
'

n .i 1. x =r 1 - -a . - -;
., , ,, L
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.1 became a b, ranch point in the Clinch River analysis,

2 particularly with the homogeneous void and the void

ex 3 activity that was associated with it, and at that
/v)

4 particular branch point, we determined whether or

5 not we went prompt critical and sustained a prompt

6 critical burst.

7 In that same type of a scenario, however,
,

8 if we had reached prompt critical reactivity, and

g power increased rapidly, enough that we had the

10 possibility of overheating fuel pins that, in fact,

11 still had coolant in the subassembly channels, and

r 12 the possibility then existed for rupture of those

L.)
13 particular pins and failure of the pins into channels

14 with sodium.

15 This was a phenomena that was identified

13 as the loss-of-flow driven transients overpower

17 events.

18 These types of events here were the

19 motivation for developed and refined models for the

20 SAS-type of a system, the previous analysis was

21 performed with SAS3D, and I will discuss several of
fm,
(_) 22 those models or at least summarize several of these

23 models this afternoon.

24 It also motivated the development of an

experimental data base to better identify the
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1. phenomena and also'to calitrate the experimental

i 2 information,Tand I'think that is the critical point
'

!

J '. '3 that'I wantLto make here. -

'
'

- .

t 4 There has been an iteration in.the model'

$ 5 development-where there is integrated analyses and
|-

6 the experimental data base that can be1used.: '

4

7 The phenomenological aspects'and,the.

a experimental aspe' cts.will be covered'by. John Kramer,

i 9 and Al Klickman- subsequently.'
,

10 Again,.to refresh your memory, the SAS4A
~

11 code is-similar'in design to the SAS3B: code in that..

.

. 12 several thermohydraulic and neutronic aspects are .

1
'

13 considered, and I have summarized'all.of them here.<

,

t

5 '14 The most interesting ones that involve

15 model developments because of the implication for:
!

16 the- Clinch - River reactor - were identified.in our claddir g. |{
|

| 17; moti,on,godel clad, .our, fuel motion and sodium boiling, ,

!* +
, , r 1 , ,

duriNg'~the TOP''abd 'O'C'OUT, which is referred to asT
~

[ 18
i - ?; .y .y,

19 PLUTO"andik.hejfuelsmo' tion model during the loss of
.m .

+

20 . . flow and. l,oss,of. driven TOP..o ,. .

,

21 These are the principal data base.that--
.

|. , - - 22 justified this particular model willibe br'.efly

1
'

=23 referred to here,

j
.

..,There are other aspects, too, though, to'

24'
,

' this -particular code that were also refined to provide f4j. -

I
-

'

:. -n

I
' -

g
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1 us with a better understanding of the scenario.
I

a 2 I mentioned before that when we reached
-

'
- reached a'_ branch- 3 the point of fuel disruption, we

;-
1

: 4 point in.the energeti;s evaluation, and it was the
4

'

: 5 particular branch point that motivated the development
+

6 of phenomenological modeling'for the descriptilon for~

i ,

; 7 the fuel diraruption process itself. ,

.

8 Now, there is axperimental information-that-
,

9 is being generated.along,this line, and' there.areL

10 detailed phenomenological models that John Kramer

11 will refer to that will account for this as well, but

'
12 in this particular case we need integrated. aversion-of

-

13 .thi_s analysis to incorporate in the integrated analysir ,

14 and this-is SS Fuel, Deform 3.

~

15 I;specifically wan't to point' out the.v'iew

16 graphs that are indicated there. A couple of the

17 ~ modbls,' DEFORM, Levitate and. PLUTO', to illustratc~.what

18 -general capabilities we have and how we.go about

19 cvolving.these particular models and' verifying their

20 capabilities.

21 I think that-as we'go t h r o u g h~ :t h i s , y o u - w i l'l'
.

- 22 cce that we, in fact, have a closed-loop type.of
,

23 interration here where in terms'of validation ofE
'

24 our model we.look toward experimental information,
,

both in- and out-of-pile, but then heavily rely'on
< ... s. . - . , _ m - :
N j. .

t>> ,+. < , -- .n - > .
!- p< m it,

<r, r

- , 4 m.f ; ' L ,' f ; - ,. ~. J. ', , _ j ,J ,-. - . ,_,, , . , ...-,,,J.,-s,_,._,,_-.A, . , i. ; .. , . - . . . . ~ , , , .
'

.,.- .%.- -, - , , - ,,
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1 ei.ther, analytic,. verification or intercode comparisons
'

. 4 i i 9, y )ij
,

'
.

,
#

2 to-salidate the concepts.

f 3 In.particular, .let.mc use the-Deform nodule. '

:

4 to. illustrate-how we.have gone about developi'ng a c-

5 model-and-performing some of the intercode comparisons'.
~

6 As I mentioned, we,need'a modelJin-the

7 integrating, code c'oncept to~ describe the initial.'
,

,
,

E 8 ' fuel ' disruptions'or"the cladding' failure,and:then
:
3.
; 9 the subsequent disruption of the fuel within-the< >

-
>

~

10 channel.,

.

11 .SS Fuu l Deform, in fact,.provides us,with^
$ *

h- . 12 'that type of model. 'I t will go through the fuel'~'
G), ,

'

; . 13 characterization aspect of it. It will effectively.,

14 d'efine where the fission' gas is and its disruptionp

- 15 capability.

| 16 Then in the Deform 3 module we effectively.

17 do the fuel mechanics, including the stress, strain
4

1

|
.18 calculations for the fuel and the cladding to identify

where.our failure may take place.e

.

20 That was the' safety issue and the' objectives.

21 The principal characteristics that I have

/]" ' - 22 ~ indicated.there.are, in fact, boilt down to generic --
,

'
-

-

.

,

. 23 two models that cxist within the computer code itself.
. .

24 This. type.of a'model, as all of the models in

~ SAS4A, tend to be a couple sets of partial differential
-

f

- ~_y , - y y. y-, -, -- y., , , - ,mg. y3,>w, 3-e., . , , _y-.-,r-, * a *e- - ,.rr-+ee+ 4' ' -- " ' ' ' ' - *W+ 7 '#*
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1 equations.

2 .There are parameters, though, that exist in
,

(S 3 these particular codes, and identification of a data
V -

4 base for specification of the parameters is necessary,

5 and, as a check on the validity of this particular

6 model, te need extended comparison.

7 The next view graph briefly summarizes what,

8 in fact, we have been doing. I guess I should also

9 mention at this time, I should have mentioned earlier,

10 SAS4A is the most recent version of SAS and has only

11 recently been completed in its integrated form in the

rm 12 spring of 1981.
(_)

13 In particular, though, we look for, in

14 SS Fuel Deform, we are looking for both experimental

15 and analytic verification, and in the analytic

16 verification arca, we are one of the participants in

17 a code comparison exercise that Don menti:ned earlier

18 to identify several aspects of these types of models,

19 including distribution within the fuel pins and the

20 stress and strain history of the fuel pins themselves.

21 In addition, though, to these particular :
>

(~)
k/ 22 codes that are developed generally by independent

23 organizations within the U.S., we are participants

24 as a DEO representative to the European community

whole core comparative calculation program.

l

. . .



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

e
.

~

2.73-

111~
> c .>"

1 - tone'brkbf;,commenton.that, because I will-

s i, ,
s .

2 ecome back t< '. t ,. t h i s is an exercise where several'
t1 -

,
,

,

4
- 3 - ohganiz'a't' ions 'ro'm cdv6ral 'dif f erent countries arc

,,
~

<t'

.c.. , .,..,..,a,,

'

4 -utilizf' 'bdth their phenomenological models'and their
:

'
,; 5 - integrated models to assess whcde coreuenergeticsi and

6 as part of this, we will-look at particular-ph'enoneno-
.

,
-

some ' comparisons ~and' t' hon ~ also7 logical aspects to form
'

,

)

, form'whole core _ comparisons. - >

-

'8 to
!

>

9 This was doneLin particular with.the
,

10 Commith 3 JFBR code and the other ones that~were

11 initiated there.

12 The Commith code is the one that we havegm
|. s

13 taken as something as a benchmark i~n a fairly recenti
.

j- -14 study.

| 15 The Commith 3 code'that is used_for light-

| 16 water reactors was id'entified as the best inithe state
~

17 of the art as, field performance code, and' the FBR code
,

!

18 is considered.to b'e of'similar capability, and', in

19 fact, has been calibrated against fuel ping,'I believe,

20 out of the reactor.

- 21 We have done such comparisons, as I'have

22 indicated'here, in fission gas' release, gas

23 distribution,,and stress and strains, and these types :

24 of exercises ~have identified some. deficiencies in

our: code, buttthen also have.provided us with a data

. -

y r% e ., 36. .-y. < - - - - ,,-m , , , -h. s-,,y y s 2,,,.-e .ver,4.. .,,w.,,.-- im..
-

-
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1 base for calibration of the model itself.112

2 o The same types of things come out in the
Ig 4 *

r^} 3 U.S. U.K. intercode comparison.
( ,

w,

4 The next view graph indicates one of those

compari'ons with Commith and SAS4A, and although5 s

6 detailed discu;sion of this was really necessary, I

7 have tried to identify how, in fact, we have accomplis!- ed

8 such comp. isons of these integrated-type phenomena.

9 The straight lines in here are the Commith

to calculated strain -- positions of strain, and the

11 dots and the souares are the SAS4A calculated results.

12 It is this type of information that is(-)
\. .j

13 necessary, and in particular, other informatien, such

14 as fission gas distribution, that effectivelf defines

15 what our initial conditions are at the ini.iating

16 transient.

17 That was an example.

T7 18 In the near term we will go on, in effect,

19 in the evaluation of this particular model, and in

20 comparison experiments, and in particular those

21 experiments, such as those mentioned by Don, the
(~
'/ 22 EEH, FGR and Transient Intercode compal sons, things

23 of that nature.

24 There are a couple of other in here'
<

_k. Some of thethat are also identified for future '
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1 anticipated ~and experimental information we will e',

2 generating, in_ fact, will be U.S. U.K.-related

3 information with' annular fuel pins, andEthat will
-Ovr

4 serve as another check on the analytical modeling-of

5 a particular' code, but will also necessitate improved:

6 ; mod,eling capabilities as well.
<

-

Thbt'wa's an example.' '

7

. -
,

: 8 oQs I' men ioned before, when we reached

<9 the . point ,0f = . fuel disruption , ,we reach a critica~l'
!

'
. m

to branch point. If the fuel motion at the point of

11 disruption:i's such as to increase reactivity,fwe have

- 12 a potential, at any rate, for a prompt-critical

13 burst, and the prompt-critical burst, in effect, is

14 when you vaporize ~the sufficient fuel to give us

15 energetics.

16 Initiation of this type of a model we_ tend

17 to be in the range of roughly 90.to 95 cents critical

18 and a very slight positive increase in reactivity in

19 reactors, of.high void worth reactors, that is, a

20 reactor.of something greater than $3 has this

~

21 potential'for. pushing us over that particular cliff.

22 So,.this was identified in the case of

23- Clinch River,7and the safety 1 issue that I have

24 indicated'right here was the one that was intended to

be resolved.
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'1 At that time, limited, this- was in -- the-

2 mid '70s time. frame, there was limited' experimental ~
...

'

3 information particularly on high power.~ conditions, '

4 and the only.. data point that'became=availabie in the
~

*

5 '76 '77 ~ time ' f rdme' was . the' L-5 ' TREAT. -experiment .-
,

6 Subsequent to that, several'other experiences ,

7 including L-6 and'L-7 werc_ conducted and provided

8 something of an experimental data base f or the . develop-

ment of.this'particular model.9

10 There were deficiencies-used in'the SAS3D

11 model.

12 The objectives-that I have indicated ~here,

13 were basically'the deficiencies that we hope to-

14 relieve, and'the characteristics that I haveLidentified

15 effectively address these issues.-

16 This became -- our model be'came a two-fluid'
~

17 calculation, which was consistent with the state of

18 the-art, these types _of calculations, because we""
,

19 were anticipating'a-thermal interaction either within
.

20 the initiated phase or potentially-within c.he

.

transition phase.21

.

we 22 Thermal.models were. included, and an=

23 integrated analysis of_ our fuel and clad motions -was
1

24 - included'..

- 1
~

'

:Let me point out, skipfonc view; graph, and
.

7, ; ( *, ? yL 3. - I'? >* ,

*
,

*
J h / s_ ' . a , ;-M. s * = r5 z# =

*
_

i

- _ -*' -a
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115' l point out one of the comparisons.

2 As DEFORM indicated, Dave gaveLa partial-
'

3 indi' cation of our intercode comparison effort, this

4 willcbe~an. indication of our experimental comparison.

5 ftThisj was ya'; calculation that was performed of the.
p ., m, 9 40 T't,'_

6 , fuel: reactivity history and the L-7 TREAT. test', which
f'

'

s ; -5-

*

7 ..was''designedlaf a' Clinch;. River' homogeneous core loss-of -

flhw[Uest7whe're|.V6"gan'through a constant power phase
~

~

8

9 .and[than1went to approximately 20' times. nominal in a

10 , burst phase.

'

, -The information that was generated.on --11~

_~12 Tho' fuel motion-information that'was generated was

13 .then weighted by a typical Clinch River reactivity

'4 worth curve, and the results are generated in a

15 d'otted fashion on curve".,

16 The model'that describes this particular--

|

17 scenario, in fact, as the SLUMPY model, and it is-the
1

18 one that-was used in the SAS anaIysis for several

-19 years.

-20 , That model, with our best' estimate of the
~

1

21' -parameters that are necessary in th-st code, gave us
: -

,b ' 22 a-disruption indicated by the dashed'~line.

23 The Levitate model is indic a'ted : in'the-
24 solid l'i n e , ' a n d showed a somewhat greater, something.

of.an improvement in'the master experimental.d'ata.
.

'l g

. _____._.m______._Em__.___m_ . . - _ - _ _ _ _ _ _ _ _ - _ .___.m - ._ ._ .___m_ .
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gThere'werepseveral factors'that accounted-1

2 for this. The particular ones were:. The; dynamic.j
'

r- - 3 modeling of the two-phase flow. . .

4 Well, that was an example of'our. experimental

~ ^

s = comparison, and that, in fact, 'is' the direction-that we-
-

~

! 6 continue to go on development'of th'is type of'model. *

7 We are, participating ~rightinow in an inner'~

.

8 code experimental camparison,..again,.of the'L-7

; 9 experiment. This is the one that has' been-completed..

jo We are presently in the process'of_analy' zing
,

11 : other -relevant loss-of-flow' tests, for- disruption ,
4 /

' ' ' including the L-6 loss-of-flow test which was similarj_ . 12

V:
in design to the L-7 experiment, however,.theLmaximum

,33

power level was 10.. times nominal, rather than 20.
34

A similar experiment in.the transition phase,.
15

'

which I_.will'come back'to,'is the RX-1. experiment,
16

which is basically.an analysis.of the lower power boliingi
. 37

o a uel steel mixture. Mathematical models'have some'18

3g- similarity to !that1 scenario as they do: to- the Levitate-

,m del,.and we are usin'g Levitate to pretest analysis of
~

20

that'particular experiment.g .

'() ' Finally, we~are also invol%ed in whole' core2

- 22
'

~

code comparisons with the SAS4A' Levitate model,.again,

in the context of'the'EEC'WAC'whole core. This
~

24
'

particular exercise hasmonly recently been initiated.,

'
. ,

, ,

11

* r-e Wb <-- --e * + - t + '' " 1 --- *~ ~e7
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'

11 k' ~ ?A:transEh,nt ove'rpower test that' I will'
~

,

referito in/a minu~te[has;b~een completed, and irradiation2

'3 core loss-of-flow exercise will be conducted over the

'

4 .next two years,
i

5 Our near term tasks effectively are'to
4

6 re-examine these types of scenariosiforLgenerally

'

7 heterogeneous and to complete or extend the valida' tion.

8 of the model.
,

~9 The last example that I had chosen.wasian
',

.

~

10 example-from the PLUTO.II. code.-

11 Let me-very briefly summarize that and not

12 go into much detail.
bT

13 The difficulty that weihad'with the'highlv'oid
~

34 worth cores have been in the area.of the loss-of-flow-

15 driven transient overpower phenomenology,=and the model-

16 .that we had in.SAS3D, in effect, did not have a dynamic

'17 calculation of the motion of fuel within the pin or

18 outside of the pin during the failure process.-

There was some criticism of the SAS3D mo' del,ig

and its experimental data base, and over the last20

21 several. years,~another model called-PLUTO was. developed'

() and implemented in the SAS4A code. This particular-22

model underwent extensive stand-alone' code verification,
23

as it-was originally designed for analysis of transient24

overpower events, and, in fact',-the. code:and the

/
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1- parameters. existing in there were calibrated against

2 the H6 and EA TREAT experiments, which were 50| cents

e3- 3 and $3 a second perspective in the transient-overpower
ty .

; 4 tests.

5 .The code.was then subsequently used in the

6 L-8 TREAT experiment,.which was, in' fact, a loss-of--

,' : i ,. |\ L -
7 flow-driven' transient overpower TREAT' experiment, Land

< r .

a the results'.which';ILhave)some of the results which we

9 are' going to discussy"if*necessary, showed reasonably.

10 an agreement.

it This type of a model, though, was put

f 12 together into the SAS4A code, 'and as our three elements,

13 the comparison of-integrated whole core. analyses that

I mentioned before.14

We have used SAS4A PLUTO within-the EEC-WACS15

16 whole core analysis comparison, and these are the
,

various European codes that have been used for thej7

analysis of this fairly well-defined event.
18

I One' thing that I will point out is that the
39

SAS4A code in this area tends to be one of the more20

sophisticated codes in this area and, in fact, has
21

('. apabilities of running time and mathematical 1modeling) 22

that exceed most of the other codes.
23

SAS3D that I have indicated here is the
24-

version of SAS3D that was.used.in~1977 in the assessment

,

t v, - r w e s e r , w -- --
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1 of the' Clinch River homogeneou.s core, but, in fact,

2 is being exercised by KFK in . 'th e assessment of energetics

3 to 300 SNR..g x
O^

4 SURDYN is the French full-core analysis code.

5 FRAX is the~English full-core analysis code,

6 and SAS EPIC is a combination of SAS3D and a fuel

7 motion.model called EPIC, developed by the Physics

8. Division at.Argonne National Laboratories, and, in,

.9 fact, was|the NRC, U.S. NRC's contribution to this

10 particular set of calculations.
.

'

11
'>
This is another element of this code

4

12 verification phase that has helped us, not only in the

13 qualification of particular models, such as Deform,

14 but also helped us in the qualification of whole core

15 results for these types of analysis.

16 MR. MARK: You said-an odd thing, which I

17 _ don't suppose you actually meant.

18 SAS4A exceeds most of the.other codes in
; _ ig running time.
,

20 MR. WEBER: What I went to say.was that that
.,

21 is true, but what I meant to say is that it exceeds

k) the capability of phenomenological modeling.'

22

MR. MARK: It.does run longer?23

24 MR. WEBER: It does run longer, yes.

Generally speaking, the models are more sophisticated.

. -. . .-. - _ --
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1 MR. MARK: What kind of time does SAS4A

2 run?t <- .,

;./.,. i,,L4,
r ;. *' i ,

3
, , ,

MR. WEBER: Typically will run for a loss-of-. )
: e , . .

- 4.

4 flow,::perhaps two hours 1:of computing time on an IBM

5 370.1
. >

-
s'To'

. ,
'

,
_

6 MR. MARK: Thank you. So, it is'really not'
1 -

7 horrendous 9

8 MR. . WEBER: No, it is not horrendous.
t

'9 M R .' MARK: But for a research program budget,
,

10 it is a lot.

.
11 MR. WEBER: Yes, it is. In' fact, we have

(3 12 dominated the computing costs both in the division and
\_)

13 I would suspect across the laboratory...

14 MR. SIEGEL: What were you intending to
,

15 convey on this chart?

: 16 MR. WEBER: Only that there.are certain

'

17 elements to our code validation phase --

18 MR. SIEGEL: These are.all. calculations --

19 MR. WEBER: Yes, these are all calculations.

20 MR. SIEGEL: -- by codes that to begin with

PeoP e have equal confidence in them?l21

(~N,!. 22 MR. WEBER:- That is the proposal for this.

23 MR. SIEGEL: At the end when you get this

24 mirage of results, does it suggest anything, other than'

that there are these strange differences?

-
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1 MRI WEBER: Well, that is one'of t'he purposes,

2 of these particular calcid ; ions,.to identify where

'
' '

3 the, differences existiand.why they exist.'
v. .t <: .; ..: i=. ,

, a ., - ,f; . . ,* 4 - f . c, > r .'

4 MR. SIEGEL: Well, take SAS3D<and,SAS4A,
'

f' : |' t[. .. ,. i

I -:supposq.onef is an evolution 4 of the other?- 'S
, , _

E

iMR. WEBER: eThat's' correct.6 - -

s
-

,, , . ,. - -

7 MR."SIEGEL: What have you done'to_get. rid

a .8 .of the peak? -
.

'

9 Is that an: improvement, or does that,now

jio ignore the very important factors,.which were-apparent

11 before, but somehow have been wiped.out?.

12 MR. WEBER: Generally speaking,1we do a

ja . dynamic. calculation in SAS4A.that we did not do'within.

the' context of SAS3D,.in that SAS4A has reached a higher14

15 . level of. sophistication in terms of.its analysisEand

16 picks up elements that were effectively stepped over'in

37 the previous version of the code..-

18 .In this particular case, we had.the SAS3D.

~ calculation-calculate a rather rapid'expulsio'.of-the-n19

sodium slud, and we have done a more detailed dynamic20

; calculation-on SAS4A.21'

I) - .MR.' MARK: ' Total energy up to~a loth of a
22

second is different as those graphs would make one
23

think. -

24 .

MR. WEBER: No, that is correct,,but again

'

..

.ts
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122 1 the purpose was not to determine energetics of this

2 type of a reactor, but rather was to identify the

3 modeling capabilities of the various codes and to

4 identify the differences, and I put this up not as an

5 . assessment of this particular reactor assembly,-but

6 Simply,as-an' indication of another method that we have

7 for assessing the capabilities of the codes, such as-

8 SAS4A.

9 MR. LIPINSKI: Given the code, SAS4A', you

10 cal'culateithe; reactivity feedback, so as the fuel
>

( 4- <_,

11 motion. contributes:to_the reactivity, this contributes

>. -
,.

.
, ~

12 to rthe power versus: time history.
'

13 MR. WEBER: ,T h'a'E ' s c o r r e c t ..
, . . . ~

'

,

14 MR. LIPINSKI: Now, when-you compare this to

15 a treated experiment, the power versus time is TREAT

16 as prescribed.- The experiment does not alter the power

time.17

MR. WEBER: That is correct.18

MR. LIPINSKI: And when you'show this19

20 comparison, it is only with respect to relative fuci

worth, but what role does the power time period play --21

() CHAIRMAN CARBON: One minute, the court
22

reporter needs to change her paper.
23

MR. WEBER: Generally, the iteration process
24

that' exists is that a calculation of a particular

,
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1 scenario with a whole core integrated code is performed

2 months, if not years, in' advance.of the conduction of a

s. 3 Particular TREAT experiment,-and the attempt on the
.

4 TREAT size is, in fact, to' measure the power time

5 history of a-calculated sequence.with the_integraded

6 code.

7 There is no feedback, as you point out, in'the

8 TREAT experiment.

g MR. LIPINSKI: Well, without seeing the

10 power-time history, it is hard to see if the TREAT

11 response can match the --

4tR.-WEBER: I'm sorry, as far as that'

12
,

O - *
33 particular, curve is concerned, we have the capability

within;SAS'of# prescribing the powertime history, and
14

that ' cal'culation 'in' :that was prescribed , and, in fact,
'

,3

the radial power distribution, of course, is different'
16

than a TREAT reactor than you would see in a normal. fuel
37

; element, and we also prescribed that.
18

So, we match the TREAT conditions in the
jg

analysis with SAS.
20

I

However, the generation.of the original TREAT
21

requirements for power _ time history are prescribed by
22

a whole core of~ integrated calculation.
! 23

|
Is that clear?

| 24
I

MR. LIPINSKI: But somehow I don't think that
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124 1 the TREAT power time cure matches your prescription

2 exactly, does it?

/'N 3 MR. WEBER: Yes, because it is red.
V

4 -MR. LIPINSKI: All you can do is dola flattop

5 and put in a nominal version 1that gives you certain

6 energy, but the' power time will not overlay your
*

., e :,
,

,
_

.

,~ ,

7 p r e s crip t1o'n . . 3 T)
'

,

#
8 f , MR. WEBER: Y e's , it does.. The power time,

$1 S ' . 1..-

9 history that we have used in the'' analysis of the
.

> ~4 g ~

TREAT e'periments'-- '

10 x

11 MR. LIPINSKI: But'in doing a closed-loop,

. 12 calculation, if you do get a loss of' flow, do you come

13 out with a-power time curve? That. power time curve,

14 as you provided as the prescription, would'not be

15 duplicated in TREAT. '

16 MR. WEBER: That is deceivable,.and that is

'17 one of the difficulties in.the iteration.

18 MR. GAVIGAN: Do you want to add something,

19 Don?

20 MR. FERGUSON: Well, certainly we would not

23 attempt to. precisely duplicate all the little squiggles

.m(). 22 you'would find coming |out of a whole core code, but for

loss of flow accidents, most of.the phenomena of23 .

24 interest can be simulated. reasonably well in. TREAT with

an-extended flattop of some height and duration followed

.

~

'__ c. , - ,y p. p. w., - 4
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125 1 by a burst that one could characterize as having some

2 period and some flow with of half maximum and some

3(- power, and that allows us to track through the
C/

4 phenomena of interest in~ perhaps not the same power

5 time history that would be calculated in a reactor, but

6 would certainly take us through the phenomena of

7 interest that a proper time of power level conditions
u r;

8 and period of conditions would be.

9 'MR.'L PINSKI:- [My point is: You do a
'

10 calculation, you come out with a curve, you are

11 predicting that is going to be the behavior of a full-

12 sized reactor.
(v~-)

13 When you go into TREAT, you are only looking

14 at a particular part of the phenomena with respect to

15 the fuel motion. You are not getting the same power
.

i

16 time cureve you can see in a true reactor accident.
,

I

17 So, you are doing an approximation in terms

18 of energy over some time ago.

19 'A VOICE: The question is: What is the

20 response of the various reactor materials to a given

21 onergy input sequence and can you predict that with
,,

(/ 22 responses with the code, you then assume that having

23 predicted them appropriately and well-intrigued, that

24 your description of the: reactor as a whole is, in fact,

correct.

<
_
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1 Now, that is a big step, but the only way to

2 do that is through a code.

3 'Let me just mention very briefly transition

4 phase code development at Argonne, which was

5 initiated several years ago, but approximately a year

6 and a half ago, we became considerably more interested

7 .in this area.

8 During the Clinch River licensing days, there

9 was still considerable concern about the initiating

10 phase, and some of the' arguments were used-for the

11 analysis of the transition phase.

-x 12 I think it.has become clear that in the
)

13 evolution of the heterogeneous growing contention that

it will probkbl'y shift,from the initiating phase to the14

15 transition phase. They will at least appear equally

16 important.
~ , . ? . i:

17 i .-In particular,"these are our perspectives for

18 the development of such a whole core code at Argonne,

.19 and in particular in the-heterogeneous core, I will
.

20 point out that our : preliminary calculations indicate

21 that the' blanket assemblies will remain under void as

/~T '

*

's b 22 the driver assemblies are going'through the~ voiding

23 . processes.themselves.

24 - And so, to perform an integrated assessment

on an extended time scale, we wanted to have capability.

.-. - .- , - .
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'

!
'

1 for both in-type geometry and disruptive geometry type

j 2 calculatic7s.
:

3 There lo a'brief indication of motivation and
,

,.

4 some of the directions for our particular computer: code.
,

i-
5 The initial version of this code without all of-~these.

!

6 models has recently been completed, and we'are entering
!

7 a phse of code validation and improvement of the ''

;

8 mathematical models.
<

9 We do have the elements.of intra and intra

2 to subassembly incoherence by using variations of some of

it the models that we used on,the SAS4A.ccde, and in the

12 area where we have disruption of the' driver range, and
1 (}j

i 33 generally-speaking in the scenarios, we are using
i

14 basically-a two-fluid model of the fuel steel vapor
,

is hydrodynamics similar to what' people had considered in'

' -
16- the homogeneous core considerations,.and the inter

? '

,' ,
; .,

'

. 37' as$embly commudication is both a normal thermal'

'cxd munk'c'ation betw'e'e'n ;these elements as well as-ig
_ ,

: z.. t ,,

; 39 potentially,a ma,ss,, redistribution developed out of.the-
7 . . .' W , p U.

__

;

subassembly walls.20

Finally,'the multi-components pool-thermal
21

() characteristics'~are really where a'lotoof-the issues
22

f the transition phase are tied up, and we have'
23

. individualielements in the' pro'gramito both analytically
.

_ 24

j model theseHparticular phenomena, as well as some

'

.

1

,- e- v- + e,-me, <,.,,r- , 6,-, , --n, w w n. . , - m v----, .--g - - - , , - ocv~w _s r- q-,v-- --w<-- - , - - r
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' 128 1 experimental' efforts.

2 In-pile the RX series and out-of-pile is-

3 down in several areas to address issues and providef3
(J

4 us with guidance for the model of these scenarios.

5 Let me cut it off there'and answer any

6 questions.

7 MR. MARK: I have two questions, three

a questions actually.

9 There is a graph you didn't get to. It is

10 the next graph, and I am wondering if the ordinance
,

e . , ,

11 ,iR correct,'-|and maybe you can tell me after the meeting.

{ It.was.also that graph that you did show inv
12m

13 the structural radii' slide that I am wondering if the

(..
ordin'ance is corre tly' labeled on that one.14

.
15 My last question is: 'One of the codes you

1

referred to and didn't' discuss is related to the16

17 cladding motion, and I wondered if the name of that
d

18 code was an acronym for a four-letter word.

ig MR. WEBER: The original modeler thought it

20 was an acronum, Cladding Action Program.
,

Can I answer the other two questions after.
21

.

)- this meeting?.
22

MR. MARK: By all means.-23

MR. GAVIGAN: The next' speaker is John
24

Kramer from Argonne National Laboratories.

4

. . - ,, c -~
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1 MR. KRAMER: Let me put up the first graph

2 to identify myself again.

3 My name is John Kramer. I would like tof-~g ,

Cl
4 discuss today with you some of the aspects of the work

5 twing done by the Fuel Behavior Section, Reactor

6 Analysis Safety Division at Argonne' National'Laboratorie s.

7 - In particular Ihe work I will be discussing
'

8 falls under LOA-3, maintaining core integrity, and the

'9 bottom-line is.we are interested in the initiating

to phase of.the accident, in particular, looking at fuel

11 motion and how that fuel motion may affect the
. - . < ; .

12 subsequent course'of;the. accident through' its affected
CJ)~

13 reactivity.'

The' next'two slides were designed to provide14

-
" "

. . , .\

some'-foc'us o'n whatJI'want to talk about. Actually15

16 Dave Weber did a good deal of this work for me.

17 So, I will only have to spend a couple of minutes, I

think, re#ocusing some_of our attention.18

19 In particular, after identifying the accident

20 initiators, following through the accident scenario, one

21 can identify certain issues; and I will be discussing

. r) those in the next view graph.'.y 22

Some of the issues are related to fuel behavio r.23

as a subset, and, of. course, that is where our interest
24

comes in.
,

,
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1 The issues that are identified, such as

2 fuel disbursal, we would like to resolve them through a

3 combination of both experiments and analysis. In fact,,- m,

V
4 of course, there is a good deal of feedback between the

5 experiment and the analysis.

6 In-reactor experiments can identify the

7 phenomenology that we should address. Usually these are

8 rather complex phenomenas that involve interaction

9 of various physical elements. It is necessary to model

10 the physical phenomena. Invariably you end up

11 incorporating these models into codes to look at j

12 interaction of various models.
I .si

13 Once you identify phenomena and the models

14 you are interested in, then you can go to out-of-reactor

15 experiments, and I will be discussing a couple of those

16 today, to try and look at the physical parameters that

17 go into your models, go back to the codes and then do

calculations,"looking~Fack at the in-reactor experiments18

and eventually, of course, trying to use these codes to39

predict the behavior of tull-sized reactors under20

accident conditions.21

,,() This next view graph I bcrrowed from Dave22

Weber. In fact, it is very similar to what he had listed
23

in slightly different form. It is an analysis by24

SAS3D of the CRBR loss-of-flow accident, and I think it
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-131 i points up very nicely some of the issues I would like

2 to talk about.that are involved with fuel behavior.

3 If you look at the loss-of-flow accidentg.
- L.)

4 following a_coastdown~, you.get initial voiding. Boiling

5 occurs, of course, with the voiding. You get cladding

6 relocation, and the cladding tends to melt before the

7 fuel melts'with the CRBR core, at least.

TB Eventually the fuel starts to melt, and you8

; get to a branch point. It depends what happens to the

fuel. If it is strongly dispersive and tends,to moveto

out of the core, then you.cai get'a substantial decrease-ji

in the reactivity, due t: the fn.1 notion. -The: power
12

'' levels tend to go down, and you enter the transition33

phase.g

On the other hand, if you get only limited
15

dispersal at this stage, then you.go on.to this point16

where you are-looking at'possible pin failures in.other
37

subassemblies. These subassemblies initially are also
18

voided, a.td so_you_are looking at more pin failures
19

in ther voided subassemblies.
20

-Again, the fuel motion af ter you . get fuel
21

(J _ :failur(e.can,be'dispersive. The fuel can move out of

the, core, or you can only get. limited dispersal or23-

perhaps fuel compaction, in which case you are talking
24

about rather high powers now.
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1 So, if you don't get fuel dispersal, then you
132 .

2 enter a-stage where:you are-looking at the possibility.
~

- (; 3 of fuel failurestinto unvoided subassemblies,Lvery
..

4 much like the classical ~ TOP accidents, where_now you

5 have subassemblies with" sodium, with strongxcladding.

6 You are looking at~ the fuel 1 failure into these unvoided

7 subassemblies.-

8 Well, I think all this points-out these

9 various branches points which have to do with two

10 basic phenomena, one of which is fuel dispersal in a

11 voided subassembly, and the other one is fuel failure

12 into unvoided subassemblies, and those are the two

13 main issues that we address in the fuel behavior

14 program under LOA-3.

15 The next view graph just summarizes what I

16 just;sai~d, that is, the~two main issues are looking at
, s.

17 fuel disruption and dispersal with minimal cladding
>~

, ,

~'constraints;
18

#

l The s'ecynd major issue is looking at the'
39

20 response of clad pins to power transients, either in a
;

TOP accident _or in this LOF accident in a core with aj 21

k) large sodium void worth where you arc' interested in the22
~

Possibility of LOF--driven TOPS.23

Typical questions include:24

How and'when does fuel disrupt?

,

, , - , - n e-r< w
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1 Is fuel. basically ductile?

2. Does. sit tend to swell, or is it brittle?

3rg Does it break up?
Q

4 Must fuel melt before.it can move?

5 What disruption criteria should.be applied,

6 and what is the charac^.er..of disruptive fuel?- |

7; Is'it broken into little pieces, big chunks?

81 Also for~the other main issue we are-intereste i

'9 in the behavior.of clad' fuel pins undergoing power.
'

:0 transients.- The basic issue there is when and'where
~

11 does the" cladding fail.

12 Depending on the' failure site, whether it is'

13 high in.the core or toward~the cora midplane'. - e

'

14 As I get' fuel moving toward the failure ~ site,

is I can get"either increases'or decreases in the net

16 reactivity,~due to'therfuel worth.
r

Of. course, all these phenomena are influenced37- L

18 by such questions as-how-does burnup influence-fuel

| ' 19 disruption or1 cladding failure and how does the clad
.

20 fluids influence it, thermal history, etLcetera.
,

The,fueli, behavior program activities are21
' '

,

'.
L , - .,+ ,a ,. , .

([ listed on the next view graph.*

22 , ,
--

4 . <

'

.

,

a

23
- tI think oure, effort is broken basically into,

24 two majoricategories:- y'

a,
,

.

Modeling and model development, looking at4

e

>

<

-en- n s . .,- k --w. ~-m v -- - ,- 4 e.-
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B34 1 physical phenomena, and we are also involved about
3

2 halftime in' code development.

3 Our most recent effort in modeling has

'
4 concentrated on fuel disruption modeling and in particul ar

s on fission gas behavior.

6 The other area of modeling we have beer.

7 involved with heavily recently is looking at the

8 mechanisms that lead to cladding failure, looking at

9 cladding failure timing,. location and. care.
,

10 Under codes Don Ferguson mentioned a couple

11 of these codes.

12 The F Pin code is an integrated RZ treatment
g-)s(

13 of a fuel pin.that does the thermal mechanics all the

14 way from the point of actual initiation up through i

15 coolant boiling, as'long as the fuel pin maintains its

16 geometry.

There is sort of a sister code, the F State17
I

code, that looks at nonaxisymmetric phenomena that takes-18

a single axial slice off_the fuel pin.19
i

20 Our primary use for this code is looking at

TREAT tests, where ti;ere tend to be severe gradients21

q
- across the core and across the fuel pins, causing the'

(/ 22

power to be-skewed around the pin.23

The FRAS code Don Ferguson mentioned. That is24
-

, +,

a' code <that looks at. fission gas behavior, fission gas

L
; - < ,J,

*
-

,

- - - - _ _ _ - - _ _ _ _ - _ - - - - _ - _ - _ _ _ _ - _ - - _ _ - _ - - - _ _ _ _ _ - _ _ _ _ _ - -_



.0

?
'

12SC',-

135
1 release and' swelling of fission gas, and lastly I have

2 listed the porous-code, which has been available for'

3 some time that looks at the wa'y in which fission gas

4 may' move through the interconnected poracity in fuel

5 and be released to the fuel boundaries.

6 Now, what I would like to do is give some
~

7 examples under each of these main headings, rather than

8 try'to discuss in detail everything we are doing.

9 Under the fuel disruption issue, our analysis

10 is concentrated on looking at fission gas bubble

11 behavior.and looking at fuel breakup.
)

12 The-codes that have. evolved from our modeling

13 are the FRAS code. The F Pin code is a mechanical

14- TREAT, but we are.now involved in including the feedback

15 between the fission gas behavior ~and the mechanics so

16 that these :two codes are being coupled together, and we

17 also needed to couple these two along with the porous

ja code because'once1the gas is released from the drains,

.it is of.inte,r,est.to know where-it goes to, does it go19 f i s

e ., ,,

to'the cen$ra'l cav'ty and pressureize the cavity of thei20
y. . :1

-

pins , . or! i's fit; released :to the plenum drain of transient s?21

(). 22 7 : CHAIRMAN CARBO,N: How accurately does something
,

like the' porous code duplicate experimental data?23

MR. KRAMER: Well, there is very little24

in-pile experimental data that you are going to find.
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1 So, what is necessary.to do is to lookUat.out-of-pile)136
2 data.-'

,

i . -

; . .
3 What~.weLhave done in developing the-code is

: 1

; 4 t'o use some gas-permeabilitiesTthat were done'byEGrahm

5' in Florida State,. where,he measured'the. permeability'
~

:

6 of UO f u e l ~. . What we hope to be-able to do is to use2
L

.

.7 this code--in analyzing some of the.DEH Tests that are

8 going to'be' coming up where they have'a gas-collection

! - g chamber.
i

'

io I will be talking about_that later.

4 ..11 CHAIRMAN CARBON: Which tests?

MR. KRAMER: DEH' tests,-Direct Electrical12

O;
.

' Heating tests _at Argonne.13

Other'than'that'and other than having*

.j4

confidence that-you understand the physics and-that15

:

there are some measurements of' permeability, I am -af raidja
,

|

that you are flying a bitsin the dark ~by using-theseg1 37 ,

calculations untilcwe g'et'the-0SH test.results.
18

;
- ' CHAIRMAN CARBON: Even'there, won't you=still'

jg

(
'

I have some questions 11 eft in your mind?
20

4 : 5 a s -
p' a, .r . . ; g .,

,

' '

,r ,

MR.'KRAMER: Well, vnn expect so -because alli 21

h - y u will e er end up 'wi'th:are end results, and.as.we-
22s

x

i al'1 know,Ithere are lo.ts of different ways to cat to~the
23

-

,; .. , . .
+ -. ,

,

same end' point.,
. 24
!

That'is really .true of. allot of th'e calcula '

|-
:
4

w

.-~w 4 .,, - - .- . e= n- ,,-.,% . m-w- 9- ...-w < * to-- e q w ,-1 e- -
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1 that we 'do . We are always extrapolating our physical

2 model out 'into regimes 'where there_is very littla

-3 experimental. data.7-)
V

4 So, what we have to do is-build. confidence

5 in the'models-where_the data exists'and then have-

6 confidence that we understand the phenomena that can-

7 be' extrapolated.

8 As another example, I guess,-looking at fuel

9 dis.ruption from the in-reactor experiments, down in the

10 bottom we have available the' TREAT F' series, a SANDIA

it - FD series and a TREAT L series test, but again these

are end-result tests, so you are looking'at the end12

results of a lot of-physical phenomena.-13

It is very. difficult from these tests to14
.

go back toward-the other direction and try and sort15

out all physics. You are only going to get limited
16

amount _of data from it.37_

CHAIRMAN CARBON: What are the SANDIA*FD
18

tests?
19

MR. KRAMER: T*ey are in ACRR, if that 'i s
20

21
. what you mean.

O erreia thee thie vie 9reen aia =oe
22.

reproduce very well in your notes. I. hope it looks
23

better in'here.
24_

Thisuis'an example of some of the most recent-

- -* 7

o ss

-* r y
$ i[_,

"Z '

C. -. _ - - . _ . _ -
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1 DEH" tests.- -

'
,

g 1
' '

c,

2 The DE!! tests are Direct Electrical IIeating. I

e ,. . ~
.

. .
-

'3 ' tests don'e 'in, Oregon", where they. pass an electric'al>-

.
.

.

.

current through a fuel' pin stack. They have the4

capability now of taking slices of actual fuelipins5

'

with the cladding left on them. They,didn't have the6

capability before because the cladding tend's to short7 _

out the-electrical current.8

What-they'can do.now.is with experimental 19

heaters they can melt off the' cladding before-theyjo

apply'the voltage to the 00 2 stack, and by melting.off-11

the cladding, then.they apply the power through the.

12O' fuel pin'andIsimulate the second phase'of' fuel
13

~ disruption and wncre now the-power and'the reactor couldg

be going up.
33

What they ft,und in these most recent tests;,g

:is'rather interesting and.something.they haven't seen <

before, and that-is for very.high-burnup fuel, you.end

*

19

If you look at the burnups of these sequences,
_

low burnup, medium burnupland:high burnup, the low-

burnup pins, the cladding melts of f.

Again, it is a little difficult'to see-here,

but-here a little puddle of the cladding running down

the fuel pellet' stack is-expanding the fuel' pellet: stack

_ . . _ -_ _~ .. _ ._ _ . . _ . . _ _ _ _ . __
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t - s o m e w h'a t , but nothing much else=is happening.
~

,2 . On the other han'd, with the medium-burnup

-3 pins,-which were at 4.7 at a. percent burnup, they

4 'contain9a lotimore fission gas. The. cladding melts
.

-5 off''as it did'here, but now you; start..ending up with a

L6 fuel stalling off as the cladding runs down the stack.

7 If'you~go to even higher burnup, you get even'

-

.

8 .more fuel stalling as..the-cladding runs down..the stack,..
' '

9 and this~';is1probably.the best picture because the~~ ''

:.10 - cladding has run down about to the bottom here. -

J11 The~se two' lines'that are shown show-the

'12. -d'imensionsfoffthe fuel pellet stack, and with their-

O
.13 ' numbers they estimatei that'the fuel-volume has been

14 ' reduced-to about 25~ percent of its original volume.
.

-15 'So, even before fuel meltingzwith.very:high-

16 burnupfpins, you-can get significant amount.of fuel
~

177
disruption.

-We havet tr med this behavior with our codesig
,

TandLmodelui .implified analysis is19. _

just to look*

Jat- the . fis s.1 .fas on the grain boundaries, and it is120
4

probably no arprising, given the amount of fission
21 _

O - 22 e to - the 1 eta, en e it: ne e un ene via regia 17--

;en ugh, that that gts' doesn' t have time to incorporate ,
23 7p r , . 73 . , <,,

,

#
? ,k ,t *~ -

<=

24
iOPressurisi:es the'graik boundaries ~in connection with

' f: .o ,a -;% .. .

-

;theifractures1of the:.grdin boundaries.
inp- - ;. .

,- | J , j;. ' f, v 4iJ' J'. T';,* V -

v g, * .; -

r- *. e ,
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1 .If you do'a. simple calculation assuming that,'

2 make -an.' assumption :of the size of.the particles that

~

n 3 might'be spacled off, you.can~ match pretty;.well.the

4 velocities that are measured forsthe fuel spawling .

5 in the DEH tests.

6 The second slide that I show here emphasizes

7 what I was-justisaying even better, I think.>

8 This'is the result.of some recent FRAS

9 calculations. The original FRAS code only treated gas

10 within the grains.' Now we have the capability of

11 looking at gas,within the grains on grain faces on

- 12 ' grain edges, both releases of the gas and swelling.

.
'

What has been done here is to look-at.the33

rate of which; fission gas on grain boundaries cang

coolabrate. . Starting out with a hundred manometer15

16 bubbles, which is about the sizerof grain' boundaries,

.

if you postulate certain1 temperature transients.of17
.

various heating rates from 10 degrees'K per-second;to
^

18.
~

. .

i 10,000' degrees K'per second,;obviously if"I increase ~the '
39

i
temperature'very rapidly,'I don't have time-for these| 20

|
.

! e
.

That is, they can't collectbubbles.to-coolabrate.21

-h' up vacancies. fast enough so that~ they can come.to an
22

~

equalibrium; volume, and:what.happens then.is'you
23

pressurize the bubbles, and there is a chance that you
! 24

.; sq y, y. . -
,

,!. can2fractureithe grain ~ boundaries, given ~ this.early
:

w[[
I f bgr,

,- w
, pg. fn V.' ' G .^ s ,

C' ,
,

!
. - . _ , _ , . . - - - , . _ -_ , , , - _ . . . . - . - _ , _ , . _ . ._. . . . - - _ _ _ _ _ _ _ . . . _ , _ . _ _ _ _ _ _ _ _
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On,the o.ther hand, as you reach higher and2 +

.
<

. , ,

_ higher temperatures, the vacancy diffusion becomes

(D
^

# more and more rapid, the bubbles can coolabrate and
4

cvsntually at-highest
5 .

temperatures than I get-up to

9 ' ~ 9 '

6

equalibrium radius-of 100 manometer bubbles, as a:
7

fn tion of' temperature.
8

9'

bothothe DEH tests and the FGR tests down at.HEDL
o

'where it seems that the fuel just sits there. You

.

heat it up.
i

~2 ' Depending on the heatin'g rate', you' reach

the threashhold temperature in.which the' fuel will
14

. swell on you, and'this shows why you reach'the threash-
15

hold. temperature.
16

It does occur at about 2500 degrees K, which
17

has been' observed experimentally.
18

The other major focus of our work has been
19

on cladding failure.
20

Here we are looking again at either-TOP
21

A-]/ .
accidents where you have full-sodium flow, or we are/

22

looking at loss-of-flow accidents where you have a flow
23

coastdown with power increasing so rapidly that you are
24

having fuel pin-failures into subassemblies-that have not

- _ -. . _ - -. -- - - - - - - . . .
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1 yet voided.

2 'We have gone back.to look at-models for fuel.

3 cladding ~ failure. It is our feeling that it'is rather

O
_

,

to do:ai$omplicated thermal mechanical4 - senseless

5 . calculation with a9 uel; pin code E at the end of thatf

6 'calcul'ation~you don't know what to do for failure
'

7 Criteria, and in 'O der to understand-what sort of

. failure criteria you should apply, we think it is nec-g

9 essary that you understand actually what is causing

failure.10

I~will be saying a little bit more about that11

in just a second.12p.
G

The out-of-reactor experiments that.we rely-13

on to calibrate our codes or look at the details or34

15
-models are the mechanical. property tests being dore'at

IIEDL and the FCTT tests. Don mentioned these tests,
16

fuel: cladding and transient test:.or tests .
37

The in-reactor tests that we have analyzed
18

are basically the TREAT E and 11 series tests, which are,g
i

transient overpower tests.
i 20
.

*

Now, I think I can illustrate the work we ,

21

(]) have been doing in looking at cladding failure by using
22

this slide. It shows a segment of a piece of cladding
23

has been testing.out-of-pile by pressurizing a cladding.
24

; tube, heating'it at a fixed heating rate and pressuring

,

. - ~ _ _ -
, . .
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1 .the temper,ature at shi,gh failure occurs..

m

1. ,,
.

. - 4

2 .This piece of cladding was taken away from the

3 fuel failure site,.but whet.you see if you look atOy-
4' cladding that is presumablyJundergoing an incipient,

's failure is.that you get a ' number.of multiple cracks

6 tending ~to penetrate through the cladding. These
'

7 cracks, if you. read the report where this picture came
,

a from, the-HEDL report, these' cracks, they feel did

g spropagate during the transient tests, presumably at
4

10 the. failure site; they. propagated all the way through.

'

11 In looking-at a picture like this.or~even the

12 higher magnification, it is obvious these are cracks

.n-s

13 on the grain boundaries. It'istalso obvious that the

.g cracks depend very much on the corrosive environments
,

of the fuel pin.'Is

16' It is very interesting that when.HEDL has

looked at mechanical tests of cladding, you get very.37

different results if you look at unfueled irradiatedI :18

' cladding, say, from the plenum region of the_ pin,~andjg,
.

20 compare that with results of -- and here they plotted

strength ratio, which is the strength for the irradiated21

O- cladding versus the strength for unradiated cladding..22

It is'very interesting that theLstrength23

ratic far'unfueled plenum cladding seems to saturate
i 20

out at maybe 80 percent.of'the irradiated strength.

!

., . .. , . __
-. _ , - - , ' ' ..-

__ _ _ __
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'N (iO'n |tlie other ' hand , if you take cladding.that-
'

'

. .-
>

3 .
.

. s - s -
2 is from the fuel'section of the pin that has been

;

3
'

yn+
,

,
__

.

, ,fm. -subjecte'd'~|tio corrosive ' fission products, you get a
,

- V
4 substantial decrease down to, say, four-tenths of the1

"
5 strength of unradiated cladding, and, again, it

t

6 saturates out.

7 -CHAIRMAN CARBON: Excuse me, what is unfueled

g -

fueled again?.8 .and

9' I am not quite sure.

10 MR. KRAMER: What they have done in the.

11 unfueled tests is to take irradiated cladding ~, but it

12 is from the plenum region of the pin.q
U

'

So, it hasn't had fuel adjacent to it-13

14- On the other hand, the fuel cladding is

15 cladding'that has.had, fuel adjacent to it.

16 CHAIRMAN CARBON: The unfueled could be at
,

- a' higher' temperature, couldn't it?p 37

I.am.just trying to understand it. It doesn't18

makeTany difference.19

MR..KRAMER: It turns.out that, say, for20

' inst'ance', if you look at th'e fuel-cladding, i t'
~

21

'doesn't seem--to make much difference in.the fuel22..

region where the cladding came from. ~ So, I don't think.
23

the. temperature.effect during irradiation history is24

important.

'

, , , .- . - , . , . .. _ _ _ _ -
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1 Some of the unfueled-cladding also.came 1from

2 the bottom reflectors, so whether it is unfueled.

.)v 3 cladding;from the plenum region above the,. pin or.1

() : 'v s. ; .o,
. 4

4' below the fuel region of the-pin doesn't seem to.make
,

toolmuch ''ifference\in the;-results.- -d- 5

~C({ T } It isi evidentfto us that'what:you are'seeing;6

7 here is stress corrorion cracking. Interestingly-

8 ..e n o u g h , HEDL-has-done some tests where they have cleane'd

9 up' fuel cladding ~ chemically,~and you can restore.this'-

10 to the unfueled strength,
s

11- All this, I guess-the bottom line is: I~think

12 it is importantDif you are-going.to do calculations-

O
13 where you are determining; cladding failure, it is' going

34 .to;be important to understand'the mechanisms that lead

: 15 to-cladding failure.

We.still stress corroding cracking is16

important.
37

|

The-last set-of slides indicate'how we
18

.

*

,

have integrated some of the'models into'the F pin code.
19

!-
These are calcul~ations now showing one

20

parameter, namely, the midwall hoop stress in-the cladding
21

()[ as a fun ti n f transient time for~two different
22

transients.
23

, ,
,

;I do not particularly want to distinguise"

24 ,

i between Case 1 and Case.5. All I really want to say is

;

'

i n
1
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1 both of these were slow transients, and they both show
146

2 the same qualitative behavior.

3 Early on in the transient you have loading,,es
U

4 due to solid fuel cladding mechanical interaction, just

5 due to thermal expansion.

6 The hoop stress in the cladding increases up

7 to a level where the cladding begins to yield. Since

a the yield ~ accident decreases with the temperature and
. .

9 the temperatures are increasing during this slow Top

to transient, the hoop stress in the cladding begins to

11 decrease up_toia: point where now both the fuel and

12 the cladding start to soften substantially, and, Ic

C'
13 guess, significant creep in both of the materials.

14 The stress decreases even further would

15 continus to decrease, except now I am getting fuel

16 melting.

17 There is an expansion of fuel on melting that

18 wants to pressurize the pin, so, then, you get an increc ee

19 in the stress in the cladding up to a point where the

20 cladding stress buildup, due to the fuel expansion,

21 occurs less rapidly than the expansion of the cladding

i) itself, and since I cannot load the cladding any more22

than it's flow stress and the flow stress decreases23

24 with temperature, then the hoop stress once again'

decreases up to a* point where I start getting fuel vapor-
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pressure, and now I canistart deforming the cladding d1

~

j_ 2 very rapidly,-as the stress =goes up once.again.
t- - ..,; . , , ,

y . , y. ,.
1-

! f ,4 ,t i - .
. . .

*, ' ' ,
- 3 e 2i AllsthisHisiby'way of illustration, I guess ra:

,

YL '

: v . : . , n
'

'

that|theimechanical' loadings and'the mechanical, 24
s, e tM y ; ,, ; b

,

' '

5 analysis of fuel pins-is rather.co'mplicated involving.
3_; ; V 3:.q ;U _ n 1: q ;; p - ;,

. - - . 8-as-
6 a< mini-phenomena. -.

,.

_ 7 Now, we'have used-the Ffpin'co'de to' analyze
,

|
~

8 'some of the TREAT. tests.. These results were. presented ~

9 at the Seattle' Fast Reactor' Safety meeting where-we'

: *
,

, ,

I to analyzed three tests: H4,.H5~ H6 and,E6, 7 and 8. --

,

|

11 ~ These are'. rapid. transient' overpower tests.

.O
- 12 There?is;very;little direct information:or *

,

13 ' measurements that we~can get from fuel behaviorm for
.

'

' 14 these i n -p i-l'e .-Et e s t s '. .In fact, about the~only.

15- number that.we can~really verify our calculations with i s''

z

16' the time of f ailure / -and' that =is : what' you' see listed'
'

;.

17 here comparing |the experimentaltresults with time-of
,

_ failure to F pin calculations.i
- 18

-

ig We did-some'F-STATE calculations, and also
.

20 there are a.' couple-of empirical 4 correlations that

[ 21 purport to be able to coolabrate fuel pin failure
,.

.

:- O time.22
,

23 Well, we were recently happy with these-

'
results,~but wh'en~we started looking at slow TOP' .

24

~

transients, we began'torhave less confidence in our :

s.
4 .

I
<

--w - ,. , , ,- + , , - , ,, - + - _w +,e - r - * , - - - , . ..- , .o . E- % .. , - - - -- <- <--
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-148 1 calculations ~. These. slow TOP transients were tending

2 to predict failure much earlier than -- well, the

3 only slow TOP' transient that has been so far is in
O

4 T R E A T ',' which?is J1,'!but'.su'ffice it to-say, I guess,
-a,. s .>4

5 as=we go on to more credible slower TOP transients,
. ,

~

6 tc TREAT' experiments, I t ink that we'need to'go back

7 a n'd refine.our analysis ecause I don't.think usiagithe

8 same models that generated these calculations are

9 going to do nearly so well for the slow TOP transients.

10 And that is'be41cally the state we are at.

11 We are. upgrading the F pin calculation,

12 hopefully so we will be able to do a~better job with

O
13 slow TOP transients.

MR. HARTUNG: I have a question, listening34

15 to your presentation and Dave's before yours, hopefully,

to see if I understoo'd,Lhopefully, the work that you are16

doing has given you better confidence'that a low void
37

w rth core, like $3 to $3.50 will behave.with low
18-

energetics or no energetics.39

Can you make -a statement as to whether or20

not there is any hope that this work will allow one in'

21

() the. reasonably near future to make a similar statement21

about a higher worth core like a $6 worth core, or is
23

<

that just out of the realm'that you re-investigating24
-

cores?,

.

-_,-r - 3 ,- , - - w,. - , ...w-,- ---e - <r,-- , - , - * - < - -' ----i
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~ 149- 1 MR..KRAMER: Dave would be better to answer.that

2 question because at the level we look at things, we

3 don't get into calculating.the reactivity feedback. We
Os .

4 are looking at the phenomenology of fuel motion.

5 MR. WEBER: Generally speaking, I would say,

6 that that is true. If you look at TREAT experiment
. ~++ m,, .

. .

7 1,nformation7that we~used to calibrate these particular-

8 codes, in particular,.-the L6 and L7. experiments, there
n

9 appears to~be~ sufficient negative reactivity that one

10 c o u l'd', in f a c t', argueEfor low energetics-in the

11 homogeneous core as well.

12 But there is a sensitivity there, if you

O
13 look at the data that is coming out of there, there

t

14 does seem to be a fuel motion regime over a time span

is of roughly 50 to 100 milliseconds where it is conceivabl e

16 that one could see that there was some slight positive

motion taking place there, and if one is going back into
.

17

18 a licensing-type of concept, it is conceivable that one

could use that part of the experimental data to suggest19

that the initial motion is compactchle, and that is20,

where we really need greater experimental information.21

() We need more than two data points.
22

MR. MARK: Do you'.:have a question, Bill?
23

MR. KAMP: Yes, Bill Kamp.
24

i

How happy are you, I guess from the

- . . . .
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1 -presentation, not terribly happy, with our ability to

2 predict time and location of failure for flow, i.e.,

3 realisticLgravity?g3
J

4 MR. KRAMER: Well, my enthusiasm and happiness

5 sort of comes and goes. You would think that with the

6 number offpeople that have been working on this
'

7 problem, the amount of time they have been working on

8 it, that we would have done better, but it seems that

9 .there is always something that comes up, like when you

10 start working on slow-TOP transients, then various

11 . people start calculating early failure.

12. Whether these are real, or not, I don't-.gg
\_) '

13 sknow. But we need more experimental information.in order

14 to.dec'ide.whether the; people who are doing calculations

15 fand early failure are'doing it right, or whether there

16 are other people who don't predict these as failures are

17 doing the calculations right.

T9 18 MR. KAMP: Do you think we can get that

19 experimental information?

20 MR. KRAMER: I think that is definitely

21 true. I don't think it is necessary.to simulate the

() entire transient.22

Again, it is only based on analytical23

calculation, so what I say is only as good as my belief24

in the computer codes that I have, but it would seem
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I that you-only need to simulate the last,.I don't know,

2 three or four seconds of a slow TOP transient, that'

3 the models would be insensitive to any previous history

4 as long as.you eventually brought it:up to'the right

5 temperatures and you kept it to those temperatures
~

6 through'the. failure time.,

.+ , ,, <> . , .n_(,( ,tPrevious* history is not.that'important.-7 4_,

8 F :- For . ins'tance', Ifission gas , it doesn't make
,

- *-
, .,

1

9 too much difference at lower ~ temperatures.what you do
~

'Y '

a ..; .. . ,,

_ 10 to it, whether you keep it down at lower powers and

11 then you bring it very- quickly up to 1 power and then

12 smoothly move on your transient code, or whether you
%q 'J

13 actually;run'it through these low temperatures over

'

14 long periods of time.

I 15 MR. KAMP: That had certainly-been my opinion.

16 However, Jim Scott ar";ed that W2 brought that -into

17 some question..

18 So, would you. comment on that?

19 MR. KRAMER: I guess I would really like to,

j' 20 look into a lot more detail than I have on the W2

21 experiment. I know very little~about it.

(,yr
) 22 I have seen a preliminary data report, and

23 I.have heard people discuss W2, but'I guess I haven't

24 really read the results of W2;in a . lot-of detail.

i S o ', I wouldn't know how to comment on it.

| +
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1 MR. FERGUSON: I would just like to comment

2 that when we get the post test examination, perhaps

3 we can get a little clearer picture of what may have7s
( |
y ,i

4 happened. All the evidence may have been largely

5 destroyed by subsequent transients as well.

6 So, it is very difficult to tell.

7 MR. KRAMER: People who want to talk about

8 W2.should also-talkcabout.J1.

g MR. MARK: Thank you.

10 MR. GAVIGAN: Now we will hear from Al

Klickman.11

MR. KLICKMAN: The hour is getting late, and12-

i

so what I would like to give to you today is a brief13

presentation on the TREAT program, what we are doing,14

how we do business, where we have been and where we15

are headed.16

The program is one which we try to coordinate
37

very closely with the other activities at Argonne and
18

at the other laboratories across the country.
39

W rking very closely with modeling and code
20

development people, John Kramer, and with accident
21

( 's ""*1Y8i"*22

As an example, yesterday afternoon the
23

Reactor Experiment Steering Committae at Argonne hadg

a meeting to discuss the development of one of the

__ _ _ _ _ _ _ _ -
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,

2 me was John Kramer, and seated across at my right was

3 one of Dave Weber's key people.,s

. (v1-
4 So, we tried to develop experiments, both

5 integral types and phenomenological experiments, which

6 are related to the needs of the~modelers and the
~

7 accident analysis people,

8 Integral tests: These are tests which l' ump

9 'together many phenomena making it difficult to sort out'.

10 Phenomenological experiments are one in which
. , , . . . ,

lwe -t' yr to ilook' at a!' situation which ~is not prototypic-11 r

but'which;will:|per'aps provide results which'are relatedh12S
V

13 to one specific phenomena.
yc. .. . .

- s
*

>: ..'

14 We are looking at both TOP accidents and
.

15 LOS accidents.

16 They are pre-event issues, post-event issues ,

17 that have to be considered.

18 Cladding failure tim 9'and location is one of.

19 the pre-events. Post-event issue is basically molten

20 fuel injection, how does the fuel disperse, how is it
.

21 swept out.

(*s() 22 The multi-pin bundle can tell us something

23 about-incoherency effect. We can perhaps also see

24 something about FCI and coolability'on the LOS.

There is the voided channel issue. There are

.
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1 also the in-voided channel issues that have to be
i

2 considered. I

3 Some of these up in there you'can look at

4 with single pin tests. Others. require multi-pin

5 tests.

'6 A number-of these down here require multi-pin

7 tests to. provide meaningful answers.

8 What it boils down to is on the ne):t slide,

9 the objectives: Time and. location of failure, fuel

10 relocation and bundle size effects.

To do that we do single pin tests, seven
ii.

12 pin tests and 37 pin tests, which will be de.e in-

U
13

ATL-TU to look at bundle size effects when-you go.to

even larger bundles.g

Some of the recent testa that we have done15

16 ,f Say, the past five years or so-have been single.1n
. ., ,

pin capsule tests'and static coolants. We have used-
37

both EBR-II' pins, 13-1/2 inches long and PFR pins,
18

36. inches long. . ,jg

There has been one capsule test which.was
20

done last fall using a fresh PFR pin..
21

[) Multi-pin integral tests used Mark II and
22

III 1 ps-and R-Series loops. They used seven EBR-II
.23

pins in some of the tests.
24

We have done one test in which we used seven

d
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i PFR pins, 36 inches long, and we have--done four tests

2 in which we have used three pins, GETR pins.
;

3 Those are the L5, 126, L7 and L8 tests.-whichc
7

~.

4- Dave Weber and John Kramer mentioned earlier.

5 Phenomenological . tests have ,been ' don'e' in

6 recent-years.

7 AX-1,.which was-a Carbide 1MFCI. test, and

8 - F1, F2, F3 and 4 were tested'designoto look at fuel

rupture and ejection into a1 voided channel situation.9
.

. 10 - On-vehicles perhaps it would be best to stop'-

herezand,looka t<a;few vehicles..aji

4,,,. . . . ,.

This is the R series apparatus schematic

; i ). ' *
1 ,,

which-has-been.used on;several tests. That is.how it; 33

i s ' {in}se r ted in,to l the f:rea'c to r . As you'can see,_it h'as
34

15 ,

up on top;of_the reactor, and in crossg t equipment

|
section, in fact, it looks like that.

16

This is a gas-driven systch.. ' Sodium goesg
!

9 ' 9
- 18

*

19
i

20.
this has connections which have to be broken in order

to take. the loop out of- the reactor, this type ofian,

~ '

1~1 apparatus-is restricted =to fresh nonplutonium-bearing'
!. D s 22-

:23.
fuel.

,

The~other vehicle which has been our work for*

24
.,.

multi-pin: tests has been the Mark II loop. I. don't

. .

_. , ,__ y . _ . ,
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156 1 think there is a Mark II picture;in there. There is a.

.

>

2 Mark II picture, but this one-is a~ recirculating
.

3 system'contaihing a total of about.one leiter of

4 sodium, which|is recirculated.down and back up through+

5 the fuel section.
;

6 This was' designed to accommodate.13-1/2
,

7 inch long pins basically. The L5, 6, ~ 7 and 8 tests were
'

.

*

8 done in this loop. They.use 36-inch long.. pins, but

9 .those pins had to be specifically modified to. fit into

to this loo'p.}

11' M R . J- M A R K : Cut in half?.
.

|- .7 12 MR. KLICKMAN: F-d:fto. cut off..the plenum ~and
<

, . * *'

,, , ;
,

13 put new'pids'on them".^ ' *~

'
,

v(We camelup wi'th the Mark III.- The Mark'III14 :
.!- - a

,

1

stretched Mark- II with a reactor15 h a p p,e n s _ t,o,.,b e a * '44'
,

_ , . c < ..

modified so that you can sink the loop down further into16

4
.

,

j the' reactor down below the base so that you can37 .

. .. .

| accommodate a full 36-inch long' pin in here and still-18

-have a' bottom' plenum on'it.39

This. loop is also designed so that if you20

elevate it-into the reactor a bit, you can have your.-
'

.21

f{f plenum up on top-and use FFTF-type pins, and it will.
22

.

accommodate not'only the 230 mil diameter pins that we
'

23

were getting fr'om the UK, but' it-will also accommodatei

24

'
259. mil pins.

:

!
. - , ,_ - _ . . , . . _ .._. ~ . , _ . . . . , _ . _. . . , , . _ . _ _ _ _ _ . _ _ . .
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l' ItLis limited to a sevenTpin bundle. You*

2 can't go any: larger than.a'seven pin. bundle incthis
~

- 3
.

particular. loop.

4 ~The tests we have conducted"in the'past|--

5 Let me chop off the coolant velocities from here so

6 we can get the listing on. In recent years.we did

7 RTE eight F6, which were rather fast TOP, J1, which

8 Joh- Kramer mentioned a few minutes ago.

9 They were fresh pin tests, three feet long,.

10 50 cents, TOP, L6, 7 and 8, which went anywhere from

11 10 to 75 times nominal power, used jet pins, three pins

12 in the bundle.s

d
13 LOF was a $5 per second.

14 The present and the future program.at TREAT
, ,,

.
. . . .. ..t '

.

15 ha s " f our ~ p'a rts to it: The PPR TREAT program, a follow-u p
'

+ , . , ,- ,

16 program a'fter thatLusing PFR irradiated pins in TU.I

.The ,PER treat, program that we are currentlyI 17 7
* i,.

18 into uses two kinds of pins, tH( annular pins and PFR-

19 driver pins.
.

20 All work.in PFR would currently have in

21' this_ country 40' irradiated pins'from PFR..'They arrived'

h
X) 22 t h i s' ' s p r i n g , and we-are currently: assembling four

23 experiments, two s' ingle pin capsule'testr, and two
'

24 seven-pill: bundle-flowing sodium tests', which will use*

some of those'PFR irradiated pins.

.- . . -.
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1 We also are currently in the UK ready to go i

2 into the reactor. Now, some US pins, they will be

3 inserted into PFR this month, yet some of them will comef.

(v)
4 out a year from now, others two years and others three

5 years from new so that in two to four years we should

6 have back here US manufactured pins, these, which have

7 been irradiated in PFR.

8 The single pin test will be done in a

9 HEDL version of a Mark III loop. They have got some

to special features into it and label it the SPTL.

11 The multi-pin test will all be done in

12 Mark III loops..~

( \
,/

13 As part of this program we intend to do

both TOP tests and LOF tests, as I have down here a14

15 breakdown of the single and seven-pin for TOP and

16 LOF.

17 As you can see, UK currently has a somewhat

even distribution between the TOP and the LOF, When18
1

19 you look at the TOP, the UK seems to be interested in

20 the higher ramp rates, rather than the lower ramp
,

rates, and if you would look at our listing, you would21

,,
find that on TOP, we intend to concentrate our tests on() 22

the lower ramp rate test quite a bit.
23

On the LOF, the UK has more single pin that
24

the US does because we certainly believe that the LOF
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testfreally.does.not provide 1muchfinformation. We
~

1

159
'

2 would like'to1 concentrate our activity onto the seven.

3 pin LOF test.

4 Now, in March of '85 we anticipate that there. ,

'

will be 17' pin -- 17 tests done with Uh"> pins, and at5

6 that time TREAT-will shut down for modification ~under'

7 TREAT upgrade and will not come up until'3-84.i
'

After 3-84, the balance of the tests in this=

9 list would be done,-not only would.the balance of the

10 UK tests be done, but all of the tests with the US

n pins would-be done.

After we finished that program, we would12A
U

intend to go on with PFR irradiated pins doing several13

TOP tests in the single pin test loop, no LOF test,34

about three Olark3III'seven pin tests on TOPS and15 '

> t , j. > >, -
, ,,

hitting the LOF tests qu,ite hard with'approximately16 ,

' '
?. ;- '

, e <

10 tests., f J,g

'f | :0,ne' thin.g|ye|.w'ould.like to concentrate ong

in the'LOF test is in the area of.using'near. freshg

fuel. That''is fuel that has'been in'the reactor-just20

a short period of. time. From/PFR, the' fuel that weg

t - ( ). can get, the fuel will tend to have as a minimum some-

thing along the order of three to four-percent burnup

on it.

} We would like to look at the' situation when-

'

,

'i

f'

w- e e . -=- - -e* . * 1
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1 there is no fission gas content, and we anticipate we

2 will be able to get some FTR pins with low fission gas

3 content to pull off this set of tests. Also with-

v
4 FTR pins sometime after late '85, we would hope to do

5 approximately four LOF tests and f our TOP tests.

6 These are just to' examine the bundle size effect, and

7 they would be tied quite closely with respect to the

transients that were discussed to seven pin tests.8

9 Phenomenological tests is the last series

10 that I mentioned.

11 There are basically two phenomenological

12 type.) of tests that we are currently interested in:
[b

13 One is the F series tests, F3 and 4, and

we had a small fuel segment which was subjected to a34

is large burst and studied both photographically and with'

16 a hodoscope to determine how does fuel break up.

The~results were quite significant.
37

Puel' broke _up quite a bit, faster than what we had
18

anticipated.
19

I' s
. )

s

We are now planning some further tests with
20

1

improved photography so that we can go back and learn
21

i() m re about how does fuel break up. In fact, these
22

tests were the tests we were discussing yesterday
23

1

afternoen in the Reactor Experiment Steering Committee.
24

Transition Phase: Dave Weber mentioned quite
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161 1 a bit about the. Transition Phase. We are planning a

2 series of t e s t s', the RX series, to look at the

3 transition phase. 'Wt want to start out with nonproto-

4 typic situations, a' fuel steel slug about five inches

5 high, about one inch in diameter, in a capsule, which

6 has a nuclear heated wall.

7- It would be a closed.' situation for the first

8 test to look at how does the fuel steel mixture boil

9 up.

10 After that we will look at structure inter-

11 actions, cost f orma tio'n s .

-12 If these five tests would be successful and-

13 provide significant information, then we wo'.ld go on

14 to three tests in a prototypic geometry.to study the

is development into this transition phase so that we

16 could then tie together the results from this test

17 with the results from the prior seven pin bundle tests

and 37 pin , bundle | tests,:which would lead into transitic'n .18
s> . . . , . .

19 phase.
4 -

- j,

'
~

~

20 'MR. MARK: .What-is referred to as the bottle'

21 effect? *.
, , ,

,

() 22 - MR. KLICKMAN: When we look at seven pins-

with a wall around it, we realize that that is not
23

24 217 pins. 37 pins is really not 217 pins. You have

an appreciable --
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1 MR. AVERY: The bottle effect, not the

2 bubble effect.

3 MR. KLICKMAN: Pardon me, the bottle

4 effect would be because this is a bottled-up situation

5 When a blockage forms, you could have this m'i x tu re

6 restricted and bottled up like the cork on a bottle, and

7 that could give enough pressure developed, which would

8 blow out the cork on the bottle.

9 MR. MARK: Okay.

10 MR. KLICKMAN: Okay. I think that is basicall y

11 all that I would want to accomplish today.

12 -There are a few other view graphs in there

13 on-AATL, on the: cross section of AATL, and-in comparisor

14 cross section between the seven pins, Mark III and
.

15 the single pin test loop, but they are basically for

16 .9ference' purposes ~_and filling gaps.

; 37 Are ~there any questions?
.

18 CHAIRMAN CARBON: .I have a general question

19 which maybe;ought-to be addressed to Frank.

20 Six, seven, .eight,'nine-years ago, there was

21 a feeling,1I believe,-that1we needed a lot more

-( experimental apparatus, and three, four'and five22

4

23 hundred million was1 spoken of, I believe. Some of the

24 ap ara us in that program, I think,. TREAT upgrade was

-pa'rtiod it,'hav'eIbeen accomplished.'

,

,

*
, . . ,

*
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1 Is there still a feeling that a lot more

2 experimental apparatus are needed?

3 MR. GAVIGAN: .There has been a change overs
)*

4 the years. One of the first changes was Jimmy Carter.

5 CHAIRMAN CARBON: The' availability of money,

6 rather than the need for it?

7 MR. GAVIGAN: No. It changed because of ^he.

8 action he took. He put the brakes on the breeder progra m,

9 which at' that time-was moving fairly rapidly on what ~

to we call a 1986 commercialization decision. The whole

11 ERDA programfat that; time was supposed to make a

12 decision whether we could or could not go. commercialized

.13 .on a breeder = reactor, so a lot of our program planning

was aimed at supporting that decision; safety program,14

15 fuel, et cetera.,

16 When Jimmy Carter came in ' 7 7 ', he took'over
2

17 the program so that for four years we marked time, ina

effect, and you didn't go anywhere.18

I{owever, this safety program did go somewhere19 .. . -
~ '.ti p ,,i.

in four years' We have , learned a lot, as you have.~

20 .

been[ hearing 7t'hekastdayandahalforso.21

(; is now.bqginning to appear that a lot ofIt22 y- .
,

.the needs that one saw at that timeLto move fairly
23

rapidly to support a 1986 commercialization date doesn't24

exist.anymore, because we don't now have at

,_ , _ . - _ ___ . . _ . _ . _ _ _ _ ._
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1 commercialization date except r;ome hypothetical one,

2 2,010 or 20, something like that.

3.e x We recently conducted a study with all the
( )

4 effected people, and they hafa just finished a

5 draft report that says pretty much the thing thst I am

6 saying, that we have learned quite a bit in the

7 interim.

8 It appears now that we don't have the

9 impressions that we used to have, and there is reason

' to to believe that we can continue on kind of a slower

11 pace program that we presently are embarking on, but,

rw 12 nevertheless, we will certainly remember in the back
(_)

13 of our minds that eventually we may have to go to some

14 fairly larger facility. It is possible, but it is not

is as severe as it was previously.

16 If we were to go, it would develop fairly

17 large international involvement, I would guess. It

18 would imply that we were going to commercialization

19 decisions, at least. It would imply a large breeder

20 committee, a large distribution in analysis from a

21 number of' breeder re. actors. Those things are certainly

g(,) far off in the distance, so the point I am trying.to22

make'is that need doesn't appear to be near as pressing23

now'as it ur-ed to'be.24

CHAIRMAN CARBON: I guess almost to conclude

!
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165 1 what you have said, it is quite unlikely that you will

2 ever ask for anything like that.

3 MR. GAVIGAN: Maybe not in our lifetime, maybe

4 that is true.

5 CHAIRMAN CARBON: Any other questions?

6 (No response.)

7 CHAIRMAN CARBONr We can adjourn for the day

8 and meet tomorrow morning.

9 (Whereupon, the meeting was adjourned at

to 5:50 p.m.)

11
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