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2 MR. OKRENT: This is the meeting of the Adv2.sory,

3 Committee on Reactor Safeguards Subcommittee on Reliability and

O 4, Probeb111 etic Aseesement. 1 em o. Okrene the Subcommittee
4

|? 5 Chairman. The other ACRS members present today are Mr. W. Kerr,
9 .,

j 6! Mr. P. Shewmon, Mr. C.P. Siess, Mr. Carson Mark. Also ini

R I

$ 7| attendance are ACRS consultants Lester Lave, Paul Slovic,
E l
j 8| Richard Wilson, William Lowrance, Samuel Saunders and Ivan,

d
d 9 . Catton. And we have three ACRS Fellows here, Messrs. Kastenberg,
3
@ 10 Johnson and Bessette, and we'll have one more, Mr. Griesneyer,
z
: i

! II ' in a little while.
is

N I2 The purpose of this meeting is to continue its
*

1Oi'1 eve 1uetioar enet is- ene ^cas eve 1uetioa, or ene aeve1oemeat

j 14 of quantitative safety goals for nuclear power reactors in
$j 15 consideration of the actual form these goals may take and what
:::

j they should accomplish. The Subcommittee will also discuss. 16
z j

d I7 I some items related to the NRC published announcement of staff's
d
C
g 18 ongoing program and budget, and suggestions from the industry
c
f-

g 19 | on specific proposals for safety goals.
n

20| This meeting is being conducted in accordance with the
i

2I provisions of the Federal Advisory Committee Act, and the

22 government and the Sunshine Act. Gary Quittschreiber is the j

23 ' designated federal employee for the meeting, the gentleman on |

I I

24 | my left. The rules for participation in today's meeting have J
25 been announced as part of the notice of this meeting previously

! ;

i i

!
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1
j published in 'the Federal Register on Monday, June 16, 1980.

'(3
(
) 2

A transcript of the meeting is being kept and will be made

3
available as stated in the Federal Register notice. It is,

() 4
requested that each speaker first identify himself or herself

3 and speak with sufficient clarity and volume so that he or
e.'

3 6
3 j she can be readily heard.
E !

"
We have received no written comments or requests for

N

3 8'

time to make oral statements from members of the public. Wel a
d

}". . will proceed with the meeting. There are agendas available.
9

S 10
j' I think we'll go right into the agenda unless the Committee
=
2 11 i

merbers wish to have preliminary discussion.g i

12 |
'

d
3 | All right. The first speaker is Mr. Zebroski of NSAC,
=

' d 13
g and according to the agenda he's to disucss general attributes '

E 14 'd of criteria and a particular formulation of criteria.,

$
r 15
g MR. ZEBROSKI: Thank you, Dave, for the invitation
~

- 16 |-

y ! and the opportunity and also for the fact that this is the

C 17 '
d subject now of increased interest and intensive effort on the
M |
E

18|' part of the ACRS and the subcommittees. As you know, there is=

19 |
H,

"
i some view that a safety goal can be a very beneficial tool forj

20
regulation, and there's also some view that it may be a very

21
dangerous tool if poorly formulated and poorly applied.

() | MR. OKRENT: Excuse me,; can he be ' eard in the back?h
!

23 '
(Response of no' .i

:

() MR. OKRENT: Can you turn up the volume?

25
MR. ZEBROSKI: I think the two things that I'm*

L
a
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1 '

supposed to touch on -- one is the attributes of a safety goal.

2 Obviously, one of the most important attributes is that it be

3 workable; par ticularly, that the regulator and the designer or

O 4, egereter cen both use some kind of e disc 1,11ne emd come to e

g 5 similar conclusion.
9
@ 6i One of the present problems in the absence of a clear
R
*

7" safety goal is the striving for near zero risk where near zero
U
g 8 -6is undefined or is a number which no one understands, like 10 ,

d -

$ 9 *

So I think I'll structure this a little bit with some viewgraphs.
3

10 So the feeling I think that everyone shares is that

5 !

}
II WASH-1400 technique is very useful, very important in setting a

N I2 risk evenlope but it hasn' t been a very practical tool for either
5

Os'! deeten or resu1etion. It hee, however, been very useeu1 in
-

i

14 | a Basian decision sense in helping you to decide what is more and
u

} 15 what is less important, what you put more effort on and 91at you;
. m

) E use less effort on. In a general sort of way, both the industry,

A !
i

h.
I7 ' and the NRC have used this in a loose way to determine priority

= '

IO | both of regulation and of remedial actions.
=
t.

I9 ! However, we do see the effort in regulatory agencies3

20 |
n

| generally that the measure of the diligent regulator is to drive

2I his assigned risk to as near zero as he knows how, and the.

22 Delaney Amendment is the extreme indication of that where virtually,

23 everything in this room, given a big enough dose, would be

24 | carcinogenic and would be banned. And obviously, you can't do

25 , tha t , so there is some legislation proposed currently by

..

ALDERSON REPORTING COMPANY, INC.

- _. . _.



_ - - - -

5

- F

1

Congressman Ritter which basically supports one of the theses

() 2
of' my presentation here in that any kind of regulation must

3
inevitably involve a relative judgment of risk; relative compared

(]) 4
to what, is the risk to be assessed. And he proposes this as a

e 5

% guide for regulatory agencies generally. It's not formulated-
3 6

} as primarily a nuclear m' thodology.e
R 7

[ I think the bioethics community certainly has made the
! 8

] point that you cannot drive some risk to zero, particularly if
n 9

y that means deprivation of that particular benefit, without having
g 10
E some moral as well as economic concern for the alternate risks
-

E 11

$ of loss or deprivation or excessive cost and social chaos, or
d 12
s even more in some cases.
3

O ; 13
E The present existing legislation is deficient in this
S 14
$ respect. I think there was a small step in a good direction,

! 15
y a letter by three of the Commissioners , which recommended that

'

J 16

| 2 the consequences of legislation, of regulation, be taken into

f 17
,'

account. I guess the thing it implied to me was the consequencesy j
E 18,

3 of deficiency of energy was the implication I got from that letter,'

[ 19
A ; and they recommended a legislative remedy.

20|
i I think one of the points that is the troublesome one4

21
is to look at directing indirect costs of the consequences, and

() | I of fer at leas t- one pe'rhaps extreme but nevertheless , not

23 '
unrealistic view. Some of you know when you did an assessment or-

24 i() review of the NUREG-0660 Action Plan, the es timate developed by
'

25 ,

the industrial group was that'the cost of delay associated with

i I

{ ALDERSON REPORTING COMPANY, INC. |
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I Three Mile Island up to that point was about S30 billion; about
p
s 2 130,000 megawatt years in delay of domes tic energy production,-

3 which replaced by a mixture of coal and oil, spaced energy,

O)\_ 4 had a cumulative cos t' impact of $30 billion dollars.

5g Now, in one sense that is the tip of the iceberg. I
"

i

@ 6 think more broadly, society will not have, cannot have -- it's
R
$ 7 paying most of the social costs of nuclear energy and the regula-
;

j 8 tory process and legislative process that go with it, but it's
0
y 9 . enjoying only a fraction of the benefit, and the fraction is
z
O

G 10 specifically that we are not going to build at least 60 and,

5'

_

j 11 ' possibly as much as 100 gigawatts of capacity that, in principle,
u

$ 12 could have been built and were at one time in the planning procesc
5

() f 13 ! for the 19 80 's . And that amount of capacity, if you convert that

w

%
I4 to replacement power cos ts or some equivalent measure of the cost

C

j 15 of deprivation, by my arithmetic comes out to about five or six
=

j 16 hundred billion dollars in uninflated dollars, and in current
A :

y. 17 '' dollars would be well over a trillion dollars. So there is a
$
u

3 18 penalty to every man, woman and child in this country over his
c
s
g 19 | lifetime on the order of five to ten thousand dollars decrease
n b

20 ! in whatever other options that kind of resource would give you

21 in your lifestyle, which we have paid, in a sense, for the absence

22
[} of a publicly agreed upon and manageable safety guard. Again,

23! overdrawing the picture, but at least that's one bound to the

24 size of the issue.

25 So I think in that sense, if a good safety goal can be
;

L ALDERSON REPORTING COMPANY, INC.
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|'
constructed, the incentive to have it and use it in some

(~)/ 2 I' rational way is a very substantial one.s-

3 Now, what are some of the desirable attributes of a

(~/ |T 4\-
i safety goal? Let me paraphrase this. It requires a definition
!

of practical methods for design and operating decisions. That
,

3 6g | 1s, if the guide is vague so you have a great deal of controve_ sy,
n >
*
" 7

even today when you have a bulletin order that seems rather

8 8 |.
n

j specific, and even when we have the prescriptive ones whichn

d

}". the industry doesn' t like, even then you end up with a good deal
9

2 10"

g of debate of whether youJdid or didn' t meet that particular1

< g .

II4 objective. So the clarity is important, I guess, is another
W
d 122 way of putting that attribute.i

4

(} f 13
Secondly, it mus t be an objective basis for agreement

3 14
2 on how safe is safe enough. An important of ficial of the NRC

g$ 15
s taf f in the technical society meeting recently said you know,

=

y' 16
we don' t regulate by rational judgments; we regulate by what

we think public perception asks of us. That's why Paul Slovik

E i

18 | 1s here, I suspect.
.

_

19
8 j The issue of regulating by public perception in a
"

|

I20 ' sense says you regulate by a kind of mob rule, by a kind of what

21
the media or what the TV tube thinks is important. That's good

22 I{} j politics but it's maybe lousy for safety. So I think the

23 ! objective basis on " safe enough" at least in some part of the

24 intellectual community, should be something that can be somewhat,

l

25
.

objectively agreed upon.
!

!

I
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j The next one is the most controversial one in a way;

O 2 there must be a non-zero goal. It's very difficult for a poli-

3 tician to admit that he's asking you co accept some risks, and

O 4|
! yet, practical life experience says that all of us took some

{ risks in getting here this morning and getting out of bed and

6l
{' all these things that we Mow about. So the non-zero goal.i

|n
4 7
j The next one is perhaps even harder. That is , describ-
N
* 8A able in terms of understandable and acceptable by reasonably
d

Io 9i
I - informed and " emotionally stable" laymen. Now, I throw in thatg

=

$"
10

" emotionally s table" -- that, incidentally, aroused a very,

=
2 11
g uncomfortable set of comments from one of the Commissioners.

d 12 !
$ He" thought I was pointing at him, I guess. The point on'

|=

() ! " emotionally stable" is that my friends at NIMH tell me that
,-

#
almost any population that you examine in any depth will run

N kr 15
g between 15% and 25% of people who have some easily measurable

16
g objectively observable neuroses , in the sense that some functional

,

F 17 !
d aspect of their life has been, at least for a time, crippled.'

=
5 18

They're not parenting or husbanding or teaching or working at-

N 19 rj j the level that their life would expect. So there is always a

20 1
; cons tituency of neuroses available, and that's at least part of

21
what sells newspapers, I guess . So the idea that you can satisfy

() an unstable situation is basically not attainable, s o we mus t
i
#23

have to at leas t draw that distinction that we keep this part of

(]) the discussion on a rational basis with people who are willing to

understand the terms of discussion.
~

:

!
; ALDERSON REPORTING COMPANY. INC.
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I Now, I have an observation on the importance of public

() 2 perception as far as this process, but that's a much more

3 philosophical one and if I have time I'll mention it at the end.
,

() 4 Ideally, -- Ii think this is just comment sense -- it

g 5 should make use of the bes t available data and the best available
@

@ 6 | decision process. And being prejudiced in this direction, I

s |
5 7 think the Basian decision process has not been demonstrated to
Aj 8 be less than optimum, or we don' t know of a more optimum type
d |
0; 9 of process than that, so basically you're talking about a Basian
z
O

@ 10 decision process using the available, observables and theories.
E
_

@ II And finally, this is the toughest one and I think this
a

N 12 | Subcommittee and ACRS generally and some of the legislature have
5

(]) been moving in this direction, is to take account of the alternate13

$ 14 ! risks both of deprivation and alternate sources. And the risks
$
.j 15 | which are mos t dif ficult to take account of and which may be

i=

j 16 dominant are the risks of risk associated with deprivation or
w

d 17 ' with high costs. It is ve y likely and it is certainly -- let's
N l

} 18 ' put it this way. There are very few people I know who would
-

P 19 i consider the likelihood of highly stable supply of oil and thisg
5

20 politically stable situation in the Mid East in the next 10 years

i

21 is a very likely scenario. We're facing a situation where we can

22 sort of see the disaster approaching and no one can do anything

23| about it. And yet, that risk, that very explicity risk, one which

24|t may kill some of us or some of our children, is not taken into

25 , account in this process in the sense of it has some impact on;

i
i i
: i

il ALDERSON REPORTING COMPANY, INC.'
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I the importance of domestically-based energy and resources.

() 2 Here 's one fearless possible formulation of safety
s

,3 goal that is not endorsed by any either industrial or non-

() 4 industrial group; it simply is intended to suggest the format

5g of the tsues to be covered, and you can plu'g in your own numbers
#
@ 6 | and your own format.
R I

Io
S 7 The basic difference here versus the WASH-1400 -- it
Aj 8 basically uses the same discipline as WASH-1400, but it takes
d
} 9 recognition of the f act .e the criticism of how well do you'-

?
$ 10 know when something is 10~"? When you use that kind of a number
3
_

j 11 as a criterion, you have an uncertainty band which is of the
3

f 12 |: order of 1 to 1 orders of magnitude, do you do your uncertainty
=

(]) 13 analysis? So diat's a fundamental and perhaps fatal defect which
I x

5 14 | many people have pointed out at a session that involved Harold
a t

E
15g. Lewis yesterday, and he denies -- he said that the uncertainty

=

j 26 I is two orders of magnitude, but he did say that 'it's certainly
A

h
I7 greater than implied in WASH-1400. So the uncertainty of an

I
.

18 | overall number of that kind is one of the basic defects in the
E

P i

{ 19 ! very first attribute; th a t is , the ability of the regulator and
"

i

20 | the licensee to agree on the magnitude of a particular hazard.

21'

So, by defining the issue into a frequentist and a

22(} prob abilis t, a frequentist and a consequence issue, this is at

23 ' least one possible way of handling this conceptual difficulty,

24 a very small number and large uncertainty.

25 : So we have to design an operation to ensure that
!

r

i ALDERSON REPORTING COMPANY. INC.
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..w e 11
I expected time tc core damaging accidents is not less than 30

2 years, and a more complete formulation of it gives confidence
I

i

3| levels on that number and I'll show you some of the mathematical

O 4 - formulations. That turns out to be an extremely s ticky -- sounds

e 5 like a simple statement but very L ticky one to treat rigorously
9
$ 6, mathematically.
R I
=
il 7>' But just in round numbers, I would say that just as you
?;

j 8 could, in one oversimplified viewpoint, say that on an WASH-1400
4 !
* 9

?.
basis Three Mile Island occurred not at 'n expected mean time

.-

10| but it occurred when its expectation was at about a 20% confidence
E
4 II level. In that same sense, this kind of a number is at about a
3 ,

i.:
12 I 20% confidence level.E

=

0i'; sexe. enet e1one, aowever, certein1r wou1d mot de

14 acceptable if the implication is that when this happens you're
e :,

f 15
'

. going to kill 20,000 people. So the other necessary attribute
-

!

y 16 | is that the consequences be acceptable and manageable. The
s

! I7 sugges tions here are -- that the reactor containment system and

{ 18 design maintain assurance of not less than 99.9% probability of
i:
" I9g i termination of the accident without radiation release leading to
n j

20 | a total dose of one rem to the public. Now, I think the foreign

21
i uideline, the one that I'm familiar with is the French, is verym

i

('] 22 f similar to this except it takes 10 rem as plant boundary as the

23 th reshold.4

2#| This is really an observation -- use relative risk

25 assessment methods equivalent to the conventional engineeringt

i- ;

I
,

; ALDERSON REPORTING COMPANY, INC.
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I tradeoff studies which have established the need for adequacy of

2
| design or operating improvements which establish that criteria

3 1 and 2 above are met. Specifically, what this means , if you

() 4 take the pre-TMI2 accident statis tics in a gross sense, which you

5y shouldn' t do, but just for simplification I'll take them in a
9 ,

$ 0 gross sense, then the expected mean time to another core damaging
R
*
S 7 accident if nothing else changed except the increased population4

~

* 8s at reactors would be about six and a half years; again, at this
d
" 9' ' . 20% confidence level. That clearly would not be a tolerablei

3
10'

j situation, and you say, how much do I need to improve that, and
=

! II | if this principle was used you sould say clearly, you must do
* !

I | things which make it reasonably objectively supportable that you
=

() 13 would improve that probability by a factor of about 5. So,
m

$
I4 going for the population of ultimately 150 reactors, the per

e .

15 |I reactor risk or hazard for probabilities on the fault trees ,
C
b
= ,

y 16 | event trees would have to be reduced.
* ;

$" 17 ! Then, the statistically rigorous formulation is
= !

IO | necessary; otherwise, you don' t meet the attribute of objective_

C !

I9 |,
r

agreeability between regulator and licensee.8,

" |

20 | Now you say how do you pick that; why do you pick an

21
j arbitrary -- why isn't 30 or why isn't it 50 or 100 years or

22
({} 500 years? Why shouldn't the probability of containment integritz

23 '
be 99.999? And so on. You have to have some cut of f. The'

4(} -suggestion is that this kind of a formulation then be periodically

25- re-evaluated against the risk of alternates. And the difficult
i

I
i

! ALDERSON REPORTING COMPANY. INC. I
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1 | part of that is includin 4 not just the risk of coals , oil, gas
!

O
'

2 whee heve you, but the ,,1sx of degrivetion risks, the more1

3 risk, the social chaos risk of insuf ficient energy or extremely

O 4 high cose energy.;

e 5 But at least the objective part of that is the direct
O '

@ 6 | health risk of the alternate sources. And I'm curiously
g .

$ 7 suggesting that something below a third of the cumulative risks
sj 8 of the alternate sources be the at least near-term target, and
d
9 9 that a cutoff on the other side be that if you're proposing an
3
$ 10 improvement; let's say, somebody says if I put a second and third
3

h II ; containment shell around the building I can calculate another
is |

$ 12 ' factor of 10 improvement and now I'm down to 1% of the risks of
r

Q 13 alternative energy sources, should you do tihat? And I'm

5 14 |i sugges ting that that's too much, and that the cutoff be that
.

$ l

,2 15 improvement goes to, aims at, making the risks of the total,

;| 16 | nuclear population less than one-tenth of the total risk of thei

1. :

b. 17 ' alternative sources; and that such improvements be measured
5 |

$" I8 ' agains t cos t ef fectiveness in a fairly rigorous sense, and that
G

$ 19 I they be implemented only if they have no measurable effect on
n

20 cost or availability of electricity. In other words, it doesn't
1

21| preclude the idea that somebody may come up with some very clever |

22 improvements which couldo markedly clip of f a number of unpleasant

23 event trees, and if they' re cheap obviously you should implement

24 f them, but if they involve major upheaval and design, loss of

25 many plants, delay of many plants , for a benefit which is now out
i.
ii

!
; ALDERSON REPORTING COMPANY, INC.
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I in very small statistical probability land, that they would not

() 2 be implemented.
.

3 A further element of this which now goes a little bit

O 4 to the issue of public perception. I think public perception is ,

e 5 in fact, an undenidble and necessary important force in the
1 3n

3 6!
| regulatory process and in risk-benefit process. So, what areo

,

E
"

the things th a t -- if we get away from the issue of manipulation
N
5 8
9 of public perception, which we have a lot of, what can we do

4

u'

o 9
7-

about it objectively?

S 10 j The things we can do about it objectively , first af| @ i

\ = i

1 E 11 '
g all, if we can say there is now high confidence that you won't

d 12 i
|

see another accident that frightens people, regardless of whetherz
, 1

O := 13 ' it hurts them, if it doesn' t even frighten -them for at least
Iz

! 30 years or well into the 21st Century, I think that would be
u
9 15
g comforting to at least a good part of the community. If you

~

- 16
M then say even if that accident happens , it has less than one,

. z ,

j7 |e
d change in a thousand of hurting anybody at the site boundary,

|=
E 18 '

| I think that's comforting. But even given that, there still| =
+

19 !I~

"

E ; won' t be the issue, have you taken Class 9 accidents into
n i

20 | account in your environmental impact statement. And perhaps one
.

21 I
| way of managing that is to set a criterion for emergency
N

(]) planning daat you have a high assurance that you can limit the
23 '

i total population man rem to something less than catas trophic by,

24 i
(]) | your emergency and evacuation procedures. And the cnly thing

25 I would make a plea for there is that that be done in an!

|

r ALDERSON REPORTING COMPANY. INC.
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1

| objective way. It is not now being done in an objective way;
f 'i
\_/ 2

that is, the short warning times and the guarantee of constant

3
false alarms which _we have. I almost get a false alarm every

(]) 4!
day in the newspaper. You know, the alarms went off at Threei

e 5
g Mile Island because of a faulty detector. But there is a
3 6I;

h ! manipulation of public fear which unwittingly, the regulatory
8 7

{ process now contributes to daily, and I think dhat really

3 8!j | requires that we show ' that the risk management -- okay, so if
d 9
g this highly improbable thing happens , how do I still limit the

E 10
E damage to less than -- so it isn' t killing a large number of
7 11

$ people.
"i 12 !

'j We have some work in progress on trying to make some
- d 13pI

S | of the statis tics of this thing hang together. It turns outA-
I$ 14

$ that in the published work so far, many people -- I think we
-

E 15 i
y now have eight dif ferent safety goals that we' re comparing and

'

T 16
$ | contrasting and trying to understand and measure against attri-

$ 17 |
y ; butes. And I might say that I don't particularly have -- at
5 18

3 this time I cannot make even a biased recommendation in f avor of
" 19 |
k { a particular formulation that I showed. I think there are elements

20 !
c of good ideas in almost any of them, but none of them that we've
i

21 !
looked at, including the one I presented, meets all the attri-

() butes very adequately. So there's still some work to be done.!

I23 -
Particularly when you try to get to the practical application,

24 i
() ! level.

25]
[. So, the derivation of the sensitivity of a given
i

i

!! ALDERSON REPORTING COMPANY, INC. |
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1 I event tree, to the number of linked events and the time variation
|

() 2 that the s tatistical distribution entails ; the basic fallacy of
,

3| the fault tree / event tree as a predictive tool is that if you

(]) 4 look at one and two (?) of the tails and the distribution of

I
e 5i the component f ailure probabilities , or even the failure modes
E I

n ;

@ 6 over time, they cannot be regarded to be homogenous. They will

R
R 7 change; you will have a different value, you'll have a different

s
j 8 environment, you'll have a different operator, you'll have a

,

d
9 different maintenance procedure, and basically the tail of a

Y

@ 10 dis tribution can never be regarded -- the individual tails --
E
_

g 11 can never be regarded as stable in time. That's jus t an unplea-
5

y 12 sant fact of life and anybody who's worked with statistics of
5

13{) manufactured goods or operations knows. And you have to say how

j 14 do I take care of that, and we have at least a therem which we

$
$ 15 hope to published for peer group review, which basically just
E

j 16 says that if you have a fault tree probability, which is the
A

d 17 | function of many component failure probabilities -- this was an
5 !.

{ 18 | error I found, unfortunately, just a few minutes ago.

j 19 |
E

The dependence of the total probability on the stability>

n

20 , of the individual coefficients. You're interested in a couple of

21 ques tions . What is the dependence on what the value of "n" is.

gm 22 , Intuitively you say, as "n" gets larger, the fact that one or
,

| \_) I
r

23 ' another of these components may be a square wave instead of a

24 | bell has less and less effect: And intuitively,and experientially,

25 , tha t 's true. It's very hard to prove it mathematically.
f 1

i
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.

1 . If the theory is that "n" goes to infinity, then it fits nicely,
|.

() 2 but when "n" is typically in the range of 3 to 5, as some of the

3 important fault trees that we k now about have, then you really

() A have to do a specific analysis of it. - This is u. derway .
,

I
g 5 ! I guess I should leave off with one final thought on
0 !

@ 6| the ef fect of experience in increasing exposure versus the effect
IR

*
D 7 of experience in narrowing the statistical uncertain event.
N

| 8 Here again, I think it's both a theoretical and practical question
d
$ 9 that can' be addressed.
3
$ 10 The interesting thing is that we are all aware of the
6

h Il ef fect of increasing time and exposure in increasing risk
3 +

4 .

12 |'

S | probability . If I have 5 reactors instead of 1, I'm inclined to
5

(]) { 13 believe I have more risk.
*

I

! I4 !'

On the other hand, if you have a well-structured
E

{ 15 situation and people are striving mightily to do that, there are
'

'
=.f

10 | -four elements striving to decrease the entrophy of the situation,i
W i

! N 17 and these elements are, first of all, more intensive use of the
= |

} 18| re-review of the original design assumptions as a periodic
= i

b I

g I9 ! exercise. This is both of interest to the utilities for operating
"

|

20| purposes, for the manufacturer to protect his good name and
i

2I finances, and obviously for the regulatory process.

22 Another element that I think is in the right direction(])
23 ' is the increasingly intense review of operating procedures for

24 both expected and rare transients, and the testing of these

25 procedures on simulators and by logic tes ting. The third element

!
t
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I is 2e increasinglyvintense review, analysis and feedback on
'

rd 2 the operating experience process itself. You 've heard from Carl

3 Michelson on his plans and work in this area. We'll be happy at

C 4. some point to review what NSAC and NPO are doing in the operating

e 5 experience area, but I can tell you that it is a very large
8
j 6| effort and I think a very satisfying one. And just by the
R
*
E 7 volume we have now an underground jungle telegraph between all
sj 8 the utilities where they can exchange information on this. The
d !

d 9

3.
volume of information flow on those channels has doubled every

10 month since last December. So there's a degree of instant
: .

5 II awareness of both the event and some of the analysis and some of
B:

N I2 the remedies , which is a basic and new element in learning from th e
=

p 13 experience process. I think that the chances we have of getting
v :n

| 14 || the industry back on something like the Duane reliability curve
t: !

IS |=
6 where the time between failures and major overhauls increases

'

=

j I6
.

monotonically as the log function of a cumulative operating
us |

h 17 j experience. We clearly were not on that kind of a curve in the
: I

} 18 ! recent past. I think we are getting on that kind of a curve.
c
i,

l9g So the probabilities of many of the event chains will
.,

20 improve with time, even though the exposure is increasing.

2I And finally, the use of the probabilities assessment process as

22 a rigorous tool for bookkeeping of this logic on the plant-specific

23 ' basis. As you know, we're involved in several such projects now.

24 One that was announced just las t month is the PRA with O ' Honey (?) ,
n.)

25 , the major effort on the order of 15 man years, and similar

I
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*

1 : exercises are going on with respect to Sequoyah, Yankee, Rowe,
I

() 2 Big Rock Point and one or more of the (?) plants and perhaps

3 several o thers that I don' t know about. So I think the avail-

() 4 ability of the plant-specific PRA as an operating tool, not as

I
e 5i a risk-proof tool or as a regulatory retrofit ratchet tool, but
E !

e.' ;

j 6i something that the operating people use day by day to make sure
E I
E 7j that the type of experience that happened in another plant in

'
Ej 8 another country five years ago gets entered into their thinking

d
d 9 and their procedures and is unforgettable and is the corporate
z' .

c
g 10 cons;ience and mentality on a national and perhaps international
z i

= i .

j 11 basis. That, to me, is perhaps the mos t hopeful thing; that the
3

y 12 balance between the exposure, increased exposure with time versus
5

[]} { 13 I improved learning to reduce the hazard will be moving in a
i

-

*
g 14 I favorable direction. That's all I have.,

$ !
2 15 | MR. OKRENT: We have time for discussion or questions.
5
y 16 , Does anybody want to start the ball rolling?
#

|

6 17 | MR. SHEWMON: With regard to this -- any member of the
w
= <

$ 18 | public who gets one rem -- fencepost is
= Is

$ 19 f supposed to be tethered there. What's the mobility of this

20|
5

j individual, or does that come into the calculation?
i

21f MR. ZEBROSKI: I think that has to be a fencepos t
,

' (g 22 column.' O therwise , it becomes too uncertain. What it really says
\_/.

23! is you've got a factor of safety there in reality daat no one will
!

24 | actually get that one rem if you have a well-structured system.

25 T.R . OKRENT: Could I understand a little bit more

i4
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1

| about that point? Does that Item 2 in your safety goals suggest,

() 2I
then, that if you look at the spectrum of core damaging accidents

3
and I haven' t a clear definition from you of what you would

() 4
consider to be a core-damaging accident, but I --'

e 5
y MR. ZEBROSKI: I believe we have a presentation on
8 6!* '

this scheduled tomorrow._

u
n 7
7 MR. OKRENT: All right, but I assume you're talking
n
8 8,
" 4 about only accidents which involve relatively severe damage.
d i

6 9
g You're not talking about a few fuel pins being --

E 10
E MR. ZEBROSKI: Negative.
=
7 11
j MR. OKRENT: And that over this spectrum you expect
'd 12 I
j | to have less than .1% probability of exceeding one rem at the

r^s E 13 |(-) s site boundary.

$ 14
d | MR. ZEBROSKI: Yes.
N 15 |'v
j [ MR. OKRENT: Have you looked at this goal in terms of

-~ 16
y existing containments to see whether you think it's in the

V 17 [ |
d ballpark?
m
E 18
g MR. ZEBROSKI: Yes. Fairly exhaus tively for TMI-

I 19 ij- | type containments , and less exhaustively -- as you know, s tudies

20 l
are going on at the Zion and Indian Point, Sequoyah on just thisi

21 ''
| issue. But the basic point, and I think Gary Collins will cover

g 22 |(j i this tomorrow, is that once you grant that there are many obser-g_

23 |

vables for a hypothetical progression of severe damage, and once I

s 24 i
! you grant that you have many ways of adding water and heat sink,

25-
once you work out those probabilities, you get very satis fying

!
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I answers. And then if you back it up to a fire engine for a total

() 2 i
blackout, total loss of water, total loss of power case, it can'

3 be very satisfying that the 99.9 is a reasonably attainable
,

() 4 goal. And I had to res train myself from putting another 9 on it.

5 |g MR. OKRENT: But this conditional probability begins
N
3 6 with a core damaging accident as its premise. We're not goingo
,

E
y to terminate it before it's damaging the core. Is that right?
8
i 8M MR. ZEBROSKI: Yes. Say you have a big break LOCA
d

9
and failure of reflux..j

o
H 10
j MR. OKRENT: Okay. And again, just to understand your
=
2 11
g items, in Item 6 you say emergency plans provide 99% assurance of

I-

d 12
3 total population dose less than 5000 man rem, even if containment
: i

: 13 i
g failure were to occur after a core-damaging accident which is!

s

3 14
@ not safely terminated. Now, in this case --
e

'9 15
- MR. ZEBROSKI: It's again a conditional probabilityg

-

- 16
M that first of all, you have the core damage, and then all the
z
d 17 '
d | termination measures, which we'll say is at the 99.9 level, --

2 Iz 18 ' -6that's roughly equivalen to this 10 worst event in the WASH =-

w
"

19
3 1400.
n

20
MR. OKRENT: But again, is this over some spectrum

i 21
} of containment failure mode, then, or are you assuming that

() it's all of these failure modes involve a release to the environ-

23 : ment directly, not through the ground?

(]) MR. ZEBROSKI: This is taking the worst case of a

25
partly-ruptured containment releasing essentially all of the

i
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.

I gases and a physically realistic fraction of iodine and non-,

I

) 2 volatiles.
.

3 MR. OKRENT: Okay, but you haven' t washed those all

() 4 out with the core spray before the rupture or something like that?

e 5 MR. ZEBROSKI: No. I think khat we are trying to take
$
@ 6 explicit account of is dhe fact that the iodine transport is
R
$ 7 less than historically assumed, and that the non-volatile
;

j 8 transport will probably be far less than WASH-740. The iodine
d
% 9 transport will be less than WASH-1400 by quite a large factor.
?

@ 10 MR. OKRENT: Are you excluding from consideration
!
j 11 accidents which might lead to larger amounts of iodine and
a

j 12 cesium, or are you going to try to calculate the probability of
5

(}
13 different kinds of releases and get an expected value?

,

w
5 14 MR. ZEBROSKI: Yes, I think we're just saying that
s
x

[ 15 the physically realistic probable case is a great deal less
=

j 16 aggressive or catastrophic than -- far so than the WASH-740,
A

N 17 | even considerably so than WASH-1400. Now, if you say given diat
s i

h 18 I I have together a suf ficient number of hypothetical assumptions
C !

$ 19 ! which are contrary to physical reality, the battleship can fly,
n

20 , but I think that the -- say at least out to one sigma or two

21 sigma, you'll find much lower releases than the historical

22
[}

assumptions when you look at the physically realistic thing.
.

23 : People are applying this now explicity for iodine, and I'm
4

<

24 { very hopeful this will also be true for the non-volatiles.

25 ; There are some codes now which enable you to calculate this.

i
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,p ,

| They are not yet, to my knowledge, being explicitly taken intoI
.

2 account in either the siting or the Class 9 rulemaking, that is,

3 degraded core rulemaking, or the emergency planning process.
G
kJ 4 So I think this is something hopefully that can be taken into

e 5 account.
$

@ 6
i MR. OKRENT: I sort of feel like I'm being taken

-

|R
*
" 7
; back to 1963, 19 64, when people were proposing the LOFT experi-
n
2 8M ment in its original form. The P&L people didn' t seem to feel
d
" 9~. that one could make a good case for plate out and so forth, or
a

10 at least some of the accidents involved --
=

II MR. ZEBROSKI: I think paper proof of these things,

. 12 which are, shall we say, techno-emotional issues now -- paper

() 13 proof is certainly not manageable; they have to be experimental.
m

14g MR. OKRENT: Tha t 's a low numb er , 5000 man rems . If
_C

{ 15 you get any substantial amount of cesium out, I assume you can't
x

j 16 ' meet anything like it, unless --
A

17 fC
d MR. ZEBROSKI: Again, you have to assume -- you have

I

fI to say how many assumptions do I allow to operate. Do I allow
+"

19
.,8 the assumptions to operate that nobody does anything for X days?

20 At some point, you can stop one of these accidents as far as

2I
j major release is concerned with a garden hose. If you want to

22
(]) insist that there are no garden hoses, then you can -- you know,

23 | the battleship flies .

(~N MR. OKRENT: But I'm just trying to understand what
%) '

25 you have in mind by this one. Again, 5000 man rem is a small
!.

I
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I number compared to numbers which have been calculated like a

- factor of 1000 --

3
MR. ZEBROSKI: Let me say why I think that's an

i i 4N/ attainable number. It comes from the perception that the time

m 5-

g to get severe releases, even on the Jerry Rosen probability
4
3 6|1 basis, are rather long -- tens to hundreds of hours for the
u
n 7
; scenarios that we've looked at. And given that, evacuation may

i

8 8

] be relatively effective,

d 9
j MR. OKRENT: But my recollection of the calculations,
o
H 10
j and I may be wrong because I don' t do these calculations myself,
=

'2 11
g is that a large part of ir comes from the regions far enough

d 12 i
E : away th a t , in fact , you don' t even take res trictive measures .
9 |
: 13 1

( j i People live there and they get some fraction of an r in a year,_,

S 14
. d or whatever it is, but there are a lot of people. Now, if
l e ir 15 i

you' re including those doses , then I think you end up sayingg i

T 16
y I can' t af ford to have anything like cesium or this sort get out;

I

h. 17 >
G ; anything with a long half-life or a reasonably long half-life.
E Iw 18 i

So that's why I'm getting back -- are you assuming-

-

E 19 'g tha t there 's , in ef fect, a 99% or higher probability that

20
ef fectively no cesium will get out, even in a core melt?

' 21 .
MR. ZEBROSKI: No, I think it's saying that given thej

() perception that the times are rather long, given the perception

23 '
that ingenuity you do actions to minimize th a

24!
J.

: exposure. I think given that if you' re living in an environment

25
where you're getting one r per year from the ground, I think you

'
\

I
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1 I
| could find ways to reduce dnat. So the do-nothing assumption

() 2|
is the one that is perhaps to be challenged here. -

3
MR. SHEWMON: Is that do nothing assumption with

O 4
! regard to cesium which did get out and
i

5ie
E I MR. ZEBROSKI: Yes, I think at the low levels . At

|"

3 6'* the levels diat Dave is talking about I think -- you know ,

E 7

!. washing, and people have talked about even silly things like
e

3 8

|
you get a lot less dose from radon if there's snow on the ground."

o
6 9
-j Given that there 's incentive , that there's cleverness,
-

E 10
i that there's modern capability and the times are relatively long --

2 11
j this I think is the main perception that is comforting to me.

d 12 ,

$ There are relatively long times involved to manage these things,
m

13(') @ so even if you don't have a formal plan to take care of them in'

s_
E 14 !
y j advance, people will improvise. That's where I get hopeful.

9 15
3 MR. MARK: I was a little concerned also with your
'

I~
- 16
j ! possible item number 6, not intending to point out that something'

d 17 i
was wrong but jus t slightly nervous because the 5000 is ay .

C !
w 18 !
g j surprisingly small number. It's of the same order as the number
" I

] 19 | es timated for TMI.

20|
MR. ZEBROSKI: Maybe I should comment on that. Our

21|
|

analysis of TMI is bringing that number lower and lower. I

22 |() i think the four agency report now -- not unreasonable to believe
I23

it's more than a factor of 10 higher than the .

() MR. MARK: Well, I was just quoting the first --

25 '
MR. ZEB ROSKI: In fact, Livermore Lab is one of the

'

i
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.

I
i strong supporters of that number.

. I

2 MR. MARK: The Japanese have concluded it was 10N-

3 times higher than --i

4 MR. ZEBROSKI: But the Hatashi report is terribly;

5 |'
$ flawed in data.
N
j 6: MR. MARK: It seems to me it's lower perhaps than it
R
*
S 7 need be, and that a lot of care would -- while a criterion of
s
2 8>

s this sort has almost certainly got to be part of the picture,!

d ix 9,
.

|
and you are not saying it mus t be this one, it's one that I' guess

E 10
g I would only say deserves probably at least as much thought as
=

.!
I I the other. You can no doubt more easily come on the fencepost

s
" 12
E cow number a lot easier than this one, and things like deciding
c

{} - 13
in what way you' re going to consider this integral; whether you

z

!I limited it to 10 -3,
'

roentgens or something of that sort -- you'll
=
9 15
g surely get a lot of discussion on it.

~

y-
16

MR. ZEBROSKI: It may fail. I was really expecting
,

d 17 '
d to throw out this one from the public perception standpoint,
=
5 18

where you'd expect to get a good deal of argument that the 5000-

19
j is way too high. If you go at it from the standpoint of the, say,
" /

20 '
! just to take another _ aribtrary number, a fifth of the' cumulative

21 I
risk of :ernate sources, that's probably clearly too low.

(]) MR. MARK: I didn't suppose that you meant when you

23 were talking about comparing it with alternate sources that you,

4
(]} were going to compare them on a rem basis.

25
! MR. ZEBROSKI: No, it has to be societal impact; th at 's
!

I
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I
where the public perception problem is severe. That equivalence

f-
k | is by no means transparent even to the technical community.

3 I
MR. MARK: I didn' t mean to say I didn' t rather

' like your pattern, but I was hoping and thinking, of course, that

o 5

%- an enormous amount of discussion has to go into those numbers .
.

3 6
1 MR. WILSON: I would like to _ask for your comments

*

n
R 7
7 on it. My impression of this is I have the horrible fear that
"
5 8

' "
|

lacking now some thing like safety goal 3, that those words at
M

9|
g some time will appear in the Federal Register as the NRC safety

E 10
E i goals, without any of the conversations that you put forward

2 11
j and the clarifications you j us t made. And I think that would be

'i 12 '
E I ano ther disas ter.

I
d 13 !
5 Because immediately, every one of these can be inter-x

$ 14 |
y | preted by someone in a completely dif ferent way. So I get
_

9 15
j problems with writing them down in this way without discussion

'

$-
16 I

| such as -- Paul Slovic insisted at one time at an early meeting

$ 17 !
we start the decision theory at the beginning, what do we decide3 ;

.

e ,

5 18 |
3 | to decide. And then go on and then Griesmeyer and Okrent had

I

19||
'

A a procedure for discussing some risk levels. And this, th en , is

20 !
j quite farther down the chain of what we're trying to do; the

21 l
j specific methods of aadressing some of these levels. So

22!|O, j without any of the calculation procedures which you're discussing,4

23 |
I think this could be -- it's almost meaningless, and if you

24 I() ! leave it open people are going to consign almost any meaning to

25
some of it. Such as, it has to be qualified with what realism'

,
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I one puts in the calculation procedure.
CO
'/ 2 So I wondered if -- what I want to ask then is that'-

3 in almos t all of these, were you intending this as a summary of,

() 4 the procedure, or just a summary for discussion here? How would

5g you imagine one would, in fact, write it down in the Federal
4
3 6| Regis ter?
R
o
S 7.

MR. KERR: Let me ask, are you discussing Romdn
7.

| 8 Numeral III?
d
" 9~. MR. WILSON: Roman Numeral III, right. Because I
3
$ 10 feel that's the important issue.
3

II MR. ZEBROSKI: Dick, I'd like to come back to my
3
'# 12E ! original caveat. I think we've tried to make a compare and

() 13 contras t analysis of the many dif ferent formulations which

E 14g we're aware of. Everyone who is here today has written one
k

$
IS formulation or another. ' And I'll repeat that none of them,

x
16g including che one that I'm presenting, really meet all the

I*

h
I7 ! attribute requirements that I sugges ted. So that's why I started

5
18

3 out saying the poorly-formulated one is probably more damaging
c :

b !I9<

; 3 i than beneficial; I jus t agree with that. So I think the
n !

j 20| structure of a workable formulation is the principal intellectual
i
d' 21 |

j challenge for the ~whole nuclear community worldwide. I don't
t

22(') think it's j us t in this room, but the whole world is struggling

23 with this issue.

() 24|;
'

In fact, one of the though ts we've had is that we

25
j perhaps should have a more international workshop on this subject. !

i
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"

I I recently talked with people in Japan and Taiwan and Germany,

2| France and Swedon on this, and they 're all struggling wi% this

3 ques tion.

O 4'

MR. SausoERS: Some of your comments im exg1enee1on

5g preceding safety goal 3 give me even more cause. The phrase
e'

$ 0 that the Committee is not to give itself over to uninformed mob,

e7
'

*
S 7 opinion and to disregard the 20% of those people who are emo-
s
! 0 tionally uns table -- if that appears in the Federal Registeri

:.i
* 9~. it will be as well received as the proverbial object and a-i

?
10 fence pole. But those were even more alarming to me.

5

}
II MR. ZEBROSKI: 'Jes, but I.'m suggesting a process. I

12 I"
E i think if you tried to manage public risk perception while
=

0 =f', settine e eteeistice1 confidence 1 eve 1, you'11 do neither. So

i=

$ i you have to do the firs t. I'm suggesting the procedure that
e
9 15 1
g you first of all get an agreement which is at least understand-

T 16 i
able to a sympathetic community before you float it to ang i

* 17
$ unsympathetic community. If you can' t get the former, don't
::
si 18 try the latter._

19j MR. KERR: I had the same problem because I though t

20 you were going to tell us next that at least half cf the popula-
,

!

#21| tion is below average.

22] (Laughter.)

23 ' MR. SIESS: I'm not sure this is a ques tion, but on

pJ your item 6, the 5000 man rem, and public acceptance of that,

25
.

as I recall from Three Mile Island in the final environmental
il
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I impact statement which is a supposed to be a realistic estimate,

(/ 2 the population dose of a design basis accident was on the orders-

3 I of 5000. Is that right?
%

('d 4| MR. ZEBROSKI: As of what vintage?

5g MR. SIESS: The environmental impact statement for
e.'

@ 6 | TMI2 --
R
*
#1 7

MR. ZEBxOSKI: That's on the order of 5 or 8 years
s
2 8N ago. I don't think that has any of the current analyses in it.
J'
" 9~

- As a round number I'd agree with you, but I jus t don' t have it,
o
H 10'j MR. OKRENT: Thanks, Ed. I'll invite you to participate
=

II
in the continuing discussion. I think we ' d better go on. Chris

#

s
12

Whipple is next. It's clear that we get very bad feedback if
9

/ : 13 i( a he turns it up. Maybe the thing to do is if you can' t hear in
- ,

E 14
g the back wave your arm and I'll ask people to speak up.
h:
C 15
h MR. WHIPPLE: Hollet if you can' t hear me.
=

T 16 i
M Following Dick Wilson's last point about the s tarting
a
" 17 '
d with the general formulation before you get to the specific
.=
5 18

numbers, I'll mention at the outse t that I don' t intend to=
"S !

19 |
8 recommend actual numbers but talk instead about the attributes of'

n

20
the approach.

21 !
| I think starting with kind of a base point, what I see

f') as the principal advantage of moving to the kind of quantitative
us

23
criteria that the elements of all the approaches discussed have

24 I
{]) ! is the extent to which they separate the questions of fact from

25
value relative to the exis ting procedure, and I think the s trains

i

i
t
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I
j this places on the industry and the NRC staff and on intervenors

O-.- 2 to deal with these issues on a somewhat more direct basis is a
i

3 principal advantage.

) () 4 I also see in the literature four types of criteria

5j that have been mentioned and I'll mention them very briefly.

0||
"

The first is jus.t an individual risk level, the fencepos t number,

Ei

" 7i and the occupational vel. Those I think we have procedures for
n
E 8

dealing with and I don' t think those are the really subs tantialn

d
9|

}" ; issues on nuclear risk that have caused public concern. I

5 10
3 don' t think that's why were 're here.
5 4

z 11
g The second issue is a societal risk ceiling; some sort

6 12
g of farmer limit line or a modern extension of that that is very
~

O - 13
g much an issue. The third point is a cost ef fectiveness tes t for

;

E 14 |
g safety opportunities below those exis ting risk ceilings . And a
-

9 15
g four;th frequently mentioned kind of criteria is a noise levelr

16
g lower bound, which is considered in the interest of operational

C 17
3 ; ef ficiency of the regulatory agency rather than on any other
= u

$ 18 '
principle of it being right to ignore low risks._

s
"

i 3 19 | Well, the lower bounds, it 's of ten sugges ted, are
"

i
20 :

usually given simply as a probability, somewhere on the order of j

10-6 or so. . At leas t, that's the number I hear for FDA's current
I

() operations concerning which drug food additives to take action

! 23 '~

on. But I'm very hesitant to sae something like that applied to

() nuclear because the extremely low probability accidents are

25
precisely the ones that have caused public fears about nuclear,

,

I ~
t
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:
I'

and the separability of consequence from probability at very
n

- 2 low probabilities is an issue for nuclear power. That is , I

3 don't think diat the mos t severe nuclear accidents can be

() 4| dismissed regardless of their probability. So if any sort of
I

g 5 [ a lower bound is instituted, I think for the nuclear power case
" ;

3 6 ! it should incorporate considerations of both frequency and
R
b 7 consequence.
A i

b 8 In so doing, I think it would be desirable if the
d

". f aults of the curren t sys tem in which the catas trophic accidents~9
z
o

h are treated distinct from the moderate accidents; that is," 10

= '

f II Class 9 versus design base accidents , as being separate points
.

12 !"

s when, in fact, they ' re on the same spectrum. They were just in
=

() 13 different parts of the spectrum.
n

! I see some attraction for dealing with that as the
=

{ 15
continuum it is.

= 1

? 16
g The big issue is, of course, the frequence and magnitude

C 17 ''

d ; relationship for acceptable risk. Ed Zebroski went through a
= !

$
18|' number of things he wanted to consider in arriving at that_

: 4

I9
8 I criteria, and notably, comparisons with alternative energy

|"

20 i sources and risks of non-energy. And while I think that's true

in a total societal sense, I'm not sure that the NRC is the place

() to do that. It might more readily be the role of the Congress

23
to do that. And the Congress is on record as having somewhat

() I endorsed nuclear power and es tablished NRC to s ee that nuclear

25 -
! plants get built subject to numerous criteria about the public
4
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1 safety of those plants.

rss

(_) 2 So, the levels of risk aversion that the NRC mighti

3 adopt I don' t think have to be strongly based on the full

() 4 decision aspects of all the energy alternatives. I think

n 5 ! implicitly the Congress has already done this in telling the
0 |
@ 6| NRC to go ahead and develop criteria for licensing reactors.
R

*

$ 7 But there are still very difficult issues involved in developing
sj 8 those levels .

! d
q 9 I think the basic place to start is the performance>

2

$ 10 of the exis ting plants , and the possibilities seen by the
3
j_ 11| people developing the technology. What;is achievable?
'S :

I 12 | A second issue is what's achievable in fairly close competitive
5 i

(]) 13 | technolgoies? For example, dams have frequency-magnitude

14 |
w,

'

5 relationships that can be studied, and that's a very worthwhile
$j 15 study to make in that they are truly alternatives in many cases.
=

y 16 i The issue of risk aversion is one that I think needs
*

. i

y 17
i to be faced explicitly, and I would recommend a modest degree

5 !
g 18 i of risk aversion, but that's very much my own value sys tem and
C i

19!' I suspect that that's a 100% value issue, and given that the
6
g
n

20 NRC Commissioners have been confirmed by Congress and have some

2I endorsement and legitimacy for choosing something of that sort,
!

(a~5 22 { I think it's fully within their power to do so.

23| Now, in developing the frequency-magnitude relationship,

24 | the re 's really three issues . The firs t is - . excuse me, let me

25 ' interrupt myself. We have to decide whether we're interested in
?

f
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1 a risk criteria or a plant criteria; that is , are we interes ted

2 in developing criteria for probability versus curies released,

3 or are we interested in a probability fatality, probability health

O
t/ 4 ef fects kind of relationship. The latter is more difficult to

5 do because it involves the 'three steps I started to mention.
0;

f The first is the frequency of release probability; second is@ 6

R i*
it 7 the exposure given the release and that involves a number of
Mj 8 ' difficult f actors , probabilis tic factors, such as weather and

i' 4

E..
9| transport and demography and evacuation assumptions and so forth.

O
'

h
10 And finally, the also uncertain area of dose response.

=

f II I noticed Ed chose to put his formulation in a plant
*

.

d
E 12 | model in terms of specifying frequencies and for types of accidents ,
c

Oi', nue ene= voeuteeioa exvoeure is oo#aitioae1 ueo= enose eooiaeate-

b I4 ! It's kind of a mixed approach.
$

| { 15 | It's a difficult issue because there's kind of a -

=. 16 |
,

J

| si ; mis-match between the natural units of what's desired. From a
^

i

N I7 f licensing viewpoint, I can see great attraction in having an
a

'=

f 18 | old farmer curve, a frequency probability of releasing so many
H I"

3 19 ! curies curve, as a fairly simple scientific ques tion, fairly
-n

20 difficult scientific ques tion, I suppose, but from to use those
!

2I ! kind of criteria ignores a number of opportunities for trading
i

22O of f cos ts, for example, in siting. And it would probably resultG
23 i'

in non-uniform _ marginal control cost per risk by going to

24 s tandard frequency curies curves .
'

25
i The alternative of specifying risk levels based on a

,

!

!
t
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I probabilistic risk level or risk curve, is that it's very

2 difficult to do and to'eork backwards through all the uncertainties

3
1 involved to a power plant design. And in so doing, you again

("N 4|\ '' | bring a lot of values into the process ; for example, what's your
a i

$ philosophy regarding errors? That is , are you going to work
''

- >

3 6Io r on most likely at every point in the chain,are you going to carry
n

7|C
"
; uncertainty throughout the chain, and when you work back you
ei

2 8M find, as Ed pointed out, perhaps greater than one order of.

d
". 9 magnitude, perhaps two orders of magnitude, perhaps more,

s 10 '
g I have kind of a middle of the road sugges tion which
=

f II might be to specify dose release limit curves that have some

"
E 12 | flexibility built into dhem depending upon population density.
=

() I It seems qui ~te common sense to me to have more stringent require-
E 14
5 ments for plants in more populated areas, or conversely, to
u
9 15 '
g provide incentives to locate plants in less populated areas .

~
< - 16

% i And this would be one way of doing it.
*

I
d

3 17 | And also is has the advantage of making implicit
5 i
w 18 i

i statements of risk acceptability rather than explicit s tatements,=
# i

19 1
8 ! and this is a difficult enough field that if the NRC is to adopt
n

20 - something in this area, I suspect that the operational feasibility

21 of an implicit approach is greater.

() Finally is what I consider to be the most difficult'

I23 issue of all, and that is, how do you determine whether the

(]) criteria are being met? And how do you es tablish s tandards

25
for proof. I consider this to be separable from the issue of

;

i
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I
| setting the standards themselves because the degree of allowable

O' 2 uncertainty will clearly affect the achievable criteria.'-

3
; Unfortunately, in thinking about it I keep coming

I) 4'- down to the f act that ultimately , the probabilistic estimates,

|
*

| are going to be made subjectively by the NRC staff; at leas t the
9 :
3 6 !c > ones th a t s tick . And the difficulty there is that both the
R
*

7
"I indus try and the intervenors want to have a shot at reviewing
s
8 8

and critiquing the process. Within that framework, it's verye'

o
: 9'

!j difficult to see how that can happen.
-

E 10
j Again, I'd like to see some sort of a middle of the
:
E 11
g road approach daat balances the subjective es timates of
C ic 12 i probability by the staff with the fullblown complexity of3 :

= !

/~ d 13 !
(_)T 2 trying to conduct a WASH-1400 type study for each power plant..

-
!

W i

! ! The kind of middle ground that might come out would be to have
e !

9 15 i a kind of generic safety study for each vendor or for each major2 i

: I
'? 16 i
j j plant type with separate analyses required where there's some

3 17|!
"

*

s ubs tantial variations from existing or proposed plants from
E !
w 18 i
= ! the base plant. But that's a very difficult issue, I believe.

I-

19 i"

j I think unat's the central issue in going to probabilistic

20 i .

criteria.,
.

21 l
I Within that comment, there's a need for standardized
|

() risk calculation codes as obvious , I think. And they would be

23 | o f enormous benefit if there was an industry s tandard for
!

() f evaluating the probability of a reactor having a release of

25 certain amount of activity. I think daat should be a kind of
,
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I high R&D item.

() 2 Now, I think that the -- let me jus t conclude. I also

3 initially was talking about the legitimacy of separating facts

() 4 from values. I think that could we attack the issue of how do

5'g you measure reactor risk, and hopefully always in the absence of
n
@ 6 data, that that does do a good job of separating the public
R
$ 7 debate as well as the institutional hearinga into issues of fact

3
] 8 and issues of value much better than has been done in the past.

d

@ 9 My suspicion is that the disagreements over issues of fact will
3

$ 10 outweigh those disagreements over the issue of value. But if,
E
-

@
11 in fact, that's the root of the public conflict, we're better off

5

I 12 addressing it directly than through subterfuges . Thank you.
5

(]) 13 MR. WILSON: I have a couple of ques tions . You said

m

5 14 , you want to separate probability and consequence, and I would
s |

E
15g agree with that. But you gave the implication that even if the

=.

'

16j probability is very small, the consequence is to
A ,

y. 17|' people. I would like to as k , do you really mean if the probability
a
=
5 18 is calculated to be very small, or do you mean -- because I really
c
s 19 '9

'

feel daat we want to separate them simply because -- that is where
5

20 the belief in the actual value s calculated -- people jus t don' t

21 believe tha t that calculated consequence is tha t low . And for'

22
{]) diat reason, you want to separate the probability and consequence'

23! and try and get both down.
,

24r~N MR. WHIPPLE: That's quite right. In fact, I think
(/ :

25 : the frustration of intervenors in nuclear issues or. the f act

!

I

| ALDERSON REPORTING CGMPANY, INC.



.-. . _ __ _ - -- - __. . _ _ - _ .

38
e.edd $8

< .

that many of the most catastrophic accidents have, in many
1|() 2 | hearings, been considered off limits because they've been

!

i- 3 considered resolved a priori, is a great sense of frustration

O 4 that this wou1d resolve.
,

e 5 Now, it also opens the issue for debate. But you're
b

$ 6 quite right. The public issue, I believe, is over whether, in
R
$ 7 fact, the catastrophic accident probability is very small or

: A _4
| j 8 extraordinarily small -- 10 versus 10-6, perhaps. '

d !
d 9' MR. WILSON: Again, when you mention -- you don ' t
I

| $ 10 mention the question of the procedure t -- of the ques tion of
I

3_'

^g 11 uncertainties and what you would do about -- this brings out
$.

| j: 12 the question of how would you bring in uncertainties into such
5

'

(]) 13 a calculation. How do you bring in earthquakes and sabotage,

h 14 I which can' t be calculated by the Rasmussen method?;
. w
J $
i g 15 MR. WHIPPLE: No, I didn' t discuss those because I

w
x

j 16 don't know.
W

6 17 i MR. ZEBROSKI: I think that those equations exhibited
5

i 5 18 at the end really address this issue very explicitly, and that
. 5
j $ 19 is, if you use -- the virtue of the relative risk assessment is

5
,

20 that if you take ,a particular line of design where you have
.

21 100 or 200 or 300 years of operating experience, that in a sense

22 gives, at some confidence level, a limit to some of these; g

- i

23 probabilities, and then you can ratchet from this by saying, I

24 have cut off some of the event chains which contribut'e to that

1 25 , cumulative risk, and improved them by some factor. So I think

!
|
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1
th is , a t leas t to me , is the only manageable way of addressing

() 2'

this issue of the unthought-of alternates of sabotage, war and

so on, and seismic. Because you have to start from the experience,

() 4
base and then say what am I doing to improve it from there.

m 5

g And that's why the stability of those distributions gets to be4

3 6* mathematically the key question; how stable do they have to be
N

?. 7
; before you can use it as a practical thing.
n
8 8" MR. WHIPPLE: Yes, that is an area that I have looked
d
6 9
g; at to some extent. The point is, what criteria do you establish

E 10'

', =E
i for the validity of probability es timates , in the absence of

E 11
j what I would call really relevant data. That is, if comparable,

,

d 12 !
'j sized power plants exist or comparable sized earthquakes, for

i A E 13
U s i example.

$ 14
y What Ed is mentioning I guess you would call extrapola-
-

P 15
g tion of a frequency-magnitude relationship, and I think that 's a

T 16 I
y very important tool if it can be demonstrated to have validity.

F 17
$ The conditions under which that method can be applied I think
C ia 18 i

I is an issue that would be well addressed, because it is, as Ed-

e !

E 19
$ pointed out, quite valuable.

20
'MR. KERR: Mr. Whipple, I thought I undars tood you

21

| to say that you did not believe that NRC should do too much j

| () comparison of risks of other sources of energy because Congress
,

23 t
; had already indicated approval of nuclear energy in setting up

24 i -

() i the energy program, or something like that.

25 i
MR.WHIPPLE: I think in talking about the legitimacy --

,

i
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1 I
I don't think it's within the purview of the Nuclear Regulatory

,

2 Commission to make decisions of whether the U.S . is going to go
3

with coal power exclusively, whether to go with nuclear --

() MR. KERR: No, I thought you were discussing risk
,

5m

g j comparisons in an ef fort to arrive at the goal.
8 6|I

e MR. WHIPPLE: I think in a sense it's dif ferent than'R
*" 7

that even. Ed was thinking of, as I unders tood him --

"2 ,

8 '

M MR. KE RR: I'm not trying to get you to comment on '
,

o
6 9
j what Ed said, but rather to comment on what you said. But I'm
-

E 10
$ not sure that I know what you said. I thought you said you did
! 11

i

j not believe it was appropriate for the Nuclear Regulatory
"4 12
g Commission to make comparisons with other sources of energy.
E

13 |() 5 MR. WHIPPLE: No, I did not mean to say that. And I
E 14

! y understand how you got that impression. I did point out that,
\ 2
'

9 15 |1
g j for example, I think dams would be a very useful alternative

1 .- 16 I
$ j technology to compare developing risk criteria. Let me try to

I
H' 17
C . clarify this. What I think is not a good idea for the NRC to
5 I
w 18 i

I try to do is to make a power plant selection decision process-

"H
!

j 19 | s tudy ; th a t is , they should not try to select what is the

20|
| preferred alternative technology, necessarily. I'm not sure

21
that's within their jurisdiction.4

t

22 "
(]) MR. SHEWMON: But to calculate the risks that do --

23 '
to establish rather firmly the risks that do come from alternate

! 24 -

'(]) ! technology you feel is part of theic purview, or could be.

25
MR. WHIPPLE Yes. As a demonstration of what

!
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I technologies have been acceptable in the past or what risk levels

O 2 have been accegeab1e in the gast, that., very c1eer1,an 1mgertene

3 issue in establishing nuclear power risk levels.
'

O 4 MR. xERR: I think one e1moet hee to severete, whether

s 5 it can be done or not, considerations of risk from considerations
8
@ 6 of environmental impact. But in a sense it seems to me the

E
ti 7 licensing process of the NRC, at leas '. n the Commission's
a
j 8 interpretation of its responsibility, forces it to choose between
'J

$ 9 alternate technologies each time it considers a new power plant
?
@ 10 license.
E

h II MR. WHIPPLE: Yes , on a siting basis, that's true as
3

<

Y I2 ! I understand it.
5 |

Qg 13 | MR. KERR: And one of the important parameters in
- ,

I4 |'ll

[ environmental impact is that of risk. That is not the only one.

E
.

15 'ig Are you saying, in a sense, that it's appropriate for the Commis-
=

ai I6 sion to choose between technologies on an environmental basis;

*
|C 17 'y : but not appropriate for it to choose between technologies on a
|=

{ 18 ' risk basis?
C
i- I9
3 MR. WHIPPLE: No, I think what I'm saying is that it 's
n

20 appropriate for the Commission to choose on an individual basis

2I but not a generic basis. I think the generic decision --
!

22 MR. KERR: But it is already choosing on an individual

23 plant basis and environmental impact, I think.

MR. WHIPPLE Yes. But now in terms of developing |24

25 criteria for reactors that apply generically to all reactors , I

|
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.

|
.

'

I| think the issue of whether you choose criteria against which

() 2 reactors can actually be built or cannot be built is one that>

3 I think is more appropriate for the Congress to consider. That
i

() 4 is, the general question of whether the U.S. is going to have

c 5 nuclear power plants . Again, that's very much a personal thing
$

,

j 6 as opposed to something directly related to the process th a t we ' re

k7 talking about. !
-

.

U lg 8; MR. OKRENT: I see a hand in the audience. i

d
2 9 MR. SPANG: I'm Miller Spang with the Nuclear Regula- i
z,

l
< o i
'

$ 10 tory Commission. We are in the throes of grappling with this !
I $ I -

I $ 11 | very problem of what our role should be, and the special inquiry
a

N 12 group recommended that the NRC not provide the firial answer;
3

i

] (]) y 13 ! that this should be the Congress and the President, but that we
'

z
. 5 14 should have a leadership role in assembling and synthesizing
'

$j 15 views from a wide body of people to present to those who have
=

j 16 the final answer. And as it's been pointed out, the NEPA
x

( 17 i required us to do, on a case by case basis, an analysis of
E

{ 18 alternative energy; we cannot escape that unless the NEPA is
c
s
g 19 | amended to eliminate that.
n

20 l Generically, we have stayed away from making a
i

21 I comparative analysis saying what is an optimal mix between coal

22 and nuclear. I think it's pretty clear that the Second National(]}
23f Energy Plan says we need both of these for the remainder of the

'

24 Century as the mainstays of baseload electricity generation so

25ji we can quote that as a given. But then to try to find, too, what

{
i ALDERSON REPORTING COMPANY. INC.

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



. .. . - - -. . _.

43
d3se .

1 is an optimal mix of nuclear, coal and solar, geothermal or

() 2 whatever, is not for us to do, as we see it. But I do think
i
J
'

3 that we are grappling with this and possibly we'll be coming up

() 4 with some sort of a statement indi:ating some acceptance of a

a 5 leadcrship role, at least in focusing debate on this subject.
9

$ 6 | MR. OKRENT: Okay. I guess we'd better move along.

R
$ 7 We're now behind agenda, as I anticipated we would be. I hope

a
j 8 everybody in the audience anticipates that there may be a little

d
9 9 bit of slippage in their present agenda. This is an interesting

,

i &
j g 10 topic and it's worthwhile having discussion.
4 z

=.
^

*j 11 The next speaker is Mr. O 'Donnell from the Atomic
s

N I2 I Industrial Forum.
5

(]) 13 MR. .O'DONNELL: Good morning, Dr. Okrent and members

5 I4 | of the S dacommittee. My name is Ed O'Donnell, I'm a Division
z

$

{ 15 Vice President with Ebasco Services , and I also serve as the
=

g 16 Chairman of the Atomic Industrial Forum Committee on Probabilistic
*

17 Risk Assessment for PRA.

e i
g 18 Our committee consists of representatives of utilities
?

h 19 and SSS vendors , architect engineers, consultants and also EPRI
n

20 | and NSAC representatives .

21 , Our current efforts have been aimed at developing
i

{) 22 i proposed policy statements on the use of PRA in the regulatory

23 | process and also on quantitative safety goals. On June 2nd, we

24 issued a statement of policy that was sent to NRC staf f, and also;

25 to the ACRS, setting forth our views on these subjects. And today
1

,

i
n
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I I welcome the opportunity on behalf of AIF to elaborate on our

2 views in these areas .

3 There are a number of our subcommittee in the audience

() 4 here as well as AIF staff members that can respond to ques tions

5y today.
n ,

5 0f I'd like to summarize for the ACRS Sdacommittee our
'R

*
S 7 June 2nd s tatement, and also focus in particular on our views on
sj 8 the quantification of safety goals. And in triew of the limited
d i
"
~. 9| time available, I think I will embark on that subject first and
z
o

.h
10 leave th e discussion of how PRA should be used for the end of

=

f II the presentation if time permits.
|-

id 12
E We believe that the establishment of quantitative
=

(} f13 safety goals is a very complex undertaking, and involves essentially

I4 at leas t four major steps. Firs t of all is to decide on the
M
0 15 l
b basic principles on which you are going to establish the safety
z

y 16 goals. Number two is then determine exactly what it is dia t
M
' 17
$ you want to quantify; that is, what are the parameters that you
= |

5 IO ! wish to attach numerical numbers to. Third is to develop those
P |" I9
8 numbers; and fourth, to determine how you intend to apply them
n

20 ! in dae regulatory process .

21 With respect to the basic principles involved, we

22
(]) believe that the quantitative safety goals that are applied to

23 nuclear p2 ints should be generically applicable to all tech-

24
(]) nologies, particularly those related to energy production. And,i

25 ' as a matter of fact, they should also apply to any human' activity
!

f
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I | that involves risk.

2 tiumber two is that the goals should embody the

3 principles daat the acceptable societal risk; that is , the

! () 4 population exposure, should reflect in some way the benefits that

j 5 society derives from that technology. And third and one of the

@ 6 primary principles, is that no individual in the public should
R ,

b 7 bear an inordinate burden of that risk. And fourth, that the
3
E 8n goals should promote an optimum allocation of societal resources,

d
" 9

i ~. in reducing societal risk.
z,

o
y 10 Using these elements , af ter much discussion we have
3
_

! Il evolved a framework for setting quantitative safety goals tha t

N I2 would involve four elements. And these are essentially --
'

i 5

(]) y 13 provide what we feel is a simple and direct framework for setting
i-

m
. 14 quantitative safety goals that will apply to nuclear power plants .
ej 15 The first of these is setting a limit on the individual;

=

j 16 health risk. That is, to the maximum exposed individual in
A
# 172 the public.
5

18j!
C

The second involves a limit on population health ef fect,
8

19 |"
i which somehow recogniaes the societal benefits as derived fromf

n

20
; nuclear power. The third is a cost-benefit criterion that would

21 I apply to reductions in residual risk once you've satisfied the

22
(]) firs t two. And the fourth criterion is somewhat subordinate to,

23 I the o thers in that there is a benefit to be derived from setting

24 a goal on limiting the probability of events that would result

25 in core damage such as TMI.e

k

I
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1 I think what you see here is essentially a hierarchy i,

I() 2 | in terms of the individual elements in the risk criteria; that is, ;

i

3 the individual risk criteria is probably the foremost and mos t

({)- 4 absolute, and the individual mus t be protected at all costs f rom

e 5 undue risk for the benefit of society.
I h

j 6| And for that criterion, we would propose that there
E

; a 7 would be a statement of essentially a qualitative nature that

sj 8 would be of this nature, that the incremental risks of adverse

d;

d 9 health effects to the maximally exposed individual in the
Y

$ 10 vicinity of a nuclear plant site should not result in a significan
z
= |

j 11 increase in annual mortality rates or in significant shortening
3

g 12 | of expected statistical lifespan.
= ,

() f 13 | Essen tially , this criterion is aimed at protecting the
t

-

$ 14 | individual, primarily the individual that is at the site boundary
$
2 15 and it does not take into account the concept of balancing
5
y 16 societal benefits or economic costs .
A ;

6 17 The numbers that I'm going to propose here are essen-
5 l

$ 18 tially our preliminary thinking on these subjects , and they should
_

E I

$ 19 | not be taken as absolute proposals by the Atomic Industrial Forum
n

20 because I think there's a great deal of work that has to be donei

t<

21| in re fining these numbers . And what we ' re proposing this morning
!

22 is essentially some numbers that we think look to be reasonable-

23 3 at a first cut, and they are subj ect to further revision or

fs 24 i refinement as we look more deeply into this subject.
!-

25 But with diat said, it appears that a number such as
!

I
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1 10-5 per year as an individual mortality risk; that is, to the
,

( 2l maximum exposed individual, appears to be in the range of reason-
k
|

3i able in value. And the basis for that is essentially that it

() 4 reflects a number that is a small fraction of existing background

5g risk. Tha t is , if you take the average risk to the individual,
n .

-5
- '

@ 6| which is about 10-2 per year, a number such as 10 would repre-

E 7|6 sent .1% increase in total mortality risk. And if you look at
;

j 8 accident risk, it's doont 1% or 2% of that number. And it compares
,
'd

c; 9 favorably to other types of accidental risks tha t the individual
3
$ 10 is exposed to in normal everyday life. Such as the risk of motor
s
@

11 vehicle accident, violence, fires, air travel, the risk of death
5

,Y 12 from falling objects and also the risk of death from electrocution .

:s
/"N 2 13 {(_) g ! And 'that last point is interes ting because- it is related somehow

I-

14 I*

^
% j to the fact th at the risk being imposed here is to essentially

4

C ,

,

-

15 j! provide electricity to society and the individual.g| .

i = 1

j 16 The average to the individual from electrocution is on
^

<

l N 17 I the order of 10-5 Here we have six times 10-6,
.

w ,

= '

f 5 18 In addition, if we look at the expected risk to the
_
-

G
19q individual from background radiation, assuming the linear dose

n
20 model, the added risk to the maximum exposed individual at the

21 site boundary of a nuclear plant would be on the order of risk diat

22 he is already exposed to from normal background sources. So we
[} ;

23 are, in effect, saying that if an individual lives near a nuclear

24| power plant, his added risk is about equivalent to the added risk

25 that he would be exposed to if he moved from, say, New York to

i

!
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I Denver, which is certainly a risk that no one at this point has

() 2 gotten too excited about.

3 In addition, it is somewhat unfair to ;ompare these

() 4 average risk numbers with a maximum risk numbe. for nuclea; plants

e 5 because if you looked at the maximum risk to an individual from
@

6 any of these sources, it would most probably be significantly
..
*
S 7 higher than these numbers down here.
s
j 8 I In addition, some preliminary s tudy indicates that the
d
* 9
3.

maximum risk to an individual near such ins tallations as chemical

10
: plants and hydroelectric installations and coal plants is
=

5 II | significantly higher than the 10-5 number that we're suggesting
s 1

. i

y I2 ' here of an individual risk for the maximum exposed individual
=

{) near a nuclear plant.13

3 14g MR. OKRENT: Could I ask just a ques tion of clarifi-
M
c 15 -5
6 ca tion. The 10 per year individual, that would include both
z

E I0 acute and latent effects?
* !

h
I7

. O'DONNELL: That's right, that would be both acute and
: i

M
18 |' latent, and for the individuals nearest the plant we would expect_

N I9 |
5 i that the early fatalities would dominate this risk.

ln

20 To.give you some basis for comparison of the sugges ted

2I number that we're giving, we did some research into what other

22
({} people have been sugges ting. For instance, Mr. Vesely at the

23| April presentation before this group, proposed as a tentative

24 -5(} or draf t number, a number of 10 which would be an unacceptable

25
i goal, and numbers of 10-6 and 10-5 as numbers in which you would ,

!!
e

I
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f be in a warning range. That is , you would conduc a case-by-caseI

2 evaluation on the individual risks.

3 Dr. Wilson I believe has proposed as a tentative

O 4; proposal that a number of 10-5 for nhe near-site occupant or
,

1

g 5j individual which may be acceptable, and a number like 10-6 for
n .

g 6' the next township. Now, Dr. Wilson, as I understand it, makes
R
C 7 that distinction on the basis of tax benefits that the individual"

; I

j 8 near site would gain.
O
" 9

. Dr. Okrent in your April article in Science I believe
z
O
y 10 had suggested numbers that I've indicated here, basically
s
j II | distinguishing between the benefit of an activity in terms of
#

|.
12 |

| whether it's essential, beneficial or peripheral to society,

O ! I3 end has sueseseed individue1 risk numbers ehet ere noe too far
:

| 14 ' out of line with the numbers that we ' re sugges ting. The
_C

15 difference, and it may be significant, is that you' ve sugges ted

.

16 ;| that this risk be assessed at 90% confidence level. Essentially,g
25 ;

h
I7'I we're suggesting that the risk should be assessed at mean value

5
s 18 or 50% confidence. So whether that's a significant factor
'

c
h I9 depends on the uncertainties involved.3

|n

20f Mr. Corkerton and his associates in England have

2I -5
suggested a number of 10 as a maximum risk to the public, and

!
22 a number of 10-4 for the work force. If one goes into WASH 1400,

23| and extracts the --

r 24 (Tape change.)

25 S tudies in England have suggested a number of 10-5 asi

J

:
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I | a maximum risk to the public, and a tumber of 10-4 for the worker.
2 ! If one goes into WASH-1400 and extracts the maximum risk to the

3 individual for site boundary you come up with a number of about

O 4 8 times 10-7, and the aerman risk study implies a risk of about
5

| that magnitude , also.4

] 6 So our value of 10-5 is really not totally out of line
n n*" 7 with what others have been suggesting in this area, and which
;; i

j 8 indicates that if nothing else, there is s trength in numbers .
d
" 9~. With respec t to the population health effects criteria,
z
C

h
10 the basis fot this number is that there should be some relation-

=
5 II ship between societal and benefit with respect to a technology.

: ,e j2
1 E And to reflect that in this criterion, we've tied in the cumula-

=

0i'| eive risk ec ehe voeutation eo the caeacier or eeneration of the
b I4 plant. That is , the incremental cumulative risk of adverse health
b
2

g 15|| effects to the exposed population per thousand megawatts of nuclear
r

i[ I0 plant capacity. Considering the probability and consequences of
a

f I7 events integrated over the spectrum of potential accidents, it
x

y 18 ' should be no more than a small fraction of the average background,

F"
192 incidence of health ef fects.

.5 *

i 20
And there are a number of important concepts embodied4

2I ; in that criterion. Firs t of all, is that you should measure
i

22
societal or population health effects against the plant capacity

23
and that reflects the f act that a chousand megawatts of electricity

24
is in some way a measure of societal benefit. That is , we don' t

25
! build nuclear power plants solely for the purpose of building
|

I
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1 | nuclear power plants. That is that they are needed in some way

2 and will provide some benefit to society.

3 And as the capacity grows, so should the risk be

( 4 enabled to grow.
~

,

g 5 The other important concept here is in that we are
9

h 6 | setting forth the concept that the population risk is essentially
R
e
S 7 the integrated risk under the accident probability consequence
A .

j 8 curve, and we're not proposing that we should apply a penalty for I

0
$ 9 high consequence, low probability events .
2

@ 10 | The third thing that this criterion would do, is it
z,

' g I

IIy would provide some measure or some consideration of population
3

N 12 de ns i ty . That is, if you site a 1000 megawatt plant in a 1000
E

() { 13 people per square m '? population zone, the population risk will4

-
,

f 14 '
'

be 10 times that it you siteC in a 100 person per square mile area.
4 Ej 15 So this criterion does provide some incentive to site plants in

=

d I6- lower population areas.
* I

N I7 ! It, as would the individual risk criterion, considers
e
C

18'

f both early and latent fatality risk, and in this case.of popula-
-

G
I9 ! tion risk, the latent fatalities would dominate the risk.q

A |

20 And it also facilitates comparisons with alternative energy

2I sources and their risks .

22
(]) The number that we're suggesting as a goal is on the

,

i23 order of .1 fatality per year per 1000 megawatt capacity. And

(} 24 f again, the basis for this number is that it does reflect a'very
25 small fraction or increase in the existing background risk. In

?
i
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I
j fact, if one looks at total mortality risk in the U.S. , it's

O 2
about .0 to 1% of existing risk. Since we're concerned primarily

3
with cancer risk, it's appropriate to compare it with the back-

O 4
ground cancer risk. And there also, it's about .00 5% .of the totali

e 5
g I existing cancer risk in background.
9 i

3 6I
And again, if ..e look at comparisons with other riska

E'

$. contributors -- I should point out that these percentage numbers
1
2 8M that I've provided are essentially based on a total capacity of
d
: 9
7- 200,000 megawat ts .
-

E 10
s If we compare these numbers to other existing individual
=
5 11
. risk contributors , again you find out that it would be a smallj

d 12z fraction of existing risk in the public. T.Se risk of motor
=

O g= vehicle accidents is one in which we're experiencing 50,000 early
13

4

E 14|-

fatalities per year, which represents about 2 % of total fatality$ :

15 |
- k'

9
g risk. The number for violence is about the same, ano as we go
~
- 16

y down the lis t, it's interesting to note that the number for

F 17 +
j electrocution; that is , the risk of the in-use product for nuclear

E 18
= power, that is electricity, results in about 1100? fatalities per
s
E 19
g year, which represents about .05% of total risk.'

20
Sow, on this basis , it would ca- 7.ainly assume to be;

21
reasonable that the added risk of generating or producing the

22
es) power that results in this sort of end use risk, which I don't(

believe people are willing to forego, is a very small f raction .of4

f~s 24 . -

() h tne end use. And in fact, if one took the total capacity in

25
the U.S . , which is about 400,000 megawatts per year, and looked at

I
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j the risk of electrocution, this would work out to be Maout 2.5

() 2|'
fatalities per year per 1000 megawatts.

3
So certainly, the number we're proposing here of .1

i ! is a very small increment with respect to even that very
'

i
I 5'e

7, f pertinent specific for electricity.
9 !,

3 6
i To go further, if you look at the population risk f rom

E 7
! such sources as coal and hydroelectric power, I believe you would
n
! 8,
"

! find out that the population risk per 1000 megawatts is quite ad
6 9

3 bit higher than numbers that we're sugges ting here.

E 10
g To provide some basis for judging the proposal that
2 11
j we ' re put*.ing forth here , Saul Levine, in a draf t paper that he's

d 12 |j j written -- I-c not sure if he ever gave it or not -- was proposing
d 13 IOs '

a risk curve that essentially implied a risk of daout .2 fatali-
E 14
y ties per year. If one looks at WASH-1400 a'nd the integrated area

!5
@ 15 | under the risk curve, we're talking about .02 f atalities per year.

T !

$ 16 | The German risk study indicates that for the 25 plants they
|

A

$ 17 [ evaluated, there would be a statistical average of 10 fatalities

E 14
g | per year, which works out *o be at ut .4. So the number that
" 19 |
$ | we're suggesting is rcasanabi is, again, in this range of

20 !
i probability or within the nut se_s that other people have suggested

21|
f or that have been implied by studies.

22 !() The third criterion essentially deals with cos t-

23
benefit.

24 ;'

()| MR. KERR: Excuse me. The set of numbers you gave on

'

the last slide -- is that associated wi"h a 1000 megawatt electric
3
'

|
i
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1| plant?

() 2
MR. O'DONNELL: These are normalized, I beliave, to

3
a 1000-megawatt, yes. Maybe 800.

() 4
MR. KERR: You' re talking about one plant, not the

e 5
j i total number of plants.

,

8 6 !
1 MR. O'DONNELL: Yes. I'm orry. Yes. This is per
n
?. 7
; 1000-megawatt.
N

$ 8
The third criterion deals with cost benefit, and,

d
6 9
g essentially this would be a criterion daat would be applied af ter
o
b 10
g you've satisfied the individual and population risk criteria -.

~

5 11
j That is, they would be applied as threshold values before which '

J 12
y you would not conside. cost-benefit criteria. Once you've

,

satis fied the 10-5 individual risk criterion and the .1 fatality
| $ 14 |
'

y per year per 1000 megawatt, then in evaluating further reductions
-

9 15
j in residual risk, one would apply a cost-benefit basis. And this

: 16
$ j would be explicit in terms of dollars per man rem.

F|
17

And as s tated in words , this would be that the benefit

5 18
g in terms of population risk reduction af forded by a change in

I 19
j j plant design or operating procedure should be comparable to that ,

20 i
which is generally achievable through alternate . vestment of the'

21
cost of the change in other areas of public risk eduction. Ar.d

22O this is aimed at the principle that we've espoused; that is, the

23
quantitative safety goals should promote the optimum allocation

24|() | of public resources in reducing public risk. That once you've

25
protected the individual and you've satisfied yourselves that the

|
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I risk to the public balanced agains t the benefits to the public
|() 2 are not outside the realm of reasonable values, one should then

3

i
.

! 3 look at balancing cost and benefit and achieving reductions in

() 4 residual risk.

; e 5 We are, in terms of benefit, talking about the

8 i

@ 6 | population risk reduction; that is, if you make a change in ;.

a .,

$ 7 plant design you should evaluate both the probability and
'

i ;

! j 8 consequences effect in terms of reducing the integrated risk under
! e :

'

d 9 th e curve. That is, you will reduce the risk in erms of man rem
1 I
l

$ 10 per year.
3

| | 11 The cost involved is the total cost of making that
?

# 12 change to the plant.
! $ I
'

[]} { 13 - In this respect, it's important to recognize that the
; i

-

j 14 quantitative goal for this value should not be " conservative"
,

%
2 15 with respect to other values because if we set a level that'is
w
x j

) j 16 I too high in terms of cost-benefit, thepublic will be disadvantaged
A

$ 17 I in terms of misallocation of public funds in areas where they 're
N

18|'5 not getting a commensurate benefit for the investment.
i

-

e

$ 19 And also in this respect, the cos t-benefit criterion
n

20 also promotes or encourages small population density siting.

21 That is, if you have two identical plants, one on a 1000 person

22 per square mile site and one on a 100, an individual change in
)

I23 that plant design will bring a cost-benefit value of 10 times

24f higher for the higher population density than for the lower. So

25 it does promote, again, the concept of low population density
i i

I
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I

I siting, and would encourage utilities to site plants in lower

o/'- 2 population areas.

3 The number that we're proposing as a suggested goal is,

() 4 on the order of $100 per man rem, and the basis for that essentialih
5y is that it is equivalent, using a linear dose fatality coefficient '

n

0| of 1 death per 10,000 man rem, of $1 million per life saved.
,

E

y We're not proposing that we assign a value to human life. The
i n

S 8M i important point here is that we're trying to gain the optimum
d
6 9
. allocation of public resources, and at that level we believe itj
c
H 10y does reflect a value that's somewhere in the median of what is
=
2 11
g achievable in terms of public risk reduction for the expenditure.
-

d 12 |
1 z And I'd like to illustrate that with this slide.

() It tabulates the cost-benefit ratio in terms of millions of dollars
z i

! | per life saved for a variety of industries and regulatory
b
9 15'

g approaches for a variety of public risk areas. And as you can
_

i ! 16'

see, in the nuclear power plant area, for ins tance , the rad wasteg
i

d 17 |' effluent treatment system, if we're using the $1000 per man rem; g
='

m 18
criterion, we are providing marginal reductions in public risk=

19 |
j j j on the order of about $10 million per life saved. If we look at

coal plants and providing sulfur removel equipment, scrubbers,,

,

'

21 ' on coal plants , depending on whether you're burning high sulfur

() j coal or low sulfur coal, you can be ranging anywhere from $100,000
i i i

23 '
per life saved to $10 million.

1

() In the area of occupational health and safety, the
'

celebrated case that's before the Supreme Court involving OSHA's
,

, <

l
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1! benzene regulations has decided to provide a cost-benefit value
I

({} 2 of about $300 per life saved, and other areas such as coke fume

3 regulation, those regulations have been cited for about 4.5

i 'million.{}} 4

I 5| If you go down the lis t to environmental protection of.e
A 1
n

8 6 about $2.5 n:illion per life saved, into fire protection where
o

7 the Consumer Product Safety Commission had proposed regulations

3 8, that were based on a comprehensive cos t-benefit analysis that
n
d

; d 9 would return a cost-benefit ratio of about a half a million

I
E 10 dollars per life saved, and it appears th at those regulations will
E
_

5 ;) not be imposed because they are perceived to be inflationary and
<
%
d 12 unduly restrictive on the furniture industry.
E
=

O y 13 By comparison, installation of smoke detectors in
m

S 14 residences across the nation have been es timated to provide cos t-
du
! 15 benefit ratios on the order of $50,000 per life saved. But yet,
5

k.
16 there exists no comprehensive regulatory policy to require they*

*
i

d 17 . are used. It's more or less left up to due local or regional

N !

M 18 ' jurisdictions in those cases.
=

i H

! C 19 ! And you can go into the area of automotive and highway
A

20 , safety where numbers such as $140,000 per life saved have been
| |

21f used explicitly as a cost-benefit criterion for regulations,

22 and various s tudies have shown that improvements such as airbags

23 could provide cos t-benefit values on the order of $ 320,000 per

'

24 | life saved, but as we all know, those regulations are being

() l
'

25 delayed or being re-thought because it's perceived that they are '

I

i |
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too expensive.1 ;

|

() 2 And furthermore, and seat belts return a cost-benefit

3 value of about $8000 per life saved. And we all have seat belts

() 4 in our cars.

g 5 MR. WILSON: Is that number allowing for the f act that
9
@ 6 mos t of the seat belts aren' t used?

! R
$ 7 MR. O'DONNELL: This number, I believe, .is allowing
Aj 8 for studies on the use of seat belts and their effectiveness.
d i

d 9 And in the area of medical and health programs, various'

i
o
G 10 studies have shown that increased use of kidney dialysis treatment

!
'g 11 units and mobile cardiac units provide cost-benefit ratios on
s
d 12 the order of $ 200,000 or $30,000, and various cancer-screening
3
-

{]) 13 , programs that are voluntary for mos t purposes , are extremely

$ 14 cost effective in reducing fatality risk; on the order of $10,000
'

$ i

2 15 to $80,000 per life saved.
5
y 16 So the number we're proposing of the $100 per man rem
A

d 17 : is more or less in the median of these things that are certainly
5

18 |5 not the cost-ef fective use of funds, but then one questions
5
} 19 whether people should be forced to take cancer-screening programs,
n

20 and you get into the area of voluntary risk reduction versus

21 involuntary . And we feel that a number cuch as $1 million per

22 life saved, which is reflected in the $100 per man rem, somehow,

23 falls in the median range and is probably a reasonable number for
:

gs 24| a starting point for a safety goal on this issue. And it does ,
\

,

25 incidentally, fall in line, again, with some of the numbers that

!'
I
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1| have been proposed. The NRC's S1000 per man rem, of course, is
I() 2 well known and it's generally considered to be excessively conser-

3 vative and that is reflected, I think, by the previous slide.

() 4 The EPA somewhere along the linc proposed a number of the order

s 5 of $75 per man rem. In Germany from a paper by (?)
0 t

j 6| indicated they are using or considering using numbers such as

R ;

a 7' $100 to $ 200 of deutschmarks per man rem, which at the current
;

j 8 rate of exchange works out to be about $50 to S 100 . Dr. Rogers

d
i o 9 fromnNortheast Utilities in a study he did of occupational exposurea

N |

@ 10 j and ways of reducing them, suggested a number like $30 per man
Z l

! :
j 11 rem. So the number we ' re sugges ting, $100 per man rem, again-
"

i
12 is not outside the range of what others have thought reasonable.

: i

Q 13 I MR. SHEWMON: You're mixing here those'to employees and

@ 14 | those to the general public. Is that right?
E !
_

2 15 MR. O'DONNELL: I don't believe so.
$
j 16 MR. SHEWMON: Would NUREG-0110 apply to -- I've seen
A

g 17 ! it applied to employees.

5 |
E 18 ' MR. SHEWMON: No, it's applied to rad waste sys tems ,
=
-

? 19 reducing public risk from normal releases . It does not apply
5

20 to occupational exposure. I think Dr. Rogers' number is more

21 related to occupational exposures.

[
.

The last of our criteria, and it's one that I do not22

I23 have a number for. It is somewhat controversial within the

24| industry, and many people feel that if you've met the other

25 ' three criteria that are specified there is no need to establish

:

i
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1 a limit for core degradation probability. That is, on how of ten

() you will have a serious accident involving core degradation.
2

2

3 There's another body of opinion that says that NRC

() 4 aside or public safety aside, we must ensure ourselves that we
,

e 5 cannot repeat a TMI within the next 30 years or whatever, andj

d.i
.

$ 6; that f rom the purely economic point of view, utilities must

1 R '

8 7 ensure themselves that the frequen'cy of ' events such as THI is
;

j 8 very low and therefore, this criterion would probably supplant
! O

d 9 or replace the other.
i
O

; $ 10 Again, there are mixed opinions on this within the
1 z

=
; j 11 Atomic Industrial Forum and within the industry, and I just
] *

j 12 propose that this has something that is probably ancillary to
=

j (]) 13 the other; that if you met the other it's conceivable you

j 14 wouldn' t need this one. On the other hand, if you did establish
$
2 15 | a criterion such as this, which would have a rumber of benefits,,

j 5 !

| y 16 | that is, if you did limit the probability or the frequency of
A I

f 17 ! core degradation accidents to the order of one per several
5 |
i 18 | decades, that would provide some minimum requirements on accident'

;= '

# |

9 19 | prevention as opposed to mitigation. Because presumably, if one |
M | 1i

20 i had the individual and population risk criterion, and that was
!

21 I the only criterion that one had to meet, it's conceivable that
,

22 one could build a plant without an ECCS provided one had the
[}

23 I bes t containment going and you could, in f act, limi t the indi-
:

24 ; vidual risk to 10 and the population risk to .1 f atality per
-5

)
25 year.

!

i
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'

1 It does provide some -- this sort of criterion would

( 2 provide some minimum requirements for accident prevention; that is ,

3 you have to ensure that you do have the ECCS and you do limit

() 4' the types of accidents that would result in potential exposures
<

g 5 to a small value.
& \,

'

3 6! It would have the further attribute of reducing the
R

. o
S 7 frequency of stress-provoking incidents to the populations in;

;

j j 8I your plants to a small value. And thirdly, it would obviously
d
o; 9 limit the economic risks associated with accidents. This is not
z
o
g 10 a saf ety consideration but it is certainly one that is of great

r z

5 11 interest to the indus try and to the utilities.
'

3

Y 12 ! And fourthly, it would simplify to a great extent the
E i

( ) y 13 ! conduction of risk assessment analysis. That is, because it4
4 m |j does not involve consequence modeling or site-related assessments. 14 '

9'

] 15
. of risk..

m

y 16 | But there are a number of problems with this, and for
^ \

(* 17 ! that reason I am not prepared to propose or suggest even a number
=

{ 18 to you; one of which involves the definition of core degradation.
c
8

19g It could range from something as simple as the preparation of a
n

i 20 number of fuel pins up to complete core meltdown. And until
i

21 there is some definition of what one means by core degradation,

22
[}

it 's very tenuous to sugges t .the numbers that would go along with

I23 that sort of criteria.
'

24 This slide attempts to tie things together somewhat

25 for you in terms of the individual risk criterion and Ehe
!

l
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) population risk and to give some indication of where one might

I

(]) 2 expect to fall with resnect to the goals that we are -suggesting
i

3 here.

(j) 4 On the ordinate here, -- on this scale is the maximum
i

e 5 individual risk in terms of f atalities per year. On this scale
3
N

$ 6 is the population risk in terms of f atalities per year per 1000

R
g 7 meg awatts. These are the two criteria that we have o ggested be

sj 8 included. What I've tried to do here is relate with a very simple

d
d 9 model how these things would tie together. And using uniform

?.
E 10 PCPulation dis tribution model, and also an exponential model for
5
5 11 attenuation of individual risk, we can draw lines that represent;
'<
s
'i 12 the risk f rom, say, a 1000 megawatt unit and a population density
3

13 I of 500 per square mile. And also, for a 1000 megawatt unit sited(])
$ 14 at a site where the population density was 100. And this would
d
u

f 15 reflect four units at a similar site.
> =

j 16 | It indicates that if we did draw lines of acceptance'

A

d 17 of 10-5 per year for individeyl risk, and .1 per year, that it

5
$ 18 in some way the existing plants that we have
=

I" 19 | on line. If we take WASH-1400 and the level of risk that is,

A
'

20 reported in that document; tha t is , about .25 fatalities per

21 year per 1000 megawatt, and the individual risk is somewhat

-622 i below 10 it would give us a point in here. This reflects
(} |

,

23 ' the f act that if we took the WASH-1400 plant and moved it to a

24 site with 1000 people per s,'uare mile as opposed to the Surrey

25 site with about 200, we would come bumping against the .1 fatality
t

0
it

ALDERSON REPORTING COMPANY. INC.
. . . . . . ._ -. -. -



__

63
i

I
'

. .iJ J ' 63
|

1 i per year criterion.

() 2 So it indicates -- and also, if we took the WASH-1400

3 plant and put 12 of those units on a single site, we would then

() 4 come bumping up against the individual risk criterion.
!

5! Again, increasing the number of units at a site$
O !

@ 6| increases the individual risk but does not increase the risk per
# i

$ 7' 1000 megawatt. Increasing the population density does do that.
Aj 8 So it indicates that if you have numbers such as these,
d

[ 9 within the cdrrent framework we could probably site plants such
3
$ 10 as WASH-1400 if one believes the level of risk that is reported,
z

h 11 within limits up to high population density sites, wherein one
w

] f 12 would have to look more closely at the level of risk. And it

[]') 13 also indicates that we.could consider plants such as Energy Park

m

5 14 where you would have a large number of units sited at a low
5
9 15 population density site. And these limits would not govern thew
=

y 16 design or siting of that plant.
s .

i,

b 17 It also indicates that if there was an individual plant
'

5
5 18 ! tha t was, in fact, 5 times less safe than WASH-1400, we would
-

e

3 19 then be increasing both the individual rick and the population
n

20| risk, and we would come bumping, again, to the .1 for a situation
i

21 where a plant was about 5 times less safe than WASH-1400.
1

22
) What this indicates to me is essentially that by our

23 criteria we are saying that one must get within this boundary

24 without regard to the cost. Once you' re within this boundary,

j 25 ' one should consider cost-benefit balancing. If one believes that
i

h
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.

I the current generation of plants is approximated by the level of
,

2 risk that is represented by WASH-1400, we are probably for most

3 plants already within this realm where we should be looking at

() 4 cost-benefit balancing, with the exception of unusual circum-

5g stances such as high population density siting where you may be
H

'

@ 6 impinging on the population level, and we should be looking, as
R
b 7 our primary consideration, at backfitting and involving new
;

j 8! criteria to reduce residual risk further, and primarily the
d
c; 9 cost-benefit number.
z
c
$ 10 As a further prospective on this, I indicated up here
_5

$ II the level of risk that would be associated with a clean 1000-
3

5- I2 |
i me gawatt coal plant, first at a site with a population chnsity

() 13 of 100 per square mile, and one where the population would be
- ,

z 1

| I4 | 500 per square mile. And again, these represent the lower end
w_j 15 of the scale and would reflect a plant tha t is burning low-
=

E I0 sulfur coal with full scrubbing, and also one in which the
A

." 17 maximum offsite concentration of both sulfur dioxide and (?)'

j ;

= i

! IO | are one-tenth of the clean air limit.
c !

-s
I9 | So this indicates that if we have rumbers such as thisE

M l

20 | for nuclear plants, it vould be extremely difficult for a coal

21 plant to meet those limits, and if we are really looking at a

22
(]) generic set of safety goals that will apply across the board,

!

23 ' numbers such as these may be unduly strengthened for other

24
(]) energy sources such as coal. And that doesn' t mean that the level

25 of risk for nuclear power plants is going to shoot up; all itt

!

|
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1 | means is that the level at which we apply cost-benefit balancing '

|

() i2 will be expanded out to another realm. And we are, in f act, in
'

3 that regime of risk where we should be looking primarily at

() 4 cos t-benefit balancing.

g 5 MR. SIESS: I don' t quite unders'tand the diagonal
O

@ 6 | lines. What is the variable that moves you along those lines?
R
*
S 7 MR. O'DONNELL: The variable is -- there is a relation-,

M
j 8 ship, linear, between individual risk and population risk.
d
d 9 MR. SIESS: As a function of --
Y
$ 10 MR. O'DONNELL: As a function -- well, the plant design
E
_

11 obviously will drive the individual risk. And the relationshipj
a

y 12 between individual risk and population risk will be described by
5

O j 13 a constant which is representative of the site condition.
=

h 14 And depending on the site, the slope of this line may change
5j 15 one way or the other. It's just meant to provide a simplified
=

j 16 model for somehow relating these things. And the number that
'A |
d 17 i I've chosen essentially for the slope of this line reflects the
5 |

1 "

3 18 relationship of individual and population risk that one would
9
&

19g derive from WASH-1400.
A r

20 There's a number of caveats that I'd like to include

2I in this discussion. Number one is that we have suggested
I

22
[}

numerical limits here this morning, and it's important to recognize

23 that when you pick numbers you should also pick or identify the

24 level of risk at which you expect to do risk assessment. That

25 | is, we're proposing that the numbers , whatever they are, should
i

I
,
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I be -- once they are appropriate for mean value or best estimate,
1

O(_- 2 risk estimate, and that if one does more conservative risk

3 estimates these numbers are not appropriate. If you get out

O( ,/ 4 and said 90% confidence level and very conservative assessments

e 5I of risk, numbers like 10-5 or .1 fatality per year are not
$

'

3 6 appropriate.
R
$ 7 Number two,is that whatever initial set of values are

I,;

j 8 J cked should be proposed as interim, and for a trial use periodi

d
y 9 of about three years. We just do not have enough experience with
2

@ 10 using this type of concept and thesu kinds of approach to say that
z
: .

'$
11 these numbers are it and these are the final numbers. But it's

s

N I' very important, in our minds, to get on with the task of
5

() h 13 developing these numbers and s tarting to use ~ them in risk assess-
- ,

j 14 | ment.
$ !

j 15 And third is that we should not be totally mesmerized
=

g 16 , by the numbers in the quantitative goals, and this is particularly
w

p 17 important when one comes up against the grey areas or the border-
w
=
5 18 lines when you may be 20% under or over the line, and you

,

c i
'b

g 19 | cannot, in our opinion, make black and white judgments solely on
n !

20 | the basis of risk assessment and numbers. It has to be tempered
i

21! to some degree wiC qualitative judgments.

22 MR. OKRENT: You're out of time for presentation(}
23 purposes. Dr. Wilson?

24 | MR. WILSON: I have three ques tions . The firs t is --

25 ; you said you want to take the mean value of the dsk; yet, as
h

i
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1 ! far as I understand the number from Rasmussen you've taken, and

|

(])
'

WASH-1400, that's what he thinks is the best value of the risk2

3 and not the mean. And roughly speaking, he's got above-normal

{]) 4 distribution both of risk and of consequence. And if you

e 5 calculate mean from tha t bes t value, it comes to considerably
2
S

3 6 higher, about two or three or four times higher.

7 MR. SAUNDERS: This gentleman means median value or

s
8 8 maximum.
n

d
d 9 MR. WILSON: Okay. That I think is an important point

Y ~

@ 10 because I think, in fact, I would certainly make an important
3
5 11 distinction of that point. It's important to be exactly clear
<
3 i

d 12 | on what you're doing. If you were to take the mean value rather
E
R

g g 13 than the median, you would also include a procedure for -- you
j = |

| 14 f want the procedure to include the uncertainties and giving
u

] =
2 15 , encouragement to reduce those.
a
=

j 16 The other Gling is we've talked s everal times about
A i

p 17 | this accident frequency question, rather than the specific
w
= i

5 18 | individual societal risk. That's really a secondary criterion or
=<

H

{ 19 i divide criterion. Everyone who has mentioned it bais morning has
n |

20 said that we want it because we want to separate probability and

21 consequence because we want to concern ourselves with economic

22 I doncerns. And I think it's very important to make that distinct
[)

<s.-
23 ' as a secondary or divide criterion. I think I agree with that.

i

24 ! MR. O'DONNELL: You mean as far as the core probability?

25 , MR. WILSON: Yes. It's not as important --

1

i
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l MR. O'DONNELL: I agree with what you say.

() 2 MR. WILSON: It's a procedural thing which I think is

3 right, but it isn't the initial thing you're aiming at.

(]) 4; MR. KERR: In applying your cost-benefit criterion at
i

5 |i $100 per man rem, where would you propose to cut of f the calcula-g
@- |
@ 6| tion as far as individual exposure is concerned? Would you have
R
$ 7 no cutoff? Would you cut off at so many millirems exposure?
A

| 8 MR. O'DONNELL: Well, one can' t do cost-b'enefit on an

4
;

, 9| individual basis; you mus t do it on a population basis.0

3 |
"

@ 10 ' MR. KERR: But you have to cut off your exposure at;

E
, -

@ 11 | some point, to' the: individual.
'

'.s u

g 12 |i MR. O'DONNELL: I'm not sure L .at you mean.
5 i

(J y 13 I"g MR. KERR: Well, you calculate the exposure over a
'- = ;

x
5 14 geographical area of so many individuals. Now, do you calcu.' ate-

w

5
E 15 i out to zero, a millirem or a rem for the individual, or do you
s !

j 16 cut off at some value in your application of the cost-benefit
'^ |

$ 17 ! criterion?
w
=

{ 18 For example, you might argue that one should cut off
C -

h
19a at background, or an increase that's equal to half background.

n
.

20 You didn' t mention that and I think it has some influence on the

21 number you get.

22 , MR. O'DONNELL: Yes. I th ink , for ins tance, if you use-

4
!

! 23 ,' an exponential attenuation model, that aft.er 20 miles or so you

24 don' t get significant contrubutions to total risk, population

25 risk.

1

i
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!
I MR. KERR: The current Appendix I, for example,

() 2 requires that you calculate out to a 50 mile radius and take

3 everything you get within tha t.

() 4, MR. O'DONNELL: I wouldn' t want to project tha t . I
i

I
e 5 think you should take the risk assessment out to whatever level
3
*'

.

@ 6; or distance at which you get significant contributions to risk.
R i

$ 7 MR. KERR: Yes, but you have to decide what's signifi-
M |j 8 I cant.

d
& 9 MR. O'DONNELL: I think if you s tart getting down to

,

3
$ 10 below background levels and smaller, the integrated risk begins
z 1,

+ = i
'

@
11 ' to make a very small contribution to the total population risk.

3

g 12 | MR. KERR: You hTven't really decided, dien , on a
5 !

(]) cutoff for individual exposures.13

I | 14 ! MR. O'DONNELL: No, we have not.
5

{ 15 MR. MARK: This is, indeed,1,just a general question
=

j 16 and I don't ask that you answer it all. You referred early in
*

1

d 17 | your discussion to all technologies or risk-related activities.
$ I

y 18 ' And also in the tables there was a varie ty of things presented.
A

{ 19 It seems to me that in a discussion such as this , perhaps not in
n

?.0 the form considered today but in a form considered for action

21 or alternate discussion, one should select the risks to be put
! l

) 22 f in the scales in some fashion which perhaps would not include

23 such term as " violence". They ought to be risks with either

24 society or some section of society imposes on an individual or

25 , a group, consciously and deliberately. And that would hardly put
!
,

I
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1| a thing -- it would be questionable whether automobile accidents

2 belong in the comparison.

3 I'm saying the obvious thing, that this debate over

O 4 whether something is ve1untery or inveruneery needs to be evoided.

5 '

MR. O'DONNELL: I guess we thought about that and it'.sg
ti

@ 6 a very nebulous quantity to define what is voluntary and what
G
*
S 7 isn't. On one extreme end of the scale one could say well,
s
! 8 living near a nuclear power plant is certainly voluntary, and
d
:! 9 one doesn' t hav e; to do that.
?
E 10 n. MARK: I understand that, but one does probably
_3

5 11 need to select one's risk comparisons with that kind of a
is

y 12 ques tion in mind and not get something in there like violence.
E

13 MR. O'DONNELL: I think it's appropriate, if we're

x
y I4 going to compare those things, to look at the risk of living
uj 15 near a coal plant, the risk of living near an airport, the risk
=

j 16 of living near a hydroelectric dam, and to try to compare things
us !

I7 on that basis. Because they are essentially -- they have the

5
g 18 same degree of volition involved and the same degree of benefit
c .

19 |f involved to the individual and to society. We cannot refine
s
g
R i

20 things to that extent that we're willing to throw out automobile

21 accidents as a valid basis for comparison because I'm not sure
1

22- you can throw that out.

23 ' It's ques tionable to what extent driving an automobile

24 ! in this society is voluntary.

25 : MR. MARK: I didn' t want to argue the point.

I
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I ! MR. CATTON: I have a question about your table on

() 2 cos t-benefit ratios. The second item, ECCS, you show roughly

3 $10.00 per man rem. Is that number correct? That doesn ' t --

() 4 MR. O'DONNELL: Yes. That would be if you applied the

5'g actual plant as your first engineered safety feature. That is,
n
j 6| if you had a plant devoid of safety features and you were going

'R
y\e

to say well, I'm going to build in safety features to this plant,S
s
j 8 and if you provided, firs t of all, an ECCS before you provided4

4o 9
?-,

a containment or diesel generators. At that level of risk, the

y 10 ECCS would, in fact, return a cos t-benefit ratio of about $100,000l

z
E !
A

Il per man rem.
E

j 12 MR. CATTON: Isn' t that a bit low for REG GUIDE 1.11?
=

13 MR. O'DONNELL: You have to take the context indiich

w
g 14 it's perceived. That is, if you build a plant without a containmen t
H l
x +

15 then its level of risk is rather high, and reducing that level of

~. I

16 ! risk is rather easy. That is, if you provided an ECCS to a plantg
M :

i.

I7} without a containment, your level of risk would drop significantly.

5
f 18 | It's an incremental, starting from base of the plant with no
'

P !

"g 19 : safety features.
i

"

20 MR. KERR: It's a .tigh re turn on inves tment.
i

2I ! MR. CATTON: I understand that.
!

("3 22 h MR. OKRENT: I think we're going to have to cut off now
\/ !

23 ' because we're running half an hour late. We'll take a 10-minute
i

24| break and if Mr. Temme is here 10 minutes from now we willf_

25 ) resume then.
d (Short recess.)
i
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() 1 DR. CKRENTs Mr. Temme.

2 MB. TEMME: Ihank you, Dr. Okrent, for giving me

3 the opportunity once more to brief you on what is happening

4 in IEEE Working Group 5.4. I would like to start by

5 introducing myself since there are perhaps a number ofj

6 people here who aren't familiar with what this working group

7 is about.

! 8 I am Mark Temme. I am with General Electric

9 Advanced Reactor Systems Department, and also chairing IEEE

10 Working Group SC-5.4 This a working group under the
,

11 Reliability Subcommittee of the Nuclear Power Engineering

12 Committee of IEEE, focusing on the subject of risk criteria.
.

13 Now, I want to mention that I am not going to be

14 giving you any exponents of 10 to deal with this morninc.

15 Cur working group in its three conths of existence has

16 focused on establishing our char ter, the pa rameters of risk
!

; 17 criteria , and in general trying to lay the groundwork so we

,

18 can understand what detailed information we ought to be

19 ga thering to complete our objectives.

t

|
20 I think we have made some significant progress

21 toward those goals. I

l

I22 The general topics I am going to cover are wha t we-

i
23 have agreed upon as the application an: scope of the risk

() 24 criteria which we sill be. writing .. n a standard, something

!

25 a b o u t the implementation proceaures that relate to the

r
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(}
1 criteria, and finally, a brief view of our near-term plans

2 and perspectives on how we see our activity fitting into the

3 larger scheme of things.
7 ,,

O
4 This chart essentially paraphrases the official

5 scope statement which exists now in the IEEE standards

6 filas. Essentially we have agreed that as an industry

7 standards committee, our task is to establish rules of
1

1 8 practice by which we govern ourselves, and one thing tha t

9 you might note is that we are not saying we are writing a

10 standard for NBC to use. That simply doesn't really fall

11 within our purview, although, of course, we would welcome

12 NRC's use of the criteria that come out of the standard, and

13 even thetc edoption of the standard as an official document.

O
t \/ 14 However, we see value in what we are doino

4

15 rega rdless of the extent to which the standard finds its way
4

16 into the safety review and licensing process. And that is

17 silpky ht fhyds us b' sis for the intelligent judcments'

18 regarding engineering tradeoffs, tradeoffs that deal both

19 with the design of new plants and with the continued

20 opera tion of e-isting plants.

21 One of the first subjects wa spent some time on,

22 and much of our effort has been tryinc to put bounds around

23 the problem we are dealing with, has been what kinds of
,

() 24 reactors plants should te governed by the standard and what

25 aspects of their operation.

i (~
w

'

.-
,
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() 1 Our conclusion, particularly influenced by the

2 work of Dr. Slovic and associates, say that it is virtually

3 an intractable problem to develop an acceptable risk

'

4 criterion by starting at the back end and asking what.is

5 acceptable and what is perceived and so forth. We have

'

6 taken a rather more pragmatic view, looking at what can we

7 do and how can we do it in a responsible manner.

;

8 First of all, on the reacto r types, we believe we

9 should focus specifically on licht water reactors, not

10 because we f ail to recognize the existence of other types,

11 but tha* seems to be what we can do something about now, and

i

12 as to other reactor types, perhaps we have a little more

13 time to deal with them.
O
() 14 We spent considerable time discussing the issue,

15 a n d it is an important one, of to what degree should such a
,

i 16 standard be retroartive. That is, should it be something

i
17 that you only look at when you are designing brand new

18 pla n ts , or should it have something to do with plants that

19 ar e no w operating or committed.

20 We didn't feel that we could responsibly exclude

21 operating in committe? piants from such a standard;

f 22 th ere f ore , our present intent is to write a standard tha t

23 do es include them. Fowever, we think that there may be some

. () 24 wisdom in providing some special provicions f or opera ting
s.

i
I

25 ' pl a n t e . We havon't gotten into specific debate over how

O
.
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'N 1 that will be done or even if it will be done, but what comes
(' J,

2 to mind a re ideas such as different numeri 11 values for the,

3 same type of standard, or perhaps grandf athering clauses for
i (

4 certain existing plants.
.

.

5 This is a f airly important issue and we expect to
!

6 be spending some time discussing it..

I

7 Again, after some discussion and debate, we chose

8 to prepara a standard which governs only the risks d ue to
i

7 9 operation of the reactor plant. Some people, particularly

10 some of the consultants to our working group, f eel that it*

11 is very important to bear in mind other aspects of risk from
12 the nuclear plant cycle.

13 We don't disagree with that, but we feel those

() 14 other aspects. such as reprocessing and waste storace and so

15 f o r t h , can be trea ted sepa ra tely. Hewever, in doing so we

16 are cautioned to keep in mind that there may be some

17 insplicit overall. risk budget which sociaty will accept or
18 allow to the entire nuclear fuel cycle, and therefore we

19 d o n ' t want to use it all up for the reactor plant risk.
20 We are proposing to address p ubli:: health and

21 welfare risks, that is, things outsido the plant boundary.
22 Occupational risks, of course, can't be ignored, but we |

23 think there a gain is something that can be treated

(} 24 sepa rately and, in fact, to a degree are treated

25 satisf actorily, we believe, ty existing occupational safety v

'OV
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O 1 standards.
^

V
2 Another controversial item was the business of-

r" 3 human effects, common cause failures and wha t we have
V)

;

4 labeled here as off-site litigation. By the latter we mean

5 such effects as environmental attenuation of radiation,

6 evaluation procedures and so forth, which do affect risk and

7 generally tend to mitigate risk.

8 '4 e don't feel that we can responsibly prepare a

9 standard or a criterion to be met which leaves out these
,

-

10 aspects of risk, and therefore we propose to incorporate

11 them into the standa rd, recognizing that there are some

12 technical difficulties which follow in that we have to be

13 able to do a risk assessmen t anich includes these effects in
I

14 order to compare to the standard.
1
|

| 15 EiskL f rom sabotage and wa r, again, we

16 specifically exclude from coverage by the standard,

17 essentially because they are fairly controversial and it2

i' 18 i s n ' t easy for us to see how they can be managed, at least

l' by the sane standard tnat governs the risk due to operation

20 of the plant.
t

21 DE. OMRENT. Could you defina sa b o tage as you are
,

; 22 ur in g it? j
;

-

! 23 MR. TEYME: I'm not sure I can precisely. For

() 24 ex am ple , one can probably conjure up acts of sabotage which

25 are simply done by workers in the plant and which initiate
;

Y
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f^ 1 an accident which might conceivably fall under the risk ofb''

2 operation of the plant. We haven't come to grips with the

3 fine line between what is sabotage and what is included in
OG 4 normal operational risk. I suspect that is the sort of

5 thing you are getting at in asking the question.

6 P3. OKRENT: I am trying to understand why it is'

7 excluded. It certainly could affect your design if you

8 included it.

9 MR. TEMME: Well, we are not proposing to exclude
.

10 it because we think it does not affect the design or that it

11 shouldn't affect the de sign . Fe are simply taking the
.

12 posi tion , at least at this point, that those aspects of the

13 design and the operating procedures for the plant which deal

() 1-4 with sabotage need to be trea ted sepa ra tely from what we do
1

15 to comply with this particular standard.
!

j 16 One of the issues tha t arises, if we choose to

i
l'7 incorpo ra te it into the standard, is what is the probability

18 of sabotage. It is very hard for us to see how we could get

19 some appropriate estimates of that. Is that a satisfactory

20 although perhaps not satisfying answer to your cuestion?

21 DR. 0XRENT: Why don't we proceed.

22 MR. TE FEs All right.

23 Another item, which I haven't listed here, which

.f) 24 we have discussed at some length, and I don't feel we havei

v

25 quite resolved it within our working group, is the question

O
m
Oh
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.({} 1 of whether or not a risk that is compared to the standard

2 should include the risk of normal operation of the plant. I

*
3 think that probably the weight of the consensus at thi-

-4 point is to exclude that as a contributor which we

5 incorporate into the standard; however, it is still a bit

6 controversial within the working group and we need to

7 discuss it some more.

8 DR. OKRENT: Let me come back to the sab o ta ge

9 question a little bit because I think it is fairly
.

10 im portan t. Suppose somebody was talking about an L&G

11 facility, with which we are not emotionally involved, and

12 they said we propose to bring this tanker in to th e heart of

13 New York City but we have an ultrasafe design and it can
4

14 collide with'anything and there is no problem, or whatever,

15 but it happaned to be vulnerable to a person carrying some

16 kind - of wea pon , maybe a high powered rifle, that that could

^

' 17 g o through the many barriers or so forth.
4

| 18 Should that be excluded from consideration in

19 judging the risk of the im pcsed importation of 1&G?

20 'I R . IEMME: I don't think it should. E- the same2

21 token, I don't think the risk of the potential cf sabotage

22 should or will be excluded from consideration of the risk of,

23 nuclear plants. Our only 19 sue here is where in the process

| () 24 of designing and licensing and operatine the plant do you

25 consider it.
4

; ..
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(') 1 '4 e feel that there are enough controversial
v

2 aspects on i technical basis, that is, how do you model th e

3 risk due to sabotage, and enough differences in how you

O d would model that risk and analyze it that we oucht to

5 separate that aspect of evaluating risk from the aspect of

6 evaluating the risks due to accidents.

7 That is essentially the a rgument that we have for

8 excluding it from the standa rd; not that we don't think it

9 is important. In fact, in discussing this matter we find

10 that we have people in the working group who say, well, we

i 11 ought to exclude it because it is a very small contribution

12 to the risk. '4e have other people in the workinc group who

13 sa y this is the major contribution to public risk.

I'\
U- 14 That by itself suggests that at least within our

1 15 wo rking group, we don't really have a good handle on what to

16 do with it.

17 DR. GERENT: The reason I am pressing you a little
,

18 bit on this is you said the standard is written to be used

19 by designers, and --

20 ME. TEMNE: And plant operaters.

21 DR. OKRENT: Now, if instead of excluding it here,

22 you said it is also necessary to develop another standard

I23 which will provide guidance to designers with regard to what

(~T 24 th ey should do for sabotage, I might see that it wasn'ts-)d *

25 being left out of this pic tu re . But at the zoment it seems

)>

.4
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() 1 to be a hole, and it is, in fact, a difficult desien

2 question, but I think the designers are going to have to

r~. 3 address it if we are going to do sonething beyond gua rds .
(,

4 .M R . TEMME: I don't think we would disagree that a

5 standard or procedures or rules of practice need to be

6 established to deal with it. In that sense, I think we will

7 say that somethin; needs to be done about it. We are not

8 proposing, at least at this point in time, to do something
,

9 about it as a part of this particular standard.
|

'

10 And some of these other thin;s that I just talked

11 about create similar holes in the sense that.the standard

12 isn ' t going to cover every aspect of the design question.
3

13 Now, in beginning to prepare curselves for coming

> '- 14 up with quan ti ta tive criteria on risk, the first sort of

15 question we addressed is what kinds of parameters should-

16 appear as tne top level risk criteria. In general the'

17 process by which we are hoping to arrive at a standard is

18 evolvinc into one in which our considera tion of ma tters such

19 as this, the form of the criteria are largely based on what

20 we refer to as internal considerations, that is, the things

21 that matter to us is representatives of the nuclear

22 industry, the things that motivate us to control risk.

23 We anticipate that as we get into trying to

O) 24 determine numerical values for these risk measures, that we(,

25 vill f orus then more strongly on external considerations

O
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1 such as public perception of risk and to forth. At this(},

2 point we focused mostly on what seems to be important to us
'

3 in doing a responsible job of producing an adequately safe

'

O 4 plant.
!

5 In discussing our list of possible top level

6 criteria, the things th a t seem to emerge as important to us

7 in choosing among them'are to preserve to the greatest

8 extent that we can flexibility to the designer in siting the

9 plant and designing it, and also to the operator in dealing
.

10 with new information that he has to respond to.
,

!

11 Another objective that was important in our

12 decisionmaking here was the ease of application of the
,

i

13 standard. To a degree I view that as an objective that

( 14 conflicts with the first one. Perhaps the greatest

15 flexibility, for example, would be achieved by expressing

16 the risk in terms of public health effects. That also leads

17 to the most complexity in doing the risk analysis to prove

'

18 th a t you have met the criteria,.
|

19 Dur conclusion on top level criteria -- and I

20 em ph asize the chrase " top level" here because we have had a

i

21 lot of discussion about various forms of criteria which we

22 f eel may eventually appear in the standard in the form of an

23 allocation f rom the top level criteria. So there are some
: p, 24 things that we haven't ruled cut totally.'

J

25 Our conclusion at this point is that at th e to p

i

(_-),

|
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() 1 level, the risk criteria that we state can be given in terms

2 of radiological dose rather than in terms of acute and
,

3 latent fatalities and tilnesses and so forth. The reason

'

4 for this is that we feel that it avoids a certain amount of

I 5 complexity imposed on the user of the standard. It avoids

6 his need to deal with the controversial aspects of

7 biological effects models and so forth, and he doesn't
,

8 really lose any flexibility by it in th a t he is still in a

9 position to take into account remote siting, low population
*

.

10 density and those factors which we believe ought to be

11 accounted for.
,

; 12 On the other hand, of course, in order to rate

I
13 these criteria on radiological dose to public health effects

O'
.

14 and to compare them to the risks of other form of electrical

15 genera tion, now our working group has to get involved

16 somewha t with biological dose nodels, their uncertainties,'

l'7 in order to make our own evaluations. 'd e think we can do'

18 that.

19 We also discussed at some length the idea that
,

20 con tamina tion of land and loss of the use of land seem like

21 they ought to be important inpacts on public welfare, if not

22 health , and therefore they ought to be treated in these
!

; 23 _ crit e ri a , and they didn't seem adequa tely treated by a

O 24 measure of dose.

25 So we are proposing also to have a top level

f~(h/
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(} I criterion that relates to off-site property contamination.

2 Now, the specifics of both of these have yet to be

3 addressed. In fact, this will be the main topic of our next

4 meeting where we_will get into such issues as whether or not;

5 to have limits on individual risk, such as limiting the

6 probability that a given individual will receive a certain
J

7 level of dose, or' societal risk, which would be more,

8 perhaps, in the form of the probability distribution of the
1

9 number of people receiving a given dose, and there are
.

10 alternatives to both of those.

11 'J h a t kind of dose? Are we able to express this in
;

12 terms of whole body, or do we have to have several criteria

13 for specific crgans? And there are all the questions of

1-4 expected fregaency or probability distributions. All of
*

15 these aspects of tae definition of the criteria we do intend

16 to discuss and arrive a t specific decisions on.

17 DR. KEER: Mr. Temme, what is the significance of

18 th e term " top l e v e l ".? Is that synonymout with --

19 MB. TEMME: Specifically what we mean is what is

l 20 th e hignest level in terms of relation to public health and

21 welf are risk, what is the highest level at which wo have ai

ZZ quan ti ta tive criteria in the standards document?

i 23 Specifically we are aimed at producing a standard which says

() 24 here is the risk that must be met and here is the risk limit

25 th a t must be ac t.

I
.-
??a
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l') 1 Derhaps it becomes clearer in the next Vu-g ra ph ,
v

2 but there are such measures as core melt probability and so

3 forth which a re rela ted to risk, but we view them as beingq.
| (/

4 at a lower level in the tier of things.

5 DE. KERRs Thank you.

6 MR. TEMME: In fact, to give you a little view of

7 things tha t we did consider specifically, this is
i

8 substantially the list of things we have looked at in

9 arriving at our previous conclusions. Health effects I have
.

10 already talkad about. '4e ha ve considered the risk fee idea
i

11 as a way of defining risk. While we haven't debated it at

! 12 g rea t length, there was a general feeling that it wouldn't
!
I 13 necessarily be viewed as a responsible way to limit risk,

1<4 like ~ people outside the industry.

15 It has the connotation, for example, that if a

16 plant owner has paid his risk fee, then he is no longer

17 liable for anything else that happens. In general we didn ' t

18 f eel that that was something we could adopt. Probably most

19 o f the other -- in fact, all of the other items on the list

20 here are in the catecory of what have been described as

21 haza rd statements, released to or f rom conta inment, released

22 f rom site , axtensive core demace, and so forth. These are

23 all things that could appear at an intermediate level in

() 24 crite ria .

25 In every case, the uso of one of these items as a

..

\,s/
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(3 1 top-level criterion limits the flexibility tnat the user of
%/

2 the standad would have to make the tradeoff decision.

3 Release from containment, for example, does not give any

(
4 allowance for remote siting or popula tion density and so

5 forth.

6 We had another criterion that we used here in

7 considering parameters, in that something that you want to

'

8 assign a probability to must be, at least in principle,

'

9 something that could be observed. On that basis we decided

10 we would not have a specific criteria on such things as

11 metal trauma. In fact, we also felt the same way about

12 linking cancer fatalities.

13 There are a couple cf other proposals for ways in

14 which we can express top-level roles which we haven't,

15 de b a ted specifically: for example, the concept of stating

16 the criterion in terms of comparable risk, simply the risk
i

l'7 of 1 nuclear plant should be no greater than that of a coal

18 plan t of the same size.

19 - We will spend a little time ficcursing th a t idea
:

20 a ls o .

21 The point was made here earlier today that these

: 22 criteria have vir t u a lly no meaning until one defines the
.I

23 analytical procedure by which you show that you have or have

() 24 no t met it, and we feel very strongly in our working group

25 t h a t this is the case. Therefore, for any of this to sork,

O
(/

4 .

t 5
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() I there must also exist a set of rules governing how you use

2 data, where you get data, how you use probability models and

3 so forth that go with the criteria.gg
V

'4 Now, it is not within our current charter to write

5 those rules, but there are other standards writing groups

6 that are working in those areas and we propose to defend on

7 their results.

8 There have been several proposals that risk

9 criteria should be based on limiting the frequencies of
.

10 important or dominant accident sequences. This could be

11 done either by specifying dominant sequences in the standard -

12 or perha ps by giving rules for their iden tification.

13 We have discussed this possibility an' concluded

14 that we can better preserve the flexibility of the user of

15 the standard to make rational choices ey simply addressing

j 16 th e criteria to the integrated result of all sequences, or

17 in o ther words, note or less as it was done in '4 A S H-140 0.

18 There have been some thoughts presented onj

19 criteria which had a point at the lower end below which

20 everything is okay, and some higher point or curve above

21 which nothirig is acceptable, and then a region in between

22 which is reserved for cost-benefit or ad hoc decision

23 makinc. We have debated the wisdom and the need for that

( ') 24 kind of criteria, and our present conclusion is that we are

25 aiming toward a si ple pass / fail kind of criteria. If you

O
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() 1 are below it you are okay, and if you are above it, you are

2 not okay.

3 On discussing the pros and cons and why it might

4 be desirable to have a range in which you do special

5 decision making, the idea of uncertainty in doing the

6 analysis emerged, and it seemed to me, at least, that that

7 was one of the primary motivations for having more

8 complicated kinds of criteria.

9 We certainly recognized the need to address

10 uncertainty in the analytical results in writing these

11 criteria, and propose to do that. Precisely how, we haven't

12 dete rmined ye t , but there will be requirements that the

13 analysis include propagation of uncer tain ties, and we must

14 then devise some rules for how those uncertainties are used

15 in deciding whether or not the criteria are met.

16 Now, when I addressed this committee in April, I

17 showed you a schedule which indicated that by about now we

18 would have some tentative numerical goals, and as you can
,

19 see, we don't. However, I feel that we are pretty much on

20 t T:k with respect to our end point of having a d raf t

21 standard which we would submit for approval of other

i 22 standards committees, just pricr to the middle of 1991.

23 i'e have focused curselves on tryino to understand

() 24 wh y we cre making the decisions we are making, and debating>

25 an d resolvia; and coming to consensus on fundamental issues

*
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() 1 even at the expense of not being able to conform to a rigid

2 schedule. In fact, we feel that this is probably a more

3 traditional a pproach to standard writing. I

4 The next things that we will address specifically

5 are writing the detailed scecification of our criteria on

6 dose, and then we will collect and review and use the data'

7 which we expect to form the basis f or comina up with

8 quantitative numbers. These include evalua tions of the

9 relation of dose to health effects, looking at the risks of
.

10 presently operating plants, alterna te forms of electrical

11 generation, value impact of risk reduction, and these

12 various things which I referred to before as external

13 considera tions .

Ok' 14 We have a growing lict of consultants to the

15 working group. We have had a lot of in te rac tion with Steve

i 16 Derby , who worked with Dr. Slovic in developing the

'
17 approaches to acceptable risk document. We expect that we

i 18 will be asking Dr. Slovic himself some questions. We have

19 Dr . Smith of the East-West Corporation and Dr. Velosky of

20 EGCG verking with us in the area of data, and we expect to

i

21 identify a few more people as we find the questions that we !
i

22 wa n t to ask. ]

23 I would like to close with maybe a note of

(). 24 humility here in addressing the question of how does all of

25 this that I have been talking about fit into the problem or
,

(:) -

.
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() I the question of what is an acceptable risk for nuclear

2 plants. This introspective view of our role in the scheme

3 of things puts us rather at the front end.,

! )
4 Again, I want to emphasize that we have taken to

5 heart the massage that has been delivered by Dr. Slovic and

6 others that starting from the other end and asking yourself

7 what should, will or can society accept makes the problem
,

8 intr' actable. Therefore, our intent is to do a responsible

9 job of considering cost versus benefits versus safety from

10 the other end, and writing a proposed standard by which we

11 intend to govern our own actions, and allowing ultimately

12 th e societal decisionmaking process to react to that.

13 I might point out that be fo re it gets that far, it

1-4 has to go through a good deal of review internal to ouri

i 15 industry because standards don't get out without that.

16 I think, if I might make a personal observation,

17 we have a good group of people working on this, and I find

18 that their enthusiasm and their optimism tha t we can

19 accomplish our objectives have grown considerably in th e f ew

20 mon ths tha t we have worked together. We feel that this is

21 something that we can do.

22 Ihank you.

23 DR. OKRENT: Any questions or comments a t this

() 24 time ? I will make one comment in passing. It seems to me

25 in the process of adopting standards that it will meet the

-

m

i.'

*

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE, S.W., WASH:NGTON, D.C. 20024 (202)554-2345
__



-- - , .-

90

() 1 industry implicitly is taking a position on what it thinks

2 is acceptable risk or accepted risk or tolerable risk or

3 whatever you want to say. I don't think you can avoid thei fs
d

4 question by saying we are not going to state this explicitly.

5 MR. TEMME: I'm not sure I follow. I don't think

6 we are trying to avoid the q uestion or to avoid statinq

! 7 explicitly what we think will be acce ptable. I don't think

8 we could be rational and just shut that out of our

9 consideration, and we don't propose to.

10 It is a matter of where you put your emphasis when

11 you begin your problem which perhaps is somewhat involved.

12 DR. KERR: Associated with that question, it seems

13 to me, is Dr. Okren t 's earlier cuestion about the sabotage.

14 If you leave that out, for whatever reason, it seems-to me

15 implicitly you are saying it is not important. Is that in
,

16 lin e with your view, or is it still an open question?

17 !R. TEMMEs That is not in our view. I guess the

18 question we have to ask ourselves is is that the way it is

13 going to be perceived, because that would bother us.

20 DE. KEER: I don't see how one could avoid tha t
,

21 perception if one is trying to design power plants that have

risk to the public.22 an acceptable -- whatever that means --

23 If sabotage is an important contributor to public risk, then

() 24 one ignores it either because one considers it'

25 inconsequential or because it is somehow a risk different
,

r 9

|
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! () I than other risks and one doesn't have to consider it.

2 MR. TEMME: I would agree with that if I felt th a t

3 we were really going to come out with a standard that

4 covered all of the risk s of nuclear power. ,

,

5 DR. KERR: I am talking abcut a nuclear power
i

'

6 plant, now, not the whole fuel cycle.

7 DR. SLOVIC: You are assuming that sabotage is a

4 i' 8 signficant contributor to risk.
i

2 9 DR. KERR: No, I am saying --
.

'

10 DR. SLOVIC4 Then let me remind you that he put ,

11 that caveat in it. ,

j 12 DR. KERR: No, I caid tha t if one ignores it, one

| 13 must be assuming it is not a significant contributor.

14 - Ot h erwise , one is not caiculating the significant risk of a i,

i 15 power plant. I may be completely wrong. I am trying to
i

:

16 understand your rationale in excluding it. ;

'

! 17 MR. IEMMEs Our rationale is a fairly practical

18 on e . We want to break the p roblem of determining what risk

i19 to design into tractable pieces, and we view this as a'
,

20 se p a ra tio n o f two aspects of the problem. Maybe it is not a

21 good separation and could be i.T. p ro p e rl y received. There is

22 a need to examine the rela tionsh i p between the risks that-
,

!

.. 23 are initiated by sabotace and the other risks we do propose -

1

| () *

24 to cover on this.
.

*' hat we have not done so far is commit ourselves25 a

.

O(_/i
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f ) 1 in this committee to address tha t , but we aren't saying tha t

2 it shouldn't be done. In fact, if it begins to appear that

3 what we are producing is not worthwhile because of thatpJs

4 omission, then we have to reexamine our position. I think

5 it is debatable at this point whether we should include it

6 or not. Our conclusion is we won't.

7 DR. OKRENT: Thank you.4

8 The next speaker is Xr. Bernero of the NRC..

9 MR. BERNER0s Good morning. I am Bob Bernero of

i 10 the NRC staf f. I have some cats and dogs for the

11 Subcommittee.

12 First of all, I know a subject of interest to the
.

13 Subcommittea is flood risk, at least to Dr. Okrent, and we

144 h a ve a recent memorandum, an internal memorandum in my

15 st a f f , about the flow code effort, which is a flood

1 16 prediction code.

I'7 I am sharing the memo with you. I haven't had too

18 much time with the staff to discuss it, but it seems to

19 indica te tha t the flow code would calculate that three times

20 10 to the minur 4 exceedence probability for exceeding the

21 probable maximum flood on the Susquehannah Siver at a band

22 o f , I think it is almost a decide up and down for 95 percent |

23 confidence to a 5 percent confidence, by one technique; and

() 24 it is roughly an order of magnitude below that by another
,

|
25 tech nique . I

i
1

.
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() 1 I don't know whether this aggravates your concern

.

2 or subdues it.

3 DS. OKRENT: What does belcw mean?

4 MR. BERNERO: It is a lower probability of

5 exceeding the probable maximum flood of 1.6 million cubic

6 feet per second. So I distribute those. There are 15 o r so

7 copies of that memorandum.4

8 The budget status, which I think you are

9 interested in, is as of this time, as you know, we have two
.

10 budget levels, one we call the PPPG, Policy, Planning,

11 Something sad Guidance, and then we have a requested level.,

12 At this time the user offices, who are to endorse at least

13 85 percent of our budget, have endorsed well above the

14 probabilistic analysis section there, that Systems and

15 Reliability Analysis Decision Unit. They have endorsed well

16 above the PPPG level, and the Office of Research includes

17 th e remainder of that budget in the 15 percent discretionary

18 sllo wance . .

,

19 So in the sense that the systems and reliability

20 analysis budget for TAS is concerned, it is sufficiently

21 endorsed by user offices to be approved, but whether that

22 means we cet all the money remains to be seen because, as

23 you know , the funding for FY S1 and S2 is still somewhat

() 24 suspect.

25 DR. CKRENT: Would you repeat what you said?
4

b)
\s/,

"
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() 1 (General)

2 MR. BERNE30s It is probably obscure if you

3 haven't followed the thing.,

4 DR. CXRENTs In the endorsement at the lower level

5 or the-upper level of FY 82f?,

6 MP. BERNFR0s I better reptat it so that the

7 audience isn't totally bewildered. In the NRC for the
,

j 8 Office of Eesearch and Programs there is a requirement that

9 no more than 15 percent of the research budget may be
|

10 discretionary, that 1, not requested or approved by offices
;

; 11 such as Nuclear Reactor Regulation or Nuclea r Material

12 S a f e ty and Safeguards.

13 Consequently, our budget is sha red with them,

\- 14 shown to them, and they endorse it or do not endorse it, in
'

15 pieces. Va Nave a bud;et that hinges on how much noney the

16 FY 82 budget will be. We have a level the Commission has

17 proposed to us for cuidance purposes, and we call that,
;

i 18 because the Connission's guidanco document is called that,
I

19 the PPPG 1evel.j

20 There is also the proposal by the Office of

21 Resaarch th a t even more money be alotted for research, and*

22 th at is a higher number, not surprisingly. Within that ,

,

23 research budget-is a decision unit or element called Systems

() 24 and Reliability Analysis, which is substantially what all of,

i- 25 us think of when you say PEA or risk assessment or something
:

O-
.
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{~ }
1 like that.

2 That element of the research budget has been fully

; 3 endorsed by the user offices. In addition, they have

O 4 endorsed some of the increment between that PPPG level and

5 the full requested level. And the remainder not endorsed by

6 user offices has been endorsed by the director of research,

1. thin his 1547 Bob Budnitz, which thereby canctifies it

'

8 percent discretionary allowance.

i 9 So, in effect I have full appro. val for the higher

10 budget figure, but that doesn't mean I will have the highert

11 budget figure. 'a'e a re f acing constraints not only in
,

12 dollars but in manpower.

13 DR. OKRENTs Just one more detail question. In

()I 14 th e information that I have, it wasn't clear to ma whether

15 IREP and that kind of thing is any more in FARA, Systems and

16 Reliability Analysis.

17 MR. BERNAE04 Yes, IEEP is in there. You don't
4

18 have detailad notes on it, en what it is. I will send you

19 those separa tely. But it is in there.1

20 DR. OKRFNT: Is there a new rub-element?

21 MR. EEENAEC ho, it is in Systems Analysis.

22 DR. GMRE.1Ts It is.

23 YR. RERNARO: Yes. It is in a sub-element of

() 24 Systens and Reliability Analysis which is called Systems

25 An alysis. It in Sub-element number 3, I believe. I an not
,

D) -u-

vi:
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() 1 clear on the number.

2 DR. OXRENT It wasn't covered in this memorandum !;

3 on --

'

4 MR. BERNARO: Perhaps it would be best if I went4

5 over that with you afterwards.

' 6 DR. CFRENTs Thank you.

7 MR. BERNARO: So, with that, we are to meet again
,

8 with the full committee on July 8th, is it, or 9th, sometime

| 9 next week, and I am not sure how much more information is

10 developing back at the ranch, but there is quite a bit of

11 concern. The manpower constraints is turning into something

12 th a t is quite difficult.:

13 I would like to talk a little bit about our work

' 144 in develo pmen t of a cce ptable risk criteria. We are not at

15 a st age where we have answers yet. We have got a body of

! 16 wo rk going on that should bring some significant fruit out

17 by the end of this fiscal year, by October. I see a problem
,

18 here and now that I think neecs pursuit, and ! would like to
,

f

19 raise that problem here in this forum in view of the

20 audience as well as the subconcittees present.

21 rhe work of the SEC in research on acceptable risk

22 is . in cluding a number of elements. We have at Brookhaven

23 National Lab an ef f ort doing a literature survey or a

() 24 literature review of all of the people who have used risk

:

25 analysis, quantitative analysis of one sort or another, so

O-
-
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(]) I that we have a convenient repository of that information for

2 evaluation and comparison.

- 3 In addition, in what I would call the philosophy

4 of using risk assessment or quantitative standards or coals,

5 we have two efforts going on. In Dr. Elovic 's work which we

6 have contracted for, he hss already produced a substantial

7 wo rk . It was February of this year, I think, th a t the draft

8 was published and circulated, both here and to certain

9 people abroad for comment.
.

10 We have gottea come comments back on that

11 document, and he is working on the final, and I believe it

12 is August or so, something like that.

13 VOICE: The end of this month.

144 XR. BERNERO: At the end of this month, the end of

15 July , we should have this ready. This will be a discussion

16 of a pproa ch es , I believe. He could characterize it to you

17 f a r better than I could, but it is a discussion of

18 approaches to the use of accepta ble risk cri'. sria .

19 In parallel with his effort, we Pave Ercokhaven

20 Na tional Labora tocy working with us on a som ewh a t more

21 reginented approach, and it includes the concept of if you

22 ca n ' t agree on acce ptable risk, at least try to agree on

23 w h a t is unacceptable. Along with that, Ercokhaven is

() 24 wo rking to develop quantitative criteria, the associated

25 d a t s a n d methodology th a t right be used to demonstrate that

O
UP|

-

1
'
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O ' rou =etterr those c=1te=t or rou aoa t-i

2 In addition, since the question comes up in this

3 context, they are rebaselining WASH-1u00. They are taking

{ 4 the human error out so that one might be able to look at

5 accident sequences, the whole risk picture, and say

6 some thing, in effect, about how much is th e design 's f a ult
i

7 and how much is the human. . ,

i

8 Now, th a t is a pretty delicate thing because,

9 really, when you go into these things,the cuman fault can
.

10 contribute 50 percent or more of the risk. In a way, one
]

..

"

i 11 might make the analocy to try to sort out how reliable -

1

12 should an automobile be to be separated from how reliable
:

,

13 the driver should be, or how drunk or how sober.
4

14 DR. OKRENTs Excuse me. When do you exp<ct there

~. : to be some kind of output from the activities you just

16 described by BN1?
,

17 'P. SERNERC4 All of these should have reports out

18 in each of these areas in this fiscal year, by October. 'le
f

19 expect to have a report. There should be f 3'!L repo rts:-

,

20 one on literature review, one on the acces t - riskj

t

]
21 decisionmaking process, a separate one on t. a a .a and

22 me thodology , and a separate one on rebaselining the
:

23 WASH-1400. You should cet all of those by October of this

O 24 yee=.

25 *4e are very much interested in using the'

O
.
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() 1 probabilistic approach in licensing, not necessarily to

2 replace. We have to be cautious. The idea of quantitative

(V3
3 licensing i a long way off, quantitative in the sense of

4 re placing deterministic criteria. But this could be so

5 valuable as a supplement. If it is going to be a supplement

6 and deliver these values so that you have a systematic

7 evaluation of things and you know where to look, where to
i

8 apply priorities, this has to mean something to both the

9 industry and the ragulators.
.

10 If you are going to use risk assessment, it has to

11 be*a two-edged sword. It has to be considered as something
a

12 that can point the need for a safety improvement and also

13 poin t the unnecessariness of an apparent safety

O 14 improvement. A ratchet wr'ench should have a reversal switch,

i 15 on it.

16 Now, one of the difficulties we are foreseeing,
,
.

17 and much of this has been covered by some of the earlier;

18 spea kers , is the societal aversion to high consequence
,

19 events is ganerally apparent, but how much should tha t be

" 20 brought into our consideration in acceptable risk criteria

i 21 f o r n uclea r.
4

22 W9 do have the problem, and it has been discussed

23 ma n y tine, that the nuclear accident has the capability of

() 24 killing immadiately or later through the latent cancer

25 f a ta li t y . !t is clearly wrong or inaccura te to sum up

).

39..
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() 1 la t e n t cancers and immediate deaths; they are not the same.

2 But by the came token, one shouldn't just wave off the

3 latent cancers as negligible.

4 So some rational method is needed to compare

5 those. The special societal perception of nuclear risk, I

6 sometimes think we feed it as much as deal with it. In

7 showing compliance with probabilistic criteria, we have many

8 very real problems, not the least of which is the difficulty

9 of predicting human failure.
.

10 In this area we have a lot of separate work that
.

; 11 you.are aware of in the human failure analysis, but in there

i 12 lies one of the places where we can fall into fruitless

13 argument to a very great extent, because in a way, the human

14 error contribution is a natural place to fight the battle if
.,

15 one is inclined to drive the probability of something

:C happening up or down, because it is so influential on the

l'7 ou tcome.

'

18 There will be bound to be a lot of controversy
,

19 about the human errors used in risk assessments.

20 Now, we have previously recommended -- or

21 suggested, I should say a probability of core damage.' --
,

1

I

22 Many of the standards proposed co to the actual risk of the |

23 nuclear power plant , the risk cf a fatality, the risk of a

() 24 man / ren exposure as an index of bodily damace.i

25 Inst requires you to pc all the way through the |
|
|

'

i

I.

'
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! () 1 probability of events, the models of containment failures,

2 the models of release, the models of radioactive transport,

' 3 the models of emergency response by the public and by

4 officials moving them in or out or sheltering them. It is

5 an extremelf complicated and long and tortuous calculation.

6 It picks up all sor ts o f baggage along the way and a lot

7 more uncertainty , and it may not be the most practical way
;

8 to go. It may not be the most p rac tical standard to start

9 with.
.

10 That is one of the reasons we are suggesting the'

|

| 11 possibility of going only as far as the probability of

12 severe coro dapage. Someone said earlier you can't define

13 severe core damage. Th e re is a lot less uncertainty

)"

1-4 defining that than there is demonstrating and carrying alonc
]
!

15 the uncertainties in tha t demonstration of actual

j 16 radiolocical exposures f rom a class 9 sort of accident.

17 DR. OKEESTs Excuse me. Are you suggesting that

18 this be the only criterion? '

19 MF. BERNE30s No, something like an initial one.

20 DR. GKRENT: *' hat do you mean by an initial one?a

21 ?. E . SERNEBC: You know, ultimately if there are

22 crit eria for fatality, for trade-offs and such, those are

23 good , and they would include due treatment of both the

) 24 probability and the consequence models appropriate to the

25 calculation of whether you satisf y that standard or not.

1 O
|

'

3,, ,.

,
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{}
1 But now, where we stand with dif ficulties in treating

2 uncertainties, with difficulties in agreeing on methodology,

3 in difficulties in reaching even the standards we would try

O
4 to mee t, it may be appropriate to look for a temporary

5 expedient at the core damage level.

6 DR. OKRENT: I would discourage you from that. ;

7 .M R . BERNEFOs Well, let me go to my final slide

8 because you have heard this before about the warning range.

9 In fact, I think one of the earlier speakers even mentioned
.

| 10 i t . The probability of core damage for operation and

11 design, we suggested, might be that one times 10 to the
!.
' 12 minus 3 per year f or a single plant is a possible threshold

'13 of changa or correction, with a warning range a macnitude

) 14 below it. And then if one went in and removed the human

15 elem ent, perhaps just design only, taking the human error

16 ou t , that a core damage probability of one times 10 to the

l'7 minu s 5, with warn 1.'c range a nagnitude below that is a

18 criterion tha t might be used.

!
19 DR. SHEWMON: Parcon oe. Have you defined core

20 damage?

21 ME. BERNE30: No, we haven't. Wha t we have done,'

22 it is like WASH-1400. WASH-1400 used the shorthand version

23 " core melt" for " substantial core damage." It had no way to

() 24 analytically disti icish the failure of the systen. In

25 simple terms, if 'a design of the system needs one high

( '

l
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() 1 pressure injection pump to cool the core adequately

2 according to come ECCS analysis, and one low pressure

3 injection pump, let's say, just arbitrarily, just one of{)
4 each, at a certain condition have to be operating, if one of

5 them thi3 c, the analytical systam can't analyze whether

6 that would, indeed, lead to substantial core danace; butit

7 presumes it.

8 DR. SHEWMON: So if you are substantially

. 9 overhearing a significant fraction of the core --

10 F. R . BERNERO: No, I would be more inclined to

11 define it as if you are substantially not in satisfaction of

12 th e theoretical cooling requirements. There are th eo re tica l

13 cooling requirements in the plant design and in its safety

O 144 a n a l y sis --

15 DR. SHEWMON: I suspect we could work with the

16 first law of thermodynamics and prove that those two are

17 close enough to equivalent.

18 MR. BERNER3s Well, there is proba bly a fairly

19 conserva tive bias in the theoretical cooling requirements.

' 20 Th a t is the thing that the risk assessT.ent just doesn't have

21 th e time or the resources to sort out.

22 DR. KERR This discussion reminds me a little bit

23 o f a story my wife told.me. When she was taking nin th crade ;

) 24 alge bra , ih a had a colleague in the class who passed in an

25 exam and raid "I can't work these problems, but here are

(~')\ l
\

s_

,y.
*

e#IALDERSON REPORTING COMPANY, INC.

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



_ 104,. -

/^ 1 some I can work."

2 (General laughter.)

3 MR. 3F .. N ERO : There's a lot of truth to that.

O
4 I would like to point out, in case the

5 Subcommittee hasn't sat down and thought about some of the

6 things they have heard, tha t there are an awful lot of
.

7 quantitative risk assessments or probabilistic risk analyses

8 going on right now, and I am not even sure that this list is

9 complete. The industry, to my knowledge, the owner, is'

10 doing Big Rock Point. The owner, on NEE request, is doing

11 the Limerick Plant.;

12 Zion and Indian Point have joined together. They

13 had a prelimina ry risk assessmen t done on the two plants,

) 14 and they are now -- wait a minute. I'm not sure the;

15 preliminary assessment covered more than Indian Point. I

16 have to say that. Did it cover Zion as well? I only read

17 the part on Indian Point.

18 In addition, they have contracted with Ficker, Low
i

19 and Garrick and others, and they are doing a much larger

20 ef f ort as a follow-on to that, a much more complete and
.

21 substantial risk assessment. Ed Zebroski mentioned that

22 NS AC is working on Cconee now. A fairly large effort on

,) just gotten under way.23 Oconee has

(} 24 NFC has near completion the Crystal River

25 evaluation done under IEEP in a crogram we call FSSMAP,

}

|
|
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() 1 Peactor Saf ety Study ethodology Application Program. 'd e

2 are just completing the reports on Sequoyah, Oconee, Calvert

3 Cliffs and Grand Gulf. Those will be published shortly.{)
4 The IREP continuation, which we are just getting

5 under way tentatively right now -- we originally had Zion

6 and Indian Poin t in it, and at their request , because of

7 this new large effort, they are shifting out of it, but we

8 do expect to go ahead with Arkansas Unit 1. That is the B E *4

. 9 plant at that site.

10 r.111 stone 1, which is a boiling water reactor of

11 fairly early vintage, Browns Ferry 2, and Calvert Cliffs we
1

12 ho p e tc do further in IEEP.

13 Lastly, and I believe I am supposed to brief you

O 14 on 1. tomorrow, we just did a very short-term miniature risk

15 assessment of Indian Point II and III for the Commission as

,

16 pa r t of the Task Force.
1

17 If I look at all this, it is obvious that in 1980

1 18 and 1961 we are going to have before us a lot of -

:
19 qu an tita tive risk assessments while we are discussing the"

20 philosophy of dealing with probabilistic risk assessment and

i 21 its standards or criteria of acceptability.

22 I like to use the expression that when the

23 regula tors ge t up in th e morning , and Harold Denton, in

) 24 particular, as the principla lecal regulatory of reactors,

25 h e puts on his trousers and accepts the continued operation'

A
\_/
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r- 1 of th ree dozen reacto rs with the left leg and three dozen
,

2 reactors with the left leg.

3 Now, if he has bef ore him a risk assessment , as he

4 does today, warts and all -- Crystal River has gaps,

5 cuissions, challengeable assumptions, and it is in peer

6 review and people are criticizing and commen ting on it, but
t

7 th'ere it stands on the table in front of him and his people,*

8 and it says there is one serious release sequence that has a

9 probability of one times 10 to the minus 4 per reactor year.

10 And then over in a basket there is a whole bunch

11 of things, s probability of about 10 to the minus 5 per

12 yea r , but they all add up to smaller releases with the

13 combined probability of about two times 10 to the minus u

() 14 per year, and all of those sequences for the small releases

15 seem to be heavily laced with human error, human difficulty,

16 human conf usion or misopera tion.

I'7 What is he supposed to do with that? What is the

18 owner supposed to do with it ? While we are talkinc for the
,

19 next two or three years, that thing sits on the table and it

20 ge ts refined day by day, month by month, and there is a very

i ~ 21 serious question of whether we really do need an interim

22 criterion or a t least a policy dealing with such things.

23 Now, Saul Levine just gave a talk in Stockholm,

24 Sw ed en , a nd I think it derives from the draft T.essage that
{

25 on e of the earlier speakers spcke to. I brought two

-

.
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() 1 copies. I am sorry I didn't have 15 copies for the
,

2 Subcommittee, but I at least had two. I brought them along. ;

3 Basically, if you go into WASH-1uGO -- this is the

4 last figure of Saul's talk -- but if you go into WASH-1400,

5 you will find this figure aoain, all of the miscellaneous

6 risks, and he constructs in there a loolc which sais if the

7 rest of the risks of everyday life are bounded at the lower

8 side by something like air crashes on your head where you
,

9 are on the ground, it would not be e reasonable to give a

10 saf ety role ten times lower for the nuclear power

11 contribution to everday life risk.

12 That is consistent with the philosophy that the

13 ne w risk shouldn't lurk above the background of everyday

'( )4

1<4 risk for people. And then this was the W ASH-1400 early

15 f a tality curve for 100 nuclear power plants on the

16 presumption that Surry and Peach Bottom are indeed

l'7 prototypical of 100 nuclear power plants, and there is

18 serious question about th a t .

19 Using a thesis proposal, Levine combined early and

20 la t e n t f atalities against this curve here representing 100

21, nuclear power plants. That gives one the ultimate way to

22 co m pa re -- a n d S a ul , I know, has suggested to me that he

23 thinks that is the idea way to compare plants, draw the risk

() 24 curve, draw these risk profiles for 1r.ediate fatalities,
!

25 1:r laten t fatalities, for early injuries, for property

() i

. i' di:s
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I 1 damage, for whatever, to draw them and compare them.
[}

2 Well, if you do that you _;e cetting caught up

3 with that complexity of modeling and who did the analysis

('

4 and which version of the code did he use and whose

5 meteoroligical model, and so forth. Things can bog down.

6 Comparing risk curves coming from two different sources can
.i

7 he extremely difficult, and what we are getting in that list
'

8 I showed you before is a lot of risk assessments, and in

9 many cases, fron a lot of dif ferent sources. We don't have

j 10 standardized approaches.

i 11 Well, that leadc ma to suggest the consideration
r

12 of some thing , and this is so tentative that it is written on

13 flammable calophane with vashable disappearing ink, not in

! () 14 your handout, and this is not completely inconsistent with

15 the suggested core damace probability.
|

i

16 Perhaps interim criteria like this, not formally

17 d r a w n , not a rulemaking, but at least what to do until the

18 doctor comes, until there is a better and more rigorous way

19 to judge, that if you see a reasonable point estimate of

20 coro damage having a probabilty in excess of 10 to the minus
1

.

21 2 per year, it might indeed be appropriate to scy fix that

22 damn thing in days or hours; in effect, shut the plant down.

23 For this range, la to the minus 3, to 10 to the

24 minus 2 probability, fix it, cut there are months; fix it at
(}

25 th e ne x t shutdown, that sort of thing, a reasonably prompt

,
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r
1 repair or correction. In many cases, remember, some of

; 2 th ese things are so hea vily laced with human factor

3 contributions it is changing procedures or it is making

4 fairly minor changes to a plant to correct some risk

'

5 contributors. Event B out of the Surry Plsn t in WASH-1400

6 is a classic example. The dominant risk contributor could

7 be suppressed mightily with a simple testing regimen.

8 Then, in the range of 10 to the minus 4, to 10 to

9 the minus 3, there are years to deal wi th it . That one in
.

: 10 Crystal River I mentf oned. If one takes that at face value,

e

11 one times 10 to the minus a ptcbability, a blackout k in d of
;

; 12 a core melt , you could take your time and really give that

13 caref ul consideration on should there be ano ther D.C. bus in
()-

14 there, should there be another auxiliary feedwater pump or

15 some independent dedicated shutdown heat removal system.

16 Cne could delibera te recponsibly en that. This

17 whole range here, to either fix in years or possibly not

18 fix , is reaso nable rather long-range deliberation, and 10 to
,

19 the minus 5 probably is in the range for good, that you

20 d o n ' t need to do anything with it.

21 Now, ! am nos sure that we can say this is the

22 criteria . I put this up. This is highly personal. I really'

23 think tha t we have to have a way, a sensible way, not too

() 24 conservativa and not too optimistic or rolerant, to deal

25 with the information we are coming up with. The only other

O
'

o u.
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1 alternatives, there are really two.
[}

<

2 We can have all these risk assessments and try to

4

3 compare them with these elegant risk curves, and any of you

)'

4 who have ever looked at a CCDF curve drawn by one party and

i 5 compared it to another know that they don't even use th e

6 same size graph paper. It really is a difficult job. The
,

;
7 only other alternative is to keep doing that and put them on

8 the wall lise works of art.
i

9 To a very great extent we did that with
'

10 WASH-1400. WASH-1400 was done, and then for five years --

11 well, four years after the final was published -- all we did

12 was argue about that report, and we did precious little with

13 the messages in it. And there was a grievous penalty on

j () 14 March 28th of 1979 because of that very thing.

15 So I think it behooves us to think in terns of a

16 very short-range goal, how to deal with these things here,

17 sa d this is one possible approach. But I ga ther you would

18 discourage as f ron going after core melt probability.

19 DR. OKRENT. Well, you are talking here about

20 something which is related to but I would sa y is different

21 from the more general subject of quantitative risk criteria.
!

22 This is only intended to provide th e regula tory staff some

! 23 basis for thinking about a need to take action and so forth.

24 .43. EENERO: It is a preliminary risk criterion,
[}

| 25 really.

!

($)

i
1
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1 DR. CKRENT: ' dell, let me explore a little bit.

2 If~it is this simple -- well, I need first to have some

3 definitions. This is the probability of core damage from
{},

4 all sources or from any single source? As show here.

5 MR. 3ERNER0s No. This is the probability of core

6 damage, and this gets into a very sticky area. This is the

7 probability of core damage from internal or external events,

8 I would think.

9 DR. CKRENTs Is it the sum or is it per source of --

1

10 MR. BERNERO: It would be the sum. Now, one can

| 11 deal with individual risk contributors, and 'tha t example

12 from Crystal River is a good one. There is a single
:

13 dominant accident sequence. I don't know what the seismic

(!

14 risk contribution in Crystal River is. No one has looked at;
,

15 it , to my knowledge. But I can deal with that one accident,

16 sequence in this ringe. I can get a perspective on the
i

l'7 system design in operation, sub-sum, and deal with it with

18 so me perspective.

19 DR. OKRENT: Let me co on with just a brief look

20 a t this. I am reminded of a movie I saw some time ago. It
1

21 seems to me it had to do with 198u, which is now getting

22 nea rby , and some kind of a revolution th a t was to make all

23 people equal. Rut then as society evolved, some people

( 24 became more equal.*

) 25 -I think some accidents are more equal than

O
I

.t. s- a
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1 others. So it is conceivable to me that there migh t be one; (
2 kind of an accident where you could say 10 to the minus 4,

'
! 3 fix in years, sounds plausible if it involves core damage.

O
4 There can be anothat accident, maybe conbined with the site,

5 where you would say I don't have years. ,

6 So I have made the point, I think. This is still

7 an incomplete portion of the decisionmaking process I would

8 make, even for interim criteria.

9 DR. S HEW MON : Now that you are convinced, maybe

10 you can explain it to me. Are you saying th a t this thin g

. 11 you are concerned about, whereas you weren't concerned about

12 the other one , is an acciden t that would have much higher

13' consequences, or what?
i

14 DR. 05' RENT: Sure, because there could be one,

15 even t where if it occurs, you expect the containment has a
i

' 16 high chance of mitigating the situation, and furthermore, it

i

l'7 m a y be in a rather remote site. Ancther event also leading '

1

18 to core damage could have a probability of a half or some

i 19 big number of leading to a large release, and furthermore,

20 there may not be such a good site.

21 DR. SHEWMON: A minut'e ago he said, if I

22 understood him correctly, that this is only an undercooled
.

23 co re , and he leaves out of this thing possible routes from

([
' 24 there tc severe damage, like what can you de and that sort

25 of thing. Or are you now getting into that?

}
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() 1 MR. BFRNERO No. Let me use the Crystal Rivet

2 sequence as an example because I think they display Dr.
.

3 Okrent's concerns. In the use of such an arbitrary scale, *

O1

4 the responsible use of it, there is one sequence at one

5 times 10 to the minus 4 that is a severe release. It is a ,

6 Class PWR-II release. That is that sort of a blackout

7 sequence.

8 There is a sum of sequences that adds up to about

9 two times 10 to the minus 4, each of which I call low grade

10 core melts. They are lower class releases, much, much lower

11 consequencas. So,that if someone is looking for th e

12 perspective of how to judge that particular analysis of that

13 pa rticula r plant, that risk assessment carries right through

)
.

1-4 to a projected release, although it didn't do any elecant
2

15 calcula tions of it. It was using some lix.ited jud: ment.
l

1
16 Ic is a cemote site. The Crystal River site, in

,

|
17 case you are not familiar with the democraphy, is quite

18 r e m o t e . It is a remote site. It has one serious release

19 righ t at this line, and then a collection of cats and dogs

20 th a t adds up to be about richt here of far less sarious

21 releases, and that has to be considered in making any;

1

22 decision on what to do.
.

23 DR. SIESS: Bob, in limiting Luis criterion to

() 24 co re d a ma g e , does that mean that 70u are sa tisfied that

25 there are not accidents that do not involve core damage that

: . O
4

! e.

. * ..
'"
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1 cannot have greater consequences? Spent pool fuel drops?{
2 MR. EERNERO: The spent pool fuel accidents, I

.

3 think, aru not in the same class of risk reach as core!

} 4 damage accidents.

5 DE. SIESS: I am talking about not risk, but
|

6 consequences.
,

4

7 MR. BERNER04 That is what I mean. The potential

1
~

8 just doesn't seem to be there. In our studies we are not

j 9 pursuing them at all.

10 Dr. SIESS: Not just the classical accident, but
i

11 let's say dropping a shield block into an open reactor or

12 dropping a cast on top of all the spent fuel. What are the'

;
.

13 consequences of those?

() 14 MR. BERNEEOs We haven't done any new work that I

15 know of since WASH-1400 in my group.

16 DR. SIESS: I have seen some analyses recently

1

1'7 that show fairly ht7h consequences, but I don't know what

18 sour ce they are based on.j

19 MR. SERNERO: I know there is one argument afcot'

20 these days, I think on the Salem case, that you coiuld start

21 a zirconium fire in the spent fuel pool and the thing would

i 22 g o o f f like a flare, and you would get a great big

23 dispersion term or something . It is in one o' tte spent
,

I () 24 fuel. pool ' expansion cares. I am not fsniliar with,the

25 particulars on it.

()'

1
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1 DS. SIESS: But what you are proposing is based on
4

2 the assumption, at least, that core damage does lead to the

3 greatest damage.

4 P. R . BERNERO: Yas, that that is where the risk

! 5 is. Now, I would emphasize that in our perspective, our

6 view, core damage is not synonymous with substantial

7 of f-site risk. It probably varies a great deal from plant
j
t

8 to plant, but in 'a' A SH-14 0 0 and in later studies, there is

9 evidence that says that in some cases the P.ajority of " core

10 melts" or severe core damages von 't cause substantial

! 11 of f-site releases, and indeed, one can have a fair number of ;

12 curies released without killinc people.,
' 1

i
13 So there is some kind of a multiplier that is

i O
,

14 probably plant specific that says given the probability of
I
i 15 severe core damage, the probability of substantial release

16 is comething lower and the probability of serious bodily
]

17 h a r m to people off-site is lower still, Eut that is where

18 on e gets into the eleganes of modeling that makes it more

19 dif ficult.

20 Right now I think. that is somethino that has to be
.

,

21 done subjectively-in some crude framework like this as an
i

22 in te rim measure. I think we ought to face that problem.

23 DR. OKRENT: Yes. '4111 you identify yourself,

24 plea se ?
4

25 "R. THO U S : I an Garry Thomas from .NSAC. I think
.
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1 you have just made the point I was hoping to make, the fact
)

2 that you use an interim criteria based on core damageo

3 alone. Should it not be based, from a regulatory viewpoint,

(
4 on consequences to the p ubli c? Core damage by itself can be

5 stopped. In the middle of an acciden t it can be stopped and

6 result in essentially no consequences to the public. That-

: 7 was one point.

8 The second point is somewhat related. You ha ve

9 talked about negative impact of the operators, that is,

10 taking out operator errors. Have you talked about or are

: 11 you considering in your studies the positive impact of the

12 operators where' they can, in fact, aid in stopping an

13 accident sequenca progression.4

() 14 MR. BERNERC: To answer the first, I agree with

i 15 you that core damage isn't a risk except to the owner of the

16 pla n t who has to pay to fix it up. It is a risk insofar as
4

) 17 it can hurt the people off site, do substantial bodily harm.

18 In an ultimate sense, you have to censider the actual reach,
,

'

19 t h e fraction that does raure the off-site harm.
,

20 As far as the positive value of humans, we are

21 trying to do that, but again , the systems are imperf ect.
.

I

22 The modeling is imperfect for dealing with thet.;

I 23 DR. CKRENT: I think in fact there are sort of two
.

() 24 dif f erent things on the table at the moment. One is the

25 general subject of quan tits tive risk criteria, and the other

I
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( ) 1 is Crystal River.

2 MR. BERNERC: As an example.

3 DR. O rR E:iT: As an example, but as an actualJ ;

()
4 example, not a hypothetical one. With regard to the latter,

5 I would like to request, both on behalf of myself and the

6 Committee, that we manage to get copier of whatever it is

7 that Mr. Denton is able to look at when he is putting on his

8 trousers.

9 (General laughgter.)

10 D9. OKRENT: I have been pressing the staff to tell

11 us what they were learning from that study, and up to now

12 with not very great success. It seems to me that it would

13 be o f value, and perhapc, in fact, you might almost say
7..

s

( :''' 14 require that the staff and the ACES discuss that specific

15 st u d y and what ;hould be done as a specific item.

16 For example, if I go back to what the staff raid

17 in , let's say, concicering what to do with regard to

18 envi ronmental impact statements, the estimate of an accident

19 ha ving the sind of release you have just diccussed was about

20 f o u r orders of na;nitude lcwer crobability than what you

21 h a v e said. In other words, 10 to the minus e per year were

22 th e kind of numbers that were used in 1972 or so, and even

23 in '4 ASH-1400, the ectimate of a ?'4 R -I I is, I suppoce,
_

s 24 roughly two orders of maanitude.

25 "F. :ER i:F O s '4%11, 1-1/2 or ro.

f-
'

% .;

' * , '
,
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1 DR. OKRENTs All right. I said roughly, but in

|
2 that ballpark. So this is something separately to think

|3 about, and also I don't know what the uncertainties are

O 4 here. I assume there is a range up and down. This is

5 probably a best estimate number you are giving us rather

6 th an a 90 percent confidence number.

7 So I think, in fact, you should try to get the*

i

8 documentation to the Committee as soon as possible and try

9 to schedula at a early but effective time a basis for
!

-
>
' 10 discussing the report and its implications. This kind of

11 thin g would likely come up, but again, I have indicated in

i 12 my own thinkino you have to somehow factor in whatever the

13 other f actors in addition to the core damage probability are

()"

1-4 in the dacisionmaking.1

15 I don't think we should try to arrive at an answer

16 on the interim criteria via this particular subcommittee

l'7 m e e t in g or try to discuss this at a great lencth. !

18 DR. KEERa I think we should commend the try.
,

19 DR. OFRENT: Oh, indeed. I think if you don't try

20 t o p u t something specific on the table to talk about, it is

21 hard to make progress. So I agree with what Dr. Kerr said.

22 I think '4hipple and I some yearc ago tried to provoke

23 discussiott by puttino proposals on the table in that light.

24 ~ I will take one or two comments and then we are
/}

25 going to adjourn for lunch.

O
i
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1 MR. h0YESs Larry Noyes, Philadelphia Electric

y 2 Company. I would reiterate your comments about the

3 (inaudible words). I am really concerned about the fact
( )
'~'

4 that pe rh a ps you find this cort of plan of the uncertainty

5 of (inaudible word) modelinc with perhaps an even creater

6 uncertainty of subjective d a te rmina tion of what the

7 consequencas are.

8 DR. OKRENT: Dr. '411 son.

9 DF. WILSON: I would reiterate my point I made

10 ea rlie r, that although I think you almost certainly have to

11 do this, I think any time it gets written down as a

12 proposal , it should get written down in a la rger f ramework

13 or the larger #ra.mework would get lost.
,.-

t
is 14 DP. OKRENT: There is a hand at the back. Will

15 you please identify yourself?

16 'M . WEAVEEs Eill 'd e a v e r from Babcox and 911cox.

17 I vm:1 A lika + ask if the PAS has endorsed or reviewed the

18 IREP on Crystal River. We at 3 r. W have reviewed it pretty

19 conclusion and cone to the conclusion it is a very poor

20 an al ysis , and that recommendations on changes should not be

21 based on th a t particular analysis.

22 "2. 3ERNEECs We are in the midst of a process we

23 call peer ravi=w where we have had extansive comment from

24 the owner, from ECW, frcm other parties within the NRC
j

25 s t a f f , and we have had extensive meetinos on it. We have

gs

' _ -)
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1 j -i t concluded those and now we are compiling wha t all the

2 comments ara.

3 DR. CKRENT: It sounds to me like it is a

O
t 4 semi-public document, in view of the people --

i

; 5 MB. RERNERO: Well, there have certainly been a

6 lot of bootleg copies of it floating around.

7 DR. OKRENT As I have indicated to you before, I

1

8 find it curious and also quite disturbing the flow of j
"

9 informa tion to the ACRS is sometimes what it is. <

i
'

10 DR. KERR: We could try the Freedom of Information

11 Act.
.

12 (General laughter.)

13 DR. CKBENTs Indeed, I was going to ask Mr. !

'

14 Quittschreiber to find out what the procedures are whereby

f 15 an ACES member, an individual, can use the Freedom of

16 In fo rma tion Act , just as an example.

17 DR. SIE35s I think perhaps we are not considered
1

1
18 to be peers.

19 (Goneral laughter.)

i 20 DR. OKRENT: I think it will be awkvard if I have

21 to use the Freedom of Inf orm ation Act to get information

22 th a t I think should have been sent to the ACRS. This is an-

23 old point. I think things are improvinc over what they were

24 in recent years, but you man tioned the earlier four reports, !

25 for example, that sit around in draft form in the PAS for

' '

.O
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I years, not available to the ACES. i

: 2 VOICE: One.

3 DR. OKRENT: Well, again, I think it is something

i O -

4 to continue to reflect on. I will leave that as a request
.|
j

5 for Mr. Quittschreiber. As an example I may just try to do'

6 that.

7 Well, I think what we might do is instead of j
! i

8 taking the next speaker and having a delayed lunch, we will i

| I

9 pretend we are almost on schedule and will reconvene at
1 -

10 1:30, assuming tae next speaker, the chairman and the;

a '

} 11 recorder of this cessich are here, and the rest of you can
1

12 take longer if you wish.

13 (Whereupon, at 12:30 p.m., the meeting was
,

'

14 recessed, to reconvene at 1: 30 p.m. the same day.)

4

15

16

.

'

17

18

19
:

20

1

i 21

i

22

: 23
a

24
.

1-

:
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() 1 AFTERN000H SESSION

2 (1430 p.m.)

- 3 DR. OKRENT: The next speaker is Dr. Joksimovic.

4 DR. J0KSIMOVIC: Good afternoon. I aould like to

5 thank Cr. Okrent and the members of the Subcommittee and the

6 staff for inviting me to present our views on this important

i 7 subject. I am Voyen (phonetic) Joksimovic, Manager of

8 Safety and Reliability at General Atomic. I manage our ACGR

9 ligh t water reactor, waste management and synthetic fuel

10 safety and reliability program.

11 I brought two of my close associates with me, W.

12 J . Haughton and F.S. Zombec, who have participated h ea vily

13 in preparation of the state.: 9nt that you have before you.

\ 14 I have also taken the liberty of ercointing Joe Haughton to

15 be m y Vu graph operator to save a few minutes of my precious

MS time. With your permission.

17 With that, I will start out with the first

18 Vu -g ra ph . I will try in the first statement to reflect the

19 views of designers, since I have to deal with them on a

20 daily basis. What we have observed in this country and

21 other affluent societies is that the regula tory cbjectives

22 h a v e often been stated as - 'W s e that have to achieve the

23 highest standard, lowr:t r; lewsble release of radioactivity
,

{) 24 or carcinogens, and f :c.n u.e stsndpoint of designers and
~

'

25 f ron the standpoint of-general dec. n criteria, the kind of

-
1 $'

*
*
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~T 1 stc.ff that I have to deal with, I maintain that they are
(d'

-2 neither reasonable nor adequate.

3 When these objectives are translated into

4 practice, then we end up with things like releases as low ss

5 reasonably achievable, we end up with things like general

6 design criteria plus regulatory guides. I maintain, and it
,

7 is obviously.my opinion, highly subjective, that both have

8 experienced serious shortcomings. They are ambiguous and

9 they tend to make designers concentrate on on meeting

10 requirements rather than stim ula tin a q innovation and

*

11 legitimate tradeoffs. .

12 I also maintain that the safety standards achieved

13 are largely dependent on individuals assigned to par ticular

14 plan ts.

15 So what is th e remedy to all this? I hope it is

16 in the introduction of quantitative safety ;oalc. I have a

l'7 reason to believe that they will provide consistent safety

18 criteria and thus firm frarework for designers. They will,

19 hopef ully , avoid ratcheting of plant requirements. They

20 will leave designers with freedom to create effective design

21 solutions to real problems they face, like plant

22 availability.-

23 Additionally, they will protect public and
_

(} 24 investment more ef f ectively. They will enable designers to

25 g e t on with the job of designing future reactors, and th ey
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() 1 may contribute towards better public understanding of

2 nuclear safety.

3 Now, with that I would like to state that at

O
4 General Atomic we have been rather vocal in voicing our

5 concerns about the licensing process, and we have been

6 advocating now for a number of years th e use of

7 probabilistic risk assessment techniques, in safety

8 assessment, safety ECD recommendations, a nd the licensing
a

9 decisions.
.

10 On the screen I have a summary of some of the

11 activities that we have been involved in, like a statement

: 12 bef o re Frofessor Lewis' (?) committee in December of 1977.

13 We have also of fered a statement before the Udall committee

14 in February of 1979. We presented a paper at the AIF

15 workshop in May of 1979.
r

16 Our president, Dr. Agnew, has written a letter to

17 Kemeny in September of 1970 Sill Haughton and I have

18 presented a paper at the Knoxville conf erence dealing

19 specifically w i t s. tha safety goals, and we have a so-called

20 lice nsing topic report on selection of design basis ;

21 accidents using PRA as a rational, which is currently being,

22 prin ted.

I 23 Now, we have stated our views in the Knoxville

() 24 - pa p e r as a kind of progress report. We have an oncoing

25 program in this field which the Department of Energy funded,

O
.

11.
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/~N 1 and some key elements in our approach are kind of evolving.
U

2 I'have a list of them which tend to summarize the kind of

3 notions that we have created so far. *
.

O The first one I have on the list is professional

5 judgment. The reason why we use that is that we recognize

6 it is up to the society as a whole to decide what the safety

7 goals should be. The society hasn't done that, so we

8 believe we ran assist in this process to the society that we

' 9 serve, simply so we can get on wi th the job and design

10 f uture reactors.
i

11 We term this professional judgment, and there will

12 be a figure I explain subsequently which gives you a rough

13 idea what I mean by that.

() 14 In our approach we do take into account

15 competitive risk studies as a very valuable background.

16 However, we do emphasize the knowledge of probabilistic risk

I'7 a ssessmen t studies as WASH-1400, such as our own AIPA

18 studies, such as the Deutsche Eisikostudie, and numerous

19 other studies that are currently in progress.

20 We draw significant knowledge from it which

21 enlargens our horizons and enables us to put in better

22 perspective various comparative risk studies. What we also

23 do is we believe that some key elements of the existing

("} 24 regula tcry framework occht to be re tain ed . One concept that
', (-

25 in our thinking should be retained is the concept of design

<

!

,
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1 basis accidents.

2 However, we believe that the PRA should focus that

3 Trocess towards a more rational and systematic selection of

4 events. We have a report on that subject that I will also

5 spend a few more minutes later on explaining what that

! 6. concept is.

7 So basically we are talking about using a design

8 basis accident type of region, and we are also talking about

*

9 adding to regions, one which we call safety margin and the

10 other which we have called safety research. I will explain

11 in a minute the definition of those.

12 Ne are also in our work trying to reflect the
:

13 perception of the public. I recently have been reminded

14 that Dr. Kissinger in his book said tha t perceptions are'

15 more important than reality. We have tried to account for
1

16 tha t by specifying the concept of no identifiable public

4 17 in j u ry . In this context, the identifiable public injury

18 means changes to hunan body tissue or fluid caused by

19 radiation waich can be identified by medical examination.

20 Iae other thing we have converged on is the use of

21 limit lines in a simila r f ashion to tae work performed in
,

22 Gr ea t Britain by Red Farmer, Kinchin and Peter Congendon.

23 In our considerations we have recognized that in a

() 24 democratic society , we can talk about a spectrum of poli tics

25 which can range f rom what we es11 an emphasized risk policy

O
,

'

.~,'!''
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() 1 to a balanced risk policy.

2 We have recognized that for the public safety

f3 3 goals to be meaningf ul, tha t we have to talk about
U

4 acceptable rather than nonacceptable ones, and in that

5 context we think that one has to talk in terms of acceptable

6 individual risk, acceptable societal or collective risk, and

7 acceptable public property risk.

'

8 We do endorse the subject of reliability goals and

9 investment risk goals, and we are working on this, but this

10 pa rticula r presen ta tion is comple tely focused on public

11 safety goals.

12 Now, here is the diagram which we have reproduced

13 f ro m the Knoxville paper, which makes an attempt to specify

14 on one diacram what are the major steps in development and

15 implementation of public saf ety goals. The first block over

16 here deals with all the necessary steps one has to go

17 through before one can come up with what the goals are.

18 To the righ t we ha ve listed sone key

19 implementation activities, and what I am talking about over,

20 there is there is a need for all of ur to speak, by and
,

21 large, the same language. It doesn't mean that there is

22 only one language which is reccgnized. We can take the type

23 of situation like the United Nations where we could have
I,

-

,x(,) 24 four or five languages, or in other words, we may have four

25 or five acceptable. I don't believe we can have 27, 39, |

|

r
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() I whatever.

2 I think there is a need to go through a

3 streamlining process so that we can communicate and we can

4 effectively implement the saf ety goals once they are set.

5 Having gone through these type of activities, there are a

6 variety of applications which we are recommending, but I do

7 not intend to spend any time on that since it is outside the

8 scope of my presentation today.

9 This portion over here emphasizes the knowledge of
-

10 probabilistic risk assessment studies, and the portion above

11 emphasizes the knowledge of compara tive risk studies. There

12 is a block over here which is public perception of the

13 nuclear risk. It is tough for us to handle that; however,

14 we try.

15 Here is a diagram which we have termed the map of

16 quantita tiv a saf ety regions. The primary objective of this

l'7 diagram is to relate . accident frequencies versus design

18 ri g o r . We do have an actuarial data base from operation of

19 nuclear power plants in the United States and elsewhere;

j 20 howeaver, we have to go beyond that data base to predict the

; 21 kind of accidents of lower frequency. FRA is the only tool

1 22 usef ul to accomplish that, so FEA and tha t type of no tion is

; 23 used to search and try to find the type of events which may
!

() 24 influence saf ety, and hence th o se events can become design
.

25 basis accidents. By that we mean that they are subjected to

Ob
* * *: s ,,.

'a*
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I~) 1 rigorous scrutiny.
\_/

2- The power plant designers can then take the first

3 step in mitigating against the consequences of such

4 accidents which might otherwise be unacceptable: for

5 instance, being here rather than here, by designing

6 equipment and procedures for operators so that the -

7 consequences can be kept suitably lov and/or the likelihood
1

8 of the accident can be reduced.

9 This entails a cos'. to the plant, and hence one

10 can perceive that these accidents pass through some kind of

11 toll gat.e. The-resulting reductions in inpact of potential

12 accidents also reduces investment risks. Hence, we are

13 proposing that the accidents which are likely to happen pass

1-4 th ro ug h this toll gate or design basis process, which is to

15 sa y that any accident with a frequency such it will be

16 likely to happen in the United States over the total.

17 cu rrently projected operating history and the design basis

18 process. , ,

19 Even evants which have only a 50 percent chance of

^

20 happening are included in this region. Based on this

21 percent and taking a U.S. program of 166 reactors having a
,

,

22 typical lifetime of 40 years each, the mean frequency at the

23 lower boundary of the region is found to be 10 to the minus

( )) 24 4 per reactor yes.r, as shown in the fi;ure.

25 And hence that is our definition of design basis

-
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/~l 1 region. We realize we cannot stop there, that there is a
V

2 need to draw further down, and hence we have defined the

3 safety margin region to provide a proven margin against someg.
U

4 events whose probability of not happening in the current

5 U.S. program is between 50 and 90 percent.

6 The lower mean frequency limits of this region of

7 10 to the minus 5 per reactor year is compatible with a 90

8 percent assurance that an accident sequence below this

9 region will not occur. Events predicted to lie in this
.

10 region would not be expect;d to occur, h ence , there should

11 be no blanket requirement to automatically design for them.

12 A suitable margin against the unlikely chance tha t

13 they may happen can be obtained by some form of design

O-
\~/ 14 ca pa bility, which may be inherent or designed into the

15 p la n t , or maybe brought to the plant if a potential severe

16 accident threatens to occur.

17 Design capability requirements also entail a cost

18 t o t h e plan t , and nence the notion of a second tell cate is
.

19 a ppropria te.

20 Now, there are some rare events which can be

21 predicted below the safety margin region , that is, having a

22 m e a n frequency below 10 to the minus 5 per reactor year. We

23 ca ll . th a 'c a safety research region. A further step down in

O- -24 the er-cue"c.7--tm 10 to the =1au= 6 =e= =eecto= reer is'

25 equivalen t to 99 percent assurance that an accident sequence

O
sa-

|
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() 1 below this frequency will not occur.

2 These sequences should not impact public safety.

3 However, the significant members of this group which may

4 have high consequences are candidates for safety research

5 studies and experiments. Th e results of these studies would

6 be subjected to peer review to determine conclusively which

7 region these frequencies were in and whether the

8 consequences were low enough.

9 In these studies we are going to take several

'

10 years to achieve meaningful results. The plant designs

11 might need to include features to mitigate such events until

12 the assurance of their insignificance was confirmed.

13 Additionally, many people believe that high consequence

14 events between 10 to the minus 5 and ten to the minus 6 are

15 un acceptatie .

16 Hence, on an interim basis it could be suggested'

17 t3 e decign ca pability requirements also be considered in

18 this region.

19 Now, the research region does extend below 10 to
J

20 the minus 6 per reactor year; however, it will be devoted to

21 detecmining the correct frequency for extremely rare
!

22 ev en ts . Sequences having accident frequencies below 10 to

i 23 the minus 5 have no impact on public safety and therefore
1

() 24 would not require any additional design con sidera tions.

25 Faving defined this, I a.5 now going to deal with

()!

,
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() 1 specifics._ We have reached the level when we have the first

2 draft of our quantatati for individual risk, societal risk,

3 and public property damage. This is a diagram that we have

4 composed for the individual risk, which is a line drawn

5 through three points.

6 At the point of 10 to the minus 4, this

7 characterizes our design basis region and a consequence of

8 no identifiable public injury. We have interpreted this to

9 mean something like protective action guide in a situation
.

10 of 5 rens. We also learned from talkin; to various

11 radiobiologists that if an individual is exposed to that

12 kind of low radiation, tha t it cannot be detected in his

13 bloodstroam, and hence the point meets our intent of no

'

14 iden tifiable public injury.

. 15 We extended the line in the spirit of our attempt
i

16 to retain as large f raction of tne framework as possible.

I'7 Then we had plotted another point at 10 to the minus 6,

18 which is the p. int of no ecrly fatality. We took the

19 threshold to be of one percant, which is translated into a

20 dose of approximately 200 rems.-

21 Having drawn this limit line, it happens that it

22 passes at 10 to the minus 5 checkpoint. To give you the

23 perspective of where some other lines are, we took the [

() 24 liberty of interpreting Ed Zebroski's points -- I think hei '

:

25 le f t , but anyway I will still go ahead and tell you whare we j
.

t

i

| f

.it |
[
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1 think they are.
(}

2 Here is his first point, core melt, and I think

3 here is the second point, containment failure. Also, here

4 is a point from the Farmer diagram, and we have plotted two

5 other points. Cne is the dose exposed, the maximum an

6 individual was exposed in the TMI accident, and the second
,

7 one is the TMI EAD (?) dose of one rem.

8 When we drew the line, we established there is a

9 slope of minus 1.2, which said that basically this is our

10 risk aversion f actor for individual risk goal.

11 Now, the subject of societal risk coal is much

12 more complex . As I have said, in decocratic societies there

13 could be a spectrum of policies ranging from a policy that

I 14 emphasizes some risks irrespective of their contribution to

15 total risk. We call that emphasized risk policy. On th e
t

16 other hand, we could have policy which is based upon a

l'7 balanced risk, where an attempt is made to take into account

18 wh a t are the comparative risks, and then the nuclear risk is

19 pu t in that cype of perspective.

20 Hence, having decided that one can have a rance of
;

21 public policy limit .ine, then we faced the problem of

22 finding where the points should be. Consistent with our

23 approach of no identifiable public injury, we have plotted a

() 24 poin t of 10 to the minus 4

25 With regard to the balanced risk policy limit

- ~-

%)
.
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1 line, we felt that in a rational society, that we could talk()
2 about a small fraction of latent cancers in a population

3 surrounding a particular nuclear power plant, and if we can

('

4 choose a number which is a small fraction of the incidence

5 rate that we should be acceptable to a balanced risk policy

6 type of society. The number that we chose was in between

7 one-tenth and one-hundredth of the spontaneous cancer rate,.

8 which was down co something like 100 latent cancer

9 fatalities.
-

10 Having plotted tha t point, we have concluded that

11 others in the society are very risk averse to this type of

12' po ssibili ty where a large number of people can be exposed to

13 a disease like cancer, and hence we felt that that should be

() 1-4 reflected in a slope which is greater than minus 1.2, which

15 was individual risk , and we chose a-slope of minus 1.5,

16 which is comparative to the kind of notions that Eed Farmer

l'7 in t r od uced about lu years ago.

18 Eo we simply drew the line through this point at a

19 slope of minuc 1.5. On the other hand, we felt that we

20 should also come up with a rationale f or a v ery restrictive

21 type of society which emphasizes some risks like nuclear,

22 an d we have emphasized, using our professional judcment,

23 where the point would bo, and we have converged on a number

(')t 24 like .1 latent cancers. We drew the line th rough that
%

25 poin t , the same slope of minus 1.5.

!

|

!
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() 1 Now, the last thing that we did is to come up with

2 a proposed quantitative safety goal for the public property

3 risk. We have given the least consideration to this in our

4 curren~ work, so this can be viewed as a first cut, our

5 first attempt to do that. I will give just a few lines of

6 thinking behind this curve.

7 We have been hired to be consultants to the

; 8 insurance companies, and we have learned on th a t contract
!

9 how they think. What we have observed is that they are

10 concerned about losses in the range of $10 million to $300

11 million dollars. So we took.those types of points into

12 considera tion .

13 We have also observed that they are not interested

"

14 in frequencies below 10 to the minus 5. That is the kind of

15 cutof f f requency for their thinking. So we have plotted

16 300 million at 10 to the minus 5 as our point, and we drew

17 our line to a slope of unity because we decided that those;

I 18 people are very rational in their business life, and hence

19 there is no need to have any pa rticular risk aversion.

20 Hence, this line is basically, as I said, our

21 first cut, and it encompasses the notions from dealings with

Z2 insurance company type of people. In doing so, we have

23 taken in.o account absence of the Price-Anderson Act, and we

() 24 have also taken into account this kind of risk category they

25 are willing to put on anything, which is $300 T.illion.

i ()
;

4
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() 1 Thank you very much.

.2 DR. OKEENT: I am a little bit intrigued at your

pg 3 comment that they a.re not risk averse. The fact that they
%)<

4 have a cutoff on what they are willing to insure suggests

5 that they are quite risk averse, in a certain sense.

6 DR. J0KSIMOVIC: I think that is true. However, I

7 think when you try to get some kind of a slope, they are

8 perfectly willing to accept a linear one, as long as you

9 come to some kind of risk ceiling beyond which they are not

10 willing to risk.
1

11 DR. OKRENT: We have a few minutes for

12 discussion. Are th ere any questions or comments?

13 (There was no response.

. - (~3
'

' 14 DR. Cf. RENT: I guess not. Thank you.

15 Let's continue. Next Dr. Griesmeyer will discuss

16 the current stages of development in work he is doing as an

17 ACES f ellow .

18 DR. GEIEShEYER: We are working on a risk

19 management framework, trying to come up with ideas as to how

20 do you manage the risk. In part of that framework there is

21 going to be some quantitative decision, quantitative risk

22 acceptance criteria or non-acceptance criteria, depending on

23 ho w you define them.

O
(_j 24 In sattino up this risk management scheme, you

25 have to realise that basically you are talking about a

A
\_)

.4... . ' ,J/*
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( 1 number of decisions on various interacting l evels. You have-

2 to decide vaether you need the electric power. You have to
,

,

*
3 decide what sort of technology you are going to use. You3

\_) ~

You also have to decide whether4 have to select the site.

5 the risk is acceptable or not.

6 At each one of these levels you are going to have

7 to look at economic impacts, sociopolitical impacts,

8 environmental impacts and health and safety impacts. So

9 what we have is a set of interacting decisions and a set
,

10 also of interacting impacts for each level of the decision.

11 So public nealth and safety risk acceptance

12 criteria is not going to be unique because it depends upon
.

13 economic impacts, sociopolitical impacts and environmental

O-As 14 *mpacts, as well. So what we are trying to do is come up

15 with some sort of rational approach that looks at risk

16 acce ptance, public health and satety and environmental

l'7 impact in a way that is compatible with the rest of the

18 decision.
.

19 If the rfsks and h ealth and safety impacts and

20 environmental im pacts, the two alternatives are roughly

21 comparable, depending on whatever weigh tinc f actor you use,

22 then the economic and sociopolitical impacts will control

23 the decision.

() 24 So not only are the risk acceptance and public
,

:

i 25 health and safety impacts and environnental impacts not

' ALDERSON REPORTING COMPANY, INC.
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f}
1 unique, but they are also not necessarily controlling in the

2 decision. So the risk management framework is going to have

*

.- 3 to reflect this.
.b

U
4 So we are trying to come up with some basic

,

5 presises tha t we can use to approach this. The first

6 premise that we used was that the public health and safety

7 should be treated in a consistent manner. You can define

8 consistent however you might, but at least you should

9 attempt to do that.

10 This would naturally lead to the idea of

11 considering the risks and inpacts of all the alternatives,

12 the alternative of technologies er the alternative of not

13 generating the power in the first place. This also leads to

Os/ 14 an idea that if you are going to look at risk perceptions,

15 you are also going to have to understand how you are going

16 to d o t ha t , because soliciting risk perceptions often

17 determins the percep tion , your method of sol ici ti ng .

18 Perceptions are also very changeable over time and they

19 migh t not be useful or suitable fo r long-term m anagemen t of

20 risk .

21 So the next thing is that because of equity

22 considera tions, no individual should be unduly burdened by

23 risk . This seems to be a natural thing to look at, so it

() 24 leads to a natural separation of individual risks and'

25 societal impacts, or aggregates of societal impacts.

O
* .. ' '? a
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I'N 1 Another problen is that the satisfaction of oneV
2 group's issues should not have a large detrimental on the

;

3 desires of society as a whole. Basically what we are

4 getting at here is there has to be some way of making the

5 decision, some way of deciding when you are done wit this

6 decision, when you are going to go on and either not build

! 7 the plant or build it. There has to be some method of

8 closure.

9 Then the aggregate impact of a particular facility

4 10 should not stress the resilience of society, or threaten the
i
i 11 resilience of society. So to some extent you do have to

;

12 include risk aversion because a large catastrophe does

13 threaten society in a way different than a lot of small

'

14 individual impacts.

15 VOICE: Why do you use resilience as the word?

16 DR. GRIESMEYER: Ch, because it sounds good.

|

l'7 (General laughter.)

i 18 DR. GEIESMEYER. :i o , it basically talks about the

19 ability of society to repair itself. Like when you go to
r-

20 Las Vegas, if your expected loss over a long period of time
i.

21 ' is ' 3 percen t , then you may be able to handle it. Eut if you

22 don ' t' ha ve a big enough bankroll and you get messed up in

| 23 on e of the fluctuations, then you have lost although your

() 24 expected loss 'isn ' t too bad. That is why you have to
<

25 consider resilience.

~
.
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1 So basically we have come up with a management

2 framework that has three features. It has the safety

3 profile, which is just the proba bilistic risk assessment,*

4 both site and plant specific. In this assessment you are

5 going to have to include the uncertainties, propagate them4

6 in an explicit way so that the risks you come out with a re

7 going to be essentially risk distribution.

8 And then, of course, there are going to be

9 uncertainties in this. The uncertainties are going to be as
.

10 t o d a ta , modeling uncertainties, and a particularly

11 troublesome type of uncertainty, and that is what have you

12 lef t ou t? There isn't really a good way of finding that.
.

13 So the safety profile might have difficulty in covering th a t .
1

' 1-4 particular aspect.

15 The safety profile should be able to identify

16 important accident sequences, systems and so on, and they

l'7 should be able to be ranked according to safety impacts.

18 There should be some sort of certification of the
,

19 practitioners a nd methodology so that there is some
.

i,

20 standa rdiza tion of these risk profiles.

21 The risk profile should be used as a design tool.

22 It should be used as a licensing tool, and it also should be

23 used as a tool to modify procedures and operations in a way

()i 24 th at reflects the safety impacts.

25 The problem with 111 these ri sk as sessn.er' '; i. s

()
As
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(} 1 that there is really a simple way of coming up with a real

2 deterministic answer of what the risk is or what the cost is

3 going to be. You are never going to be able to come up withns-
4 a deterministic answer. You are not even going to be able

5 to come up with people to agree what the risk is or on the

6 evaluation of the risk.

7 So there has to be somb way of closing this

8 arguments what is the estimated risk. So we have

9 tentatively proposed a science court. Basically the idea<

10 behind this is to como up with some means with statutory-

i 11 authority to say this is the level of risk. Of course, NRC

12 n o w is going to -- the level of risk that you are going to

13 u s e in th e decision process.

) 14 Of course, it can be updated and it has to be
,

15 upda ted as you go, but there has to be some way o f closing

16 this part of the argument and getting on to deciding whether

l'7 it is acceptable or act. And also you have to review the

18 saf ety profiles. So this is the intent, behind this idea of

19 a - science cou rt. .fany people have suggested it, and many

20 people have also said that it can't possibly work, but that

21 is the intention behind it.

22 The.next thing is a quantitative set of decision

23 rules. These decision rules are compromised between a

() 24 judgmental and an analytical approach. There is going to be
:

25 a need for some judgment because there isn't going to be a
t

t a t

I 9-ur

.
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1 final answer, but there also has to be some analysis. So

2 these are goino to be some sort of pragmatic set as a

3 compromise between anal ysis and judgmental procedures.

O 4 These decision rules, now, are going to be

5 necessary conditions. That are, they a re going to be more

6 like non-acceptance criteria. The reason for this is that

7 they are only part of a much larger decision process:

8 whether you are going to need the power, which technology to

9 use, which site to use, and then whether, once ycu have

10 decided all these, whether it is safe enough.

11 So these really are non-acceptance criteria in

12 tha t sense, in the sense that they are conditions for

13 consideration as one of the alternative means to supply the

() 14 power. Also, there are uncertainties involved. The

15 uncertainties are data and modeling uncertainties, and these

16 to some extent you can specify in your distribution in an

17 explicit way, but there is also the problem of omissions,

18 such as design errors, things that you are not coing to
,

19 nece ssa rily catch with your analysis.

20 To that extenc, they also can't be acceptance

| 21 crite ria. They can only be part of the decision process

!- 22 because of the uncertainties. Then reflecting this, we are

23 also going to'have upper risk limits. These are the

{} 24 non-acceptance limits. There is going tc be a discretionary'

25 ' range in which you have to have special censideration, and
i

O
.

.
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()' I then there is goina to be the goal level of risk. This is

2 lowest. You may be roughly an order of magnitude higher

r~s 3 than the upper risk limit.
d

4 This discretionary range allows for the

5 consideration of uncertainties, and it also allows for the

6 consideration of competing risks. So that is the reason for

7 the discretionary range. The upper risk limits, then, are

8 these qualifying limits.

9 Something to go along with this is these risk

10 limits should not be too restrictive because if they are too

11 restrictive, then you make it so it is not possible for them

12 to be met, and this technology is ac longer a viable.

13 alternative although it may have less social, political,
/~T,

: (_/ 14 economic or safety impacts than an alternative.

15 So you have to be careful in making sure that your

16 risk limits are not too stringent.

I'7 In the decisions rules we have come up with

18 certain categories: the harard state limits, individual

19 limits, sccietal im pacts, the public health and safety and

20 property and resource damage, and societal impact raduction.

21 The harard states, as has been discussed earlier today, is

22 some thing some people think we should nave and some people

23 thin k we should not have.

(~%
(> 24 Basically it is quite clear that you can have a

25 large societal impact even if you don't produce a large

Of
N. '
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(T 1 amount of radioactivity; financial loss to the utility,
\.)

*

2 which is reflected in utility bills; and also there is a
1

3 large trauma to the population. So there is some reason for

O' 4 using hazard states as at least part of you r criteria. Not

5 only that. If you structure your analysis so that you pay

6 attention to these hazard states, you might be able to more
i

7 adequately find precursors of much more^important events.

8 So the hazard states are basically the states of increasing

9 severity.

10 The next thing would be individual risk limits or
,

11 co n s id er a tio n s , and these are basically in the interest of

12 equity. Then there are societal, public health and safety

13 impa cts. These have to be some sort of agg rega ted impact of

O(_/ 14 society , a weiching of costs and benefits. And then you

15 also have to consider property and recources.,

16 P.esources is a particularly hard problem because

l'7 you canno t modify as many of the benefits that you get out

18 of various resources, such as inportant aquifers or a,large

19 amount of farmland that is near a reactor. If it is

20 contamin ated , it might be what we would consider a
t

21 catastrophe and it night be very difficult to acnetize this

22 in some of the conventional ways.

23 And then there also has to be societal impact

(} 24 reduction, and basically, since scciety only has a limited

25 amount of resources for risk reduction, this should be done

O
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I * 3 v' )(f). i

L
4

i

i

1 in some sort of cost-effective way. Of course, in defining

i 2 this cost effectiveness you have to evaluate what the change

| 3 in impact is and you have to somehow or other monetize it or

i O -

! 4 say what the limits should be, so there again it is
'

i
,

j 5 difficult. So these are the basic decision rule categories.

i

i 6
i

7'

!

: 8 i
I i

! 9 |

4

10 |
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i 11

:
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i -
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>
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.

19'

M
:
,

! 21 ;
!

|4

M
,

h

;

i G -

24

!

25

.g
1

ALDERSON REPORTING COMPANY, INC.

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

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



-_

l

! 140-

t8 1 f Looking at hazard states, the first state is signifi-

f l* t7 I

ar 2 cant core damage. Now, what I have done here to come up with an

bfm1 3 operational definition about the requirements, they do have to be
m

() 4 workable and they do have to be (unintelligible) the fine that

g 5 by which you mean.

O ;

j 6| All of the hazard states and all the risk limits that
:T 1

$ 7' we do are really proxies for something. If we can cover most

".e

] 8; bases, then probably the ones that you misses -- or at least
d i

: 9! some of the ones you missed -- will be handled. So, we set an

Y

$ 10 operational definition here.
7 -,.
=

{ 11 You can reduce the problem -- the limit to the ration-
B i

should not happen either of two:j 12|alesthatyouthinkthatit
E !
: 13 ! limits here. The probability of core damage in the life of'/_'

;
-

3

$ 14 the plant is less than 1/10th; or less than 1/30th of the life-
b !

E 15 ! time. These can be translated to expect a reactor a 35 to 40
$ I -3

i
-

j 16 | year lifetime to be the frequency, 3 X 10 per reactor year;

A .

p 17 i or it could be used -- this would stress -- the most stringent

i
18 requirement on probability of core damage would stress preven-a

=
+
E 19 i tion a little bit more than the less one.

>3
n

20 i So, this is it. You should spend a lot more time in

21f the profession of that, at least as much as you can. A way of
,

!

handling the uncertainty now is the same that all of thesei(~' 22
_.

23 ' should be met to the expected value, the mean value. There are

24 ; some uncertainties. The risk has a distribution.-~

' '
, i

1

25 || There will be one here. It is the expected value of

.!

$
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bfm2 1 that distribution. (Inaudible) to include uncertainties. A

~N
/ 2 possible way of doing that would be saying that the level of

3 risk is measured by the expected value, or some fraction of higher

() 4 confidence bounds.

e 5 So, that is what we have done here. These numbers, of

h
3 6 course, are meant to be examples of those two hard and fast num-
o
R
g 7 bers. So, we see here -- we say that the risk level has to be

-3-
nj 8 (unintelligible) per reactor year for core damage, or 5 X 10

d
d 9 for core damage at 90 percent confidence bound.
z i

o
n 10 If the distribution was very wide, this will control;
z
= ;

E 11 i now this will control. So, this is just a possible means of
< :
E i

*J J2 including the uncertainties of the risk estimate. It does not
z
5 I

(]) { 13 i include the uncertainties involved in the possible emissions,
- ,

E 14 I such as design errors. Design errors -- it is very difficult to
d I
u -

! 15 discover design errors and it is very hard. to include them in

5
.' 16 the published safety analysis.
3
M ,

17 |
So, really aren't handled by this, or this possible

= i

5 18 | approach for looking at uncertainties. Large scale core melt
i-

?
E 19 is the next hazard state. Again, it has an operational defini-

A !

20 tion. By large scale, I mean more than 10 percent of the

21 reactor core.

(' 22 The rationale here is that it should not be very

(s) !
,

23[ Powerful in the reactor programs. At the least, it should be less

f-)
24 ; than 1/2 of the whole reactor program, considering 5000 to 7000

%.) I

25 reactor years. This turns out to be the frequency of core melt

9

I l

; ALDERSON REPORTING COMPANY. INC.
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1 should be (inaudible) reactor year.

br^3
(_) 2 Again, there is 95 percent (inaudible). So, this would

3 be the purge numbers before core melt about this size. Now, by

() 4 having a very stringent requirement on ability of core damage,

s 5 we are trying to say that we should try and stress prevention.
N
@ 6 By having this conditional release, large scale and
R
jj 7 controlled release 10 percent greater the iodine retort, having
'
nj 8 it less than 100 that you had a core melt, large scale core

d
d 9 melt defined in this way. When I say, given a large scale core

z

h 10 melt, I mean given the average large scale core melt that you
z
_

5 11 would have found in your analysis -- some sort of operational
<
S
d 12 definition so that you know what you mean.
z
:

(~S, d 13 This would be less than 100 per melt, less than a
%s %

$ 14 chance of frequency of 1 in 100 per melt. Again, a factor for

b |
! 15 the lighter confidence bound. This would be basically a possible

E
.- 16 approach for dealing with hazard states.

3
e

Now, with the individual risk limit, I came up with
i 17 ;
$
5 18 two possible proposals here. The first proposal is that the
:

E 19 Probabilit of death due to reactors -- somebody living near a
A

20 reactor site should be less than 1 in 1000. So, the best thing

21 . id that.his probability of death is very small due to this
t

fg 22 reactor.

V
23 |

This would work out to be a probability of death to

-5>

24 i be 2 X 10 per site year. - The individual has to be balanced
(Z) i

25 ; by death benefits or should be small compared to background. So,

:
t-

1 ALDERSON REPORTING COMPANY, INC.

- _ _,_



-

.

1. " - 149

1 that's the basic question that we come up with in this type of

/~)(/ 2 criteria. Then, again, this criteria is melf-mem (ph) on the
bfm4

3 face of it by the hazard state that you satisfy the hazard state

O 4 umits.

e 5 However --
3
9

3 6 DR. KERR: What is the probability of death due to a

R
$ 7 reactor during the lifetime of a reactor?

E
j 8 DR. GRIESMEYER: During the lifetime of a reactor, right,

d
d 9 That will (inaudible) per year, about like this. Again, by
5

'

E 10 specifying a confidence limit a little bit higher, you are taking
E

! 11 into account some of the uncertainties in the estimates of death
M

j 12 risk, which are not taking into account the uncertainties that
=

('>) h 13 it do -- there do emissions.
>- a

! 14 So, we have a conditional probability. This is the

_b
'

2 15 one that will probably control, because if you met the hazard
5
j 16 state with this, you have already met these limits. So, the
^

\

d 17 j controlling one, probably this conditional ability of death,

5 i

$ 18 | given a core melt.
E

$ 19 This requires that there is some sort of mitigation,
n

20 some sort of problem -- defenses against release. Also, it

21 required a look at the effectiveness of your evacuation plan.

(~} 22 | DR. SHEWMON: That's any core melt?
;s-

23 I DR. GRIESMEYER: Any core melt defined in terms of that

r3 24 | average before.

| (/ !
25 DR. SHEWMON: You have at least three definitions or

t

'
i

:

1
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two definitions of core melt. There is only one --;
bf"-?,

DR. GRIESMEYER: There has only been one large scale2

core melt --
3 large scale core melt greater than 10 percent of

the core. There is a number of ways you can do this. That is4

ust a probaM11stic average.e 5
E !j 3 | So, this is just death due to the reactor. Then we
e

have centurated (ph) of the probability of early death. Say7

that should be a factor of five less. So, this is just any death8

d due to the reactor. This is death -- an early death due to the
'

<

9
z"

$ 10
#8" D #*

2
g jj This is one possible way of handling the risk limits.
5
]. Now, I'm putting on a lot of numbers here. They are basically12
3
3 the upgraded structure, one or two of the numbers would controlO: '

the limits.p g You would have to worry about the rest of them.

Y
These numbers are basically to illustrate.

15
,

]. 16 , Now, this proposal looks at another possible proposal
,

g,

for individual lists. It says that you should still look at-

j7
:a

5 early and delayed death, but you do it in a little different way.w 18 i
= |
s Now, applying "R" as the individual chance of death perj9
9

site year, per reactor site year. "RM" is the individual chanceg

of death given the meltdown. "LF" fraction of age deaths, crea-g

ting life expectancy before the onset of fatal symptoms. We

O|

find a measure of insult here as the possibility of death times1 23
.

24 : the fraction of the life lost before -- or the portion of lifep
d ,

i

1 st after the onset of symptoms.
25 ,

i

I
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1 So, it is weighted to loss of life expectancy. It only

2 goes to the onset of symptoms, so that the period that that
bfuo

3 symptom is not included. You can avoid some of the problems of ,

() 4 degradation, how do you measure that.

e 5 DR. OKRENT: Excuse me. You said period of death, do

0 i

@ 6| you mean period of life?
R
& 7 DR. GRIESMEYER: Period of life.
sj 81 (Laughter.)

d
o; 9 So, again, we have the same sort of expected value,
2

$ 10 then 95 percent confidence limit that is a little bit higher.
z
= i .

j 11 Again, it is just a way of approach to handle the uncertainties
3

I

p 12 in the estimate.
E

[]) j 13 This is the same thing, only it is conditional on core
,

-
. .

m
; 5 14 |1 melt. It is the same sort of criteria. All of these conditional

$ '

[ 15 core melt criteria are -- they are conditional on the probability
=

j 16 of core melt factor of roughly 100 higher than of the hazard
A

$ 17 ' state that would require you to meet, attempt to meet.
5 !

$ 18 ' It is saying that there can possibly be some emissions,
=
e

$ 19 , some larger uncertainties than you thought in your core melt
5 1

20| probabilities. Okay.

21 Societal impacts is the next catergory. For various

22 reasons, we haven't used a frequency consequence limit line of
(~)S

.
%

t

23 basically because everytime I saw one, I never know what it meant.

rm 24 DR. SHEWMON: Whereas, 2his is all clear the first
t :

25 ' time.
!
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j I| (Laughter.)

| b[ ) 2 DR. GRIESMEYER: Okay. So, in societal impacts, we

3 are trying to come up with a measure of the societal impacts. We

4 want to put limits on it.

j 5| Now, the societal impact is going to be some function

$ 0 of a bunch of sequences that have frequencies in some sort of>

7.4

E 7 This function here may be complex, it may beb consequence.

8 8 very simple. If it is the frequency times the consequence, thenn
d
x 9
- it's just the expected consequence. That would be the measure. ~

2 10y of social costs. Then you would want to put a limit on it.
_-

! II For example, the social cost function would be one
u
" 12 with risk aversion, frequency times consequence to some power.

| @ !

4 I
| () j 13 ! In the previous discussicn, that was frequency times the number

- ,

' 14 of deaths to the 1.5 power. It's that sort of thing that we

M*

r_ 15 mean by this cost function.
a

E Ib ' DR. SAUNDERS: What are you summing over there with
IA

*
j ~17 ; that expression?

E I
3 IO DR. GRIESMEYER: Over events that -- any event that
=
b

I9 I has consequence that is measureable. It is the somewhat expected
i
n

20 consequence ot Lhic.

DR. SAUNDERS: Is societal cost a functional cost of21

1
22(} the frequency in which it occurs?

23 | DR. GRIESMEYER: The frequency times the consequence..

24 DR. SAUNDERS: That's what you have down there, but
}

25 , up there you go up --
i
i
t
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1 DR. GRIESMEYER: Up here-I am saying that it is very

() 2 difficult to decide what this should be. The first impression --

bfm8 3 the first guess that everybody does is the frequency times con-

() 4 sequence. That is expected consequence.

g 5 DR. SAUNDERS: So, "F" is the function of the accident.

8
@ 6 DR. GRIESMEYER: Of the accident.
~
n
j 7 DR. SAUNDERS: "M" is a function of the accident.
'
n
S 8 DR. GRIESMEYER: Of the accident.
N

d
i c 9 DR. SAUNDERS: Your sum over the percent of possible

Y

@ 10 accidents.
,

> z
=
E 11 DR. GRIESMEYER: Possible accidents. Possible accidenti

"

<
3

y 12 sequences.
! 5

() 13 DR. SAUNDERS: And the cost?i

$ 14 DR. GRIESMEYER: The expected cost per year,
w
1
2 15 DR. SAUNDERS: Oh, it's expectation.

$
g' 16 DR. GRIESMEYER: Yes, it is the expected cost measured

A

y 17 by this function. Okay.
w :
=
$ 18 DR. SAUNDERS: As long as it's an expectation with
?
~
~ r

7 19 ! foresight.
A f

20 | DR. GRIESMEYER: Yes, it is an expectation. Normally,

21 when-you do a risk assessment, this is distributed and this is
!

22 | distributed. This is just to illustrate the cost.~

!

23 i So, looking at health and safety impacts, we have done

24 basically the same sort of thing again. We have said that both
() !

health and safety, deaths due to the reactor, measured by some25 ,

fi

0
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1 of -- by some cost function. The units of this would be equiva-

b( ) 2 lent deaths per year.

3 If the cost function now is just frequency times conse-

4 quence, then this is just an expected consequence per year. If()
e 5 it is frequency times consequence to some power, some weighted
M
N

d 6 one, risk adverse social costs, okay, whatever it is shouldn't
e
R '

y 7 react further.

! s
8 8 This is -- should be 10 -- ten per year. The reason'

n
a
d 9 why I picked this number is it is roughly equal to the lower

Y
E 10 bound on expected cost per year for a large coal plant. So,

E
_

5 11 basically, in order to qualify now for consideration of an
<
a
d 12 alternative to meet the need for power, this should not be any
z ,

3 I more risky and have much more social cost than the alternatives.[]} { 13 !
_

$ 14 i This is meant to be an upper bound. It is only meant
! d !

u I

! 15 ' to be qualifying a goal which is what the factor of ten lower

5
: 16 than this may be dependent upon. There is this discretionary
3
A

d 17 , range below this. You also have competing risks and other design
5 i

IM 18 criteria in this area.
Y
e

C 19 i DR. LOWRANCE: Just for a point of clarification, the
5 *

" !

20 | ten deaths per year comes from -- it's a comparison to deaths

i

21 1 in operation of a coal plant?

22 DR. GRIESMEYER: Yes, an operation of a coal plant.

23 DR. WILSON: Not the mining part?I

24 | DR. GRIESMEYER: Yes. Public health effect due to the

() f

25 physical stuff coming out. This is the lower bound. That is

:
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I why we feel comfortable that this is now; that this is quite a
,

n
bl ,0 2 bit higher than those proposed earlier today.

3 The idea here is that these are just qualifying limits,

() 4 and the upper limit. The goal is roughly the order of demand

5g tube (?) below this.
H ,

! 0| These are not the only requirements that the reactor

7 |' has to satisfy.
R
*

Okay. Again, we have a conditional one here.S
4 -2

j 8 Given that you have a core melt of -- a probabilitj of 10 years,

d
y 9 you would still meet this criteria in the expected number of

,

b I
y 10 deaths per reactor per melt with 1000.
_Z.
_

$ II ! That's where this number comes from. Again, we are
* !

f 12 not weighted to this number, but this type of thinking might
?: j

' } j 13 | possibly allow v. to include -- or somehow or other account for(
,-

W l
I4 'j things that have been left out in the analysis,

e

] 15
.

Again, we separated early deaths from all deaths due
=
'

16j to the reactor. We, essentially this is a factor of five as
*

i

N 17 i before.
5 '

3 18 |i The next one is property and resource damage. This is
w

P i

"g 19 '! mainly one of the most important, also one of the most difficult.
n 1

20f You can monetize your losses. They did so in most of the reactor

!

21 i safety studies :: hat have come out The problem is that they.

(~} didn't monetize everything. This is going to be the equivalent22
s-

23 across all technologies, some of roughly the same as you require

{) 24 ] for a coal plant.

25 You really come up with some problems in that many of
4

! -

; ALDERSON REPORTING COMPANY. INC.

W



__

"

156+-

bfmil I the damages due to a coal plant are environmental damages, degrada-
;

2 tion of a forest, or killing all the fish in a stream.

3 It is very difficult to monetize this. So, the things

O 4-

thet you do monetize, gossib1y e wey of 11miting 1e wou1d se to
I

g 5| say the value of the energy generated per year -- that the expectec.
N

@ 6 monetary losses should be less than some fraction of the value
' R

*
" 7 of the energy generate per year.

'

M
j 8 I really wouldn't have good way of peeking what this
d
". 9 number should be, but I do think that we do need to have a limit-

z ,

I 10
j on the expected cost monetized -- everything you could monetize.'

E I

4 II You also have to look at the th'ings that y)u can't monetize.
ic

j 12 | There should be some sort of 1.mit; and it possibly
E

O s '3 cou1d eeke this form. ^9ein, you wou1d meet this to the exeected
i

-

7) i

!! I4 ' value of -- you would have to meet this in maybe the 95 percent
2
{ 15 confidence zone. You would have to meet this slightly less
*

I

J 16 | (inaudible).
,5,

f I7 For some resources, it is difficult to monetize. Their

18||
5

loss would be a very large catastrophe. Some resources such as3
5 lt r

l9 ! very fertile farm land, an important (unintelligible) , it mayg
n :

20 be that you should require special consideration when it is
i21 possible to really damage this , say beyond some level of effecti

fQ like a potential of damaging ten percent of the resources.22

23 Or something on this sort of -- you should have special

24f consideration on the licensing. I don't know what to do as far

! 25 as a quantitative safetr goal, but it does seem clear that you

i
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i are going to have to have special consideration for at least some

() 2 of the large resources, some of your important resources.

bfm12
3 It may be that the only way you can consider these

(]) 4 is through siting restrictions. It does seem to be important

e 5 that you at least take these into account. The next thing would

3
N

$ 6 be some sort of societal impact reduction.
e
^

ji 7 Now societal impact reductions as low as the can beN

%
5 8 reasonably achievable time criteria, you know, the marginal
N

d
c 9 cost limits. The range, we saw earlier today ranges from
I
E 10 $10,000 per life saved to roughly S5 million. In some special

E
_

E 11 cases, $300 million and a billion per life saved.
<
B
.J 12 So, we take this relatively highlimit, because for
E :

(]) 13 | the -- this .is the change in early death per life of the plant.
!

S 14 So, this is the total number of the total change in early
w
a
! 15 death due to your improvement in the life of the plant. We say

5.

J 16 that this should be S5 million per equivalent death.

1 E |
g 17 ! Again, ,if you don't have any risk aversion, this is
w ,

=
$ 18 Per expected death. If you have risk aversion, it weights more

3 I

t 19 ! heavily the large scale accidents, then it drops down to a million
A |

20 | dollars per death, or equivalent death.

21 VOICE: Early death?

f- 22 DR. GRIESMEYER: This is early death, S5 million for
'

I 23 | early -- equivalent early death. A million dollars for death.

24 | Again, these are tentative numbers.

() |
This last one, I don't know how I can justify it except

25 ;,
!

I l

I
>

i i
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1 that this would be the change in expected loss. It is saying

() 2 that you should spend twice as much to avoid the loss.
bfm13

3 This would be a form of insurance, especially for the

lh 4 large losses; it may be very much better to avoid them rather

3 than to have to absorb them. So, it may be justifiable to have
N

l N 6!
2 i something of this form, again, very tentatively.
E
n 7
; So, for particular safety improvement, you would
n* 8n calculate the change in economic loss, expected economic loss

,

d
d 9 per year or per the life of the plant; change in early death;_j
o
H 10
y and a change in total deaths.
=
E 11 It should ibe less than -- if the cost is less thang
" 12
$ this, you have to require the improvement. Notice that the
=

(_') j 13 ! early deaths get counted twice so it is S6 million for early
" ~

z

$
I4 death. This is tentative for illustrative purpo.es,

u
O 15
h Basically, what we're going to do is come up with a
z

f 16 ! way of risk management in a way that is compatible with the
z 1

I7 rest of the decision proceas. Also, to develop some of the

c
w 18 structure of this process. The numbers that we've given are-

# I9
"

.

.3asically for illustration purposes, a place to start talking2
|

20 i tbout adjusting either way or limiting. Thank you.

212

DR. OKRENT: Okay. Questions? Could you give your
.

() name, please?
.

MR. SUDNET: Bill Sudnet from the Nuclear Safety

24
(]) Analysis Center. I'm intrigued by a lot of the concepts that

25 you put up over there. They raise a question to me as to mode

| 1

'

l
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I

1 of implementation. This scheme appears to be one that goes beyondb 4

2 the normal context of reactor regulations. I wonder if you have

3 given any thought to a way in which a society like ours might
_

> 4 go about implementing something like this?

I

e 5' DR. GRIESMEYER: I think it would be quite difficult to
3
=?

3 6! implement, I think. It would be very difficult to get some sort
'R

$ 7 of standard method of doing the safety analysis. It is very

3j 8 difficult for people who decide: "Okay, this is what we're going

d
: 9 to use with these decision rules."
i |
C I

s 10 So, I think it would be quite difficult, but I think
z
=
j 11 | that what you could do is you could do a safety analysis and

e

'

is

j 12 | apply these rules on the site, and do it a couple of times to
.- 5 !

(j y 13 I find out what sort of things are possible.
=

$ 14 What implications does it reTlly have, more of an
w
E

l
2 15 | interation than "Let's try it."
5 |

J 16 | There are certainly going to have to be some more
E !

d 17 ! methodology development as far as, say, earthquake analysis and
a .

5 !
w 18 ; fire analysis. These are both in the developmental stages, and

5 !
19 ! usually they do a fairly cursory analysis. This would probably

b !

20 I not be good enough for this sort of thing, expecially because

21| if he has such a large uncertainty. There is a penalty for
I

!

! 22 ! uncertainty.
!

'

23 ' So, I think it would be difficult, but I think it would

( ) 24 be useful because we do have to efficiently allocate our resources.

25 We do have to look at the decision problem, to the risk problem
,

i
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Ibfm15 in a way that is compatible with the whole issue problem.

O 2 This seems like a way of starting to flesh out an

3 approach to that.
I i 1N/ 4i MR. SUDNET: My question was really directed mc re

g 5 towards the administrative dun the technical. 1 understand that

0
@ 6 it is a serious technical problem, but probably even more
R
$ 7 serious to get the governmental machinery to operate in a fashion
s
j 8 like this.
d
( 9 If the machinery can't operate like this, then the
z
O f

g 10 technical end of the problem is for naught.
E

h II DR. KERR: Do you think that this is any more complicated
3

Ij- 12 | and detailed, for example, the operation of a typical public
= !

('' M
'

(_j g I3 | service condition in a state where rates are made? This is
= i
n I

$ 14 | almost simple compared to some of the administrative functions

$, |

15 , in the system.g
=

J 16 | MR. SUDNET: I understand that those are less than
E |

d 17 i optimum in times --
w .

5 :
'A 18 ! DR. KERR: They exist. In some senses, they are

5

h 19 | working. Is it your view that t..is would be more complicated
n <

20 f than that?
!

21| MR. SUDNET: I really don't know that.
!

!
l 22 I DR.OKRENT: Dr. Lave?,

|sa

23 ' DR. LAVE: Well, you reminded me of the old story about

'

f'. 24 j the opera singer, a person with psychic - wers, and the ACRS
_s ,

25 ; fellow who are standed on a desert isla- ith lots of cases of
,

i
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1 beans. Nobody has a can opener. The spora singer, and the canr
p

bish6 2 don't open. The person with the psychic power thinks about the

3 cans and the cans don't open. The person from the ACRS says,

} 4 assume we had an electric can opener powered by a nuclear

e 5 reactoe --

3
n
@ 6 (Laughter.)

R
a 7 The difficulties I have with this don't revolve around
M

$ 8 either the technical or administrative complexity, they really

d
d 9 revolve around the kind of assumptions that you have to make.
i
o
y 10 I think that is my problem with whether doing this as a shadow
$j 11 exercise is going to turn up anything.
3

y 12 Let me be rather specific. You say -- quote correctly
=

([) ! '3 that you need to have some way of closing off these issues. So,
=

,

| 14 deus ex machina, we have a science court that is going to

E
2 15 resolve all of the issues.
a
=
'

j The problem is there is no democracy thac I know abcat16 i
W

p 17 that resolves these issues. That is, you always have some
w
=
M 18 people in the crowd that kick and scream long after the decision
=
s

19 has been made. Indeed, the decisions only get named in a veryg
n

20 slow fashion. Science courts don't help very much.

21 Then, when I go over to your basic premises, I'm in

(~} 22 love with every one of your basic premises, except that I can't
s-

23 keep from help remark that it is scientists who keep on looking

|24 for coherent policies and democracies don't produce them.
(~)N%

; 25 Democracies produce higglety-pigglety policies that are

| I I

| |
t ALDERSON REPORTING COMPANY, INC.



t

162....

1 all generalizations of special cases about whose brother-in-law

O 2 and where they lived, and whether there happened to be a lake

bfm17
3 there, or whether it rained that day. So, I agree that in my

O 4 ideal society, my platonic society, I want to have public health

5 and safety treated in a consistent fashion. I agree.e

h
j 6 I don't think there is any way that there is any

G
H 7 policy in the United States that either now or in the future is
sj 8 going to treat these things in a consistent fashion.
d
y 9 Your third assumption is that no group can hold a
?
@ 10 society hostage. Gee, that's my society, too, except that I am
E -

_

j 11 a member of the ACLU. I think its minority rights ought to be
'

s

y 12 protected. I don't know quite how to square the two. That's

/m 5 ~

(_) y 13 I okay. I'll believe it for right now.
i

| 14 So, as a logical exercise, if you are a philosopher
5

{ 15 developing this, then I think it would be interesting to see
=

j 16 how it consequences of the system. If you're not a philosopher
s

d 17 | developing this, then I don't quite see what it has to do with
5

j { 18 any systems that would remotely have to do with, or what the
P l

3 19 | exploration of it is going to have to do with bubble current. ,

n
20 I'm sorry. That sounds very anti-intellectual.

21 VOICE: (Inaudible.)

() 22 , DR. OKRENT: Excuse me, in the first place, if the

|

23| member of the audience speaks, let him always get his name so

(],) 24 the reporter knows who he is. Let's let Dr. Griesmeyer comment

25 if he wishes, at this point.i

|

|
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I DR. GRIESMEYER: Basically, I realize that this is
'

') 2 quite theoretical, but I think you are going to have to start
bfml8

3 with something. I think that the proposal that we heard by

O 4 the Nuclear Regulatory Commission representatives of having

s 5 this limit on core damage, so at the other end of the spectrum.
9

$ 6
I What we're going to try to do is come someplace in the middla.
'R

*
S 7 You're going to have to sharpen both ends, I guess.
sj 8 You are going to have to make proposals like these, and proposals
d
} 9 like those in order to get anywhere.

z
o
y 10 DR. OKRENT: I would like to comment, if I can on one
z
= .i

! 5 II part of this. I am somewhat of a co-worker on this.
1 3

N I2 DR. KERR: Ycu're going to blow my theory, which was,

5t

a
135 that he was over 30, and he was under 30.'

=
w
5 14 (Laughter.)
$j 15 DR. OKRENT: I'm not sure if he's under 30 or not.
=

y 16 (Laughter.)
A I

i

b. 17i It's always seemed to me that one of the most difficult
E i

y 18 aspects of trying to propose the use of quantitative risk criteria
C

3 19 was the problem, and assessing the risks.
i n

p

20 | In other words, that I think you might develop a

21 recipe that everybody follows, and they all got~the same number.

.( ) 22 To me, that wouldn't change the fact that they are very uncertain.
I

23 i So, that's unreal to me. I think there continue to be a large

() 24 f uncertainty in what these are actually., ,

| \

: 25 I don't think it is going to be practical to, as Dr.
,

!
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I Griesmeyer said, has some deterministic way of finding out which
bI~T 9\/ 2 is the right analysis. I really don't think that's practical.

3 In fact, when we first started doing this, we spoke to Harold

() 4 Greene, who you know, to see what his thoughts in the area was.

5y Did this destroy the whole approach or not.
9

h 0 At least as I interpret it, his perspective, there
R
** 7 needed to be some kind of a legally acceptable and desgnated
n
2 8s process whereby judgment was made. Given this, then one might
d
" 9~. have a gay of living within this framework of undertainty.z
O
H 10
g So, I guess my own feeling is that a way of specifying
=

! II a legally designated process is to have "a science court." There
s
" 12
E might be a specific group appointed by the President or whatever

() 13 that do this. The thought was not to be the NRC itself who is
*

I
w I4-j doing this, but some other group who made just this judgment.
'

mj 15 Then, the NRC would apply the decision rules which
=

d I0 it imposed from the Federal Register and so on. In the absence,i A
!e r'-

! of something like this, I am atraid the discussion would go ong
=
5 IO forever and you'll have all kinds of judges trying to review_

i ?
"

| g 19 | these matters or something.

20 |
! So, it is not clear to me that it is impossible to do.
f

2I| I think there can be admonitions to such a science court by the

22 |/~N
(_) Congress, if it were to set this up, to the effect that, well,

;

23 if you need to err, err on the side of prudence and something of

() 24 this sort. In other words, however -- the Congress has put |
l

25 '

general wording in the EPA and various groups saying that this
!

I
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1

IS |
they way we want you to go on a certain area.-

b \ 'O 2 If this won't work, I need to know what will, because

3
absent a way of. handling this large uncertainty and large varia-

4
tion that I expect from people who are trying to do their best

c 5
g job and have no conscious bias, even unconscious bias, there is
c?

3 6
going to be, I think, a large uncertainty.e

E.

$ DR. LAVE: Let me just respond briefly. I don't --
'

9
8 8

; since you're going to make me talk for 20 minutes in a littlea
d I
d

9|' while, I don't want to persue that now. I think that the objec-g
F 10
$ tion to the science court is not that it is not -- be something
=
E 11
g that a court of appeals would not uphold.,

I-

d 12 \,

d i Then, you had all sorts of nuclear reactors that were'

() j 13
started that veriuos courts upheld, but they never got finished

;

E 14 !
# ! anyway. That is that one of the problems in a democratic
= I

9 15 '
g | society is that if you have a lot of unrest, it will bubble to
-

16 !?

y .j the surface. If you have a nice legal system, it will bubble

" 17 -
d ! to the surface in the legal system. There will be the challenges.
=
5 18

If there is not a legal sys:em, someone will sit in.=
s

' "
19j That is, you will have passive resistance, the way we've got

20
! civil rights. If that doesn't work, you'll have somebody blowing
i21 i ,

up something, depending on how they feel about it.

''T 22-

(_/ So, simply having the legal processes all picked right!

: doesn't help if you have to satisfy what is the underlying public
,

r'N 24(_) ! feeling. I guess the more general point I wanted to make is that

25 * the discussion is basically of a discussion about scientific

ALDERSON REPORTING COMPANY, INC..
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I criteria and scientists following their way through, really

Obul 2| has not brought in a public perception, which is where I thought

3 we started on this anyway.

4 That is, if you talk about how safe is safe, or what

a 5 is acceptable risk,Ethen we keep on saying that you have to
0
j 6 find out what is acceptable risk; finding out who accepts it, or
N
@
" 7 what they are willing to accept.
A

h 8 DR. GRIESMEYER: I think that you can deal with that
d
y 9 somewhat. It is going to sound like a sidestep, but the
3
@ 10 acceptance for the technology is based on socio-political and,

, z

@ 11 economical criteria. Maybe as much, maybe more the risk.;
' a
j p[ 12 The risk is another part of the decision, it interacts

O i i3
>

wies it. Ie is not -- I think thee if you hend1e the risx in
::: i

[ 14 ' the way that we propose, it is compatible with the rest of the
$!

15 decision process. I think that the rest of this decision

g 16 | process, our main objections to the nt . lear reactors have nothing

|^
d 17 i to do with the safety of the light water reactors. They have

N !
{ 18| something to do with, maybe, waste dispcsal, something to do with

| 19 |
5

| proliferation.
n |

20 ! That's not what we're dealing with right here. I think

21 that it might be possible in a method such as this, is the safety

O 22 aspects of ehe E.R ene nee mee11y sey emythimg ebout the overa11

23 , acceptance of the technology. ;
;

\

] 24 I think that, at least the thing that we're doing )

25 , right here is, is this safe to society which, in some sense but
,

!

t
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|

1 I not totally, that is not the same question as it is acceptable
Ibg2 2; to society.i

3 DR. KERR: The question with which I certainly am
'J

(_) 4| grappling is not acceptable risk and not -- it's a problem that
4

c 5 ie have. We have to have something that has general acceptance
0 1

3 6! in the middle of society. Risk is an important element, but

E i
- 7 it may not be the only important -- also, I gues; I have a good
nj 8| bit os skepticism about science courts because I think the

4 |

z,
9| questions that have been posed for them that this is one of,n

!
= \y 10 ! deal both with policy and with interactions for consideration.
3 i

_

j 11 | Scientists have difficulty enough being rational and
5 i

j 12 | they deal only with technical questions. When they start getting

5
13 |(m) g

/

into policy ~ questions, they are the most irrational group thatt

=
z 4

5 14 ! I have ever heard of anywhere.
s !
M I

f 15 i I just don't -- I don't think a science board is liable
5 !

.j 16 i to be any more capable of dealing with these questions than a
A

p 17 court of law.
w
= 1

N 18 | DR. OKRENT: Excuse me. Let me comment. I think there
F i
-

I

{ 19 | is a misunderstanding involved. Theintent is that the technical
n

20 part of the question of what the risk is is what the science
,

21| court gives a best judgment on, if you want to put it that way.
l |

|^ ' . 22 i The question of what constitutes acceptable risk which |

|~-

23 ' will -- and so forth -- what monetary values you should put on;
i

/~ ) 24 ' these are the decision rules that the NRC would propose in the |
t

25 Federal Register, and if the Congress didn't like them, they would

|
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1! tell them so in all kinds of hearings.

() 2| They could even pass a law. So, there are really two

bfm23 3 different parts to this. The science court is not really

() 4 involved in, well, the societal impact judgment as to acceptability ;

5g or non-acceptibility.

9 I

j 6| They're intended to look at the available information
& i

$ 7 and say, "This is our best judgment of the -- whatever it is --
sj 8 the 90 percent confidence."

d
0 9 DR. KERR: They (ina adible) regulatory case, if youi

,

z

h 10 have to have a science court, you have technical questions on

E'

j 11 which there is a wide divergence of opinion. So, you're going --
k

| 12 you have a controversy to start. In the f act of a scierv:e
=

( ) $ 13 court does not mean that you make che controversy any less. You
=

$ 14 perhaps give to some of the people the responsibility for
: ij 15 deciding between --
=

g 16 DR. OKRENT: I absolutely agree, we have a continuing
^ 1

d 17 fcontroversyonabortion. We have a court set up to arrive at a-
w
=
5 18 decision which is the law of the land until there is a change in

5
$ 19 that decision, if there is. They have a certain framework in
5

20 which they arrive at a decision for the law of the country.

21 DR. KERR: But is a science court going to be equipped

22 to deal with that issue,.then, than the courts that we have? It()
,

23 is not (inaudible) but it is.

24 DR.'OKRENT: I would be reluctant to ask lawyers with
(~)

25 ; no trackable background to arrive at a judgment that is the
! !

l
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I probability of'an accident leading tc core melt, where reactor C

] -3 -4
2bfiE24 is larger than 10 or 10 .

3 So, I think it is hard enough for people to under-

4 stand in great detail what is going on.

e 5 Let's see, Dr. Wilson?

] 6
| DR. WILSON: I wondered if -- there is a discrepancy

G
6, .7 here. I persona 11.y don't like the science court idea, either,
;
j 8 but that -- once we've got the procedures of pointing to some-
O
q 9 one.like the NRC to do just that sort of question.
z

h 10 It would provide you truth from the right Commissioners.
!

$ II If you don't, it might to the right science court anyway. (?)
is

y 12 (Laughter.)
5

O s is So, the sueseien is -- the one i11umineetne -- one
m

| 14 thing that occurs to (inaudible) about the question on the
$

] 15
. valuance of this acceptibility. That is, if everybody in this
z

j 16 , room could be thinking about those things, typically those who
s I

d 17 | have been* quantitatively thinking about some of those questions,
$ l

{ 18 ' and were to get the brilliant discovery someone would make, or
I:
8

19 | some technique that would reduce the risk; has it indexed the
- |

20 | probability of core melt, the individual risk; the societal

21 risk that all reduce back to intent for a nuclear reactor affec-

Q ting nothing else about the system, would this affect the22

23 acceptability at all?
,

24 In a large number of people, it may make no difference.

25 f I think that is some sense, I think that one has to distinguish

|
1
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I here what one is trying to do -- what I believe one is trying to

(~T.

L/ 2 do by this.
bfm25

3 I'm trying to do -- the only think that a person is

('

4 really (inaudible) for the moment is to set criteria. We satisfy

o 5 this limited part of the task, bearing in mind that there are

h
j 6 some people who, for completely different reasons, think reactors

R
{ 7 are for the birds; although there is still work for the devil.

N

] 8 These are completely relevant to the problem. Have

d
d 9 you any way of avoiding the question of doing just that part of
i
O
g 10 it and leaving the other part temporally to one side and let

!
j 11 that be business in another matter, whatever that matter may be.
3.

y 12 DR. OKRENT: Dr. Lowrance?
=

( ) f 13 DR. LOWRANCE: I have two comments on the science
; m

| 14 court I can't put myself -- (inaudible) -- scientific pluralism

$
2 15 in general. Having read an undue share of National Academy of
$
j 16 Sciences and Technology Assessment and other such reports, it
d

I
p 17 I bothers me to think of Icgitimizing any one group of scientists
$
$ 18 too much.
=
b

{ 19 (Laughter.)
n

20 I do think once they are placed under the public

21 domain, it is very hard to call for revisions again and again.

(]} 22 I thinl: any party looking into reactor safety over the last

23 | 15 years, let's say, would have wanted to change its mind at

24 varousi points along the way, and would still want to.
[}

25 | It has never been clear to me just how a science court
:

I
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I would do that.

O
bL_J 6 2 My second comment is any time a scientific tribunal of

3 some sort looks at an issue, it must deal with the question of

()' 4 the definition of the problem. We had a perfect example of

5g where a science court set up would be hard-pressed with the
9

3 6 sabotage issue that you yourself pursued this morning.
R
b 7 If somebody instructed the science court, the regulators
s
] 8 let's say, some of the science court the question of assessment
d
n 9 of risk of a plant.

-

!
$ 10 Say, "Oh, by the way, don't look at sabotage, or don't
$
$ II worry about earthquakes or whatever." -

3

Y I2 The panel would find itself, or anyone, get back into
5

(]) 13 the social realm and say, "Look, don't draw the boundaries around

| 14 it for us."
$

].r 15 The consequences go in all sorts of directions, both
x

j 16 on technical and social sides to argue just in setting up the
^

\

h I7 | question. That brings in all kinds of subjects, if I may, and
x

'endt8{ 18 considerations.
P
&

't9 flws. l9
a

20

21

22
(:)

23 ,

!

C:) 24|
-

25

!

|
i ALDERSON REPORTING COMPANY, INC. |

. . - - -- -



.

,,.

172. . - -

1 |

| 1 DR. OKRENT: I think with my previ,ous statement we

( 2 need a method, I think, of providing a legal decision. Now,

3 you could say PASLB does this, or the Commissioners or

4 something. It isn't clear to me right now that either of

4 5 th ose two do it in a current framework. They might in some
t

6 6 future one.

7 I must say I am not trying to defend the idea of a

8 science court. I would be happy to have a better working

9 proposal. I do think there is a way of dealing with the

10 question of a court living too much on precedent. I mean, I

11 think we have seen in the NRC and the AEC before, and even

12 in the ACRS that precedent is important on future thinking.

13 It is also true, of course, in the Supreme Court, and you
.y,
E 3
' ' 1-4 may say that is good or it is bad.'

15 I mean, you are saying about scien tis ts , I think,

16 wh at lawyers probably ssy about lawyers. Eut you can build

17 in ways of having a certain amount of change in the court's

18 cons titu tion every number of years, and if the people are

19 sele cted properly, in fact, they won't be bound by what is

20 decided before. They will have to be convinced.

21 They are really a mechanism. The question is,

22 wh a t do you have that is better? I am not saying anything

23 is good, but my question would be, what is better?

() 24 DR. SHEWMON: The question is whether you are

25 going to abolish the NRC to do it better. I think that is

,o
-

,./
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3 2
.

() 1 more practical point. I mean, the Commission. But that is

2 probably not why we are here today.

3 DR. OKRENT: Let's see. There were some hands at
O i

4 the back. Would you give your name, please? The nearest

5 hani first.

6 X3. THOMAS: Jerry Thomas, MSAC. I am going to

7 change the subject away for a minute from the science

8 court. I would like to congratulate you as the first of

9 seven speakers to quantify core damage and put it as a

10 step-wise progression. I think that is a very important

11 part of risk assessment. In fact, approach it in a

12 step-wise process without increasing danger to the public.

13 You are the first of seven to do it.

14 Everyore else has stood up and said, core damage

15 is b ad , with no definition of what cora damage is.

16 DR. OKRENT: Yes?

17 MR. O ' DONN ELL : Xen O'Donnell, ESASCO.

18 I have found remarkable similarities between your

19 presentation and itne, and therefore I am highly approving

20 of your presentation.

21 I just wondered if among the four criteria you

22 h a v e , whether there is a hierarchy among them. That is, do

23 you have to meet all four of them or is one more important

() 24 than another?

25 DR. GRIESMEYEE: I think when we look at the

ALDERSON REPORTING COMPANY. INC.
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() I numbers, one will be more 3mportant than another, and one

2 will control, but I think that you have to have them all

| {) 3 applied simultaneously, and this is just a batch of

4 constraints.

5 MR. O'DONNELL: I guess in particular the last

6 one, which would be the cost benefit criteria.

7 DR. GBIE5MEYER. Well, the cost benefit criteria,

8 if you haven't met the other ones, the cost benefit criteria

9 won't be good enough.

10 MR. O'DONNELL: But if you do meet the others, and

11 you. don't meet the cost benefit ---

i

12 DR. GRIESMEYER: You still have to do it.

13 MR. O'DONNELL: -- you still have to do it.

O
1-4 DF. GRIESMEYER: You still have to do it. That is

i 15 ho w we envision it.
I

16 DR. OKRENT: Dr. Slovic?

i

|
17 DR. SLOVIC: I would like to comment on two things

18 th a t have been running through th e various presentations,4

19 and I think they are exemplified in your presentation, that

20 concern me. There seems to be a distinction between an

21 approach which sort of stays within the technical realm, and

22 tha t is, say, what I saw as the IEEE approach, where you

23 s a y , now, supposing as technical experts we try to see what

() 24 would be reasonable to us, a reasonable rate of growth, a

25 reasonable criteria , and so forth, as opposed to a broader I

ALDERSON REPORTING COMPANY, INC.
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() 1 approach which brings public acceptability into the picture.

2 Wa all know that is very difficult to do, but yet

3 some of the speakers today have tried to acknowledge that,

4 and others have said, let's take a more limited view.

5 I think it is important to keep that distinction
,

4

6 in mind when considering these proposals.

7 Now, if we think about the broader perspective,

8 where we are concerned about public reaction, then

9 something, I think, important becomes spparent from a

10 technical stand poin t, and that has to do with this risk

- 11 diversion notion, which you very clearly highlighted as

i 12 rele vant to your criteria, and also pravious speakers have
,

13 noted it as well.

1-4 I am uneasy with the notion of viewing risk

15 diversion as kind of a coefficient that you can tack on to

16 s o r t of vary the expected value, or modify expected value.

17 I think that the rasction, the impact, the social impact,

18 th e social cost of a significant event, accident, what have

' 19 y o u , is not a ry meaningful or very neat function of the

20 magnitude of that accident..

21 You yourself note that in your paper, where you

22 sa y early on, you say, "A s evidenced by the Three Mile

23 Island accident, abnormal events at nuclear power plants can

() 24 be quite costly even without radiologically induced health

25 e f f e cts . "

.

.

L
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() 1 I think'that is very significant, but then I see"

2 the later part of your paper is not really taking proper
*

3 cognizance of that. What I am getting at is that the impact

4 of an accident is often a function of what that accident

i 5 signals about the probabilities of such accidents, the

6 degree to which the technology is under control, and so

7 forth.
4

8 So, an accident that has rela tively small health

9 effects could have a very big impact by its secondary, third
-

10 order ef f ects, and so forth, if we shut down the industry

11 for a significant period of time, which has immense costs of '

i

f 12 a g r.e a t variety.

13 So, I really am concerned about the ability to use

14 that simple functional relationship between magnitude and

15 co s t , and I wonder if one buys that technical problem,

16 acknowledges that, what that means for criteria such as

17 these.

18 DR. CRISEMEYER: Well, I will admit that I was

19 looking for the ring under the light, and I could come up

20 with an example in this way. I am not saying that the cost

21 function, whatever it is, is simple. I am just saying that

22 it will take a while to develop something. Maybe this form'

23 is n o t -- becauce it is such a complex function, and it

() 24 varies with time, it varias with a lot of different things,1

j 25 bu t you do have to come up with something that is

(
<

|
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'() 1 operational, and I don't know how the reason why -- o n e--

2 of the main reasons why I put in th a t I though t it would be

3 importa'nt to have hazard states was because of the signal

4 value of the precursors to a large accident.

5 That was one of the main reasons why the hazard

6 states were in this, because of the signal val'1e of

7 seemingly small accidents, or small by some criteria. It is

8a very difficult problem, and I really don't kncy how to

9 approach it.

10 DR. SHEWMON: It occurs to me, just in listening

11 to some of the other presenta tions as well, that one

12 implication of this is that maybe we ought to examine more

13 caref ully the notion of this probability of core degrau, ; ion

14 sort of thing.

15 That is, it may be that the consequences of any

16 significant accident are so gpeat that we want to limit the

17 overall, the aggregate probability of such an accident to

1l
18 some very small number, say, within the next 20 or 30 years, i

19 so then if we say we want this cumulative probability to be

20 below such and such a point, then we can work backwards to

21 wh a t that implies from the design standpoint, given that the

22 response to any ' kind of accident at all, like at T.5I, would

23 be so great that it really would swamp the kinds of costs

() 24 you get from ten fatalities, 100 fatalities, so many latent

25 cancers.

i
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() 1 That is really not the point. It is the massive

i
2 social response in the event of another TMI-like accident.

3 DR. GRIESMEYER: Right, and that is why I had the

4 core damage thing, and that is why I suggest that it be once

5 in 30 lifetimes. That is the idea, is to make it so that

6 that doesn't happen very often, and criteria that have been

7 given earlier today for that same thing would be once in 30

8 years for the whole reactor program.

9 So, I think that you do have to take th a t into

10 account in some way, and we are always groping f or a way of

11 doing it.

12 DR. OKRENT: If I could comment there, you could

13 try to pick a very low umber, like one in a million per

O' 14 reactor year, and if then that led to, let's say, damage to

15 th e core similar to what occurred at TMI, and then the ',

16 probability would certainly be very small in the next 30
-6

1'7 years that this would occur if the 10 had been achieved.

18 On the other hand, by picking the number, it

19 doesn 't maka it so, and it doesn't affect the design of the

20 existing plants.

21 It is not completely clear to me that in

22 developing an approach either like this one er one of the

23 others we have heard to da y , that one should give what I will

b) 24 call excessive onphasis to the thing you expressed concern%_

25 a b o u t , that another ncn-damaging accident could have huge

tOv
i
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() 1 ra mif i .: 3 tio n s .

2 Society d oe sn ' t have to react that way, and in

3 fact I thina we see that there are countries which are going

4 ahead with nuclear power programs more aggressively, in

5 fact, since TMI, not less. I think it i- because they see a

6 clea rer economic need and so forth, political need, a

7 variety of needs.

8 So, while not one to minimize the fact that there

9 are differences of opinion in the country, I think there

10 still is reason to try to see what is a possible structure

11 for the country going about its business.

12 DR. WILSDN: Is part of your response to the whole

I
13 thing there, is that partially conditioned by the fact that

0
\- 14 your belief that a mass response to TMI, which is, I share,

4

15 has been rather greater than was in fact warranted by the

16 size of the accident, and therefore one's belief that if

17 another TMI were to happen moderately soon, there would be

18 another massive response which would be greater than would

19 be warranted by the size of the accident. This is the sort

20 o f thing Faul has brough t up, that we ought to somehow

21 explicitly take that-into account, that this particular

22 f eeling might disappear with time in the United States, as

23 it doesn't seem to appear, for example, in F rance, and

(Oj 24 hardly in the Soviet Un io n , and that perhaps to put a

25 criterion in concrete right now which recresented something

ALDERSON REPORTING COMPANY, INC.
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2 sight be an error, whereas a calculated health effect, if

3 the calcula tion is right, would not be transitory.g-)
V

4 DR. GRIESMEYER: Well, the limit that you put on

5 that health effect migh t be transitory.

6 DR. WILSON: But if you calculate it, and

7 calculate it right, that is a number which is eternal, so to

8 speak. However, assessment of a public perception, that may

9 be very real, and very important, might be a thing that
.

10 changes with time, and it has to be looked at rather closely.

11 DR..GPIESMEYERs Public perceptions by themselves

12 are not adequate, because they do vary in time. It won't

13 work for long-term management.
+

14 DR. WILSON: I think that is somewhat of what you

15 were -- I aa tryin; to sort of pull that out of what you

16 were saying as what was implicit in what you were saying. I

17 wa sn ' t quite sure whether it is what you meant.

18 3R. KERR: I think tha t is wna t he meant. .

19 (General laughter.)

20 DR. OKEENT: In fact, you stated fairly directly

21 what I meant, but let me comment in two ways on that. I

22 ha v e a t times certainly published things which indicated th e
,

23 personal opinion tha t there was a need for society at least

() 24 to think about optimum use of its resources, and to think

25 a b ou t risks in a broader context than only the directly

ex

,
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() 1 observable public health and safety.

2 In that context, though, I have also indicated I

3 think it is not unreasonable that we try to make nucleargs
O

4 reactors safer than previous or existing technologies, and I

S'think the general society would want the new coal plants to

6 be safer if they knew how to do it, let's say, in a
.

7 practical way, and so forth.

8 So, I think, as I say, that nuclear plants have a

9 more stringent target is not a bad idea, although if it

10 turned out to rule out their use, you would have to go back

11 and see, what does this mean to the economy and so forth.

12 So , I don't say that in an unqualified way.

13 I do think you have to keep in mind wha t people
(3
\/ 14 n o w feel, but I do think also that what people now feel

15 ch an ges. If I look outside the area of nuclear reactors, I

16 ca n think of a couple of areas around the world where ther

l'7 have been really drastic changes. I will give one from the

18. U. S. first.

19 I think the question of civil rights, the public

20 a ttitude toward civil rights in this country is very much
|

21 dif f erent t; 'ay than it was when I was a boy, okay, or even
|

| 22 more recently. If one insisted that one had to take the
1

23 public perception into view in nolding policy, one would

() 24 have stayed the way it was, and it would not have changed,

25 because there was 1 certain perception which is different
|

| . 1

ud ' '
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() 1 from today's.

2 If I want to take a more drastic characterization

3 of a change in public perception, I think I could argue that'

4 in the mid-thirties the public perception of what Hitler was

5 doing in Germany was not all that bad by the majority of the

6 people. There is a very different perception today.

7 So, these are different than the nuclear one, but

8 I think they are not irrelevant to the question of the

9 nuclear one, and while one is saying public perception is
9

10 no t the only factor, it is not necessarily the dominant

11 f actor in trying to decide what a country should do, I would

12 myself pref er to stay with some of the principles that Dr.

13 Griesneyer showed, like, you know, no undue ill effect to

O 14 an y individaal.

15 That is a tenable premise under a variety of

16 situations.

17 DR. WILSON: But you do, I think, believe that in

18 trying to arrive at an acceptable risk -- public perception

19 has a f airly important role to play.

20 DR. OKRENT: I do agree.

21 DR. 5HERMON: You would also acknowledge, I am

22 su r e , that scientists' perceptions change over time as well

23 as they learn more about the situation.

| () 24 DR. SHEWMON: Only insofar as they are part of the

25 public.

,

.
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(s; 1 DR. OKRENT: I hope so. I will put it even more

2 strongly.

3 3 DR. S H EW.M O N : I would like to ask a question in

G
4 that line, and I guess -- I don ' t know the consultants

5 particularly well, but I get the impression that you have

6 wo rried about public risk at least as much as the rest.
,

7 Have you also worried about rates of change?'

8 One of the things that struck me this morning from*

9 0'Donnell's talk was the fact that we now kill 2.5 people by
.

10 electrocution each year with what a power plant puts out. I

11 don't know what you can trust about what is written in the

12 pr e s s , but then if you people bring up every so often

13 articles about what was printed back at the turn of the

~

14 century when AC power was coming in, or a little bit

15 ea rlier, and how horrible that was going to be.

16 One of my own hopes is that indeed reactors are
1

17 saf er than most things, and maybe I will live long enough *o
'

18 see th e public acknowledge that, but aside from my biases,

19 h a v e you ever tried in your studies to do things on how fast

20 these things do change?

21 DE. SLOVIC: I haven't studied that, and I am not i

22 aware of a lot of work in that a rea . I think it is a
i

23 f ascinating and important problem. Obviously, the public

() 24 has changed drastically in its reactions to sorts of

25 technologies over time, but just what will happen with the

% >T
'

t''
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i nuclear casa is not so clear, because it has certain special

,

2 characteristics. In fact, there are very low probabilities

3 involved, so you really can't get the kind of experience

4 that would lead you to kind of accommodate to the -- The

5 fact it is radiation and not some other sort of impact may

6 also be important.

7 So, it is a little difficult to project what the

8 rate of chlage will be, and I don ' t know of any really good

9 research on that problem.
.

10 DR. . MARK 4 Paul, I think you might want to take

11 into account on that same question that i.t does change.

12 Electricity, which you give as a nice example, where th ere

13 w as horror and consternation when -- proposed to go

144 elec tric, and you see no si n of that now. It is accepted

15 a s a must. There would be worries about fire if they went

16 back to gaslights today.

17 On automobiles they changed. They were supposed

18 to be dangerous. The public attitude has changed, but the

19 f act is that cars are probably just as dangerous as people

20 t h ou gh t .

21 (General lauchter.)

22 DR. OKEENT: Are thera comments now on what Dr.

23 Griesmeyer was presenting? I recognize that the consultants

() 24 ar e going to have time to present a coherent ca. of comments.

25 .(No response.)
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I" ) 1 DR. OKRENT: Well, let's see. I guess we could
As

2 take a ten-minute break, and then begin with Dr. Kastenberg

3 and Dr. Johnson. That is going to take about an hour

J
4 instead of the 30 minutes shown on the agenda, so we will

5 end up being 30 minutes behind when they are done.

6 All right. We will reconvene, then, at 3:30.

7 (Whereupon, a brief recess was taken.)

8 DR. OKRENT: Let's begin the presentation by

9 Kcstenberg and Johnson. We may have to interrupt this after

10 the first half in order to catch Dr. Slovic's comments,

11 because he has to leave by 10 to 5:00.

12 DR. JOHNSON: My name is Dave Johnson. Bill

13 Kastenberg and I have looked a little bit at some of the

O
N/ 14 im plica tion s , th e technical implications of Mike's criteria

15 that he has proposed, and we hope by this to feed back to

16 him for further development of the criteria.

17 The presentation comes in three pieces. First, I

18 would like to make a comment or two on individual risk in
,

19 nuclear power . Sill will comment on societal risk as

20 inter preted by '~.ike's critoria, and in particular what

21 social costs are implied when one considers risk diversion

22 in a simple model as well as uncertainties.

23 Finally, I would like to apply t'h e criteria to a

() 24 1,000 megawatt coal plant, and to compare accep**d

25 technology, and what this criteria vill tell us about that
%

'is>
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15, , .( w_) 1 application.

2 Saveral people have referred to a calculation of

rS 3 the risk to an individual from a nuclear power plant, simply
Q.)

4 outlined on this chart, and basically what was done was the

5 probability of an individual receiving a lethal dose for a

6 particular release cateogry in WASH 1400 was calculated, and

7 that was combined with the WASH 1400 release probability,

8 and these -- the product of these terms was summed to

9 estimate the individual risk
.

10 The bottom line is not really claiming that this

11 is the risk to an individual per se, but it is comparing to

12 Mike 's criteria , which -- this is by an order of magnitude

13 less than his expected value criteria.
A

- 14 The question then becomes what about

15 uncertainties, and one had to compare the uncertainties in

16 this calculition with, say, his 90 percent, and if you

17 believe that the uncertainties come, say, through the

18 f req uency of the releases, then -- say they are off by a

19 f a ct or of 13, they are still well within the 90 percent

20 confidence limits. |

21 The more interesting question becomes then an i

Z! estimate of the individual risk of latent effects. We tried
.

23 to estimate tha t by a simple manner. We tried to estima te

() 24 this in a rather simple manner. Basically, we assumed a

25 f requency release distribution similar to what Dr.

[ '

u
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(} 1 Joksimovic described, in which the frequency of the release

2 was varied inversely to the dose that an individual received.

. 3 We didn't feel that one could limit the risk

4 calculation, a latent risk calculation to an individual,
!

5 only toward accident scenarios, but would rather have to
<

6 consider all releases.

7 We modeled the frequency of release versus the

8 dose to an individual near a power plant, and as you would

9 expect, the alpha here is a power describing the frequency

10 of release to the dose. We used an inverse power. We knew

11 the cutoff iose for low doses.

12 And as you would expect, this -- the calculated

13 individual risk for latent death, delayed death is rather

14 sensitive to the p arameters --
.

15 DR. QUITTSCHEEIBERs Just a second, Dave. Is

16 t h er e a Dr. Collins here?

17 (No response.)

18 DR. JOHNSON: We are not trying to sell this as a

19 model of reality, but the bottom line is that risk
>

20 calcula tions have more la ten t risks to an individual near a

21 power plant, and from what we could tell from our simple

22 model, perhaps just ignoring non-accident cases, this is not

23 quite correct. It is conceivable that a simple model such

()'

24 as this would yi 2lf latent risks which were approaching

25 limits that . Mike has talked about.

.

.
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17 i ac, enere ,ny question, on t31, 3efore 1 __

2 DR. WILSON: I don't understand the latent risk.
*

3 Do you mean, latent risks in -- releases, or -- *

f-
\

4 DR. JOHNSON: Risk due to -- risk of developing

5 cancer, say.

6 DR. WILSON: Due to an accident?

7 DR. JOHNSON: No, due to non-accident releases.

8 DR. OKEENT: Routine releases.

9 DR. JOHNSON: Routine releases, with a very simple
.

10 model of the frequency of release.

11 DR. OKRENT: What are you assuming is the millirem

12 per year from routine releases?

13 DR. JOHNSONs It is a distribution, quite similar

G
k/ 14 to what-Dr. Joksimovic put up as his release criteria.

15 Again, I am not claiming this is modeling reality, but it is

16 some thing that most risk calculations have simply ignored

'

l'7 before, and assuming a simple model, be it realistic or not.

18 Whereas the risk of acute death is well below the limits

19 Mike has talked about, the latent risks that a simple model

20 would give you would be approaching the limits Mike talked

21 about.

22 DR. KASTENBERGs Do these releases conform to the

23 tech specs, for example, for plant operators?

() 24 You used the term " normal operation," and I am'

25 trying to understand what one means by normal operation.

ba

|
|
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() 1 D3. JOHNSON: Well,.I shouldn't have used that

2 term. I should say non-accident releases. Any releases.

G*that are not covered by WASH 1400 category releases.

4 There is certainly a large number of releases that

5 W ASH 1400 does not consider. Normal releases --
!

6 DR. KASTENBERG: Okay, but these releases might,

7 for example, be beyond Part 20?

j 8 DR. JOHNSON: Yes.

9 Bill has some comments now on the societal -- the
.

10 implications of the societal risk criteria.

11 DR. KASTENBERG: Let's see. What I will try to

12 show you are come calculations that we did for societal

13 risk , and ss part of the framework that M.ike presented

i o 1-4 before, he mentioned that one thing that you would have to

15 produce f or a given reactor is a safety profile, and not

16 having the manpower, funds, computer, and so on to produce

l'7 safety profiles, we decided to use the so-called safety'

18 profiles of WASH 1u00, which most of you are familiar with,

19 which I just summarize on this first vu graph.

20 Basically, we worked with the complementary

'

21 cumulative distribution f unctions f or early f atalities and

22 for latent fatalities. When we started, we were also going

23 to look at genetic effects and property damage, and then on

() 24 the next vu-craph we were going to look at land con taminated'

! 25 and relocation area, with the ultimate result looking at the

O
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:-()19 '1 resource question, but we didn't get that far.

2 Also, I want to point out, I will also use for
,

3 illustrative purposes a series of complementary cumulative

4 distribution functions which were calculated during a study
9

5 at Sandia Laboratories, which has become somewhat

6 controversial, but we will just take them as examples, as

-7 hypo thetical reactors.

8 Basically, they are the surry reactoc placed on

9 dif f eren t sites and then scaled to th e reactor that is on

10 that actual site. But for us, it is a hypcthetical reactor,

11 because it is not the reactor that is on that site. We just

12 look at them as some curves that we are going to play with a

l 13 little bit, and they would be representative of a number of
("s
V 14 reactors.

15 I want to point out one other thing which is

,

16 in teresting in some of the numerical results which I will
l

l'7 show you. If you just look at Curve Number 3, which

18 represents a particular reactor, and Curve Number 4, there'

19 is an interesting feature. The two curves cross each other,

20 so that one curve has a high frequency of low consecuence

21 events and the other on? has a high frequency af high

22 consequence events.

Z3 The relative ranking in terms of societal risk

(Oj 24 changes depending upon how you characterice the societal

25 risk .

O,s_/
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1 DR. .". ARK: These are -- with population

2 distributions?.

3 DR. KASTENBERGs Yes, these have the actual

O,
4 population distributions on those sites. Again, I did it'

i

5 for early fatalities for a number of sites, and there is a

6 curve there, a set of curves for latent fatalities.

7 One thing that should be pointed out is that on

j 8 latent fatalities, you can get a little confused looking at
.

9 WASH 1400, in that in the original curves for latent

10 f a talities, they had latent cancer fatalities for a year,

11 and in the Sandia work it is totally for cancer fatalities,

12 th a t is, 30 years, the total durins the 30 years following

13 en accident.

(3
i s/ 14 So, the curve shifts by an order of magnitude when

15 you take in the total latent fatalities.

16 So, these are tha so-called safety profiles that

l'7 we used to generate come numerical results just to see how

18 Mike 's societal criteria work out, and the expressions that

19 we used to generate the societal risk, basically, using

20 these com plemen tary cumulative distribution functions, you

21 can write the risk or the expected value of the risk as just

22 -- over the region of interest, of the consequence times the
1

23 derivative of the complementary cumulative distribution

(). 24 function, and for those of you who like to say it is the

25 area under the CCBF itself, if you in tecra te that by parts,

en
.
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(( ) 1 you will get that also.

2 Ihen, also, to look at risk aversion, or as Mike

3 had called it in a previous note, the expected social cost,(-)
%)

4 you just take some higher moment of this integral, so it is

5 just X-to the alpha, and at the time I guess Xike had

6 proposed a value of X equals one and a half -- alpha equals

7 one and a half. When alpha is one, it is just the expected

8 value of th e risk . Wh en alpha is greater than one, then you

9 have some built-in risk aversion in that event.

10 Then, we will compare some of the integrals both

11 for.the nuclear phase and for the coal phase via one of the

12 criteria that Mike showed before, that the expected social

13 cost is a function of alpha, has to be less than or equal to

1-4 ten' deaths per year, and then again, in one of Mike's

15 earlier draf ts, he and Dave Okrent had proposed a value of

16 $2 million per death averted, and I noticed in today's

l'7 presentation he has now split it to $5 million for early

18 deaths and $1 million for latent deaths, and saybe if you
6

19 take a weighted average you will get two times 10 d olla rs

20 pe r dea th .

21 So, again, I think Mike made the point, and I

22 think we will make the point that these are not hard and

23 fixed numbers, but I just used those as an exanple of how

() 24 this kind of framework would work with a given alara

25 prin ciple .

|
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d|| 1 The other thing you can do is play around with

2 this cost as the cost of the improvement, delta EC of alpha

3 is the change in deata' per year that this improvement will

4 get you over Y years. Mike had the symbol 1 before. That
6

5 has to be less than two times 10 per death averted. If

6 you play with this a li t tle bit, you could also ask, what is

7 the maximum that you should spend, and if you just r e a r r a r.g e

8 it a little bit, C alpha would be the most that you shoulr.

9 spend.

10 These are the kinds of things we calculated both

11 for the nuclear case and for the coal case. I will show you

12 h o w some of these numbars work out. Just running througn

13 the WASH 1400 curves, we checked them against what was in
,

' 14 the WASH 1400, I calculated the expected value for early'

-5
15 f atalities to the average curve and get 4.4 times 10

16 deaths per year. For the latent, total over 30 years is 2.7
-2

17 10 which is the same as you find in the executive,

S sammary of WASH 1400 wi thin the numerical accuracy of how I
,

19 read the num bers of f the curve.

20 Genetic effects I totalled over 30 years.
3

21 Property damage, the expected value is 5.5 10 dollars per

22 y e a r . Eelocation area and decontamination a rea , very small

23 numbers if you take an expected value, and that is somewhat

,-| 24 deceiving , because if you recall those curves for
, s

25 decontamina tion area and relocation area are very flat all

g
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.(]) 1 the way out in area, and then all of a sudden drop very

.
2 drastically.

3 It is hard to know whether it is the model thats

4 they used, that they only integrate out to 50 miles, or

5 whether there is some physical thing that causes the curve4

1 6 to drop off suddenly.

7 These are the base line numbers that we worked

8 with, and that you get from looking at the '4 ASH 1400

9 curves. And then, just repeating the same calculation for
.

10 the curves for those different reactor sites, just to see

11 what kind of variation that you might get, again, looking at

12 early deaths, you get quite a spread in the expected value<

13 of the risk.
' (~ _g

14 At the site a t San Onofre, 10 deaths per year,
,

-4
15 all the way up to Zion, Indian Point, 10 for early,

16 deaths per year, well below Mike's criterion of less than

17 ten deaths per year, and on the latents, those curves are
,

18 hard to read, to try to do a little analysis, and I can only

19 do some of them, and the ones that I could get the va lue s

'

20 f o r , Zion and Indian Point, the numbers are on the order of
-2,

21 five times 10 leaths per year.
4

22 That is total deaths per expected value, and I

23 quess what this tells you is, if you take a straight

r~
1 . i 24 ex pec ted value as the societal risk, they are well below

x.

25 Mike 's criterion of ten.

O
V
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24
I~3 1 DR. OKRENT: If you use the reactor safety study
V

2 numbers.
1

3 DR. KASTENBERG: Yes, if you use the reactor

4 safety study numbers, and you assume that the methodology is

5' correct, and for these hypothetical reactors, they wculd

6 pass Mike's criteria basically.

7 One other thing --

8 DR. WI T,SO N : Any one of them, including Indian

9 Poin t and Lion?
.

10 DR. KASTENBERG: Exactly. Well, it is

11 hy po the tical, because it is not the Indian Point reactor

12 that is being analyzed here. It is the surry reactor on the

13 Indian Point site.

1-4 D t'. . WILSONi Sure, I understand. It is the site
,

15 w w r s n h re

16 DR. KASTENBERG: Right.

17 DR. SIESS: Does this include an alpha yet?

18 DR. KASTENBERG: No alpha yet. This is straight

19 expected value.

20 The other thing is, as everyone knows, but it

21 comes up again, that the latent effects dominate the early

j Z1 eff ects of these kinds of calculations, as you night expect.

23 Then, I went and did a series of calculations to

() 24 see wha t the effect of the alpha is in trying to incorporate

25 this diversion via this artifact of X to the alpha, and just

-

)

i
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/{ } 1 to see what happens f,or early deaths per year as a function

2 of alpha, again, the first column is the straight expected

3 value. If you go to an alpha of one and a half , things --7s
'd'

4 the expected value goes up or expected social cost goes up,

5 and if you go to alpha equals two, it still. goes up again,

6 but even with alpha equals two for early deaths, you still

7 have yourself below Mike's criterion of ten deaths per year,

8 and an alpha equal two, basically, I would interpret as

9 saying, one death is one dea th per year, one at a time, ten

10 deaths is 100 deaths per year, one at a time, and so on and

11 so forth.

12 Now, you can do the same exercise for latent

13 ef fects, and I only -- again, I was only able to pick three

Ok# 14 o f those curves because they are bunched together, and here,

15 you see the result is very, very sensitive to the risk

16 diversion f actor. Even with an alpha of one and a hilt, you

17 s t ar t to get close to Mike's criterion of ten deaths per

18 year, and if you go to alpha equals two, you get 53, 400,

19 149. You are way, way over Mike's criterion.
.

20 So, if society were to adopt a criterion which

21 said, the expected social costs cannot be greater than ten

Z2 deaths per year, and you had to have an aversion factor of

23 alpha equals two, none of these reactors would pass, based

pn() 24 o n t ha t criterion.

25 So, the results are very sensitive to what you

(

|
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(}
1 might want to assume for risk aversion.

2 Okay. Now, the next thing I tried to do was to
.

3 apply the alara principle to see how that would work out

O 4 numerically, and what I did here was to pose a problem, and

5 the problem is to take for the case of latent deaths the

6 first set of curves done at Sandia for latent deaths which

7 had the Indian Point and Zion sites, and I don't remember.

8 which one was which, and I just posed the problem, suppose

9 you wanted to make an improvement on the reactor represented
3

! .

10 by Curve Number 1 so that it was equal in risk to the

11 reactor saf ety study curve, and that it would cost you first

'12 31 million to make that improvement, and then $10 million to
,

13 make that improvement.

14 Is it cost effective at $2 million per life saved

15 a s a function of risk averted, and what you see basically is

16 without risk aversion at $1 million for that improvement,
.

l'7 wi th ou t risk aversion, it is cost effective en my T2 million

18 per death averted or life saved. At $10 million it is not

19 co s t effective, and for the second reactor, in either case,

20it is not cost effective without risk aversion.

21 As scon as you introduce a little bit of risk'

:

22 aversion into the ralculation --
i

23 DR. SIE55: I don't see on that first that one is

O- 24 a nd one not.
!

25 03. VASTENEERG It isn't because of the number of

Ov
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() 1 deaths that you are saving in going from Curve 1 to the.

2 reactor saf ety study and you save so many deaths per yea r --

3 DR. SIESSs What do you compare to get the answer
,

4 you got up there on the table? How do I decide from the

5 table whether it is or is not?

6 DR. KASTENBERG The criterion is that if you can

' 7 spend less than for $2 million or less per life saved, then

8 you should spend it, and there are different numbers of

9 lives saved in reactor Number 1 going to RSS than reactor

10 Namber 2 going to RSS.

11 DR. SIESSt I was looking for two under Eeactor

12 Nu m b e r 1.

| 13 DR. iASTENBEEG Ch.

h-!
1-4 DR. SIESS: What is the $1 million and 5-10 million
15 again ?

16 DR. KASTENEERG: I just posed that suppose the

l'7 improvement would cost you $1 million. Is it worth it? And

18 then I said, suppose the same improvement were to cost you

19 $10 million. Should you do it?

20 D3. S H E'a' 50 N : Each one saves so many lives per.

21 yeat?

22 DB. KASTENBER3: I have to go back to the --

| 23 DR. CFIESMEYER: Well, it is equivalent deaths,

() 24 isn ' t it ?

25 DR. SHEWMON: What are the numbers written into

(
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1 alpha for one? I don't understand that,
d("'

2 DR. KASTENBERG It is a factor of ten. This is

'

3 $1.1 million per life saved, and here it is $11.5 million.,

O 4 DR. GRIESMEYER: And it is equivalenet death, too,

5 because when you use -- because you have weighted the Isrge

6 accident sum on alpha equals one and a half and alpha equals

7 two.

d 8 DR. KASTENBERG: We are just talking about the
1

9 first column. 7.s soo as you move to some risk aversion, it

10 is always cost effective.

11 DR. SHEWMON: In the cases you said where one was

12 a n d one wasn't --

13 DR. KASTENBERG: I was comparing these two

A
(_/ 1-4 numbers, and then I was looking at these two numbers. I

'

15 w a s n ' t looking at these two.

16 DR. SHEWMON: The Curve 1 versus Curve 2, not the

17 o n e versus two.:

18 DR. KASTENBERG: Right.

I 19 DR. OKRENT: I am still missing something. When

20 you spend $1 million in Case 1, what is it you accomplish

21 wit h that $1 million?

22 DR. KASTENBERG: I am making the expected value of

23 Curve 1 have the same expected value of WASH 1400.

() 24 DR. CKRENT: All right, so you are moving, in

25 e f f e c t , from a surry light reactor as at Indian Point or

|

|
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0 1 zion --

2 DR. KASTENBERG: To surry on the composite site.

3 DR. OKRENT: -- to surry at the comp'osite site.-

4 DR. KASTENBERGs To surry at the composite site.

5 DR. OKRENT: All right.

6 DR. KASTENBERG: I am making it as good as if --

7 and I just -- because I don't know what it would cost to do

! 8 that, so I picked il million and $2 million just for

9 illustration.
.

10 DR. OKRENT4 All right.

I 11' DR. KASTENBERGs Then, the second point is when you

12 introduce a little bit of risk aversion into the

13 calculation, it'is almost always -- well, in all of these

! O 14 csses it is cost effective. You will always meet the alara

! 15 criterion , and it would tell you with risk aversion built in
|

] 16 you should make t:1e improvement.
!

l 17

.| 18

19

20

i 21

22
.

23 '
A; 4

) 24

- <B 25

:At
01

:
|
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Connolly j j DR. KASTENBEEG: Then the second point is when you

() 2 introduce a little bit of risk aversion into the calculation, it's

3 alm st always -- well, in all of these cases it's cost effective.

(}* 4 You will always meet the ALARA(?) criterion, and it would tell you

e 5 with risk aversion built it, you should make the improvement.
A
n

' d 6 | And on the next vugraph I wanted to see what's the most
*

;-

y7 you should spend, and you can see what happens. The number gets

8 tremendously large as a ""nction of risk aversion. In other words,

d
g 9 if you look at straight expected value for curve one to make it
i -

h 10 equivalent to Surry.on.a composite site, the most you should ever

E
y jj spend is $1.7 million, and curve two,S.9 million.
'<
s
d 12 As soon as you put in risk aversion, you go up quite a
3

13 bit, two.. orders of magnitude of dollars. And if you go to this{'}
E 14 alpha equals two, you're spending more than the reactor is worth.
dv
j,

'

15 should say you're allowed to spend more than the reactor'sI

=
16 I w rth to make the improvement.~

.-
s ,

w i

i 17 [
And the illustration here, I think, is that this kind of

w :

b 18 ! a characterization of risk aversion causes the ALARA-type
_

h
j9 ; considerations to be very, very, very sensitive. Or to put it

9 1

M
'

20 another way, if people are so risk averse to this, you're going

21 to have to be spending lots and lots and lots of money, if you force

3 22 People to spend S2 million for Life-Save, if you can accomplish it. j
s) j |

23 ! DR. WILSON: But tais is for the latent cancers, not
:

24 for the --

'

DR. KASTENBERG: This is latent, yes. I based all this25

!

! 1
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on latents.

[} DR. WILSON: Which is quite a real distinction.

DR. KASTENBERG: Yes, right.

fg Now, one might argue that people are not as averse to
G1 4

latent effects, latent deaths as they are to early deaths, and
n
"

I could reproduce the calculations for early deaths as well, I3 6e
e

g suppose; but this seems to be more interesting.
3 7
.
" Then I had been discussing this with Dr. Okrent when I
g 8

d completed the calculation, and he suggested that rather than trying
'

9-

i
% it as a function of aversion, why not try it as a function of un-10o
z
5 certainty. And I picked up on that and thought well, it may be
p 11
>

{. i that people are not averse to the fact that there are a lot of2
z_ i

(E)'. 3
deaths, but another school of thought would be people are averse';

3 34 because you're very uncertain as to how you characterize the
G
H

! 15
"# " Y E' **

w

]. And if you look at it, you can do the same kind of calcu-
P

lation as a function of uncertainty, and that's what I tried to.

7i
"

!

g 18
do here. That is, with zero uncertainty, again assuming that you

=

{ j9 knew exactly that RSS was correct and you knew exactly that the
'
n

Calculation:for Zion and Surry and Zion / Indian Point were correct,

g should you spend S1 million to make the improvement, or should you

spend $10 million.
22

23 ; And again, it's the same sort of thing I showed before,
|

same numbers with zero uncertainty, here you should spend the(') 24|
x_/ i

m ney, here you shouldn't, and here you shouldn't. Then you say25
: i
! :

I
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j what if I'm uncertain by a factor of 10, both in RSS and in the

() Surry/ Indian Point calculation, should I make the expenditure of2

a milli n r $10 million. -And you see what starts to happen is3

(]) 4 as you get to plus 10 uncertainty, in both cases for curve number

e 5 ne y u make the improvement. For curve number two, if it were
3
N

8 6 | a million dollars, yes, you'd make the improvement; if it were
o

7 $10 million, no, you wouldn't.
_

E 8 And then you can go to an extreme and say suppose I;
n

N were off by a factor of 100 in both calculations, then in all9
i
$ 10 cases you would make the improvements. And basically what you're
E
_

s jj doing is paying for your uncertainty.
<
k
g j2 DR. WILSON: I thought you were in fact uncertain in
z
*

(") 3 13 | both calculations. Are they varying together when you do that or
\/o

-,

E 14 are they varying separately? I mean, are you saying one is uncer-
d >

u i

! 15 tain relative to the other, or that both are multiplied by 10?
w
=

2 16 DR. KAdTENBERG: They're both multiplied by a factor
3
A

g- j7 of ten and then both multiplied by a factor of 100.
S

E 18 DR. WILSON: Okay. But they're not uncertain in respect
=

h 19 | to each other.

20 DR. KASTENBERG: No, no. And again, you could do that

21 as another variance on this --
i

22 DR. WILSON: Surely.

i
'

23 DR. KASTENBERG: -- To see again how sensitive these

24 calculations are to that.
|

)
25 And then last but not least, I asked the same question

!
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j as I asked in the case of the risk aversion calculation, and that

([]) is, what's the maximum that you should spend given no uncertainty,2

3 a factor of 10 uncertainty, and a factor of 100 uncertainty.

() 4 And again, the amount that you should spend starts to get very,

e 5 very large as a function of uncertainty, and just scales by' factors
R
n

d 6 f 10 for each factor of 10 in uncertainty.
o

7 So a factor of 100 uncertainty, again you're spending

8 close to what the plant is worth to make the -- you're allowed to

d
d 9 spend what the plant is worth to make the improvement if you insist

"

i

h 10 on this ALARA principle and then insist on such a large uncertainty .

E
5 11 Okay. So that, I guess, sort of gives you an idea of,
<
k
g 12 hopefully as you look through the vugraphs at your leisure, gives
N

13 you an idea of what Mike's and Dr. Okrent's frameworx means in

g j4 terms of trying to do some calculations with respect to numbers.
d
u

! 15 | DR. OKRENT: Excuse me. Before you gc on --
E

.- 16 DR. KASTENBERG: Yes.
3
*

i

g- 17 ' DR. OKRENT: I'm not sure I reca,ll just how you did
&
E 18 the uncertainty calculation in Table 4.7.

E
b 19 DR. KASTENBERG: I took the expected value for the
2

20 RS S , latent deaths per year, I had obtained originally, multiplied

21 it first by a factor of 10, then by a factor of 100, and then I

S 22 did the same with the Surry at Indian Point and Surry at Zion,
u)

23 took them with no -- assuming they were correct and assuming they
*

r3 24 were off by a factor of 10 and then assuming they were off by a
V

factor of 100.
25 |
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''
j DR. OKRENT: All right.

(3) 2
r

DR. KASTENBERG: Then I took~the difference in the deaths

3 per year, multiplied it by the 30-year plant life, divided

(]) 4 1 million by that number, 10 million by that number, and then

e 5 compared that to $2 million.
3
N

8 6 DR. OKRENT: Fine.
o
R
8 7 DR. KASTENBERG: Then David and I were fortunate in
-

8 finding an article in the literature having to do with a similar

d
d 9 problem for coal, and we went through the same analysis, and
i
O David will run through and tell you what we came up with there.10c
3
5 11 DR. OKRENT: David, before you start that, I. wonder agair

$
d 12 if you could help me recall in that Table 3.3 you showed, what
3

13 was the definition again of alpha, nu an'd --

E 14 DR. JOHNSON: Okay. Alpha.was a power to which the
N

! 15 frequency density distribution varied as the dose to an individual

$
j 16 varied, the inverse power of alpha. Alpha was one and it varied
G

d 17 , inversely; after two it varied with the square of the dose, one
.

s
$ 18 over the square of the dose.
=
H

19 Nu, to make this function well-behaved with small doses,"

3
n

20 nu was a co-axis of which the frequency distribution became a

21 constant.

k/-)
22 DR. OKRENT: Okay. And Arsebel(?)?

,

! DR. JOHNSON: Arsebel is simply the integral of this I
23

24| function with the action of the relationship, the cancer function.
; \

25 , DR. OKRENT: All right. Well, the last question, and
!

i
,
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j then what's phi over nu to the alpha minus one?

(]) 2 DR. JOHNSON: That's a measure -- there is obviously a

3 large variety of arsebels on that chart. To help me decide which

() 4 one of those are completely out of hand, that last column is a

e 5 measure of the frequency of releases which lead to the small doses.

U
8 6 ; If you get numbers like ten to the minus seven, that tells me thate

E 7 the model is not realistic. If I get numbers that correspond to
,

E 8 doses that are in the millirem range of ten to the minus two, that
* n

d
d 9 tells me that it's not completely out of hand.
z'
$ 10 DR. OKRENT: Okay. Well, that helps. I'm not sure Io
z

h jj ' know then -- the statement that the Q risk is ten to the minus five
$
d 12 per year a boundary condition?
E
a

13 DR. JOHNSON: Tha t's an assumption. It's based to get(])j
,-

E 14 | the normalizing factor. I had to assume a --
d

15 DR. OKRENT: All right. Fine.

5
- 16 DR. JOHNSON: But then the bottom line there is the'

3
*

I
g 17 , latent risk is an appreOiable portion of the acute risk in some

s i

5 18 of the cases.1

E
h

19 DR. OKRENT: There was a hand toward the back. Yes.
8n

20 SPEAKER: I would like to pose a question. In carrying

21 say an alpna of one versus an alpha of two, a tenfold difference

22 in the alpha one case and a hundredfold difference in the alpha

23 | two as far as the (inaudible), I'd just like to know is it reason-
!

() 24 f able to assume then that your, I think it was $2 million in debt
i

25 over a willingness to pay, is it reasonable to assume that that

!

|
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1 value will remain constant for this type of equipment, or is some3

! () 2 of this slightly fallacious?

3 DR. KASTENBERG: Well, the criterion is formulated in

() 4 terms of effective social cost, however you arrive at that, and

5g that's how it was used in this case.
"

i
j 6 i Now, it may be that you want to change it with risk
R
$ 7 aversion, but it's built in in this case. I suppose what you could
n
$ 8 do is not choose an alpha at all and say, you know, if there were
d-

c; 9 no risk' aversion, it's S2 million per death averted or life saved,
z
O

g 10 and with risk aversion I'll make it $10 milli.on per life saved.
=

@ 11 SPEAKER: Okay. (Inaudiole) on the basis for the
B

y 12 choice of alpha. I was thinking in terms of an alpha that was

(~}5 13 chosen on the basis of perhaps a perception as opposed to actual

h 14 dollar cost.i

$j 15 ' DR. KASTENBERG: There's a companion paper that Okrent,
=

j. 16 , Griesmeyer and Simpson wrote where they look at some natural
A .

*

$. I7 | disasters and other things to try and show what the range of
2 I

{ 18 ' alphas are that people see in technologies and in natural phenomena .

9
"

19g You might want to look at that.
'n

20 SPEAKER: I can see someone perceiving that the ar-ident

2I is 100 times worse rather than actually being 10 times worse, .

22
(]} . still not be willing to pay 100 times more than (inaudible).

23 ! DR. KASTENBERG: -Well, actually --

24 SPEAKER: I understand your answer.'
[" }

25 DR. GRIESMEYER: Oh, yeah, It's just a social cost
i

,
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y function however you make it.

() 2 DR. OKRENT: If I can make one comment, there are some

3 papers in the litersture where people have derived or proposed

() 4 alphas. There's one I can think of by Slezen and Ferrer -- I think

e 5 they're the authors -- where they just looked at available

5
4 6 statistics for accidents, if I recall correctly, beginning at
e
R
g 7 10 fatalities and going to 1,000 or something, and plotting them.

8 And they observed that they fell off at a certain rate, and from
n
d
g 9 this, if you wished to, you could derive the inference that
i
5 to society is risk averse according to (inaudible) power law.
c
E
s ]] DR. KERR: Whose power law?

$
d 12 DR. OKRENT: Well, it would be the power law that fit
3-

13 this data, and you can get alphas like o or even a little larger({) m

G 14 depending upon what data you fit.
s
x
2 15 I think part of the intent --

$!

J 16 | DR. SHEWMON: Are you saying that because that's the
E !

d 17 | way the accidents are distributed, society must be welded that

5.

$ 18 way, is that it?
: i

e

{ 19 DR. OKRENT: No , no. I'm not saying that. I'm saying

5 \

20 it has been suggested that this --

21 DR. SHEWMON: By some people you choose to quote then.

22 (Laughter.)

23! DR. OKRENT: Well said. If you would let me finish, ;

|
I24 I'll complete the thought.p]. |%- ;

25 ; It has been suggested that one might use, for example,

! ALDERSON REPORTING COMPANY, INC.
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y a square law, and I have seen suggestions for larger numbers than

Q 2 a square law. Of course, if alpha is one, there is no risk aversion.

3 Th., report referred to earlier by Griesmeyer, Simpson and myself

C was ne where we tried t sh w th t if y u used an a pha of two4

e 5 r three and took a published risk assessment.like the one done

k
N 6 f r Canby Island, and calculated the expected social cost of this,
e

| because of the fact there were large numbers of fatalities for7

8 accidents going between one and 10 or 20,000, you computed expected
ce ;

N social costs that were staggering, if you used an alpha of two9
:s
$ or three. And in fact, the intent is to show that in fact society10
5

'j jj does not really design its facilities and operate its facilities

$
( 12 as if it's concerned about these events with such a power factor,
:::

13 kay.Q
E 14 Now, what Dr. Kastenberg did was just to look at what
:s
b
! 15 w uld be the inference of trying to use an alpha of whatever it

d
? was, one and a half and two, if you took the numbers from RSS,

is 16 !
:sl i

g j7 to give one again a feeling for that set of numbers, what did it
d

18 do?

E
F j9 I guess earlier Chris Whipple, who is still, I think, on
9
a

70 the same wavelength as I am, said he didn't think one should use

21 much risk aversion. That's what he said in an earlier report. And,

22 we had this in mind then. These studies are intended to illustrate

23 the problems you get Anto if you try to use these things, and in

24 fact, if you applied them to other things than nuclear, they come
O :

-

25 ut even more staggering, let me put it that way, in their impact.

,

I
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I Dr. Whipple.

() 2 DR. WHIPPLE: I might add, Dave, that in the paper you

3 and I did together, we looked at the relationship historically on

() 4 large accidents and did not replicate the data you mentioned in

e 5 that other report. We found the historical slope was quite close
A
e.'

{ 6 to one.

R
$ 7 DR. OKRENT: If you bring in bigger events, that's
sj 8 right, it flattens out. It doesn't keep falling off.
d
[ 9 DR. WHIPPLE: It depends on what time period you take

3
@ 10 your data from, but we did not find exponents of greater than two
z
; -

j 11 | at all for any time period.
3
d 12 DR. SHEWMON: What sort of a case can be made for the
E
a

(]) 13 fact that alpha is less than one? It seems to.me that there may

| 14 ' well be a saturation effect here, or it's not at all obvious to,

I $
j j 15 me that a.DC-10 killing 300 people in an afternoon is worse than

=
j ll 30 accidents that kill 10 spread over a year or something. Isi

^ \
d 17 ' there any evidence that there is?
Y

I

$ 18 DR. SLOVIC: The basic function of almost all psychologi-
A

{ 19 j cal perceptions is exactly that sort of function with a coefficient
n

20 of less than one; that is, the difference between 2,000. deaths

21 and, you know, 2,050 is smaller than the difference between, you

22 know, 10 and 60. That 50 death difference disappears as you go(}
23 up on things.

,

(~) 24 So, in fact, people probably have internally multiple
V

25| functions with alpha less than one and alpha greater than one
i
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j simultaneously. And there is a certain aversion to a large

(]) accident, but on the other hand, we also have this perceptual2

3 response which is just the opposite.

() 4 DR. SIEGEL: If my memory is correct, I think Brenula(?)

e 5 used a power less than one to dispel the so-called St. Petersburg
3

6 paradox which is quite antiquated.
e

DR. OKRENT: Well, there is a philosophical argument that7

8 Professor Bergstrom, whoiis an economist, gave which would be

d
g 9 to the effect that for large events, you would use an alpha less
i

10 than one, and it could be that in general the people who were
c
z I

j jj grieving for one another would be less.
<
3
d 12 DR. SHEWMON: Using your earlier argument, we could say,

E
r's 2 13 that since there have been wars quite regularly through history
Vj

E and they've killed an awful lot of people, we must not be too
d 14 |

15 concerned about killing people. But then let's get on with this.

I
- 16 DR. OKRENT : Okay. I think it should be understood that'

3
m

g j7 ; the ca).culation that Dr. Kastenberg did was not intended to indi-
w

b 18 cate that one should use an alpha of one and a half or two, but
=
$ why one might not use it.
9 j9 |
M

20 DR. JOHNSON: About two years ago Griffiths at Brookhaven

21 published a risk methodology of looking at ccal power plants, and

22 Bill and I decided it would be an interesting exercise to reassess
O,|

23 their findings in view of Mike's criteria to see what these criteria

24 ; would imply.
i (3
| \/ \
| 25 ' We're not saying that coal and nuclear should be made
i :

i '
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equal at risk, but simply we thought it would be an instructive

{]) exercise to apply these criteria to well-accepted technology..

The assumptions the Brookhaven book used were that the

'

health effects were based on a populatiod exposed to a sulfate[} 4

concentration, and he developed a model somewhat like CRAC's

M

} that (inaudible) sulfate concentrations over a region. The health
,

e !

$ effects were correlated to sulfur emissions and didn't take into
" l

| account specifically the other bad actors possibly in the coal, so
N

4 that these were taken into account through a correlation.
c 9
i
j A linear damage component was assumed with the subjective
o
z

distribution of what the slope of this linear function should ce.
~

p 11

a
The health effects were only calculated out to 80 kilometers,

o. 12
E

(Z) =3
and the description of the plant is giving at least 5,000 megawatt'

,

p j4 | electric, 3 percent sulfur coal, 75 percent capacity (inaudible),
~

|E etcetera.
r 15 ,
x

And I guess the only other important assumption is the.g
F I^

| same meteorological data we used with all four hypothetical-

7
O

$ 18
sites. The sites chosen were all in the Pittsburgh area shown

:
# on this diagram. The sites were numbered one, two, three and

j9
8 I"

f ur, and there is an 80 kilometer radius.
20

Not terribly surprising, site four will turn out to beg

the best site in regard to health effects, md it's the only one
27(') l

23 | that does not include the Pittsburgh area.

The results are shown in this diagram which is a cumula-24

25 j tive distribution of the health effects for the four hypothetical

i
!

l
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i sites, and what we did was simply treat that as a type of distri-

(}) 2 bution one gets when one does a risk study of a reactor and see

3 what the values (inaudible).
.

() 4 These are the results of our calculations. First of all,

e 5 the populations within the sites are given in the first line. The
$
5 6 societal risks are simply the deaths per year read off the previous
e

7 diagram with the 90 percent confidence value.
,

E. 8 Now, we don't really know enough to speak about the

d
c 9 maximum exposed individual, but by simply dividing the societal
i

h 10 cost, the societal risk by the population, we can get an average
3

E
I s 11 individual risk. And simply looking at these as compared to Mike's

$
d 12 criteria, you're mighty c]ose, if not over, in either case, so
E
=

{]) { 13 with the expected value and the 90 percent confidence value.'

:

$ 14 |
Now, the control coe s were estimated -- this is not

b |

! 15 going to show up very well -- the Brookhaven group looked at the

$
16 literature and tried to estimate what are the control costs for' *

3
W

g 17 |. a whole plant. What you can't see here actually is plotted the

5
$ 18 | fraction of' sulfur removed versus control costs in millions of
2
t 19 ! dollars per year. And it's a curve that you would expect costs
x
n

20 nothing at zero sulfur removed, and rises exponentially essentially
i

21 if you remove 100 percent of the sulfur.

22 It's a gray band that's plotted here.. That takes into
,

23 account the various estimates of control costs.i

24 | So what we asked was what would it cost to improve

() |

[ 25| plants one, two, and three so that they are just as (inaudible)

| I

i i
,
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1
plant number four.

(]) 2 I should have pointed out that plant four had an expected

3 social cost of 10 deaths per year, which is Mike's (inaudible)

criteria.() 4

g 5 To improve plant one to make it equivalent to plant four

N
8 6 we'd have to remove about 58 percent of the sulfur at $15 million
e

7 per year. Another way of looking at that is approximately $10 per

a
3 8 death averted. And if we look at this final column of dollars
u

d
d 9 per death averted, we see that any of these strategies would be

$
E 10 allowed under Mike's criteria. But also we would note that the<

! E
_

5 11 costs would be on the order of tens of millions of dollars per

$
d 12 year.
E
c

13 To return to plant number four which has an expected!

)
$ 14 | social cost of 10 deaths per year, we still have to apply the
N i

'

_h 15 ALARA principle to that plant, 10 deaths. If you can improve on

s .

.- 16 that social cost with less than $2 million per death averted, then
's
A I

g 17 ' you should go ahead and do it. And if you use expected values,

s
$ 18 if we saved an additional 6 people --

5
19 DR. KASTENBERG: No. Four."

8 .

n i

20 l DR. JOHNSON: An additional four people.

2) DR. KASTENBERG: You start with 10. %

1

-

22 DR. JOHNSON: You start with 10 and you save an addi-

23 tional four people, it would mean 40 percent of the sulfur was

24 removed and would cost S2 million. And likewise, for an additiona]
73,

(/
25 | five People at site number four, it is also right on the borderline

!
;
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of the $2 million per death averted.j

O At the upper 90 percent confidence bound, that's the
2

val we hoose, therefore; in other words, five deaths per year.
3

] At the upper 90 percent confidence bound, that's the appropriate
4

place to make this comparison. It would go all the way down to
5

n

} six deaths a year averted at a cost of $52 million per year, in
o

5 which case at this confidence level there is still one death per
D I

year social cost.g 8n

j So once again, depending on the confidence level you
9

I
$ choose to work at, the social cost in dollars per year that these

10e
z

criteria imply when they're applied to an accepted technology arej jj

2
[- quite (inaudible).

12
3

O 2 ia '"*" '*"" '"""" "" "" '"* "'"^"*S" ' '""" "i"* " ""'"

5 t

one, two, and three to the improved site number four; that is, thep g|
$

site which now has an expected cost of five deaths per year. And
f15

once again, the numbers just get incredibly larger, many tens of. g
3 -

g I

- j7 | million dollars per year.

:a

5 DR. LAVE: Excuse me. Why is it that it gets cheaper
w 18
m

{ j9 ; to save lives at the 90 percent upper confidence bound than it

3 !

d es at --
20 ,

;

DR. JOHNSON: They're saving more lives per given amount.
21

f dollars.22

S I think though the basic lesson learned from all these
23 f

studies is if we look at the implications of these criteria, it
G 24
U

can be quite costly any way you look at it. So we have to be
25

:
!
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1 extremely careful how we choose values of alpha for the risk

() aversion, how many dollars we allow to be spent per death averted.2

3 It makes a staggering difference in the total of costs to the

O 4 societv-

e 5 DR. KASTENBERG: I wanted to just make one comment. This
A
N

3 6 curve that we used for all the calculations is the cumulative
e

a 7 Probability in the sense that you're 90 percent confident that

A
g 8 you have 86, or 150, or 114, and 27 deaths or less. So it is that

! n

d
c 9 cumulative probability distribution.,

7:

$ 10 DR. JOHNSON: It's slightly different than a reactor
E
=
E~ 11 case.
<
B
d 12 DR. KASTENBERG: Right. And when we say expected value,
$

((]) 13 we actually integrated the curve and took the first moment of the

$ 14 curve; so when we say expected value, it's not the 50 percent
w
b
! 15 confidence limit, but it is the actual expected value of that

5
. . - 16 curve.
s
* |
g' 17 | DR. LAVE: Excuse me. One more question, another thing

5
5 18 I don' t understand about Table 5.4, your (inaudible) is 1.3, and
=
H
E 19 you're getting them to the point where they will cause five deaths
x
A

|
20 per year expected value, correct?

21 DR. JOHNSON: Yes.

22 DR. LAVE: And yet you are removing less sulfur than

23 ; you're removing from plant four to get down to five deaths per
!

24 year, and I don't understand that.
\

25 | DR. JOHNSON: It's a fraction of sulfur removed.
;

!
'

i
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| |

j i DR. LAVE: I understand but, for example -- |

() DR. JOHNSON: They are still on -- they are different
2

sites.
3

() DR. LAVE: Let's try again. Table 5.3, in order to get
4

down to five deaths per year, we're removing 50 percent of the
e 5
3,
.

sulfur from plant number four.s 6e

DR. JOHNSON: Right. You're releasing more sulfur in
7

,

j 8 that case than in any of the other cases. See, the expected social
v
d cost is still five deaths per year in all those cases, but you'reg 9
i

f 10 exposing more people on the Table 5 quota.

E
DR. SHEWMON: These are all completely equivalent plants@ jj

<
3

with the same fuel?d 12
3

DR. JOHNSON: They're hypothetical.() 13 ,
|

DR. SHEWMON: Okay.E 14w
b
! 15 ; DR. JOHNSON: The only thing changing is the site.

s !
DR. KERR: This is only e .y deaths.,- 16,s

M
DR. JOHNSON: No. This is a steady state case. It'sg j7

5 '

E 18 just correlation with sulfates.

F

E 39 i DR. OKRENT: Well, I think what I'm going to propose is
'

3
20 we go on to let Dr. Slovic give his comments now since he has

21 a deadline, and then we can come back to a discussion of the

22 Previous talks if it's wished.- }
23 i Paul.

t

DR. SLOVIC: I really don't have any coherent set of(} 24 f

25 |
comments.

!

!
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DR. OKRENT: Dr. Slgyic will give us his incoherentj
'

mments.2

(Laughter.)
3

O "- S' "' ' ' '"i"* ''" *"*" " "* "'""** " " '"*" '4

o 5 was this morning, although I found the route to that confusion and
M

b the path to that conclusion quite interesting.6o
1-

{ 7 Let me just reiterate a couple of the points I made

earlier. It seems to me that there's an important distinction8"
t

_3, that we should consider a little more carefully between going9
*/
$ 10 through these exercises for our benefit as scientists, say, or
i
j jj as designers, as technical people, and going through them as
<
3 ,

J 12 p litical exercises where we're really going to face up to thei,

E !

13 Political implications and bring the public in on these discussions

and these criteria.E 14
#
.N 15 I think it makes a big difference, and whereas I c.in
?!
~

T 16 see some hope for the types of analyses that are being presented
3 i
A

y 17 today as technical exercises, I'm more skeptical with regard to
:a

h 18 | their success in the public arena.
>

::: I

$ With regard to public perceptions, again let me note thatj9
8
n

20 I think that the model of social cost that incorporates an alpha

23 parameter 3s not the right model because I don't think social costs

22 work that way. I think that the social costs are a function of

23 what the impact of a particular accident will have on society,

24 and that impact is not just immediate and latent deaths and

25 | genetic defects and property damage; I think that's only one small
.
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j component of the social costs.

C) An important component again in the political world is(_ 2

3 what will happen tc the industry, for example, in the event of a

() certain type of accident and what then will happen as a function4

e 5 of what happens to the industry, you know, and if you have
3n -

j 6 cascading second and third order effects, which can be immense
e

7 really and which may have health effects greater than the health
,

! 8 effects that we're usually talking about here.
ei

d
d 9 So I think that needs to be -- the kind of model that
i
$ 10 w uld take that into account needs to be thought about. It's
i
_

g jj really a very different kind of model than has been proposed here.
<
k
j 12 DR. KERR: But, Dr. Slovic, it seems to me that the
E

() 13 points you're making now don't necessarily have to do with whether
= i

E 14 ' one uses an aversion model or not; it seems to me what you're
s
! 15 saying is that the number of parameters that are being considered

E
.- 16 i as consequences are not sufficiently great, that it's more than
M \e '

6 17 | health effects that one should consider but other consequences
x |

18 as well rather than how one -- I think what Dr. Griesmeyer was

E
b

19 doing was saying given a consequence, here's the way one can
8
n

| 20 incorporate risk aversion. It seems to me you're saying one has

21 not treated all the consequences that you consider to be important.

(}
22 Am I missing the point?'

i

23 i DR. SLOVIC: I agree with you. I'm saying we have to

i

3 24 consider secondary, tertiary consequences in the model; and I think~

(V
25 ! it's hard to do that with an alpha parameter, because the alpha

!

!

!
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j parameter, at least as it's used in some of the examples here, is

O conditioned on the magnitude of the accident. And I don't thinkL/ 2

magnitude is really the parameter that's important here. You can3

O have a very sma a ident whi h wi have immense consequences,4

and somehow we have to get that into the model. That's really all,,

N
I.m saying.8 6e

7 With regard to the science court notion, we can debate

that I
8 think quite extensively. Let me just comment that I would

j worry that a court type system which might be adversarial in9
i

$ 10 nature and highlight some of the conflicts among scientists might
E
j jj actually be problematic inasmuch as it would leave the public
.c
is

d 12 m re un ertain and more confused than it might have been before.
3

13 I don't have an alternative to suggest, but I am a

little bit skeptical about certain forms of the science court.E 14
d

15|
I've n ted that many -- that oftentimes in developing

5 1

? 16 i an approach towards these quantitative criteria, one takes recourse
is
'A

j7 to looking at risk statistics -- for example, the automobile-

ti !

I
E 18 statistics er the violent death statistics that we saw earlier

5.
j9 today. And I think here it's important to consider the possibilityN

8
. n

| 20 that nuclear power is really very unique in its characteristics.

21 This point was touched upon earlier. Dr. Mark asked a question

about it. I think it's worth emphasizing that at least in the27
V

23 Psychological studies that we have done, nuclear power virtuallyi

( 24 i stands alone in the characteristics that it has vis-a-vis things

!

25 |
like not only voluntariness but the potential, perceived potential

jt

'

l

f
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j for catastrophe and other adversive characteristics.

(]) S I think we have to be careful in drawing guidance2

3 fr m things like automobiles and other hazards which really have

() 4 very different kinds of distributions, time effects and so forth

involved.e 5
A
N

DR. KERR: I agree with you except it seems to me that8 6e

7 indeed one can draw a considerable amount of guidance, and the
,

! 8 guidance is people don't make decisions based on risk numbers.
n

9 DR. SLOVIC: Yes.

i I

h 10 Those are really the only comments I wish to make at

3
. . .

this time.y jj
<
M

DR. GRIESMEYER: It may be that adequate protection ofd 12
3

13 the public is possible without acceptance by the public. And(])
E 14 acceptance by the public again is another question that may have
x
b
! 15 to be answered in another forum than what we're trying to do right

$
.- 16 ' here.

!a
w

g j7 DR. SHEWMON: Well, but if you're trying to just protect
W

E 18 the public, then it's not clear why you want to be 10 times as
_

=
b 19 safe for this as for something else, whereas I thought part of it
A

20 is if we do penance this way, why (inaudible) their hearts or

2j something.

g- 22 (Laughter.)

U
I 23 DR. KERR: To me it's interesting to observe in reading
l 4

} 24||
some of the history of the development of steamboats or railroads

that there was concern about risks but there was also concern about25 'j
a

|
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jj these radicals who were moving people at 15 and 20 miles an hour,

() which were almost sinful speeds. There was an aversion to risk,2

3) but there was also an aversion to what was looked at as a real

n\ / social change and a change in attitude that probably was not meant4
i

to occur in nature.5e
E I
n

8 6| DR, WILSON: An interesting thing about railroads, in
e

(n

{ 7 the first passenger railroad, the opening, we killed a member of
-

! 8 Parliament, and that may show that sort of level of standard we
u

N put on our members of value of life of the members of Parliament.9
i

$ 10 It didn't stop. The proposition didn't arise for about ten years
E .

j jj | yet. I mean, it really wasn' t the same thing, and we haven' t
< !
k
.i 12 had an instance of nuclear power killing anybody. I mean, there's
3

() 13 a real distinction that the technologies have. But they did start

e ,

A 14 |
in a pretty miserable way as far as the safety was concerned.

4 I

! 15 DR. KERR: That history is one of the things that led
'

N
to one British comment I saw about Three Mile Island which said? 16

3
A

g- j7 ; that you should kill people rather than frighten them.
u ,

<=
5 18 j (Laughter.)
= i

( j9 ! DR. OKRENT: Dr. Catton, did you have a omment?
! A f

20 j DR. CATTON: I was only going to mention gasoline as

i
23j the fluid of the devil.

22 (Laughter.)

DR. SHEWMON: I thought it was alcohol.23

24 DR. CATTON: Well, that, too.

DR. OKRENT: Dr. Kastenaerg.25 ,
t

Ii
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DR. KASTENBERG: I just wanted to make a comment, some-j

thing we didn't point out in going along with Paul's aversion to2

have a risk aversion factor in alpha, one thing that's interesting3

if that if you change the ALARA number, we found in the coal study4

! the choice of whether to make the improvement or not, it's very
5!e

E
sensitive to that. And in the Brookhaven paper they made a

6|*

statement, which we have not tracked down, but they made a state-7

! 8, ment that the new EPA standard is $600,000 per death averted; and
"

i

9 9| if you use the S600,000 rather than S2 million, many of the cases
i-

:i I

k 10 |where you would have made the improvement at the $2 million,
E t

j jj j at the $600,000 you would not. It's very sensitive to that, and

$. '

,]- 12 |
the same thing with the uncertdinty; it's very sensitive to that.

z

13 |Y u d n't necessarily have to have a risk aversion factor to
E

E 14 |
cause you to make improvements. There are other things that could

N t

! 15 | force you to make improvements -- the ALARA number that you use,
iS i

. the uncertainty you use, and so on.16
i$
z i

DR. WILSON: Where does that $600,000 come from?-

37

DR. KASTENBERG: It was in the Brookhaven paper. As I18
: i

E 19 |say, I haven't been able to track it down, but the Brookhaven paper
'

5
laimed that the new EPA standard could be interpreted as $600,00020

per life saved.21 ,
!

i DR. WILSON: Oh, on --22

DR. KASTENBERG: Sulfur removal.23

DR. WILSON: On sulfur removal, okay.24 ;
, .

DR. KASTENBERG: Yes.25

I
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DR. OKRENT: Paul, I wonder if I could press you in the

f 11 wing way. If we assume, perhaps naively, that there are or
2

) will be pressures to develop some kind of plausible proposal at
3

O 1eest to teet oue in some wer end thee one mer noe heve the 1uxury
' '

,
,

of doing ten years of research in this area to develop a proposal,

n
2 what would be your best first draft proposal for risk aversion,
$ 0

{:.,
'

for arriving at what Mike Griesmeyer called closura as to what
7

is the legal definition of the calculated risk from a plant,
E 8n

'd I and that's where the science court.came in.
9- -

:s

b 10
In thers words, you know, suppose the President called

2
g j)

you in and said I want you to come up with some kind of proposal

3
[- we can start thinking about. You can research it afterwards.

: E 12 |
2 |

O a i3 !
(Laughter.)

E '

g gj DR. OKRENT: Or better yet, if you give me a proposal,
w ,

t-. ;

! 15
I'll give y u a research contract.

i:i
~. (Laughter.)

16
i:

z
' DR. SLOVIC: You ask tough questions. I don't know. I-

j7
x i

! 18
have a different background, and that is, my orientation is more

'=

{ j9 f that of decision analysis; and I'm not a decision analyst but
x t
n i

20 |
neither am I an engineer, ve ! probably shouldn't be even answering

il

21 j y ur quest. ion.

'

I guess I would want to look more closely at what the22

decisions were that were so crucial. I would want to segment it23

O 24|
out hv the evees or aeoistoas thee were uaaer ooneiaeretio= e=a

25 : the alternatives that were relevant for each decision, and then

if
:
|
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. . .- - - _ . . . . _



- - --

4

.

ec 25
,

try to build a fairly complicated structure of all the relevant

() fa tors and parameters. Just like when you ask, you know, what's2

the probability of a certain type of accident at a reactor, you
3

( ') go through a complex modeling job of structuring how you would
'

4
!
i even construct an answer to that. I think you have to do the same

g 5i
n f

E i kind of modeling to construct an answer to the kinds of questions
$ 0|

! that you're asking, and that modeling gets involved both with
7

var us sorts of possible events and consequences and probabilities
8"

i

9 and costs. And, you know, that would be the approach.
'

9-

i

b 10 Now, to some extent what we've heard today is, you know --

E
j gj does that, although it seems to be operating at a more general
3
3 level. You know, it's kind of an anssier for more situations. And12g

i

( ) h 13 | what I really don' t know the answer to is the utility of working
i E >

at this more general level and trying to get numbers that haveg 34
! #

! 15
utility for a wide variety of situations as opposed to being more

5
. gj specific and focusing on narrower classes of decisions and getting
3
A 1

end tp.; j7 | numbers that have less general applicability.
10d ,

= .

$ 18 |
,-

C |

I 19 i
- ,

20|
<

21|
: :

| () 22 f
i

23 '

([) 24;
25

,

?
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1 OR. CKEENT: Let's see, I gather you were
\

\ 2 discussing the risk version portion of my two-pronced

( 3 question.
.-

4 DR. SLOVICs Well, ! was trying to answer the

5 question of what best approach to propose to someone who

6 needs an answer. I can see I confused you.

7 D?. OKRENT: No. If you want me to give you a

8 specific, well-defined problem on which you could provide a

9 proposed approach, I could give you one that the NFC is

10 gra ppling with now. If they have a reactor at a site which

11 is on -- -- number ten times more populated on the average

12 than their a ve ra g e site, and if one just then assumes that

,

13 all reactors are equal in this regard, they are probably

I/
l'4 even emitting radioactivity, whatever that is, how should''

15 they approach this question?

16 DE. SLOVICs 'J h a t is the quertien specifically?

17 D9. OKRENT: In other words --

18 DR. SLCVIC: Whether the site is acceptable?

19 D?. OMRENTs Yes, that is one question, and that

20 if thay decide it is acceptable on vaat basis would they do

21 it. If they decided they needed to change the reactor to

22 m a tch the site, on what basis would they do it, and so

23 f o r t h ?
,~

,/ 24 OP. SLOVIC: Well, dc you want an answer right now?t

25 D?. C M P. E N T s Sc. I tried to make the guestion

,,
#

./
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() 1 specific to see if that would help.

2 DR. SLOVIC Yes. I don't feel that I am really
,

- 3 the best person to answer that. I don't know.

4 DP. GFIEEMEYER Well, there is a tradeoff between

5 completeness of the decision process and the cost of

6 delaying decisions. And so if you make a set of decision

' 7 problems that includes the cost of delay of the decision,

8 and then you can complete a long cecision analysis, do it,

9 where time of decision and the resources that fit to make

'

10 th e decision becomes one of the aspects of the decision --
,

! 11 and in that sense then you are coing to figure out a way--

! 12 of cutting off some of your completeness and trade it off
|
' 13 for time, because time is money and delay. And if you can

() 14 structure a decision analysis in that way, I.think t' hat

15 would be the sort of thing we are trying to do, is there is

16 definitely a tradeoff between the resources we can devote

17 f o r this particular decision if we have got 75 similar

: 18 decisions to make.
1

19 DR. SLOVIC: 'J e ll , there is always a tradeoff
,
.

20 between time and effort and so forth, but I don't think that'

21 is the problem here. I think the problem is knowing what

22 you would do. In many cases the decision is important
,

23 enough that you could spend, you know you have the resources

) 24 and you can devote the time. The question, I think, is,

25 o k a y , given you have the tire and resources, what sort of
|
:

(~)%%

.5;

**
>

i
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1 modeling would you do and how would you do it. And I think

2 again it is sort of a state of the art, you know, with

() 3 regard to the modeling and the analysis that is the problem

4 right now.

5 I think once we make some progress in that

6 direction then maybe some general principles could be

7 developed which could then be applied more efficiently.
]

: 8 DR. OKRENT: Any other questions snyone wants to

9 put to Dr. Slovic?
,

10 DR. WILSON: I am not quite sure when you say is

11 it efficient. I mean to understand what model to use. I am

12 no t -- most of what we have discussed today has been4

13 basically what might be called the engineering model of how'

1-4 to calculate actual risk in engineering systems. Ar f ar as

15 I understand you, you are not using "model" in that sense,

16 are you, but the model of how to think it for this? Is that
i

17 righ t ?

18 DR. 510VICs I an thinkinc cf an analysis that

19 would enable you to choose among alternative sites,

20 alte rna tive designs. You know, that being the problem, then
,

|

| 21 how would you structure all the relevant factors? What are

22 the various consequences and what are their probabilities

23 and so forth? How would you amalgamate the divorse
t%
\/ 24 consequences, this sort of thing?

25 ' DR. SIESS Could you model the present

O
-

r
i .
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() 1 decisionmaking process for licensing nuclear power plants,

2 essentially up through the -- let's say that the initial

* 3 decision of the ASLB is the decision we are ref erring to.{}
4 Can you modal all the steps up to that? Or could you?

5 DR. SLOVICs I don't know enough about the details

6 of the process. One often can model the decision process of

7 an individual, an expert, a position, some other sort of

8 expert. Decision processes th * are very complicated and.

J

9 seem to be almost unarticulable.
.

10 DR. SIESS: That describes the one I am talk'ng
1

11 about.

12 (Lauchter.)
;

13 The present process involves the technical

O 1-4 engineering decisions, environcental decisions. It involves'

15 lawyers quite heavily, both rational and irrational
i

!
'

16 intervenor actions. I don 't know how it can get much more

17 complica ted .

18 DR. SHEWMON: Let me change the subject. What do
,

19 you mean by the word "modeling"? Do you mean "try to

20 pred ict"? Do you mean " putting a vent tree down"; instead

21 o f -- -- th e pads they go down -- yes-no decisions being
,

22 made?

23 DR. SLOVIC I guess I mean imposing a structure

( 24 on the analysis that will lead you to some answer or some,

25 dacision . But I would consider a fault tree or vent tree a

(

5 ~1I,
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!

O ' oce1 thet te e ee to come => ita ea est1=ete or <1=x- Aae

2 I think similarly if you want to make a decision one can

3 think about how you would structure all of the relevant

i 4 items of information in order to help you make that

5 decision, analyze the problem in proper depth.

6 DR. OKRENT: I think we are at ten to five. 'J e

7 had better let Dr. Slovic catch his plane. Are there any

8 points anyone wants to raise with Drs. Johnson or Kastenberg
,

9 on what they presented?
.

10 I have a question which is raised by the

11 discussion where you gave the a verage risk , Dr. Johnson. I

12 think you said that you didn't -- of estimating the risk of

13 the most af f ected individuals by a sincie plant.
,

14 DR. JOHNSONs Right.*

,

15 DR. OFRENTs Have you seen any such estimates that'

16 h a v e been made?

17 DR. JOHMSGNs No.'

18 DR. SAUNDERSt I would like to add, it seems that

19 in the plan for the site that you chose you had circles

20 drawn around them as if there were CPE at each site. It

21 seems to me that they should then function as a -- and--

j 22 ' god knows wh a t .

23 DR. JOHNSON: One of the assumptions in the model

) 24 w as that a single set of meteorology data was used at each

25 site .'

O
V

a
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() 1 Dn. SAUNDEBS: Oh, I see. So it didn't with-- --

2 the circles --

3 DR. JGENSON: All the circle basically did was

~ 4 select a different target population.

5 DE. SAUNDERS: So you have the same dispersion at

6 each site?;

I 7 DR. JOHNSON: Right, I understand.

9 DR. WILSON: So there is probably about one-third

9 of the total effect in this case.
< .

10 AUDIENCE: Dave, were you just asking for the risk

I

j 11 to the individual at the coal plant or the nuclear plant?

12 DE. OKRENTs The coal plant.

13 Yes?

O ~

14 AUDIENCES Dr. Okrent, on that point, in the paper

15 th a t myself and a rolleagua puolished last November in

16 Nuclear Saf e ty, we did attempt to estimate the r.aximum risk

I'7 to an individual f rom a coal plant. And we looked at the

18 maximum off site concentrations that are emitted under the

19 Clea n Air Act. And usinc a linear model, we estimated the

20 risk at aboct two -- -- minus four to the maximum exposed.

' 21 individual.

22 DR. OKBENT: That is per year.

23 AUDIENCES Per year, yes.

() 24 DR. CKRENT: And can someone tell me, do ther'

25. gene rally meet these limite on the average - over th e year?

?

'

.

'n.,
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() 1 DR. SAUNDERS: Yec.

okay, thank2 DR. DKBENT: Okay, so it is not --

3 you. Are there any other points that arise out of thisO |

!

4 presentation?

5 If not, then why don't we, I guess, go from my
)

6 right to my left if that is an orderly approach, however it [
:

7 is received -- Dr. Lave.

8 3R. LAVES (inaudible) of the Emperor Jurtinian

9 reads that sodomy caused earthquakes. I didn't worry very

10 much about that in Pittsburch, but I understand the people

11 in San Francisco worry about it a lot.

12 (Laughter.)

13 I think that it in that kind of thing which really

14 characterices most of what we have been doing today, which

15 is that you have to get the scientific facts right before

16 there is very much else that you can do, or at least the

17 perception of scientific f acts righ t.

18 There is a very nice paper tnat I read which

19 helped a lot with trying to answer David Okrent's question,

20 the one he has been effecting on what I have done, about

j 21 what the actual decision, what rules should we have. The

22 papar ic one by John Jackson and Howard Connichter at Penn,

23 who are complaining bitterly about what the SEC has done to

() 24 date and who talk about the process by which ccientists, and

25 particularly engineers, attsmpt to convert valuo questions-

- )

,

I
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1 into scientific criteria issues, which are more or less !()
2 drawn arbitrarily out of the air without recognizing that

!

3 value questions are valde questions and don't get dealt with I

4 drawino some numbers arbitrarily out of the air. f

5 So that I would describe most of what we have been.

6 doing today as not coming to grips at all with why it is
4

7 that nuclear reactors have not met with the greatest of

8 public approval and success, or at least why it is that

9 there are significant elements in the population that oppose
.

10 them.

11 Let me develop that before I try and give you some

12 suggestion for what to do about it.

13 I mentioned earlier that consistency is something

144 t h a t logicians try to impose on us and tha t we all try to

15 impose on oar graduate students, althou;h every tine

16 somebody actually talks about the scientific method in

17 practice as distinct from what it is we try and teach high

18 school students, it doesn't seem to work that way. But in

19 particula r, consistency just doe sn ' t go at all when we are

20 talking a bou t politics; that is, that policies get made

21 without any particular regard for consistency as a virtue,

22 a n d I think that we cannot -- it is not necessarily fruitful

23 to compare public decisions in one area with public

() 24 decisions in another and say, see, they are in consi sten t , as

25 if that was a great source of discovery of something or
4

. ...
.y. ,
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,( } 1 other.

*
2 But one of the things that I noted today is that'

. 3 virtually everybody, except perhaps David Okrent, has
'

4 assumed exclusively that nuclear power ought to be safer

5 than any other technology. I really wonder about that. Why

6 is it that we have that kind of a notion. I think that many

7 of us, or at least they seemed to have expressed it, and I

8 will leave myself out of that since I haven't said it yet,

9 many of us believe that there are value differences that are
.

10 inherent in nuclear power somehow in comparison with other

11 kinds of technolocy. And when this group comes out with

12 statements of that sort, it is just not difficult to see

13 that the ceneral public is also going to have some value

n'N- 14 conflicts, indeed probably more general value conflicts than

15 we have here.

16 One of the points that struck me in the midst of

I'7 all of this discussion about ten to the minus four and ten

18 t o the minus eight is the icsue of verifiability. That is,

19 how in the world does one know that something is ten to the
!

20 minu s eicht, and this got mentioned I think at the first
1

21 meeting that I attended of the subcommittee, where I think

22 t h a t one of the major issues in the public's mind is not

23 whether ten to the minus seven or ten to the minus five is

() 24 s' ed dnoufg aut re'lly how it is you knov thas is ir sem sn

25 the minus five.

n/ .

%
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(_) 1 I think there is a fairly general interpretation,

2 that Three Mile Island was an indication that those

3 probabilities are not as stated but in fact they are much

4 larger, and not a factor of two larger, but perhaps ten to

5 the four larger than had been said before.

6 And so the issue of verifiability strikes very

7 large, and I must say that as a practitioner of all this I

8 am highly skeptical .f what those numbers are, as to whether

9 they are right within a factor of two or actor of ten or
.

10 f actor of a thousand, p a rtic ula rly when one is trying to

11 introduce a fact such as sabotage, terrorism in there.

I 12 And so verifiability seems to me to be this very

13 large area we haven' t heard very much about, and I quess I

O 14 would have thought that before one can go public with any

15 proposal that you had better have something quite concrete

16 to say about the extent of verifiability.

I'7 One ainor point in all this is th e re seems to be
;

18 this great reason to conpare risk with back;round levels,

19 assuming that the im plication is that if we are goinc to

20 build reactors we ought to install them and say either Miami

21 or Wilkesbury where we have this enornous population of 65

22 and older of whoc are at daily risk not ten to the minus

23 th re e , b u t more, a creater risk than -- more like ten to the

,) 24 min u s o n e .

25 Apparently if we were to put a reactor there, then

Oo

.

4
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/~} 1 these people would be much more accepting of the risk. Or
U,

2 alternatively, we could put the reactors in Denver because

3 they cet so much more radiation anyway. I must say-I think*

4 that those are entirely spurious, that the comparison with

5 backgrounds may have some psychological effects when you are
i

6 presenting a number to the public, but I can't believe that

7 th ey have more than that.

8 Let me just try and be a little bit more

9 concrete. That is, I think that today has some fruitful,

10 there were some fruitful effects of today, not because we

11 heard different people arguing for ten to th e minus five or

i 12 ten to the minus six , but because at the time we were

13 actually going to make some progress somebody has to come up

D)(s 14 with some concrete proposals which are fleshed out so that

15 we k now what the proposal is, what the implications are,

16 whether they can be administered and so on. And I think

I'7 that there was some of that today, where we actually began

18 to g e t some fairly concrete proposals and began to look at

19 some thing of the implications.

20 The problem is that those proposals are being made

21 to this distinguished subcommittee, which is in no position
.

j 22 to resolve these value conflicts that I started off with.

23 '4hatever your distinguished backgrounds in the past, nobody

(~D 241 elected you to resolve their value conflicts. I don't
s_/

25 imagine many of you have had very much experience with all

("%i i

\-) |
1

|

|
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I) 1 that, and at least on the basis of some of my dealings with
V

2 your chairman I would not think that you were terribly

3 skilled --fsA
4 (Laughtet.)

5 -- in resolving these kinds of conflicts.

6 DH. CKRENT: 'Je value independence, whether we

7 agree with it or not.

8 There is a single institution in our society that,

9 and this is for the whole of the United States, actually is
.

10 duly constituted to resolve value conflicts, and that is the

11 United States Congcess. It is the only body that is elected

12 by all of society specifically with the goal of looking at

13 these conflicts between individuals and resolving them

14 some how.

15 And the anly time we are ever going to get any

16 definitive resolution of these value conflicts is from the

17 Cong ress. ;

l

18 On the, other hand, the Congress is bent on getting

19 reelected each time , and they know better than to muck with

20 some thing that is going to get them into trouble. And so

21 time after time they have tried as hard as they can to not

22 ~ resolve value conflicts that they don't have to resolve.

23 And one of the favorite techniques has been to create an

() 24 independent regulatory commission, take problems that they

25 can ' t resolve, shove them off onto the cocaission, and then

hs -

- h.'*
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('} 1 when the commission makes a judgment say gee, tha t was a
x_-

2 dumb thing to do.

3 So although my first preference would truly be tog_
V

4 get Congress to resolve these value conflicts, it is

5 probably not going to happen very soon and thus we are still

6 left wi th the question that David wants me to address;

7 nanely, what in the world can this subcommittee recommend to

8 the NRC.

> 9 There I think that I don't have anything very
-

10 powerful to recommend just because you are the boss. But I

11 think that if I have something to recommend, it is that the'

1:2 NRC - ought to begin to act as if it were in fact the body

13 engaged in resolving value conflicts. That is, it ought to

A
(_/ 14 use these time-honored practices that the Congress uses,

15 namely , to publish a set of proposals in th e Federal

16 Register, to put out a notice that you are coing to hold

I'7 hea rings on these, to then start holding some hearings on

18 these various proposals, have various aroups frcm society

19 step forward and have their say or have a very skilled

' 20 chairman who manages to let everybody believe that their

21 comments are highly valued and will be taken into account in

22 the final decision even though assuming you can't please

23 ev erybody , and that after holding all these hearings

('J 24 probably for at least a year and two and gettino everybcdyl
x

25 exhausted in the course of all this, compiling tens of

[ ..
,
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() I thousands of pages of testimony, then the NEC can come out

2 with some kind of judgment, at which point the courts and

3 the Congress will look at this record and say, gee, if theys
i

4 were that careful it must have been a good job.*

5 And in the course of it -- let me not be cynical

6 -- I think that they would learn something from the

7 hearings, that in the course of developing these views their

1 8 proposals would be clarified, the value conflicts would be

9 cla rified , there would be some ability to trade off, to give

10 a group something rather in return for getting something. I

11 think that their proposals in the end had some chance of

12 working , as distinct from this one that says well, any idiot

13 can see that if your chance of death is only, is ten to the

- 14 minus two or greater per year, that therefore it must be

15 that an increased risk of ten to the minus six is a

16 negligible one and you ought to accept it.

17 The fact is that people in our society don't

18 accept that for whatever reason. So that I think that if

19 th e Congress icn't going to resolve the value conflicts,

20 which I would hope it would but don't think it will, then

21 th e NEC is going to have to resolve them, and the only way

22 th a t I know of offhand for doinc that is to get into the'

23 whole tedious business of holding hearings.

24 And that is all that I have to say.(
25 DR. KERR. (inaudible) decisions?

O%s

'.. . , ,
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(,) 1 DR. LAVE. Well, in the best tradition of the
,

,

2 Supreme Court, all of their decisions are five to four

3 opinions, and then wind up changing ten years later when thers
N)

4 court gets chancad around, I don't see why these should be

t 5 different.

6 But in particular, when you have value conflicts

7 which cut right across the sensitive points of society, then

8 damn it, you ought to have a three to two decisions, because

9 they are that close.

10 And I think the public by and large recocnizes

11 that when you have a five to four decision f rom the Supreme

12 Court that there is a lot of agoniziac that went into that,

13 and even if it didn't cut your way, then you say, well, gee

14 whiz, as soon as we get one more justice on there we will

15 brin g up the care and get it reversed.

16 And sure, that is hope springs eternal. Democracy

1'7 has gone on from one year to the next. They don't settle an

18 issue f or all time.

19 That is part of the way in which one placa tes
j

20 people on value conflicts of that sort, that it isn't set in

21 stone, that there will be opportunity to argue it again if

22 there is a new c'ommissioner or there is some new evidence of

23 some sort.

() 24 Now that doesn't mean that'every tima you get a

25 ne w Supreme Court austice that you settle all the old cases

p -

L-)
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{} 1 again, but at least hope springs eternal.

2 DR. OKRENT: Well, Lester, as you know, the ACES

i

3 recommended a little over a year ago now, I guess, that the
OV

4 NRC try to develop such criteria and in fact propose them to

5 the Congress, that the Congress could say whether they
,

6 thought these seemed okay, or at least they didn't say ther,

7 were terrible or wh.e.ever.

8 I have to assume that if I were a commissioner and

9 was trying to decide should we tackle this thing and sho uld
4

10 we have hearings, as you just proposed, I would like to

11 think that there are going to be some plausible approaches

12 to discuss. In other words, we are not going to be

13 proposing to hold hea rings on something , and the whole thing

As 1-4 is goina to turn out -- people say, you fools. I mean this

15 is j ust the wrong thing to deal with.

16 So I think there still is a need to be able to

17 have so m.et h i n g that at leart can serve as one of the points

18 of discussion. In fact, I have reason to think that this is

19 one of the kinds of thought processes that the comm.issioners

20 would undergo , and I think they are interested in seeing

21 whether one or more plausible ones can't be provided as a

22 st a r ting point.
.

23 ' I think in fact th e very -- sspecially if one of

(') 24 th e s e , or more, could be provided I think that they would

25 then go into the vary step you have described. I think that

.
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1 there would be a good probability that they would..ggg

2 DR. LAVES Yes, I think that it is essential that

3 out of this process that you try to get not a consensus on
i\

~

4 some acceptable risk but that instead you try and numerate a

5 broader way of approaches as fully fleshed out as possible,

6 which would under my proposal be published in the Federal

7 Register and serve as a basis for comment, along with what

8 other ones people want to propose.

9 Rat for the other part let me just put to you

10 again that if you were the Congress you would not let one of

11 your independent regulatory agencies force you to take on a

12 ta s k like deciding what acceptable risk is.

13 I think that the position the Cong ress is going to
',,

\

< _ ' 14 be in is after the NRC has made its decision then the

15 Con;ress will test the wind and say it is okay or you are a

16 bunch of dann fools, and tha t is the role they enjoy, they

I'7 feel co.T.fortable with and they have had lots of experience

18 wi th .

19 (Lauchter.)

20 DR. CYRENT: They may in fact, as I tried to

21 indirate esclier, encosa not to publich it but also not to

22 sa y it is unacceptable, in other words, and allow it to

23 proceed unlass it gets into trouble.

/ 24 OR. KERR '4 h a t they might do is sit back, as you

25 s a y , and not bloss it and then wait for the first accident

,

ALDERSON REPORTING COMPANY, INC.

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



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

243
'

-

() 1 to occur and then say what a bunch damn fools you are.

2 DR. OKRENT: Bernero?

3 D3. BERNERO: Bob Bernera, NBC. I would recommendf-

4 if you haven't seen it already, the Commission has gone in

5 the general direction Dr. Lave suggests on the Indian Point

6 case, that order the Commission put out on .tay 30th, I think

7 it was, something like th a t , which sets up a hearing board

8 to gather extensive evidence of a rather murky mixture on

9 whether Indian Point is too populous, too risky or whatever,

10 and then the Commission would make a judgment on that in the

11 end.

12 Eut I think it suffers from what Dr. Ok ren t was

13 poin ting out. It doesn't really have a cohesion to it in

()v 14 its presen t form. It is just a mixture of all sorts of'

15 things.

16 DR. LAVE: Let me add one caution, since the

l'7 Commission is going to get into this, and that is you ought

18 to take a look at the kind of hearings that CSMA or EPA has

19 held and know that you had better get some very tough people

1 20 in t here to hold those hearings, because, first of all, they

21 will last a long time; secondly, peopl'e will not be polite

22 to one another, and so on. But then when you are dealing

23 with f undamental value conflicts, that is all of what goes

| () 24 o n . And we have some fundanental /alue con:licts here. But

25 I think it is better to get these settled in advance insofar

.
O_-

1
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O).' 1 as you can than it is to pretend that they d on ' t exist.
.

2 DR. OKRENT Dr. Shewmon?
'

(g 3 DR. S H E'4 M O N : Doesn't anybody else do things as
V

4 rationally as we are trying to do? 'Jhat I have in mind is

5 now that these numbers of ten to the minus six and ten to

6 the minus four and ten to the minus eight, and separate is

7 the question they are unverifiable, and we can discuss that

8 over a beer some night and exchange stories. But let's come'

9 back to the basic question of ten to the minus six is a nice

10 -- -- and maybe it is the thing that always comes to a

11 technical person's mind or some of them, but is it done in

12 this country by these other agencies you are talking about

13 or do people Just back out, well, I think it would be

O)\_ 14 $600,000 if OSHA did it that way or EFA. ;

15 DE. LAVE: There have been a number of attempts to

16 go o u t to this. There are these -- -- called economists

l'7 around who ;et in and start advising acencies to do damn

18 f ool things, and agencies always knew in the past that you

19 never _ face squarely up to any issue that you could manage to
,

!20 skirt around, and we have had in Concress that have gotten

21 high up into various agencies so that, for example, the

22 Na tional Eighvey Transportation Safety Agency at one point

23 published a memo that said that for analytic purposes a

() 24 human lif e would be vorth T200,000 in all of their

25 d ecisions . And they stuck vith that for, I think, 36 hours

' /"
U}

i
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() 1 bef o re the roof fell on their heads.

2 But as a matter of fact, the Federal Aeronautics

3 Administration.h'as a value of life of T300,000, which it

4 uses in every one of its decisions. In every icok at

5 aviation saf ety they explicitly look at how many lives would

6 be saved on a probabilistic basis. They value all those

7 lives at $300,000 apiece, they compare them to costs, and

8 they decide whether to go ahead or not to go ahead, or

9 better still, whether to apply it to this airport or to that
.

; 10 o n e . And they decide this airport should get it and tha t

11 airport shouldn't.

12 So there are two agencies. When you start taking

13 a look at the health area rather than accidents, sincei

14 accidents are fairly clear-cut, somebody dies or they don't

15 die, and you know the accident took place. But when

16 some body dies of a lung cancer, you don't know whether that
J

l'7 was due to their cigarette smoking or waether that was due

; 18 to have been irradiated.

19 " hen you look at the health area, then acencies

20 lik e the FDA just loves to have the delayinc clause around

21 where they can just lean their elbows on it at any time the

22 goin g gets tough..

i 23 But there are a couple of areas, the Toxic

(O 24 Substances Control Act created a nightmare for FFA, slacej

25 under that act they are explicitly required to balance

[ 'li
s/4

I

! -
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1'benefite and costs or risks and benefits somehow, and EPA
j }

: 12 has found it virtually impossible to implement TSCA because

3 of this provision.

O'
,

4 The FDA must explicitly balance benefits and risks

h 5 when it decides to license a new drug. And mostly what the

6 FDA does is to decide not to act f o r righ t now, but to ask
:

7 for more evidence.

8 So these kind of decisions are being made
]
I 9 explicitly by agencies. They try and develop criteria for

10 them. They find it extraordinarily difficult and

't- 11 uncomfortable to make a judgment, and in general they try to
i

12 gather more evidence to avoid making judgments. In the end

| 13 when they make a judgment they f ace up to these.

! ( *

14 And then almost invariably they wind up getting

15 sued . Sc there isn't any easy road, but there are otherj
,

16 agencies that are doing it.
.

|.. 17 DR. OKEE!!T: Yes?

'
18 AUDIENCE: I think there is one point where

.

- 19 Cong ress do es (inaudible) th ey a ctually go thrcugh the

20 budget every year, and they are implicitly m aking come sort
:
I 21 of decisions in value conflicts.

22- DR. LAVE: No, that is right. There is a way in4

i
23 which the Congress guides -- well, first of all, Congress'

l'T 24 every year in every one of its judgments resolve value
' ~

| \/
| 25 conflicts. Every time they co through the budget process
t

'

;

4
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I )\ 1 they decide how much money for Headste.rt and how much money
%

2 for Defense, how much money for the Nuclear Regulatory

3 Commission. So they do settle all these things every year.

4 It is just that in the midst of that they had just as soon

5 not take on any that they don't have to, like some sort of

6 universal decision on what the safety of nuclear power ought

7 to be.

8 There are a number of inferences that one can maKe

9 about what it is that Congress does or doesn 't do. The
.

10 problem is that Congress moves around faster than the common

11 law so that it is very difficult to d raw any gene ral thread

12 out of congressional decisions because the Congress changes

; 13 every two years, and with congressional change you get vast

'
I 14 dif f erences in the kinds of value resolutions that th e y come

15 to on all this.

16 Nor would I particularly advise that the NRC spend

I'7 a lot of time studying recent congressional decisions, since

18 I do n ' t think there has been enough consistency there so

19 that very much would be learned. I think that they would be

20 much better off by going directly to the people if they

21 can't get the Congress to address it specifically.
,

22 DR. OKRENT: Thank you, Lester. Dr. Wilson?

23 Da. ~4ILSON. Now the question of what I can add to

() 24 this . I circulated a statement of some other thoughts

25 bef orehand and which have now changed of course. Cne of

I

.

.
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(]) 1 the problems is I open my mouth so often I can't remember

2 what I said the last time.

3 (Laughter.)

4 So in somewhat of a short length of time I have

5 changed. But the general framework, it se-eas to me, of what

6 I think is, are the following, that it is important if you*

7 are trying to discuss (inaudible) to put it in a'locica'l

8 framework. Otherwise, (inaudible) what set of decisions are

9 there that people want to ask with which this risk of the

10 nuclear power (inaudible).

11 Should I list here tha t nuclea r power stations are

12 dangerous or should I not? Should I (inaudible).

13 So the whole set of decision questions which

14 involve different constituencies, and the question is who

15 decides t hem .

16 Now that is a whole difficult question which we
!

l'7 haven't understood (inaudible) but you must realize that

18 th a t is the framework in which the whole thing we are
,

19 talki..g about must fit.

20 So here we get a jump in our logic, and I said

21 there were several constituencies. There are probably 200
,

22 million of them in this country. (inaudible)

23 So then these are the groups that one tends to

() 24 come up with -- the occupational risk, the occupation, the

25 people engaged (inaudible), the individual of which this

O
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s 1 seems to be the site boundary, and the general people -- I( )

2 made a slight distinction there because I think it is worth

q 3 making, because a lot of people have said one in a billion

(_/,

4 risk per year (inaudible), but we know that it won 't get

5 down that low (inaudible), and then the society, it might be

6 200 a year, the whole technology, or 10 per year per power
;

7 station.

8 Then comes the question, are those the exact

9 numbers. It seems to me we can talk about and discuss. No w
^

,

uncertainties in all10 on e thing that we have to mention -- --
.

11 of these, and of course that is where we end up --

12 verifiability , and I think that is where the problem, some

13 of the problems come, and I think that (inaudible).
'T,

14 We had to understand the un ce rtain tie s , which

15 include of course the fact that we excluded sabotage, which

16 m a y o r m a y not be important, most important. The fact of

I'7 the u ncer tain ty in the figures (inaudible).

18 So this gets you to how you implement something
,

19 lik a this in the face of uncertainty, bearing in mind you

20 ha ve go t to have a calculation precedure which is definite
,

21 for calculating risks.

22 I would think from what I have lis t e r.ed to the

23 dif ficulty of verification is comewhat the same point as the

() 24 u ncertain ty. It is applied to dif f erent f ea tures , and

.

25 un certaint y is established mathematically. i

i
!

1

% - I

! N/

,
N
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1

1 (inaudible)

2 So we have to go on, I think, and leave them out.

3 And one of the problems is if you leave them out, and mind

O
4 you people are all the time leaving them out, you get

5 yourself into trouble.

6 Now Easmussen's approach to it, and the median was

7 to allow normal distribution, and I know that has gotten

8 into trouble with a lot of people who perceive this --

9 Richard Garvin, for example (inaudible). And what do you
.

10 m e a n by this, that when you have got a medium risk and so on?

11 Well, I think that is moderately, well, leaving a

12 rather normal distribution. That is about normal

13 distribu tion , I think (inaudible).

__) 14 Well, I don't know what that means, but let's
,

15 suppose it means that the sigma is one and the two-sigma --

; 16 -- we wa n ted the probability rather than the consequence,

17 and of course since you nultiply the two together you ha ve

18 to h old them together.

19 And so I would include this (inaudible) a

20 ma thematical procedure for coping with that. As far as I

21 know, no one has done, and it could (inaudible).

22 Now the societal risk question is that it is

23 simpler, and I don't have to mention that here. We know,

.

24 f o r 'exa mple, 80,000 people are coing to get cigarettes, lung

25 cancer from cigarette smoking avery year, and tha t is fairly

O
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,- 7
1 well known.. However, if we were just calculating that from(,)
2 some model, which had an uncertainty in it, we could just

p 3 say, well, this uncertainty, the sigma of (inaudible). It

G
4 1s all important to me whether that 80,000 is really 80,000

5 or whether it really is 100,000, which means society has to

6 cope with a different number of -- -- different number of

7 hospitals, it has to -- -- all the different things of

8 society would be different on that basis.

9 So on that basis I don't know what one does, but

10 it might be -- -- to go to a 99 percent -- -- or two-sigma

11 limit, or something like that -- -- and I think they have to

12 be handled differently, and that is very difficult.

13 Once one does that I think cne copies with some of
,.

' '
- ' 14 th e societal problems of large accidehts, because -- -- tha

15 unce rtain ty in the risk of very large accidents is very much

16 greater than (inaudible).

17 So the last thing I want to talk about is

18 rela tively im po rt a n t .

19

20

[ 21

)

,J,,S
23

24

25

-

!
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apa 12 i So the las t thing I want -- thing I should have
RC f"RS |
/lh .; 2, mentioned before, I'm not sure that the -- (WORD UNINTELLIGIBLE)-

&nid/
Ttfield 3 principle is much more fundamental and important in the frame-

,,

L' 4| work than a (WORD UNINTELLIGIBLE), and that's because (WORDS
I

5| UNINTELLIGIBLE) should be thought about as (WORDS UNINTELLIGIBLE) .e
R
n

8 6' We should, in some sense, be s tarting with that and deriving all
e

7 the other things from it, if we knew how to do that logic.

8. And so it's important not only at the end, af ter you
a i

'd
d 9 have done those in minutes, it's because (WO RDS UNINTELLIGIBLE)
7:

$ 10 if we can (WORDS UNINTELLIGIBLE) far out from the (WORD UNIN-
_E
s ]] TELLIGIBLE) principle and industry gets a little more guts than
<
?
d 12 i they have at the moment, and we see, in fact, a hundred o ff in
E !

cm = |

i d 13 | these limits from what (WORD UNINTELLIGIBLE) would tell you ,
o ::

!

s 14 | then I calculate that out and say, well, I'll start suing NRC
*

Ib
I! 15 or something for their giving too flat a criteria.

E 4

16 And so that's a j udgment in which, in some sense, we'

3
A

g 17 f are j udging these criteria which (WORDS UNINTELLIGIBLE) against

: i
y ja | that (WORD UNINTELLIGIBLE) principle.
= !

|

I' 19 ! And now I wo uld, the other thing I' d emphasize, I
=

5 '

n

20 th ink , to day , I think it's important if we put these things to

|

21| get the f ramework right, and in that f ramewo rk it's the core
t

! melt, et cetera, criteria for the hazard indices are the large''
22,

!
23 | or secondary criteria. That's not to mean to say that they

; 24 aren ' t very impo rtant. They are very important -- I mentioned/~'

25 them in my first talk (WO RDS UNINTELLIGIBLE) . They are most
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-

253--

JO-2 1 important, it seems to me, for three reasons. Number one is

() because they're objective, more objective than some of the2

3 others. Number two, they are what -- they do address the public

_

4 perception of the particular accidents of the moment, the (WORDS

e 5 UNINTELLIGIBLE) Three Mile Island. Number three, when you're
3
n

s 6i talking about this kind of consequence, you want to break up the
e

7 different elements of an event tree as much as possible which

8 you' re not quite sure one or the other. And so you want to both

d
d 9 make sure that core melt has a low probability and af ter a core
i

h 10 melt you have low consequence, because even if you go by

E
5 11 s abo tage , if you have it properly quantified (WORDS UNINTELLIGI-
<
S
d 12 BLE) co re melt. And so that using the consequences of core
3

(]) 13 melt, it helps in -- in sabotage. So that breaks up that into
a

E 14 little bits .
d
u

! 15 But one must be aware that it is a secondary criteria,

s
.' 16 and then, of course, it would change, it would be (WORDS UNIN-<

3 i
'd I

i 17 |
TELLIGIBLE) that may change a little more than the others.

w
=
5 18 Now, having said this , I think one now has to play

E
t 19 the whole record backwards , because it gets to the point that

R

20 . Lester Lave was talking about, that what we've got to end up
|

21 with is something people are going to accept in the end and

22 which finally goes to (WORD UNINTELLIGIBLE) the Congress and

23|
the people. And so although one comes up with these sorts of

(-] 24 engineered things , one then has to go back, are one -- is one,
us t

I in fact, reaching (NORDS UNINT2LLIGIBLE) these first few things ,25
!
,

!

!
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@- 3 1 are you answering those questions. And those aren' t questions

rh
\_/ 2 (WORDS UNINTELLIGIBLE) can answer. We can only make guesses of

3 what the things are. (WORDS UNINTELLIGIBLE) would, presumably,

(r%-) 4 address. And I don' t see any (WORDS UNINTELLIGIBLE) forward of

e 5 that kind o f change. But maybe -- you' ve got to make sure that
3 !,n
3 6 the (WORDS UNINTELLIGIBLE) we are starting at the beginning and
e
R
$ 7 keep addressing that. method but each time.

3
8 8 Those are my feelings , Dr. Shewmon.
N

d
d 9 DR. SHEWMON: Would you put back the part where you
i

h 10 have societal risk (WORDS UNINTELLIGIBLE) and explain what you
? -

5 11 said again.
<
W
d 12 DR. WILSON: Okay. What I pointed out here, as I say,

() $E
~

13 (WORDS UNINTELLIGIBLE) risk, suppose we take the risk calculated

E 14 by the WASH-1400 methodology, and it's , what, .02 per year
d
u

E 15 (WORD UNINTELLIGIBLE) per reactor year, it comes out to be.
$

. 16 Now, there 's uncertainty in that, where the -- if I understand'

3
A

g 17 {
tha t (WORDS UNINTELLIGIBLE) puts sigma one equals one and sigma

5
5 18 two equals one , approximately. As Rasmussen (?) said, it might

3

$ 19 be five times bigger or might be five times smaller. Then you
n

20 could put them equal to two and say (WO RDS UNINTELLIGIBLE) . Now,

21 it turns out to be, turns out smaller, that's the thing to be

t'') 22 thought about.
U

23 ! Now, when I say that, that would mean I've got -- or

("3 24 should be combining those in some sense. And what I'm caying
(/

25 is, one wants to somehow go to (WORDS UNINTELLIGIBLE) ses a

|
|
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@-4 1 full probabilistic distribution , say it's twice the standard
rx
\) 2 deviation of (WORD UNINTELLIGIBLE) normal distribution. (WORDS"

3 UNINTELLIGIBLE) .
~

/^i
\- 4 DR. SHEWMON: And you'll take the main thrust from

a 5 sigma, and not say it equals two sigma.
E
n
j 6, DR. WILSON: Well, we'll say if we want to protect

R i

$ 7' things , ' et 's go up to the -- we ' d go up, up -- because there.

;

] 8 is, having said that, because there isn' t a station anywhere in

a

i
, the (WORDS UNINTELLIGIBLE) NRC and I'll make them, I'll lean overd 9

o
@ 10 backwards, I'm being a little safe. That's what I would put in

E
5 11 there . I wouldn' t take the median value or the mean value. I

$'

6 12 , would take something more -- more (WORD UNINTELLIGIBLE) more
4

Z l

(N 5
13 conservative, more pessimistic than that.

.

(J g
m

j 14 And that does two things for you. It gives you a

$
9 15 (WORD UNINTELLIGIBLE) -- well, one thing, you gain incentive
5
y 16 for everybody who is (WORDS UNINTELLIGIBLE) process of adducing
A

g 17 risk and tue process of reducing the understanding of risk; if

5
5 18 you've got that uncertainty in there in that basis, you've got
~

e
E 19 both uncertainties (WORDS UNINTELLIGIBLE).
M

'

20 DR. SHEWMON: Thank you.

21 DR. WILSON: It's -- it's fairly consistent. And I

;( ) 22 mus t apologize, by the way, to D r . Griesmeyer and Dr. Kastenberg

!

23 ' for treating them as a completely degenerate pair of ACRS

f{} 24 fellows (WORDS UNINTELLIGIBLE) .
-

25 (Laughter)
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40-5 1 (WORDS UNINTELLIGIBLE) I referred to Dr. Griesmeyer --
A
( ')

2 to Dr. Kastenberg when it was Dr. Griesmeyer had done something-

3 and vice versa.
,

4 DR. OKRENT: Any ques tions for Dr. Wilson?

e 5 Dr. Lowrance.
3
N

$ 6 DR. LOWRANCE: My comments are very brief. There
e
R
$ 7 mus t be some point of diminishing return here.
,

S 8 I generally think that this same quantitative modeling
N

d
d 9 , approach to probabilistic risk assessment ought to be en-
i

h 10 couraged. I think the kind of work the fellows is doing, are
Z

N 11 doing is ve ry , very use ful . I do believe that at some point
<
S
e 12 these proposals need to get firmed up a little bit and exposed
z

() a little more broadly to public comment, both for smooth13
E

E 14 tactics as well as for real refinement. And I don' t think
N=
2 15 that's a bad consideration.

N
: 16 I'd feel a bit better about it if they backed off on

a
W

p 17 the Science Court proposal. I think that's what we have a

N
$ 18 Nuclear Regulatory Commission for. We set up regulatory

5
"

19 authorities so we can knock them down when we disagree with
8
n

20 th em . And putting one more set of scientists in there, it seems

21 to me, doesn' t help a whole lot.

() 22 I would hope, then, that we'd take some of these
i

23| general approaches and try to apply them to a particular real
!

() 24 | situation and say how do you get from the very broad kinds of

|

25 things th a t , for instance, the fellows have been doing, how do!
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O-6 1 we get from those, which really in a sense are overall summed
("%
\2 performance characteristics , to design characteristics and2

3 operation characteristics for a real power plant in a real place.
,

O-s 4 I think also one might go back -- and perhaps this has

|

e 5 been done -- but go back and look at some accidents, such as the
3
N

s 6 Three Mile Island sequence, and ask how those are accommodated
e
R
g 7 within some of the models that are being considered. And so

A
8 8 there seems to be a little loose talk about Three Mile Island
n

d
d 9 . now as though it were not a bad accident at 'all, I mean, seeing
i

h 10 no one was killed, or maybe one person in the long run, or some-

E
5 11 thing of that sort, when, in fact, it seems to me, it was a
<
3
d 12 damn near miss. I do n ' t think th at 's a point of just hysterical
z

('\ 5(,) d 13 perception. I really think some things went f ar out of design,
o
m

E 14 so to speak, and there again it's that domain between design
w
$
2 15 and some gross performance that I -- that needs to be examined

$
16 a little more carefully.

S
w

b^ 17 And perhaps this has all been done internally, but I

$
'

$ 18 am not as aware -- I'm not aware of that myself.

E
19 If the -- if some of these ideas get exposed in"

8
n

20 haarings over the next few years, they could be conducted, I

21 think those hearings could well be conducted, by a good admin-

n() 22 | istrative law. judge. That's the kind -- I agree with several
i

I

23 ! comments that you need somebody tough to run those hearings , and

() 24 I think the NRC could do itself a favor by getting an experi-

25| enced, scientifically trained administrative law judge to run

i
;
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E- 7 1 the hearings.

O i'/ 2 DR. OKRENT: Tough and beyond.'-

I

3 DR. LOWRANCE: Well,

f3
\' 4 (Laugh ter)

e 5 Just briefly.
A I

9 |

@ 6 DR. OKRENT: Could I ask two questions, or at least

R
8 7 explore two points.

A

| 8 You suggested it might be useful to expose, at least,

d
d 9 let's say, the kind of thing that the ACS Health has :been work-
i
o
g 10 ing on through a broader segment of the section. And I -- you
E

h 11 all are supposed to be the first cut at that broader segment,
B

g 12 o f course.

5
E_)s y 13 (Laughter)

> =

| 14 DR. LOWRANCE: Well, we have done a little bit of

$
9 15 that.

$
g 16 DR. OKRENT : Yes. Now, what would you suggest as a
w

g 17 j possible mechanism or possible mechanisms for doing that? Do

5 18 | you have any favorite ideas there?
=
b; 19 DR. LOWRANCE: No. I in general f avor structured
5

20 hearings as inviting certain kinds of people in the first round,

21 certain, let's say, experts, and notions of quantitative analysis

(). 22 in general. I ' ll think about i t . Perhaps privately, or later

23 , in a letter, I can suggest a format. I think just opening up

(}) 24 and saying, "Here are some ideas. Does anybody want to come to;

25 Washington and comment?" would jus t be -- wouldn' t be very
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JO-8 1 productive. Other agencies have tried that. The FTA does that

A) routinely with its proposals in the Federal Register and gets(. 2

lots and lots and lots af feedback and doesn't quite know what
3

(') to do with it all. So more structure than that I think would be(_/ 4

e 5 good. But I don't have a specific proposal.
A
n

d 6 DR. OKRENT: All right. Now, getting back to the
e

74
g 7 science tourt, I'd like to explore that a little bit.

e'.
8 8 My understanding of the current Nuclear Regulatory
n

d
d 9 Commission is that the members of the Commission itself are not
i
b 10 selected on the basis that they should be able to review
e
z
_

5 11 probabilistic analyses and judge which is valid or what the
<
m
d 12 real answers is, or so forth. And I don' t anticipate that that
Z_

() 13 is going to be an important criterion for a Commissioner. So

=
if the Commissioners are the ones who are going to arrive at$ 14w

15 the judgment on what is the most probable level of risk for a

5
.- 16 specific reactor, it seems to me that they can' t arrive at the

B
W

d 17 {
judgment from within: they have to take someone's advice.

a
=
5 18 So you could say, "Well, all right, the Commissioners
-

5 can set up a group, the NRC s ta f f perhaps , who do i t fo r them . "19
3
,.

in a sense, you could say that the NRC staff are acting20 Well,

21 in that capacity now. However, they end up, as I observe it,

(') 22 being partios in developing what I'll call safety positions,
xs

23 : and sometimes they'll come into an analysis with a position in
t

!
r~% 24 mind and I don't know whether the analysis is prejudiced; I have
%)

that, you know, perhaps
25| my own suspicions -- okay? --

!
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-9 j subconsciously . But as I have indicated, many times , I think,

o in ' this business , it's easy to get a range of answers quite\_/ 2

3 honestly, not even knowingly. In fact, if you didn' t remember

O what you did last year, you might very well get a dif ferent onek/ 4

e 5 this year, you know, about the benefit of new data and so forth.
M
N

$ 6
So it's for that reason, at least, I'm a little

e

7 skeptical that the NRC staff are the ones who should act as

8 the judge as this is the -- and also they end up, as you well

d know, in a protagonist position sometimes with the industry,d 9
-.

h 10 sometimes with intervenors, and so forth . So it would seem to

E
s jj

me if it's -- if there is to be some kind of a group that pro-
<
3
d 12 vides a -- a judgment that this is our best estimate of what
3

the actual risk is, there would have to be another. body within() 13
m

the NRC if it worked within the NRC. At least, that's my ownj j4
x
b
! 15 feeling. Now, maybe that's the wrong route to go, but if so I

E
need to know what the other route is to closure of the question

_ . - 16
s
W

of this is the level of risk that we're going to use as theg 17

5
5 18 working level until we know something else. It's in the

E
b absence of any mechanisms that I can see that exist Ehat, in19
8
e

20 fact, I suggested to Griesemeyer we have to propose something

to meet Ehis need and it needs to have some kind of legally
21

fl 22 accep;able status, it seems to me.
v

So, you know, maybe tae term " science court" is the23

wrong one to use, because the -- it has a connotation in(} 24

25 | people's minds. So we need to invent a new word or term or
.

I
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B-10 i something. But I need to see another way of doing it if not

b via what I will now call a kind of a science court but not thes/ 2

science court that was discussed in Science.3

) 4 DR. KASTENBERG: Could I suggest thinking about your

e 5 question later on and not just answering it now. If someone

3n
8 6 locked at the hearings that led to your final acceptance
e

'7 criteria for (WORD UNINTELLIGIBLE) for cooling system -- I

don' t know tha t this is the answer, I'm saying that this is
8

d representative of a very difficult problem that WASH handledn 9
,

i

h 10 by hearings and a decision then was made by the Commission.
3 '

5 11
That might convince you to use that approach, it might convince

<
3

0 12 yo u t'- - ' ' * is an approach not to use, but at least it's -- that
Z

hh 13 was imc a (WORD UNINTELLIGIBLE) .
J p

m
DR. OKRENT: No. Well, let me comment on that. In2 14 j

w
b
! 15 the first place, that wasn ' t intended to be a generic solution.
*
x

. 16
I don't think the Commissioners could have lived through doing'

3

p 17 i this reactor af ter reactor af ter reactor. I don' t believe the

5
5 18

Commissioners themselves tried to become technical experts . In

i
I 19 fact, I know very well that af ter the staff had reached its
%

20 position and testified and everybody else testified, the Commis-

21 sion got two or more very well thought of individuals from the

technical community to be consultants directly to the Commis-(} 22

23 ! sion; and they relied strongly on the advice from these con-
!

24 s ul tants . Which I think is (WORD UNINTELLIGIBLE) . I can't'

(])
! remember, but one or more of the Commissioners then was a lawyer ,

25
I
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80-11 1 none of them were experts in low-heat ECCS .

() 2 DR. LOWRANCE: This is a common aff air in lots of

3 government agencies, probably 30 or 40 of them. And I don't

() 4 see anything wrong with the scientific assessment going on

a 5 within the agency, and I don' t see any real advantages in settinc
Mn
8 6i up another bodies that's somehow a little bit more independent.
e i

'R
g 7 There may be. But independent experts always have

8 their biases, too. And it's -- I'm not sure you solve any

a
= 9 specia) problems by turning to an independent group, whether
i

h 10 it's the National Academy of Sciences or some other such body.
E
5 11 DR. WILSON: The English hearing on windscale was
$
d 12 handled in a interesting way. They had - i. sas before a judge
E

(]) = 13 who -- and they had two technical assessc rs who were highly

E 14 competent people, one, Sic Edward Pochin, and I can't remember
C
k
2 15 the name of the other, a distinguished c iemist, and both of

5
. 16 which were to advise him on highly technical -- on the technical
3
A

i 17 questions and the final -- and would wri te part of the final

s
$ 18 decision. And I think the net result of that report was actually
F

19 technically -- it had a lot of technica". validity, soundness to
R
M

20 it. And there's no question that he, in fact, asked a lot of

21 -- a lot of technical ques tions were asked of British Nuclear

22 Field Services which the intervenors didn' t get around to asking.{}
23 | They weren't trained enough. So there was , in fact, a lot of

24 facts brought out in that hearing.

25 | And so that wasn' t a -- I mean, that wasn't a science
!

,

!!
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O-12 1 ' court, but it was a group of assessors brought out with a judge

} 2 and it was -- it was part of a general public hearing process.

3 DR. LOWRANCE: And any -- any regulatory group can

( turn to other agencies or consultants for attention to special4
|

e 5 issues. So the NRC, even if it were doing most of the assessment.
M
N

8 6 in-house, could still, as it always has done, turn to outsiders
e
R
$ 7 for substudies of parts of the puzzle.

A
j 8 DR. OKRENT: I think in that case, in fact, the --

d
d 9 . wasn' t the inspectorate, or whatever term to the hearing at
Y

$ 10 windscale, the government set it up.

3
5 11 DR. WILSON: It was set up by -- well, that is

$
,

d 12 standard in the United Kingdom -- set up by the government and
5
-

() E 13 report to the government and to the House of Commons.
:
E 14 DR. OKRENT: That's a kind, I would say that's a kind
du
! 15 of science court.

E

j 16 DR. WILSON: That is a kind of science court.
i

A

d 17 DR. SIESS: I need some clarification. My unders tand-

5
$ 18 ing, it's your concept that the science court would, essentially,
=
H

19 certify the safety critical, or whatever you report to it as,"

3
n

20 for each reactor (WORDS UNINTELLIGIBLE) , so that would have to

21 be for each reactor, as an application was tendered of operating

(]) 22 reactors as the case may be .

23 | DR. OKRENT: Are you -- I would -- now -- I ' m --

|

24 DF. SIESS: The point is, the res t o f the ques tiDn,(])
| 25 how long do you think it would take for each, each review? Are

1
i
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1|i
you thinking of something that would be done in a few days, or$-13

(~
2 a few months?

3 DR. OKRENT: All right, let me comment. When Dr.

4 Griesmeyer gave his presentation, he indicated two things that

e 5 the science court might do. One was to, I'll use the word, set

U
$ 6 the level of risk which is to be applied to this plant. In
e

7 other words , they would take the information, say, "We think

8 this is our best judgment on the level of risk of this plant.

d
d 9 And now go by the decision rule that you and the Congress and
i

h 10 everybody have worked out," or whoever it is. Then he said

E
5 11 they might also, if you will, certify the risk profile for the

$
d 12 plant.
3
$ These are two separate things , and the science court

() S 13

E 14 might not necessarily do the second of these, because that
a
$
2 15 would be a more detailed kind of a function, and not having to

5
. 16 say, "Yes , we 've gone through each one of these event trees ,"*

k
W

G 17 and so fords and so on.

5
5 18 DR. SIESS: So the first you would have the staff,
_

19 presumably, argue one risk level, the applicant argue another
n

20 risk level, the intervenors perhaps still another, and the

21 court would come out with its decision as to what, in its

() 22 opinion, it thought was correct.

23 ? DR. OKRENT: Ye ah .

() 24
' DR. SIESS: And that would be applied against the

!25 decision base.
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9-14 1 DR. OKRENT: And I must say, one reason why I favor

()_/ this not being within the NRC is, I suppose you'd say, to
t

2

3 improve the public confidence in the process. Indeed, I think

( that's a not unimportant factor, and I think that it would work4

e 5 to some extent.
E
N

8 6 Dr. Bernero.
e
R
g 7 DR. BERNERO: I wonder if you would comment, the

N
8 8 typical atomic safety and licensing board seems to fit a crude
n
d
= 9 description of a science court: it's a lawyer and two scientists
i

h 10 of one sort or another -- perhaps not of the stature you think

3
5 11 of. I wonder why wouldn' t that fit your description.
<
"

$

d 12 DR. OKRENT: Well, I agree with the last comment. I

E

.(,) j=
~

13 don' t think it has the necessary stature. And it would have
m

E 14 to be a hearing of a completely different sort than the way it
w
$
2 15 has been drawn. Right now, as you well know, f rom -- what? --

5
y 16 let's say third parties like Harold Green have had to say about
w

i 17 the way the hearings are run, there's not a lot o f satis f action.

$ I
$ 18 | Bu t i t -- I do n ' t -- it might be, as we just heard, in
:
-

$ 19 th e U . K . , they set up a group not unlike that, with some legal

M i

20 I and some technical competence, and very highly qualified, for

21 what needed to be done.

(^T 22 * All right, Dr. Whipple .
x_)

23 , DR. WHIPPLE: I think windscale was a public inquiry

('i 24 had to be put. And I think what David's is referring to is some
's / ,

25 kind of risk council.

1
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FO-15 1 DR. OKRENT: I'm sorry, risk council?

() 2 DR. WHIPPLE: Yes. I think what (WORDS UNINTELLIGIBLE)

3 something like a risk council.

r^)(_ 4 DR. OKRENT: I'm not sure how you're using the term.

e 5 DR. WHIPPLE: Well, I daink you want to distinguish
M
N

$ 6 it from a public inquiry, don' t you?

R
$ 7 DR. SIESS: It would be a public inquiry but of

.

A
8 8 limited scope. The scope would be limited to the risk assess-
n
d
d 9 ment.
7:

h 10 DR. OKRENT: That's right. So I think (WORDS UNIN-
E .

5 11 TELLIGIBLE) --

$
d 12 DR. WHIPPLE: I'd call that a risk council, which, you
5
c

(s) y 13 know, I mean, it's divorced from the normal type of public
=

E 14 inquiry process , which can be, yo u know , public inquiry pro-
w
b
! 15 cesses you set up (WORDS UNINTELLIGIBLE) by the calendar. And
5

. 16 I don' t think the same thing can really be said about the (WORDS*

3
M

d 17 : UNINTELLIGIBLE). I think you' re looking for some sort of body

$
$ 18 which can be called a risk council or whatever. A body of
:

E 19 e xperts .

!

20 DR. OKRENT : Dr. Kastenberg.

21 DR. KASTENBERG: Just a question. In the example that

22 was cited before, where the staf f would come in and tell what{}
23 it thought the acceptable risk was , and the intervenor might6

i

(")% 24 | come in, and the applicant --
|u

25 ! DR. OKRENT: Excuse me, not what the acceptable risk
s
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6-16 1 was -- what that level is.

() 2 DR. KASTENBERG: Right, the level of risk.

3 Would the role of the Commissioners change in this

() 4 kind of a structure? What would their role be?

o 5 DR. OKRENT: Well, if it proceeded the way we have

@ 6 proposed, the Commissioners would be very active in trying to
R -

the Commission was going to --g 7 decide on what decision rules

M
j 8 like, they would be ultimately the ones who decided on the
d
o 9 decision rules, unless the Congress overrode them or the Presi-
i

^

o
g 10 dent appointed new Commissioners to change the decision rules
5
m 11 or something, but as an independent Commission they would act
<
3
d 12 for society, in ef fect, in adopting -- only -- I thi nk it ' s up ---
z

() 3d 13 | they ' re the ones who have the authority now to adopt such rules ,
m
= !

E 14 SPEAKER: Dr. Okrent, if this body who were to pass
d

15 on the risk is outside the NRC , from whence would they derive
5

I
-

g 16 ' their statutory authority or power?
A

DR. OKRENT - It would take an act of Congress.''
g 17 |w
=
5 18 SPEAKER: So this would be, essentially, a subs titute

5
} 19 for Congress. Congress would delegate the authority to this
n

20 group.

21 DR. OKRENT: This -- for a specific function, namely,

(~'s 22 to arrive at a judgment on the level of risk. And again, the
U

23 Congress would do this in the framework of certain decision
i

24 rules that were going to be used (WORDS UNINTELLIGIBLE) .
}

; 25 : DR. WILSON: The problem with that -- tha t , in
i i

!
!

I,
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O-17 1 England, it's worked because the system of public inquiry set

2 up by the, requested by the House of Commons and set up, and

3 set up in the way the windscale inquiry was done, is done for
,

4 all sorts of things -- national security, under Lord Demming (?),

e 5 and it's this sort of one thing or another, and there's a large
3
n

8 6 history for that.
e

7 Whereas you' re talking about setting up something
,

S 8 rather similar in terms of an inquiry for a particular purpose,
n
d
d 9 and there is no -- there 's not precedent for this in our -- in
i

h 10 the system of government here. And to what -- to the extent

3
5 11 that these things have been gone through, for OTA and such, they
<
w
'J 12 haven' t been particularly -- they don' t -- they haven' t had
E

() 13 that stature and they haven' t been that good. And so I am -- I
=
E 14 worry about it being the first of its kind, so to speak. It
W
_C

2 15 will probably -- it may or may not be a great success, and it

E
.- 16 could be -- it could be just in deep trouble. And that's what --
3
A

6 17 MR. HANRAHAN: David Hanrahan (?), Nuclear Regulatory

E
$ 18 Commission.
5
I 19 ' I think as I understand what you have said as it has
!

20 evolved in the hearing, it strikes me your last description of

21 it described the Nuclear Regulatory Cornission: established by

(]) 22 law by Congress, appointed by the President with congressional

23 advise and consent, to make those j udgments . Acd somehow now to,

|

(~J) 24 { because we're somehow unhappy with the present ope ration, to
u ,

1

25 appoint a further board of scientists, who would now, somehow,

|
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,-18 1 by some magic (WORDS UNINTELLIGIBLE) which they haven' t in the@

O 2 field of nuclear power yet, smacks of hubris to me.

3 DR. SIESS: Well, the present Commission does not have '

,

QU 4 the expertise in risk analysis. The object here would be to

e 5 have --

Q

8 6 MR. HANRAHAN: But the present -- to make the present
e
R
g 7 and all previous Commissions and all future Commissions are

s
8 8 assigned a role under the law to make these determinations of

.

d
d 9 . what's safe, that a license can be issued and that they -- that
i

h 10
I the nuclear facilit, can be operated without undue risk to the

35

5 11 public health and safety in the common defense and security,
<
s
e 12 and they make that judgment.
z

O! i3 oR. S1ESS: aut this is on1r one steg towerd thee
m
x

E 14 judgment, one-half of one step toward that.
d
-

! 15 MR. HANRAHAN: And I go back to the process that Dr.

$
.: 16 Okrent outlined, where he felt uncomfortable with the staf f
s
vi

d 17 , because it may have come with some biases or positions. I would

5 I
I5 18 suggest to you that any scientist will come with the baggage of

E
t 19 their experience in previous positions.;

A

20 Then he suggested the Commission will need perhaps

21 some advice and guidance to overwhelm -- overcome this staff

(] 22 , bias in guidance. I would remind you that the Commission has a

I

23! statutory organization which is supposed to provide them with
'

24 just that sort of advice.'

25 | DR. LAVE: I think the other problem is that you

i
i
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JO-19 1 suggest the Commissioners don' t have the technical expertise.

() 2 I guess that it would be fun to try and get some agreement in

3 the technical community as to who had that ability.

() 4 (Laughter)

e 5 I bet you the set, if you did a venn diagram the set,
3
N

$ 6 would be empty .
o

R
R 7 DR. SAUNDERS : A bunch of disconnected nodes.
M
3 8 DR. OKRENT : Well, I can see we don' t have unanimity --
n

d
d 9 (Laughter)

Y
$ 10 -- on so simple a concept. Dr. Saunders.
z
=
5 11 DR. SAUNDEFG: Well, may I be excused # rom going to
<
3
d 12 the podium? I -- my commente sill be so short as to not make
z
E

({) j 13 it worth my while.
- ,

E 14 I want to address myself to the question why is it
w
$
2 15 that a significant element of our population is so opposed to

5
. . - 16 nuclear power. Since I have very little congress with that
s

17 Portion of the population which is below average, or that

5
5 18 proportion which has mental instability, I shall confine my

5
"

19 remarks as representative of the remaining set.
8
n

20 The first reason that I find why they object to l
|

21 nuclear power is because of the lack of discontinuance. I'

22 you -- and because of the implications -- if you use nuclear
)

I

23 | power you are locked into caring and nurturing the waste for a
,

24 | quarter of a million years. This presupposes a social stability,
p)s

|
'

s

25 ; as well as a geological one, which is beyond our comprehension.

|
|
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JO-20 ; The second reason is, essentially, the unverifiability

() f ten to the minus sixth. May I say I have some difficulty2

3 with this myself. I know there are elements of science where

() predictions of the order of ten to the minus six have been made4

e 5 and have been, subsequently been verified. However, when it
Mnj 6 comes to, say, the Rasmussen study, you find ultimately that

7 inside the calculations are measures of personal opinion and

8 basion analysis which are not verifiable in the usual sense

d
g 9 that scientific statements are verifiable.
i>

$ jo I believe that a probabilistic analysis should
e
z ,

lj ij essentially be a generalization of what a deterministic analysis

$
.J 12 would be if you had infinite resources and infinite time. It
E

(]) 13 lumps together in the probabilistic manner distributions of
m i

S 14 quantities, the physical behavior of metal, or weather behavior,
x
H

! 15 which anybody can verify on the average, but there is never an

E
.- 16 interjection of personal opinion. To fold together the opinion
3
M

y 17 , of a hundred experts and to say that's closer to the truth than

5
E 18 you started with, I think is (WORDS UNINTELLIGIBLE) certainly
=
w

t 39 unverifiable .
5
n

20 Thirdly, amongst many elements of our population, it

21 is the opinion that some of us are not only unkempt, absent-

) 22 minded, but -- and also are simply prostituted by the master from

23 , whom they receive a paycheck. And I don ' t know wha t we can do
.

1 -

! ("s 24| about that; I must confess somehow I am tempted at times to
(/ |

25 1 serve in such capacity.
I

I
i
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B-21 1 Now, lastly, to comment on the fact that what an
(s

2 accident signals is far more important than the magnitude I

3 think is a very pertinent comment. To point out simply that the

4 DC-10 accident in Chicago had a lot higher consequences to the

e 5 McDonnell Douglas Corporation than did an accident of almost the
M
n
8 6 same magnitude which was in times past due to somebody carrying
e
k
g 7 three sticks of dynamite on board and blo' wing himself up. And

.

a
j 8 in the seme sense, I think, Browns Ferry did not have near the

d
= 9 consequences for the nuclear industry as did Three Mile Island.
i

h 10 We certainly did learn a lesson there: we jus t can't agree on

3
5 11 what the' lesson is. And today Dr. Kerr tells me that it is
<
k
J 12 killed people don' t scare. I think that's -- daat's saying'

3
=

(~) $ 13 something very close to the truth.
'

(_
=
E 14 Now, today we ' ve heard -- now , about the presentation
d
k
2 15 today, if I may have a minute -- today we've heard two approaches .

5
. 16 One says lump everything into the probability of core melt and*

W
A-

y 17 ' do an analysis, I think, which -- on which everyone can agree,

5
$ 18 and don' t worry about the details. Another approach which says

5
y 19 break things apart into conditional probabilities, do the
5

20 analysis as closely as you can in each one, and then synthesize

21 them together in order to make a probabilistic analysis of the

(]) 22 consequences to the community.

23 If I had a vote, I would vote for the latter. I

(]) 24 think that's a much better way to do things .

25 | Now, las tly, Edward Evere'tt (?) said that he could

i
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'JO-22 1 talk for ten minutes -- it would take him a month to prepare;
(~~
k- 2 but to talk for two hours, he would be ready -at the drop of a

3 hat. And so I close now someplace in the middle.

Ok' 4 DR. SHEWMON: Would you restate your last point about

g 5 the kinds of probability calculations you felt more at home

8
j 6 with.

R.

R 7 DR. SAUNDERS: Insofar as there is no interjection of

Aj 8 engineering j udgment, so-called engineering judgment, into the

d
d 9 disposition of parameters which are known to nature but not to
i
o
@ 10 the s tatis tician, I much prefer an analysis which separates the

_E
g 11 consequences, conditional consequences, given a core melt, the
3

y 12 probability of such an event happening.
=

( )' ! 13 D'R . SHEWMON:
~

To what?To?
m

!| 14 DR. SAUNDERS: To public health and safety.

$
2 15 DR. SHEWMON: You said you'd rather go through the
5
j 16 I calculation given a core melt, what are the probabilities of
w

g 17 something, than what other approach?

$
$ 18 ' DR. SAUNDERS: To just lumping everything together
=
H

{ 19 into saying core damage.
n

20 DR. CATTON: Split the speculative part from the part

21 you can do well, reasonably well .

() 22 I think that was right.2

| 23 ' DR. SAUNDERS: Yes, that's right.
!

(]) 24 | Is that sufficient? I'm for doing -- I think that
!

25 analysis is so cheap relative to everything else daat even given
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JO-23 1 the errors that are sometimes made it's always wise to do that.

2 You can always lump it together.

3 DR. SHEWMON: Mm hm. Okay.

.O
V 4 DR. OKRENT: Any comments or questions?

I

e 5 DR. WILSON: I'm not quite clear, of that, what you --
E
N

$ 6 you say you vant to end up, so to speak, with the individual

R
g 7 risk of health to an individual, to people, and the total
,

S 8 effect on society, you want to end with that, and not stop any-
n

d .

::i 9 where at this core damage thing, is that what you se:'.d?
:(
$ 10 DR. SAUNDERS: Well, I mean to say that the ACRS

_E

5 11 'should have r.he option of looking at the assumptions that are
<
3
d 12 made on each of these separate points in t.he analysis. They
3

O i 13 should all be broken out so we can get those if we want to look
a:

$ 14 at them.
d
-

! 15 DR. WILSON: Oh, good. Oh, yes. Absolutely.

5
T 16 DR. OKRENT: Dr. Apostolakis.
3'
us

g 17 Speak up. You're far away..,

5
5 18 DR. APOSTOLAKIS : I'm quite confused, I must admit.

5
19 (Laughter)"

8
n

20 DR. SHEWMON: Congratulations. You stuck with it so

21 long.

O 22 DR. APOSTOLAKIS: I don' t understand what this means
O

(WORDS UNINTELLIGIBLE) another is not. Does it mean that the23 ;

p 24 (WORDS UNINTELLIGIBLE) are smaller? Because it would seem to
a

25 | me (WORDS UNINTELLIGIBLE) . I don't see why the analysis (WORDS
|
!
1
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FO- 24 1 UNINTELLIGIBLE) is better than the analysis for core melt.

O
\" 2 There are (WORDS UNINTELLIGIBLE) too. 7 don' t think all of us

3 understand the same. thing by (WORDS UNINTELLIGIBLE). And
(~\
\- 4 finally what you (WORDS UNINTELLIGIBLE) . I mean, engineers

e 5 always (WORDS UNINTELLIGIBLE) probabilistic risk analysis tries
E
N

8 6 to do is to quantify (WORDS UNINTELLIGIBLE) . And to penalize
o

7 them because they are trying to do that I would think would be

's
8 8 unfair.
n
d
d 9 So I don' t understand the words (WORD UNINTELLIGIBLE)
i
$ 10 analysis and (WORDS UNINTELLIGIBLE) .
E
-

5 11 DR. SAUNDERS: Well, something is verifiable, in

$
J 12 principle, when another investigator, given the same set of-

3
/^)x

c
( d 13 data, or given the same. phenomenon to be investigated, can take

S

E 14 physical measurements as to the fracture resistance of the
w
b
! 15 metal, as to the -- as to its various strength, as to the

N

3.
16 weather that's extant, and arrive at the same conclusions.*

1

A

d 17 You can never do that whenever the opinion that's

N I

{ 18 |
expressed is a subjective opinion of the person who's doing the

E I
19 i analysis. That is unverifiable in principle, as far as I am"

8
n

20 concerned. I cannot do an introspection -- I can't do intro-

21 spection and obtain the same answers that you do.

() 22 DR. SHEWMON: Let me give a dif ferent example of

23f something that bothers me a fair amount. And that was the

()_ 24 recent decision we went through o n ~ ATWS , where you' hnd the

25 , equally competent statisticians, let's say, looking at the same

i
,
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@- 25 1 data and coming to the numbers which were several orders of

(m
\- 2 magnitude difference on the probability of all the control rods

3 not going in when they were supposed to. And 9ua best you can
w

4 say is that honest men dif fer.-

g 5 And I would say that the probability of the control
N

$ 6 rods not going in is, for me, unverifiable within a few orders
'R

$ 7 of magnitude. And that bothers me a lot when we start making
'

n
[ 8 policy on those things .

O
d 9 And I guess my biggest hangup on the exercise we're
7:
o
@ 10 going through here is , are we just going to end up with another
E

h 11 set of things where one set of experts come in and say, " Gee,
3

y 12 it's ten to the minus seven per year," and the staff comes down

5
(m) y 13 ! and s a' s , " Gee , the bes t we can guarantee is, it's only ten toI

n

| 14 the minus three" and there you are? To me that's unverifiable.

$
2 15 I don' t know what it is to Dr. Saunders.
U

y 16 (Pause)
A

g 17 ; DR. KASTENBERG: Is it fair to ask Dr. Apostolakis if

5
5 18 he is now unconfused?
E,

'

{ 19 (Laughter)
n

20 DR. SAUNDERS: Not a fair -- that 's not a f air ques-

21 tio n, no.

1

I) 22 DR. APOSTOLAKIS: You're making, th en , (WORDS UNIN-
%s,

I23 TELLIGIBLE) . Most of them are (WORDS UNINTELLIGIBLE) whe ther

~T 24
'

its' ten to the minus six (WORDS UNINTELLIGIBLE).(O
25 DR. SHEWMON: Yeah. I likened that one time to

i ALDERSON REPORTING COMPANY, INC.
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@O-26 1 I proving that there's not any pink elephants in my front yard

O
N/ 2 because if I look out with a certain frequency I haven't seen

3 any and therefore that's the probability. And that is the

) 4 argument the s taf f came in with. Now, they took -- it hadn' t

g 5 happened yet, so we can only guarantee it's so low. And other

9
5

j 6 people came in other ways.

s'
& 7 But, you know, ten to the minus three wasn' t going up

sj 8 and that's why we're prescribing another set of fictions on

d
= 9 ATWS. One man's perception.
i
O
g 10 DR. OKRENT: Let's see. Dr. Catton, did you have
3
5 11 -some comments?<
3
e 12 DR. CATTON: I'd like to add a couple of comments.
3

(_) =(.
$ 13 First, I agree with Dr. Saunders. And I'll comment
E

,

E 14 more on that,
w
b
! 15 (Pause for microphone adjustment)

$
g 16 Okay, I'd like to make a comment about professional
A

f 17 judgment.

$
5 18 I think professional judgment depends on whether
=
H

' { 19 you're buying or selling. And that tends to change the answers
E

I

20 significantly.
1

l

21 With respect to a science court, I think the idea of

(]) 22 a science court is good, but I really don' t know whether or not

23 it'll work, or even how one might implement it.
!

l
24 One thing I didn' t understand about the presentations{])

1

25 ; was this business about latent deaths and early deaths. To me
!
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90-27 1 it seems backwards.

7
j 2 I think the costs associated with the stress and

3 neurosis of a latent death would be f ar greater than the costs

() 4 of an early death,

e 5 And just to give you an idea about neurosia, when
3
n

8 6 there's no way to agree on things, the impact of the negative
e
R
g 7 group, or intervenors , is very costly, and for a small 100-kilo-

,

3
8 8 watt reactor over a two- or three-month period it costs $30,000.
n
d
d 9 And I don' t know if you can ratio that number up to a big
i

h 10 reactor, but I imagine you could get pretty close.

E .

5 11 As I see it, there are answers to two separate
~<
$

d 12 questions that are needed. I think first: what is the frequency
z

(]) 5y 13 and consequences of an event? And second: what is acceptable?
m

E 14 I'm not sure the second will ever be answered,
w
$
2 15 When one f actors in the 15 to 20 percent neurotic

5
.- 16 element that was cited by Zebroski, to me it's really more a

.s
A

d 17 religious than a scientific question, and I think it's better

5
$ 18 le f t to Congress .

Fe
19 As to the first part, when one uses probabilistic"

8
n

20 approaches, one has to incorporate physical phenomena into the

21 analysis even when the phenomena is not understood. I don't

22 belong really in the same group as this one, being an engineer.
)

23 To do this gives me a very uncomfortable feeling. And I'll give

24 you an exarple.
(~}s-

25 The steam spite calculated by the March Code to result

f

|
t
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J0- 2 8 1 from that TLN B-prime accident is based on assumed interactions

()'

2 between molten fuel and water. And, you know, you guess at a

3 radius of a particle, you guess at a heat transfer coefficient,

() and you get an answer. It turns out the steam spike governs4

e 5 design of mitigating devices, which are then to be assessed in

b
8 6 a probabilis tic way. I find that ra ther unsatisf actory.
e

7 In my view, one has to limit probabilistic methods to

8 applications where the phenomena are understood or be willing to
END

d
TAPE 12d 9 accept a great deal of conservative and also a great deal of

i

ape 13 h to negative reaction on the part of the lay public. I don't really
3
5 11 consider myself lay public, yet I hold this negative feeling.
$
d 12 on the other hand, there are examples where these
E

() 13 methods have been used to direct research towards phenomena

a 14 that need understanding in order to improve or decrease the
Ne
2 15 uncertainties. And this was demonstrated very nicely by Ray
5

16 DeSalvo.-

W
w

6 17 Just to reiterate, I feel very uncomfortable when I'm

$
$ 18 faced with markof f chains and comments about basion (?) methods
E
I 19 being used to assure me I am safe. Insurance is more comfort-
!

'

20 ing.

21 I think a great deal more effort needs to be spent

22 on increasing one's confidence if probabilistic methods are to(}
i

23 ' be acceptable to the lay technical public. And further, I think
i

24 any such efforts would be wasted if they're directed towards the{])
25 20 percent element.
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v-29 ) By the way , I don' t really mean to call them neurotic.

(v~) 2 The group that I'm faced with is not neurotic. I really don't

3 understand what their problem is . They seem to be reasonably
'

4 intelligent people except when the question is nuelear energy.(}
e 5 DR. OKRENT: Before we break up, in the first place,
U
8 6 it's not adjournment time yet, half a minute ~, and if I'm care-
e

R
g 7 less I'll finish early.

M
8 8, I think it's --
n
d
d 9 DR. KERR: We won't tell anybody.
i
o
g 10 DR. OKRENT : -- important to see whether the sub-
E
5 11 committee members have any recommendations for either specific<
3
d 12 things that they think it would be useful to do or specific
3
=
d 13 kinds of things they would like to see if the consultants would

~

s

s E

A 14 do or ideas on how we should proceed in the next couple of
C
e
C 15 months.
$
g 16 DR. SHEWMON: What do you see as the output of this?
W

g 17 , A letter? Presumably .

$
$ 18 DR. OKRENT: Well --
=
b

{ 19 DR. SHEWMON: Someday? Or what?
5

20 DR. OKRENT: We were asked, by either one or more than

21 I one Commissioner, I can't remember, to try to provide suggestions

22 if we could. In June, I think it was , the esteemed member on

)
.

my right suggested that we try to get something of a preliminary23 |
,

24 nature that could be a starting point, we'd put it as the first
<,.

(.)'

25 of some iterations back and forth, that we might be able to

i I
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0-30 1! transmit in that context as a way of reaching, you know, and
I

2' end of a first stage and to go on.

3 So there might be a kind of a report, let's say,

d modified, let's say, from what we heard Dr. Griesmeyer discuss,

e 5 perhaps with examples, or whatever, which might be proposed for
6
8 6 the committee to send along for thought. Something like this.* !

'R
g 7 That's one possibility,

s
8 8 If that isn' t a viable possibility, we should ask"

I
d
d 9 ourselves what should be the alternate one, do we have to pro- '

-

z,

h 10 vide multiple proposals in the firs t go-round or so forth.
E
35 11 I Dr. Mark.< l
3
d 12 DR. MARK: Well, these are very trifling remarks, I'm
F.
c
d 13 afraid.

( .) S
| 14 I think it has enough bad connotaions that it would
$
2 15 be worthwhile accepting essentially higher discretion to avoid
2
'

j the use of the term " science court." I t 's no t -- i t was fine16
W :

y 17 ! between you and Harold Greene. I think it's not certain that
5 |
M 18 it's fine here today.
~

e
"

19 , It's certainly a really open area. It's a very un-8n

20 fortunate term and could be, I think, if I heard you, and maybe
i

21 I didn' t understand enough, that your function could be covered

22 by the use of such terms as a panel, or whatever, of assessors
() !

23 ' who are going to assess the evidence and say what they think

24 the probabilities are.

25 I would think that for a short-range communication with
!
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$0-31 1 the Commission, I wouldn' t necessarily, in fact, one may even

2 avoid suggesting that this would be a permanent new board, but()
3 it would be an ad hoc board for the purpose of trying to give

;
) comments on today's, either today's situation or the situation4

g 5 which is within reach today, if one chooses the best technology
9
3 6 that is in use, or something of that kind.o
R
$ 7 And although the Commission is charged with the

'
A
[ 8 responsibility, I certainly agree with the feeling that it's;

d
d 9 probably better if they should be urged to establish such a
Ni

$ 10 board. I don' t want to use the ASLAB term, and yet it would
3
3 11 have that relationship to them as something they can do, and if<
S
d 12 they put the right people on it, they have the legal authority,
E
~-
d 13 and they can then decide if they like their comments and these

()5'

| 14 are the numbers we will advance to the next l evel where accepta-
$̂
r 15 bility has to be assessed. This first step wouldn' t have
N |,

g 16 | acceptability as its charter at all, but rather assessment of

|^
g 17 : the situation, which can be used for discussion af ter the Commis-
5 !
$ 18 i sion has certified that they think these are the things in a

I-

P i
E 19 wider audience, such as the public or the Congress .
c?

20 { Really I went further than I think I know enough to
i

21 go. But the science court should probably not get frozen into

22 , the discussion.

() !

23 DR. OKRENT: Other comments? Chet?
t

24 I DR. SIESS: It seems to me that the work that's been

()
25 1 done by the fellows and similar work that's been proposed by

i !

| l
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JO-32 1 industry representatives goes a long way toward trying to ex-

(]) 2| press safety in some kind of quantitative terms. These come

3 out to be probabilistic -- that's inevitable, since we're not

[]} 4 talking about zero risk and there isn't zero risk.

o 5 How you relate this to acceptable levels of safety I
3
n
3 6 don't know. The point has been made that we have differente
R
M 7 constituencies. If Congress is our constituency we go about iti

3
j 8 one way, or somebody goes about it one way. If the public or
d
a 9 ir:dividual members of the public are the constituency it is
i

h 10 clearly a question as to whether they understand the measures
E
5 11 of risk that have been proposed or if they do understand them<
3
d 12 whether they agree with their perception of risk, because if
3
c
d 13 ! they don' t agree with their perception of risk they're not going(b5 i

E 14 to believe it anyway.a
$
2 15 So I think we've got to propose some measures of risk
s
j 16 -- individual, societal, et cetera -- that have some promise.
A

y 17 Now, how to relate those to the problem of what's acceptable, I
$
5 18 think the proposal of the hearing, it may be a two-year, another
-

H

{ 19 ECCS hearing, has some merit. I t may no t work . It will define
.9

20 the issues . It might tell , ou whether something else would work;

21 I don ' t know .

22 But I think the first step has been made. I get a

23 , certain amount of comfort from the fact that the approach by the

24 Atomic Indus trial Forum and the approach as developed by the
O

25 , follows, and some of the other things I've heard, are very close
I

|I
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B-33 1 to each other.

(]) 2 But what's acceptable, and acceptable to whom, I don't

3 know.

(]} 4 And as far as a science court, the only argument I

e 5 could make for that is that without one the Commission is going
h
3 6 to ask the ACRS to decide these things, and that's not only the4

.

g ,

g 7 wrong people but we don' t want the - job.
3
8 8 (Laughter)a
d
=; 9 And I do think that something like the ASLB, that is,
3
$ 10 a hearing with expertise in the risk assessment field, j us t like
3
li 11 they appoint boards with antitrust expertise or at one time en-<
*
J 12 vironmental, a board with risk assessment expertise would satis-'

3
=

13 fy regulatory and legislative mandates. The Commission can ask1

E 14 for help in an area where they lack the expertise.i &
M

2 15 Now, whether that -- I don' t think that would have
#

.- 16 the prestige of the science court that Dave envisages, becauseB
d I

d 17 ; it's being appointed by the Commission and. the Commission itself,
5 !

$ 18 ! jus t like the Commission staff, has no credibility.
5
} 19 DR. OKRENT: In which circles?
5

20 DR. SIESS: Well, in the circles -- if they had credi-

21 bility we wouldn' t be asking the questions we' re asking now.,

22 DR. OKRENT: Dr. Kerr.

23 DR. KERR: I think we have gone far enough and collected
|

24 i enough information that is usable, that we -- I mean, the sub-() !

25 committee and the ACRS and the fellows and staff -- need to put
!

l
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B- 34 1 together a discussion paper in which we describe some of the

(]) 2 alterna tives . And I don' t think we describe just one thing but

3 some of the alternatives that have been discussed, try to dis-

(]) 4 cuss their advantages and disadvantages, bring this to the full

o 5 committee for some airing of the committee, and then see if we
3
N

h 6 can' t agree to send something to the Commission, not with the

R
g 7 idea that this is a finished product, but with the idea that

A
8 a here are some things that we have explored, here are the problems
N

0
| d 9 we see with them, here are the advantages , the disadvantages,

?.

@ 10 and get a reaction: does the Commission think that this is the
E
5 11 direction in which they'd like to see some additional activity<
k
d 12 take place; does it make sense.
E
-

()5 13 It seems to me this also has an advantage. I believe
S

E 14 that although Congress as a whole might not undertake this, from
N
z
2 15 what I've read, there is interest on the part of some congressmen
d

.- 16 and some congressional staffers in applying this sort of thing toa
M

d 17 t other areas as well. And I think it would be well to get as much
* W

z
5 18 input into what we have done so far as we can before we take

2
I 19 perhaps further (WORD UNINTELLIGIBLE) steps.
I

20 DR. OKRENT: Any other comments? Any --

21 DR. WILSON: One last thought. If you -- one way of

22 getting wider information is to get this particular proposal of

23 the -- of Dr. Griesmeyer in some journal where many more people

24 can look at it and criticize it.

25 DR. OKRENT: We may try to do that.

I
i
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80-35 1 DR. KERR: May I make one last comment, that apropos

2 of engineering judgment, one of the esteemed menbers of theQ
3 ACRS once said that the difficulty with engineering judgment is

4 that it requires both engineering and judgment.

e 5 (Laughter)

5

3 6 DR. OKRENT: Well, I think we have reached the end of

R
$ 7 the agenda. So, instead of asking for further comments, I'll

Il
g 8 thank you all for your active participation.

d

[zNDAPE 13 z; (Thereupon, at 6: 25 p.m. , the meeting was adjourned.)m 9
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SAFETY G0AL - I

e " RISK ENVELOPE" ESTIMATE BY WASH-1400 USEFUL TECHNIQUE Bl!T NOT
OF ITSELF A WORKABLE TOOL FOR DESIGN, OPERATION, 8 REGULATION.

O
e ABSENT A PRACTICAL SAFETY GOAL. THERE IS TENDENCY OF ALL

REGULATION TO STRIVE FOR NEAR-ZERO RISK FROM ANY DEFINED HAZARD.

e MEMBERS OF BIO-ETHICS COMMUNITY (DNA, SACCHARIN, EXTREME LIFE

SUPPORT MEASURES, ABORTION CRITERIA, ETC.). NOTE THAT EXTREME

REDUCTIONS IN A SPECIFIED RISK OFTEN INCREASE OTHER, LESS

WELL-STUDIED RISKS.

e PRESENT LEGISLATION PROVIDES NO GUIDE FOR REGULATION TO AVOID

EXCESSIVE INCREASED IN ALTERNATE RISKS OF HUMAN MISERY AND
DEATH (E.G., DEPRIVATION, SOCIAL CHAOS, INFLATION, POSSIBLE

CONTRIBUTING FACTOR FOR WARS) FROM DILATORY EXPLOITATION OF
DOMESTIC ENERGY CAPABILITIES,

e ONE MFASURE OF PENALTY TO SOCIETY) NEARLY ONE TRILLION DOLLARS
ADDED FUEL BILL IN THIS CENTURY DUE TO DELAYS, CANCELLATIONS,

OR NON-COMMITTMENTS OF NUCLEAR UNITS.

b
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SAFETY G0AL - II ATTRIBUTES REQUIRED

([) e REQUIRES DEFINITIONS OF PRACTICAL METHODS FOR DESIGN &

OPERATING DECISIONS'

e MUST PROVIDE AN OBJECTIVE BASIS FOR REGULATOR-UTILITY ANALYSIS

AND AGREEMENT ON WHAT IS " SAFE ENOUGH"

e MUST BE CLEARLY A "NON-ZER0" RISK GOAL AND METHODOLOGY

e MUST BE DESCRIBABLE IN TERMS WHICH ARE UNDERSTANDABLE AND

ACCEPTABLE BY REASONABLY INFORMED (AND EMOTIONALLY STABLE)

LAYMEN

e MUST PROVIDE FOR FULL USE OF BEST-AVAILABLE DATA AND

DECISION PROCESSES

O e SHOULD MAKE USE OF RELATIVE RISKS OF MAIN ALTERNATE SOURCES

OF ELECTRICITY, INCLUDING SOCIAL COSTS OF SHORTAGES, INTERRUP-
TIONS, AND SHARP INCREASES IN COSTS
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O

SAFETY GOAL - III ONE POSSIBLE FORMULATION OF SAFETY GOAL

1. REACTOR DESIGN AND OPERATION TO INSURE THAT EXPECTED TIME TO

CORE-DAMAGING ACCIDENTS IS NOT LESS THAN 30 YEARS.* ||h

2. REACTOR AND CONTAINMENT SYSTEM DESIGN AND OPERATION TO

MAINTAIN ASSURANCE OF NOT LESS THAN 99.9% PROBABILITY OF

TERMINATION OF THE ACCIDENT WITHOUT RADIATION RELEASE LEADING

TO A TOTAL DOSE OF 1 REM TO ANY MEMBER OF THE PUBLIC.

3. USE RELATIVE RISK ASSESSMENT METHODS (SIMILAR TO CONVENTIONAL
ENGINEERING TRADE-OFF STUDIES) TO ESTABLISH NEED FOR, OR

ADEQUACY OF, DESIGN OR OPERATING IMPROVEMENTS WHICH ESTABLISH

THAT CRITERIA (1) AND (2) ABOVE ARE MET, USING EXISTING

OPERATING EXPERIENCE AS REFERENCE BASE.

4. USE STATISTICALLY RIGOROUS FORMULATION WITH DEFINED CONFIDENCE
LEVELS AND PERMISSIBLE ERROR BOUNDS, WHERE NEEDED, AND

hINCLUDE CUMMULATIVE EFFECTS OF ACTUAL TOTAL POPULATION OF ,

OPERATING REACTORS.

5. NUCLEAR RISK TO BE MAINTAINED AT NO MORE THAN ONE-THIRD OF

THE TOTAL RISK OF THE TWO LARGEST ALTERNATE SOURCES.

6. EMERGENCY PLANS TO PROVIDE 99% ASSURANCE OF TOTAL POPULATION

DOSE LESS THAN 5000 MAN-REM EVEN IF CONTAINMENT FAILURE WERE

TO OCCUR AFTER A CORE-DAMAGING ACCIDENT WHICH WAS NOT SAFELY

TERMINATED.

7. IMPROVEMENTS TO REDUCE RISKS TO ONE-TENTH OR LESS OF MAIN
PRACTICAL ALTERNATE SOURCES TO BE SOUGHT, BUT TO BE IMPLEMENTED

ONLY IF SHOWN TO BE COST-EFFECTIVE AND WITH NO MEASURABLE EFFECT
'

ON COST OR TIMELY AVAILABILITY OF ENERGY.

* FOR TOTAL POPULATION OF CIVILIAN REACTORS IN OPERATION IN THE U.S. IEI

ELZ: CIC
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ALTERNATE STRATEGIES FOR MEASURED IMPROVEMENTS IN

REACTOR SAFETY AND RELIABILITY

($) ,

o ASSUME THAT MANY ELEMENTS OF DESIGN, OPERATIC.1, MANAGEMENT j
AND REGULATION ARE GENERALLY INADEQUATEj IMPROVEMENTS

REQUIRE MAJOR CHANGES: |

- PROMULGATE CONTINUING CHANGES IN DESIGN I

- PROMULGATE CONTINUING CHANGES IN PROCEDURES, f
TRAINING, AND MANAGEMENT REQUIREMENTS

- INCREASE THE E(HAUSTIVNESS AND PUNITIVENESS l

0F REGULATORY ACTIONS

- OR -

e NOTE THAT NEARLY ALL ELEMENTS OF DESIGN, OPERATION, AND

REGULATION HAVE FUNCTIONED ADEQUATELY FOR NEARLY 500
REACTOR-YEARS OF OPERATION; IMPROVEMENTS REQUIRE MAINLY

THE PREVENTION, OR DETECTION AND TIMELY REMEDY, OF THE

() OCCASIONAL LAPSES FROM GOOD PRACTICE:

- INCREASE RIGOR OF TRAINING AND EDUCATION TO

AVOID LAPSES IN OPERATION AND MAINTENANCE

- MINIMIZE CHANGES IN DESIGN OR PROCEDURE UNLESS

B,ENEFIT IS PROVEN BY DEFINITIVE ANALYSIS
-INCREASE THOROUGHNESS OF RECORDING, ANALYSIS, AND

FEEDBACK OF OPERATING EXPERIENCE

- INCREASE USE OF POOLED RESOURCES TO ATTACK GENERIC

ASPECTS OF PRACTICAL AND REGULATORY PROBLEMS TO

CONSERVE UTILITY RESOURCES FOR PLANT-SPECIFIC ITEMS
- CONDUCT EVALUATION, INSPECTION, AND REGULATION IN

,
,,

A PROBLEM-SOLVING AND TUTORIAL MODE, RATHER THAN

PUNITIVE MODE, UNLESS THERE IS EVIDENCE OF WILLFUL

NEGLIGENCE OR MALFEASANCE

O

ELz/625/80

. - ._ - - . _ - - . __. . - - . _ . - . - -
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WORK IN PROGRESS RELATED TO PRACTICABILITY OF SAFETY G0ALS

e DERIVATION AND TESTING OF THE SENSITIVITY OF A GIVEN
EVENT TREE PROBABILITY TO: |||

- THE NUMBER OF LINKED EVENTS IN THE TREE

- THE TIME-VARIATION IN THE STATISTICAL DISTRIBUTION
FUNCTION OF COMPONENT FAILURE PROBABILITIES

8 DERIVATION OF THE EXPECTED EFFECT ON STATISTICAL UNCER-

TAINTIES OF INCREASED EXPOSURE TIME VERSUS INCREASED

POTENTIAL BENEFITS OF OPERATING EXPERIENCE.

s ASSESSMENT OF THE CUMULATIVE EFFECT ON REDUCTION OF
PROBABILITY OF UNANTICIPATED BRANCHES OF EVENT TREES,

CONSIDERING THE EFFECTS OF:
- INCREASED RIGOR OF RECORDING, ANALYSIS, AND

FEEDBACK OF OPERATING EXPERIENCE

- INCREASED DEFINITION AND TRAINING IN PROCEDURES

AND SIMULATOR TESTING

- PERIODICALLY IMPROVED REANALYSIS OF DESIGN BASIS |||
USING PLANT-SPECIFIC EVENT TREE ANALYSIS

- THE CUMULATIVE EFFECTS OF DISCIPLINED REGULATION,

EVALUATION, AND INSPECTION.

1

O

EHS/6/25/80
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ACCEPTABLE RISK

0 LITERATURE REVIEW

0 PHILOS 0PilY

- SLOVIC ET AL

BNL ON UNACCEPTABLE RISK-

0 DATA & ETHODOLOGY FOR TEST

0 REBASELINING WASil-1400

m
$
2
R
O
B

.
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'

.

ADVANTAGES OF A PROBABILISTIC APPROACH IN LICENSING

O

e ASSESSING CONTRIBUTIONS TO SAFETY SYSTEM UNAVAIL-

ABILITY FROM VARIOUS CAUSES

e SYSTEMATIC EVALUATION OF A BROAD SPECTRUM 0F POTEN-

TIAL ACCIDENT SEQUENCES

e DETAILED ANALYSIS OF ACCIDENT CLASSES 3-9

EVALUATION OF REALISTIC, PHYSICALLY CONSISTENT

($) POTENTIAL ACCIDENT SEQUENCES

e ASSESSMENT OF CONSEQUENCES TO THE POPULATION AROUND

THE REACTOR SITE

e UNIFIED FRAMEWORK FOR SAFETY ANALYSES

(2)

J

. - , . -nn . - -
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GROUNDRULES FOR PROBABILISTIC CRITERI A

O
e SIMPLE RATIONALE BEHIND THE CRITERIA

UNPERSTANDABLE AND ACCEPTABLE TO BOTH TECHNICAL AND

LAYPERSONS

e CRITERIA SHOULD CONSTRAIN RISK OF NUCLEAR POWER TO BE

AT LEAST AS LOW AS OTHER COMPETING POWER GENERATING

TECHNOLOGIES

e CRITERIA SHOULD NOT INCREASE RISK FROM NUCLEAR POWER

ABOVE ITS CURRENT LEVEL

e FULFILLMENT OF CRITERIA SHOULD BE EASILY DEMONSTRABLE

e CRITERIA SHOULD INCORPORATE SOCIETY'S AVERSION TO

LARGE CONSEQUENCES

O



'

.

SOME DIFFICULTIES OF PROBABILISTIC SAFETY CRITERIA

,

|

e SHOULD RISK CRITERIA INCORPORATE SOCIETAL AVERSION TO
)

HIGH CONSEQUENCE EVENTS?

e WHAT RELATIVE WEIGHT SHOULD CRITERI A IMPLY IN TREAT-

ING EARLY DEATHS vs. LATENT CANCER DEATHS?

e SHOULD RISK CRITERIA INCORPORATE SPECIAL SOCIETAL

PERCEPTION OF NUCLEAR RISK?

e SHOWING COMPLIANCE TO PROBABILISTIC CRITERIA - AREAS

() 0F CONCERN

BEST ESTIMATE vs. EXPECTED VALUE

DEFINING UNCERTAINTIES

DEGREE OF CONFIDENCE ASSOCIATED WITH RARE EVENTS

LARGE VARIATION IN FSTIMATES OF SOME EVENTS ASSESSED

BY EXPERTS

DIFFICULTY IN PREDICTING HUMAN FAILURE

O

_ .
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CURRENT ANALYSES

:.

BY INDUSTRY

- BIG ROCK POINT

- LIERICK
- ZION / INDIAN POINT

! - OCONEE

BY NRC

- CRYSTAL RIVER

- SEQUOYAH

- OCONEE

- CALVERT CLIFFS

- GRAND GULF

- ARKANSAS 1

- MILLSTONE 1

- BROWNS FERRY 2

- INDIAN POINT 2/3

:
't

- . . . _ _ . - - _ _ . _ _ _ . _ - _ _ _ _ _ _ _ _ _ - - _ _ . _ _ _ - - _ _ - - - - _ --
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ONEAPPROACHFORCOREDAnkPROBABillTYCRITERIAb
P = CORE DAMAGE PROBABILITY (PER RY)co

.

e CALCULATE POINT VALUE FOR P
'

'

co -

e IF P AB0VE UNACCEPTABILITY 1.EVELco.
''.

THEN IMPROVEMENTS REQUIRED

e IF P WITHIN' DARNING RANGE THEilco

CASE BY CASE EVALUATION

e WARNING RANGE ADDED TO ACCOUNT

FOR CALCULATIONAL UNCERTAINTIES

_ - - _ _ _ - _ _ - _ _ _ _ _ _ _ - . ____________ _ --
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CRITERIA FOR Pco: OPERATION AND DESIGN

'

e COVERAGE: SPECIFICALLY DEFINED INITIATING

EVENTS, SYSTEM FAILURES, COMPONENT FAILURES

a.
,,

TESTING CONTRIBUTIONS,IlUMAN ERRORS

e UNACCEPTABLE LEVEL:i

,

P > 1 x 10-3co

e WARNING RANGE: ;
;

i 1 x 10 'I 1P 1 1 x 10-3co

,

d

'

.
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O O O
'

j CRITERIA FOR Pco: DESIGN ONLY

s COVERAGE: SPECIFICALLY DEFINED INITIATING
~'

~

EVENTS, SYSTEM FAILURES, COMPONENT FAILURES

..c:.
e UNACCEPTABLE LEVEL:

'

,

P > 1 x 10-5co
'

,

s WARNING RANGE:

| 1 x 10-6 3p 1 1 x 10-5co
.

i

-

!

- - - - - - -- .
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IEEE WORKING GROUP

NPEC - SC 5.4

|

I RISK CRITERIA

9
i

i

PRESENTATION i0

ACRS RELIABILITY AND PROBABILISTIC ASSESSMENT i
|

SUBCOMMITTEE

JULY 1, 1980

8 |

M. I. TEMME

CHAIRMAN, W.G. 5.4
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IEEE NPEC SC-5.4
4

:

CONTENTS
,

,

b APPLICATI0fl AND SCOPE OF RISK CRITERIAe

|

[

e If1PLEMENTATION PROCEDURES

e PLANS AND PERSPECTIVE

,

O
:

i

,

t

i
i
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IEEE NPEC SC-5.4

PROPOSED APPLICATION OF RISK CRITERIA STANDARD

e THE STANDARD IS WRITTEN TO BE USED BY DESIGNERS AND OPERATORS OF

NUCLEAR POWER PLANTS FOR MAKING TECHNICAL DECISIONS RELATIVE TO THE

DESIGN AND OPERATION OF THE PLANTS

e PERCEIVED VALUE OF.THE STAf1DARD IS THAT IT WILL PROVIDE A CONSISTEilT

BASIS FOR MAKING INTELLIGEIIT ENGINEERING TRADE-0FF DECISIONS

M. 1. TEMME
JULY 1, 1980
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IEEE NPEC SC-5.0

SOURCES OF RISK COVERED

e LIGHT WATER REACTORS

e OPERATING PLANTS

e COMMITTED PLANTS

e NEW PLANTS

e REACTOR PLANT

' '

s RISKS FROM OTHER PARTS OF THE NUCLEAR FUEL
''

CYCLE NOT TO BE GOVERNED BY THE CRITERIA

e PUBLIC HEALTH AilD WELFARE

e OCCUPATIONAL RISKS NOT GOVERilED BY THE

STANDAhD

e RISK CONTRIBUTIONS OF HUMAll EFFECTS, COMMON CAUSE

FAILURES AND OFF-SITE MITIGATION ARE TO BE

IilCLUDED

n e RISKS FROM SAB0TAGE AND WAR EXCLUDED
U

f
cl. 1. TEMME
JULY 1, 1980
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IEEE NPEC SC-5

PARAMETERS OF TOP-LEVEL RISK CRITERIA

e IMPORTANT CONSIDERATIONS:

e FLEXIBILITY IN SITING AND DESIGN

e EASE OF APPLICATI0fl

($) e CRITERION WILL BE STATED IN TERMS OF RADIOLOGICAL

DOSE LIMITS RATHER THAN HEALTH EFFECTS LIMITS

.

e ADDITIONAL CRITERION RELATED TO 0FF-SITE PROPERTY

CONTAI11 NATION WILL BE INCLUDED

, ~\
'

,'

M. I. TEMME
JULY 1, 1980

,, .
.

-
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IEEE NPEC SC-5;

PARAMETERS CONSIDERED AND REJECTED
;

i

e HEALTH EFFECTS (ACUTE, LATENT FATALITIES, ILLNESS)

,

e RISK FEE

e HAZARD STATE LIMITS |O1

i

| e RELEASE TO CONTAlf1MEi1T

i

e RELEASE FROM C0i1TAINMENT
-

e RELEASE FROM SITE

e EXTEf1SIVE CORE DAMAGE

O;

|

M. I. TEMME
JULY 1, 1980

___ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - . .. . __-
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IEEE NPEC SC-5.4

IMPLEMENTATION PROCEDURES

e THE MEANING 0F NUMERICAL CRITERIA IS DETERMIf4ED

BY THE ANALYTICAL PROCEDURES FOR THEIR

IMPLEMENTATION

() e WG 5.4 WILL DEPEND ON OTHER STANDARDS WRITING

GROUPS THAT SPECIFY PROCEDURAL DETAILS OF RISK

ANALYSIS

e THE PROBABILISTIC CRITERIA WILL RELATE TO

INTEGRATED RESULT OF ALL IMPORTANT ACCIDEf1T

SEQUENCES, RATHER THAN INDIVIDUAL SEQUENCES

e THE CRITERIA WILL APPLY TO " PASS' " FAIL"

DECISIONSm

U

M. I. TEMME
JULY 1, 1980
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IEEE NPEC SC-5.4

NEAR TERM PLANS

e PHILOSOPHY

e WG 5.4 IS GIVING FIRST PRIORITY TO A CONSISTENT

DECISION-MAKING PROCESS, RATHER THAN CONFORMANCE

TO A RIGID SCHEDULE

([') e INITIAL TARGET - DRAFT STANDARD ne MID 1981

STILL APPEARS FEASIBLE

e NEAR TERM WORK

e DETAILED SPECIFICATION OF CRITERIA ON DOSE

e REVIEW 0F THE DATA AND BASES FOR QUANTIFICATI0il -

E.G.,

e RELATION OF DOSE TO HEALTH EFFECTS

e RISKS OF PRESENTLY OPERATING PLANTS
,-

k/ e RISKS OF ALTERNATE FORMS OF ELECTRICAL

ENERGY GENERATION

e VALUE-IMPACT OF RISK REDUCTION

M. I. TEMME
July 1, 1980
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IEEE NPEC SC-5.4

i
! PERSPECTIVE

,

|
,

! e STAl1DARDS ORGANIZATI0il

A

"
O -

e INDUSTRIAL PRACTICE

h
,

.,

y

e SOCIETAL EVALUATION OF ACCEPTABILITY

t

O !

!

M. I. TEMME
,

I JULY 1, 1980

|
'
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REGULATORY OBJECTIVES

.

o HIGHEST ACHIEVABLE STANDARD

e LOWEST ACHIEVABLE RELEASE OF RADI0 ACTIVITY OR

CARCliiOGENS

o'o UNTENABLE, NEITHER REAS0tiABLE NOR ADEQUATE

AS PLANT DESIGN CRITERIA



.________ _ ._ _ . _ . . - - - - -_. __ _ _ . _ - . _ -.

o o o-- -

REGULATORY PRACTICE
,

e RELEASES AS LOW AS REASONABLY ACHIEVABLE
'

i

s GENERAL DESIGN CRITERIA PLUS REGULATORY GUIDES
!

s's BOTH EXPERIENCED SERIOUS SHORTCOMINGS - N1BIGUQUS, TEND
,

TO MAKE DESIGNERS CONCENTRATE ON MEETING REQUIREfiENTS

RATHER THAN STIMULATE INNOVATION AND LEGITIliATE TRADEOFFS,

SAFETY STANDARDS ACHIEVED DEPENDENT ON INDIVIDUALS ASSIGNED

i TO PARTICULAR PLANTS

.

h

a

i

;
--__ _ - - _ _ - _ _ _ _ _ _



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

.o o o..
-

QUANTITATIVE SAFETY G0ALS

e WILL PROVIDE CONSISTENT SAFETY CRiiERIA AND THUS FIRM FRAMEWORK FOR DESIGNERS

. . e AVOID RATCHETING OF PLANT REQUIREMENTS

e LEAVE DESIGNERS WITH FREEDOM TO CREATE EFFECTIVE DESIGN SOLUTIONS TO REAL

PROBLEMS THEY FACE
'

,

e WILL PROTECT PUBLIC AND INVESTMENT MORE EFFECTIVELY

e WILL ENABLE DESIGNERS TO GET ON WITH THE JOB 0F DESIGNING FUTURE REACTORS

e WILL CONTRIBUTE TOWARDS PUBLIC UNDERSTANDING OF NUCLEAR SAFETY

^

.

O

'

I

|

|1

|

1
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GA BACKCROUliD

!
1

'

STATEMENT BEFORE NRC RARG GROUP
- DEC. 1977-

FEB. 1979STATEMEliT BEFORE UDALL COMMITTEE
-

!

AIF WORKSHOP PAPER
- MAY 1979

AGNEW TO KEMENY LETTER
- SEP 1979

~

KN0XVILLE C0i1FERENCE PAPER
- APR. 1980 ;

4

JUN. 1980 |LTR ON SELECTION OF DESIGN BASIS ACCIDENTS
-

!;

;

.
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KEY ELEMENTS (CONCEPTS) 0F GA APPROACH TO QUAiiTITATIVE SAFETY GOALS

e PROFESSIONAL JUDGMENT

e RISK BUDGET VIA COMPARATIVE RISK STUDIES

e EMPHASIS THROUGH KNOWLEDGE OF PRA BUT RETAINING SOME ASPECTS OF

DETERMINISTIC REGULATORY FRAMEWORK

e RETENTION OF DBA BUT PRA FOCUSED

e ADDITION OF SAFETY MARGIN AND RESEARCH REGIONS

e NO IDENTIFIABLE PUBLIC INJURY

e USE OF LIMIT LINES4

e RANGETFROM EMPHASIZED TO BALANCED RISK POLICY

e ACCEPTABLE INDIVIDUAL, SOCIETAL, AND PUBLIC PROPERTY RISKS'

,

t

,

O

- - - __ - _ _ - --_-- -
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ASSESSMENT OF PUBLIC
PERCEPTIONS OF -

NUCLEAR RISKS

EXISTING NUCLEAR OPERATIA FETY
+ 0 ECISIO NS, E.G.RIS KS, E.G. WASH. -

1400 ASSESSMENT KEY IM?LEMENTATION TE CH. SPECS.
ACTIVITIES

--t> BUDGET
ONCERS

EVENT / FAULT TREES APPLICATIONS DURING
RISKS FROM OTHER + OPE R ATION, E.G.

INDUST RIES, E.G. ANTICIPATOR-
CONSEQUENCE ANALYSIS

CHEMICAL
l'

DATA BASE
APPLICATIONS TOQUANTIFIE0

SARs, E.G.
SAFETY + VALLE/ IMPACT METHODS +-

RISKS FROM OTHER DETERMINISTICC0ALSMAN MADE HAZARDS ^~
SAFETY RESEARCHAND NATURAL ^

PHENO MEN A
OPTIONS OF ! AFETY

APPLICAT!ONS DU RINGENHANCEMENT + D ESIG N, E.G. D ESIGN

MEANING OF COMMON CAUSE FAILURE CRITERIA

FREQUENCIES METHODOLOGY-

ASSESSMENT OF+
QUANTIFIED SAFETY ADVANCED CONCEPTS

IMPROVEMENTSTUDIES, E.G. WASH. -> IN tJNCERI A!NTY-

1400, AIPA, DEUTSCHE.
ESTIMATESRISIKO STUDIE

.

d
UNDERSTANDING

-b 0F -

CONSEQUENCES

Figure 1. Major steps in development and implementation of quantified safety goals

_ - _ _ _ _ _ _ _ _ _
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GENERAL CONSIDERATIONS ON USE OF PRA

IN REGULATORY. PROCESS

e PRA SHOULD SUPPORT DETERMINISTIC REQUIREMENTS

* USE PRA AS BASIS FOR GENERIC REQUIREMENTS, NOT AS LICENSING
CONDITION FOR INDIVIDUAL PLANTS

i

e ADOPT PRA AS BASIS FOR JUSTIFYING CHANGES (ADDITIONS OR
DEPARTURES) IN DETERMINISTIC REQUIREMENTS

e PRA SHOULD BE DOb.i AS REALISTICAL..Y AS POSSIBLE,WITH DEGREE OF'

UNCERTAINTY OR CONSERVATISM EXPl.sCITLY STATED

e ESTABLISH QUANTITATIVE SAFETY GOALS FOR PRA-BASED DECISION
MAKING

* DEVELOP COMMON PRA METHODOLOGY
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| AREAS REQUIRING. DEVELOPMENT OF
COMMON PRA METHODOLOGY

* EVENT / FAULT TREE ANALYSIS LEVEL OF DETAIL

* COMPONENT FAILUHE DATA BASE

* C7MMON CAUSE FAILURE

* SYSTEM INTERACTION

* CONSEQUENCE MODELLING

* VALUE-lMPACT METHODOLOGY

* HUMAN FACTORS
|

* QUANTIFICATION OF CONSERVATISM AND UNCERTAINTY

i

|

,
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MOST USEFUL PRA APPLICATIONS
IN REGULATORY PROCESS

e VALUE-lMPACT ANALYSIS FOR NEW REQUIREMENTS

e PRIORITIZATION AND RESOLUTION OF GENERIC UNRESOLVED SAFETY
ISSUES

* GENERIC RULE MAKING PROCEEDINGS
(SITING, EMERGENCY PLANNING, CORE DEGRADATION)

e ESTABLISHING PRIORITIES FOR SAFETY RESEARCH

e DETERMINING NEED FOR BACKFITTING
(SYSTEMATIC EVALUATION PROGRAM)

e DETERMINING NEED FOR PLANT SHUTDOWN ORDERS

* TECHNICAL SPECIFICATIONS
(LCO AND TFSTING REQUIREMENTS)

'

e EVALUATING OPERATING EXPERIENCE

1

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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ESTABLISHING QUANTITATIVE
SAFETY GOALS

I - ESTABLISH BASIC PRINCIPLES

II - DETERMINE WHAT SHOULD BE
QUANTIFIED

lli - DEVELOP NUMERICAL VALUES

IV - ESTABLISH MEANS OF
APPLICATION

1
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BASIC PRINCIPLES
FOR SAFETY GOALS

* GENERICALLY APPLICABLE TO ALL
TECHNOLOGIES OR RISK RELATED
ACTIVITIES

* ACCEPTABLE SOCIETAL RISK SHOULD
REFLECT SOCIETAL BENEFITS

* NO INDIVIDUAL SHOULD BEAR
INORDINATE SHARE OF RISK

* PROMOTE OPTIMUM ALLOCATION OF
RESOURCES IN REDUCING RISK

<

__
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ELEMENTS TO BE

ADDRESSED IN QUANTITATIVE
SAFETY GOALS

* INDIVIDUAL HEALTH EFFECTS

* POPULATION HEALTH EFFECTS

* COST-BENEFIT RATIO

* CORE DEGRADATION PROBABILITY !

;

1

_ _ _ _ _ _ _ _ - _ _ _ _ - - - - _ _ _ _ _ -
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INDIVIDUAL HEALTH EFFECTS CRITERION
e

THE INCREMENTAL RISK OF ADVERSE HEALTH EFFECTS TO THE
MAXIMALLY EXPOSED INDIVIDUAL IN THE VICINITY OF A NUCLEAR PLANT
SITE SHOULD NOT RESULT IN A SIGNIFICANT INCREASE IN ANNUAL
MORTALITY RISK OR IN SIGNIFICANT SHORTENING OF EXPECTED
STATISTICAL LIFE SPAN.

SUGGESTED GOAL 10-5/YR INDIVIDUAL MORTALITY RISK
(MEAN VALUE)

BASES

* REPRESENTS A SMALL FRACTION OF EXISTING BACKGROUND RISK

~ 0.1% OF TOTAL MORTALITY RISK
~ 1% OF ACCIDENT MORTALITY RISK

e COMPARISON WITH OTHER RISK CONTRIBUTION

AVERAGE INDIVIDUAL *
RISK

MOTOR VEHICLES 2 X 10-4
VIOLENCE 2 X 10-4
F1RES 1 X 10-4
AIR TRAVEL 1 X 10-5
FALLING OBJECTS 1 X 10-5
ELECTROCUTION E X 10-6
RADIATION INDUCED CANCERS 1 X 10-5

* IT IS EXPECTED THAT THE MAXIMUM RISK TO AN INDIVIDUAL
FROM ANY OF THESE SOURCES IS CONSIDERABLY HIGHER THAN
THE AVERAGE RISK

!

)

. _ - - _
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SOME PROPOSED NUMERICAL VALUES FOR
INDIVIDUAL RISK CRITERl0N

NRC - RES 10-5/YR UNACCEPTABLE
.

10-6 - 10-5/YR WARNING RANGE
(CASE BY CASE EVALUATION)

WILSON 10-5/YR NEAR SITE
10-6/YR NEXT TOWNSHIP

OKRENT 2 X 10-4/YR ESSENTIAL ACTIVITY
2 X 10-5/YR BENEFICIAL ACTIVITY
2 X 10-6/YR PERIPHERAL ACTIVITY
AS ESS RISK AT 90% C.L.

CORKERTON ET AL (CEGB) 10-5/YR PUBLIC

10-4/YR WORKER

WASH 1400 8 X 10-7/YR

GERMAN RISK STUDY 1 X 10-6/YR

AIF 10~d/YR
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POPULATION HEALTH EFFECTS CRITERION

THE INCREMENTAL CUMULATIVE RISK OF ADVERSE HEALTH EFFECTS TO
THE EXPOSED POPULATION PER 1000 MW(e) OF NUCLEAR POWER CAPACITY,
CONSIDERING THE PROBABILITY AND CONSEQUENCES OF EVENTS
INTEGRATED OVER THE SPECTRUM OF POTENTIAL ACCIDENTS, SHOULD BE
NO MORE THAN A SMALL FRACTION OF THE AVERAGE BACKGROUND
INCIDENCE OF HEALTH EFFECTS.

SUGGESTED GOAL 0.1 FATALITY /YR - 1000 MW(e) (MEAN VALUE)

BASES

* REPRESENTS NEGLIGIBLE INCREMENT OF EXISTING BACKGROUND RISK
~ .001% OF TOTAL MORTALITY RISK *
~ .005% OF TOTAL CANCER RISK *

* COMPARISON WITH OTHER RISK CONTRIBUTIONS
NUMBER OF PERCENT OF

FATALITIES /YR TOTAL RISK
MOTOR VEHICLES 50,000 2.5
VIOLENCE 40,000 2
FIRES 7,500 0.4
AIR TR AVEL 1,800 0.09
FALLING OBJECTS 1,200 0.06
ELECTROCUTION 1,100 0.05
RADI ATION INDUCED CANCER 2,000 0.1

*FOR 200,000 MW(e) TOTAL NUCLEAR CAPACITY

- - _ _ _ _ _ - - - _ .
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SOME PROPOSED NUMERICAL
VALUES FOR POPULATION

RISK CRITERl0N
(Implied From Risk Curves)

LEVlNE 0.2 FATALITIES /YR

WASH 1400 0.02 FATALITIES /YR

GERMAN RISK STUDY 0.4 FATALITIES /YR

AIF 0.1 FATALITIES /YR

;

- _ - _ _ _ - _ _ - _ _ _ _ _ _ _
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COST-BENEFIT CRITERION

THE BENEFIT, IN TERMS OF POPULATION RISK
REDUCTION, AFFORDED BY A CHANGE IN PLANT
DESIGN OR OPERATING PROCEDURE SHOULD BE
COMPARABLE TO THAT WHICH IS GENERALLY
ACHIEVABLE THROUGH ALTERNATE INVESTMENTS
OF THE COST OF THE CHANGE IN OTHER AREAS OF
PUBLIC RISK REDUCTION.

SUGGESTED GOAL C100/ MAN-REM

BASES

* EQUIVALENT TO $1 MILLION/ LIFE SAVED
* COMPARABLE TO MEDIAN COST-BENEFIT RATIOS

FOR OTHER HEALTH & SAFETY PROTECTIVE
MEASURES

.

m
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COST-BENEFIT RATIOS
FOR VARIOUS HEALTH AND SAFETY g

PROTECTIVE MEASURES

COE'.-BENEFIT R ATIO
(S MILLIONS / LIFE SAVED)

NUCLEAR POWER PLANT DESIGN FEATURES

RADWASTE EFFLUENT TREATMENT SYSTEMS 10

ECCS 0.1
CONTAINMENT 5
D G SETS 1

HYDROGEN RECOMBINERS 3000

COAL POWER PLANT DESIGN FEATURES

HIGH SULFUR COAL WITH SO2 SCP.UBBERS (85% REMOVAL) 0.1-1.4

LOW SULFUR COAL WITH SO2 SCRUBBERS (85% REMOVAL) 0.7 10

OCCUPATIONAL HEALTH AND SAFETY
OSHA BENZENE REGULAT!ONS 300

gOSHA COKE FUME REGULATIONS 4.5*

ENVIRONMENTAL PROTECTION

EPA VINYL CHLORIDE REGULATIONS 4
PROPOSED EPA DRINKING WATER REGULATIONS 2.5

FIRE PROTECTION

PROPOSED CPSC UPHOLSTERED FURNITURE 0.5
FLAMMABILITY STANDARDS

SMOKE DETECTORS 0.05-0.08

AUTOMOTIVE AND HIGHWAY SAFETY
HIGHWAY SAFETY PROGRAMS 0.14
AUTO SAFETY !MPROVEMENTS (1966-1970) 0.13
AIR BAGS 0.32
SEAT BELTS 0.08

MEDICAL AND HEALTH PROGRAMS
KIDNEY DIALYSIS TREATMENT UNITS 0.2
MOBILE CARDIAC EMERGENCY TREATMENT UNITS 0.03
CANCER SCREENING PROGRAMS 0.01-0.08

9
:
|

|
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SOME PROPOSED NUMERICAL
VALUES FOR COST-BENEFIT

,

CRITERION '

NRC (RG 1.110) $1000/ MAN-REM

EPA $75/ MAN-REM
-

.

WEST GCRMANY DM 100 - 200/ MAN-REM

($50 - 100/ MAN-REM)

ROGERS $30/ MAN-REM
i
1

AIF $100/ MAN-REM

|

,

|
_ _ _ _ _
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CORE DEGRADATION PROBABILITY CRITER10N

A LIMIT SHOULD BE ESTABLISHED FOR THE PROBABILITY OF
ACCIDENTS INVOLVING SERIOUS CORE DEGRADATION SUCH THAT,
GIVEN THE EXPECTED POPULATION OF REACTORS, THE
RECURRENCE INTERVAL FOR ACCIDENTS AS SERIOUS AS THREE
MILE ISLAND IS ON THE ORDER OF ONE PER SEVERAL DECADES.

DISCUSSION

* ESTABLISHES MINIMUM REQUIREMENTS FOR
ACCIDENT PREVENTION - PREVENTS UNDUE
EMPHASIS ON MITIGATION

* REDUCES FREQUENCY OF STRESS PROVOKING
EVENTS FOR POPULATIONS NEAR PLANTS

I

* LIMITS ECONOMIC RISKS OF ACCIDENTS |

!
i

)
.

I
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RELATIONSHIP AMONGINDIVIDUAL RISK, g
POPULATION RISK, POPULATION DENSITY,

AND STATION CAPACITY

10'4 -

f L NT

I 12 WASH 1400 UNITS COby AT SINGLE SITE ] SITE PLANT AT

E / ETEE
'

#
10-5 _. __

hI I PLANTSb
J TIMES LESS

- - ~ -*t | SAFE THAN
W SHY | 3N

i / |
',-

s / /
4 $ / SINGLE WASH 1400

[@g2 10-6 F / UNIT AT 1000 PEOPLE /-

--Qi M12 SITEO ---
,

[g- V WASH 1400y

5 /p /
, .

E $ h I

$*v

10-7 Y h|I

.001 .01 0.1 1

POPULATION RISK (FATALITIES /YR - 1000 MW(e))

|
|

|

!
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_ CAVEATS FOR

QUANTITATIVE SAFETY GOALS

* SUGGESTED NUMERICAL VALUES SHOULD BE USED NTH MEAN VALUE

(50% C.L) ESTIMATES OF RISK. HIGHER VALUES APPROPRIATE FOR MORE
CONSERVATIVE (HIGHER C.L.) ESTIMATES OF RISK

* INITIAL SET OF VALUES S;iOULD BE INTERIM FOR TRIAL USE PERIOD OF

3 YEARS

* QUALITATIVE JUDGEMENT MUST SUPPLEMENT QUANTITATIVE GOALS -
PARTICULARY IMPORTANT IN BORDERLINE CASES

I

_ _ _ _ _ _ _ _ _ _ _ _
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REGULATORY OBJECTIVES

o HIGHEST ACHIEVABLE STANDARD

o LOWEST ACHIEVABLE RELEASE OF RADI0 ACTIVITY OR

CARCINOGENS

o'o UNTENABLE, NEITHER REAS0iiABLE iiOR ADEQUATE

AS PLANT DESIGN CRITERIA

. _ . _ ._ ______ _ _ _ _ __
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i
REGULATORY PRACTICE

.

e RELEASES AS LOW AS REASONABLY ACHIEVABLE :

. ,

e GENERAL DESIGN CRITERIA PLUS REGULATORY GUIDES'

e's BOTH EXPERIENCED SERIOUS SHORTCOMINGS - N1BIGUOUS, TEND

TO MAKE DESIGNERS CONCENTRATE Oil MEETING REQUIREMENTS

RATHER THAN STIMULATE INNOVATION AND LEGITIliATE TRADEOFFS,
~

! SAFETY STANDARDS ACHIEVED DEPEilDENT ON INDIVIDUALS ASSIGNED

TO PARTICULAR PLANTS

:
;

1

I

i

e

!

{.

l
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QUANTITATIVE SAFETY GOALS

e WILL PROVIDE CONSISTENT SAFETY CRITERIA AND THUS FIRM FRAMEWORK FOR DESIGNERS

9

e AVOID RATCHETING OF PLANT REQUIREMENTS
.

e LEAVE DESIGNERS WITH FREEDOM TO CREATE EFFECTIVE DESIGN SOLUTIONS TO REAL
'

PROBLEMS THEY FACE
'

1
.

,

-

4

| e WILL PROTECT PUBLIC AND INVESTMENT MORE EFFECTIVELY

!

e WILL ENABLE DESIGNERS TO GET ON WITH THE JOB 0F DESIGNING FUTURE REACTORS'

e WILL CONTRIBUTE TOWARDS PUBLIC Ui1DERSTANDING OF NUCLEAR SAFETY
, ,

.

e

'

;

.

. . - -
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GA BACKGROUliD
,

.

DEC. 1977STATEMENT BEFORE NRC RARG GROUP
-

FEB. 1979; STATEMEliT BEFORE UDALL COMMITTEE
-

,

4

MAY 1979AIF'aRKSHOP PAPER
-

SEP. 1979AGNEW TO KEMENY LETTER
-

KN0XVILLE CONFEREilCE PAPER ~ APR. 1980-

3
-

LTR ON SELECTION OF DESIGN BASIS ACCIDENTS
- JUN. 1980

l
'

,

e

1 .

1

!

,! '

1

i

- -.--.
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KEY ELEMENTS (CONCEPTS) 0F GA APPROACH TO QUAliTITATIVE SAFETY GOALS

e PROFESSIONAL JUDGMENT

e RISK BUDGET VIA COMPARATIVE RISK STUDIES

e EMPHASIS THROUGH KNOWLEDGE OF PRA BUT RETAINING SOME ASPECTS OF

DETERMIlilSTIC REGULATORY FRAMEWORK

e RETENTION OF DBA BUT PRA FOCUSED

e ADDITION OF SAFETY MARGIN AIID RESEARCH REGIONS

e 110 IDENTIFIABLE PUBLIC INJURY

e USE OF LIMIT LINES
,

e RANGE FROM EMPHASIZED TO BALANCED RISK POLICY

e ACCEPTABLE Ii1DIVIDUAL, SOCIETAL, AND PUBLIC PROPERTY RISKS

i

!

l

i ,

i

l

! -

"

!

_ _ _ _ - - _ _ _ _ _ - - - - ,-
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ASSESSMENT 0F PUBLIC
PERCEPTIONS OF =

NUCLEAR RISKS

EXISTING NUCLEAR OPERATING SAFETY
+ D ECISIO NS, E.G.RIS KS, E.G. WASH. -

1400 ASSESSMENT KEY IMPLEMENTATION TECH. SPECS.
ACTIVITIES

> BUDGET
ONCERS

EVENT / FAULT TREES APPLICATIONS Du,''NG
RISKS FR0M 0THER + OPE R ATION, E.G.

INDUST RIES, E.G. ANTICIPATOR-
CONSEQUENCE ANALYSIS

CHEMICAL
-

DATA BASE
APPLICATIONS TOQUANTIFIED

SA Rs. E.G.SAFETY + VALUE/ IMPACT METHODS +-
RISKS F ROM OTHER DETERMINISTIC

GOALSMAN MADE HAZARDS '^~
AND NATURAL SAFETY RESEARCH

' '
PHENOMENA

OPTIONS O F SAFETY
ENHANCEMENT APPLICATIONS DU RING1

+ O ESIG N, E.G. D ESIGN

MEANING OF COMMON CAdSE FAILURE CRITE RI A

4
FREQUENCIES METHODOLOGY -"""

ASSESSMENT OF+
QUANTIFIED SAFETY ADVANCED CONCEPTS

IMPROVEMENTSTUDIES, E.G. WASH-
-|Ik IN UNCERTAINTY-

1400. AIPA, DEUTSCHE.
ESTIMATESRISIKO STUDIE

+
~

UNDERSTANDING
' - > 0F ~

CONSEQUENCES

Figure 1. Major steps in develop ent and implementation of quantified safety goals
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O
NOTE T0: William E. Vesely, Head

Methodology Applications Section
Probabilistic Analysis Staff, PAS

FROM: ' James W. Johnson
Methodology Applications Section
Probabilistic Anal tis Staff, PAS

SUBJECT: FLOE CODE SUMMARY REPORT4

Attached please find a brief FL0E code summary report. I have

included an e. sample application of the code to annual peak discharge

data from the Susquehanna River. These data have also been forwarded

to EG&G so that their code may be exercised with actual discharge

data.

,

James W. Johnson
Methodology Applications Section
Probabilistic Analysis Staff
Office of Nuclear Regulatory Research~

Attachment: FLUE Code
-

Summary Report

1
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FLOE CODE SUMMARY' REPORT

INTRODUCTION

The Flood Level Occurrence Evaluation (FL0E) Code is being developed to

provide point and interval estimates of the probability that large flood

discharges are exceeded.. The code utilizes both expert assessments and

historical flood occurrence data to obtain estimates of flood exceedence

probabilities and their associated uncertainties. Postulated relationships

between regulated and non-regulated flows, as well as the associated un-

certainties are also incorporated in the code.

This report provides a brief description of the methodology used in the

FL0E code along with a status report and future plans. Finally, as an

example application, the code is applied to discharge data from the

Susquehanna River at Harrisburg, Pa. This example is for illustrative

O nurnoses oniy.

METHODOLOGY

In the FL0E code, we confine our attention to the maxima of the annual

hydrograph peaks (i.e., the largest annual flood flow), and estimate the
.

probability that the annual maxima exceeds a specified value. Previous

approaches to this problem have preceeded along the following two lines:
.

(a) It is assumed that the largest annual flood peaks have the third

asymptotic distribution of the maxima (of a sequence of independent
'

identically distributed random variables (Gumbel's Law)) and the

j tail probability of the asymptotic distribution is then estimated.

|

'
.

,



.' 1'1
-2- *

i

(b) the hydrograph is considered to be the realization of a stochastic

process, and the probabilistic properties of the maxima of the

O stocastic process then analyzed.
.

The approach taken in the FL0E code is analogous to (a) above, in the
.

sense that a distribution is assumed for the largest annual flood peaks,

but the estimation of the tail properties is undertaken within a

Bayesian framework.

For notational purposes, we let the random values of the unregulated

hydrograph peaks be denoted by k , and the regulated hydrograph peaks
u

by k . Also let Xu"I 910 u and XR"I 910 R*g

For convenience, XsG(a,8) will denote the fact that a random variable X

O has a gamma distribution with a shape parameter a and a scale parameter

8.

Benson (1968) has given a comprehensive summary of an investigation conducted

by a federal interagency group on the distribution of the random variable

k . The group has recommended that the log-Pearson Type III distribution
u

be used for the X . A random variable X is said to have a log-Pearson
u

Type III distribution if its density function is given by:
\ "~I InUsin 10

1 inX -

h(X;a,8) = | e 1

r(s)| sin 10| Bln 10 / x

where l<x<= if 8>0 and 0<X<1 if B<0.

Equivalently this means that log 10XsG(a,8) if 8>0 and log 10( }

sG(a,-8) i f 8<0.

!

|
t

|

, - - ,
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Even though there does not appear to be any theoretical explanations

which support the use of this distribution, we have chosen to conform

O initially with the recommendation of the interagency group. Our

approach can and will be amended to account for other forms of the

distribution of X '
u

.

In order to estimate the probability that the annual maxima, X , exceeds
u

a specified value, say X*, we shall have to obtain an estimate of:

Pr(k > X*) = Pr(log 10 u 1 O9 *)I
u 10

= Pr(X l X)
'

u

where X = log 10X*. If 8>0 then X sG(a,8) and
u

Pr(k
"

ut X*) = x/
* 5(X*,a,8)

O If 8<0, then -X sG(a,-8) and!

u

/ x e (-ss)(Bs)a-1
-

eds-

Pr(X >X*) = 0u- (a)

d*f U(-X;a,-s)

Thus our parameter of interest is T(X*;a,8)

If B>0, and 5(-X*;a,-8) if B<0, where both T(X*;a,8) and E(-X*,a,-8)

lie between zero and one. We assume that it is known a priori whether

8>0 or s<0. So for the sake of discussion we assume that 8>0. The case

O1

.
..

- - - - - , - - - - -
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B<0 i:, treated in a similar manner. Since we have adopted a Bayesian point

of view, we shall have to endow a prior distribution on li(X;a,8) for two

distinct choices of X, and then using the unregulated and regulated data

obtain it, posterior distribution. To obtain the posterior distribution we

hypothesize a simple relationship between regulated and unregulated discharges.

FL0E CODE STATUS

The first version of the FL0E code is operational and has been exercised

on some " test data". This version of the code Demits the estimation of

exceedence probabilities for both unregulated and regulated flows. The code

has three basic options. The first option permits the specification of a

sequence of percentile points at distinct discharges. The second option
O allows only the specification of 6 and (1-6) percent bounds at distinct

discharges. At 6 percent region of a,6 points is detemined and eaual

probability assigned to each of the a,s points. The final option permits

the acutal specification of the .ioint prior distribution of a and 3.

All three options are now operational at EG&G.

The three versions of the code can each be exercised with unregulated

data only or with unregulated and regulated discharges. If only unregulated

data is used, the exceedence probabilities will be calculated in tems

of regulated discharges. In estimating exceedance probabilities for

O reguieted fiows, it is essumed thet e simple ,ineer reletionship exists

between regulated and unregulated flows (specified by a parameter e). The

parameter specified by this relationship is assumed to be uniformly distributed

with the hydrologist specifying the 6 and 1-6 percent bounds. The user must

.

9
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also specify the discharge levels at which exceedance probabilities are

O to be computed. The output from the code 2rovides the exceedance probability

distributions at each discharce point specified. In addition to the

probability density function, the 6 and 1-6 percentiles, the mean and

median of'the exceedance probability is also provided.

The FL0E code also has the following plotting capabilities:

a. Plots of the average, median and the 5th and 95th percentiles
' of exceedance probability as a function of discharge.

b. Plots of both complementary cumulative distribution functions

and density functions of exceedance at specified discharge levels.

c. Plots of the prior and posterior densities of the parameters

O involved in the Bayesian analysis. In particular, the joint

probability mass function of the gamma distribution parameters

a and 8 are shown and a separate plot of the density of the

transformation parameter 0.

PLANS

S everal routines in the FLOE code ar * being investigated in an attempt

to provide more efficient algorithms. These routines include the algorithms

translating hydrologist judgement into a region in the a,8 plane for the

prior distribution. Log Scale plots of the reciprocal of the inverse of

the gamma, G(a,1), distribution function as a function of a have been

generated, in order to obtain transparencies which can be used to show

the exact shape of the regions in the a,8 plane satisfying a wide

variety of possible hydrologist specifications.

.
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Other plans for the FLOE code include extensive sensitivity studies for

the estimation of exceedance probabilities for unregulated flows. These

C,,. sensitivity studies will include the effect of different prior bounds,

the effect of different prior distributions, the effect of different

discharge levels at which prior information is provided, the effect of

mesh size'in the a,B region. We will also develop automated procedures

to determine the " appropriateness" of the log-Pearson type III distribution

as the sampling distribution. We will also investigate the numerical

stability of the exceedance results, considering the use of importance

sampling and approximations for the prior distribution to make the code

execute more efficiently.

.

EXAMPLE

O To iliustrete the et0E code methodeio9y en exemple eveiuetion for the

Susquehanna River was performed. Although actual Susquehanna discharge data

was used, this analysis is for illustrative purposes only. Before the

methodology can be realistically applied, a comprehensive sensitivity

study must be perfot. ed. In addition, no assessments of exceedance

probabilities at the selected discharges was elicited from experts.

Instead, we have based our posterior exceedance estimates on some

assumed prior bounds.

An 87 year record, for the period 1891 through 1977 was used in this
i

analysis. The actual annual peak Susquehanna discharges are provided in

Table 1. All annual peak discharge dat are assumed to be unregulated flows.

-

- . , -- ,.
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Consequently, exceedance probability estimates are obtained only for

] unregulated discharges. We assumed, in the first example calculation,

that prior information in terms of bounds on exceedance probabilities

was available at discharges of 2000,000 cfs and 350,000 cfs. These

bounds were provided as the 5th and 95th percentiles. As 200,000 cfs,

the assumed 5th and 95th percentiles were IE-1 and 7E-1 respectively.

At 350,000 cfs, the assumed 5th and 95th percentiles were IE-2 and

IE-1 respectively.

The 5th and 95th posterior exceedance probabilities are plotted in

Figure 1 for discharges ranging from 1,700,000 cfs to 2,000,000 cfs.

The median exceedance probability estimates range from 1.3E-5 at

A 1,700,000 cfs to 4.5E-6 at 2,000,000 cfs. As examination of some of
V

the detailed printput from this example case suggest that the code is

" fairly sensitive" to the grid size for the parameters (a and 8) of the

Log-Pearson type III distribution. Additional studies are planned in

this area.

Previous analyses of discharge data from the Susquehanna River have suggested

that the Loq-Pearson type III distribution may not be an appropriate

sampling distribution. In particular, it has been suggested that there

are two underlying causal mechanisms associated with the process. Graphical

analysis of the data suggest that if this is the case, the extreme annual
O discharges (assumed to result from one causal mechanism) is the dominant

contributor to exceedance probability at the large discharges. So to

provide an alternate example analysis we identified seven extreme annual

.
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discharges and assumed a Log-Pearson type III sampling distribution.

(} The 5th and 95th posterior exceedance probabilities are plotted

in Figure 2 for discharges ranging from 1,7000,000 to 2,000,000 cfs .

The median exceedance probability estimates range from 2.6E-4 to
.

1.4E-4

As a second illustration of the FL0E code, the above examples were repeated

assuming log-normal percentiles on the exceedance probabilities at

discharges of 200,000 and 350,000 cfs. Figure 3 provides the 5th and 95th

percentile estimates on exceedance probabilities assuming the 87 year

record. Exceedance probability estimates, assuming only the seven extrere'

estimates, are provided in Figure 4.

O
.

s

.
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SUSQUEHANNA DISCHARGE DATA-

.

Year Discharge (cfs) Year _ . Discharge (cfs)

'1935 242,000-

1891 408,000
1892 270,000 1936 740,000'

1937 231.000
1893 324.000

1938 178,000
(71894 613,000
V 1895 230,000 1939 210,000

1896 265,000 1940 418,000

1897 180,000 1941 244,000

1898 315,000 1942 290,000

1899 228,000 1943 412,000

1900 - 238,000 1944 212,000

1901 249,000 1945 252,000

1902 449,000 1946 494,000

1903 276,000 1947 214,000

1904 298,000 1948 308,000

1905 306,000 1949 220,000

1906 210,000 1950 300,000-

1907 247,000 1951 416,000

1908 297,000 1952 324,000

1909 297,000 1953 216,000

1910 332,000 1954 242,000

1911 178,000 1955 177,000

1912 249,000 1956 338,000

1913 402,000 1957 250,000.

1914 358,000 1958 281,000
'

1915 286,000 1969 230,000

O1916 379,000
'

1961 392,000
1960 382,000

1917 155,000
1918 288,000 1962 270,000

1919 294,000 1963 249,000

1920 423,000 1964 484,000

1921 178,000 1965 136,000

1922 278,000 1966 265,000

1923 261,000 1367 182,000

1924 324,000 1968 202,000

1925 379,000 1969 139,000

1926 166,000 1970 343,000

1927 323,500 1971 224,000

1928 252,400 1972 1,020,000

. _ 1929 235,000 1973 209,000

1930 177,000 1974 205,000

1931 153,000 1975 529.000

1932 245,000 1976 239,000

1933 269,000 1977 254,000

1934 141,000 .

O

-

*
,. w

- . - .
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FIGURE 1 POSTERIOR 5th AND 95th PERCENTILES
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FIGURE 2 POSTERIOR Sth AND 95th PERCENTILES
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FIGURE 4 POSTERIOR 5th AND 95th PERCEfGILES
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(D TABLE 3.1'v'

Risk of Irnediate Death to Individual Originally Located 0.5 to 1Case 1:
Mile frou Reatur

. .

Probability (P ) Frequency (F ) ,

Release
Dose > 200 Re,3 of Release (yr ')* PF-

$5Categoev*
.

4x10-7 1.1x10 ''*
1A 0.023

5x10-7 9. 0 x10-9
IB 0.018

8x10-6 1.7x10-7
2 0.022

4 x10-6 1. 2 x10- 7
O 3 0.029
L)

5 x10-7 1.6x10-8
4 0.031

7 x10- 7 2. 0x10-0
5 0.023

6x10-6 0
6 0

4x10-5 0
7 0

4 x10-5 0
8 0

4x10-4 0
9 0

/')
Q ,i -1= 3. 5 x 10-7 yrR= PF5$

.

c

* from RSS [2]
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TABLE 3.2'

r

Case II: Risk of Immediate Death to Individual Originally Located 1 to 1 1/2
Mile from Reactor

Release Probability (P ) Frequency (F )
Category * Dose > 200 Rea of Release (yr-1)* PF3 L

$3

4x10-7 1.1x10-817, 0.029

5x10-7 6.7x10-9IB 0.013

8x10-6 1.2x10-7
2 0.015

3 0.032 4x10-6 1.3x10-7

5x10-7 1. 4 x10-84 0.029

5 0.026 7x10-7 1.8x10-8

6x10-6 0
6 0

4x10-5 0
7 0

4x10-5 0
8 0

4x10-4 0
|

9 0

i
i

O
V

R= PF = 3.0x10-7 -1ypj5

i

|

* from RSS [2]
|

I
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Table 3.3Q
Latent risk to individual given that the acute risk is 10-5 /yr. The assumed

cut-off dose for early effects is 200 Rea.

.-

d. 0 (Ree) W yr'' h-s y r''

1.99 1 1.2x10-6 2x10-3

1.99 10 6.0x10-7 2x10-4

1.99 0.005 3.8x10-5 0.4
Q

1.01 1 2.0x10-9 1x10-7

1.01 10 1.9x10-9 1x10-7

1.01 0.005 2.0x10-9 1x10-7

1.5 1 1.9x10-7 7x10-5 |

1.5 10 1.6x10-7 2x10-5

1.5 0.005 3x10-7 1x10-3

for an assumed cut-off dose for early effects of 350 Rea

L){&em) f'fr 0 4'
0( !

1.99 1 2.3x10-6 3x10-3

1.99 .005 6.6x10-6 0.6

|

i



| 1
'

.

.

(%ax O U'' * ) dx$E- %O *
x,,, , ; I

%f
l

E~&)= /y * fIV (X2 x)dx
) ax
%, ;,

hams
E~ (o<) 3 /o

Jn
O

6
f0s d (#) g g y ,oz

A E lW) ' Y &ar'd aArdd~

c~'

0 E $ 2X/O ' d f (<') - )/ g Q

O-

|



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

11 -4 -

3~ >
, , , -

.| 4,,,. _ _ . _ r _ ,, __ ,-

' 1'
_ '

. ,

,

; -

| : - r
-

' -i
- p

:

d

gg - - - .
~ _

,
g ,

.J ; .
.

)
"

, ,.<v e om.
-G

-
.

e.
\ / , q

/ -

we ;
-.

_ wa.
-

-

: :
: =

a . *
.

a N
.

~ \ e<
3 I ~.- - - ..

t : i
.

-

< I ouve
.

*

,
4

j

Ig ~

9 -w -

[ \
.

g
' e '-- -
l

.
-

!
.

, .

:
8y :

s-y9-
-

\ : "..

y
! :

-
W

\ . ..., , ,,,,

i

h
~

"h n' *** S'' '' '
,

,,."we if ,,? .. , , , _ , _ . .
t.s . .

r e as 8.lpror.ritsty castrawtio .for sar:y retalsties per a eter t. r 4.2 pras.eitity on.trtmasee for Latent cancer reta11ty tacide- c e*

p.: me.eter t..r

.
\

t i 3
' ' -

i 'v 3 i e ia
i

,
y 5i

3 . 7- a e -*"T T
ge

.: .

m. >

y 4

.
.W. ::W. : _

| : -

".
.

-
.

.
' . mage W

"

ew
i .-

- g ,

w

$ N, .
| ~

.

j _ __ _

j t,

,,. . :.o :
3

.
1 .

~

!
\

: !
-1

~

L \ - ,

.

, , .
.

s' -

. ,,. . 3
5\, . -

i : -

, .

3 .
.

.

m

4

$ 14 5 $ 5 .be 8 M M Mg,S " '

s gs? .g
I I e jI I OII

3 g.8 y
W

m & 1 1 1j4

y.9 gge g get ge
t ,p. n.o.--o 0.ea.mo

Cowie $ Noris p.' 9est

fsGuRE 4.4 Frctability Dist.rftstiam for Property Damage per Ra.ctor Te-f eCuat 4.3 Psobability Distribution f or Incteence of Ces.ette arteet.
Pet he ctor f ear '



..- -_ _ _ _ _ _ _ _ -___ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . .

.

12 --

.b
7.

3 ,e_,__

I
g ,

:
.

t

!xA 4-_
e.,

ix,
:,, :

:
o .

\
-a

-~
3 g.

} -

5
:

t :-

L .

k

9y ..

-

-

.

.

~

4 :w
.

.

.

, ,, .

,
a,,e s ,sr se

t ie' sew' is
8 aw ee r - w .ame

revat 4.$ rrobe sitty Dists thstem ter motocattoe aid neeontamination Areej per mes: tor tear .

g,-5
.. , . . .

-.

.,

,

,

Ch.'"
,

4

#1
.

5
- #3 #* :

-

se !
I *

3 <

E '

\ :
.

,,-5
{

.

4

;i.-
t.. .

,,.. . . ... . ... . .
*$

*8 *I *I *I 80 * 80*

gg te gg st

O' EAe61 FATALiftt6

.

s

eas3r f atalitses thevant the eastetsson of site specifear versuflGWE 4.6: gog.Los plot of prebability (per teactor- ar ccor's
ebest the peseter safety stvey ccot.

3 * Imsson Peamt (2905 MWt) 3e tien (1158 8Nt)
3 * Pale Verde (3113 rwt) 4e millstone swa (1955 antt)ee meseter Safety Study .

Se sen Onelse (1290 asut) .

q?

_ . .



_ _ - .

.

1E --

.
.

4
**

19

.

o ..--
,~

I
N 1

'
1in ' / :

i
-

t 1

-

-

e i, ' '

2
!I
1. . - .

<

_

= -
_- e.g
*2 *3 *4 *5

g, t g, l gg gg gg gg
**

t.tAL Lattu? Can':ta Fatattfits

* RI A"100 SAFETY STUOV

1, $UU* AT THE IN ;Ah POIk? $1TI

2. $URpt AT THE Zi m $lT!

* FIGAI 4.7

.r ....,... .... .. ...,L,,,..
.....

]i4

|

1si .-'
* 1 <

1
i .- *

<

C

* 1. 1
*

<

1
<

1,,-*
3

C -
--l

( , . .

,

s ,,

.g g, l gg gg g. SS*3 *I
*

1 1 AL Lafgnt cancta F AT ALITitS

FIGURE 4.8: the-Los plot of probebit6ty (per seector-yessi eersust ette
total later.t sances f atalatses shovang the dasperssen esthe peactor Estety Study CCDr
spec af ac CCDF's aboet 2 * Saen (315 stW t)

Astety .956 sust)2ndaan Peamt (2891 sult) swa 43,

4e m:11 stems3e tedy
3 * Pole Verde 43713 suutt

t

*= seactet
S * San boise (1294 surt)

|
,

-
-- - - - - - . - -- -

._ n.

_



-

t,

.

TABLE 4.1

EXPECTED VALUE OF THE PISK FOR THE.
.

RESULTS PRESENTED IN WASH-1400,L

RiskConsequence ,

4.4 x 10-5 deaths / year'

Early Fatalities
(average curve)

2.7 x 10-2 deaths / year
Latent Cancer Fatalities
(total over 30 years)
(average curve)

3.6 x 10-3 genetic effects / year
Genetic Effects
(total over 30 years)

3
$5.5 x 10 $/ year

Property Damage

O 27.5 x 10-4 mi / year
Relocation Area

29 x 10-3 mi / year
Decontamination Area

,

O

- .
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TABLE 4.2

. '

O
EXPECTED VALUE OF THE RISK FOR T!!E SURRY REACTOR
PLACED 0" SELECTED SITES A!13 SCALED TO Tt!E POWER

OF Tite REACTOR AT THAT SITE

.

CUR .' E RIS!: (DE AT!!S/YE AR)

EARLY LATE *;T (TOTAL)

4. 4 x10-5 2. ) x10-2*

RSS (h' ASH-1403)

4. 0 x10-5 2.1x10-2RSS (FIG. 4.5)

4. 9 x10-8 337 gyg7L,
San Onofre

O
4. 7 x10-4 4.95x10-2Indian Point

2. 5 x10-4 3.5x10-2Zion

3. 0 x10-6 t10T AVAIL.Millstone

4.3x10-6 NOT AVAIL.Palo Verde

This difference is attributed to updating the consequence modelling in*

Q the computer codes used to generate the curves.
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TABLE 4.3

fO EXPECTED SOCI AL COST (RISK) 0F EARLY DEATHS / YEAR
AS A FUNCTION OF RISK AVERSION FOR % HYPOTHETICAL

CASES COMPARED TO THE RSS (FROM FIG. 4.6)
i

!
:

EXPECTED SOCIAL COST - RISK (Ec)
CORVE (early deaths /yr)

1

t

d=/ # = /'h #=a
_

4.0x10-5 7.38x10-4 2.1x10-2
* RSS (FIG. 4.6)

4.9x10-8 2.7x10-7 1.25x10-6
J

5 San Onofre
.

4 7xio-4 z 3xio-2 12
O i t#aiea eoiat

2.5x10-4 1.4x10-2 1.3
2 Zion

3.0x10-6 4.7x10-5 8.0x10-4
4 Millstone'

4.3x10-6 4.1x10-5 4.5x10-4
3 Palo Verde

O
.

'

i .

!

I

--

- . . . . . -- :~~ - ___:_- ~ ~ T : r -
. _ . _. z . _ _

*
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|O taste 4.4
i

'

EXPECTED SOCI AL COST (RISK) 0F TOTAL LATENT DEATHS / YEAR
<

i
' AS A FUfCTION OF RISK AVERSION FOR TWO HYP0THETICAL

CASES COMPARED TO THE RSS (FROM FIG. 4.7) i

i 8

!

!

'.r
EXPECTED SOCI AL COST - RISK (Ec)

j CURVE (latent deaths /yr)

!

<

o(=/ W = / ft a( = 2.
-

i
1

2.06x10-2 0.89 53.0I

f RSS (FIG. 4.6)*

|
4.96x10-2 4.01 410

1 Surry at I.P. (1)

3.5x10-2 2.12 1494

2 Surry at Zion (2)
.

?

i

|
r

!,

I
i
\

i
l,

f

|O
!

~

r
t

i

.i

e
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. TABLE 4.5_'

; O
COST PER DEATH AVERTED AS A FUNCTION OF
RISK AVERSION FOR A $1 MILLION AND A
$10 MILLION IMPROVEMENT OVER 30 YEAPS

i '
'

-
.

CURVE (1) TO RSS_
COST OF_

IMPR05'EMENT_'

|
CASE

M=/ W= |Ya. W= 2.
_

; 1.15x10 $10,000 $93.006

| I. $1 million

$1.15x10 $106,000 $933.007

II. $10 million
.

0
*

CURVE (2) TO RSS_
COST OF_

| IMPROVEMENT

i &/ a(= |6 d = 2.

$2.31x10
$27,100 $347.006

II1. $1 miilion

$2.31x10
$271,000 $3,4727

IV. $10 million

i

:

.' O

i

* FIGURE 4.7
1,

I

, . . . . . . - - - - - , , . , . , . . - - - - + - - + , , , , - - . , - = - . , . - . - - , , , , ,, ..,,,, ,,, . - ,.,,-..-n., e--
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TABLE 4.6

(]~
6

KAXIMJM AM3UNT OF EXPENDITURE FOR A $2x10
COST PER DEATH AVERTED OVER 30 YEARS AS A

FUN: TION OF RISK AVERSION
..

MAXIMJM EXPEN3ITURE ($)
*

CASE

$:/ W = /'d v=2.

6 8 10

CURVE (1) TO RSS 1.7x10 1.9x10 2.14x10

6 8 10

CURVE (2) TO RSS 0.9x10 0.70x10 0.56x10

O

Figure 4.7*
,
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TABLE 4.7

~ -

O COST eER Outs avERTE0 ^S ^ ru=mur
U*iCERTAl'iTY FOR A 51 MILLI 0'i A'!D A

510 MILLIO*i IMPROVEMENT OVER 30 YEARS

.

.

*

CASE C1ST OF CURVE (1) RSS
I!PR J.'E:E iT UZERT AINTY IN P,lSK

0 +10 +100

6 4

I. 51 *1i11 ion $1.5x10 1.15x10 1.15 x10

7 6 5

II S10 '4i11 ion $1. 5x10 1.15x10 1.15x10

O
*

COST OF CURVE (2) RSS
IMPROVEMENT UNCERTAltTY IN RISK

0 +10 +100

6 5 4

III. 51 Million 52.31x10 2.31x10 2.32x10

7 6 5

IV. $10 Mi11 ion $2. 31x10 2. 31x10 2.31x10

O
* Figure 4.7
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TABLE 4.8

. .

O
6

max!Miri A*GJ'IT OF EXPETITURE FOR A $2 >:10
COST PER DE ATH AVERTED OVER 30 YE ARS AS A

FUNCTION OF UNCERTAINTY

.

.

*

CASE MAXIMJM EXPE'OITURE
(Uncertainty in Risk)

\

0 +10 +103

6 7 0

CURVE (1)4RSS 1. 7 x10 1.7x10 1.7x10

6 7 8

CURVE (2)-t SS 0.9x10 0.9x10 0. 9 x10
R

;

|

|

.

I

O n e,e 4.7.
o

|
.
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(1 q), where q is the fractional sulfur removal efficiency. Limiting
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| TABLE 5.1

O
SOCIETAL AND INDIVIDUAL RISK FOR
A 1000 MWe C0AL PLANT ON FOUR

PENNSYLVANIA SITES

.

1 2 3 4

SITE *

6 6 6 5

2.8x10 3.3x10 2.9x10 6.2x10
Population in
80 km. radius.

_

SOCIETAL RISK (deaths /yr.)

24 49 34 10
:

I Expected Value

86 150 114 27O'

Upper 90%
Confidence Sound

:

AVERAGE INDIVIDUAL RI5K (yr.-1)

0.86x10-5 1.5x10-5 1.2x10-5 1.6x10-5
Expected Value

Upper 90's 3.1x10-5 4.5x10-5 3.9x10-5 4.3x10-5
Confidence Bound

!

|
:.

I

O * FIGURE 5.1

.

-. - _ _ _ . __ _
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TABLE 5.2

O FRACTIONAL REDUCTION, COST AND COST

PER DEATH AVERTED FOR VARIOUS
:

SULFUR CONTROL STRATEGIES
I

'
.

STRATEGY * FRACTION OF SULFUR COST COST PER DEATH AVERTED

REM 3VED ($/yr) ($/ death averted)'

AT EXPECTED VALUE

6 6

1 -94 0.58 15x10 1.07x10

6 6

3 ---* 4 0.71 18x10 0.75x10

6 6

244 0.80 22x10 0.56x10

O AT 90t ueeER CONFioENcE 80aND

6 6

1-+4 0.68 18x10 0.30x10

6 6

3%4 0.76 20x10 0.22x10

6 6

2-*4 0.82 23x10 0.19x10

,

* Reducing the societal risk from the plant at sites 1, 2 and 3 to that of site 4.

(

O,

|

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



.

- 35 -
.

TABLE 5.3

O
FRACTIONAL REDUCTION, COST AND COST

PER DEATH AVERTED FOR PLANT #4
FOR VARIOUS SULFUR CONTROL STRATEGIES

DEATHS /YR FRACTION OF COST COST PER DEATH AVERTED

AVERTED SULFUR REMOVED ($/yr.) ($/ death averted)

AT EXPECTED VALUE*

6 6

4 .40 8x10 2.0x10
,

6 6

5 .50 10x10 2.0x10

6 6

7 .70 18x10 2.5x10

6 6

9 .90 38x10 4.2x10

O
AT 90% UPPER CONFIDENCE BO'JND*

6 6

8.3 .31 5x10 0.60x10

6 6

13.5 .50 10x10 0.75x10

6 6
20 .75 20x10 1.0x10

6 6

25 .92 40x10 1.6x10

6 6

26 .96 52x10 2.0x10

* Expected value is 10 deaths /yr, at 90% upper confidence bound the risk is 27
deaths /yr.

O

!
|

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

-y _,



.

- 37 -
.

TABLE 5.4

O
FRACTIONAL REDUCTION, COST AND COST

PER DEATH AVERTED FOR VARIOUS
SULFUR CONTROL STRATEGIES

*

.

STRATEGY * FRACTION OF SULFUR COST COST PER DEATH AVERTED

REMOVED ($/yr) ($/ death averted)

AT EXPECTED VALUE

6 6

1--P 4 L 0.80 22x10 1.2x10

6 6

3--+ 4 i 0.85 26x10 0.9x10

6 6

2-- * 4*t O.89 37x10 0.84x10

AT 90% UPPER CONFIDENCE BOUN3

6 6

1---94i .99 80x10 .94x10

6 6

3 --* 4 i .99 80x10 .70x10

6 6

2 --+ 4 i. .99 80x10 .54x10

* Reducing the societal risk from the plant represented by curves 1, 2 and 3 to
that of an improved curve 4. At expected value, the improved curve 4 is 5

'

deaths / year, at the 90% upper confidence bound the improved curve 4 risk is
1 death / year.

.

O
:

..

| . . . . _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

- - - - - - . . . . . . . . . . . . . . . . . . - . .g
.



i

.

.

10'3 ; i iii.. i I i ..6,iiit; i , i i i1 , ,

~
..

.
--

O
_

- .

-

-
~

10-4 -

~.
-

.

:-

-
-

~

.
-

*

_ .
-

.

~
_

*.

10-5 _

-

:
x -

A
'

I
> -

,

8

10-6 _

_

_

i 5
=

t -

.

P% R -

O ' 10'[~~
~

'

i |
-

Average curve 2'

-
-

.
-

,_

-

'
-

BWR

410 -

-

_
-

-

.
-

.

. b -

_
I _

1 . i i !...., , , , , ... . .
,, , ,.

10 10 10 3os 3c 3os0 1 2 4

Early Fatahties. X

4.1 Probability Distributio$ ,for Early Fatalities per Reactor YearFIGURE

Note: Aoproximate unartainties are estimated to be represented by
factors of 1/4 and 4 on consequence magnitudes and by factors |
of 1/5 and f on probabilities.

I

1

i |

|



__

Z

f 10-3 - . ii. I .iii i ~ i iiisi. , i i ,s i : t;

O ! !
: ~

_

~

..

~

-

4 _

10 -
* =

-
.

_;
~

.
_

{ Average curve _

( WR
-

PW R i

10-6
_

Z
. ~

| X
~ _

A
_

'

| _

4

> -

| 5
-

T.i
E 10-6 _

:
E

:
? ..

~

O }1
- :
~

,
.

10'? 1
-

~

_

-

_
-.

t .
-

.

.

410 _

:T _

-
_

.

..

-
-

-
-

' ' ' ' ' ' ' ''' ' l l' ' ! 'f'f' ' ' ' '
10*9 4 5

1 102 103 10 100 go10

Latent Canar Fatalities per Year, X

FIGURE 4.2 Probability Distribution for Latent Cancer Fatality Incidence;

per Reactor Year

Note: Approximate uncertainties are estimated to be represented by
factors of 1/6 and 3 on consequence magnitudes and by factors

.
of 1/5 and 5 on probabilities.

i
r

p. -ry,- _-n ,_ : - -



.

10'3 - I i
'

I i i i i i i 2 i i . I iiai_
~

- ~
-

O
- .

-

-
- .

-

*
-

e

4 -

10 - ~
- ~

~

|
-

-

jBWR ,,
-

-

!, Averap curve -' I
-

- ,

h
-10 5 _ 2
-

X -._ ~

"

A -

g _ PWR -

>
-

-

B

h -6 _a 10 _

( b

_# : :
-

-

~

'
~

O.

10*7 -
,

-
i

_ -
..

-
d

_

-
,_

-
-

-

4 -

10 -

::
-

_

-

,

,

=
-

-
-

!_'!! ! I i fffil
, i 1 ! I f ! !! ! ' I ! I f !! ! I f I!!!! Lll ' ' ! '

41 2 1@ 100 g0 3g10'1 10

Genetic Effects r; Year

FIGURE 4.3 Probability Distribution for Incidence of Genetic Effects
*

per Reactor Year

Note: Approximate uncertainties are estimated to be represented by
factors of 1/3 and 6 on consequence magnitudes and by factors
of 1/5 and 5 on probabilities.

i

e

.-



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

.e;

.

,..i.. . . . . . . i i s ii

10-3 :i i ,
.

, ,

;
-

-
-

_
. .

,

O - _

_

_

_

-

10d_
-

_
_

~

:u -

: y -

_

_

d

_
'

10' *' .
, ~.

,

'

-

-

x
n -

n
.
>
B

\.i _

3
at 10-6 _ -

j

k
-

.

, . -

.- .

-

g -

4

0 -

10-7 _

_

_

_

-

-

4
-

10 :
a

- -

_

_

_

, 1 . , ,,n 1 ri.- i i i 11 t !! , ,irti i i n iiin
3 g.,

7 8 10' 1010 1011
6 10 1010

Totat Property Damage - Dolfars. X

FIGURE 4.4 Probability Distribution for Property Damage per Reactor Year
e

O Approximate uncertainties are estimated to be represented by:
Note:

f actors of 1/5 and 2 on consequence magnitudes and by factors
i of 1/5 and 5 on probabilities.

.

e

_ _ _ _ - _ .- - . . - . ,_y-. . . . .% ,



5

.

e

ii l i e 6ii6
ie <I e . .

{ . i

*
_

_

.

O
.

*
- .

-
,

_

4 ~.10 - ,

-
| -

-
T

9
m

:
..

' e
~

V o. _ ,e..n.,,on a,..
.

I N _

,0 s :..
i

.
.

X -

^
_Relocation area)

>
8 _

TC 10-6 . :

a
~

1
_

,

_

i

O ' ,,., _

1
_

=
-

.

r- .

l

i
-

!

_

10-8 ~
~

-

-
_

-
-

.

.
"

-

' '' ' ' ' ' ' ' ' ' ' ' ' ' ' ''' ' ' ' ' ' ' ' ' ' ' ' ' ' ''

10-9 43 100 1 2 10
10-1 10 10 10

2 XRelocation and Decontamination Area - Miles
|

.

FIGURE 4.5 Probability Distribution for Relocation and Decontamination Area
per Reactor Year -

O
Note: Approximate uncertainties are estimated to be represented by

factors of 1/5 and 2 on consequence magnitudes and by factors
of 1/5 and 5 on probabilities.

.



y

.

RANGE OF SPECIF!c $1TE PROBABILITIES' ''''"1
_

"'*-
. "i.. . ....., <-8 . . . . . . . , *

.

O 10
.

- .

* .
;

*
,

^ 4- i -i : 5 :I - .

,

' .

,

p1'

-7
^ ^ pi }

-

.

tc .>

"
.

>-
* , a
Su8

'

m

.
- _

:t>,
.-9

10
. *
;
,

.

;
.

,

2.

,

5

O . - -
J. .e..... .

. . . . .
, ,

, ,,,-, *~9
IO 30 18 18- **10 *

'O 10

EARLY FATALITIES
,

.

Log-Log plot of probability (per reactor-year versus'

early fatalities showing the dispersion of site specific CCDF sFIGURE 4.6:

the Reactor Safety Study CCDF. 2 = Ilon (3150 MWt)about
1 = Indian Point (298 5 MWt) 4 = Millstone BWR (1956 NWt)
3 = Palo Verde (3713 MWt) * = Reactor safety study
5 = San onofre (1290 MWt) .

O

I

*

.
. .

*
#O,

|
- .

. . .

... r :
_

._ __



*/
.

.

-

~

O
.

'-- -

-4
10 ' ' ' 's - '' 's ' ' ''''i '''- i -- '

:
.

.

d
4>

. .

-

~3
110 r, .

;:- .

, .

~

| \ 1 .

se' r 2- -

>
0 /' '

d ~7 - "

10o : :
, ,

,,

t : : -

n. , ,

O 10'' r 1
: :
, .

. .

.
_

.

,

,.s .. . .. ... . . . . .. ... . .....

10 * 1e * to" 1o
* * * *3

18 ' 10
* *

~

TOTAL LATENT CANCER FATALITIES

REACTOR SAFETY STUDY*

1. SURRY si THE INDIAN POINT SITE

2. SURRY AT THE ZION SITE

.

FIGURE 4.7



__

,

.

*
.

RANGE OF SPECIFIC SITE PROBASILITIES
~4 ' ' ' ' ' ' ' '

' ' ''''1''''"' '''' ' ''

10 ' ' ' ' ' ' ' ' '
:,

% .
--

.

. .

%

-S - - *- -*

! \ !

: * :
1 .

,

'

-8 1
10 E

!
:

:
-

\ :

: .
,

d ~
~

F10 :
e ;

:
:

g : :
~a. '

O *!-
F10 ,

.

:
,

/(:
::

3 -

.

. .. . .......! . . . . . . . . ,-s . . .. . . . . . . . . .

* *

10 10 10 10 to 10*

TOTAL LATENT CANCER FATALITIES

FIGURE 4.8: Log-Log plot of probability (pet reactor-year) versus
total latent cancer fatalities showing the dispersion of site
specific CCDF's about the Reactor Safety Study CCDF. l

1 = Indian Point (2895 MWt) 2 = Zion (3150 MWt)
3 = Palo Verde (3713 MWt) 4 = Millstone BWR (1956 MWt)

Reactor Safety Study* =5 = San Onofre (1290 MWt)

,

1

|

|

1

4

- - . . _ .

-



_

*

; g,, -
.

.
.,.

goMS''

CORE DEBRIS BEllAVIOR'

.

-

O
.

,

PROGRAM OBJECTIVE: TO DEVELOP THE TECHf40 LOGY

ASSOCIATED WITH POST-ACCIDENT-

DEBRIS BEHAVIOR TO THE PolNT
. .

'
THAT ADEOUATE ASSESSMEllTS

'
.

9

'

CAN BE MADE AS TO'

' '

CONTAINf4Et1T SUBSEQUENT
. . ,

.

Tb A CORE DISRUPTION

OR DEGRADATION* --

.

e Q

o

's / . .

O. .

-%
,

4
'

j * -
.

'

1
1

-

i
~

! -

1
-

i

i .
.

i
' '

j *-
.

| .

'
-

i
i

' '

.

; \ - -
.

.

: .:
g-; - . .

k -

e. .

! ;'
, .

I .\
-

.

!
-

!
*

& -. - - . . . ?,g _ _ _ -_ * _

*

L. -w _,, _

l
-

.

I

'

4 - e
*

,



-

.

.

-
,

.

CORE DEBRIS BEllAVIOR

PROGRAM
~~

*

Q .

COMPREi!E::SIVE
.

FORIMT10:1C% REMELT
'

,

>~

EXPT. E% ANALYSIS Ek MODELS
,

.. . ,

-

..

*
%

-
l!iTERilATIONAL

.
.

'

EURATOM FRANCE
'

.

s

- JAPAN GERMANYj
,

O ux ,

\
.

-
.

S

an>

e

&

.

!
i

.\ -

\ .

'
'

O -
.

,

.-
4

9

6

1

m_, , , - . ...t - ea.= _ _ --_ -u.._ - . . -. .. ,U _ .. If a- +-

~

.

*
,

*



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

.

.

*
,

.

CORE DEBRIS BEHAVIOR

.
-

'

REGiliES .

.

'

FORfiAT10fl

.

SUB-DRYOUT -

.

>s
DRYOUT

-

,

POST-DRv0ur
'- ,

,

..

.

STEEL MELTIMioRATIO:t
;-

- .

U0 MELT /.ll GRAT ION,
2

I

VESSEL, C0!1TAltli4EftT ATTACK
"

:

i r
. .

O .

A
_

h

o

e

G

hb

| .

l
.

| .; \-

. .

l
. 1.

.

O: .

.
[

I

'.
e

,----.-,--_,-.A-- . - - .. __. . ._,,. _,__ _ _,_, . , , , _ . ,, , ,, a , . p , ,,-

%

I
~#, m ]

*



_- _ _ - - . . -__-.

.

.

,

.

CORE DEBRIS BEllAVIOR.

.

/^T C0flTRQLLING PARAMETERS .-

U
INITIAL BED CHARACTERISTICS

.

PARTICLE SIZE /SilAPE
'

.

PARTICLE $1ZE DISTRIBUTION ,

'~

BED GEOMETRY- .

'' '
'

STRATIFICATIO!1 ,

.
.

PRESEtlCE OF STEEL
~

. BED DEPTil -
- .

BED PAClGUG

.

~

COOLING AVAILABLE
. .

V| TilROUGH FLOW ,

NATURAL -
'

FORCED

GAS ADDED
'

_

U-FLOW

ADIABATIC LOWER BOUllDARY

BOTTOM COOLING
'

-

' '
.

,

e

1e
*

*
.

f %

'J
'

*' ;-
.

5,

. . . . . - . _ . . - , - . _ - . . ____ _ __ _ _
a _2. . .,_

-

,

e e



I .

-

.

/
^

.

y .

8*

g
-

m y -y, r- 3 .,'' ,,\ -.
-v

Py t . it 4
- .

\ Mene i ge '
EE ,'iv ' M,,sh- 'y wE. "

^- RI
'

.v5 ' y' .c> .
, S e-

n E ,, . , e.-

h ..

M !ii
'

-

.a . ,m.

' T o ,. f g
.

x p . yea ,, f i
,

.i '
..,

-

;:-

,.

,s S
. e,

\ | 4
e-

,.
.

_-
,

.
/ Ta

b
W*,.

- N
.

j -
-

| / - ,'- f55

O B i
~

.:.~

l'a.- '--. b ', *= 8g a
P "' / E

F
nY

- -

,

U \ lip w - -B.-:
i -..

.

IY'' '-
y % ),*.*

* g*

a u 72.- g . . r=q =*
i;. __

-

.

5g a
t- ,

N 5E d~

CI!/#jd/$0s /! 'lI SUE E.

c.,J r / I y -5E w.

|m|t ,6IEJ-
" ~ ~ ~ ~ $%y ,

*8" $
,

'

'
b

x. .
,

' ,~
I /.

'." f I , [ \

_-- , I y' ' , - - - - - -ig_~ 8 -=- --

O- O ) h? } || I 1''

\ ,- . g.2.----__ - - - .- p ; e-

, o.
g ww i i..

- .- -
/( ) '

'

mO-

4"^

E ~

B ,

H
. . .

.

\ .

. . . . - . . . .. - - - - -.- - . . . . . - - . . . . . _ . . - .
^^

. - . - - .

.

r *
t ~. . I.



t

-

.T-- --,i=, y_ __,--_r ,y7 , , ,. _, ,y _ _ , , . , _ _ _ . , , _ _ . , . ,

O r '~

'tnw a.*v.

LLI w*

c, a-
f~:.

-

',._

id O'
O < -

J< <

v%." -) L'J '

[d ; C'
b6 # 1

*en- e .%w.x ,mww.,
h

iN ,-' b i I ,

I Lt1

O |J:
<<

m U) U-' -

Id n>

.

CO ~f2.,|, w~-
e
c.: ::j -

[.D C* 48

i, N c: L-
-=: .._= : == - - - -- -

m.t~ a wO. I
- ,~ I LI e'd cg'

' ,_ , , , Cy -X''
, , . , .

F_ [3, A Qw
3 -!-

'

r :.:n. === . . c. .=.._.a ,

s-.- . ,

> c',.$ p"3U < CUpJ $E i 'd 0 . . . '
* '

|]) ,
uu ;& <2 T] : :-- :., e :--,

L-) --
- _ _ _ ' _ __ ,i

- - -
- 1__. .; c., a,

h <- -

_ ., _ _ _ __ . _ 3. - r-. W-_--.-~~--.m..._.,_.m. __

m- _ O '- % .O w.- ,

--

.c

!..- _

~
-

' ' '
, ,9..

' . . ,
*-

.. ,. ..,. ,. .. ' , 8

Q CO Q ;
t _Q, a

i
-- - - - _ _ _ _.

-4
_ , c;

I

-o :, ; % m :W W
,

k |Q
i 3. p .1- 0

-> <'
| Q|L1

> -

> L
'

'/ -- .,._ . _ . ~
- 7-. ,, w

,% Wc 9

Ltj ; #M '

0 ._: sg .,' I ~D-
'

() . MO-

O .; I i a

g |O 1

'

_> , , ,

,

[-- dW ^)
M i

' &g f 5
:

D

f.L

;
,

- - . < ' - ._i_m_m. - - . _ _ . . _m_ _ . _ , ,_ _ _cA

l

__
. _ _ _



-

TENTATIVE D-SERIES TEST PLAN
, ,

!

TEST DEPT (i SCHEDULE Fu L Size STRATIFicATIOta AcoEo BOTT0s REGIP.E
~

(CM). DATE 3ISTR. STEEL C00LItiG |
-

1

e

D1 (~ 6) D0:4E SUB-DRYOUT- .

.,
j

<..,

D2 (~11) D0:4E DRYOUT - I-
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|
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D5 -(11) 80 Post-DRY 0uT
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DRYOUTD8 (3) 81 X - . ,
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D9 ' (16) 81 DRY 0ur j
4
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Dll (16) 82 '. X X U0 UE'T i
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I
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2.. ,,
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PARTICLE BED MODELS DEVELOPED
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e flott-CliAllilELED BED, LAMI!!AR/IURBULENT GRAVITATIONAL /-
( ~''>

CAPILLARY DRYOUT MODEL. PREDICTS LOWER DRYOUT FLUX-

AND LF.SS VOID FRACTION DEPEllDEtlCE FOR LARGE PARTICLES

IllArt EARLIER MODELS-
.

>s
,

ODOWilWARD BOILit!G MODEL FGR BOTTOM-COOLED BEDS.
'

PREDICTS'3 li TIMES INCREASE IN DRYOUT POWER FOR
.

~ 10-Cri lilGH BEDS WITil BOTTOM C00LitlG-

oPOST-DRYOUT MODEL FOR i CN-CliAllt.ELFD BEDS
'

ODRYOUT MODEL BASED ON F'LOODitlG.AGREES WITH IURBULENT
'

LIMIT 0F L/T G/C MODEL - -

,
'

oDRYOUT MODEL FOR VERY DEEP BEDS WITil 30TYOM
'

-

ENTRY OF COOLANT
-

.

oCliANNEL PENETRATION MOD'EL TO EXPLAIN litCREASE

IN DRYOUT FLUX FOR SHALLOW BEDS WITH |IOT OVERLYING SODIUM
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CORE DEBRIS BEllAVIOR

MOLTEll POOL EXPERIMEllT-4
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O BJECTIVE: lilVESTIVATE THE IrlTERACTION .-
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MOL.TE!l P00!. EXPERIMEllT-5;
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CORE DEBRIS BEllAVIOR

MOLTEll POOL EXPERinEflT-6
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LMFBR ACCIDENT DELINEATION STUDY

- COMPREHENSIVE DELINEATION OF ENTIRE LMFBR ACCIDENT SEQUENCES:
ACCIDENT INITIATION, ACCIDENT PHENOMEN0 LOGY, POST-ACCIDENT PHENOMENOLOGY

- INVESTIGATE APPLICABILITY OF EVENT TREES AND FAULT TREES TO LMFBRS

- INITIALLY BASED ON CRBR, ALTERNATIVE DESIGNS NOW BEING EXAMINED

- EVENT TREES AND FAULT TREES HAVE BEEN CONSTRUCTED, AND BRANCH-POINT LIKELIHOOD

HAS BEEN EST.i'.ATED FOR THE PURPOSE OF:

e DEVELOPING THE METHODOLOGY
_ _ _ _ _

e DELINEATING THE PLAUSIBLE ACCIDENT SEQUENCES

e DETERMINING THE DOMINANT SEQUENCES
-

eIDENTIFYING THE KEY PHENOMENA AND UNCERTAINTIES IN SEQUENCES

- OUTCOMES:

* BASIS FOR PRIORITIZING RESEARCH, DESIGN AND DEVELOPMENT EFFORTS

* BASIS FOR ASSESSING RELATIVE SAFETY OF DIFFERENT COMPONENTS AND DESIGNS

* HELP ESTABLISH LMFBR LICENSING CRITERI A SUCH AS DESIGN BASE ACCIDENTS
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LMFBR ACCIDENT DELINEATION study - STATUS

/")k/ RECENT ACCOMPLISHMENTS

PHASE 1 COMPLETED, REPORT DRAFTED
,

QUALITATIVE DELINEATION WITH EVENT TREES IN THREE AREAS

e ACCIDENT INITIATION
e ACCIDENT PHENOMENOLOGY-

e POST-ACCIDENT PHENOMENOLOGY

LIKELIHOOD ESTIMATES MADE

DOMINANT PATHWAYS ESTABLISHED

FAULT TREES ESTABLISHED AND PARTI ALLY QUANTIFIED FOR

CRBR ENGINEERED SAFETY SYSTEMS

O
CURRENT ACTIVITIES _- PHASE II - QUANTIFICATION

.

FAULT TREE QUANTIFICATION

STUDIES WITH MECHANISTIC SYSTEMS CODES

SAS

SIMMER

BRENDA

SSC

CONTAIN

ALTERNATIVE CONTAINMENT DESIGN REVIEW
'

O .

.

4
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ACCIDENT DELINEATION STUDY -- RESULT . ;
. ..

'

PRINCIPLE RESULT OF PHASE I:
:
.

! COMPREHENSIVE, SYSTEMATIC DELINEATION OF ;

f
~

i ENTIRE LMFBR ACCIDENT SEQUENCES
~
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ACCIDEllT DELIllEATI0il STUDY ORGAilIZATION

SUBSYSTEft

ACCIDENT ACCIDENT DAf1 AGE RELEASE

INITIATORS CATEGORIES CATEGORIES , CATEGORIES

.

.

UNPROTECTED

PHENOMENOLOGY
SECONDARYEVEtlT IREES

SUBSYSTEtt (ULOF, UT0F, LFP ) CONTAINMENT

EVENT EVENT TREES -

TREES (15)
PR!f1ARY

'.
CONTAINf1ENT

PROTECTED
EVENT TREES

ACCIDENT
. '

EVENT TaEES

ACCIDENT INITIATION -><$-- ACCIDENT PHEN 0t1ENOLOG POST ACCIDENT PHEN 0' MEN 0 LOGY

- - - - - - - - - - - - - - - - - - - - . ---- - .-
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ULOF In H0r40 Gene 0uS CORE

LOF'D' TOP
-

DiSASSEfBLY

O
INITIATION

^
PHASE |

IRANSITION ,

'

PHASE
NON-ENERGETIC

-

MELTDOWN

ULOF IN HETEROGENEOUS CORE

LOF'D' TOP
_________________----~~

DISASSEMBLY

|
.

A INITIATION '

V DISASSEf1BLY-

pg

TRANSITION

PHASE
,l0fl-ENERGETIC il

MELTDOWN

1
;

1

PROTECTED CDA
'

RECRITICAL

POOL

MELTDOWN

O suBCRITICAL
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ACCIDENT DELINEATION STUDY - PHASE I CONCLUSION

(]) 1 - PROTECTED ACCIDENTS

-- PROTECTED CDAS MORE FREQUENT THAN UNPROTECTED CDAS

(CRBRP SAFETY STUDY)

-- PROTECTED ACCIDENT CONSEQUENCES MAY BE AS SEVERE AS

UNPROTECTED

-- THEREFORE PROTECTED ACCIDENTS MAY CONSTITUTE A GREATER

RISK TO THE PUBLIC

-- UNCERTAINTIES IN PROTECTED ACCIDENT PHENOMENOLOGY ARE

LARGE
'

,

-- RECOMMENDATION: DEVOTE CONSIDERABLY MORE RESEARCH AND[]):

DEVELOPMENT EFFORT TO PROTECTED ACCIDENTS

. i

-- PRINCIPAL QUESTIONS:
CORE C00 LABILITY |

RECRITICALLITY l

|.

|'

i

i

i

O .

,

i

-

I
. - , , - . _ - - _ _ .. . - _ _. _ . . ~
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ACCIDENT DELINEATION STUDY - PHASE I CONCLUSION-

;

2_ _ LOW RAMP-RATE UTOPs (AL 30C/sl

-- LOW RAMP-RATE UTOPS MUCH MORE FREQUENT THAN HIGH RAMP-

RATE UTOPS

-- LOW RAMP-RATE UTOPS MAY HAVE CONSEQUENCES COMPARABLE

TO HIGH RAMP-RATE UTOPS

-- THEREFORE LOW RAf1P-RATE UTOPS MAY CONSTITUTE A GREATER
'

RISK TO THE PUBLIC
i

-- UNCERTAINTIES IN LOW RAf1P-RATE UTOP PHENOMENOLOGY ARE.
'

LARGE
.

-- UOWEVER UTOPS AS A WHOLE CONSTITUTE RELATIVELY SMALL

RISK
,

.

-- RECOMMENDATION: DEVOTE SOME MORE RESEARCH EFFORT TO

LOW RAMP-RATE UTOP RESEARCH;

i

; - O
V

,

I

~-



. - _ . - - .

.

-

.,

d

.

.

.

Ot

ACCIDENT DELINEATION STUDY - PHASE I CONCLUSION

:
'

3 - LOCAL FAULT PROPAGATION (LFP) ACCIDENTS

LFP INITIATORS (E.G., SINGLE-PIN FAILURES) OCCUR--

QUITE FREQUENTLY
,

PROPAGATION APPEARS UNLIKELY, BUT UNCERTAIN---

RISK FROM LFP ACCIDENTS CANNOT YET BE DISREGARDED--

;

O

O
; '

.
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ACCIDENT DELINEATION STUDY - PHASE I CONCLUSION

- 4 - CONTAINMENT
i

-- CONTAINMENT REDUCES PROBABILITY OF ATMOSPHERIC RELEASE
! BY ROUGHLY ONE OR TWO ORDERS OF MAGNITUDE
.;

-- HALF 0F ALL UiFBR CDAS MAY RESULT IN BASEMAT FAILURE
4

-- CONSEQUENCES OF BASEMAT FAILURE ARE FAR LESS SEVERE'

THAN RCB FAILURE

-- CONTAINMENT SUBSTANTIALLY MITIGATES THE EFFECTS OF A CDA,

O'

,

.

!
i

i

t

I
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''

An integrated reactor-containment systems code

under development at

Sand.ia Xa iona:. : Laboratories

Staff: Jay P. Odom,* Michael E. Senglaub, David K. Rudeen*
,

Presented' to the ACRS by M. J. Clauser 6/30/60 ,

i * Science Applications, Inc., Albuquerque, New Mexico i
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O ! O O
,

CONTAIN

-- AN INTEGRATED, REACTOR-CONTAINMENT SYSTEMS CODE

- TO ANALYZE POST-ACCIDENT SEQUENCES FOLLOWING RELEASE OF MATERIAL.FROM THE
PRIMARY VESSEL THRCUGH RELEASE FROM SECONDARY CONTAINMENT

-- FOR ALL TYPES OF ACCIDENTS

-- FOR ALL TYPES OF REACTORS
'

,

-- FOR ALL TYPES OF CONTAINMENT

-- fl0DELS FOR MASS AND ENERGY GENERATION AND TRANSPORT PROCESSES

-- DETERMINES PRESSURE, TEMPERATURE, LOCATION AND STATE OF FISSION PRODUCTS.

|
*

,

e
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,

i

C0t1TAIN FEATURES

f

* STATE-OF-THE-ART PHYSICS MODELS

-- GENERAL CAVITY DEBRIS-POOL MODEL (SIllTER) f,

-- MULTI-COMPONENT, SECTIONAL AEROSOL MODEL (MAEROS)

-- GENERAL, DETAILED FISSION PRODUCT DECAY AND TRANSPORT
.

e fl0DULAR STRUCTURE

-- MODELS READILY UPDATED

-- PHYSICS READIL.Y ALTERED ,

* FIRST VERSION IS OPERATIONAL

l

|
1

i
*
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:
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i
i
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|C0llIAIN-

l

CONT AlliMEllT AllALYSIS
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C0ilTAlli STATUS (6/30/80)

CAVITY DEBRIS POOL PHYSICS fiODELS (SIllTER)

DRIFT FLUX MODEL OPERATIONAL

PHASE TRANSITIONS OPERATIONAL

AEROSOL SOURCES OPERATIONAL

FISSION PRODUCT TRANSPORT UNDER DEVELOP' MENT

FISSION PRODUCT DECAY OPERATIONAL

SODIUM-POOL FIRES (S0 FIRE II) OPERATIONAL

SODIUM-CONCRETE INTERACTIONS UNDER DEVELOPMENTi

DEBRIS-COOLANT HEAT TRANSFER OPIRATIONAL

DEBRIS-CONCRETE INTERACTIONS PLANNED

CONCRETE MODEL (USillT) UNDER DEVELOPMENT
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Q C0ilTAlli STATUS (6/30/80)

ATMOSPHERE PHYSICS MODELS

FLOW OF MASS AND ENERGY OPERATIONAL

TWO-PHASE THERMODYNAMICS (EOS) OPERATIONAL

AEROSOL TRANSPORT (MAEROS) OPERATIONAL.

FISSION PRODUCT TRANSPORT UNDER DEVELOP, MENT

FISSION PRODUCT DECAY OPERATIONAL

SODIUM SPRAY FIRE (SPRAY) OPERATIONAL

!

(]) SURFACE HEAT TRANSFER OPERATIONAL

SURFACE CONDENSATION OPERATIONAL

ENGINEERED SYSTEMS UNDER DEVELOPMENT

O
h

4

m - -r . - - - . . - - , e---.-e, - - - - - - - - - , - -- .,-y- -a



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

.

i

!
.

| -

; -

'
'

!O
; -

.

! C0ilTAlflSTATUS (6/30/801

GENERAL

:

INTERIM TIME STEP CONTROL OPERATIONAL'

MODULAR CODE STRUCTURE OPERATIONAL
'

DYNAMIC STORAGE ALLOCATION OPERATIONAL -

!
| INPUT NEARLY OPERATIONAL

|i

OUTPUT OPERATIONAL
1

O PLOTS OPERATIONAL
: 1

1 !

RESTART OPERATIONAL I

,

i

)
; -

I

j

l

O.

:
;

:

1

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



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

I

~

O O O
.

t'

C0t1TAlli -- Z/IP STUDY

TMLB' STEAM SPIKE
.

-- STEAM AND AEROSOL GENERATION RATE SPECIFIED FROM MARCH

-- MULTI-SPECIES AEROSOL MODEL - -

-- SURFACE CONDENSATION AND HEAT TRANSFER

-- MULTI-CELL, TWO-PHASE FLOW '

;

-- FISSION PRODUCT TRANSPORT AND DECAY
.

;
-- TEST OF CONTAlil ATMOSPHERE CALCULATION ,

; INVESTIGATED EFFECT OF GAP CONDUCTIVITY--
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LASL ANALYSIS OF STEAM EXPLOSIONS

FOR THE Z/IP STUDY

Approach

. Use Sandia Experiments to Calibrate a 2-D
Multiphase, Multicomponent Steam Explosion
Expansion Model

O
For Reactor Calculations, Use Heat Transfer
Assumptions Consistent with Experiment
Calibration

Analyze Various Steam Explosion Expansions
in Reactor Geornetry Following from Assumed
Premixed Interacting Configurations

O
L%
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O LASL ANALYSIS OF STEAM EXPLOSIONS

FOR THE Z/IP STUDY

Eindings-Experiment Calibration
I'ey Assumptions -

. Premixed Region - 0.1-m Radius

Vapor Chimney - 0.1-m Radius.

Above Premixed Region

300 Micron Diameter Fuel Particle
Size af ter Triggering

O 50:25:25 (ruei: water: vapor) uixture !

Volume Fraction Ratios

* These Give Reasonable Agreement with Sandia
Test 43 Pressure History
Critical and Rapid Decay)(Rapid Rise to Nearand Efficiency
(0.5% Calculated, 0.43% Measured)

* Calibration Is Reasonable but Not Necessarily
Unique
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O LASL A! iLYSIS OF STEAM EXPLOSIONS

FOR THE Z/IP STUDY

Assumptions - Zion Analyses

Same Heat Transfer Assumptions as for
Experiment Calibration

!

|

Pouring Mode of Mixing with 10-20% of
Molten Core Materials Premixed with

O water / Steam

Overlying Molten Core Precludes Vapor
Chimney and Provides Inertial
Constraint

No Vessel Internal Structures

1

O
. LN_R... --
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O
LASL ANALYSIS OF STEAM EXPLOSIONS

FOR THE Z/IP STUDY f
'

,

1

'

Findings - Zion Analyses - 1
,

. Inertial Constraint Lengthens Expansion Time
and Increases Efficiency Relative to
Experiment Simulation

O . Given the Assumed Initial Configuration,
Upward Directed Fuel Kinetic Energies of
1000 - 2000 MJ Seem Likely

Better Quantification of Containment Failure
Likelihood Must Consider the Core Melt
Sequence, Incoherence in Fuel Dynamic
Loading, and Structural Accommodation

O M
_ _ . _ _ _
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O LASL ANALYSIS OF STEAM EXPLOSIONS

FOR THE Z/IP STUDY )

l

Findings - Zion Analyses - 2 j

|
. Two-Dimensional Behavior Strongly )

Influences Loading Dynamics
:

l
1

. Loedings Biased Towards Apex Decrease
Likelihood of Large Missiles

O
Lower Head Failures Likely Prior to Any
Upper Head Failure -- Decreasing the |Likelihood of Energetic Missile Generation
in the Upward Direction

1

;

* Eventual Verification of Lower Probability
for Containment Threats from
Steam Explosions Is Likely

n

_ _ _ _ _ _
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EIEVATED TEMPERATURE DESIGN ASSESSMEiT

1.0 Introduction

The goal of this program at Sandia has been to improve our understanding of

structural deformation and failure of engineering alloys under elevated tempera-

ture service conditions. In the course of this, we can provide input and guidance

to the on-going development of elevated temperature design codes.

This program has involved tasks in three areas: structural analysis,

materials testing and analysis, and non-destructive examination. Work in these

three areas has been interconnected. For instance, mechanical test data are

generated as inputs for structural analysis, and microstructural examinations

give a basis for explaining and predicting alloy stress-strain and fracture

behavior. Since the size of this program (FY 80 funding of $117K) does not4

permit a large effort in any one of these subjects, emphasis has been placed on

O coordinating the work of the task areas where practical. In addition, research.
>

areas have been selected which tend to complement, not duplicate, existing DOE-

funded work for elevated temperature design.

2.0 Structural Analysis

Structural analysis activities are divided into three main areas: 1) numer-<

ical analysis of non-Sandia large scale component tests; 2) calculations in

support of biaxial creep-fatigue experiments; 3) development of improved materials

models for predicting plasticity and creep defomations.
I

2.1 Final reporting is being completed on time-dependent buckling calculations

( which compare anaR nical and experimental results from a Japanese PNC pipe elbow

experiment. Analytical results were generated using two alternative existing

finite elements, an inexpensive simplified element and a sophisticated double
|

. -_. __ _ _ , _ _ ,
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curved shell element, both frm the MARC code. Calculations using the curved

shell element demonstrated '4e need for using actual, as opposed to handbook,

materials properties for these calculations.

2.2 Structural analyses have t'en reported for two geometries of the 316

stainless steel hollow tubular specimen used for biaxial creep-fatigue testing,

Figure 1. These calculations address questions of possible specimen buckling

under compressive strains and examines strains in the shoulder fillet region

during monotonic and cyclic loadings. Results consist of specimen strains and

displacements for monotonic compressive loading at 20*C and cyclic loading at

593*C; runs were made with and without internal pressure. Calculations for

uniaxial compressive loading of both 0.635 mm and 1.27 mm wall thickness

specimens predict no significant buckling of either specimen up to an axial

strain of 5%. Experiments conducted on the specimens showed buckling limit

strains of 2% and 5% for the thin-walled and thick-walled specimens, respectively.

Cyclic deformation calculations predicted a small strain range increase in the

near-shoulder region of the specimen, which would increase probability of failure.

in that location. Failure locations for fatigue experiments run to date, however,
|

show no tendency for failure near the shoulder fillet, and it is possible that

cyclic hardening, which was not accounted for in the calculations, acts to smooth

:

out the strain distribution. |

|

2.3 A task recently included in the structural analysis area of this program is
,

to improve materials creep-plasticity deformation models used in finite element

calculations. Analyses currently do not realistically handle cyclic hardening in

fatigue or combined creep and plasticity. Cyclic hardening behavior will be added
|

.
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to the MARC code, and the ability of several unified creep-plasticity models

to predict experimentally measured behavior will be assessed. Both unified

and biaxial analyses and experiments will be performed.

30 Non-Destructive Examination (NDE)

NDE studies were focused on attempts to measure microstructural changes

which occur concurrently with creep-fatigue deformation. Such changes, although

not necessa.?ily associated with the specific dauge process, could potentially

be correlated with damage or fraction of life. Positron annihilation and ultra-

sonic techniques were investigated and compared with microstructural examinations

by transmission electron microscopy. Neither of these techniques was found to

provide a practical monitor of creep-fatigue damage in 316 stainless steel at

elevated temperature.

r)
(_./ A major conclusion was that microstructural changes in general do not

correlate well with creep-fatigue life and that emphasis should be placed on

reliable detection of small cracks. The use of crack detection methods for

in-service NDE requires a methodology for dealing with them when they are

detected: it becomes necessary to be able to predict critical crack lengths for

overload failure and crack growth rates in creep-fatigue loading. This fracture

mechanics approach has been successfully applied in many structures, including

light water reactors, where stress conditions are linear-elastic. However,

fracture mechanics is not well established either theoretically or experimentally

for the fully plastic, time-dependent deformation loadings which may exist in

structural components of advanced reactors. Some work in this area is being

performed by Westinghouse Advanced Reactors Division to develop a leak-before-

break design criteria to prevent sudden overload failures of flawed components.

- ;.-.
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As described in the following section, Sandia has initiated studies of fatigue

crack growth under ful3y plastic conditions with and without a creep damage

component.

4.0 Experimental Programs on Creep-Fatigue Behavior

The majority of research in this program is being conducted on 316 stainless

steel. There are four general areas of interest: fatigue under biaxial loading,

deformation modeling, crack growth studies, and metallurgical analysis of deformed
' '

samples.

4.1 A facility has been completed which can conduct elevated temperature fatigue

testing of hollow tubular biaxial specimens with internal pressure and axial

! push-pull loading. The test specimen geometry is shown in Figure 1.

/"N An initial series of thirteen low cycle fatigue tests at 593*C has been

V
completed. The failure results are plotted in Figure as axial plastic strain

range versus cycles to failure. Results from two sets of round bar uniaxial

fatigue tests are also included. *be tubular specimen test data are well-behaved

and exhibit the typical Coffin-Manson low cycle fatigue life behavior. Comparison

with the round bar results show that both the thin and thick-walled tubular specimens

tend to fail much earlier at a given strain range, and the thin-walled samples fail

before the thick walled. It is believed that these differences are caused in part

by the increased number of cycles required for crack propagation through the thicker

walled tube and the solid bar specimens. Data discussed below indicate that crack

propagation in low cycle fatigue of 316 stainless steel comprises a relatively
O
V large fraction of total fatigue life.

I
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The internally pressurized, non-hold period teuts in Figure 2 show no

change in life from the zero hoop stress tests. However, two samples with one

minute tensile hold period are decreased in fatigue cyclic life by a factor of

two. Additional data reduction on these tests are being carried out to investi-

gate cyclic hardening and diametral ratchetting behavior.

14 . 2 Testing for deformation modeling includes both uniaxial and biaxial experi-

ments to generate stress-strain-time flow properties. In addition, several

transient stress relaxation studies are to be run to generate materials parameters

to fit unified creep-plasticity deformation models. This area of study interacts

closely with structural analysis code development activities.

1.3 Experiments to measure crack growth during fully plastic straining typical6

of low cycle fatigue are being performed in two ways. First, local crack growthi

rates defined by fatigue striation spacings have been measured on fracture sur-

faces of failed specimens. These striation spacings are measured in the scanning

electron microscope as a function of crack length, and these data are integrated

to give plots of growth rate versus cycle number and of total cycles to propagate

(Np). Knowing Np and the number of cycles to failure, one can back calculate the

number of cycles to initiate the fatigue crack. An example of this is shown in

Figure 3 which indicates fraction of life spent in crack initiation versus plastic

strain range for two reactor structural alloys--Incoloy 800 and 316 stainless steel.

Data for 316 stainless steel are still incomplete; but the trend indicates consid-

erably different behavior for the two allo,rs: at a given strain range, Incoloy 800

spends a much larger fraction of its cyclic _'ife initiating fatigue cracks; whereas
1

316 stainless steel, particular.1y at large strain ranges typical of most materials i

i

!
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testing, initiates quickly and spends virtually all of its life in crack propaga-

tion. The implications of this on design rule development for the two alloys is

being assessed.

Additional crack growth rate experiments are being conducted using single

edge notch specimens of rectangular cross-section and monitoring crack growth

both optically and by potential drop techniques. This method allows growth

j rate measurements even when striations are not formed--as in tensile hold period
i

tests where crack propagation is intergranular. These studies will indicate

growth rates in 316 stainless steel under fully plastic straining with and without

superimposed creep damage. Two goals of these measurements are 1) to investigate

mechanical parameters which control crack growth rates for fully plastic loading

(analogous to AK for linear-elastic loading) and 2) to characterize growth rates
,

in combined creep-fatigue loading. In addition, a study will be conducted on

pre-conditioned specimens with metallurgical structurer, more typical of mid-life .

service.

4.4 Metallurgical analysis of deformed specimens by transmission electron

microscopy (TEM) has been an on-going task in this program. Its goals are to

relate observed microstructural changes to measured flow properties and fracture

processes.

! An important finding of these investigations has been that microstructural

changes, particularly carbide precipitation in 316 stainless steel, occur during

cycling at elevated temperature which never occur by simple aging processes or

steady-state creep deformation. Hold periods combined with cycling loading

particularly increase precipitation of fine carbides at 593*c, and for long test

times these apparently increase cyclic hardening behavior.
;
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TEM exsminations were ccanplet?d on a 2.25 Cr-1 Mo steel specimen obtained
'

from C. R. Brinkman at Ock Ridge National Laboratory. The specimen was cycled

at 538*C at the low strain range of 0.1% with a 0.05 h compressive hold period.

It ran under these conditions for 8124 hours at which time the strain range was

increased to 0.40% and cycling was continued to failure. Of particular interest

to Sandia were the dislocation and precipitate substructures. Earlier work at

Sandia has shown that cycling at 593*C results in significant changes in carbide

precipitation that do not occur during thermal aging or creep deformation.

Examination of the ORNL sample showed that only themal aging effects had occurred

and that the strain range-temperature combination used in the test did not result

in added carbide precipitation. In addition, the dislocation density observed in

the foils was very low considering the 3733 cycles at oc = 0.4% given the specimen

prior to failure. These observations indicate that accelerated testing of

5 2.25 Cr-1 Mo steel using higher-than-service temperatures needs to be re-evaluated.

1
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RECEllT TESTS CONDUCTED - SNL
.

ACCIDEllT ErlERGETICS .

* PROMPT BURST EllERGETICS - 13S a 14S (2)

e EQUAT10ft 0F STATE (1)
~

e FUEL DISRUPTI0ll - 2'.1, 2.2, 2'.3, 2.4 (4)

e llIGH RAMP RATE DISASSEMBLY - IIRR 1, 2, 3, 4 (4)

* CODED APERTURE It4 AGING (2)

e ]N CORE FUEL f40TIO!! DETECTION - 7 Pill,17 PIri (2)

CORE DEBRIS DEHAVIOR

ACRR
.

e DEBRIS BED PAHR - D-4 (1)

Q e MOLTEN POOL PAHR - MP-II (1)

MOLTEN CORE IECHil0 LOGY

o LARGE MELT FACILITY - LMF 1 (1)
,

e MGO-UO2 COMPATIBILITY (15)

e HIGH Al CEMENT - HAC-2 (1)

e UO -CONCRETE CODE COMPARIS0N TESTS - CC1,CC2 (2)
2

SODIun CONCRETE

e NA-MAGNETITE CONCRETE INTERACTION - I-14, 15 (2)

e FAULTED LINER TESTS - FLT 1, 2, 3, 4 (11)

O .



.

FOREIG!l COLLABORATI0tlS

ACRR-CABRI EXCHAtlGE AGREEliENT

O
CABRI:

* Sl1L c LASL STAFF AT CADARACilE

e PRE & POST TEST CALCULATI0 tis

* DIAGil0STICS - SNL STAFF

ACRR:

e SG CARBIDE PBE TESTS - NRC/KFK

e HRR DISASSEMBLY TESTS - NRC/KFK

e ACRR EOS TESTS - NRC/KFK

o FD-fl FUEL DISRUPTI0tl - NRC/KFK
,

i O CORE DEBRIS C00 LABILITY - 1980-1983

e NRC/EURAT0ll/JAPAft SP0tlSORSHIP

* 10 ACRR DEBRIS BED TESTS.

'

e 12 ACRR f:CLTEtt POOL TESTS

TRAllSITI0il PHASE

e TECHNICAL DEFlf1IT10ft STAGE

e LARGE MELT FACILITY

e NRC/KFK

O .

.

- - -

r- - , y a ,, . - - .,
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|
i
.

i

t

.

! FUEL MOTI0ft .

| O
4

i e IN CORE DIAGNOSTICS - BR-2 MOL 7C
1

e IEFM - UKAEA, KFK'

i

:
i l

!

!. STAFF
!
.

! e DR,110LFGAtlG BREITUtlG - KFK
;

j e DR. FRANK BRISCOE - UKAEA .

:

e MR. MICHEL SCHWARz - CEA
'

.
,

'
,

i e (DR. GUE!!TER FIEG - KFK) .

i
;

s (HR. KATSURO IAKAHASHI - PitC)'

!

|O
:

I

i .

,

5

i.

:
i

i
!
!

!O .

;

.

!
:
!'
:
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ARSR PROGRAM [11LEST0ilES
;

| ACCIDEllT DELINEAT10il

i

ACCIDEllT EllERGETICS |

e PR0f4PT burst WORK POTEf1TIAL;

e EQUATI0f1 0F STATE |

I e PUEL DISRUPTI0tl
!
:

POST ACCIDENT C0ilTAllinEllT i,

!

i e DEBRIS C00 LABILITY 4

|
- O ' M^ Teat ^'s I" Tea ^cTio" :
.

J
e CONTAIN CODE

4

'
.

:

! .

1

!

i

i.

; O -

4

4

d

6
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EX-VESSEL CORE DEBRIS AND COOLANT INTERACTIONS

WITH REACTOR CAVITY ftATERIALS

D'. A. POWERS

PRESENTATION TO THE ACRS ON JUNE 30, 1980

AT LOS ANGELES, CA

O

.
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|

|
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:

|

| |
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O
V0JES Or

EX-VESSE_ ::N- E RAC~~::ONS

o MOL TEN SOOIUM ONL Y
|

o MOL TEN SODIUM and
FRAGMENTED CORE DEBRIS.

i

O MOL TEN SOOIUM ando
'

'

MOL TEN CORE DEBRIS

o MOL TEN CORE DEBRIS ONL Y'

!

O

-.

_.
- . - - - .

- - _ . ..
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4

O

W-Y

EX-VESSE_ :: N ~~ E R A C-~ :: 0 \ S

ARE Or CONCERN

* INTERACTIONS 7HREA TEN
CONTAINMENT

,

O
'

* INTERACTIONS PROVIDE A
RADICACTIVE SOURCE TERM

!

4

|

i

o

|

O

:

|

-
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~~

R E A- S ~~0 CO N ~~ A :: N V E \
~~

-

!
'

!

|
i

; . GAS GENERATION

: .

. FLAMMABLE PRODUCTION
,

:
a

! . ENERGY TRANSPORT

O
'

. BASEMAT PENETRATION
.

;

4

: O
,

1

i

i

|

N - --.- - .._ - . u
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O
.SOU RC E ~~ E RN

* RADIOACTIVE AEROSOLS :
!

- SPARGING
VAPORIZA TION-

- CHEMICAL TRANSPORT

* AEROSOLS ALSO THRE4 TEN
~

O
MZTIGA TION SYSTEMS :

:

- COA T AIR COOLERS
- CLOG FIL TERS
- PLUG VENTS

O
.

$

w -- r - ,,- , , . . . - - , . . . , , ,,-w----- rv-~
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o o o ;
TECHNICAL ISSUES RAISED BY EX-VESSEL INTERACTIONS,

CORE CA TCHER UNPROTECTED FIL TERED VENT
SYSTEM PLANT SYSTEM

V V
GAS GENERATION ( GAS GENERATI~ON

H, CO, CH H, CO, CH2 4 2 4y
PRODUCTION PRODUCTION

UPWARD HEAT UPWARD HEAT
TRANSFER TRANSFER

AEROSOL

)
AEROSOL AEROSOL '

GENERATION ( GENERATIONGENERATION
!-

'
BASEMAT BASEMAT

EROSION ) EROSIONI

L -- - - -

|.
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O
SODIUM / CONCRETE INTERACTIONS

SAFETY OUESTIONS

1

MAGNITUDE OF THE PHENOMENAo

- GAS GENERA TION
- AEROSOL GENERA TION
- EROSION RA TE

4

0 IS THE INTERACTIONo

SELF-L IMITING7
'

i

o 00 LINERS HA VE TO BE
ENGINEERED SAFETY FEA TURES?

1

i

O -

.

I
,

L - - . . , _ _ . .
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O
SODIUM - CONCRETE INTERACTIONS

PROGRAM ACCOMPLISHMENTS IN FY30

1) INTERACTION OF S0DIUM WITH MAGNETITE CONCRETE

CHARACTERIZED IN TWO LARGE-SCALE TESTS
,

2) PHASE STABILITY STUDIES OF THE NA-0-H SYSTEM

3) HYDROLOGY OF S0DIUM FLOW THROUGH FAULTED

LINERS STUDIED

.

4) USINT MODEL OF CONCRETE BEHAVIOR DECLARED THE(])
STATE-OF-THE-ART MODEL IN A CODE COMPARISON

EFFORT AT GENERAL ELECTRIC

5) CHEMICAL HYPOTHESIS OF SODIUM / CONCRETE INTER-
,

ACTION FORMULATED INTO A MATHEMATICAL MODEL
,

1

|

|

i

s

O
i

i

1
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DOSSIB_E
:

4EC-ANISYS r O R L I 4 ::' ~~ :: NG
4

:: N -~ E R A C~~ :: O NS
,

1

DEPLETION OF THE SODIUMo

|
;

i

DEPLETION OF CONCRETE & WATER; O o

t

REACTION PRODUCT BARRIERo-

.

A

!

j

f

O
,

'
_..._ -. _- _ - , _ - . . . - _ _ _ , _ _ _ _ _ _ _ _ _ _ . , ._ __ _ _



SCALE EFFECT ON SODIUM / CONCRETE INTERACTIONS R
,

L= LIMESTONE B= BASALT M= MAGNETITE

S=SANDIA TEST H=HEDL TEST j

i
<

Q
Lij t

t- M MSS
:s
] BS (7) Bg Bg Bg Bg Bg BH
Z
D

Lg Lg Lg L3

._ _ _ _ _ _ __ _ __ _ _ _ _ __ _ __ _ _ _ __ _ __ __ _ _ __ _

4o
Mg Mg MH H

-

3 Bg B BH H
a

g H 'S LL L H

5 40 100 400 |

SODIUM (Kg)

O O O
|

- _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - .
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MELT TEMP. DURING INTERACTION WITH CONCRETE

. .
.

. .
,

. .
,

. .
,

. .

UL TRA-HIGH TEMP : HIGH TEVP PHASE : LOW TEh? PHASE : V. LOW TEMP PHASE
'

PHASE - '
.

. .
,

. 9

4 9

4 9

4 4

9 4

e e

9 4

e 9

e 4

9
e S

> -

]
. .

:. .

. .
,

G S

S 8

9 8

k : : -

:. .

. .
,

$ #

, e

4 #

9 8

e 8

e #

$ 9

9 9

9 #

e 9

'

: SQLIDUS TEMP OF CORE DEBRIS :
.

W

9

9
e O

*
O ,

* e ,

S
9

* e ,

e 9 .

m emummme ammmme enumme - eimme - eummme - mamme mese ammen m - em ensome em em summe esame - emmum m emme em

MINIMUM TEMP OF CONCRETE EROSION :'

,
.

9

O

O

A
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1

MELT TEMPO DURING INTERACTION WITH CONCRETE

. . .

. . .

. . .

. . .

. . .

ULTRA-HIGH TEMP : HIGH TEMP PHASE : LOW TEMP PHASE : V. LOW TEMP PHASE
PHASE : : :

. . . ,

<. . .

1. . .

. . .

. . .

< 30 Kg : > 200 Kg : 5 Kg : HEAT FLUX <

: : i TESTS
< 1 MIN : UP TO 2 HRS : 2 HRS .

6' : : :
MOSTLY : MOSTLY :

-

STEEL -

THERMITES : STEEL : :
. . .

. . .

: SOMF - -

: CORIUM : :
. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . . ,

. . .

. .

: SOLIDUS TEMP OF CORE DEBRIE :
. .

. .

: : :
. . .

. . .

. . .

. . .

. . .

__ __. _ _ _ __.: _ _ _ _ _ _ _ _ _ _ _- -

MINIMUM TEMP OF CONCRETE EROSION --

. .

I. .

~

TIME &e e e



.

.

O.

SUvivARY Or EX D ER :: V Eis- S

ULTRA-HIGH TEMPS:
TRANSIENT (<1 min)
SMALL SCALE (<30 kg)
THERMITE SIMULANTS

HIGH TEMPS:
TRANSIENT & SUSTAINEDO
LARGE AND SMALL SCALE
SOME CORIUM TESTS

4

LOW TEMPS:
SMALL SCALE
SUSTAINED STEEL

,

FEW TESTS

VERY LOW TEMPS:

O PREDICTIVE, UNVERIFIED
CODE AVAILABLE

i

w m-- y
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i DEBRIS - CONCRETE INTERACTIONS

PROGRAM ACCOMPLISHMENTS FY 80

1) CODE COMPARISON TESTS RUN

2) SUSTAI!1ED HOT SOLID DEBRIS TESTS

3) CORCON DEVELOPMENT AND USED IN THE

CODE COMPARIS0!1 EFFORT
,

1

1 4) AEROSOL SOURCE TERM MODEL DEVELOPED

: O
i

j -

'

|

1-

!

I

n

O -

1

J
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O
.

COJE C0v 3AR:: SON E.= r O R ~
,

4

TWO SuSTAINEO TEST RUN.*; -

.

'BLINO ' PREDICTIONS BY THE*j

CODE DEVELOPERS ARE UNDER WA Y;

- CORCON (SANDIA);

O - WECHSL G<fM)
,

- KA VERN (KWU)
;

.

* GAS AND AEROSOL GENERA TION
ARE NOT INCLUDED IN THE TRIALS

1 I

i

.

I

O .

,

6

|

i

i
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'

V0JE_ r A :: _ :: \ GS

i

o GAS GENERA TION IS
UNDERESTIMA TED SIGNIFICANTL Y

a AEROSOL GENERA TION IS
} NOT PREDICTED

o FREEZING MA Y BE0
PREOICTED TOO SOON

o SENSITIVE TO CONCRETE
PROPERTIES

1

|

O

, _ _ , _ . , . , - . . . _ . . _ . - _ . - _ _ . _ . _ , _ _ . _ _ ,
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_O N G ~~ E RV SUS- A::.\ E J

- 0 -~ S O _ :: J :: \ ~~ E R A C ~~ :: O N S-

OETERMINE THE UL TIMA TE: o

EXTENT OF GAS GENERA TION
,

AND BASEMA T EROSION.

o SCALING IS CRITICAL
J

- VOLUME HEA TING
- SURFACE HEA T LOSSES

o OURA TION OF TESTS IMPORTANT
,

! O
|

|*

l

|
.- . _ _ _ _ .
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(]) DEBRIS - SACRIFICIAL MATERIALi

PROGRAn ACCOMPLISHMENTS FY 80
;|

1) SUSTAINED INTERACTION TESTS WITH CANDIDATE'

! MATERIALS CONDUCTED

2) HIGH ALUMINA CEMENT IS AN ATTRACTIVE MAT'L'

3) UO -MG0 CHEMICAL INTERACTION STUDIED2

4) SOME EARLY UO -f1G0 INTERACTION MODEL
'

2

DEVELOPMENT

:
,

5) ATTEMPTED LARGE-SCALE (210 KG) FUEL-MG0(~)
INTERACTION TEST

O

-
_



.
.

MQDES OF COOLANT INTERACTIONS
O

~

WITH CORE DEBRIS

DEBRIS BE0 UNDER
A MOL TEN Na POOL

': s
;k ;:: @ .C ,.i||'i:., . .. v. :y:% ;', .. C:??. '.'.:? ::;-:; gy::..:af:y:.9:. . i! W. ..

O
w / w'

,

OEBRIS STREAMING'
(1 INTO A Na POOL' \

\

1\'
|

/)N%

1

J

MOL TEN Na OVER |

0 MOL TEN CORE DEBRIS

:. .....t z ,...~.. e.: . ...... . .. ...:... ... . . ...... . . '. ............ ..

. . .. . .. .' : .: . :. . .-..: ...

.
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EX3ERIMEN-A_ 3 _AN ~#

-

WATER INJECTED ONTO A

SUSTAINED MELT ON MgO

WATER INJECTED ONTO A

SUSTAINED MELT ON CONCRETE-

O SODIUM INJECTED ONTO A

SUSTAINED MELT

CRITICAL PARAMETERS :

- MELT DEPTH
,

- MELT TEMPERATURE
- COOLANT FLOW RATE
- COOLANT VELOCITY .

|

_ . - _ _ _ . + . . , _ . - - - - r


