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3
, '19 I.1will' talk'about the results of a task force which
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|20 we.=hav.e;recentily? concluded on core debric program9
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P 1 about:the sodium-concrete interactions work at HEDL.

2 The other key activities are debris

3' retention design options or engineering ane. lysis at'

i

4 GE;; hydrogen detection and control at HEDL; gas
,

1 i e
3 .

4 4 ;+.. .

S release from-concrete at HEDL.
C* : ~

-

,
_ nnd he).have three code activities which6 -

7 I will.. mention in-a.ninuto.~
,

a The overall strategy in the debris

9 accommodation area is to demonstrate-inherent debris

10 accommodation capabilities, and in addition to that,

11 Provide a wide range of design options to enhance{
12 debrisLaccommodation~ capabilities.

_

13 'And our approach. a1 I mentioned, one

14 was to convene a task force this year on debris'

15 accommodation.

. 16 In general, to develop understanding of'

17 inherent in-vessel retention processes, and evaluate
t.

is- the. potential for engineer's in-vessel retention features .

19 The task force determined that a very-

'20 important. aspect of debris accommodation is what we
7

21' :all-debris carryover. This is the debris which might
:

22 ae' carried out of'the reactor vessel into the piping.
'

,

23 30 this is an important aspect of our work.

24 We are also investigating the inherent

Limitations of the sodium-concrete interaction. We are
.

'.

. _ _ _ _ _



r-

331

3
1- evaluating design options to enhance ex-vessel debris

2 accommodation. Our major code development efforts are

' 3 the containment analysis code system CONACS development
.

4 at HEDL.' '

,

~.,

S This is a code system which is designed
,

^ ~

6 to'(be :a comprehensive method for containment analysis.

7 A complementary effort is a development

8 of concrete structural road at Argonne, to establish the

9 combined thermal and thermal stress behavior of

10 concrete structures which might become overheated in

11 the core debris process.

12 Also, Don Ferguson mentioned yesterday

13 our spray fire. code work at AI.

14 MR. MA2K: The concrete structural code,

15 is.there nothing covering that same point in the

16 light water reactor. business?

17 MR. BAKER: I don't know.

18 MR. MARK: The concrete structure and the

19 temperature is not really a new phenomenon.

20 MR. BAKER: No. But there is really not

21 an adequate treatment which includes the effects of

22 cracking and the gradual heating of concrete.
,

|

Most of the work I think have beenL 23

24 directed toward response to explosions or very rapid

3pressure rises.
i

j
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71 MY' tio7 :of all,iwe examinedj the potential design options ~ the
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- ~ Jinherent retention capability,'but what could'we do
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si7,
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to enhance?this.
. , . tg -ig,.

+3, . .
.;

L, -

,

- j7 . qi, Secondly:, we looked at each of these
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20' ' situation's'to' establish:what potential' safety issues
. S; m
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regulatory
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'5-
First of all, then, the design options.7

2 We considered in-vessel debris retention to be of high
. .

3 priority. And in addition.to that, we considered am

n
coref; retention} plate,,or,without defining it in any-

4
; .. . ~> - -,

detail,7 the genercl concept.of adding a steel structure5 r. -

.
,

within:the vessel toEassist'in retaining the debris.6

7 , ,

As[I!mentio'ed, the retention of debris
"

n

,

g carryover, what is the fate of debris which may be,

carried-through the piping into components.9

10 .And-then in ex-vessel retention, we

consi'dered- -the - three J op tions to: be extremely important.ij

First of all, the separation of released12

water, water which might be released from the concrete,13

ja separating'~that from sodium.

'

None of these, except with the possible15

exception of the actively cooled ex-vessel core catcher,,' 16 ' .

these'were not intended to be. complete solutions to the
j7

core debris. problem.1
18 ,

MR. CARBON: Excuse me. What does high priorit yj9

mean? -Promises , - or that it needs urge nt work ? What is

j priority and what is high?o'

MR. BAKER: It means that it would be most

likely to be used by a. designer. Our goal was to provide,

23*

the maximum flexibility for the designer without trying-.

to.i all.him what he should do, but rather investigatet
_

:

b _

> *
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7

fJ6'
i' 1- the possibilities.

2 But at the same time, we didn't want

L
3 to base a research program on very unlikely methods.

L
- 4 .

4- - M R,. : CARBON: . OkayJ.
,

.

,_

.5 t I,4 R . BAKE :- The concept of a delay bed,

this''is'the" addition of high' melting ceramic material6

,- ,- ,-..

,
7 to the reactor cavity. This will delay the release

8 of. water-and gases from the concrete, and eventually
3:
'

9- delay-the penetration, the penetration of the core
~

.-

L

~ debris ~1n the concrete.10

>

- 11 Cavity-pool cooling by boil-off is

12 looking at the advantages of letting the sodium in the

_
13 cavity boil ~off, thereby delaying penetrationinto the-

_

14 cavity..

15 Less promising, but nevertheless worthyf
16 of looking at,.was cavity cooling by the DRACS. In

17 this the direct reactor auxiliary cooling 3ystem is

18- in the reactor vessel.

19 It is coli/'eivable one could make the
|-

'

th 4 DRACS would still be20 cavity small'onough that

-13 submerged, even after reactor vessel failure, and

- 22 achieve cooling that way.
2

_
23 Of course, actively cooled ex-vessel

gi core catchers were consida ed, and a range of alternative

options were discussed.
, ,
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i 1 MR.H: BAKER,:t ,JsThis,;.is -within the Lreactor.
rf, , y1s .. . .( +, ; . :,
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-This4.1
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; 4.a ugv
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7* ' 6' *" 1 MR .' LIP IN S KI :~ Orie is definiteU| ~ cooled.
a' t 17. z '

'*

m- .
. . ,

,.,. x , . an ny y&. ||| & ?
hM '17] On thebotherf,there?isIno wordLcooled, so is there any

M@ $ .

just a'bi.g
%1 ,

'

%/ ! 1;2 , 8 (effort'to' engineer anyftype --:is this
_

-

- ' e$..

{ i - . 9 . steel ~ plate,{or'isrit coramic? ,

~

~

.

.r.,

,rp ,.2

MR.'-BAKER: - It' would not ' be ceramic'becauae-"
%g , ,

'
to; ; -

~ . . , .

N.[ it: we-! felt we..wo'uld not want:to(put foreign materials'
'

'

(.
<m .

[ -' ,

Dinto(.the" reactor' vessel'for.ifear'of. causing an'

7 -12
\([,r-[ a., ,

S ... 113: ,a ccide n t . ; '
'

_ w.
m; ,9

-.-

;

[^ -114 :- . MR. LIPINSKI: LWhat'is it,'a. big steel | plate?
>7 , . ,r

. ' 15 MR'. BAKER:- It~would be -- it is not' defined..WA -

-

-

- ,

n ; - {16 _ ;Itiwould:be a set ofItrays. JustCin general, putting'

a

- -

< i 77
:.something|near.' thel bottom of-the vessel'to increase

-s ,

-
.i g fthe area :for 1 core debris.'' ~

.
4

* <'
. , .

~MR2 BENDER: When you are talking about delay,y j9
'

Lorztime,''what' objectives do.you have'in mind? How, (20',

W ..much delay.? -c21

j f. V - MR. BAKER: WeII,.again, we are not specifying
22

23' :.a- particul ar situation. It would be rather, than, just<f

' '~

-4.
_

_

,4. 7 ;/U. '. 24 -
to, again, this would depend on an overall design, and,

,
.g a-

r {"|
''

'
j

we didxnot create an overall design.'C>,m
1r

'" k I

,
4r y 4
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:8 We are saying we are interested in thei

2 principle of putting non water-releasing material in

L 3 the cavity to delay the water release from concrete,
t
e .. _ . . . ., .

, r
,

7. . - 4 . andJal'so - the<po'ne,tration into the concrete,
q .w n~<r - -. -~

MR. BENDER: I am'.trying to get some feeling5 4 ;

[ for the impo'rtance' of this capability. And I would6
~ ., , .

, c

h assume,for''iDto be'of~value'it has to be associated
.

7p

with either time-to get[the fission products out of8

the way,_ or t'o. provide. arrangements for some future9
t:

cooling capability to be_ brought into place., jg

And it would have!an influence on how_ji

u'eful'such.'dev[ces might be . - When you make a:'dgments p37
u

-

,

someth'ing has a- high value , you have to say why.
33

. MR . BAKER: I.think the intent of it i s '- toj,

2

delay the generation _of pressures within.the containment
15

or: hydrogen infthe containment,.which would require you..j,

to. vent at'an early time, or in the absence of venting,-

expect. building failure of some kind.
' 18*

~

MR. GAVIGAN: Also allows evacuation within a
9

reasonable-?ength-of time, if_you want to put it right

here.g.
.

.

MR ~ BENDER: That is one way of dealing with.

it. I wasn't-really sure what you were driving for.

MR. GAVIGAN: These are R & D options we make

available to design. We make them available, and now
e

.

_ ___m m
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'

19! they are going to approach the safety problems..

,

MR. BAKER: The next step was to develop
2

3
. potential safety issues from the conaiderations of

t .. _ _ . , ., c, ,

,the.desi~gn options, , .,
4 - -

'
'' We have. divided theme into in-vessel' ,5-
* *

. .. e -.

debrin ' carryo'ver 'and ' ex-ves sel .
,

.

~I
'

I won't go through all these in.

7-

detail, but an example, debris ejection is associated
6

with how does the core debris leave the core region.
,

We concluded here that in' general we

L will have to consider'that core debris may be

1 ejected upward or. downward, or both, so that there

is no -R & D there.
- 13

We have to consider all possible

options.

In-place coolability is particularly
16 .

.

associated with the blanket coolability.

I r. other words, we don't necessarily
18

have'to assume that all of the fuel melts out of
19

the core region, or is ejected from the core region
20

at time zero. There may be a considerable quantity

which remains in place permanently or for a consierable
22

I, period of time.
23

The next question is: Is the fragmenta-
24

' tion of the material ejected from the core region
y

__. .
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' 12 t We need. methods of predicting the
3

fate of't.he debris; how n:ach is carried over, where-

2

does it settle out in the primary system.
3

' ' ~

a- -Debri's)coolability within the primary'
.

eI uit=is'veryJsimilaritotparticulate coolability5
,

,

'in the. vessel, but here we are in a more constrained

sit a't on in piping or parts of components.

Should the debris become uncoolable.in
j 8

.the primary system, we would then have to consider
9

failure of the primary system and debris coming into

, .
the primary heat transferer system. We would examine

then'the liner integrity, possibly the penctration of
7

core debris into concrete.
13

In generi , our feeling is that debris

i' carryover is li mi ted , because in the loss of flow

accident, the flow rate is well down before ejection

from the core region would be expected.
_

And in the transient overpower accident

there is rela tively small amounts ejected upward

before the nuclear reaction is turned off by the loss

of fuel, such that we are optimistic about this.

But nevertheless, we have to look at
22

all these steps, and even the possib'ilities of a small
23

amount coming out into the PHTS cells may not be an
24

unacceptable result.
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MR . : [ BENDER : s They are a--' volume in1 geometry.
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<nv -e.;M
q g2 p;. - - 1And'when we do have a:new reactor
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'16. reactor vessel and you'immediately go to upflowing

L . pipe. And this helps to avoid excessive carryover.T 2

Only the. finest particles can make._

{ it up~ the riser.
~ ^

4
,

Butlin general we would like to
5

know how. things might behave in a variety of cases.,

6

For example, in cavity performance, we would investigate
7

L the general behavior of core debris, and as it interacta.

8

g with either concrete or cavity material that might be
I used.
t to

Eventually, if a cavity is designed
11

'
that we feel needs to be looked at, we would use

12

'that specific design.
13

I think that has been done. Dr.
14

Muhlestein's group has looked at specific liner
15

. features and contact with sodium in the past for!

16

_CRBR.- I think it is a combination.
17

Now, we have identified in the area
18

of, the need in the area of cavity performance for
19

a-larger core melt f a c.i l i t y .
20

1...

One of our tasks next fiscal year will
21

be to examine the methods used at ANL and at AI with
22

relatively small scale electrically heated facilities
23<

which Pedersen will mention, and to see if they are
.24

amenable to scale up. And also to study in more

t

I
b

. _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Ll7 i detail just what we do need.

2 We will also'be looking at the CND core

-3 melt 4 facility for'the po ten tia,.1 to meet this need.
.

'''
4 MR. BENDER: I am still not clear on the

'

:S parameters'that.have'to be investigated.

6 *~I unde'rstand temperatures being

7 a parameter, but +he heat removal and distribution

8- is a function of the way in which the material lays

9 .in the-cavity.

10 -And I am not sure that I understand

t .;i how you do the experiments without having some specific

12 arrangement in m'ind.

It seems to me it might be important13

to know that.34

MR. BAKER: I think we have generai arrange-15

'16 ments in mind. In other words, one would -- *Se most''

promising cavity material other than pure ccacrete37

would-be generally considered to be magnesia bricks.ig

So we tend to' study these, this system.39

On the other hand, a designer might20

choose to choose an alumina liner, or some other
21

' combination., 22 .

When that selection is made, then we
23

will tend to study that system.24

I mentioned a concrete core development
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i 18'
'

3 at Argonne, and eventually we feel in a few years

we will need some large scale thermal structural2

experimen(s :on . concr~ct'e ii,n order to verify the codes..y, ,

' We will be hearing about sodium4 , ,
- ,

concrete,.'cori debris'and dense mass coolability.
,

-)7 J These,' I'might nention, are natural6

convections and heat transfer needs in the core7
,

. debris' area. We expect to be met by, as part of theg

'

9 LOA-2 programs mentioned yesterday by Emil Gluckler

10 I andLJoe Mills, that both the tests in the water and'

in sodium would be extended to include-typical core33

debris configurations where there is a distributed
12

k - heat source corresponding to debris locations within_ g

. j j- 'the. vessel.

~ I~tnink I;will, in the interest of time,
15

leave'it heie. These- are relatively lower priority
16

needs which would be addressed later in the program.j7

We would not expect to start anything
18

for a few years ~in these areas.
39,

14 R . FERGUSON: I would like to just add
20

something. Don Ferguson from Argonne.
21

/

With regard to this core debris,
22

what you are_ viewing here is the safety program,
,

the base program trying to take the offensive in~ thisg_

area, 'in the following senso:
4

f

}. '
.
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la
i Always in the past, and in the past'

2 at least in my time, FFTP and later on in Clinch River,

3 attio'me hoint in the! project they reali=ed that they
,, ,

- .;.4

had.a,problemtwith respect to core debris accommoda-4 .

'

5- tion following severe accidents.

t-

| 6 The: safety-based program was always

7 told, "Okay. Here is our design. Solve our problem."

And a series'tif stories were put8

9 together to try to justify whatever was required to

10 meet their needs.
t.

In the. case of FFrF, showing successful
, n

E in-vessel retention so that one did not have to worry
12

about special containment features for core debris13,

accommodation.ja

In the case of CRBR, essentially
15

showing that by adding a vent filter system you would16

meet at least this twenty-four hour requirement for
j7

no venting and filtering that NCR placed on Clinch
18

River-in the case of the May 6th letter, May 6, 1976,
y9

letter.20

During the FFTP days, the great bulk
21

of the effort within the base program was aimed at
22

pr viding the requisite technology for supporting
23

this in-vessel storing.
24

Along Clinch River, given the same
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20 twenty-foot diameter vessel, much larger core, iti

2 was noticed at a glance that in-vessel storage would
^

3 neveribe successful.

4 so suddenly all the attention in
,

5 the base program was focused on supporting this

6 core in the floor concept that evolved at Clinch

River.7

CDS has essentially punted by sayingg

we don't know what requirements NCR-might place on9

33 us; and secondly, given a set of requirements, we

really don't know what we can do to meet those inn

terms of well-defined demonstrated technology.12

So at'the present time the CDS13

project is taking a very much wait-a'nd-see attitudeja

in this arca.15 |

The words are that leaving imbedmonts7g

in the reactor cavity, for example, to be able toj7

support the cavity liner material, for example.
18

What we in the base program are trying
39

to do is to look across the whole broad picture and
20

say.what, what the totality of the range of options
21

t'a a t a designer could possibly choose, and in each-

22

case, what technology would be requi.e to determine
23

whether or not that option could be -- it is viable
24

or not viable.
I

|
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; 21m . ~ And so what'we would add u,p-here-is1, 3 m *:,- -

gm
' .- 1

.,
, ,

,g . . . .

_i . [h; ' e ' :2 - ' thelfull:Trange lof . options L we 'considdred to attempt
Y4 . .

r

; e.V T |n q 4, ey 3.- 4
. M- - p m
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m. ,r i o r,i t i,z e ,t h o s e :I.n,. , terms of~giving considerationp aan' , c;s
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3.-n as/ - w.
.

Y:3)' " '

toithingsJ,like(qboth.; cost and probability of successus >

r <n . - ~ tw. . ~< . 2-
g -

~ . t, -, -

? f"the7 technology {/:
k M p L /~p W ~ :n ;x''

.. .

Ldevelopment efforts..'yN n 5'-,

,#'- t .

' / . N 'And''then.'we'are' embarking upon a3 m ,.
,

g.

.g 1 ; y <> s

-

1 , - - 1
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.p.ogram::tokinvestigate these-areas, so hopefully a' '- - [
*

.7x. .

_- m
~

we would be in the position
. t

Vroadr
-

[, ' g .few(yearsidownnthe
.

4 ^ to.tell a des'igner,'"Theifollowing. design option-*-
->

~

b *

97
-

. ,

,;c ,
# . 9'N .;;willlgive you ' twenty-four ; hours , or thirty-six.

.
c

" ..
.

- -

'

, jg.
. , - , .

ihours,-Loriforty-eight hours.'or in;the case of# yf i , j
,

- ,

v7 .' ,
, ~

m jl2- :somef actively Jc'coled concept, perhaps indefinite
.

, -
.

(c - >jy; idelayfbefore(you would'|have to:: worry _ about containnent"
.

p -
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r.
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, ip ;-}s,. .gg51gge n . ~
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,
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'(+ - c 5- . |So-that is the attitude. That is.;,

-1
W ' ' -

,

y- , ,
'

'

,

N-Q6 [the| perspective 5that.we'have in terms'of-~this program-">
_

.

,

e, . ..

:e '1 (tihathwe arefembarking on at tho'present' time,~

<17>-
,.

'

N:M *i :i',

't- ,
' .It isl an ? attempt: to take the offensive"

<
.

';2 ,4 ' 11 8 ,
.m-

,Wi. Land !put i the : base; program in a pos.'. tion to tellnthe'

s c .-

wM .19- < =
,%.. u.-

, - +
' ' '

1 .designersfwhati range of opticas ..they ^c ould possibly
d%.? . - S .

4 -
_

;x 7.

choose',e as opposed tofthe other way around, which"O. o ~

2:n ' - 21 :
"i

'

.- ,

ff 3 7. . iisjtaking whatever the designers-have evolved and
,% J- ~ 22

~
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.

T tryingitorconstruct;'a story to meet their needs.-
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1: .seems to me.you would have to be presenting.something^
, , ._ ~_

22L .

c

G Slike the.' heat transfer rate per unit of area, or'

t
m ,:6.g ,. m% en ar 9; --

.,+n- ;- i..... et ,
,

*
.

.

\3- perAunitdof avolume ihas Ato the sum amount in' or' der for.$ ^( , ,-
u 3: +

-
* ~

,&. 4 ' .

4; t h _ ,. _ ..i g n;_e r ;3toi. kdsow whether you nave something that
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. p' MR . ;FL'RGUSON :
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,

'*j " ' ' ' Yes. 'For example, in the case- y ; -.6

: 7, 1
- 7-
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'
_

4..
, ,- ,#. -. 71 ofiin-vesseliretention with alflat plate,4 ' '. N a core much

.,

,

VM .
.o . . .

thefBritish are talking.about'for CDPR,yy ' 3 ' ,7 18' likelwhat
.,

i 19 Dorf:concephs of Y phrase, like'theI rench are talking-
'

F"
7 n. ..

-
s.

m. m - - - . _ . v,,
-

9 i.10. abouti.for Supe $ph'oenix, we would hope.to be able to, - ' . . - . -
.j i'

...
'- 3;

.# 11| lbeDable to, establish what' kind <of thickness of bed
.

,, , . ..

! N.- y
'

P. J 12: 'asLaffunc' tion:of'-time'could ba'' cooled without fvel-5
.

WX
_ _ .74 y-', - .. ' eltin'g | anc bed-dryout. .So_that then theJdesigner- m
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'

a given fuel > loading ~in+ x ;could say, "Okay.- I have
sg,

' my) core. I-have:a given diameter vessel. Will.this
,

'
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4
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'
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.16L ' concept!be-a viable"one strictly from the standpoinc-1 M .
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.
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iof' ability t'?coolia debris bed-of a certain thickness? ""~
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g - 1 118| Of cours'e, ane also has to address'

2.~ 1
& [thejguestion,ywould'the debris bed level to the pointi '

% , . -, ,
,

e.a '
_.e .

-

<

.n

4' M . (20 wherefI-cantcohcern mycalf with.a uniform thickness
+ ,

~

E L21' tand)soion~.,

e. ,

y .o 7-..

"y Going beyond that, if you wanted to] M.y -
,

n- . ,
.

ik , . ~4 , . . .

5 [ ' U ,f, '23; 'haveCa thickeribed, are there concepts that would
,

o w . -

*

g. ) <

? ;qq' 12i (workp such as where' the British are talking about where'

y - y -,

e.
'

,

, j (1 ' . ,( 4,,, A / - ~ they h' ave-pipesithatucarry-the sodium from below thejf
- - ~gp . , .

+6i s
"

-

; ,
,

n- m
ldt - e :;; - , , -.;

h. g * ,

,$ ,. * 'I U''
'

$ ' IN
,

w

-

y ,.
,

< z e c * ' - ;-.n >
, ,

y__
_ _ _

1
-

.A, 4
.,, *_3



mm: ; -

..
, ,

, . >

. g . w e
^. ;E - -

-

..-' k ,{2
v. .

i - E.h* " ., [ 'e[''
' .

'

--

, v
,

''
4

];;i,' ' '
'

m: - '_
-

[" ,
;h -

' '
-

.y ,

e - - - - .;, ,a
- '

. ,
- -

-

: .. s > <
~ .

'
~

.

b.2 3 i ' * <-.RM F '":., ,w
'

..h: -
. . ~

ici .j A1. - pipeJ to'; aboves, the': pipe; toienhance - the : natural circula-:
*'

.

-e -
- ^

z e -

; 7. , c

'_
,

-
_~

s -

,

-
. . , . >

.
'

~m P g2: .' tion < flow arounditheiplate. -
~'

,

.m ;~ sse 34 .-y y, 44 -
.

,[lh 1 0 M iI U oEjes',dth'elidea would~berto.. develop~

} 4-
Sm 7

f,
'

y , w& J . , |k <4 1 ga 2.

,

(;' ?*f
_

~''

,$ t -
'

, 3.C - V ifor? the' desigrie's;.f so'me i; design guidelines : thati tells

m
. ,;''

.. ' 3 c y e w w ': le ,y ( N.izc e s: ' a -s 'c
""

- ], -. v M L N s- r : e+* f
x- *g

~

>5'l' ':him ?how -|f ar . he* c'an 'go with' a given ' concept? -
s, '; -

-

W4 w' N L' i #w! -1.M % 699 m n
s"*% ,.

s .c gf
' OAEc

M. ;y~, ; "6..
-

h,-
, f

-

,-MR. BENDER: Now, the'other'; aspect ista.
-

'~, .

,
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.
a

. .

'c7 + e-question 1'of Nhattthe.; age -o'f the , melt is .
- ,,Ln_ ,

u.. <
.

y<
, . .

~. .
,

+ , . ,

.1 :MR,. UPER' USON :- Excuse me? I

.
- ,=

, - 8
-

Gg,y.' .. _ 7 . g..~
~

~

!._. ,, }. -dy
~

, _ . -. , _
_

*
,

d $ " _* , T9~
, '

~ MR'.qBENDER: ' The_ age of the melt:is-the
~

M .g .

> -
,

[oth'erI arameter/that hasat'o~beLtaken into account..
'

[10'
^

t:# p
.,

? 2
^

*
, .

"
,

_ .

life of the core
..

L: At -what time - in the- ~ :
.

>m; n; - :p;
'[d

,'.r " d o e s [ t h e i m e l t h r e~a c h t h i s - b e d ,: because'that would,
# y.

> 4

12
- - ,

+4 s'
~

~ A:9 / 13, ythatLto some; degree 1 determines how much heat is:being
- e -

./' _ it .evolvedi .

~

-

, .

. .:.15' = = 2MR.-dERGUSON: \We certainly would be trying-

: -16 ?tcfdealSwith' theTworst case situation, which is an
"

'

>. w ,

: Y. h7; fen'd-bfilife core ;with a maxinn decay . heat loading.,

: - -

'

_ |18) _

BENDER:..I-am thinking about how many~'MR.,

_

, . _ _ .;
'

'

,

'
iti .

_

,

j -, 19: | hours:or days it-takes for the meit to reach the-% ~
.

' ~ . :
. 20 ~- [ melt.:.n' t

-Pf3p , .
' -

"
- 2i: MR. .rFERGUSON : I think in the case of an<

3:;;4 - _L_

h ', '? 22 LMFBR,[ liquid metal fast-breeder reactor, the debris
*

I

' retention plate /in the matter of at most a few123
<

,

,,,

y ; minutes, an'd'itDreached the cavity, and it didn't stop
'

, .

.

u.,

{ iit.there, at most t.en minutes to fifteen minutes,
~

-
.

3, *

r >
u e m- 9

A

4, y' (e
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:24
-1 something.like that, it is effectively instantaneous.

,

.2 You are still in the area of two to
- ry , . . ,,

~
g> ,

thre'e ? percent ' full pbwer 'in terms of total decay.4 -, '

-3

' heat' loading.h , ,
-4

p ro
'

BEhDER: 'ihere is no heat capacity5 MR.
'q, ,-'i <

,

6 system?

7 MR. FERGUSON: That's right, for that purpose .

8 MR.-LIPINSKI: I have a question. What kind

9 of specifics is put on-this in terms of the retention

3o .for what period of time, one year, ten years, fifty~

_ ji years, because I am just wondering if this is kind of

12 like TMI-2 happens now in R & D programs, and try to
/

solve the.-problem, because here we have the retention13

device that-is being put into place, the material34

15, being collected, and then what happens into the

future.16

MR. ~ BAKER: There is a designer option. It-37

depends on his strategy.;g

We have not assumed any particular
39

'one here. We have considered the whole range.
20

He may wish to retain containment21-
.

-integrity only for twenty-four hours, as was suggested,
22

in the CRBR case, and then allow overpressuring and
23

release-it by venting.
24

MR. LIPINSKI: That is --

_ _ - _ _ _ _-
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.% 4 . ex_,m ,-

D
-.g/ wg ;71 goiIig/on in'thefsafety programfin"the' area of accident'

,m
', a

.
,

" ' recovery.. n. : - ; 3.; s -

m. Q , - c. -
+

g . ,^
^'

.,
' - *

i
o ,;; , e

- -
NCRLin the past hasn!tyconcerned them--9+

, --

M O- i
. -, ,

ci_o _ :selves dith' accident recovery.- They-may-well-concern_e ,
~

:p , . g_ m _

, u , .

_ , .W: "themselves1now. ,,.

.11
-

-, - . .

-

, - . , -

w. e <w .

Pt ;~ - -- . ", s .Our programL.is.not' concerned with-
, - .. ..

-

'+ -42 - - -

'

. m.n; .m-
, ,, . _

-

O ~ ' i .-y i- th a t' .': JItfsaysi'in[therequirement' thirty-sixhours. ;,

y ,
- _

:s .. h.. Ve! will meet thirty--six hours . -
n m. -

,

.- ," . '

65:.
_

~ ,
_ Bey'ond-that we.~will try t'o tell youm 1

1
- -

.
ey w' .

O s,, - 4 ' g+ , '

what kin'd ofireleases::c'ome ? frobt containment as a +

. .. :16 ,g , ,

, ~

v1. ; ~ [ , .c .

iconsequence of the. vent filter.or overpressurization
. ,

13 7 ;

y + .g_
'

ioricr|acking of ih
~

A187 e containment ~or~whatever.
m

,z m'
^

s -
. .

It.is not accident recovery,

,

"

MR. LIPINSKI:4 - ,-
3^ 9^,y _- ..

c: -
,

l'0 it;;is~ accident continuation,'because this accident' "

:2
,-

,

'$'* ~

-

21|
cont 1nues. indefinitely into the future.~

,
,

P{ ' j ' ' , , ' - .
. MR.-GAVIGAN: What we did, I' mentioned.,

( f- - ,22
. v- , -

,

4
-

.
_

s = ,oarlier, we.:are_-guided by two criteria.,

. -_ . 23 -
;

-

-
- -

; >
.

- ~

. 241 One is the dose that occurs from-the
--

:
-

;
'

[ accident,'or theinormal risk curve that you are trying
'

[. .z."
< >

n: s

. h ,; * [,h- , .
-

'
~

,
= , -



-
,

,47; - , q-,: -. :'
-

,.
-

:+
,-

;;; _ : ,y ir
c .u . :-

^ ,

t. m.i .

< -

, . ,+ t

'-w' . ' s _. ^ % .
,

*[' ,

.

-

4;. r ,
- .

.,
-

:
% ; ~ -..

_
u ~

126Q ,
Dj .to achieve. JGivenMthat, ~if you are able to all'ocate'

, ,

,
. ,

#.Y,. A
, _

N

y %) 7 hat down:theisyskem,:,weJdeveloped the R'&.,D1 strategy.''^2; t-

i 5?,,

"thatSdl,lo. i% [<t a
g.c c T i *t . P >g > . % t b. M#- 3 ,

,. C, Y 4 v +
4 c . ,,

ws.theEdesigner to meet these criteria'inL'a,3
t) ,; a.

-

>

<
..

,
.

,_ -| .Q & p' p _jR ,
.

; y/ '',
\

numberbo;fLways% c'/D) ,, 6 ik
-

p
.2

' ' - - 4'-
.

h
- 4m 4.y + 1;;, -yN4 s - -- <

34 ; ,

15'
. , g ;(An,df frorp Lwhatt we have seen so 'f ar,

-
-

O :j Q ,

, ,

~. A m esu e re>s >~; _ , . ,

_ , . ..

;S x., ~ f6 .. youf mee t thosejeriteria .-L
S.n. ",

j -
9 p

;

l'7 ^ ' w.. f 7. .
~

Then?c'o'nsiderations.beyond that,. that'

.- . ,. ,

t 4 -(- g

i *
9

.p ,

_. c . 1- 1 M8 is ".out : to !fif ty ; years g o'riso , n are not' health criteria'
,

^

.:.
Ee * 4 1

,. ,

>$r,' D., . ., . .
--

They;are(psych'ological, ;and' ' they are -

9: any.more.
,.

. .

s
,

,
, c ~ -

'~

3 ; .;4 2 .
(propertp damage.?.'~ .

,L' u- . _ K .

T
:'

y y , e" 10.
-

I ^ !-
1_

A. : W 11' . So.from'our . viewpoint'we.can't. set '

< _ . , .

7

.

# ;g = -
-

,

Ns . ,; Jaipsychologicaljerite'rion,.
_

112. bocause'itiisJdifficult0
'

, .; - -

'
_ '

, [. .g13_ htoid"o research.:<-And~we don't.'do-property. damage
^-

f., , p_. m. , - ,

4 .. - ,
n ,

, ; .~, . .e :,
_

.su d e s e a~r c h .--
~ '*- '

, ,

~. -

,-
' .p,

, .,
,

,-

*

o - 4
,

'So?we are left with either? dose <'or'EIS- - -

> c

y
^

cy - -

hisk. -/ [ '' , 116
' , ' -

o A r . .,j'__ _ u _~ ,
'

, , _ _ -.

or risk, how far istoQE C~ " " A Based.on' dose
nn

_

- 317-
.

,

.

, -

.. . .
-

, J :. c ' ,Os! 'timei d o ' y o u ( c a r r y; o n-f t o i, m e'e t i t h e L c r i t e r i o n ?
.

~

;; ; e
-

,

j.v, ' ,', ; -
,

''^L"r , , ..t - . ,
_ _ .

q9: ~ MR..GAVIGAN: , That depends on the project-t

.

-

y: ..
r A

~ ,i , J .:_ * -

the proje :t decides where this'particular
r .

, , P. , ' 7 20 ^ approach. }f,

';u n s a. , ..
.

.

,

8M ' D21 ' site , ~.whe re i theyC have. ' this reactor, and as such'
'e: .

_
--; (22 'evacuatelthe population in,blankety-blank time,h

s1 s

, '
' '

one_could^ keep the' containment for twenty-four hours.
E 23- :

~ :,
~

9
'

s

-; w - 24 or forty-eight' hours, and that there sets a requirement'

: .
-

d 1, :on.what'k5.nd of R &D he selects, what has already been' '

L
'

,

,X -X 'J_
,

'
'

., x s

L. -
+ - ' ::_

'
-



pr .g m .g g , . -:yw
,

'

,
-

,,
,

-

,

yy: , w. - ::;_ --
, ,,

~
. u"

. g. ,.- e + < >

h }w.c
, m

^

a, - ^

:$3G' -
:~ ;;< - >

.
, .

r. .c

MW , J ' y ~

*
>~

m. ,

;= 4 - m~ ..

'

~ ' O- a m.._y , &, done , rand' what des'icjn - features''he puts''in |the building.
-

L U: ~a
- , , - ,

.
''A

,a . m '
pc '

.;
'

g .

1 |G 'So he' puts the' time- requirement.;on', ' ., , ' . </ g ,7%.m 3 n,4 w_ .. . , y .. p , . %
.

.

> 3.%-
.,.* , * C hri; j L ,'[ ?? - 7" . N c fi a [ ,7%*

~-)g _

'
,

j ;and4we~tryt.to* provide'allithe information'so he has-'" t

,

O., j% .. . v 1 .
? ,5''7'-*<

7
'Q [< ?Q:. -f 4:. ;o f'p : _

tion, -% ' (f;p : _ -[ing. 2th,e i time . -
\ ', f *>

., ,

the* % - - *
,[; JN [ ' %c.o pj ' N b @eet* '9 V # " i '

-yy
+

- . . 'MR.-LIPINSKI: : Are ! evacuatioii Sand containment.'O
6% . 5-

...n m]
: ..

-as, n . ~ y . :n, .y m ~L ' j f. : , -
- * -; n ; .
*3; R) . y Jg g. [ ;';x .~s' ,V ~ >p js- 3.3 :<Ma .. %;J ' figure's'of twenty-four~ hours? satisfactory, even

-

<a

pgy , m - f thoudh
9 ..

'

; ;6'
- >

;,,
'

,
a;_ .

._ _

'

MC ---

a ;7
itheEcont'ainmentifailsEand the. entire'? area iss contaminatc d?;

m ;, :: y .
.2 - -

w z . :,
. ,

' h.JiGAV*GANi I .tihink' that- is - true. ~
'

-

~

n -

-8-
-- 4

a.-u ,

, wi Q'. g Q. ' -
, .;

.

' '
.

. ,.,

' M' . -
-

. : MR. : BENDER:' :It.is:notithe kind ofithing.whict
-9.. .

$., >f
---k - -

^

% n. . ,

M we c6uld|presentJin[ regulatory context.-

N ,P . ./101
-

n

, y :
.

- ,
, ,,

-

n -
'y"y , _ ,

_

.; T h e r e 1 h a s to;beLa walkaway positio'n.
~

, 11 -< ..,
-

. ._
.

..

>

,
::w

,

g'q Y ~ ~ * 12 'whichi;says the> reactor:systemican,be left'in a state'
w&. -

. . .
- - z - -

. ,
* iy x. n* ',

.,
~i" -

X "o , Lof permanence', fife.I7canicall'five. years-or ten' years'
-- 13. - - - '..

Wm' ~.,
'

_
-3..

-

*,. : .. .
'

n ; permanence.-
y.. r 14 -,

1 4 .
~

a/? - - "I? don?t know how long it is going to,-

.

d- 15; -

> -; -
..

.

a
.

%
.

.

J ,' ' .

16: ~ - -
-

!be,yuntilLsomething/can be'done to correct the'

-

,
-

'c , . ..

, =: 3 7 3. -1 situation.<
,

~~ - , ,

. And :it is a matter of how the public is
, ._

'N
' , : 18 : '

-
-

. . ,

s ..

' cony'incedithatLgiven an' accident,.it can be,- the>

s- ci9 - - -
,

,

.

:sys. tem; cant be;put-into some kind of passive co.nditioni"
..

3 :;20.(
v. >,

' " ^' 3 that is acceptable,:like TMI-2. *

3 ,. ..

%; . . 21 -
//

-

. . a.M
, . . .

'v .I think Walters is right. You vould'
t , . - -

.
, 22, - u,

# *

-haveLto'be able t"o'show that when the accident is.z. ~

c

, ~; - 23--
-

.

% M s"L-
'

ff;'s . .over and-the people have evacuatoJ, that there is a-

24''jv. z
>

.

d
_

'g-

41 ' .
' subsequent. sot'of? actions-that can.be.done to make the

g -

,

N
a * -

-
,

[
^ # '$$9

r' - g - ;$>

=
--

.- .
.

-

<
_ __ _ . _



/m ; --
-

,

!

~

356

28
situation, at-least that status quo, stay where it is
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2- .without jeopardi zing the. area any further.
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[51 material' penetrates, we are not cracking the concrete,
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MR. PEDERSEN: Right.

MR. BENDER: Right.

I mean, I am interested in the matter

of the order of difference we are talking about.
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dealing with-here?

MR. PEDERSEN: Penetration of UO2 into --
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MR..PEDERSEN: There nave been no experiments
20

.porformed up until just a couple weeks ago which

addressed the question of long-term penetration of
22

UO2 Into MgO.

MR. BENDER: That still leaves me, there has
24

been some analysis.
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74 MR. M U I! L E S T E I N : I an not sure I have thej

2 answer, but.I know what tihe data says.

MR. BENDER: You are measuring the reaction3

'

of. sodium with free water prinarily.4

MR. MUHLESTEIN: With free water which is5

driven from'the concrete, so it is actually sodium6

onto'the concreto. But there is water given off,
7

and that is what is giving the hydrogen.g

- Mr. BENDER: Is the combined water also
9

reacting?
10

There is cement.
33

MR. M U II L E S T E I N : That's right. You have
2

what is of all evaporable water, which is raybe
13

fifty percent of the water, that is certainly beingg

driven off quickly..
15

U U " U
16

to the concrete, we also get some of the bound water

given off. That is acarly eighty percent of the
g

total, the evaperable water, plus the bound water.
g

MR. BENDER: Uhat is dominating the hydrogen

generation?

MR. MUHLESTEIN: Total water.
22

MR. BENDER: .Obviously the total water. Is

most of it doing something?

MR. MUl!LESTEIN : Again, the free water comes

w - _
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81 1 . energy'from the differential thermal analysis and

2 the= amount of material consumed gives us a fairly

-

3 good pound of total energy which is produced.

-O..
4 It'is the kind'of thing, yes, we are

5 in'thes-bal phr'k, Nn'd y e s , * we can calculate. And
,

'
6 wihh thdtiIfwfll.end. .

-

I'
.. ..i

>
' ' ,

7 MR. MARK: When you refer to limestone
3,~

,

8 conc r'e te , is it the $ame this week as it was last

9 year in its detailed chemical analysis?

10 MR. MUULESTEIN: 'Let me refer specifically

11 to the Clinch River limestone mix. That is the

.

-. 12 thing we know more about.

13 over the last several years the mix

14 specifications have changed, but they have changed

15 slightly.

16 MR' MARK: I am wondering about the chemical.

17 composition.

MR. MUHLESTEIN: Long-term chemical composi-18

ticn?j9

MR. MARK: One of them had a certain amount20

of silicates. Does the next batch have the same21

number, or is it dug from a different corner of the22

gravel pit?23

MR. MUHLESTEIN: Again, the silicates would- 24

be the basalt. For the limestone it is more dolemite,

.. _ _ _ _ _ _
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, ., :19 , Louis. Muhleste'in wi-11 be back""in a> <_
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. - s _

to/ describe our.. program on air cleaning:minste ~.
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s stems,.which is our total engineered attenuation
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- ~ program.
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' Then Ravnesh Amar will be up to
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''dsscribe our inherent attenuation program, which'
'

-

"

,

M ,

' iincludes aerosol behavior program at HEDL, high
'

-
,

*9> .

..c.'( ( ,

' ,
.

g 83- p <

".5.' 4 a

>
-

,
,

-

__ _ - _ _ _. ._____m.__-_m m. _ _ _ _ _ _ _ . . _ _ _ . _ __._-s_._ , __..kw -



, .. ..

- - - - - - - - - - - - - - - - - - - -

'

- 412
$.

_84, density studies at AI.
1

Our studies of' leak plugging by-

2

aerosols, sparging source term development at-

) .
,

GE,: and our review of environmental attenuation

~

models at Oak Ridge.
5

..Our strategy in this area is one to
6-

develop efficient, reliable vent / filter systems such
y.

that1 they arg; .availa,ble .:
a - ,, .- :, ,* , *

' ~

The technology base is available if
9 1 _,

,

designers!wishEto'u'se.thislapproach..

10 - ' " ~

'Andia_lso,to demonstrate dose reduction,, .

11 '

by natural processes.

}- The approach to this is to, as I

. mentioned, support the containment air cleaning
14'

program at HEDL; to look at aerosol behavior
15

experiments to demonstrate the rapid oglomeration/
16

fallout of sodium and fuel aerosols.
17

We have initiated a program called
18

ABCOVE,'of aerosol code comparisons and experiments,
19

large scale experiments in the containment systems
20

,_

tast. facility at HEDL.
21

i The analysis program will predict the
~

. 22-

results of planned experiments as the key feature of
23

the program.
24'

We have alsv developed a -- we also

|
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85 3 wish.to establish a sparging source term, that is

2 the'avai-lability of radiolocical species from the

3 reactor cavity by bubbling, either by sodiu.m boiling

~O or by'the bubbling of. gases releases througa concrete4

5: through the fuel-sodium mixture'in the cavity.

6 And also, t'o demonstrate the self-

7; _ plugging tendency of containment penetrations, and
m : . .?

't,o'estab1,ish improYeb environmental attenuation
.

- --

, fg

- models;. ; ; ,19 4
, ,,
^

L' ' ' {. ,

' With that I will turn it over to10
.c,, .: .nr,

Loui's acain.- 3

33

- MR. LIPINSKI: Question: What is the self-
-

12

! plugging material? Are you talking about sodium
33

systems?.j4

15 -
MR. BAKER: It has been shown that codium

aerosol has a marked _ tendency to plug small holes.16.

And this appears to be worthwhile exploiting, with_37

regard'to showing that leakr, and containments may
18

j9- very.well be explained.

MR. MARK: H w do you exploit it? Do you20

drill little holes in the containment?
21

f MR. BAKER: It is.said --

MR. MARK: Never mind.
23

MR. LIPINSKI: The words containment

presentation are not the words, but if you -- lines,

. .
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Yes.. It is' independent.. MR . ' BAKE,R : s, 3y

Qw: . = -3 -
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._ . . -; 'MR.~LIPINSKI:' If,the;' pipes.are open you" ' *
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| ^H + twill get"the.matbria1!through;the pipe. - Then-it-is-
<

_
' ' '

rO4 w .i S J .. .t1 ,m ,

' [' ',h;M , jajfunction of-[ pipe f.ize'.'
,
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. , . a .. =. 4 ' of '
~ +
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p, d - - . . , . '

"AndEconcentrake-o'fEsodium,6- < , , ' . ' .
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, MR.cMUIILESTEIN: .'Ye s . - Uith'high; aerosol--
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g; - 7

~ .t L.12 . =n
'

f ,,. .c . - 3 ,

d [~ j' ' concentra ti"ons ' - thirty stok.a hundred' grams.per-cubic,,
,

'* * :;13
. < ..
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21

from containment from a controlled manner to environ-g
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.As I recall, we could go out tofsome-

2 thing like four. feet and still get good gas listribu- -

3 tion.'
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y 4 if you gv much beyond that,.what you's
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.s would envision b this is a tank with several.of these
,

6 units,in it,. sized so you do'have good. gas distribu-'

:g s . . . , , ~ . . . , . . .~-
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#MRt A -The'overhil objective i r.. th e'
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'
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' inherent evaluation' program is to demonstrate that11

, . substantially limit the radiological
>

'12 . natural processes

13 ' consequences.

As Lou indicated before, the significan b
14

15 activities in this program.'are the study of sparging

phenomena','the. aerosol behavior studies, plugging of16

17 leakage. paths, and radiological consequence assessment

;18 ' -studies.

In order to determine the radiological' 19

one needs to evaluate what the source20 consequences e
1

21 term is, and-the release of solid particles from

boiling or. bubbling' sodium _ pools can be as significant22

23 as, say, the' gaseous specier. Very little work has
'

.

24' been.done to date on the release of solid particles.
i

And so, the objective is to provide
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109 i of the bubbles-that archeing simulated?

'

2 MR. AMAR: We will inject Argon gas.

3 MR. BENDER: That is what you are using
.

4 to simulate?:

5 MR. AMAR: It could be the gas coming

6 out of the sodium-concrete reactions.

7 31R . BENDER: So it might be hydrogen.

8 What else?

9 MR. AMAR: Carbon dioxide.

10 MR. BENDER: Maybe some stcam?

11 MR. .AMAR: The proposed experiment shall be

12 . designed to be evaluating all of the parameters shown,
.

13 unless it can be convincingly demorstrated by analysis

14 or water simulation studios that are in progress

is that the particular parameter.is not important.

16 There has been only one attempt, one

,
17 analyzing attempt, to model the sparging phenomena,

18 which is the expression for the decontamination

19 factor, which is the ratio of the concentrations

20 in the pool to that of in.the atmosphere above it.

^21 And the propos'ed experiment shall either

(b 22 validate this model or maybe indicate improvements

23 are required.: f t o>

> -c, t. L-

24 The next item is the acrosol behavior

studies.sLThe'nonvol~atives.rcleased in an ACDA soon
~

. -. . ,c
,

4, e5 ,
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In addition to that, the atmosphere has,111 j

be'en' generalized.in the senso that now we can vary
2-

the volumo-and,the atmospheric propertics, pressure
3

sr
,

and temperature as a function of time.
4

, v. ,,1 ,

t ,, .

Also, advanced comput r technology
5

has~been utilized to revise tha code structure.6

Obviously, for those models to be
7

" cceptable', you need to validate these experiments.
8

And experiments are in progress at containmentg

systemt; test-facilitics at HEDL and at facilities
10

at AY.
11

MR. CARBON: Excuse 'me. The aerosols herc
12

~( P "DU"i"" "U" 8 1871^E0
13

MR. AMAR: Well, we haven't donc any experi-g

ments with plutonium.
15

MR. CARBON: What is your objective here?
.S

MR. AMAR: The modeling has been mostly
17

done with sodium aerosols or UO2 acrosols.18'

MR. CARBON: But this work is aimed at your
19

source term from fission products and plutonium
20

products.21

MR. AMAR: Right.
22

VOICE FROM THE AUDIENCE: In combination
23

with the sodium oxide as well.24

MR. BENDER: Are you covering the whole
i
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120 MR. PERGUSON: In the interest of moving

the meeting along, I am going to use only two or2

three of the new graph I have here.
3

The last major part of our program_

4

'

to be discussed here today is the part we label R&D
5

. integration, and the focus'of that effort is to see
6

7 that.the technology that is developed throughout7

, the four LOA areas, LOA-1 through 4, is properly

integrated and. presented to plant designers in suchg

a way that'they can understand the totality of-

O <

,; . implications for their safety considerations in
*

,

the plantidesign.'

2

We have three second level products,
33

'

the' integrated analyses, . project support, and
n,r- r:

.s '.
< .., >

.L' .
9 e

g research and development management, the role
~

- r - -.

p.e r f o rme. d|;b,y the' technology management center,g.
' '

s , i

In. the integrated analyses area,
7 , , ,

,
, . 4,

e
we do work on generally in three areas: methodologyg

and data. base development; integrated analysisg

analysisJand risk assessment.
20

The major tasks that we presentlyg

have in lace. include the. maintenance and assistance22

fru ers of the'large codes that have been developed
23

at Argonne-and Hanford and Los Alamos.24

I We have risk analysis methodology,+
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non.;atw Argonne/a'nd: HEDL and other. pNces' otitside 'of~
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,. g; ) :- up- - .5,
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. . . r ... . ,
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u. .. ,
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and actually
,,,

?.
.

.

iDOEland.;OakiRidge National < Laboratory,1 ' '- w;
, . ,' <6. ,

%
<

d ', %,$ ' y,' o, . tperating the da'ta: base,
.

.f .
a 4 y '

3which 1sitcalled SACRED.g
. . ,

~ '

- h,;, The: reliability.-data' base, called:-
'

. g .

W, -
- -

,
, . v. ,.

( ' CRED ,.thatJOak-lRidge National Laboratories.also',
~

,

a, ;,

i .lo-
maintai.ns ,3 an'd then sensisivity> studies Land methodology~
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,' \ I 1 k" p de.'velopment tgoing on at'Argonne'an* .anford.f.
. ' ' ''

,

J

,{ - - , -
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_ . ..' Mark Temne in~ going ~.to be talking'
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~
112 . -

\ v~ ,;
. .
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~~ ' '%'' - ;33 fabout'theJrisk analysis methodology and risk allocation.
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,
,

_ . .
.

,

. methodology development. work foll'owing-my brief,x
'

'

3g
'", _ _ : -

1 3.
..

. introduction.' ^' '

15

.Ef
, v. ' T16' -

. Proj ect support than focuses on : design
_

." ? \
.

- Tj -
' y__,

fand>1icensing' support,Jand dissemination of the
, . a n -

3s ~ -

q, __..#. u

- i' ;18 safety: technology'for' support of licens!ng.
.

__

s_
,

,

' , ' < y
~ ,' ; .Several major program tasks here,>

-

39, ,

,
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220: Eactuallyjall|of the industrial contractors, are'

,

% .
,

.

~

participating in this effort. It is being fundedg[ f Tc . ,. . c 21 :
* >n.

-

. ,

T

Q
. - a

'

n .-f'Qq at: Westinghouse.22e
v; y , ,

"w .
,

.

!6 . This is the development of low-risk'
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,

- 23,
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"ANSD5.416 d t6fsayfthe major industrial contractors.
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standard,'and analytical work,in support of-
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h [ hy .thaY has been-_ going'on-at Westinghouse.-
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'
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E., ! . if * " cA number of contractorsF Argonne,
c. 3- y . . ' _ . _

M
_

, <

J ~Hanford';GeneralxElectric, Westinghouse, Atomics-,

p . *5
s

International, Low Alamos,'have'donc~ analyses in-

; ~ ,.p .

L: 1E -

. 7 support ofJthe large development ~ plant project..
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'

m - ', , Clinch River _ tasks, the~ entire program- - 4 >

.-,
.

.e.

p :issme'antSto b'
'

e supportive-of Clinch River..4
,

'

There'are. par 6icular, tasks that are.' 10
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s j identified b'yyClinch; River as~being specifically,

y
important~ at ~ Argonne and Hariford , . going on .W :#,.y
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(i .And.then.at..HEDL we are' fabricating- c-'
,
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| f . *j ~special digh enrichment' fuel' pins' for-insertion in,4
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.
,, .
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'
~

~special vehicles in the' fast flux'~ test facility for,g
, .35

4

* * - 16 -
radhio.n, and;these fuel pins;will then be available' - *
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2 _

=for testing in| TREAT'sometime~in the po'st-TREAT
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ip;Q m:,v.,, .. ,

.

3 c . . .
,,
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r% .. , hh t : we . ,h. ave:a variety.of designs, and they are also.t
. .. ... . . . . ...

..p'>
i d h . 20 | b W, P % dA -

~high enrichment:pinsEwhich enable us to get better"

- # ,. - 21 - -
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,. g 7j
qC* 2. . .x rn o .r < .

if you will,.
,

^ coupling: factors'in test reactors,, (.4f 22 :
-

t .. g g ,- -.

'a larger [difforence between'the fission density and,r}, ; . 23:
,

2

l "24 the-test'; fuel and the fission density in-the reactor
y ~

'
y m.t
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in the! test reactor itself.o .

,

-

g.' ~-

'[g :m , t:
.

-- -

-



,
# T ' N '- ? ''

' .c -. ,.,. . ,. . . . . .
,.., ,

^

'u# ? ' ' " ' w' a
' ; *E .

$,
Fr " ' , " e r

-"
,

t|.. a: ,

/ 7 . ;_ <; s c

d;..e - ,d. *
,,

eT'
, ,

I '+- ,

.;" a ., 29 - y|w + ' T
,

,

',
s

( y' ff. . . 34 4,'+ b- 4 , ,,
., ,

. , .j gs, ,

. . , - .

|. --'g , * ,i-' i, P ' . -

- -s .e.. , ,,
,

M , , . 1
_,-. %

s i. , e ~

y123) ? ;y .MR.? MARK: Thosef.thingstwe'are;just referring
'

' s
.. ,,

a. m , :s. ~.
' i"

. ,

" 's, s' a_
4 ,

'~;>;
. 3: .- -5 . . . . :):+ s

Rj W
^6,v*1w.

i '. 2 .to rw uld? have? tof waitifor the: TREAT . upgrade? ;
g - -

-., . ,, ,

|. s.
.

r
et -

.w.+ 4
.- s ,

-MR. FERGUSON ', ,
I # s- .i 'f--

e,3; Q' ' ,. . v, , .
.

,

M N, . / .M Th6y3would not!necessarily . -.;7
-g;n , , , _, .

[ m ,[ ' h ; h i ' hNvetoiwaitYfor[ TREAT [,upgr'ade,:but it', t urn s . o u t ' . th'a t'U
.

.

m : s. m ,
-q

< Q i [!-:_. g:L.f '| ~d I ,, ;p" willl beh availableNat about th'e . sam,e time e the
,

' ~ .,_ 9 , ,_ _ , _ ;
' s

_

*

..,,',5 |the ..b.. N;. TREAT
,. m e , , , .u . - - .. ,

q g; 3 y -' p. .
w ;,' ;;. . ; . g m ;r. , , , ,

-
< .

e,y ;upgradelbecomesLoperational.'
,' ''

.;
.

'

,; vw 4% ;

h;.r / h, f . ,s; G 7
,

j l ;/ ~MR.'lMARK: Thdt$ab nearly three years <fromit

c:p - 7. , s,. ,

|.: .=
, ,

f.' j_ ._ , ,. r % ': 6 ,4,

h , ,' h;6 # fndw[ tNo[-a'nd$a; half?c O
8 ,-

:x? c;~ '?- ':,' %f , ,

- %, N~ 'W -
x. . . -,t m.

.
.: .

.
~ , ,

. we y ;; .
FERGUSON:: ;That's right.^ The first,'

,T J. ,,. .y<.s :s1g' . ',/MR.
, _ ,-

,

~ y ,,

,. M y~e ,,. :-e ...,+ . ,
. ,. . . . . ,

,, r

.: ,i ; ' :m% tJ c ,weshope .to haveC theifirst of4the assemblies of the
. . - - . . .

7, . # 10 -
,p,' . t. e

W.q,g. , 1 < g;,,, ; $; ,.
; ,

. _g
, _

, s

T.) h, ' i. j. / . ~ '3,( .g. .high' enriched pins,,7 there are a' total of ninety-onel:
,-, ,

# ' '
7si|c -

'+

>7 , d ..C
. - .

-Dr4 A ids -
*

.. . _ r " #*
. ,.

1

pt' ins"Pinteachasubassembly,
? * @@|sn Q Mt ;,% %;, M yew % ag3sg , a . .

the fabrication completed12

.byh .' .,he end of fiscal ' 82.
vr -

, -

J 4y/ .

; .

-

tr
4 _13wum at, s-

:
_

1 1 x- 1
' ' 7" 1 c h. a, -- u4a6e. a

%
%m,,p _ s:.,

v en emm%., "r. J ^ 'Q 1.~ > ." And'th,ey otheifirst of those would be
,

_

5, - ..
.

.

P *^
. a.-nu 1 + x* . y . : n r.
Y .,% q../ .y _ n gp9h C :n y y p y ~n p, y g ;,

_
;- ,

$ s,7 %
- , . W ;1"5 (in se rted t inUFFTF. :s'ome time fin 'l'a te '82, for several

_

m m v.m ,m, .

%-
.C, - ~ i -

y , .

yc clestof radiationg~w p.e - n 16 .

,
< ,y .

'' *,K '; f E5 ~ -

a r

a . .F q N ,9 ,
,, ~ , . _

'

.InSorder to irradiate
- f , . : 17.,- ~

these, there is<<

u n t . ..,e g. .o ,

n - ;L..
.

, , .

._IK ..y,. "ge;-E aOspec'ial; double-~ ducted' vehicle.that was built, and"

, m u. ~ 18:.~

..; k 1 :5..
~ ** ' '

... . .

; ff" between the ~, .
,

& . g.~
o xw e ; -

,two-ducts _are twoirows'of boron carbide-s19...

s t
- t _

Jfilledi p'in s , and tliat ' pulls' the flux down enough
. . .

t_ JD 30;4-;x m, yo,
- m 'y _. % .

A ~ thatyyo$ can. keep tlie linearfheat' rating and those]twyq 2p
-7x - .,

D:m.~ ) _x
.; - W hi'glif enrichment pins within Ttolerable levels., 22 .

xm... _

>:
m <w w.,

, ,

g; 7 ', i d3 And;there is also special facing to'

,

- w w. w '
~ .f f , . N. ? . control the~ flow of sodium, so it is an expensive

? 'n " T
. ;. ..; ,

.g .N
_

'

.. o - 24.

A f: S m ,,

L undertaking'.
' '

m,
.-..

>+ r
,-.,

pg ,

4 + n~
,y

A - , ; . ,C' ,, _ ^ ~ ,g;.{pp .,. '[- jg, [ c%s
/ .!, [ " y; , , < ' . .._ , . .

jD[ ' f 'by y? :U..
.



- .- -

,
.

Ci2
b

124- .Tne enrichment level in these pins>

3

i' g es'up to essentially about ninety percent fissile,2

'3
material ~in there, but using enriched uranium.in

place'of.the depleted uraniam that would normally-

4,

g al ng with.the plutonium, so they are very high5
7

enriched pins.'

6

:MR. CARBON: What kind of safety experiments?s 7

.: MR. FERGUSON: All of the tests that will8

I

be carried out in the advanced treatment, thet g

large, for use in TREAT upgrading, will require3g
_

these. enriched pins in order to get adequate coupling
33

,

factor in order to get a high enough fission in
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i producing probability estimates that are orders of2

magnitudes apart.
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I don't_really think'the: problem is2

[ as undual as some people suggest, but at the same.3
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assigning probabilities to them.
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mathematical solution.10
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'

l have been on a different viewgraph, not under the

'

. heading of finishing.the development, but the main
_

-2
~

point I want to make here is we came to the conclusion
3

a.

fairly early;that it was hard to know when uor
4

.

methodology.was adequate :iithout knowing what it is'

5

'

to be used for.
6

Yod can endlessly perfect the way you
- 7

.do'a-~alculation, if you don't have in mind what kindcg

o oc 3 on someone is going to make wid1 the numbers.
9

We als conclude from that, then,
10

that'tho need, the methods development needs are
11,

a little.different in each of these major areas of
12

i application. . Design safety management is essentially
13

addressed by the risk allocation type of analysis.
.j4

And those are not results-that you
15

-

.have to prove in a-licensing environment. They are
16

to guide the designer-into a product that he then has~

c c 37

to prove in ~ a. licensing environment.'18

- . > 4-
',.He'can assume a lot of approximations.

19
3

4

. .. $I. -

* ,*

R&D. management is more or less the same.
20

? ? . t
I; So yhe point is we need to define the'

2t ; >

,

are to be made with theultimato decisions;that22

calculations in order to know when the calculations23

24 are good enough.

Now, at the same time, I find myself
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F. @C;.< . . , - :: . ., iwhi'chfmake (r.eference ho* the 2 work Jthat we' h'a've done
-.

g %
' ,

i, f. ,Ts ,

( , , _ .s _

., 'j. g .% ~ _ _

,

*

D :.w:-p- . _1 [ ' Q < 'ioni q'uanti~ficat' ion: of11ine 1of ' assurance ' goals'.< 7And
~

.-m my .. ,
' '

,

' ( ' }q; q E'
"

q
~

s

!wc arerdoin,g, currently,La verygsmall amount ofMwork4p[ - M, Q- z
. , -

-- / -
, , - . .m

,x. " ~

j.m y .- ..
. 3 - -. ,

~m.. v %" - :justito demonstra,te1how one1.might1.go back to tha t , -- tio:

L.,$4 ", . jj - ..nW ,e -u ; 4 -

. , . . . ..
..

s
. . . ..

" ^
n.. .,

,

v-- -

* y "s ee.'ifliti lsla~t /all s credibleg and 9 worthwhile .,

n. .. . :
~ ^ . - ,

,

j .4 We wilF be:.di.scussing what we find
m[,

*

f
- - ,

7
-; - de ,' '4 from (that"with -the ; TMC, cand cif they ' feel; that some1'

~

'
1

=

.

m- , ,

..

'5-- '*.. systemic way of(quantifying the 'line 'of assurance
,,oJ

- ;35-
'

~m.
. , , - - .16 -

i. goals isio.f;value('to'them in making'their decis' ions,;b d ~
*

m s

b we maytdo more work onUit'.1 '

'

z,

t- :s J ]jg
-

That is all I-'have. >

,
,

;+ ,
e

,.
'

'*^

,'
, : .s: . , -il
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As a matter;withithe. approach you aressuggesting.-+1.N, '
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-155 don't:think that'can be avoided.
3

And if we really can't handle that,2 ,

we aren't going to use PRLA, I believe. I think,
3

I think we can become accustomed to dealing with that,
4

and~de'ive areas of agreement so that we don't-havers

to argut endlessly about every single probability6

num'ber and every' risk assessment. It may take a
7

while..8
,

MR.-BENDER: Let me take a couple areas
19

and.then-I:will stop.
10

- One is 'the question of how much R&D
ij

6

is necessary in order to establish a risk basis,g; s

and where do :you- put. the R&D at?-13

MR. TEMME: That we probably can treat a
14

littlefbit1more informally. And in fact, that is
15

)g' Feally.essen'tially what we
~

are trying to do wit'. 6, s. .

g73 ;this whole an,gle quantification exerc ise.
'. . .

? Nh
. ' , 't > . . ,p ,,MR.' BENDER: The other ques: ion is who is(j8

.

(" ,.
'e- -( % }

:39 /authorizedTho' mak'e 'subj ective judgments?'

.MR. TEMME: I think we all are.'

20
s

MR. MARK: Who is excluded?
21

MR. BENDER: That is not a minor issue.
22

'MR. TEMME:- No, it is not.
23

fMR. BENDER: The difficulty is nobody has
24

^
' been excluded up to now, and somehow or other you have
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7" g y. . deal ~,fbut"Ic.do' agree"thattit is-'an unresolved question..
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,. C , a; nice acronym,LWB.S.. LI :t am not~ familiar with it.c 11;
w,s , 4 ,1 e -

D 'h <k'i s ,,

Er>' ::i MR. TEMME: Work Breakdown Structure, and'
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y.;13- ithat;refersEtoDie'ol one, leve1~two and level three,- v
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