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PAPERS ON THE NUCLEAR REGULATORY DILEMMA 

Introduction and Summary 

These four papers investigate issues relating to the long-term regulation 
of nuclear energy. They were prepared as part of the Institute for Energy 

Analysis' project on Nuclear Regulation funded by a grant from the Mellon 
Foundation and a smaller grant by the MacArthur Foundation. 
work was to be supplemented by contributions from the Nuclear Regulatory 
Commission and from the Department of Energy. These contributions were not 

forthcoming, and as a result the scope of our investigations was more re- 
stricted than we had originally planned. 

Originally this 

The literature on how to improve regulation of nuclear power is enormous. 
Most of this literature is devoted to short-term remedies for the regulatory 

impasse. Rather than go over old ground we attempted here to identify a few 
issues that were, either directly or indirectly, relevant mostly t o  the mid- 

or longer-range regulation of nuclear energy. 
No new nuclear plant has been ordered in the United States since 1978. 

The 24 reactors now under construction will largely be completed by the end of 

the decade. Unless new reactors are ordered, there will be no reactors for 
NRC to license. Why should one worry about changing the relation between NRC 
and the nuclear industry if NRC has no new reactors to license? 

The answers of course are obvious: part of the reason for the moratorium 

is the utilities' disaffection for nuclear energy that results from what it 
regards as an unworkable regulatory regime. If the regulatory regime could be 
improved, one might hope that this in itself would improve the outlook for a 

resurgence of new nuclear plants. Two of the papers, by Barkenbus and by 
Freeman, therefore address reasonably short-range questions: how can nuclear 

regulation be improved in a situation where-NRC's main job continues to be the 

licensing of new reactors. 
The other two papers address broader questions that to a degree bear on 

the scientific underpinning for regulation of hazardous industry. The first 

paper confronts the limits to science: how can regulation be managed when the 
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scientific base on which the regulatory regime is based is itself very un- 

certain. The second paper considers probabilistic risk assessment. Can PRA 

be made sufficiently reliable to allow its use eventually as the basis for 

licensing? 
In the following we summarize the main points that are covered in these 

papers. 
A. Underlying Scientific Issues 

1. Regulators demand more of science than science can deliver. Whether 

one is dealing with Probabilistic Risk Assessment, the health effects of low 
levels of radiation, or the future demand for energy, regulatory policy often 

demands answers to questions that science cannot answer. Though every effort 

must be made to reduce the levels of uncertainty, particularly in PRA, we sug- 
gest that where possible, public policy be reframed so as to avoid the 
requirement of answers to the unanswerables. In particular, technical fixes, 
such as inherently safe reactors (ISR), might eventually obviate the need to 

depend on PRA for licensing. Though this is a long-range possibility, the 

payoff from the development of an ISR could be very large. 
2. De minimis levels for radiation and core-melt probability ought to be 

established. 

ation at a value "below demonstrable effect." Similarly we suggest that esti- 

mated core melt probability below some small value 
year) be regarded as "Acts of God," and be treated accordingly. What this 
negligible core melt probability should be is negotiable--reactors with this 

core melt probability probably ought to be considered to be so safe that any 

accident in them would be an "Act of God." 

We recommend adoption of a de minimis for low levels of radi- 

or lom7 per reactor 

3. "Body counting" in PRAs should be confined to high estimated 
exposures. At present, consequences from core melt accidents are estimated on 
the basis of no-threshold models. Since most long-term effects are calculated 

to result from exposures of many people to levels so low as to be beyond 

demonstrable effect, the resulting very large "body counts" do not accurately 
represent what is known about casualties from large-scale core melts. We 
therefore recommend that consequences estimated in PRAs be divided into two 

categories: (a) where the exposures are substantial, estimate casualties; 

(b) where the exposures are below demonstrable effect, report "and x indi- 

viduals will receive exposures below demonstrable effect." 
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4 .  PRA can and must be improved. Were PRA a reliable instrument, and 
were it so perceived, it could, in principle, be used as a regulatory or even 
licensing standard: i.e., only reactors for which PRA predicted core melt 
probabilities below a certain level would be licensed. A t  present the un- 

certainty in PRA is estimated (by Rasmussen) to be a factor of 10 either way. 
We would urge that all effort be devoted to reducing this uncertainty to no 
more than a factor of 2 or 3 either way. Though we have not studied the 
feasibility of achieving so ambitious a goal, we believe that NRC ought to 

exert strong effort toward achieving this goal. 
B. The Role of NRC 

' 1. Industry and public concerns must both be addressed if regulatory 
reform is to succeed. Current and past regulatory and licensing reform 
efforts have been flawed since they have addressed only the concerns of in- 
dustry, and neglected the concerns of a general public skeptical of nuclear 

power's safety. Efforts to "streamline" the regulatory process for industry, 
therefore, are invariably seen as diminishing, rather than adding to, safety. 

Yet many of the industry's complaints about the prescriptiveness and open- 

endedness of nuclear regulation today are legitimate and need to be resolved 
before further plant orders w i l l  be forthcoming. In order to convince 
Congress to act it must be shown that industry and larger public concerns can 

be reconciled in a common approach. 

2. Performance Standards must be established. The basis for such an 
approach may rest in a tradeoff between the requirement for higher design or 

performance standards in new reactors (satisfying public concerns) and a 
prohibition against the intrusive and prescriptive regulation of these re- 
actors (satisfying industry concerns). This tradeoff is already embodied in 
the nuclear regulatory policies of some European countries. It is time for 
either Congress or the NRC to establish clear performance standards ("safety 

goals") for the licensing of future reactors--safety standards that go well 
beyond those of current generation reactors and which would make the reactors 

virtually immune from a core meltdown accident. 
standards in a regulatory reform package, it should be possible to obtain 

Congressional consent for industry-supported measures such as one-step licens- 

ing, pre-licensed sites, and a prohibition on backfitting (except under extra- 

With the inclusion of such 

ordinary circumstances). 
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Our project could come to no agreement as to some of the "mechanics" 
involved in establishing safety or performance standards for the licensing of 

new reactors. Thus Freeman and Weinberg would not object to the establishment 

of standards expressed in Probabilistic Risk Assessment (PRA) terms. PRAs, 

therefore, could constitute the primary basis for licensing. Barkenbus, by 
contrast, explicitly rules out the use of PRA in standard setting and licens- 
ing, claiming that the uncertainties in PRA analysis are too large to obtain a 
credible, quantitative estimate of core melt probability; and regardless of 

its predictive ability, the PRA methodology is too inscrutable in light of 
public suspicions. Consequently, Barkenbus asserts that new reactors must be 

based upon the principles of inherent and demonstrable safety. 

C. The Role of Congress 

1. Congress should decide how safe is safe enough. A strong case can be 
made that decisions as to "how safe is safe enough" ought to be made by 
elected representatives and not appointed regulators. The key decisions 
facing nuclear power are political in nature, and only secondarily, technical. 

Regulatory reform must encompass and deal forthrightly with these political 
elements. 

I Congress has yet to establish clear safety standards for the construction 
and use of nuclear power. The Atomic Energy Act of 1954--the bedrock of 

nuclear power legislation in this country--simply states that nuclear power 
should present "no undue risk," or that "adequate protection to the public's 

health and safety" should be assured. Such vague pronouncements are no longer 
sufficient guides to continued and future operations. Congress, as the 

governmental body most clearly linked to public input and opinion, needs to 
provide more explicit direction to the nuclear regulatory body it oversees 

(the NRC), and to the nuclear industry. 
2. Congress can provide direction by 

(a) Promulgating NRC's safety goals. Qualitative goals could be es- 
tablished and supported similar to those set forth in the proposed safety goal 

statement of the NRC. Two of NRC's specific qualitative goals were ( 1 )  Indi- 
vidual members of the public should be provided a level of protection from the 

consequences of nuclear power plant accidents such that no individual bears a 
significant additional risk to life and health; (2 )  Societal risks to life and 
health from nuclear power plant accidents should be as low as reasonably 
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achievable and should be comparable to or less than the risks of 

generating electricity by viable competing technologies. 
(b) Encouraging development of inherently safe reactors. Congress 

could encourage the movement toward advanced reactor development by 
lending support (both verbal and in terms of RbD funding) to reactor 
design characteristics now viewed as desirable. These characteristics 
were recently set forth in an issue of the Federal Register as follows: 

Designs that require few supplemental safety features to 
ensure safety, and/or designs that provide longer time 
constants to allow for more diagnosis and management prior 
to reaching safety systems challenge. 

Simplified safety systems which require the fewest operator 
actions, the least equipment (especially equipment sub- 
jected to severe environmental conditions), and the minimum 
number of components needed for maintaining safe shutdown 
conditions, thereby facilitating operator comprehension and 
reliable system function. Such simplification can also 
reduce the uncertainties associated with deterministic 
engineering judgment and probabilistic risk analyses. 

Designs that (1) minimize the potential for severe acci- 
dents and their consequences by providing sufficient 
inherent safety, reliability, redundancy, diversity and 
independence in safety systems; (2 )  provide reliable equip- 
ment in the rest of the plant, thereby reducing the number 
of challenges to the safety systems; ( 3 )  provide easily 
maintainable equipment and components; and (4) reduce 
potential radiation exposures to plant personnel. 

Increased standardization and shop fabrication to minimize 
the potential for field construction errors without 
creating new difficulties in factory-to-field transport, 
installation and maintenance. 

Design features that can be proven by citation of existing 
technology or which can be satisfactorily established by 
commitment to a suitable technology development program. 

(c) Legislating safety criteria. Congress could establish quanti- 
tative performance goals that new reactors would be required to meet as a 

condition for future licensing. The performance goals could be based 

upon PRA covering the estimated frequency of core melt accidents; or 

alternatively they might be based on time-dependent technical estimates 
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of passive safety features. In either case, it might be useful to 
establish institutes or centers specifically devoted to assessing the 

technical merits of new reactors (apart from the NRC). 

Option (c) above would constitute the strongest Congressional response, 
and is the most direct means of reconciling public and private interests in 

regulatory reform. The establishment of quantitative performance goals by 
Congress would go well beyond the institution's straightforward "oversight" 

responsibilities. Yet, Congress has, in the case of automobile and environ- 
mental regulation, performed a standard-setting role. Perhaps the most 

interesting example of standard setting has been Congress' establishment of 
automobile mileage standards, with quantitative goals being set at in- 
creasingly higher levels over time. A similar approach could be used for 
nuclear power. 

3 .  A Workshop on New Approaches to Regulatory Reform. Given the 
uncertainties in the role of NRC resulting from the nuclear moratorium, and 
the bleak outlook for passage of nuclear regulatory reform legislation, we 
believe that a workshop on new approaches to nuclear regulatory reform might 

be useful. At such a workshop one would hope ideas other than the traditional 
ones are put forward. Participants might be drawn from IEA, ORNL, NRC, DOE, 
the private sector, Congress, and public interest groups.The summary of the 
workshop proceedings could serve as the basis for further discussion of 

possible directions for regulatory reform. 

AMW:bc 
9/85 
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FROM PRESCRIPTIVE TO PERFORMANCE-BASED REGULATION OF NUCLEAR POWER 
Alvin M. Weinberg 

Institute for Energy Analysis 
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Though the two papers, "Improving the Regulation of Nuclear Power," by 
S. David Freeman, and " A n  Alternative Regulatory Approach," by Jack Barkenbus 
differ in many details, they agree in one essential point: that the Nuclear 

Regulatory Commission (NRC) must establish recognizable, publicly acceptable 
safety goals, and that all new reactors must meet these safety goals--indeed, 

the NRC is committed to license any reactor that meets its safety goals. 
Thus the vendor is not required to meet the safety goals in a manner pre- 
scribed by NRC; he is given full freedom to meet the goals in whatever way he 

likes, provided that he can demonstrate to the NRC that his design actually 
meets the safety goal established by NRC. 

The two papers differ in respect to what the safety goals should be. 

Barkenbus simply rejects probabilistic risk assessment (PRA) as a tool for 
establishing safety goals, and insists that safety must be inherent; Freeman, 
though recommending strongly the acceptance of inherently safe reactors, is 

less dogmatic than Barkenbus: 
assessment as a means of comparing reactors of generally similar type. 

he accepts the use of probabilistic risk 

My own inclination is toward Barkenbus' hard-line approach--that is, to 
require that all new reactors built in the United States must be inherently 

safe. 
way of implementing such a policy and so, as a practical expedient, I would 
recommend adoption of Freeman's less restrictive position--that new reactors 
must meet safety standards established by PRA. 

- 
However, as a practical matter, I recognize the great obstacles in the 

Exactly what these standards should be is, of course, the ultimate 

issue. As Freeman points out, the standards must be acceptable, and under- 
standable, to the public. 
such standards must be made a major public issue, with full participation by 

the public, and equally important, by Congress. 

serious consideration of establishing these standards by law. 

- 
He therefore suggests that the promulgation of 

Indeed, I would urge most 
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At first sight this may seem bizarre and unrealistic. But in many ways 

such a procedure may have advantages. We list them as follows: 

(1) Were the safety standards established by Act of Congress, they would 
receive the most intense public scrutiny. Indeed, once they were 
settled by passage of such a law, the public sanction and mandate for 
nuclear power itself will have been re-established. So to speak, the 
law of the land would now say safe nuclear power is acceptable--and the 
law in effect defines "safe." 

(2) Were such a law in place, much of the pressure for reform of NRC may be 
relaxed--since, as far as new reactors are concerned (which is what the 
law would be aimed at), NRC's task is to certify that a reactor meets 
the standard, and that the operation remains competent. 

- 

( 3 )  Numerical standards of the sort here contemplated have already been 
incorporated into law--the CAFE automobile standard being the most 
notable . 

What Should the Safety Standards Be? 

If one accepts the principle of incorporating safety standards into law, 
we are faced with the question of what the standards should be. The current 
safety standard promulgated by NRC amounts to a mean core melt probability, 

(CMP) as determined by PRA, of per reactor-year. This means that with a 
fleet of 120 reactors in the United States, the a priori probability of a 

core melt by the year 2000 somewhere in the United States is around 20 per- 
cent; since the PRA estimate may be high or low by, say, a factor of 10, the 
estimated likelihood of a core melt in that time actually lies between 2 per- 

cent and 86 percent. 
I would therefore suggest a more stringent standard; moreover, as was 

done with the CAFE standards, the core melt probabilities should be reduced 

as time passes. Such a schedule might be the following: 

For reactors to be licensed between 

1985- 1995 
1995-2005 
2005-- 

CMP - 
10-41 RY 
10-51 RY 

RY 



To be s u r e ,  t h e  co re  m e l t  p r o b a b i l i t y  f o r  t h e  e n t i r e  f l e e t  of r e a c t o r s  w i l l  

con t inue  t o  be dominated by t h e  CMP of t h e  o l d e r  r e a c t o r s  as long as t h e i r  

CMP remains around 10-4 p e r  r e a c t o r  year.  

t h e i r  30-year l i f e t i m e  by 2015; i f  t h e  r e a c t o r s  a c t u a l l y  retire by then,  t h i s  

problem w i l l  g r a d u a l l y  fade.  

be t o  r e q u i r e  o l d  r e a c t o r s  t o  meet t h e  more s t r i n g e n t  CMP s t anda rds  be fo re  

t h e y  can be re- l icensed,  once t h e i r  o r i g i n a l  l i c e n s e  exp i r e s .  Of cour se ,  t h e  

o l d e r  r e a c t o r s  w i l l  have had an aggregate  of some 3000 r e a c t o r  yea r s  of 

o p e r a t i o n  be fo re  any of t h e i r  l i c e n s e s  exp i r e .  During t h i s  t i m e ,  d a t a  on 

p recu r so r  e v e n t s ,  of t h e  s o r t  amassed by Kukielka and Minarick, should show 

whether o r  no t  t h e  CMPs es t ima ted  by PRA are too h igh  o r  too low. I should 

t h i n k  t h a t  as o p e r a t o r s  become b e t t e r  t r a i n e d ,  t h e  t r e n d  w i l l  be downward, 

and many'of t h e  o l d  r e a c t o r s  might meet t h e  p e r  r e a c t o r  year  s t anda rd  

without  r e q u i r i n g  b a c k f i t s .  

Most of t h e s e  r e a c t o r s  w i l l  reach 

Another way of d e a l i n g  wi th  t h e  problem would 

On t h e  P o s s i b l e  U t i l i t y  o f  PRA as a Regulatory Instrument  

I A t  p r e s e n t  t h e  u n c e r t a i n t i e s  i n  PRA (e s t ima ted  by Rasmussen t o  be a 

f a c t o r  of 10 e i t h e r  way!) are so g r e a t  as t o  a l l  but  obv ia t e  PRA as a 

mechanism f o r  determining how s a f e  is s a f e  enough. Yet, as argued i n  a l l  of 

I E A ' s  working pape r s ,  a r e l i a b l e  PRA--say PRA whose u n c e r t a i n t y  is not more 

than  a f a c t o r  of 3, could be a key element of a r a t i o n a l i z e d  r e g u l a t o r y  

appa ra tus .  Is t h e r e  any hope of reaching t h i s  l e v e l  of c e r t a i n t y  f o r  PRA? 

The u s u a l  answer by those  ve r sed  i n  t h e  art is a resounding no--that PRA 

f o r  r e a c t o r  systems is so i n t r i n s i c a l l y  u n s c i e n t i f i c  and possesses  so many 

a r b i t r a r y  elements  as t o  f o r e v e r  be beyond use  as t h e  underpinning f o r  a 

s t r ic t  r e g u l a t o r y  o r  l e g i s l a t i v e  regime based on PRA. I would argue,  how- 

e v e r ,  t h a t  t h i s  may be a n  unnecessa r i ly  p e s s i m i s t i c  assessment--that even- 

t u a l l y  t h e  u n c e r t a i n t i e s  i n  PRA might be r e d u c i b l e  t o  t h e  po in t  where i t  can 

be used as a r e g u l a t o r y  s tandard.  

t o  reducing t h e  u n c e r t a i n t y  i n  PRA. 

Here I s h a l l  examine p o s s i b l e  approaches 
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Experience Ann ih i l a t e s  Unce r t a i n t  y 

I f  t h e  mean p r o b a b i l i t y  of a co re  m e l t  a c c i d e n t  i s  k per  r e a c t o r  y e a r ,  

t han  t h e  p r o b a b i l i t y  t h a t  no core m e l t  w i l l  occur  i n  T r e a c t o r  yea r s  i s  

exp - kT. 
t o  be t h e  p r o b a b i l i t y  t h a t  a co re  m e l t  - w i l l  occur  i n  t h e  t i m e  T, i.e., 

(1 - exp - koT) . 
T and ko. 

We d e f i n e  t h e  confidence i n t e r v a l  w i th  which we can s a y  k - < k, 

Then Table 1 g i v e s  t h e  confidence i n t e r v a l  f o r  va r ious  

Table 1. Confidence i n t e r v a l  i n  % f o r  a p r i o r i  mean core m e l t  p r o b a b i l i t y  

T ( r e a c t o r  y e a r s )  Mean co re  melt p r o b a b i l i t y ,  ko 

k, = 10e6/RY 5 x 5 x - - - 
500 *05( %) .5(%) 5(%) 25(%) 31(%) 9 2 ( X )  

1,000 .1 1.0 10 41 63 9 9  

2,000 .2 2 .o 1 9  63 86 100 

5,000 05 5.0 31 92 99 100 

10,000 1 .o 10.0 63 99 100 100 

~ ~~ 

From t h i s  t a b l e  w e  see t h a t  w i th  t h e  world 's  t o t a l  LWR experience of 

2000 r e a c t o r  yea r s  s i n c e  Three Mile I s l a n d  without  a co re  m e l t ,  we  can say  

wi th  86 pe rcen t  confidence t h a t  t h e  co re  m e l t  p r o b a b i l i t y  i s  no t  g r e a t e r  t han  

p e r  r e a c t o r  year .  By t h e  end of t h e  c e n t u r y ,  with T-5000 r e a c t o r  

y e a r s  worldwide, i f  no co re  m e l t  occu r s  we can say  t h a t  w i th  99 pe rcen t  

confidence,  k - < p e r  r e a c t o r  yea r ;  w i th  92 p e r c e n t  confidence,  no higher  

t h a n  5 x p e r  r e a c t o r  y e a r ;  and wi th  31 percen t  confidence t h a t  it is  no 

h i g h e r  t han  p e r  r e a c t o r  year.  In  ano the r  10 y e a r s ,  i.e., by 2010, we 

can s a y  w i t h  86 percen t  confidence t h a t  k does n o t  exceed 2 x 
r e a c t o r  year.  Thus by 2010, i f  t h e r e  is no co re  melt, we can say  with good 

confidence t h a t  t h e  p r o b a b i l i t y  of co re  m e l t  i s  no h ighe r  t han  twice the  pro- 

posed NRC g u i d e l i n e .  It i s  i n  t h i s  s ense  t h a t  t i m e  a n n i h i l a t e s  u n c e r t a i n t y  

i n  PRA. 

per  
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Does time annihilate uncertainty fast enough? Probably not, unless the 
nuclear moratorium in the United States persists until 2010, and the world's 

fleet of reactors numbers 500 or more. In that event, the experience with 
reactors will be sufficient so that one can say without elaborate calculation 
that the mean core melt probability is of the order of per reactor year 
or less provided there is no core melt. This can be seen easily since, by 
2010 the world's commercial reactors will have accumulated about 10,000 

reactor years (assuming 500 reactors). 

time, then the mean core melt probability can hardly be much greater than 
1/10,000 per reactor year. The more accurate calculation shows that there 
is only a 10 percent chance that the mean core melt probability is as high 

as 2 x 10-4 per reactor year. 

If no core melt has occurred in this 

The foiegoing general argument suggests that the unreliability of PRA, 

which militates against its use as a regulatory or licensing standard, may 
be a temporary thing. Should the present moratorium last long enough, and 
should we survive this period without another core melt, we would be justi- 

fied in accepting as valid PRAs that reproduced the actual observations. Of 
course, by that time one could argue that reactors similar to the ones which 
have exhibited such long-term integrity would prima facie be regarded as 
adequately safe without the necessity of invoking PRA to justify this con- 

clus ion. 
Minarick-type Analysis 

Minarick's analysis goes beyond a comparison of observed core melts and 
predicted (by PRA) core melts since he in effect compares predicted and 
observed partial sequences. Can one improve the reliability of PRA by 

comparing predicted partial sequences with observed partial sequences ex- 
plicitly, without, as Minarick does, estimating the likelihood of hypo- 
thetical events that would convert a partial sequence into a core melt? Thus 
we probably have enough data on hand now to estimate quite reliably the 

probability of 

-- Diesel generator failure 
-- PORV failure to re-seat 
-- Scram-rod failure 
-- Station blackout -- Steam generator tube rupture -- Loss of load 
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t o  mention a few. Each of t h e s e  i n c i d e n t s  e n t e r s  i n t o  PRA; one would hope 

t h a t  a s y s t e m a t i c  i nven to ry  of t h e s e  even t s  could e v e n t u a l l y  lead t o  b e t t e r  

estimates of component f a i l u r e  rates, which are the  bas i c  i n p u t  d a t a  f o r  

PRAS. 

The R i t t e r  B i l l  

Can PRA be so systematized and t h e  procedures so  s t anda rd ized  t h a t  t h e  

technique can be given l e g a l  s t a t u s ?  Though t h i s  may go beyond what is f u l l y  

p r a c t i c a l ,  some e f f o r t  i n  t h i s  d i r e c t i o n  is embodied i n  Congressman Rit ter  ' s  

H.R. 4192, which calls f o r  the e s t ab l i shmen t  of a Cen t ra l  Board of S c i e n t i f i c  

Risk Analysis  under t h e  Na t iona l  Academy of Sciences,  and is mandated by 

Congress. Such a Central Board of S c i e n t i f i c  Risk Analysis presumably would 

be able t o  c e r t i f y  tha t  PRAs, or a t  least the NRC-approved PRA methodology, 

conformed t o  t h e  h i g h e s t  s t a n d a r d s  allowed by t h e  state of t h e  a r t ;  i t  would 

f u r t h e r  t h e  s c i e n c e  of r i s k  a n a l y s i s ;  and perhaps most impor t an t ly ,  i t  might 

s e r v e  as an  unbiased e n t i t y  t o  whom t h e  p u b l i c  and Congress could t u r n  f o r  

e v a l u a t i n g  r i s k  a n a l y s i s  and PRAs. 

The Ritter B i l l  i n  e f f e c t  i n j e c t s  Congress i n t o  t h e  a n a l y s i s  of risk. 

Though it f a l l s  s h o r t  of r e q u i r i n g  Congress t o  dec ide  how s a f e  is s a f e  

enough, i t  begins t o  move i n  t h a t  d i r e c t i o n .  A w e l l  e s t a b l i s h e d  and 

recognized C e n t r a l  Board of S c i e n t i f i c  Risk Analysis ,  a c t i n g  i n  conce r t  w i t h  

NRC, could judge "how s a f e " ;  Congress would then have to  dec ide  whether t h i s  

is " sa fe  enough," r a t h e r  t han  having t o  dec ide  both matters--"How s a f e "  and 

"Is t h i s  s a f e  enough?" 

9 

The NRC's Job in PRA 

Although, were the  moratorium t o  con t inue ,  t h e r e  would be l i t t l e  ca l l  t o  

judge t h e  s a f e t y  of new r e a c t o r s ,  I should t h i n k  t h a t  NRC would have t h e  

s t r o n g e s t  i n c e n t i v e  t o  improve t h e  r e l i a b i l i t y  of PRA. This would r e q u i r e  a 

s y s t e m a t i c ,  and I f e a r  l a b o r i o u s ,  a n a l y s i s  of d a t a  on component f a i l u r e  

rates; and s e n s i t i v i t y  a n a l y s i s  from which one can judge how u n c e r t a i n t i e s  i n  

f a i l u r e  rates a f f e c t  estimates of co re  m e l t  p r o b a b i l i t i e s .  For t h i s  purpose 

d a t a  ought t o  be drawn from t h e  world's  f l e e t  of r e a c t o r s ,  r a t h e r  than from 
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only the U.S. reactors. The aim ought to be to reduce the uncertainty in PRA 
estimates of core melt probability from the current level of a factor of 

10 either way to, say, a factor of three either way. Were this possible, and 
once it had been achieved, I should think the objection to using PRA as 
Congressionally legislated, or NRC-mandated performance standards would be 
much less cogent than it now appears to be. 

Despite these possibilities both for improving the reliability of PRA 
and of incorporating the PRA process into licensing or even legislation, one 

must be aware of the difficulties: 

-- PICA will always remain inscrutable to the public; the public, if it 
accepts PRA, will be depending on experts, a posture that is now in 
general disfavor. 

-- The results of PRA can never be as transparent and definite as are 
the results of a gas mileage test. ,Congress, in mandating per- 
formance standards based even on improved PRA, would still fall 
short of capturing the degree of uncertainty incorporated in CAFE 
standards. 

In summary, I am very optimistic about improving PRA, less optimistic 
about using PRA as a performance standard. Perhaps the main thrust of these 
considerations is to urge again the great importance, and possible high pay- 

off, of a major and consistent campaign to improve PRA. 

W : b c  
9 / 8 5  
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The Nuclear Regulatory Commission (NRC) today has few staunch 

defenders .  The nuc lear  i n d u s t r y  i s  quick t o  i d e n t i f y  NRC p o l i c i e s  and regu- 

l a t i o n s  as key c u l p r i t s  i n  t h e  f a t e  t h a t  has  b e f a l l e n  nuc lea r  power i n  t h i s  

c0unt ry . l  

r e l a t i o n s h i p  wi th  indus t ry  i s  f a r  too  cozy, and t h a t  i n d u s t r y ' s  i n t e r e s t s  

are f r e q u e n t l y  placed before  p u b l i c  s a f e t y  i n t e r e s t s .  E f f o r t s  t o  r e c o n c i l e  

t h e s e  two v i s i o n s  have not been s u c c e s s f u l  t o  da te .  More r e g u l a t i o n s  and 

tougher enforcement p o l i c i e s  have not  m o l l i f i e d  nuc lear  c r i t i cs ,  but they  

have antagonized indus t ry  and, even more impor tan t ,  produced d i s i l l u s i o n e d  

customers ( t h e  e lectr ic  u t i l i t i e s )  who have u n o f f i c i a l l y  forsworn f u r t h e r  

o r d e r s  of r e a c t o r s  f o r  t h e  rest of t h i s  decade a t  least .  

A t  t h e  same t i m e ,  c r i t ics  of nuc lea r  power claim t h a t  the NRC 

There i s  no magic r egu la to ry  e l i x i r  t h a t  can r a l l y  the unqua l i f i ed  

suppor t  of a l l  i n t e r e s t e d  par t ies  and t h e  pub l i c  a t  l a rge .  There may be 

o p p o r t u n i t i e s  ye t  unexplored, however, f o r  s i g n i f i c a n t l y  r e s t r u c t u r i n g  t h e  

n a t u r e  of r e g u l a t i o n  such t h a t  t h e  end le s s  cyc le  of accusa t ions  and recrimi- 

na t ions  i s  broken, and f o r  provid ing  g r e a t e r  assurance  tha t  nuc lear  power 

w i l l  have a long-term fu tu re .  The key element i n  t h i s  r egu la to ry  r e s t r u c -  

t u r i n g  is  the creat ion o f  a technology-forcing approach that  bu i lds  upon 

t e c h n i c a l  advances t h a t  are being made i n  reactor s a f e t y .  Such an approach 

would produce a s h i f t  from p r e s c r i p t i v e ,  open-ended r e g u l a t i o n  t o  a more 

performance-directed,  bounded r e g u l a t i o n ;  in o t h e r  words, a f ixed  goal-  

o r i e n t e d  r egu la t ion ,  rather than the  c u r r e n t ,  l imitless and means-oriented 

r e g u l a t i o n .  

Sec t ion  I, t h a t  fo l lows ,  w i l l  i l l u s t r a t e  t h e  problems t h a t  have a r i s e n  

wi th  p r e s c r i p t i v e  nuc lear  power r e g u l a t i o n ,  and w i l l  provide some examples 

of how some coun t r i e s  have avoided U.S. r e g u l a t o r y  p rac t i ces .  Sec t ion  I1 
w i l l  d e a l  with r ecen t  i ndus t ry  e f f o r t s  t o  supplant  p r e s c r i p t i v e  r e g u l a t i o n ,  

wi th  r e a c t o r  s t a n d a r d i z a t i o n  and a type of r e g u l a t i o n  pursued by t h e  Fede ra l  

Avia t ion  Adminis t ra t ion  (FAA). Sec t ion  111 w i l l  argue t h a t  i n  terms of 

nuc lea r  power's long-term f u t u r e ,  and i n  o r d e r  t o  convince a s k e p t i c a l  
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public, it may be desirable to borrow practices not from the FAA, but from 
performance-based automobile regulation i n  this country. In the case of 

automobile regulation, the Congress and regulators established clear 

performance goals  or standards, and then left the means of attainment t o  

industry's discretion. The concluding section will summarize the arguments 

raised earlier and place the suggested reform in larger perspective. 
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I. 

PRESCRIPTIVE REGULATION 

A textbook i l l u s t r a t i o n  of r e g u l a t i o n  i n  America w i l l  f r e q u e n t l y  por- 

t r a y  o f f i c i a l s  from a government agency peer ing d i s c r e t e l y  over t h e  shoulder  

of co rpora t e  decision-makers, seeking t o  a s c e r t a i n  whether t h e  d e c i s i o n s  

made by co rpora t e  execu t ives  ensure t h e  p u b l i c ' s  h e a l t h  and s a f e t y .  A more 

rea l i s t ic  p o r t r a y a l  today, however, would p i c t u r e  t h e  government o f f i c i a l  

and c o r p o r a t e  execu t ives  s i t t i n g  a t  t h e  same boardroom table--and f r e q u e n t l y  

i t  would be t h e  co rpora t e  execu t ive  who would be l i s t e n i n g .  

of government i n t o  t h e  boardrooms of America i s  widely recognized,  but  

ha rd ly  accepted wi th  equanimity. While t h e  legi t imacy of r e g u l a t i o n  i s  

g e n e r a l l y  accepted i n  most l a rge - sca l e  endeavors,  t h e  l e n g t h s  t o  which regu- 

l a t o r s  sometimes go t o  ensu re  t h e  achievement of t h e i r  o b j e c t i v e s ,  c e r t a i n l y  

are not .  

The i n t r u s i o n  

An e a r l y  1980s survey of 300 bus iness  execu t ives  i n  numerous r egu la t ed  

i n d u s t r i e s ,  r evea led  cons ide rab le  d i s s a t i s f a c t i o n  with the  n a t u r e  of regula-  

t i o n .  

1. Overlap and c o n f i c t  among agencies .  

2. Overextension of t h e  agency mandate--a concern with means as w e l l  as 

The i r  complaints centered on s i x  separate po in t s :3  

g o a l s ,  l ead ing  agencies  t o  d i c t a t e  how goa l s  w i l l  be m e t .  

3. Overregulat ion without  regard t o  c o s t s  o r  e f f i c i e n c y .  

4 .  Adversa r i a l  a t t i t u d e s  toward business .  

5. Delays i n  e x e r c i s i n g  mandated a u t h o r i t y .  

6 .  Dupl i ca t ive  and unnecessary r e p o r t i n g  requirements.  

All of t h e s e  problems have been noted a t  one t i m e  o r  ano the r  by n u c l e a r  

i n d u s t r y  spokesmen. Of most i n t e r e s t  t o  us  i n  t h i s  paper i s  number 2,  t h e  

ove rex tens ion  of t h e  r e g u l a t o r y  mandate t o  encompass not only t h e  goa l s  of 

r e g u l a t i o n  but  t h e  means--something f r e q u e n t l y  termed " p r e s c r i p t i v e "  regula-  

t i o n .  Complaining of p r e s c r i p t i v e  r e g u l a t i o n  i n  t h e  s tudy noted above, an  

i n d u s t r y  o f f i c i a l  r e g u l a t e d  by t h e  Food and Drug Adminis t ra t ion (FDA) 

states, "Far b e t t e r  f o r  t h e  agency t o  s ta te  t h e  o b j e c t i v e  i t  wants achieved,  

provide some i n c e n t i v e  t o  t h e  i n d u s t r i e s  involved t o  d e v i s e  t h e i r  p r e f e r a b l e  
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means of achieving the  g o a l ,  and t o  a u d i t  p e r i o d i c a l l y  t o  determine compli- 

ance. -4 Nuclear i n d u s t r y  spokesmen have been equa l ly  adamant. Donald 

Edwards of Yankee Atomic Electric i n  1982 c a l l e d  f o r  a fundamental change a t  

NRC t o  a "performance g o a l - s e t t i n g  and monitoring o rgan iza t ion"  from t h e  

" p r e s c r i p t i v e  semi-design o r g a n i z a t i o n  i t  has become. 

No one w i l l  deny t h a t  t h e  NRC has become i n c r e a s i n g l y  p r e s c r i p t i v e  ove r  

t h e  yea r s .  I n  1965 a n  industry-supported i n q u i r y  ( t h e  "Mitchel l  Report") 

p r o t e s t e d  t h e  absence of r e g u l a t o r y  guidance i n  meeting l i c e n s i n g  r equ i r e -  

ments. This  complaint has been e l imina ted  by t h e  t i d a l  wave of r e g u l a t i o n s  

t h a t  have evolved s i n c e  then. Today a p p l i c a n t s  are handed approximately 

1500 pages of d e t a i l e d  cri teria found i n  t h e  Standard Review Plan. Simi- 

l a r l y ,  whereas i n  1970 t h e  AEC had 4 r e g u l a t o r y  guides  s e t t i n g  f o r t h  s t a t u -  

t o r y  and r e g u l a t o r y  requirements ,  by 1978 t h e  NRC had 130 gu ides ,  110 sepa- 

rate r e v i s i o n s  t o  t h e  gu ides ,  and ano the r  64 t e c h n i c a l  pos i t i ons .6  These 

p r e s c r i p t i o n s ,  moreover, are v a l i d  only on t h e  day they are i s sued .  New, 

a d d i t i o n a l  r u l e s  and r e g u l a t i o n s  can be i s sued  a t  any t i m e ,  even a f t e r  t h e  

p l a n t  has gone i n t o  s e r v i c e .  Since t h e  Three Mile I s l a n d  (TMI) a c c i d e n t ,  

numerous a d d i t i o n a l  requirements i n  such areas as pipe r e s t r a i n t  design f o r  

seismic and pipe whip phenomena, s e c u r i t y  and sabotage s t a f f i n g ,  f i r e  pro- 

& t e c t i o n ,  q u a l i t y  a s su rance ,  and o p e r a t o r  t r a i n i n g ,  have been forthcoming. 

8 As a r e s u l t ,  s a f e t y  has i n c r e a s i n g l y  become what t h e  NRC says  i t  is, and 

r e g u l a t i o n  "by the  book" has become commonplace. Hence, r e g u l a t i o n  has ,  t o  

a l a r g e  extent;.. shaped i n d u s t r y  decision-making , going w e l l  beyond t h e  

classical  model of r e g u l a t i o n  whereby t h e  r e g u l a t o r  simply ensu res  t h a t  

i n d u s t r y  e x t e r n a l i t i e s  are accounted f o r .  

The f i r s t  and major problem wi th  p r e s c r i p t i v e  r e g u l a t i o n  was s t a t e d  

s u c c i n c t l y  by t h e  Kemeny Commission, formed i n  t he  a f t e rma th  of t h e  TMI 

acc iden t :  "The e x i s t e n c e  of a v a s t  body of r e g u l a t i o n s  by NRC tends t o  

focus  i n d u s t r y  a t t e n t i o n  narrowly on t h e  meeting of r e g u l a t i o n s  r a t h e r  t han  

a sys t ema t i c  concern f o r  ~ a f e t y . " ~  

t o  a c c o u n t a b i l i t y  r a t h e r  t han  r e s p o n s i b i l i t y .  Regulators  and i n d u s t r y  

o f f i c i a l s  g r a d u a l l y  come t o  view conformity o r  compliance with t h e  r u l e s  

r a t h e r  t han  a c t u a l  performance i n d i c a t o r s  as t h e  measure of s a f e t y . 8  So 

much t i m e  and a t t e n t i o n  are devoted t o  t h e s e  s u r r o g a t e  measures of s a f e t y  

("complying wi th  the  r e g u l a t i o n s " )  t h a t  t h e  l a r g e r  goal  of such r e g u l a t i o n  

I n  o t h e r  words, i n d u s t r y  becomes a t t u n e d  
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i s  f r e q u e n t l y  neglected.  

brought forward e i t h e r  because t h e  sense  of r e s p o n s i b i l i t y  has  s h i f t e d  o r  

because i n d u s t r y  f e a r s  t h a t  t h e s e  i n i t i a t i v e s  w i l l  simply be added t o  ( n o t  

s u b t r a c t e d  from) the  requirements t h a t  t h e  NEE a l r e a d y  imposes. 

New industry-based s a f e t y  i n i t i a t i v e s  are not  

Second, t h e  s h i f t  i n  r e s p o n s i b i l i t y  t o  t h e  r e g u l a t o r  can have s e r i o u s  

s a f e t y  imp l i ca t ions  because a c e n t r a l  bureaucracy, no matter how capab le ,  

cannot adequately r e g u l a t e  a d i v e r s e  and v a r i e d  i n d u s t r y  a t  t h e  l e v e l  of 

d e t a i l  involved i n  NRC s tandards.  Diverse c a p a b i l i t i e s  and circumstances 

r e q u i r e  a f l e x i b l e  approach t o  s a f e t y  management; and a c e n t r a l  bureaucracy 

by i t s  very n a t u r e  is  not  capable  of t h a t  f l e x i b i l i t y .  

Th i rd ,  t h i s  mode of r e g u l a t i o n  can have a d e v a s t a t i n g  impact upon 

i n d u s t r y  morale 'and devot ion t o  duty. Constant o v e r s i g h t  and p u n i t i v e  

a c t i o n  41 t h e  event  of noncompliance wi th  t h e  r u l e s  produce an  unheal thy 

s p i r i t  of skep t i c i sm and r e s i s t a n c e  toward a l l  r egu la t ion .  

The v a s t  body of r e g u l a t i o n  r e q u i r e s  t h a t  t h e  NRC h i r e  an  army of 

i n s p e c t o r s  t o  determine whether r e g u l a t i o n s  are being m e t .  In a d d i t i o n  t o  

NRC r e s i d e n t  i n s p e c t o r s ,  t h e  NRC, and o t h e r  groups,  carry o u t  a h o s t  of 

a u d i t s  a t  nuc lea r  power p l a n t s .  The accompanying c h a r t  r e v e a l s  t h e  number 

of a u d i t s  conducted annual ly  a t  Tennessee Val ley Authori ty  (TVA) n u c l e a r  

power p l a n t s .  It is  q u i t e  l i k e l y  t h a t  a t  t h i s  s t a g e  we have reached a l e v e l  

of diminishing marginal r e t u r n s  wi th  respect t o  a d d i t i o n a l  a u d i t s .  

The impetus f o r  t h i s  type of d e t a i l e d ,  open-ended r e g u l a t i o n  i s  q u i t e  

clear. Pub l i c  concerns over t h e  s a f e t y  of nuc lea r  p l a n t s ,  and t h e  e x i s t e n c e  

of poor o r  inadequate  management a t  some nuc lea r  power f a c i l i t i e s ,  have l e d  

t o  p o l i t i c a l  p re s su res  f o r  "tougher" r egu la t ion .  The NRC can ha rd ly  ignore  

t h e  widespread and deep p u b l i c  apprehensions over t h e  management of t h i s  

technology. The i r  response t o  calls f o r  "tougher" r e g u l a t i o n  has  been t o  

promulgate even more p r e s c r i p t i v e  r e g u l a t i o n s ,  provide a d d i t i o n a l  o v e r s i g h t  

a t  nuc lea r  power p l a n t s ,  and i s s u e  more f i n e s  f o r  discovered i n s t a n c e s  of 

r e g u l a t o r y  noncompliance. While the  enhancement of p u b l i c  s a f e t y  through 

t h i s  "tougher" r e g u l a t o r y  s t a n c e  is ques t ionab le ,  one r e s u l t  is  clear and 

p r e d i c t a b l e :  an unwi l l i ngness  of u t i l i t i e s  t o  i n v e s t  f u r t h e r  i n  nuc lea r  

power. I f  we as a s o c i e t y ,  t h e r e f o r e ,  are t o  o b t a i n  t h e  enormous p o t e n t i a l  

b e n e f i t s  from t h i s  form of energy, we must r e c o n c i l e  t h e  p u b l i c  d e s i r e  f o r  

more s t r i n g e n t  r e g u l a t i o n  w i t h  t h e  i n d u s t r y  need f o r  p r e d i c t a b l e  and bounded 
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SUMMARY OF REVIEW AND AUDIT ACTIVITIES 
AT NUCLEAR POWER PLANTS 

TVA REVIEW AND AUDIT 

Reviews and Audits Within Line Organizations 

O Review by Supervision/Management 

O 

O Special Investigating Committees 

QC Inspections 
Plant Operations Review Committee (PORC) 
Nuclear Safety Review Board (Operations) 

Office of Quality Assurance (OQA) 

O Periodic Audits 
0 

0 

Surveillance 
Reviews 

Nuclear Safety Review Staff (NSRS) 

O Management Reviews 

O Investigations 
Special Reviews 

EXTERNAL REVIEWS AND AUDITS 

SDecial Reviews 

NRC - 
0 

0 

0 

0 

0 

NRR "-' Technical Reviews in Licensing Proces 
I&E - Reviews/Audits/Inspections 

Operating, Construction Phase 
SALP - Annual Assessment of Performance 
PAT - Performance Appraisal - Operations 
CAT - Performance Appraisal - Construction 

INPO 

0 

0 

Periodic Review of Operations 
Initiating Programs for Review of Construction 

Outside Review by Consultants - Fire Protection 
Nuclear Insurers 0 

Source: Newt Culver, Tennessee Valley Authority, March 15, 1983. 
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r e g u l a t i o n .  

c i l a b l e ,  they need not be. The balance of t h i s  paper d e t a i l s  t h e  b a s i s  f o r  

t h i s  a s s e r t i o n .  We look f i r s t  t o  f o r e i g n  experience i n  t h e  r e g u l a t i o n  of 

nuc lea r  power. 

While these  goa l s  may s t r i k e  many as c o n t r a d i c t o r y  and i r r econ-  

FOREIGN REGULATION 

The p r e s c r i p t i v e  n a t u r e  of U.S. nuc lea r  power r e g u l a t i o n  is  by no means 

t h e  norm followed throughout t h e  globe. In f a c t ,  one can c i t e  numerous 

examples of how U.S. r e g u l a t i o n  s t a n d s  a p a r t  from t h e  norm. Walter 

Marshal l ,  chairman of B r i t a i n ' s  Cen t ra l  E l e c t r i c i t y  Generating Board, has 

s t a t e d  t h a t  t h e r e  are on ly  45 pages of s a f e t y  g u i d e l i n e s  t h a t  UK n u c l e a r  

o p e r a t o r s  are ob l iged  t o  fo l low,  as opposed t o  3,300 pages of p r e s c r i p t i v e  

r e g u l a t i o n s  i n  t h e  United S t a t e s .  He has  commented, "In B r i t a i n  we concen- 

t ra te  on t h e  ques t ion ,  'Is t h e  r e a c t o r  s a f e ? , '  r a t h e r  t han  on t h e  ques t ion ,  

"Have t h e  r e g u l a t i o n s  been s a t i s f i e d ?  ' ' *g 

Canada's Jon Jennekens has a l s o  noted t h e  d i f f e r e n c e  between Canadian 

and U.S. n u c l e a r  power r e g u l a t i o n .  Jennekens has s t a t e d ,  "The Canadian 

approach t o  nuc lea r  s a f e t y  has been t o  e s t a b l i s h  a set of fundamental p r in -  

c i p l e s  and b a s i c  criteria.... Primary r e s p o n s i b i i t y  i s  then  placed upon t h e  

proponent t o  develop the  competence r equ i r ed  t o  show t h a t  t h e  proposed p l a n t  

w i l l  not  pose unacceptable  o r  p u b l i c  h e a l t h  and s a f e t y  r isks ."1° 

v e i l e d  r e f e r e n c e  t o  U.S. p r a c t i c e s ,  Jennekens con t inues ,  "Under no circum- 
s t a n c e s  w i l l  t h i s  program of documenting r e g u l a t o r y  cr i ter ia ,  p r i n c i p l e s  and 

b a s i c  requirements be c a r r i e d  t o  t h e  p o i n t  of imposing a ' des ign  by regula-  

t i o n '  approach. The primary r e s p o n s i b i l t y  f o r  s a f e  design and o p e r a t i o n  

rests wi th  t h e  l i c e n s e e ,  and every e f f o r t  must be made to  guard a g a i n s t  

des t roy ing  h i s  i n i t i a t i v e  and ingenu i ty .  -11 

I n  a 

S t i l l  another  example is i n  Sweden where o f f i c i a l s  have noted " t h e  

small [ r e g u l a t o r y ]  s t a f f  r e f l e c t s  t h e  philosophy t o  avoid d e t a i l e d  regula-  

t i o n .  The main t a s k  i s  t o  set g o a l s ,  review t h e i r  proposed t e c h n i c a l  solu-  

t i o n s ,  and a u d i t  t h e  q u a l i t y  of performance. '-12 
For those  of u s  who have grown accustomed t o  t h e  p r e s c r i p t i v e  n u c l e a r  

r e g u l a t i o n  i n  t h i s  country,  t h e  r e g u l a t o r y  ph i losoph ies  expressed above, a t  

f i r s t ,  appear  hope le s s ly  naive and f e e b l e .  How can so much decision-making 
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f a l l  w i t h i n  t h e  d i s c r e t i o n  of c o r p o r a t e  management, when t h e  p u b l i c  s t a k e s  

i n  t h e s e  d e c i s i o n s  are so enormous? Aren ' t  t h e  p u b l i c  r e g u l a t o r y  bodies  i n  

t h e s e  c o u n t r i e s  simply a b d i c a t i n g  t h e i r  r e s p o n s i b i l i t i e s  ? 

A more c a r e f u l  reading and examination of t hese  ph i losoph ies ,  however, 

provides  y e t  ano the r  impression. The i r  r e g u l a t o r y  s t y l e s ,  though d i f f e r e n t  

from t h a t  i n  t h e  U.S., may be a p p r o p r i a t e ,  given the  n a t u r e  of t he  nuc lea r  

i n d u s t r y  i n  t h e s e  c o u n t r i e s .  S p e c i f i c a l l y ,  t h e  nuclear  i n d u s t r y  i s  a good 

, d e a l  more conso l ida t ed  i n  t h e s e  c o u n t r i e s ,  than i n  t h e  U.S. and t h e r e f o r e ,  

t h e  l e v e l  of performance is less v a r i e d ,  and more c o n s i s t e n t .  Even more 

important ,  however, when w e  look a t  the  con ten t  of r e g u l a t i o n  we f i n d  t h a t  

s e v e r a l  c o u n t r i e s  r e q u i r e  h ighe r  s a f e t y  design s t anda rds  than those i n ' t h e  

U.S. In  o t h e r  words, i n  many cases the  design performance s t anda rds  o r  

requirements  f o r  r e a c t o r  s a f e t y  are a good d e a l  s t i f f e r .  

I n  Germany and Belgium, f o r  example, containment and r e a c t o r  p r e s s u r e  

v e s s e l s  are requ i r ed  t o  wi ths t and  t h e  impact of an  a i r c r a f t  c r a s h  d i r e c t l y  

on t h e  bu i ld ings .  As a r e s u l t ,  containments are s t r o n g e r  than  those  found 

i n  t h e  United S t a t e s .  New German and Belgium r e a c t o r s  are a l s o  r equ i r ed  t o  

have a ded ica t ed ,  bunkered, h e a t  removal system as a second l i n e  of 

defense--another f e a t u r e  not r equ i r ed  a t  American r e a c t o r s .  Sweden, i n  

a d d i t i o n  t o  Belgium and West Germany, has adopted a series of a d d i t i o n a l  

performance cri teria not found i n  t h e  U.S.: e.g., (1) t h e  "30-minute" 

c r i t e r i o n  t h a t  s t i p u l a t e s  no ope ra to r  i n t e r f e r e n c e  should be r equ i r ed  i n  t h e  

f i r s t  30 minutes of a r e a c t o r  upse t ;  ( 2 )  t h e  "N-2 c r i t e r i o n "  s t i p u l a t i n g  

t h a t  t h e  r e a c t o r  must be s a f e  du r ing  an upset  cond i t ion  even though one 

s a f e t y  system is  out  f o r  maintenance and another  is i n c a p a c i t a t e d .  

The r e s u l t  of t h e  requirement f o r  g r e a t e r  s a f e t y  margins i n  t h e  des ign  

of nuc lea r  r e a c t o r s ,  is  a less i n t r u s i v e  r e g u l a t i o n  i n  day-to-day opera- 

t i o n s .  Once r e g u l a t o r s  v e r i f y  t h a t  r e a c t o r s  have been b u i l t  t o  des ign  

s t a n d a r d s ,  less o v e r s i g h t  i s  r equ i r ed  t o  ensure p u b l i c  s a f e t y .  This i m p l i e s  

g r e a t e r  r e g u l a t o r y  inpu t  i n  t h e  beginning ( c o n s t r u c t i o n  s t a g e ) ,  and less 

t h e r e a f t e r  ( o p e r a t i o n a l  s t a g e ) .  One reviewer has noted " t h e  one s i t u a t i o n  

where f o r e i g n  r e g u l a t o r y  requirements  t y p i c a l l y  exceeds those  of t h e  United 

S t a t e s  is  i n  t h e  area of t e c h n i c a l  review and approvals  of t h e  eng inee r ing  

des ign  p r i o r  t o   construction."^^ 
e n t  terms, t h e  U.K.'s Marshal l  has s t a t e d  t h a t  B r i t i s h  r e g u l a t o r s  "are much 

P u t t i n g  t h i s  s i t u a t i o n  i n  s l i g h t l y  d i f f e r -  



n a s t i e r  t o  us befo re  we g e t  t he  l i c e n s e  and much n i c e r  t o  u s  a f t e r  w e  g e t  

t h e  l icense."14 

It is  t r u e ,  t h e r e f o r e ,  t h a t  United S t a t e s  and f o r e i g n  r e g u l a t o r y  prac- 

t ices d i f f e r  i n  important r e s p e c t s .  It is not a c c u r a t e ,  however, t o  l a b e l  

one "tougher" than  t h e  o the r .  Greater l e v e l s  of engineered s a f e t y  al low f o r  

less r e g u l a t o r y  i n t r u s i o n  once t h e  r e a c t o r s  are ope ra t ing .  This is  a t r ade -  

o f f  w i th  i n t e r e s t i n g  impl i ca t ions  f o r  t h e  U.S. nuc lea r  i n d u s t r y  and one t h a t  

w i l l  be explored i n  the  subsequent s e c t i o n s  of t h i s  paper. 
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11. 

STANDARDIZATION 

The nuc lear  i ndus t ry  i n  t h i s  country appears  t o  be l i eve ,  i n  p r i n c i p l e  

a t  least ,  t h a t  s t a n d a r d i z a t i o n  of i t s  product is  t h e  key t o  reducing regula-  

t o r y  i n t e r f e r e n c e .  It is  o f t e n  noted t h a t  nuc lear  p l a n t s  i n  t h i s  country 

have been b u i l t  i n  a "one-of-a-kind" manner. For the  most p a r t ,  t h i s  has  

r e s u l t e d  from the d i v e r s i f i e d  and independent na tu re  of t he  nuc lear  

industry--namely four  nuc lea r  steam supply system (NSSS) vendors,  each with 

i t s  own p re fe r r ed  l i g h t  water r e a c t o r  v a r i a n t ;  roughly 1 2  independent a rch i -  

t ec t -engineers  (A-E) r e spons ib l e  f o r  producing t h e  balance of p l a n t ;  and 

approximately 50 s e p a r a t e  u t i l i t i e s  charged wi th  ope ra t ing  the p lan t s .  The 

r e s u l t s  of t h i s  i n s t i t u t i o n a l  smorgasbord, t h e r e f o r e ,  have been nuc lea r  

power p l a n t s  t h a t  d i f f e r  q u i t e  s u b s t a n t i a l l y  from one another ,  wi th  each 

r e f l e c t i n g  t h e  d e s i r e s  and p r e d i l e c t i o n s  of the p a r t i c u l a r  combination of 

NSSS, A-E, and u t i l i t y .  This  he t e rogene i ty  r e q u i r e s  independent and some- 

t i m e s  l eng thy  review requirements  on the p a r t  of t h e  s a f e t y  r egu la to r .  Nor 

has  t h e  t i m e l i n e s s  of t h i s  review been f a c i l i t a t e d  by t h e  "design as you go" 

approach o f t e n  taken  by t h e  indus t ry .  The absence of complete des igns  a t  

L t h e  l i c e n s i n g  review s t a g e  i n v i t e s  g r e a t e r  r egu la to ry  p r e s c r i p t i o n .  

Lester has s t a t e d ,  "The main b a r r i e r  t o  increased  s t a n d a r d i z a t i o n  stems 

not  from t e c h n i c a l  problems but  from the c u r r e n t  s t r u c t u r e  and o r g a n i z a t i o n  

of t h e  indus t ry . " l5  

i n d u s t r y  have, up t o  t h i s  t i m e ,  been unwi l l ing  t o  s a c r i f i c e  t h e i r  own per- 

ceived compet i t ive  advantages f o r  t h e  sake of s t anda rd iza t ion .  As s t a t e d  

p rev ious ly ,  t h e  NSSS vendors have t h e i r  own re spec t ive  p re fe r r ed  l i g h t  water 

v a r i a n t s ,  i n d i v i d u a l  A-Es approach p l a n t  c o n s t r u c t i o n  d i f f e r e n t l y ,  and u t i l -  

i t i e s  f r e q u e n t l y  seek t o  in f luence  des ign  on t he  b a s i s  of unique meteorolog- 

I n  o t h e r  words, t h e  numerous companies wi th in  t h e  

ical ,  seismic, and hydro log ica l  cond i t ions  a t  t h e  si te.  Lester goes on t o  

say  t h a t  what is  needed wi th in  t h e  i n d u s t r y  i s  t h e  formation of c o n s o r t i a  

i nc lud ing  s p e c i f i c  NSSS vendors,  and A-E and component manufacturers ,  f o r  

t h e  des ign  and engineer ing  of t he  e n t i r e  s a f e t y  r e l a t e d  p l a n t  ( o r  through an 

A-E t ak ing  a s t r o n g e r  and more comprehensive r o l e  i n  r e a c t o r  des ign) .  I t  

would a l s o  r e q u i r e  t h a t  u t i l i t i e s  be w i l l i n g  t o  purchase a r e a c t o r  essen- 

t i a l l y  as i f  i t  were a s t o c k  i t e m  ordered  through a ca ta logue .  
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THE FAA MODEL 

Assuming that  t h e  nuc lea r  i n d u s t r y  i t s e l f  is  w i l l i n g  today t o  move 

s e r i o u s l y  t o  s t a n d a r d i z a t i o n ,  and a n t i - t r u s t  b a r r i e r s  can be overcome, bene- 

f i t s  would only accrue i f  r egu la to ry  p r a c t i c e s  were t o  take cognizance of 

t h i s  development and change accordingly.  The change a n t i c i p a t e d  and d e s i r e d  

would be a movement t o  r e a c t o r  " c e r t i f i c a t i o n , "  whereby t h e  NRC would g ive  

its approval  t o  c e r t a i n  r e a c t o r  des igns  even p r i o r  t o  a p p l i c a t i o n  f o r  con- 

s t r u c t i o n .  By p lac ing  i ts  "seal of approval"  o r  c e r t i f y i n g  s t anda rd ized  

des igns ,  t h e  NRC would be f o r e c l o s i n g ,  except  i n  the  case of major new 

developments, f u r t h e r  des ign  p r e s c r i p t i o n s  i n  t h e  course of a c t u a l  l i c e n s i n g  

and opera t ion .  

Reactor  c e r t i f i c a t i o n  could func t ion  i n  a manner similar t o  a i r c r a f t  

c e r t i f i c a t i o n  c a r r i e d  out  by t h e  Federa l  Aviat ion Adminis t ra t ion  (FAA). The 

FAA, a f t e r  i t s  own review of new a i r c r a f t  des igns ,  awards "a i rwor th iness"  

c e r t i f i c a t e s .  This  c e r t i f i c a t i o n  al lows t h e  a i r c r a f t  t o  be b u i l t  as 
designed,  i n  accordance wi th  t h e  r e g u l a t i o n s  and procedures  v a l i d  a t  t h e  

time of c e r t i f i c a t i o n .  Constant ly  changing r egu la to ry  requirements  imposed 

dur ing  c o n s t r u c t i o n ,  and even ope ra t ion  of t h e  a i r c r a f t ,  t h e r e f o r e ,  are 

ru l ed  out  except  when excep t iona l  ope ra t ing  exper iences  i n d i c a t e  t h e  need 

f o r  change (e.g., t h e  DC-10 exper ience) .  Because of t h i s  po l i cy ,  t h e  p u b l i c  

f l i e s  on a i r p l a n e s  of d i f f e r i n g  v in t age  and s a f e t y  standards--DC-3~ as w e l l  

as Boeing 767s. DC-3s are considered s a f e ,  and Boeing 767s even s a f e r .  

The nuclear  i n d u s t r y  today is i n  e f f e c t  seeking a "power-worthiness" 

c e r t i f i c a t e  from the NRC equ iva len t  t o  the  FAA's "a i rwor th iness"  c e r t i f i -  

cate. In t h e  most r ecen t  NRC-sponsored l i c e n s i n g  b i l l  before  Congress, t h e  

NRC is  ask ing  f o r  a u t h o r i t y  t o  c e r t i f y  approval  of s tandard ized  r e a c t o r  

designs.  Af t e r  c e r t i f i c a t i o n ,  t h e  NRC would be p roh ib i t ed ,  f o r  a per iod of 

10 y e a r s ,  from requ i r ing  mod i f i ca t ions  un le s s  "a modi f ica t ion  is  requi red  t o  

p r o t e c t  t he  pub l i c  h e a l t h  and s a f e t y  o r  the common defense and s e c u r i t y  and 

t h a t  t h e  modi f ica t ion  proposed w i l l  s u b s t a n t i a l l y  enhance t h e  p u b l i c  h e a l t h  

and s a f e t y  o r  t h e  common defense  and s e c u r i t y  by improving o v e r a l l  s a f e t y  o r  

s e c u r i t y  of f a c i l i t y  opera t ions .  *'16 

much heav ie r  burden of proof would be placed upon the NRC than  c u r r e n t l y  

ex is t s  t o  j u s t i f y  t h e  impos i t ion  of des ign  modi f ica t ions .  

Through t h i s  l e g i s l a t i v e  a u t h o r i t y ,  a 
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With a "power-worthiness" c e r t i f i c a t e  i n  hand, t h e  l i c e n s i n g  pe r iod  f o r  

nuc lea r  r e a c t o r s  would, presumably, be reduced s u b s t a n t i a l l y .  During t h e  

a c t u a l  l i c e n s i n g  pe r iod ,  t h e  NRC would be a b l e  t o  restrict i t s  review t o  

s i t e - s p e c i f i c  and compliance concerns,  s i n c e  t h e  r e a c t o r  design review would 

have been handled p rev ious ly  i n  a g e n e r i c  review s e t t i n g .  Reducing l i c e n s -  

i ng  t i m e  (and thereby money) and enhanced r e g u l a t o r y  p r e d i c t a b i l i t y  would be 

t h e  primary b e n e f i t s  der ived from c e r t i f i c a t i o n  through s t a n d a r d i z a t i o n .  

There could a l s o  be s a f e t y  b e n e f i t s  r e s u l t i n g  from s h o r t e r  l e a r n i n g  curves 

and t h e  easy t r a n s f e r  of o p e r a t i n g  experience from one r e a c t o r  t o  another .  

The NRC and nuc lea r  vendors have t r a v e l e d  p a r t  of t h e  way down t h e  

c e r t i f i c a t i o n  and s t a n d a r d i z a t i o n  path during the  1980s. Three of t h e  fou r  

NSSS vendors have produced s t anda rd  r e f e r e n c e  models o r  designs of t h e  reac- 

t o r s  they c u r r e n t l y  o f f e r ,  f o r  NRC p re -app l i ca t ion  approval.* The NRC has 

reviewed t h e s e  models t o  determine whether they should r e c e i v e  a f i n a l  

des ign  approval  (FDA). The i s suance  of an FDA would allow t h e  l i c e n s i n g  

a p p l i c a n t  t o  dispense with c o n s t r u c t i o n  l i c e n s i n g  reviews and h e a r i n g s  

devoted t o  t h e  s a f e t y  of t h e  nuc lea r  steam supply system. Operating l i c e n s -  

i ng  reviews of t he  system would be l i m i t e d  t o  determining whether t h e  system 

had been b u i l t  as designed. 

Whether t h e  i s suance  of FDAs w i l l  r e s u l t  i n  s i g n i f i c a n t  s a v i n g s ,  

remains t o  be seen. There have been no u t i l i t y  o r d e r s  of FDA r e a c t o r  

des igns ,  so i t  i s  impossible  t o  form a judgment based on experience.  Sav- 

i n g s  could a l s o  be con t ingen t  upon t h e  scope and d e t a i l  of p l a n t  s t anda rd i -  

z a t i o n ,  w i th  g r e a t e r  s av ings  acc ru ing  t o  t h e  more d e t a i l e d  designs and t o  

those  i n t e g r a t e d  wi th  balance-of-plant designs.  Moreover, t h e  FDA is  not 

q u i t e  t h e  equ iva len t  of a "power-worthiness" c e r t i f i c a t e ,  as i t  does no t  

s p e c i f i c a l l y  preclude t h e  impos i t i on  of b a c k f i t s .  

*The c u r r e n t  r e a c t o r  des ign  r e p o r t s  submitted f o r  NRC approval are RESAR-90 
(Westinghouse), GESSAR I1 (General  E l e c t r i c ) ,  and CESSAR (Combustion 
Engineer ing) .  
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THE EPRI  INITIATIVE 

Whereas t h e  NSSS vendors s t i l l  hold out  hope f o r  t he  FDA c e r t i f i c a t i o n  

process ,  when combined wi th  l i c e n s i n g  reform, t h e  u t i l i t i e s  are f a r  less 

o p t i m i s t i c  t h a t  nuc lear  power's problems can be reso lved  i n  t h i s  manner. 

The seven-year absence of u t i l i t y  o rde r s  f o r  nuc lea r  power p l a n t s  can be 

a t t r i b u t e d  t o  s e v e r a l  f a c t o r s  (e.g., a s u r p l u s  of electrical genera t ing  

capac i ty ,  s eve re  cash flow problems),  but  c e r t a i n l y  one prominent f a c t o r  i s  

d i s i l l u s i o n m e n t  wi th  the  technology and i t s  r e g u l a t i o n  as they now e x i s t .  

A s tudy  of u t i l i t y  percept ions  of e x i s t i n g  r e a c t o r  technology c a r r i e d  

ou t  by the  Electric Power Research I n s t i t u t e  (EPRI) i n  1982 revea led  t h a t  

u t i l i t y  managers had p l en ty  t o  c r i t i c i z e . 1 7  They ind ica t ed  t h a t  nuc lea r  

p l a n t s  had become too  l a r g e ,  complicated,  and unnecessa r i ly  d i f f i c u l t  t o  

opera te .  They pointed out  t h a t  e x i s t i n g  nuc lear  r e a c t o r  des igns  w e r e  

patched toge the r  through years  of accumulated r egu la t ions .  While they were 

s a t i s f i e d  t h a t  l i g h t  water r e a c t o r  concepts  were sound, they l i s t e d  many 

areas where t h e  des igns  could be improved. The f laws i n  r e a c t o r  des ign  com- 

bined wi th  never-ending r e g u l a t i o n s  t h a t  pushed t h e  pr ice  t a g  t o  l e v e l s  

never  a n t i c i p a t e d ,  produced a s t r o n g  ave r s ion  t o  f u r t h e r  nuc lea r  

investments  . 
Faced w i t h  t h i s  gloomy prognos is ,  EPRI r e c e n t l y  i n i t i a t e d  a f ive-year ,  

$20 m i l l i o n  program i t  calls t h e  Advanced Standardized LWR Indus t ry  Program. 

This  program i s  devoted t o  redes igning ,  s t anda rd iz ing ,  and s impl i fy ing  t h e  

l i g h t  water r e a c t o r ,  such that, when combined w i t h  r egu la to ry  reform, 

nuc lea r  power can once aga in  become a v i a b l e  energy opt ion .  It is  i n t e r e s t -  

i n g  t o  note  t h a t  i t  is the  customers,  t he  u t i l i t i e s ,  t h a t  are t ak ing  t h e  

l ead  i n  t h i s  program. EPRI's John Taylor  has  s t a t e d ,  "We be l i eve  t h a t  u t i l -  

i t i es  should s t i p u l a t e  i n  d e t a i l  t h e i r  requirements  f o r  a nuc lea r  p l a n t  on 

t h e  b a s i s  of t h e i r  own ex tens ive  c o n s t r u c t i o n  and ope ra t ing  exper ience  

r a t h e r  than r e l y i n g  p r imar i ly  on t h e  supp l i e r s . " l8  

have agreed t o  p a r t i c i p a t e  i n  t h e  program, but  i t  is EPRI tha t  will provide 

its d i r e c t i o n .  

Reactor vendors and A-Es 

The major goa ls  of t he  EPRI p r o j e c t  are t o  d e r i v e  conceptual  des igns  

f o r  a l i g h t  water r e a c t o r  that w i l l :  (1) be economically compet i t ive  wi th  

coa l - f i r ed  power s t a t i o n s ;  (2 )  have a c o n s t r u c t i o n  c o s t  of $1600/kw and a 
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r equ i r ed  c o n s t r u c t i o n  t i m e  of 6 yea r s  o r  less; ( 3 )  be s i m p l e r ,  and easier t o  

main ta in  and opera te ;  ( 4 )  g a i n  NRC approval  by 1989. C lea r ly ,  t h e  e l ec t r i c  

u t i l i t y  i ndus t ry  i s  not  con ten t  t o  see t h e  nuc lea r  op t ion  wi the r  o r  t o  s i t  

back and l e t  o t h e r s  shape t h e  n a t u r e  of t h e  choices  open t o  them. Quest ions 

remain, however, over  how o r  whether E P R I ' s  program recommendations w i l l  

become i n t e g r a t e d  wi th in  t h e  r e a c t o r  des igns  of NSSS vendors. W i l l  t h e  

des igns  produced through t h i s  exercise f i n d  enthusiasm among t h e  r e a c t o r  

vendors and A-Es? Moreover, what impact w i l l  NRC approval  of an  advanced, 

s i m p l i f i e d  l i g h t  water r e a c t o r  conceptual  des ign  have upon t h e  a c t u a l  

l i c e n s i n g  of r e a c t o r s ?  These ques t ions  w i l l  remain unanswered f o r  t h e  t i m e -  

being. 

The b a s i c  purpose of the EPRI i n i t i a t i v e  should be kept  i n  mind. It i s  

intended t o  produce a r e a c t o r  des ign  t h a t  can be l i censed  and deployed i n  

t h e  199Os, when p o s s i b l e  e l e c t r i c i t y  sho r t ages  loom. Exclusive r e l i a n c e  

upon LWR designs,  therefore,  i s  explained by . the re la t ive ly  short t i m e  per- 

s p e c t i v e  adopted by t h e  i n v e s t i g a t i o n .  No'major innovat ions  i n  t h e  technol-  

ogy, o r  i n  the r e g u l a t i o n ,  can be expected i f  short-term concerns are 

dominant. 

A r e g u l a t o r y  system pa t t e rned  a f t e r  t h e  FAA c e r t i f i c a t i o n  model seems 

a p p r o p r i a t e  when viewed i n  t h i s  t i m e  frame. The modified and s i m p l i f i e d  LWR 
des ign  would be brought be fo re  t h e  NRC t o  r ece ive  i t s  review and u l t i m a t e  

* .  

b les s ing .  Upon a t t a i n i n g  i t s  FDA or "power-worthiness" c e r t i f i c a t i o n ,  t h e  

des ign  would presumably be exempt from f u r t h e r  review and mod i f i ca t ion  (over  

a per iod  of a decade, a t  l e a s t ) ,  except  f o r  ex t r ao rd ina ry  circumstances 

der ived  from ope ra t ing  experience.  This  approach, based upon t h e  maxim, 

" indus t ry  proposes and t h e  r e g u l a t o r  d i sposes , "  would be c o n s i s t e n t  wi th  FAA 
p r a c t i c e ,  and wi th  how t h e  nuc lear  i n d u s t r y  views t h e  proper  indus t ry-  

r e g u l a t o r  r e l a t i o n s h i p .  

I f ,  however, one t akes  a longer  view of t h e  nuc lear  f u t u r e  than E P R I ,  

say  one spanning decades r a t h e r  than a s i n g l e  decade, t h e  FAA r e g u l a t o r y  

model seems less appropr i a t e .  The e s s e n t i a l l y  r e a c t i v e  o r  pass ive  FAA regu- 

l a t o r y  r o l e  may be a p p r o p r i a t e  f o r  a i r c r a f t  technology a t  t h i s  t i m e ,  bu t  

appears  less germane t o  nuc lear  technologies  i n  t h e  long run. The b a s i s  f o r  

t h i s  judgment i s  given i n  t h e  fo l lowing  paragraphs.  
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ACTIVE REGULATION 

C e r t a i n  s imi la r i t i es  between a i r c r a f t  and nuc lear  power technologies  

have a t t r a c t e d  many wi th in  t h e  nuc lea r  i n d u s t r y  t o  seek p a r a l l e l  r e g u l a t o r y  

regimes as w e l l .  

complex technology whose f a i l u r e  could l ead  t o  c a t a s t r o p h i c  human conse- 

quences. Pub l i c  s a f e t y  is, t h e r e f o r e ,  of paramount concern i n  both. Each 

a i r p l a n e  o r  r e a c t o r  c o n s t i t u t e s  a s i z a b l e  c a p i t a l  investment ,  r equ i r ing  t h a t  

t h e  technology func t ion  w e l l  over an  extended t i m e  per iod.  

Both t h e  a i r c r a f t  and nuc lea r  power i n d u s t r i e s  d e a l  wi th  a 

Despi te  t hese  similarities, t h e r e  is a c r u c i a l  d i f f e r e n c e  r e l a t i n g  n o t  

t o  the  technologies  themselves but t o  p u b l i c  r e a c t i o n  t o  them. Spec i f i -  

c a l l y ,  t h e  v a s t  ma jo r i ty  of t h e  p u b l i c  now f i n d s  the  r i s k s  incu r red  i n  air-  

l i n e  t r a v e l  acceptab le .  They perce ive  clear b e n e f i t s  a s soc ia t ed  wi th  air- 

l i n e  t r a v e l  t h a t  cannot be dup l i ca t ed  through any o the r  form of t r anspor t a -  

t i o n .  No cont roversy  e x i s t s ,  t h e r e f o r e ,  over t he  need f o r  la rge-sca le  

passenger a i r  s e r v i c e .  Pub l i c  acceptance of nuc lear  power, however, i s  f a r  

more l i m i t e d  and cond i t iona l .  A s u b s t a n t i a l  p o r t i o n  of t h e  popula t ion  f e e l s  

t h a t  t h e  r i s k s  a s s o c i a t e d  with nuc lear  power are excess ive  r e l a t i v e  t o  t h e  

b e n e f i t s  ( e l e c t r i c i t y )  t h a t  can be der ived  through o the r ,  a l b e i t  imperfec t ,  

t echnologies .  Widespread p u b l i c  f e a r s  of nuc lea r  power may be exaggerated 

o r  overblown r e l a t i v e  t o  a c t u a l  r i s k s  but  no one should ques t ion  t h e i r  

pervas iveness  o r  t h e i r  depth.  S lov ic ,  e t  al .  have documented t h e  i n t e n s i t y  

of nuc lear  power f e a r s  i n  t h e i r  p u b l i c  surveys,  r evea l ing  how nuc lea r  power 

ranks h igh  ac ross  s e v e r a l  dimensions. 19 

I f  long-term p u b l i c  a c c e p t a b i l i t y  is  t h e  goa l  sought ,  then,  FAA-type 

r e g u l a t i o n  may not  c o n s t i t u t e  a s u f f i c i e n t  r egu la to ry  response.  The FAA 

d e a l s  wi th  a technology w e l l  accepted by t h e  pub l i c  and hence does not need 

t o  advance s a f e t y  s t anda rds  o r  requirements  with the  vigor  of t h e  NRC. In 
f a c t ,  the FAA st i l l  r e t a i n s  a promotional r o l e  along wi th  i t s  s a f e t y  respon- 

s i b i l i t i e s - - a  r o l e  t h e  NRC w a s  e x p l i c i t l y  requi red  t o  forgo a t  i t s  founding 

i n  1974. Not a l l  FAA observers  have been happy wi th  i t s  r e a c t i v e  r egu la to ry  

r o l e .  Miller has s t a t e d  "...modern s a f e t y  has  been implemented i n  c i v i l i a n  

a v i a t i o n  only as mch as t h e  manufacturers  o r  ope ra to r s  chose t o  do so.... 

The FAA has followed, no t  l ed  i n  t h e  s a f e t y  engineer ing  and management 

f i e l d ,  i f ,  indeed,  they have even been i n  t h e  parade a t  a11."*0 Poole has  
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concurred, s t a t i n g  t h a t  a i r w o r t h i n e s s  Fede ra l  Air Regulat ion (FAR) design 

s t anda rds  f r e q u e n t l y  l a g  behind t h e  t e c h n o l o g i c a l  s t a t e -o f - the -a r t ,  and con- 

s t i t u t e  only a minimum s a f e t y  s tandard.*l  

The EPRI  and NSSS s t a n d a r d i z a t i o n  e f f o r t s ,  based upon t h e  FAA c e r t i f i -  

c a t i o n  approach, f a i l  as long-term approaches t o  nuc lea r  power s i n c e  t h e i r  

d r i v i n g  f o r c e  is economic sav ings  r a t h e r  than g r e a t e r  s a f e t y  margins. When 

u t i l i t i e s  speak of r i s k ,  they normally r e f e r  to  economic o r  investment r i s k ,  

not  p u b l i c  s a f e t y  r i s k .  What EPRI is  seeking i s  a s impler  and cheaper LWR 
wi th  no degradat ion i n  c u r r e n t  l e v e l s  of s a f e t y .  While EPRI's emphasis on 

mod i f i ca t ions  i n  e x i s t i n g  technology i s  understandable ,  and even d e s i r a b l e  

i n  l i g h t  of p o s s i b l e  e l e c t r i c i t y  s h o r t f a l l s  looming a decade from now, i t  is 

not a s u f f i c i e n t  response t o  the  long-term p u b l i c  acceptance problem. I f  

nuc lea r  power is t o  have a long-term s i g n i f i c a n t  impact as an energy source 

i n  t h i s  country,  i t  must g a i n  t h e  acceptance of a broader spectrum of t h e  

pub l i c .  C e r t i f i c a t i o n  by t h e  NRC of an industry-sponsored design is  unl ike-  

l y  t o  accomplish t h i s  task. Over t h e  long-term, t h e r e f o r e ,  enhanced s a f e t y  

* must be addressed d i r e c t l y  and not d e r i v a t i v e l y .  

The NRC must t a k e  a more a c t i v e  r o l e  i n  t h e  design of nuc lea r  r e a c t o r s  

t h a n  t h e  FAA has wi th  r e s p e c t  t o  commercial a i r c r a f t - - a c t i v e  not  i n  a pre- 

s c r i p t i v e  sense ,  but i n  s e t t i n g  f o r t h  performance o b j e c t i v e s  o r  g o a l s  f o r  

' t h e  i n d u s t r y  t o  achieve.  An example of a more a c t i v e  r e g u l a t o r y  r o l e  can be 

found in t h e  experience of ano the r  r e g u l a t e d  industry--the automobile indus- 

t r y .  A b r i e f  review of automobile r e g u l a t i o n  and i t s  r e l evance  t o  n u c l e a r  

power w i l l  be the  focus of t h e  next  s e c t i o n .  

AUTOMOBILE REGULATION 

P r i o r  t o  t h e  mid-l960s, t h e  au to  i n d u s t r y  was e s s e n t i a l l y  f r e e  of 

f e d e r a l  r e g u l a t o r y  c o n t r o l s .  This  s i t u a t i o n  changed a b r u p t l y  i n  1966 when 

Congress passed t h e  Na t iona l  T r a f f i c  and Motor Vehicle Sa fe ty  A c t .  The 

o r i g i n s  of t he  1966 A c t  can be found i n  t h e  s u c c e s s f u l  crusading of Ralph 

Nader ( p u b l i c a t i o n  of h i s  book, Unsafe A t  Any Speed), and t h e  mass p u b l i c  

approval  t h a t  it evoked. P r i o r  t o  Nader's crusade,  ca l l s  f o r  g r e a t e r  l e v e l s  

of automobile s a f e t y  focused p r i m a r i l y  on a l t e r i n g  d r i v e r  behavior. Nader, 

r e a l i z i n g  t h e  d i f f i c u l t i e s  i n  changing i n d i v i d u a l  behavior,  c a l l e d  i n s t e a d  

f o r  t e c h n i c a l  changes i n  t h e  automobile. 
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The 1966 A c t  c a l l e d  f o r  h ighe r  s a f e t y  performance s t anda rds  in automo- 

b i l e s .  The emphasis Congress placed upon performance s t a n d a r d s ,  as opposed 

t o  des ign  s t a n d a r d s  w a s  d e l i b e r a t e .  Mills has pointed ou t  t h a t  t h e  l e g i s l a -  

t i v e  h i s t o r y  of t h e  A c t  c l e a r l y  calls  f o r  t h e  s e t t i n g  of performance s t and-  

a r d s  as fol lows:  

Unlike t h e  General Se rv ices  Admin i s t r a t ion ' s  procurement 
s t a n d a r d s ,  which are p r i m a r i l y  design s p e c i f i c a t i o n s ,  both t h e  
i n t e r i m  [ s a f e t y ]  s t anda rds ,  and t h e  new and r ev i sed  [ s a f e t y ]  
s t a n d a r d s  are expected t o  be performance s t anda rds ,  s p e c i f y i n g  
t h e  r equ i r ed  minimum s a f e  performance of v e h i c l e s  but not t h e  
manner in which the manufacturer is  t o  achieve t h e  s p e c i f i e d  
performance. 

The S e c r e t a r y  [of Commerce] would thus be concerned with t h e  
measurable performance of a braking system, bu t  not i ts  design 
d e t a i l s .  Such s t anda rds  w i l l  be analogous t o  a bu i ld ing  code 
which s p e c i f i e s  t he  minimum load-carrying c h a r a c t e r i s t i c s  of t he  
s t r u c t u r a l  members of a bu i ld ing  w a l l ,  but l eaves  t h e  b u i l d e r  
f r e e  t o  choose h i s  own materials and design. Such s a f e  perform- 
ance s t anda rds  are thus not  intended o r  l i k e l y  t o  s t i f l e  innova- 
t i o n  i n  automotive design.22 

I n  t h e  Act, Congress gave a u t h o r i t y  t o  t h e  execu t ive  branch t o  set s a f e t y  

performance s t anda rds  t h a t  were " p r a c t i c a l  ." The Nat ional  Highway Sa fe ty  

T r a n s p o r t a t i o n  Adminis t ra t ion w a s  c r e a t e d  f o r  t h i s  purpose,  and t h e  subse- 

quent r e g u l a t i o n  of t h e s e  s t anda rds .  

Despi te  t h e  admonition t h a t  performance s t anda rds  be " p r a c t i c a l , "  

Congress c l e a r l y  sought t o  push t h e  a u t o  i n d u s t r y  t o  h i g h e r  t han  e x i s t i n g  

s a f e t y  l e v e l s .  Its i n t e n t  i s  even clearer i n  subsequent automobile l e g i s l a -  
t i o n ,  p a r t i c u l a r l y  i n  the areas of a i r  emissions and f u e l  economy. In 1970 

Amendments t o  t h e  Clean Air A c t ,  Congress even wrote t h e  performance s tand-  

a r d s  i n t o  the  law--requiring a 90 pe rcen t  r e d u c t i o n  i n  automobile t a i l p i p e  

emissions (of t h e  3 major p o l l u t a n t s ,  carbon monoxide, hydrocarbons,  and 

n i t r o g e n  ox ides )  by t h e  year  1975. I n  t h e  Energy Po l i cy  and Conservation 

A c t  of 1975, Congress p re sc r ibed  f u e l  economy s t anda rds  t h a t  automobile 

f l e e t s  would have t o  meet, t h e  las t  being a s t anda rd  of 27.5 m i l e s / g a l l o n  by 

t h e  yea r  1985. I n  each of t h e s e  cases, Congress w a s  f o r c i n g  innovat ion by 

c a l l i n g  f o r  automakers t o  achieve s t anda rds  not t hen  a t t a i n a b l e  by e x i s t i n g  

technologies .  Performance s t a n d a r d s ,  t h e r e f o r e ,  were combined with a 

"technology-forcing" s t r a t e g y .  
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The d e s i g n a t i o n  of f u e l  economy and emission performance s t anda rds  pre- 

sented no t e c h n i c a l  problem s i n c e  they could be i d e n t i f i e d  i n  u n i t s  e a s i l y  

grasped by t h e  p u b l i c  and s u b j e c t  t o  measurement. These un-its  were miles/ 

g a l l o n  consumed f o r  f u e l  economy measurement and gram of p o l l u t a n t  emi t t ed /  

m i l e  f o r  emission s t anda rds .  Unfortunately,  t h e r e  was no e q u i v a l e n t  u n i t  of 

measure t h a t  could be used t o  c a l i b r a t e  and measure s a f e t y  performance 

s t anda rds  f o r  t h e  v e h i c l e  as a whole. While w e  do f i n d  performance s tand-  

a r d s  used i n  c e r t a i n  s e c t i o n s  of t h e  car (e.g., t h e  "crashworthiness" of 

automobile bumpers), p re sc r ibed  des ign  o r  equipment s tandards have been f a r  

more prevalent--leading t o  such post-1970 s a f e t y  requirements as s e a t b e l t s ,  

a n  energy absorbing s t e e r i n g  column, and dua l  braking systems. 

The e s t ab l i shmen t  of p r e c i s e  performance s t anda rds  where a p p l i c a b l e ,  

and equipment s t anda rds  where no t ,  has c e r t a i n l y  not l e d  t o  any diminut ion 

i n  automobile r e g u l a t o r y  controversy.  The indus t ry - r egu la to r  r e l a t i o n s h i p  

is c l e a r l y  a d v e r s a r i a l .  Mills has stated t h a t  when performance-based regu- 

l a t i o n  supp lan t s  p re sc r ip t ion -based  r e g u l a t i o n ,  controversy does not go 

away; r a t h e r  i t  simply s h i f t s  from one a rena  t o  a n 0 t h e r . 2 ~  

while  f u e l  economy performance s t anda rds  can be s t a t e d  i n  a b r i e f  paragraph, 

t h e  t e s t i n g  procedures promulgated by t h e  Environmental P r o t e c t i o n  Agency t o  

measure a c t u a l  performance run approximately 200 pages i n  t h e  Fede ra l  Regis- 

ter. Measurement of performance, t h e r e f o r e ,  i s  not  always a s t r a i g h t f o r w a r d  

m a t t  e r . 

7 He states t h a t  

Much of i n d u s t r y ' s  d i s c o n t e n t ,  of cour se ,  stems from t h e  "technology- 

fo rc ing"  n a t u r e  of t h e  r e g u l a t i o n .  The automakers claim t h a t  t oo  much h a s  

been expected of them w i t h i n  a r e l a t i v e l y  s h o r t  t i m e  span. Automakers were 

c l e a r l y  not  a b l e  t o  meet emission s t a n d a r d s  du r ing  t h e  1970s. D e s p i t e  much 

p r o t e s t a t i o n ,  they have been r e l a t i v e l y  s u c c e s s f u l  i n  meeting scheduled 

f u e l  economy s t anda rds .  Automakers have s u c c e s s f u l l y  r e s i s t e d  t h e  imposi- 

t i o n  of a i r  bags i n  automobiles f o r  over 15 yea r s .  Though some automaker 

oppos i t i on  t o  t h i s  r e g u l a t i o n  i s  based upon t h e  fundamental b e l i e f  t h a t  

government should not  "meddle" i n  t h e  a f f a i r s  of markets,  much oppos i t i on  i s  

simply more pragmatic;  i.e., a f e e l i n g  t h a t  t h e  i n d u s t r y  i s  being pushed too  

f a r ,  t oo  f a s t .  Presumably, much of t he  oppos i t i on  t o  t h e  "technology- 

fo rc ing"  r e g u l a t i o n  would be r e l axed  i f  t h e  dead l ines  f o r  conformance with 

t h e  r e g u l a t i o n s  were pushed back a decade o r  more. 
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It may be u s e f u l  a t  t h i s  t i m e  t o  b r i e f l y  summarize t h e  two r egu la to ry  

pa ths  set f o r t h  as poss ib l e  models f o r  f u t u r e  nuc lear  power r egu la t ion .  The 

f i r s t  path is  based upon t h e  a i r l i n e  r egu la to ry  model and has  found inc reas -  

ing f avor  wi th in  the nuclear  i ndus t ry .  This might be termed a " c e r t i f i c a -  

t i o n "  o r  " r eac t ive"  approach whereby i n d u s t r y  t akes  t h e  des ign  i n i t i a t i v e  

and p resen t s  a s tandard ized  des ign  t o  t h e  r egu la to ry  body which then r u l e s  

upon i t s  adequacy. The indus t ry  i s  t h e  i n i t i a t o r  and t h e  r egu la to ry  body 

the  reviewer ( " indus t ry  proposes ,  and t h e  r e g u l a t o r  d i sposes") .  The second 

pa th ,  based upon t h e  automobile r e g u l a t i o n  model, env i s ions  a much more 

a c t i v e  and technology-forcing r o l e  on t h e  p a r t  of t he  r egu la to r .  The regu- 

l a t o r  ( o r  Congress) sets des ign  g o a l s ,  and indus t ry  determines how t h e s e  

goa ls  can b e s t  be achieved. To the  e x t e n t  p o s s i b l e ,  t h e  r e g u l a t o r  avoids  

t e l l i n g  i n d u s t r y  how t o  achieve t h e  goa ls  o r  s t anda rds ,  but  r a t h e r  devotes  

its e f f o r t s  t o  a s s e s s i n g  whether t h e  s t a t e d  goa ls  are indeed being achieved.  

The s t anda rd ized  r e a c t o r s  now being designed by t h e  nuc lear  i ndus t ry  

i t s e l f  f o r  NRC c e r t i f i c a t i o n  are u n l i k e l y  t o  put  p u b l i c  f e a r s  t o  rest. 

Act ive government d i r e c t i o n  and a more technology-forcing approach s tand  a 

b e t t e r  change of ga in ing  p u b l i c  l e g i t i m i z a t i o n  f o r  nuc lear  power than t h e  

indus t ry -p re fe r r ed  approach. Thoughts on how t o  achieve o r  implement a 

technology-forcing po l i cy  are provided i n  t h e  fol lowing s e c t i o n .  
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111. 

TECHNOLOGY-FORCING REGULATION 

As noted p rev ious ly ,  i t  proved imposs ib le  f o r  automobile r e g u l a t o r s  t o  

se t  an o v e r a l l  q u a n t i t a t i v e  s a f e t y  s t anda rd  t h a t  would apply t o  t h e  e n t i r e  

veh ic l e .  Lacking an e a s i l y  c a l c u l a t e d  u n i t  of measure (comparable t o  a u t o  

emissions o r  f u e l  economy) f o r  s a f e t y ,  r e g u l a t o r s  were forced t o  compromise 

t h e i r  d e s i r e  f o r  pure performance s t anda rds ,  and r e l y  upon t h e  promulgation 

of r equ i r ed  equipment s t anda rds .  Much of t h e  a d v e r s a r i a l  r e l a t i o n s h i p  that  

e x i s t s  between the r e g u l a t o r  and automaker is  accounted f o r  by d i s p u t e s  over 

p r e s c r i p t i v e  requirements  (e.g., a i r b a g s ) .  

Regula t ion  of nuc lear  power p l a n t s  runs a similar r i s k .  There is  no 

t r a n s p a r e n t ,  e a s i l y  c a l c u l a b l e ,  u n i t  of measure r e l a t i n g  t o  o v e r a l l  nuc lea r  

power s a f e t y  performance. Hence it  is not p o s s i b l e  for r e g u l a t o r s  t o  set a 

comprehensive q u a n t i t a t i v e  s a f e t y  goa l  t h a t  t h e  i n d u s t r y  must achieve a t  

some time i n  t h e  f u t u r e  and expect  t o  be a b l e  t o  measure t h e  a t ta inment  (o r  

l ack  t h e r e o f )  of the goa l s .  Finding an appropr i a t e  balance o r  compromise 

between performance and p r e s c r i p t i o n  must be an i s s u e  of high p r i o r i t y .  

Much d i scuss ion  i n  r e c e n t  years  has  focused upon t h e  use of p robab i l i s -  

t i c  r i s k  assessment (PRA) in t h e  measurement of s a f e t y  goa ls .  PRA i s  a com- 

pu te r  based technique u t i l i z i n g  "event tree" o r  " f a u l t  tree" a n a l y s i s  t o  

d e r i v e  c a l c u l a b l e  p r o b a b i l i t i e s  f o r  a c c i d e n t  sequences. The a n a l y s t  either 

hypothes izes  an event  t ak ing  p l a c e  i n  a r e a c t o r  and subsequent ly  c a l c u l a t e s  

t h e  p r o b a b i l i t y  of i t  producing consequences; o r  assumes a f a u l t  (conse- 

quence) and works backward t o  see how t h e  f a u l t  could arise.  The ca lcu la -  

t i o n s  are based upon computer codes conta in ing  a hos t  of assumptions regard- 

ing  f a i l u r e  rates f o r  both human and mechanical components. 

V i r t u a l l y  everyone ag rees  t h a t  PRA has played an important  r o l e  i n  

advancing nuc lea r  s a f e t y .  Through i ts  d i s c i p l i n e d  and methodical approach 

t o  s a f e t y ,  PRA has proved a welcome supplement t o  convent ional  engineer ing  

judgment. PRA can provide va luab le  guidance i n  p l a n t  des ign  by i d e n t i f y i n g  

those  areas of t h e  p l a n t  i n  most need of shor ing  up. Phung has s t a t e d ,  

"There has been evidence t h a t  PRAs have been u s e f u l  i n  inc reas ing  t h e  under- 

s t and ing  of how the va r ious  systems hang toge the r ,  where t h e  weak l i n k s  are, 
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and t h e  c o s t s  and b e n e f i t s  of s t r eng then ing  t h e s e  weak l inks."24 

r e g u l a t o r y  t o o l ,  PRA has proved u s e f u l  i n  s e t t i n g  r e g u l a t o r y  p r i o r i t i e s ,  

p a r t i c u l a r l y  w i t h  regard t o  ou t s t and ing  g e n e r i c  i s s u e s  be fo re  t h e  NRC, and 

i d e n t i f y i n g  high payoff r e s e a r c h  areas. 

As a 

A p o t e n t i a l l y  l a r g e r  r o l e  f o r  PRA was implied i n  t h e  promulgation of 

prel iminary s a f e t y  g o a l s  by t h e  NRC i n  1982. The NRC set  f o r t h  p re l imina ry  

q u a l i t a t i v e  and q u a n t i t a t i v e  goa l s  o r  g u i d e l i n e s  f o r  t h e  i n d u s t r y  t o  

achieve.  A p l a n t  performance g u i d e l i n e  w a s  proposed t o  cover l a rge - sca l e  

c o r e  meltdowns as fol lows:  "The l i k e l i h o o d  of a nuc lea r  r e a c t o r  a c c i d e n t  

t h a t  r e s u l t s  i n  a l a rge - sca l e  core  m e l t  should normally be less than one i n  

10,000 (10'4) p e r  year of r e a c t o r  operat ion."  

q u a n t i t a t i v e  measure, t h e  NRC document i t s e l f  caut ioned a g a i n s t  u s i n g  PRA 

estimates i n  l i e u  of e x i s t i n g  r e g u l a t i o n ,  s t a t i n g :  

Despi te  t h e  use of t h i s  

Because of t he  s i z a b l e  u n c e r t a i n t i e s  s t i l l  p re sen t  i n  t h e  
methods and t h e  gaps i n  t h e  d a t a  base--essent ia l  elements needed 
t o  guage whether t h e  g u i d e l i n e s  have been achieved--the q u a n t i t a -  
t i v e  g u i d e l i n e s  should be viewed as aiming p o i n t s  o r  numerical 
benchmarks which are s u b j e c t  t o  r e v i s i o n  as f u r t h e r  improvements 
are made i n  p r o b a b i l i s t i c - r i s k  assessment. I n  p a r t i c u l a r ,  
because of t h e  p re sen t  l i m i t a t i o n s  i n  t h e  s ta te-of- the-ar t  of 
q u a n t i t a t i v e l y  e s t i m a t i n g  r i s k s ,  t h e  numerical g u i d e l i n e s  are not 
s u b s t i t u t i o n s  f o r  e x i s t i n g  r e g u l a t i o n s  .25 

Desp i t e  t h i s  cavea t ,  some w i t h i n  t h e  nuc lea r  community hold ou t  t h e  

hope t h a t  l i c e n s i n g  on t h e  b a s i s  of PRA a n a l y s i s  can e v e n t u a l l y  l e a d  t o  t h e  

e l i m i n a t i o n  of p r e s c r i p t i v e  r e g u l a t i o n .  PRAs covering e x i s t i n g  r e a c t o r s  

i n d i c a t e  l i t t l e  ( i f  any) new t e c h n i c a l  i ngenu i ty  i s  r equ i r ed  t o  meet t h e  

s t a t e d  NRC performance g u i d e l i n e  of 

A s i g n i f i c a n t  segment of t h e  nuc lea r  community (and v i r t u a l l y  a l l  of  

t h e  an t i -nuc lea r  community), however, has urged r e s t r a i n t  i n  t h e  u s e  of PRA 

as a l i c e n s i n g  too1.26 The absence of empi r i ca l  v a l i d a t i o n  f o r  many of t h e  

codes t h a t  comprise a PRA a n a l y s i s ,  is perhaps t h e  most s e r i o u s  ob jec t ion .  

This means t h a t  l e v e l s  of u n c e r t a i n t y  i n  t h e  a n a l y s i s  are p a r t i c u l a r l y  h igh  

and cannot be reasonably bounded by p r e c i s e  confidence i n t e r v a l s .  Moreover, 

t he  c a l c u l a t i o n s  themselves are of such complexity t h a t  r e p l i c a b i l i t y  of 

r e s u l t s  is o f t e n  not p o s s i b l e  and never easy. I n  o t h e r  words, t h e  i n s c r u t i -  

b i l i t y  of t he  technique o r  methodology, p a r t i c u l a r l y  i n  view of gene ra l  

p u b l i c  s t a n d a r d s ,  means t h a t  v e r i f i c a t i o n  of i n d u s t r y  o r  r e g u l a t o r y  PRA 

r e s u l t s  w i l l  be p a r t i c u l a r l y  d i f f i c u l t .  Given t h e  low c r e d i b i l i t y  ranking 
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of t h e  i n d u s t r y  and i t s  r e g u l a t o r ,  t h e  absence of methodological t r anspa r -  

ency w i l l  s e r i o u s l y  harm t h e  chances f o r  any proposed r e g u l a t o r y  changes 

based upon PRA. The problem, then,  i s  not  w i th  t h e  l e v e l  a t  which s a f e t y  

goa l s  are set ,  e i t h e r  w i th  regard t o  p u b l i c  consequences o r  core-melt acci- 

den t s .  It does not matter whether a goa l  of i s  e s t a b l i s h e d  o r  

The problem r e s i d e s  i n  t h e  i n a b i l i t y  t o  c l e a r l y  e s t a b l i s h  t h a t  t h e  s e l e c t e d  

goa l  is  being a t t a i n e d  and t h e  unwil l ingness  of a s k e p t i c a l  p u b l i c  t o  accept 

"expert"  assurances t h a t  i t  is being m e t .  Budnitz has s t a t e d  t h e  t e c h n i c a l  

problem as follows: 

There is a broad consensus, i n  t h e  t e c h n i c a l  community t h a t  
t h e  a n a l y t i c a l  methods a v a i l a b l e  f o r  determining whether such 
broad aggregated goa l s  were achieved are h igh ly  u n c e r t a i n  i n  
t h e i r  r e s u l t s ;  t hey  are not w e l l  enough advanced f o r  t h i s  app l i -  
c a t i o n .  Phrased ano the r  way, i t  appears  t h a t  t h e r e  i s  not now a n  
adequate  t e c h n i c a l  means t o  c a l c u l a t e  a c c u r a t e l y  enough whether 
t h e  s a f e t y  g o a l s  would be met, i n  t h e  form i n  which they have 
r ecen t ly  been proposed by the Commissioners .27 

S t a r r  has captured t h e  p o l i t i c a l / i n s t i t u t i o n a l  dimension by s t a t i n g ,  

"Pub l i c  acceptance of any r i s k  is more dependent on p u b l i c  confidence i n  

r i s k  management than on t h e  q u a n t i t a t i v e  estimates of r i s k  consequences, 

p r o b a b i l i t i e s ,  and magnitudes. "** 
Does t h i s  mean t h a t  p r e s c r i p t i v e  nuc lea r  r e g u l a t i o n  i s  i n e v i t a b l e ?  O r  

, t h a t  a r e a c t i v e  c e r t i f i c a t i o n  approach i s  t h e  only a l t e r n a t i v e  t o  e x i s t i n g  

r e g u l a t i o n ?  I t h i n k  no t .  It does mean t h a t  r e g u l a t i o n s  cannot be pu re ly  

p r e s c r i p t i v e  o r  performance-based. The o u t l i n e  of a u s e f u l  r e g u l a t o r y  

balance is  desc r ibed  i n  t h e  fo l lowing  pages. 

GENERAL DESIGN CRITERIA 

General des ign  c r i t e r i a  covering l i g h t  water r e a c t o r s  were devised i n  

t h e  1950s and 1960s i n  o r d e r  t o  provide r e g u l a t o r y  guidance, and they cover 

v i r t u a l l y  a l l  a s p e c t s  of r e a c t o r  system design.  The gene ra l  design c r i te r ia  

became c o d i f i e d  i n  1971 when 64 s e p a r a t e  cr i ter ia  were published i n  t h e  Code 

of Regulat ions (Appendix A of 10 CFR 50). Now may be t h e  time t o  r e v i s i t  

t h e s e  g e n e r a l  design p r i n c i p l e s  o r  cr i ter ia  t o  e v a l u a t e  t h e i r  a p p l i c a b i l i t y  

t o  f u t u r e  r e g u l a t o r y  requirements .  

S p e c i f i c a l l y ,  it may be u s e f u l  t o  i n c o r p o r a t e  t h r e e  new p r i n c i p l e s  o r  

criteria t h a r ,  on t h e  b a s i s  of LWR experience,  now appear e s s e n t i a l  t o  
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embody i n  f u t u r e  r e a c t o r  design. There i s  growing consensus as t o  the  

importance of t h e  fol lowing p r i n c i p l e s :  

1. Pub l i c  s a f e t y  should be assured through t h e  use of pas s ive  s a f e t y  

systems t h a t  e n l i s t  t h e  laws of n a t u r e  t o  e l i m i n a t e  r i s k  t o  t h e  gene ra l  

publ ic .  

2. Sa fe ty  should not  depend upon prompt and t ax ing  ope ra to r  response.  

3. A premium should be placed on s i m p l i c i t y ,  avoiding in s t rumen t s  w i th  

m u l t i p l e  f u n c t i o n s ,  c r o s s  connect ions,  and i n t e r a c t i o n  between primary 

and secondary systems. 

While t h e s e  c h a r a c t e r i s t i c s  are widely recognized as d e s i r a b l e  i n  

f u t u r e  r e a c t o r  des ign ,  i n d u s t r y  and government o f f i c i a l s  have stopped s h o r t  

of r e q u i r i n g  t h e i r  i n c l u s i o n  i n  f u t u r e  designs.  What is  suggested h e r e  i s  

t h a t  t h e  embodiment of t h e s e  p r i n c i p l e s  as gene ra l  design c r i t e r i a  would 

provide t h e  necessary d i r e c t i o n  t h e  i n d u s t r y  needs as it looks t o  t h e  long- 

term f u t u r e .  I n  o t h e r  words, i t  is suggested t h a t  t hese  p r i n c i p l e s  form t h e  

b a s i s  of any 21st century r e a c t o r  s t a n d a r d i z a t i o n  e f f o r t .  

In o r d e r  t o  provide s u f f i c i e n t  r egu la to ry  guidance o r  d i r e c t i o n ,  t h e  

p r i n c i p l e s  l i s t e d  above w i l l  have t o  be expressed a t  a lower l e v e l  of gener- 

a l i t y .  It i s  i n  t h e  expres s ion  of t h e s e  p r i n c i p l e s  t h a t  performance-based 

goa l s  should be se t  f o r t h ,  t o  t h e  e x t e n t  poss ib l e .  One can a n t i c i p a t e  t h e  

absence of necessary o p e r a t o r  i n t e r v e n t i o n  being expressed i n  such u n i t s  as 

hours ,  f o r  example; o r  t h e  a b i l i t y  of pas s ive  s a f e t y  systems t o  p r o t e c t  t h e  

reactor may be expressed i n  days. It may be s o m e w h a t  m o r e  d i f f i c u l t  t o  

expres s  t h e  p r i n c i p l e  of s i m p l i c i t y  in performance terms. 

The important po in t  i n  t h i s  approach i s  t h a t  t h e  r e g u l a t o r s  ( o r  

Congress) would be e s t a b l i s h i n g  s a f e t y  (performance) g o a l s  t h a t  are clear 

and demonstrable t o  t h e  g e n e r a l  publ ic .  Vendors seeking a l i c e n s e  would no 

doubt have t o  conduct s a f e t y  demonstrat ions t o  convince both r e g u l a t o r s  and 

t h e  p u b l i c  t h a t  t h e  performance goa l s  would be achieved. Nothing s h o r t  of a 

demonstrat ion would be necessary t o  convince a s k e p t i c a l  pub l i c .  

What is being suggested,  t h e r e f o r e ,  is a technology-forcing r e g u l a t o r y  

approach, not u n l i k e  t h a t  p r a c t i c e d  i n  t h e  automobile i ndus t ry .  Regulators  

o r  Congress would provide performance goa l s  f o r  t h e  i n d u s t r y  t o  achieve,  but  

would no t ,  t o  t he  e x t e n t  f e a s i b l e ,  t e l l  t h e  i n d u s t r y  how t o  achieve t h e s e  

goa l s .  The problems t h a t  have a f f l i c t e d  automobile r e g u l a t i o n  relate 
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p r i m a r i l y  t o  t h e  t i m e  frame wi th in  which s i g n i f i c a n t  des ign  changes were 

required.  Congress c l e a r l y  r equ i r ed  au to  emission changes i n  an unreason- 

a b l e  t i m e  frame. The requirement f o r  immediate s a f e t y  des ign  changes i n  t h e  

1960s meant r e l i a n c e  upon then  s ta te -of - the-ar t  technologies .  29 

d o t e  t o  t h i s  problem is not t o  d i s c a r d  t h e  technology-forcing approach 

a l t o g e t h e r ,  but  t o  simply a l low more t i m e  f o r  i t s  implementation. The NRC 

might,  f o r  example, adopt a po l i cy  s e t t i n g  f o r t h  performance goa ls  as 

suggested above, and r e q u i r e  t h e i r  i n c o r p o r a t i o n  i n  l i c e n s i n g  approval  a f t e r  

The a n t i -  

the year  2005. 

meet new regu la to ry  requirements .  

This would provide vendors wi th  both d i r e c t i o n  and t i m e  t o  

The d i s t i n c t i o n  i n  t i m e  should be made clear. The EPRI  " c e r t i f i c a t i o n "  

approach based upon modest changes i n  e x i s t i n g  l i g h t  water r e a c t o r  technol-  

ogy i s  an adequate short- term approach t o  meeting e l e c t r i c i t y  needs through 

nuclear  power. It is u n r e a l i s t i c  t o  expect  t h e  indus t ry  t o  embark upon 

promising but  un te s t ed  and r a d i c a l  depa r tu re s  from convent ional  r e a c t o r s  

when t h e  p o s s i b i l i t y  of e l e c t r i c i t y  sho r t ages  i n  t h e  1990s exists.  A shor t -  

term approach, however, should not  preclude a more fundamental long-term 

i n d u s t r y / r e g u l a t o r y  e f f o r t .  Seve ra l  r e a c t o r  concepts  have been i d e n t i f i e d  

t h a t  have t h e  p o t e n t i a l  of being demonstrably s a f e ,  c o n s t i t u t i n g  v i r t u a l l y  

no r i s k  t o  t h e  gene ra l  p ~ b l i c . 3 ~  , 

2 t h e s e  s a f e t y  claims and t o  demonstrate  economic f e a s i b i l i t y .  By s e t t i n g  

d e s i r e d  and r equ i r ed  performance s t anda rds  w e l l  i n  advance, i n d u s t r y  and 

r e g u l a t o r s  w i l l  have t h e  t i m e  t o  implement ambit ious,  bu t  necessary ,  goa ls .  

S e t t i n g  r e g u l a t o r y  requirements  twenty yea r s  i n t o  t h e  f u t u r e  may s t r i k e  some 

as ope ra t ing  w i t h i n  a n  excess ive ly  long-term perspec t ive .  Y e t  when viewed 

in terms of nuc lear  power's promise of a v i r t u a l l y  i n e x h a u s t i b l e  energy 

source ,  twenty years  is  but  a moment. S teps  must be taken  today t o  ensure  

t h a t  long-term f u t u r e .  

Tillhe is r equ i r ed ,  however, t o  both confirm 
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IV . 
CONCLUSION 

Current  and p a s t  r egu la to ry  and l i c e n s i n g  reform e f f o r t s  have been 

flawed s i n c e  they have addressed only  t h e  concerns of i n d u s t r y ,  and 

neglected t h e  concerns of a g e n e r a l  p u b l i c  worr ied about nuc lea r  power's 

s a f e t y .  E f f o r t s  t o  "s t reaml ine"  t h e  l i c e n s i n g  process  f o r  industry--  

involv ing  m a s u r e s  such as one-step l i c e n s i n g ,  pre- l icensed si tes,  and a 

p r o h i b i t i o n  on backfi t t ing--have f a i l e d  t o  garner  Congressional  suppor t  

because they d e a l  wi th  only p a r t  of t h e  problem. Yet many of t h e  i n d u s t r y ' s  

complaints about the p r e s c r i p t i v e n e s s  and open-endedness of nuc lear  regula-  

t i o n  today are l e g i t i m a t e  and need t o  be reso lved  before  f u r t h e r  p l a n t  

o rde r s  w i l l  be forthcoming. I n  o rde r  t o  convince Congress t o  act i t  must be 

shown t h a t  i n d u s t r y  and l a r g e r  pub l i c  concerns can be reconci led  in a common 

approach. 

The b a s i s  f o r  such an approach may rest i n  a t r adeof f  between t h e  

requirement f o r  h igher  des ign  o r  performance s tandards  i n  new r e a c t o r s  ( s a t -  

i s f y i n g  p u b l i c  concerns) and a p roh ib t ion  a g a i n s t  the  i n t r u s i v e  and 

p r e s c r i p t i v e  r e g u l a t i o n  of t hese  r e a c t o r s  ( s a t i s f y i n g  i n d u s t r y  concerns) .  

This  t r a d e o f f ,  t o  a l i m i t e d  e x t e n t ,  is a l r eady  embodied i n  t h e  nuc lear  regu- 

l a t o r y  p o l i c i e s  of some European coun t r i e s .  It is time f o r  either Congress 

o r  t h e  NRC t o  e s t a b l i s h  clear and ambit ious performance s t anda rds  ( " s a f e t y  

goa l s " )  f o r  t he  l i c e n s i n g  of f u t u r e  reac tors - -safe ty  s t anda rds  t h a t  would 

make r e a c t o r s  v i r t u a l l y  immune from a core-meltdown acc iden t  and would con- 

s t i t u t e  no r i s k  t o  the  gene ra l  pub l i c .  

A mixture  of performance and p r e s c r i p t i v e  s t anda rds  f o r  new r e a c t o r s  

would be based upon t h e  c r i t e r i a  of pas s ive  s a f e t y ,  ope ra to r  f l e x i b i l i t y ,  

and r e a c t o r  s i m p l i c i t y .  The p r a c t i c a l  express ion  of these  c r i t e r i a  as 

s t anda rds  should be undertaken wi th  g r e a t  care and i n  c o n s u l t a t i o n  wi th  

i n d u s t r y  and pub l i c  r e p r e s e n t a t i v e s .  Much f u t u r e  cont roversy  can be forgone 

i f  s p e c i a l  a t t e n t i o n  i s  a l s o  devoted t o  t h e  means that  w i l l  be used t o  

measure t h e  f u l f i l l m e n t  of s e l e c t e d  performance s tandards .  

This  technology-forcing approach must be placed wi th in  the  proper t i m e  

frame. While a number of " inhe ren t ly  sa fe"  r e a c t o r  des igns  have a l r eady  
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been i d e n t i f i e d ,  i t  will t ake  cons iderable  t i m e  and expense t o  adequately 

tes t  and develop i n c i p i e n t  r e a c t o r s  f o r  both s a f e t y  and economic performance 

c h a r a c t e r i s t i c s .  Adequate and meaningful demonstrat ions must be p a r t  of 

t h i s  t e s t i n g  per iod.  The i n t r o d u c t i o n  of ambit ious l i c e n s i n g  requirements ,  

t h e r e f o r e ,  should be phased i n  over  t i m e .  

Technical  f i x e s  should n o t  be viewed as capable  of r e so lv ing  a l l  t h e  

i s s u e s  f ac ing  nuc lear  power today. Outstanding ope ra t ion  and management of 

e x i s t i n g  r e a c t o r s  is  e s s e n t i a l .  Nuclear wastes must be managed expedi- 

t i o u s l y .  I f  used j u d i c i o u s l y ,  however, t e c h n i c a l  f i x e s  can be a c e n t r a l  

element i n  an e f f o r t  t o  r e s t o r e  t h e  h e a l t h  and v igor  of t h i s  va luab le  energy 

op t  ion .  
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The NRC has achieved a unique d i s t i n c t i o n  among governmental regu- 

l a t o r y  agencies .  It is being accused of s imultaneously over - regula t ing  and 

under-regulat ing nuc lear  power. Usually such charges are evidence t h a t  t h e  

agency is  t ak ing  a middle course  and s i m p l y  not  s a t i s f y i n g  e i t h e r  extreme. 

But t h e r e  is mounting evidence t h a t  wi th  t h e  NRC t h e r e  may be some t r u t h  i n  

both charges . 
The Fuclear op t ion  is c e r t a i n l y  i n  deep t rouble .  The Three Mile 

I s l a n d  (TMI) acc iden t  s h a t t e r e d  t h e  gene ra l  pub l i c ' s  confidence i n  the  

s a f e t y  of nuc lear  p l a n t s .  And i n  the  a f t e rma th  of t h a t  acc iden t  t h e  des ign  

and ope ra t ion  charges to  improve s a f e t y  have combined wi th  o t h e r  f a c t o r s  t o  

send the  c o s t  of nuc lear  p l a n t s  through the  c e i l i n g .  As a r e s u l t ,  u t i l i t y  

execu t ives ,  f i n a n c i a l  i n s t i t u t i o n s  and the  consuming p u b l i c  have a l l  l o s t  

confidence i n  the  economics of nuc lear  power. And t h e r e  is a growing per-  

cep t ion  t h a t  no more new nuclear  p l a n t s  w i l l  be ordered i n  the  U.S. f o r  a 

lonq ,  long time--perhaps never. 

A THRESHOLD QUESTION 

Whv Should t h e  Nat ion Preserve  the  Nuclear Option? 

A th reshold  ques t ion  t h a t  must be addressed before  cons ider ing  a 

program t o  reform the  nuc lear  op t ion  is "Why bother?". I n  l i g h t  of t he  

concerns about nuc lear  s a f e t y ,  waste d i s p o s a l ,  p r o l i f e r a t i o n ,  and the  c o s t  

overruns t h a t  are c r e a t i n g  rate shock, t he  burden of proof f a l l s  p r e t t y  

heav i ly  on anyone sugges t ing  t h a t  t h e  p u b l i c  would be w e l l  se rved  by 

rescuing  the  nuc lear  opt ion.  Why not  l e t  i t  d i e  and l e t  oil, n a t u r a l  gas, 

c o a l ,  renewables and conserva t ion  supply our  energy i n  the  f u t u r e ?  

*Vis i t i ng  f e l low,  1984. P resen t  address :  Gordon, Thomas, Honeywell, 
Malanca, Pe terson  & Daheim, 2101 One Union Square, S e a t t l e ,  Washington. 
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These ques t ions  r e q u i r e  a persuas ive  answer. Such answers e x i s t  bu t ,  

un fo r tuna te ly ,  t he  pro-nuclear advocates  of r egu la to ry  reform are not  

making them. I n  essence ,  I b e l i e v e  the  p u b l i c  i n t e r e s t  reasons f o r  a 

reform package are as fol lows:  

1. I n  t h i s  pre-solar  age ,  which w i l l  c e r t a i n l y  last  many more 
decades,  t h e  economic and n a t i o n a l  s e c u r i t y  problems from 
continued r e l i a n c e  on o i l  imports ,  t he  damage caused t o  t h e  
environment by a c i d  r a i n  and o t h e r  forms of a i r  p o l l u t i o n  from 
burning f o s s i l  f u e l s  as w e l l  as t h e  C02 buildup a l l  combine t o  
make i t  prudent t o  preserve  a s a f e r  nuc lear  option. 

2. Reactor concepts t h a t  are much s a f e r  and economic can probably be 
developed i f  t he  na t ion  dec ides  t o  make the  necessary investment.  

No one wishes t o  bu i ld  new nuc lea r  p l a n t s  on t h e  b a s i s  of t he  c u r r e n t  

r e a c t o r  des igns  i n  the  U.S. because of concerns about  s a f e t y ,  ex tens ive  

b a c k f i t s ,  and c o s t  overruns t h a t  des t roy  the  economics of nuc lea r  power. A 

better nuc lea r  product  is both necessary and t e c h n i c a l l y  f e a s i b l e  i f  t he  

dangers  posed by f o s s i l  f u e l s  are t o  be a l l e v i a t e d .  

The Second Nuclear Era, r e c e n t l y  publ ished by the  I n s t i t u t e  f o r  Energy 

Analysis  i n  Oak Ridge, Tennessee, documents t h e  o p p o r t u n i t i e s  f o r  

,developing advanced r e a c t o r s  t h a t  i nco rpora t e  t h e  l e s sons  l ea rned  about  t h e  

*-need t o  des ign  more s a f e t y  and s i m p l i c i t y  i n t o  the  r eac to r s .  The argument 

for r egu la to ry  reform, i n  my opin ion ,  can be persuas ive  only  i f  t he re  is a 

p a r a l l e l  commitment t o  t h e  development of a f a r  s a f e r  and more economic 

nuc lea r  product  than the  e x i s t i n g  r e a c t o r s .  Only w i t h  t he  prospec t  of such 

a product does the  nuc lea r  power op t ion  appear a t t r a c t i v e  enough t o  be 

worth preserving.  

A i r  P o l l u t i o n  

One of t he  bes t  pub l i c  i n t e r e s t  reasons f o r  rescuing  nuc lear  power is 

t h e  a i r  p o l l u t i o n  concerns w i t h  t he  f o s s i l  f u e l s  t h a t  would o therwise  be 

used,  e s p e c i a l l y  coal .  Unfor tuna te ly ,  t h e  u t i l i t i e s  are not  making t h i s  

argument very  f o r c e f u l l y  since they are s t i l l  t r y i n g  t o  persuade t h e  p u b l i c  

that t h e  c o a l  they burn doesn ' t  cause a c i d  r a i n  (and i f  it does,  it is too  
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expensive t o  c l ean  up). They are opposing l e g i s l a t i o n  t o  reduce su lphur  

oxide emissions . 
The acid r a i n  problem and o t h e r  forms of a i r  p o l l u t i o n  from the  

burning c o a l  are q u i t e  s e r ious .  The p r e v a i l i n g  s c i e n t i f i c  op in ion  is t h a t  

emission of SO, needs t o  be c u t  i n  ha l f  as promptly as poss ib le .  C e r t a i n l y  

much s a f e r ,  economic nuc lear  power o f f e r s  a l a r g e  p a r t  of t he  answer t o  

t h a t  worrisome problem i n  the  years  ahead. 

America today f a c e s  dying l a k e s  and f o r e s t s  due t o  a i r  p o l l u t i o n .  

Even t h e  most determined opponent of a c i d  r a i n  l e g i s l a t i o n  must concede 

t h a t  some form of a i r  p o l l u i t o n  is t he  v i l l a i n .  To t h e  e x t e n t  a combi- 

n a t i o n  of conserva t ion ,  s o l a r  energy, and nuc lear  power can be s u b s t i t u t e d  

f o r  f o s s i l  f u e l s ,  we w i l l  have c l eane r  air. And t h e  American people i n  

every  p o l l  vo ice  t h e i r  overwhelming suppor t  f o r  c l eane r  air .  

One of t h e  fundamental advantages of nuc lear  power is t h a t  it produces 

v i r t u a l l y  no a i r  po l lu t ion .  I f  the  concerns over  s a f e t y  and d i s p o s a l  of 

wastes can be sa t i s f ied- -and  the  t e c h n i c a l  s o l u t i o n s  are t h e r e  i f  they are 

pursued--then nuc lea r  power can be advanced as a r e l a t i v e l y  c l e a n  alter- 

n a t i v e  t o  he lp  i n  t h e  f i g h t  f o r  c l e a n  air .  

Nuclear power is a l s o  a s o l u t i o n  t o  a more remote but  p o t e n t i a l l y  

d i s a s t r o u s  problem--the prospec t  of climatic changes due t o  t h e  bui ldup of  

CO, i n  t he  air. It is a f a c t  t h a t  t he  bui ldup is t ak ing  place.  I n  theory  

i t  could r e s u l t  i n  a warming of t h e  e a r t h  t h a t  might,  over  t i m e ,  m e l t  t h e  

p o l a r  ice caps and thus f lood  v a s t  c o a s t a l  areas o r  change climate 
s u f f i c i e n t l y  t o  p lay  " rus s i an  r o u l e t t e "  wi th  a g r i c u l t u r e  and l i v i n g  

spec ie s .  Thus f a r ,  no such e f f e c t s  have been observed and s c i e n t i s t s  doubt 

t h a t  d i s a s t e r  is imminent; some doubt i t  w i l l  eve r  come. But i f  t h e  bui ld-  

up cont inues  t h e r e  is a s c i e n t i f i c  basis f o r  f e a r i n g  t h a t  t h e  worst  might 

happen. The t r u t h  is t h a t  t h e  worst  could happen and no one knows whether 

i t  w i l l  or not. It would t h e r e f o r e  seem prudent  t o  moderate the  growth i n  

f o s s i l  f u e l  consumption. To do so w i l l  r e q u i r e  t h e  f u l l e s t  p o s s i b l e  use of 

renewables and nuc lear  as w e l l  as a s t r o n g  conserva t ion  e t h i c .  
\ 
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Nat iona l  Secur i ty  

America has gone back t o  s l e e p  on t h e  energy i s s u e ,  f o r g e t t i n g  t h a t  

about  one-third of i ts  o i l  is s t i l l  imported. Our deep involvement i n  t h e  

Middle East--including l o s s  of l i f e  i n  Lebanon--is l inked  t o  o i l  depen- 

dency. The U.S. and its a l l i e s  are so dependent on Middle East oil t h a t  w e  

are committed t o  go t o  w a r  t o  keep t h e  o i l  flowing. 

Y e t  t h e r e  is a f a l s e  percept ion  i n  the  land  t h a t  t he  energy crisis is 
cover--that w e  won "that war." The f a c t s  are d i f f e r e n t .  We import about  

4 m i l l i o n  b a r r e l s  of o i l  a day, t h e  same 30 percent  of t o t a l  as a decade 

ago. And a t  least  as much comes from o u t s i d e  t h e  Western Hemisphere,as a 

decade ago. 

It is t r u e  t h a t  t h e  U.S. is somewhat less vulnerable  t o  an  embargo 

because we have b u i l t  up an o i l  s t o c k p i l e  and are import ing less from t h e  

Arab na t ions .  But i n  1974 and aga in  i n  1979 w e  l ea rned  that  the greatest 

threat from o i l  imports is not  an  embargo but  a sharp  i n c r e a s e  i n  p r i c e .  A 

small sho r t age  i n  t h e  world market has and can cause p r i c e s  t o  skyrocket  

and our  economy t o  t ake  a nose d ive .  And in t h e  event  of a shor t age ,  w e  

know t h a t  a l l  t h e  oil producers ,  whether they are members of OPEC o r  n o t ,  

w i l l  charge us  those  sha rp ly  e s c a l a t e d  p r i c e s .  

As t h e  world 's  economies recover  from t h e  deep r eces s ion  of r e c e n t  

yea r s ,  demand f o r  oil could,  w i th in  a decade, aga in  begin t o  o u t s t r i p  pro- 

duc t ion .  We are becoming vu lne rab le  t o  a sudden cutback by any major 

producer.  Sudden, sharp  pr ice  i n c r e a s e s  and r e s u l t i n g  recession-inducing 

o i l  shocks are p o s s i b l e  i n  t h e  years  ahead. 

Whatever one 's  view about  t h e  r i s k  may be, no one should doubt t h a t  

ou r  o i l  dependency poses a grave  t h r e a t  t o  world peace. The U.S. po l i cy  

i n i t i a t e d  by P res iden t  Carter and r e i t e r a t e d  by P res iden t  Reagan is t o  u s e  

m i l i t a r y  f o r c e  t o  keep t h e  o i l  l i f e l i n e  open. And w e  have r e c e n t l y  made it 

clear i n  Lebanon and i n  t h e  Pe r s i an  Gulf t h a t  America w i l l  s t and  by t h a t  

commitment. 

Sure ly  t h e  n a t i o n a l  i n t e r e s t  would be served  by l i m i t i n g  U.S. 
dependence so t h a t  it would not  be a cause of war o r  economic ruin.  

Nuclear power could p lay  an important  r o l e  i n  achiev ing  g r e a t e r  s e l f -  

s u f f i c i e n c y  as nuclear-powered e l e c t r i c i t y  replaces petroleum i n  more and 



more i n d u s t r i a l  app l i ca t ions .  Perhaps some day electric veh ic l e s  can 

r ep lace  gasoline-powered cars. But e l e c t r i c i t y  is s u b s t i t u t a b l e  today f o r  

a t  least  30 pe rcen t  of the  oil t h a t  is imported. As w e  proceed wi th  t h e  

f u r t h e r  mechanization and computer izat ion of America, e l e c t r i c i t y  becomes a 

key t o  p roduc t iv i ty .  Thus r ep lac ing  petroleum can so lve  a n a t i o n a l  

s e c u r i t y  problem while  a l s o  f a c i l i t a t i n g  economic p rospe r i ty .  

There is l i t t l e  doubt t h a t  America could reduce o i l  imports i f  t h e r e  

were a n a t i o n a l  po l i cy  t o  phase down imports over  t h e  next  few years  t o  a 

very  s m a l l  amount t h a t  poses no economic or n a t i o n a l  s e c u r i t y  t h r e a t .  Such 

a po l i cy  would r e q u i r e  a reasonably s a f e  and economic a l t e r n a t i v e .  Nuclear 

power could be pe r fec t ed  t o  he lp  f i l l  t h e  gap, no t  i n s t e a d  of conserva t ion  

or renewables but  simply t o  r ep lace  o i l  without  adding t o  a i r  p o l l u t i o n  

from coal .  

Savings t o  Consumers 

I n  l i g h t  of the  c o s t  of overruns r e c e n t l y  incu r red  by nuc lear  p l a n t s ,  

i t  may be presumptuous or even f o o l i s h  t o  sugges t  t h a t  one reason  t o  save  

t h e  nuc lear  op t ion  may be t o  save consumers money. But t h e r e  is good 

reason t o  be l i eve  t h a t  new nuc lea r  p l a n t s  designed f o r  s a f e t y ,  s i m p l i c i t y  

and economy i n  t h e  yea r s  ahead could produce e l e c t r i c i t y  below t h e  c o s t  of 

f o s s i l - f u e l e d  p l a n t s ,  e s p e c i a l l y  over  t h e  l i f e  cyc le  of t h e  p l an t .  I f  c o a l  

is forced  t o  c a r r y ' t h e  whole load ,  economical s u p p l i e s  w i l l  be f u l l y  

u t i l i z e d  and t h e  p r i c e  of c o a l  w i l l  escalate r a p i d l y  as new mines are 

developed. Nuclear power from "better" r e a c t o r s  could be compet i t ive  wi th  

c o a l  by the  t u r n  of t he  century ,  and could save  consumers b i l l i o n s  of 

d o l l a r s  and a l s o  avoid a l o t  of environmental  damage i n  the  decades t h a t  

follow. 

A n  Overview of Nuclear Power Regula t ion  

The much d iscussed  shortcomings of t h e  NRC r e g u l a t o r y  process--which 

i s  the  s u b j e c t  of t h i s  paper--are but p a r t  of a v a s t  a r r a y  of concerns 

about  nuc lea r  power. I n  a d d i t i o n  t o  p l a n t  s a f e t y  and economics, t h e r e  is 

widespread concern about t he  proper d i s p o s a l  of nuc lear  wastes. Some 
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people  f e a r  t h a t  the  p r o l i f e r a t i o n  of nuc lear  weapons is  f a c i l i t a t e d  by 

nuc lea r  power p l a n t s  t h a t  produce weapons-usable material i n  t h e i r  waste 

products .  Some oppose nuc lear  power because the  c e n t r a l i z e d  c o n t r o l s  and 

s u r v e i l l a n c e  of people r equ i r ed  f o r  its s a f e t y  is  con t ra ry  t o  t h e  more 

d e c e n t r a l i z e d ,  independent s o c i e t y  they p re fe r .  

A p e r f e c t  NRC would he lp  a l o t  but  most of t hese  concerns would 

pers is t .  Regulatory reform is t h e r e f o r e  not  t h e  magic wand t h a t  would 

au tomat i ca l ly  r e s t o r e  the a t t r a c t i v e n e s s  which nuc lear  power once had nor 

would it bring f o r t h  a rush  of o rde r s  f o r  new nuclear  p l an t s .  

It may be f a i r  t o  s ta te  that t h e  NRC r egu la to ry  process  l a r g e l y  

r e f l e c t s  the  real problems wi th  t h e  product  i t s e l f  t h a t  the  acc iden t  a t  

Three Mile I s l a n d  (TMI) so d rama t i ca l ly  revea led .  No one s e r i o u s l y  doubts  

t h a t  some of t he  a d d i t i o n a l  engineered sa fegua rds  t h e  *NRC has mandated were 

needed t o  c o r r e c t  t he  d e f i c i e n c i e s  revea led  by TMI. Nor is  t h e r e  any doubt 

about  the  need f o r  upgrading the  s k i l l s  of p l a n t  personnel .  With t he  

b e n e f i t  of h inds igh t  i t  is now clear t h a t  before  1979 the  u t i l i t i e s  and t h e  

NRC gave i n s u f f i c i e n t  a t t e n t i o n  t o  s a f e t y .  The f lood  of t he  new regu la to ry  

,:requirements by the  NRC s i n c e  then has  been a r e a c t i o n  t o  very real  s h o r t -  

comings i n  the  nuc lea r  product  i t s e l f .  

Never the less ,  t he  problems wi th  the  r e g u l a t o r y  process  appear t o  be a 

, s e r i o u s ,  c e n t r a l  concern,  even i f  they are but p a r t  of a l a r g e r  p i c t u r e .  

Making a p u b l i c  judgment t h a t  nuc lea r  p l a n t s  are s a f e  enough i s  t he  NRC's  

job.  Y e t  t he  pub l i c  has thus f a r  been presented  w i t h  no persuas ive  

evidence o r  judgments by the  NRC t h a t  could convince concerned c i t i z e n s  

t h a t  nuc lear  p l a n t s  are " sa fe , "  o r  even t h a t  t he  d e f i c i e n c i e s  revea led  by 

TMI have been cor rec ted .  The only  group t e l l i n g  t h e  p u b l i c  t h a t  nuc lea r  

p l a n t s  are "safe"  are the  u t i l i t i e s  and t h e  nuc lear  indus t ry .  Thei r  adver- 

t i s i n g  campaign is  at  b e s t  unconvincing. It is con t r ad ic t ed  by a seemingly 

never-ending series of  media r e p o r t s  of nuc lea r  p l a n t  i n c i d e n t s  and in- 

f r a c t i o n s  of NRC r u l e s  and r e s u l t i n g  f i n e s .  A c a s u a l  observer  could e a s i l y  

conclude t h a t  another  b ig  acc iden t  might occur  a t  any t i m e .  Indeed, t h e r e  

is a wide range between the  b e s t  and worst  p l a n t s  wi th  regard t o  s a f e t y ,  

and the  poor performers  may w e l l  s t i l l  c o n s t i t u t e  more of a r i s k  than is  

accep tab le  o r  necessary.  
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Previous d i scuss ions  of r egu la to ry  reform have centered  around s t e p s  

t o  s h o r t e n  t h e  l i c e n s i n g  process  f o r  new p l a n t s .  But u t i l i t y  execu t ives  

and the  pub l i c  a l i k e  are not l i k e l y  t o  suppor t  new plants--even of a better 

design--unless we  can do a b e t t e r  j o b  wi th  the  nuc lear  p l a n t s  a l r e a d y  

b u i l t .  And s e r i o u s  shortcomings e x i s t  i n  the  r e g u l a t i o n  of e x i s t i n g  

plants--shortcomings t h a t  are con t r a ry  t o  the  n a t i o n ' s  i n t e r e s t  i n  maxi- 

mizing the  s a f e t y  and the  economy of opera t ion .  This  paper w i l l  t h e r e f o r e  

d e a l  wi th  t h e  b a s i c  reforms I f e e l  are important  t o  improve t h e  func t ion ing  

of t h e  NRC wi th  r e s p e c t  to e x i s t i n g  p l a n t s  as w e l l  as new ones. 

While t h e  p u b l i c  perce ives  t h a t  t h e  NRC is t o o  s o f t  on t h e  nuc lea r  

p l a n t s ,  t h e  u t i l i t i e s  perce ive  t h e  NRC as the  prime v i l l a i n  mandating a 

seemingly end le s s  a r r a y  of b a c k f i t s  and d e t a i l e d  r u l e s  and r e g u l a t i o n s  that 

i n c r e a s e  c o s t s  and a c t u a l l y  reduce sa fe ty .  As a r e s u l t  no one knows how 

much a nuc lear  p l a n t  w i l l  c o s t  except  t h a t  i t  w i l l  be high and take  a very  

long t i m e  t o  complete. 

There are new des igns  f o r  nuc lear  p l a n t s  t h a t  could d r a m a t i c a l l y  

improve s a f e t y  and the  economics as w e l l .  But t h e  u t i l i t i e s  do not  b e l i e v e  

t h a t  t he  r egu la to ry  process  w i l l  r e f l e c t  t he  improvements i n  the  s a f e t y  of 

t h e  nuc lear  product  and p e r m i t  t hese  reduced cos t s .  U n t i l  t h e  r egu la to ry  

process  is reformed t o  provide assurance  t h a t  t hese  reduced c o s t s  can be 

achieved ,  new p l a n t s  i nco rpora t ing  those improvements are not  l i k e l y  t o  be 

ordered  . 
The u t i l i t i e s  , ra ise  similar ques t ions  about  whether t he  NRC's  c u r r e n t  

approach t o  r e g u l a t i o n  w i l l  achieve the  g r e a t e s t  s a f e t y  over  t i m e .  The NRC 

is requ i r ing  workers and managers t o  respond to a great many very detai led 

r u l e s  and r egu la t ions .  I n  e f f e c t ,  t h e  NRC te l ls  t h e  u t i l i t y  how t o  run i ts  

p lan t .  The d e t a i l e d  r u l e s ,  and not  o v e r a l l  s a f e t y ,  are the  f o c a l  p o i n t  and 

g e t  a l l  t he  a t t e n t i o n .  

The NRC, i n  e f f e c t ,  r e g u l a t e s  by p r e s c r i b i n g  a "cookbook" and appears  

t o  care more about  how the  "meal" is prepared r a t h e r  t han  how it  f i n a l l y  

t u r n s  out .  The a l t e r n a t i v e  i n  most o t h e r  n a t i o n s  is t o  l a y  down per- 

formance s t anda rds  t o  a s s u r e  s a f e t y  and l e t  the u t i l i t y  sugges t  t h e  

d e t a i l e d  procedures f o r  meeting those  s t anda rds  i n  t h e i r  own way. 

P lan t  personnel  a t  U.S. nuc lea r  s t a t i o n s  spend much of t h e i r  t i m e  

r e a c t i n g  and responding t o  t h e  NRC's d e t a i l e d  r u l e s  and r egu la t ions .  I n  
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many p l a n t s  they are so busy complying with the  "cookbook," they have 

l i t t l e  t i m e  l e f t  over f o r  d i scove r ing  and c o r r e c t i n g  s a f e t y - r e l a t e d  d e f i c -  

i e n c i e s  on t h e i r  own, which may w e l l  be more s i g n i f i c a n t  than concerns 

i d e n t i f i e d  by the  NRC. 

The r egu la to ry  f a i l u r e s ,  both real and perceived,  are c e r t a i n l y  no t  

t h e  beginning or the  end of nuc lea r  power's t roub le s .  But i t  is clear t h a t  

i f  t he  views of e i t h e r  s i d e  i n  the  r e g u l a t o r y  deba te  are c o r r e c t ,  we f a c e  

e i t h e r  an  end t o  nuc lea r  power, grave r i s k s  of a nuc lea r  a c c i d e n t ,  or a 

ewaste of b i l l i o n s  of d o l l a r s  i n  unnecessary investments and downtime (or 

a l l  of t h e  above). It is obvious t h a t  t h e  concerns about NRC r e g u l a t i o n  

expressed by both s i d e s  of t he  debate  must be examined and the  r e g u l a t o r y  

process  reformed as necessary t o  a l l e v i a t e  t h e s e  concerns. 

PROBLEMS WITH NRC REGULATION 

The NRC Has Not Assured the P u b l i c  That  Nuclear Power is Safe  Enough 

TMI exposed t h e  NRC as an  agency i n  1979 t h a t  had not  done enough t o  

.prevent an  a c c i d e n t  which f r i g h t e n e d  t h e  n a t i o n ,  i n f l i c t e d  huge f i n a n c i a l  

damage t o  u t i l i t i e s  and t h e i r  customers,  and underscored t o  i n v e s t o r s  t h e  

f i n a n c i a l  risks i n  nuc lea r  power. And while  t he  NRC's response has been 

e n e r g e t i c ,  t h e  p u b l i c  has l i t t l e  or no b a s i s  t o  conclude t h a t  enough has 

been done t o  ensu re  t h a t  t he  p u b l i c  w i l l  no t  be harmed. 

The NRC has not e s t a b l i s h e d  any s t anda rd  of how s a f e  is s a f e  enough, 

a t  least not i n  any d e f i n i t i v e  manner t h a t  has been presented t o  the 

pub l i c .  Thus no nuc lea r  p l a n t  has been found t o  be "OK" i n s o f a r  as TMI 

i s s u e s  are concerned. And t h e r e  are s t i l l  a number of s a f e t y  i s s u e s  t h a t  

t h e  NRC cons ide r s  unresolved. Presumably t h e s e  i s s u e s  do not  pose s e r i o u s  

s a f e t y  r i s k s .  Y e t  how can one be s u r e ?  

What has been occur r ing  is a s t e a d y  flow of news s t o r i e s  about  

r e l a t i v e l y  small a c c i d e n t s  i n  nuc lea r  p l a n t s ,  f i n e s  by t h e  NRC f o r  

v i o l a t i o n  of NRC r e g u l a t i o n s ,  f a i l u r e  t o  complete t h e  cleanup a t  TMI, 

concerns about t he  q u a l i t y  of c o n s t r u c t i o n  a t  numerous p l a n t s ,  ques t ions  

about t h e  competence of t he  management a t  s e v e r a l  p l a n t s ,  and massive c o s t  

overruns and p l a n t  c a n c e l l a t i o n s .  The p r e s s  has been doing what comes 
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n a t u r a l l y  i n  the  wake of TMI, w r i t i n g  about items t h a t  are news--bad news, 

t h a t  is. It is no t  news when a nuc lea r  p l a n t  i s  r o u t i n e l y  and economically 

g r ind ing  o u t  t he  k i l o w a t t  hours. It is only news when somethings goes 

wrong. 

A concerned c i t i z e n  fol lowing t h e  i s s u e  of nuc lea r  power i n  the  

gene ra l  media would have good reason t o  conclude t h a t  nuc lea r  power w a s  

s t i l l  dangerous and was uneconomic as w e l l .  And while p o l l s  on the  s u b j e c t  

d i f f e r ,  they show a t  least 40 percen t  of t h e  American people now b e l i e v e  

nuc lea r  power is dangerous and oppose the  c o n s t r u c t i o n  of more nuc lea r  

p l a n t s  . 
It is important t o  e v a l u a t e  the  d i f f e r e n c e  between the  understandable  

p u b l i c  pe rcep t ion  of t h e  NRC as not  doing enough and what has i n  f a c t  

happened s i n c e  TMI. On e x i s t i n g  p l a n t s  (no new p l a n t s  have been o r d e r e d ) ,  

s e v e r a l '  p o i n t s  can be made: 

1. The NRC has not  y e t  de f ined  an  o v e r a l l  s a f e t y  s t anda rd  f o r  each  
p l a n t  w i th  a t ime tab le  and program for meeting it .  

2. The NRC has, i n  f a c t ,  mandated an imposing number of a d d i t i o n a l  
engineered safeguards t h a t  i n  l a r g e  p a r t  have a l r e a d y  been 
b a c k f i t t e d  i n t o  e x i s t i n g  nuc lea r  u n i t s .  Investments may w e l l  
average around $100 m i l l i o n  p e r  r e a c t o r .  Analysis sugges t s  t hey  
have reduced t h e  r i s k  of a TMI-type a c c i d e n t  by a cons ide rab le  
margin. 

3. The s k i l l s  of power p l a n t  o p e r a t o r s  have been improved 
, cons ide rab ly  by e x t e n s i v e  r e t r a i n i n g  of e x i s t i n g  o p e r a t o r s  and 
much m o r e  i n t ens ive  requirements  and t r a i n i n g  f o r  n e w  opera tors .  

4. The formation of INPO is enab l ing  t h e  u t i l i t i e s  t o  l e a r n  from each 
o t h e r  and begin t o  do more se l f -po l i c ing .  

This  information on p l a n t  improvement has not  been brought home t o  the 

p u b l i c  by any c r e d i t a b l e  source.  Indeed, while most p l a n t s  have become 

s a f e r  s i n c e  TMI, p u b l i c  opinion has been moving s t e a d i l y  i n  the  oppos i t e  

d i r e c t i o n  so t h a t  a t  p re sen t  more people are opposed t o  new nuc lea r  p l a n t s  

t han  were opposed i n  1979 r i g h t  a f t e r  TMI. 
A major reason f o r  t h i s  t r end  may be t h a t  t h e  concern over s a f e t y  has  

been merged i n t o  a growing concern t h a t  nuc lea r  power has become un- 

economic. Recently t h e  i s s u e  of "rate shock"--huge rate i n c r e a s e s  caused 
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when nuclear  p l a n t s  t h a t  c o s t  s e v e r a l  times as much as t h e i r  estimates go 

i n t o  t h e  rate base--is g iv ing  nuc lear  power more of a "black eye" than  

s a f e t y  concerns. These c o s t  overruns are by no means isolated-- they are 

pervasive.  

Hampshire, and Long I s l a n d  are plunging the  f inances  of u t i l i t y  owners onto  

t h e  b r ink  of bankruptcy. 

And the  most a c u t e  cases i n  Washington, Michigan, New 

The economic cloud over nuc lear  power merges wi th  the  s a f e t y  concern 

s i n c e  some, but  by no means a l l ,  of t h e  c o s t  overruns were induced by t h e  

. back f i t s  and de lays  caused by inadequate  concern f o r  s a f e t y  i n  the  i n i t i a l  

design--as revea led  by TMI. The added s a f e t y  f e a t u r e s  and de lays  needed t o  

make e x i s t i n g  des igns  s a f e  enough have thus made them uneconomic. This  

does not  n e c e s s a r i l y  mean t h a t  t h e  technology is f a t a l l y  flawed. But i t  

does s t r o n g l y  suggest  that new des igns  are v i t a l  f o r  new plants--designs 

t h a t  bu i ld  more s a f e t y  i n t o  the  p l a n t  on the  f r o n t  end and thus e l i m i n a t e  

.the need f o r  the  expensive add-ons tha t  plague the e x i s t i n g  designs.  

U n t i l  a much s a f e r  and economic des ign  f o r  a nuc lea r  p l a n t  is 

developed and presented t o  the  pub l i c ,  t he  "economic cloud" w i l l  cont inue  

t o  merge wi th  t h e  " s a f e t y  cloud" and cast i t s  shadow over  t h e  nuc lear  

op t ion .  Economics is v i r a l ,  as is s a f e t y ,  because no conceivable  reform of 

NRC r e g u l a t i o n  w i l l  persuade a u t i l i t y  execu t ive  t o  o rde r  a new p l a n t  t h a t  

.does no t  o f f e r  t he  prospec t  of sav ing  money over  a v a i l a b l e  a l t e r n a t i v e s .  
4r 

THE KEY ISSUE -.HOW SAFE I S  SAFE ENOUGH? 

Since  TMI, one of t h e  c e n t r a l  concerns t h a t  haunts  concerned c i t i z e n s  

is, can i t  happen aga in?  What are the  r i s k s ,  and are they accep tab le  t o  

t h e  pub l i c?  

The NRC has e f f e c t i v e l y  avoided f a c i n g  up t o  t h i s  i s s u e  i n  any de f in -  

i t i v e  way. When confronted wi th  such i s s u e s  a t  s p e c i f i c  plants--such as 

Ind ian  Point  and TMI Unit I--years go by wi th  no clear NRC dec i s ion .  It 

can be argued t h a t  t h e  test under e x i s t i n g  l a w  is "as s a f e  as poss ib l e , "  

r e g a r d l e s s  of t he  cos t .  Perhaps so, but  t h e  NRC has not  adopted such a 
test ,  and i n  f a c t ,  i n  t he  p a s t  yea r ,  has been applying a cos t -benef i t  test 

t o  many d e c i s i o n s  concerning b a c k f i t s  without  much p u b l i c  input .  



1 

11 

To be s u r e ,  i f  a clear and p resen t  danger of a big acc iden t  were 

perceived,  t h e  NRC would o rde r  a p l a n t  shutdown. But before  TMI, t h a t  

acc iden t  was considered an " i n c r e d i b l e  event"  by t h e  NRC. The pub l i c  has a 

r i g h t  t o  wonder whether t he  p l a n t s  are y e t  s a f e  enough t o  avoid an a c c i d e n t  

t h a t  w i l l  harm them. And the  u t i l i t i e s  have no s tandard  t o  t e l l  them 

whether they measure up. 

Nuclear power is on the  horns of a dilemma. Anything t h a t  does not  

v i o l a t e  t h e  laws of na tu re  can happen, so i t  is impossible  t o  s a y  t h a t  

nuc lea r  power is a b s o l u t e l y  sa fe .  And the  NRC has not  s a i d  how s a f e  is 

s a f e  enough so t h e r e  is no oppor tuni ty  t o  assess the  r i s k  and dec ide  

whether i t  is acceptab le .  Uncer ta in ty  thus dominates the  scene. 

The i s s u e  of.how s a f e  is s a f e  enough is admi t ted ly  d i f f i c u l t .  It 

r e q u i r e s  ?n informed judgment. Whatever t he  s t anda rd ,  i t  w i l l  be 

c r i t i c i z e d .  But it j u s t  happens t o  be t h e  essence of t h e  NRC's  respons i -  

b i l i t y .  It borders  on the  unbel ievable  t h a t  a f t e r  a q u a r t e r  cen tury  of 

l i c e n s i n g  and 6 years  a f t e r  TMI, t h e  NRC has not  y e t  squa re ly  decided t h i s  

c e n t r a l  i s sue .  

Resolving t h e  i s s u e  of how s a f e  is s a f e  enough is c e n t r a l  t o  reforming 

t h e  r egu la to ry  process .  For new p l a n t s  it is q u i t e  clear t h a t  t he  r e a c t o r s  

can be designed t o  be much s a f e r  than t h e  b e s t  of t h e  e x i s t i n g  designs.  

Many of t hese  p o s s i b i l i t i e s  were documented i n  t h e  I E A ' s  Second Nuclear E r a  

Study. 

The r i s k  of a major acc iden t  can be reduced by a f a c t o r  of 100, a t  
least ,  and thus  be brought down t o  r i s k s  so low t h a t  t h e  p u b l i c  can be 

expected t o  accep t  them. And i n  t he  f u t u r e  the  so-cal led inhe ren t ly - sa fe r  

r e a c t o r s ,  t h e  PIUS and gas-cooled modular u n i t s  can reduce the  r i s k s  of a 

d i s a s t r o u s  acc iden t  even f u r t h e r ,  down t o  the  range t h a t  can f a i r l y  be 

c a l l e d  de minimus. What is no t  so clear is whether such p l a n t s  can be eco- 

nomical and r e l i a b l e .  Federa l  funding f o r  R&D must be keyed t o  achiev ing  

both s a f e t y  goa ls  and competi t ive cos t s .  

- 

The Ut i l i t i e s  C l a i m  That t h e  NRC is  t h e  Problem 

The u t i l i t i e s  ope ra t ing  nuc lea r  power p l a n t s  f e e l  very s t r o n g l y  t h a t  

t h e  NRC is des t roy ing  the  economics of nuc lea r  power and a c t u a l l y  impair ing 
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s a f e t y .  I be l i eve  i t  is u s e f u l  t o  set f o r t h  t h e i r  views which are based on 

in te rv iews  I conducted wi th  p l a n t  managers and workers. The u t i l i t i e s '  

complaints  can be summarized i n  t h e  fo l lowing  ca t egor i e s .  

1. An Overload of Backf i t s .  The u t i l i t i e s  major complaint is about  

t h e  f lood  of mandated a d d i t i o n s  t o  nuc lear  p l a n t s  t h a t  have been ordered  

s i n c e  TMI i n  1979. They claim the  NRC focus has not  been on improving t h e  

o v e r a l l  s a f e t y  of the  p l an t  but r a t h e r  on making a l o t  of "improvements." 

The u t i l i t i e s  concede t h a t  some b a c k f i t s  were needed but  argue t h a t  a l l  

h a c k f i t s  do not  improve s a f e t y  equa l ly ,  some may not  provide enough 

improvement t o  warrant  t h e i r  expense,  and t h a t  t he  cumulative impact of a l l  

of them may a c t u a l l y  impair s a fe ty .  

The po in t  they make is t h a t  t h e r e  can be so many s a f e t y  f e a t u r e s  

crowded i n t o  a l i m i t e d  space t h a t  i n  an a c c i d e n t ,  t h e  o p e r a t o r  can be over- 

whelmed. And they claim t h e  added workload on ope ra t ing  personnel  of main- 

t a i n i n g  and ope ra t ing  so many add-ons may r e s u l t  i n  i nc reas ing  the  r i s k  of 

n e g l e c t  of more important  s a f e t y  systems. 

The u t i l i t i e s  contend t h a t  s a f e  o p e r a t i o n  of a nuc lear  p l a n t  depends 

v i t a l l y  on the  o p e r a t o r s  and t h e  e n t i r e  work f o r c e  i n  t h e  p l a n t .  These 

people  c o n s t i t u t e  a l i m i t e d  resource  t h a t  is seve re ly  overtaxed by t h e  v a s t  

a r r a y  of ad hoc b a c k f i t s  r equ i r ed  t o  be i n s t a l l e d  on an  urgent  bas i s .  The 

, u t i l i t i e s  complain t h a t  i n  these  circumstances the  q u a l i t y  of t h e  work 

s u f f e r s  as does the  a b i l i t y  t o  c a r r y  ou t  r o u t i n e  ope ra t ion  and maintenance 

which is t h e  backbone of a s a f e t y - f i r s t  pol icy.  

-- 

The u t i l i t i e s  t h a t  have t h e  most NRC v i o l a t i o n s  have backlogs of as  

many as a thousand i t e m s  they have d iscovered  t h a t  they be l i eve  need 

f ixing-many of them safety-related--which they have no t  had t i m e  t o  f i x .  

Thus some of t h e  p l a n t s  t h a t  are among t h e  poorer  performers are being 

fo rced  t o  spend most of t h e i r  t i m e  ca r ry ing  o u t  NRC o r d e r s  and exp la in ing  

v i o l a t i o n s .  They claim they do not  have the  t i m e  o r  t h e  i n c e n t i v e  t o  look 

f o r  more th ings  t h a t  need f i x i n g  o r  t o  f i x  what they be l i eve  is "broke." 

The people  i n  t h e  p l a n t  are r e a l l y  t h e  main l ine  of defense  a g a i n s t  

acc iden t s .  The NRC cannot hope t o  perform that r o l e .  But t he  s i t u a t i o n  

t h a t  has developed makes many p l a n t  people f e e l  they do not  count. 

The mandating of a d d i t i o n a l  b a c k f i t s  has aba ted ,  but  t h e  u t i l i t i e s  are 
q u i t e  u n c e r t a i n  about t he  fu tu re .  They f e a r  t h e  worst  based on p a s t  
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experience and t h e r e f o r e  assume an o r d e r  f o r  a new r e a c t o r  would undergo 

the  same de lay  and b a c k f i t  expe r i ence ,  and t h a t  its c o s t  and completion 

d a t e  would be uncertain.  

The c u r r e n t  u t i l i t y  a t t i t u d e  w a s  s u c c i n c t l y  expressed by an  A s s i s t a n t  

Sec re t a ry  of Energy for Nuclear Energy, who is quoted as saying t h a t  i n  

today 's  r e g u l a t o r y  environment i f  a u t i l i t y  execu t ive  ordered a n u c l e a r  

power p l a n t ,  " i t 's  t i m e  t o  send f o r  t he  guy wi th  the  net," The agenda f o r  

h i s  successo r ,  he says ,  w i l l  c o n s i s t  of t h r e e  main items--"Licensing 

reform, l i c e n s i n g  reform, l i c e n s i n g  reform" (Energy Da i ly ,  August 23, 

1984) . 
There can be no doubt t h a t  t he  nuc lea r  i n d u s t r y  sees t h e  NRC l i c e n s i n g  

process  as t h e  h e a r t  of t h e  problem. 

concerns,  t h e i r  pe rcep t ion  is i t s e l f  a r e a l i t y  t h a t  must be faced. 

And j u s t  as wi th  the  p u b l i c ' s  

2. Chaotic  Decision-Making: The s i t u a t i o n  which e x i s t s  a t  t h e  NRC i n  

1985 appea r s  fundamentally unchanged from t h a t  desc r ibed  by the  Kemeny Com- 

mission i n  1979: 

The NRC Commissioners have l a r g e l y  i s o l a t e d  themselves from t h e  
l i c e n s i n g  process  . . , , The Commissioners have a l s o  i s o l a t e d  
themselves from t h e  o v e r a l l  management of t he  NRC. (p. 51) 

Both t h e  c i t i z e n  groups concerned about s a f e t y  and the  u t i l i t i e s  

complain t h a t  t h e  NRC is not  making t imely d e c i s i o n s  on c r i t i ca l  matters. 

And while i n d i v i d u a l  commissioners work hard and grapple  with the  i s s u e s ,  
t h e r e  is g e n e r a l  agreement t h a t  t h e  Commission does not  provide a sense  of 

d i r e c t i o n  t h a t  e f f e c t i v e l y  c o n t r o l s  s t a f f  a c t i o n s .  To t h e  o u t s i d e  world,  

t h e  s t a f f  is no t  only f r e e  of Commission d i r e c t i o n ,  i t  c o n s i s t s  of va r ious  

independent fiefdoms. There is no e f f e c t i v e  guidance from t h e  top so i n  a 

sense  every group marches t o  i ts  own drumbeat. 

The crux of t h e  complaints c e n t e r s  on NRC's decis ion-making p rocess  , 
or r a t h e r  t he  absence of any process.  There is no one i n  the  NRC respon- 

s i b l e  f o r  and i n  command of a l l  t h e  d i f f e r e n t  NRC groups reviewing a par- 

t i c u l a r  p l an t .  There are r e s i d e n t  i n s p e c t o r s ,  r e g i o n a l  o f f i c e  people,  and 

Washington NRC s t a f f  t h a t  can Impose requirements.  

decis ion-making process  by which a u t i l i t y  can g e t  a t imely d e c i s i o n  t h a t  

But t h e r e  is no 
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s a y s  "Yes--what you ' re  doing is  OK." The u t i l i t i e s  complain t ha t  regu- 

l a t i o n  is uneven and i n  some c a s e s ' " n i t  picking." What t h e  u t i l i t i e s  

perce ive  is a "contes t"  between the  var ious  NRC groups t o  see which can 

f i n d  more items i n  v i o l a t i o n  of t h e i r  r egu la t ions .  

The NRC does not  have a process  t h a t  approves or disapproves of a 

l i c e n s e e ' s  a c t i o n s  dur ing  t h e  c o n s t r u c t i o n  per iod.  Ind iv idua l  s t a f f  groups 

may say  t h a t  "it looks OK," but they do not  bind the  NRC. The NRC r e se rves  

t h e  r i g h t  t o  second-guess any a c t i o n  later on when an ope ra t ing  l i c e n s e  is 

considered.  This  means t h a t  u t i l i t i e s  b u i l d  and ope ra t e  p l a n t s  i n  an envi- 

ronment of unce r t a in ty  as t o  whether anything they do is "r ight ."  

3. Cookbook Regulat ion:  A fundamental problem advanced by t h e . u t i l -  

i t ies  is t h e  p r e s c r i p t i v e  approach t o  r e g u l a t i o n  which NRC p r a c t i c e s .  It 

is h igh l igh ted  by t h e  massive number of NRC r u l e s  and r e g u l a t i o n s  which 

d e t a i l  t h e  manner i n  which a p l a n t  must be  operated.  Even the  r e g u l a t o r y  

guides  are i n  r e a l i t y  p r e s c r i p t i o n s ,  s i n c e  no one wants t o  r i s k  a v i o l a t i o n  

or f i n e  f o r  f a i l i n g  t o  fo l low t h e  guidance. The u t i l i t i e s  f e e l  t h a t  " the  

lawyers  and d i s t a n t  bureaucra ts"  are l a r g e l y  running t h e i r  p l a n t s  on the  

. b a s i s  of requirements  designed t o  s a t i s f y  concerns about t h e  very poores t  

performers.  As one p l a n t  manager put  i t ,  "My engineers  are i n  the  o f f i c e  

w r i t i n g  exp lana t ions  t o  t h e  NRC i n s t e a d  of o u t  i n  the  p l a n t  f i nd ing  o u t  

;what's wrong and f i x i n g  it." 

NRC's  enforcement scheme appears  t o  t h e  u t i l i t y  t o  emphasize s t r i c t ,  

b l i n d  obedienceLbwith l i t t l e  o r  no room f o r  u t i l i t y  d i s c r e t i o n .  Every devi- 

a t i o n  is assumed t o  pose a r i s k  t o  s a f e t y  even i f  it is j u s t  another  way of 

doing the  j o b  t h a t  is d i f f e r e n t  from the  way the  NRC i n s p e c t o r  wants i t  

done. And i n  c o n t r a s t  t o  t h e  FAA, f o r  example, most NRC s t a f f  have not  had 

exper ience  ope ra t ing  a nuc lear  p lan t .  

For example, t h e  NRC r e g u l a t i o n s  r e q u i r e  t h a t  back-up equipment f o r  

use  only i n  an emergency, such as a d i e s e l  power gene ra to r ,  be started up 

once a week. Pe r iod ic  t e s t i n g  is obvious ly  necessary  but t h e  considered 

judgment of p l a n t  o p e r a t o r s  is t h a t  ope ra t ing  them t h a t  o f t e n  is i t s e l f  a 

s a f e t y  hazard because i t  prematurely degrades t h e  equipment and in t roduces  

unnecessary oppor tun i ty  f o r  human e r r o r .  I n  a d d i t i o n ,  i t  d i v e r t s  the  

l i m i t e d  workforce i n  the  p l a n t  away from t h e  backlog of s a fe ty - r e l a t ed  work 

t h a t  needs a t t e n t i o n .  
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Y e t  the  NRC r u l e s  ar the  l a w .  They are obeyed. But t he  p l a n t  people 

f e e l  f r u s t r a t e d  because many r u l e s  make no sense  t o  them and c o n t i u a l l y  

remind them t h a t  they are r e a l l y  not  i n  charge of t h e i r  p lan t .  

Another example is t h a t  i f  t h e r e  is an honest  e r r o r  of judgment as t o  

whether an i n c i d e n t  is sa fe ty - r e l a t ed  and i t  is not  r epor t ed ,  t h e  u t i l i t y  

i s  f i n e d  twice, once f o r  the  i n f r a c t i o n  and aga in  f o r  f a i l i n g  t o  r epor t .  

The work f o r c e  i n  many p l a n t s  f e e l  oppressed and demoralized by the  

system. 

One can say  t h a t  a u t i l i t y  can remedy t h i s  by “over repor t ing ,“  but t h e  

e f f e c t  of t h i s  approach is t o  make the  people i n  the  p l a n t  f e e l  they have 

no d i s c r e t i o n  a t  a l l .  

LESSONS FROM OTHER NATIONS 

It may be i n s t r u c t i v e  t o  note  t h a t  while  t he  United S t a t e s  f i r s t  

developed nuc lea r  power technology a number of European n a t i o n s  and Japan 

a t  t h e  moment appear t o  be having g r e a t e r  success  wi th  t h e i r  nuc lear  

programs than the  U.S. The reasons f o r  t h e i r  s u p e r i o r  performance on 

s a f e t y  as w e l l  as economics involve d i f f e r e n t  i n s t i t u t i o n a l  arrangements 

and management s k i l l s ,  but  t h e  d i f f e r e n c e s  i n  the  r egu la to ry  process  are 

important  and i n s t r u c t i v e  as t o  reforms i n  the  U.S. t h a t  might be he lp fu l .  

A fundamental po in t  is t h a t  more s t r i n g e n t  s a f e t y  requirements  were 

imposed on the  o r i g i n a l  des ign  of t he  l i g h t  water r e a c t o r s  b u i l t  i n  West 

Germany, Sweden, and t h e  one proposed i n  Great B r i t a i n .  As a r e s u l t ,  t h e s e  

n a t i o n s  have l a r g e l y  avoided the  f lood  of b a c k f i t s  a f t e r  TMI t h a t  were 

mandated i n  the  U.S. For example, t h e  p re s su r i zed  water r e a c t o r  being 

proposed i n  Great B r i t a i n  a t  S izewel l  r e q u i r e s  about  20 pe rcen t  g r e a t e r  in-  

vestment t o  meet more s t r i n g e n t  s a f e t y  cr i ter ia  but  t h e  owner boas ts  t h a t  

t h e  r i s k  of a major acc iden t  i s  reduced t o  one i n  a m i l l i o n  r e a c t o r  years.  

The West German and Swedish r egu la to ry  a u t h o r i t i e s  have imposed a so-ca l led  

“n  + 2” r u l e  which r e q u i r e s  a p l a n t  t o  be designed t o  always be a t  least 2 

malfunct ions away from real t rouble .  A 1,000 MW r e a c t o r  being completed i n  

Sweden (Oskarsham 111) t h i s  year  r e f l e c t s  a n  advanced des ign  t h a t  does i n  

f a c t  ach ieve  g r e a t e r  s a f e t y  and economy than the  r e a c t o r s  i n  t h e  U.S. The 
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r e a c t o r  requi red  no b a c k f i t t i n q  because s u p e r i o r  s a f e t y  was b u i l t  i n  on the  

f r o n t  end. 

I n  every na t ion  o the r  than the  U.S., t h e  r egu la to ry  agency s p e c i f i e s  

broad s t anda rds  of performance r a t h e r  than d e t a i l e d  r u l e s  and r e g u l a t i o n s .  

The d i f f e r e n c e  is fundamental ,  d e s p i t e  t he  f a c t  t h a t  most na t ions  fo l low 

the  b a s i c  NRC t e c h n i c a l  guidance. I n  o t h e r  na t ions  guidance is r e a l l y  

guidance. A s  a r e s u l t ,  t he  u t i l i t y  shoulders  the  r e s p o n s i b i l i t y  f o r  s a f e t y  

i n  f a c t  as w e l l  as by l a w .  

In Sweden, f o r  example, t h e  r egu la to ry  a u t h o r i t y  has a much smaller 

s t a f f  (on a comparable b a s i s ) ,  but  t he  s t a f f  is made up of people wi th  

exper ience  i n  nuclear  p l an t s .  They s p e c i f y  performance o b j e c t i v e s  but  do 

not  t e l l  the  u t i l i t i e s  "what t o  do" t o  achieve  those  ob jec t ives .  The rela- 

t i o n s h i p  is more consu l t a t ive .  No one doubts  t he  r e g u l a t o r y  agency's 

a u t h o r i t y  t o  c l o s e  down a p l a n t  or t o  o rde r  whatever changes are needed f o r  

s a f e t y .  It is j u s t  t h a t  t he  a u t h o r i t y  is exe rc i sed  wi th  an understanding 

t h a t  t h e  u t i l i t y  and its workforce are competent, and do not  need t o  be 

given  d e t a i l e d  i n s t r u c t i o n .  

It is t r u e  t h a t  g r e a t e r  scope f o r  i n t e r v e n t i o n  by t h i r d  p a r t i e s  and 

' review i n  the c o u r t s  are o resen t  i n  the  U.S. than i n  o the r  nuc lear  power 

na t ions .  In t e rvenor s  cause de l ays  that are w e l l  pub l i c i zed  by the  

. , industry.  But a less emotional and more f a c t u a l  a n a l y s i s  r evea l s  t h a t  it 

is t h e  f a i l u r e  t o  bui ld  enough s a f e t y  i n t o  &he U.S. p l a n t s  a t  the  f r o n t  end 

and the  d e t a i l e d ,  p r e s c r i p t i v e  n a t u r e  of r e g u l a t i o n  t h a t  has caused most of 

t h e  problems tha t  plaque nuc lea r  power i n  the  U.S. today. 

It is o f t e n  s t a t e d  t h a t  Sweden (and the  o t h e r s )  are small na t ions  wi th  

a few h ighly  competent u t i l i t i e s  t h a t  are s a f e t y  conscious and thus  can be 

t ru s t ed .  The argument is t h a t  a performance-oriented approach would not  

work i n  t h e  U.S. because of t h e  uneven q u a l i t y  of t he  numerous nuc lear  

u t i l i t i e s  i n  the  U.S. 
The po in t  is v a l i d  and fundamental. There w e l l  may be u t i l i t i e s  i n  

t h e  U.S. t h a t  are j u s t  no t  competent t o  ope ra t e  such a demanding technology 

as nuclear  power. 

But t he  s o l u t i o n  t o  an incompetent ope ra to r  is not  a cookbook. The 

answer is t o  upgrade the  q u a l i t y  of t h e  ope ra to r  and then treat t h a t  person 

wi th  r e spec t .  We have learned t h a t  t r e a t i n g  workers wi th  r e s p e c t  is 
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necessary  i n  bui ld ing  r e l a t i v e l y  s imple items l i k e  automobiles.  

c r u c i a l  i n  ope ra t ing  as demanding an  item as nuclear  power p l an t s .  

It is 

Another s i g n i f i c a n t  d i f f e r e n c e  t h a t  accounts  f o r  t he  better per- 

formance overseas  is t he  g r e a t e r  a t t e n t i o n  paid t o  ope ra to r  t r a i n i n g  and 

working condi t ions .  The Japanese e s p e c i a l l y  have concent ra ted  on t h e s e  

people-oriented concerns i n  r ecogn i t ion  t h a t  p l a n t  s a f e t y  and p r o d u c t i v i t y  

depend heav i ly  i n  the  q u a l i t y  of the  workforce. 

Before TMI, n e i t h e r  t he  u t i l i t i e s  nor  the  NRC gave ope ra to r  t r a i n i n g  

enough s e r i o u s  a t t e n t i o n .  The u t i l i t i e s ,  being r e a c t i v e ,  r e f l e c t e d  t h e  

absence of NRC r egu la to ry  requirements  on ope ra to r  t r a i n i n g  before  TMI and 

d i d  not  g ive  t h a t  c r u c i a l  matter much a t t e n t i o n .  This  po in t s  up a funda- 

mental  de f i c i ency  of t h e  "cookbook" approach t o  r egu la t ion .  When the  NRC 

overlooks a v i t a l  concern,  so do the  u t i l i t i e s .  Y e t  t h e r e  is no way t h a t  a 

r egu la to ry  agency can ga in  t h e  f i r s t h a n d  knowledge of what is real ly  needed 

t o  des ign ,  bu i ld ,  o r  ope ra t e  a technology as demanding as nuclear  power. 

REGULATORY REFORM LEGISLATION PREVIOUSLY PROPOSED 

Reform of nuc lear  power r e g u l a t i o n  is not  a new sub jec t .  It is as old 

as t h e  r egu la to ry  program i t s e l f .  Arthur W. Murphy, Professor  of Law a t  

Columbia Un ive r s i ty ,  a p t l y  summarized the  s i t u a t i o n  i n  1976 (wel l  before  

TMI) i n  the  fo l lowing  language: 

Although no one has eve r  s e r i o u s l y  quest ioned the need f o r  
ex tens ive  r e g u l a t i o n  of t he  nuc lear  power indus t ry ,  the  adminis- 
t r a t i o n  of t he  r egu la to ry  program has been t h e  s u b j e c t  of 
cons t an t  controversy f o r  t h e  twenty-odd years of its ex i s t ence .  
Those s u b j e c t  t o  r e g u l a t i o n  complained t h a t  t he  r e g u l a t i o n  was 
oppres s ive ;  o t h e r s  t h a t  i t  was inadequate.  There has been a t  
least some j u s t  ice i n  both p o s i t i o n s  . 1 

From 1954 t o  1974 t h e  r e g u l a t i o n  of nuc lear  power w a s  i n  t h e  hands of 

t h e  Atomic Energy Commission, t he  agency charged with promoting the  

development of nuc lear  power. The AEC s t r e s s e d  the  promotion of a tomic 

'The Nuclear Power Controversy,  Arthur W. Murphy, Prent ice-Hal l ,  Inc.  
(19761, p. 109. 
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energy over t h e  kind of o b j e c t i v e ,  tough-minded approach, t o  s a f e t y  t h a t  t h e  

EPA has shown i n  enforc ing  the  a i r  q u a l i t y  l a w s .  

It is u s e f u l  also t o  recall  t h a t  a J o i n t  Committee on Atomic Energy 

e x i s t e d  i n  these  years .  It exe r t ed  g r e a t  i n f luence  and s a w  t o  it t h a t  

concerns about s a f e t y  were e f f e c t i v e l y  swept under the  rug. For example, 

i n  1963 the  J o i n t  Committee on Atomic Energy ordered former AEC Chairman 

David E. L i l i e n t h a l  t o  appear before  them and g ree t ed  him with h o s t i l e  

ques t ions  because he dared t o  c r i t i c i z e  i n  p u b l i c  t h e  cons t ruc t ion  of a 

l a r g e  nuc lear  power p l an t  w i th in  the  borough of Queens i n  New York City! 

Publ ic  oppos i t i on  forced the  p l a n t  t o  be shelved but  t he  a t t i t u d e  of t h e  

J o i n t  Committee and the  AEC was t h a t  any criticism by a member of t h e  

nuc lear  community w a s  l i t t l e  s h o r t  of t reason .  

The p r i n c i p a l  focus of r e g u l a t o r y  reform i n  the  e a r l y  1970s w a s  t o  end 

t h i s  r a t h e r  obvious c o n f l i c t  of i n t e r e s t .  The c r e a t i o n  of t h e  NRC as a 
s e p a r a t e  agency removed the c o n f l i c t  of i n t e r e s t  i s s u e  and s h i f t e d  the 

focus of r egu la to ry  reform t o  t h e  l i c e n s i n g  process  i n  gene ra l  and t o  means 

f o r  s t r eaml in ing  t h a t  process  i n  p a r t i c u l a r .  Thus t h e  p r i n c i p a l  advocates  

of r egu la to ry  reform s h i f t e d  from t h e  opponents of nuc lea r  power and became 

t h e  nuc lear  i n d u s t r y  i t s e l f .  

Suggest ions f o r  sho r t en ing  t h e  l i c e n s i n g  process  go back t o  1965. The 

.package advanced cons i s t ed  of measures t o  reduce the  t i m e  r equ i r ed  f o r  a 

u t i l i t y  t o  o b t a i n  a l i c e n s e .  Key i n g r e d i e n t s  were e a r l y  s i te  approval ,  

l i m i t a t i o n s  on i s s u e s  in t e rvenor s  can raise, and one-step l i cens ing .  The 

same set of proposa ls  have been r epea ted ly  presented t o  t h e  Congress by 

s u c c e s s i v e  admin i s t r a t ions  ( i n  1975, 1978, and 1982). The major a d d i t i o n  

t o  t h e  package proposed by t h e  Reagan a d m i n i s t r a t i o n  is t o  p l ace  l i m i -  

t a t i o n s  on mandating more b a c k f i t t i n g  changes on e x i s t i n g  p l an t s .  

Congress has shown very  l i t t l e  i n t e r e s t  i n  t hese  reforms, advocated by 

t h e  u t i l i t i e s  and the  nuc lear  indus t ry .  The reason is  t h a t ,  a t  leas t  s i n c e  

t h e  TMI acc iden t  i n  1979, t h i s  package of r e g u l a t o r y  reforms run almost 

d i r e c t l y  counter  t o  the  t rend  of pub l i c  opinion. The Congress c o r r e c t l y  

senses  t h a t  t h e  p u b l i c  is s t i l l  concerned about  whether t h e  nuc lea r  p l a n t s  

are s a f e  enough and oppose c u t t i n g  back on t h e  o p p o r t u n i t i e s  f o r  t he  NRC 

and t h e  in t e rvenor s  t o  "add more s a f e t y "  t o  t h e  p l an t s .  
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I .  

Indeed one of t h e  c e n t r a l  problems wi th  the  r egu la to ry  process  a t  the  

moment is t h a t  t h e  gene ra l  public--the "man i n  the  street," nea r ly  half  of 

whom appear t o  oppose new nuclear  plants--do not  f e e l  they are being heard 

i n  t h e  NRC l i c e n s i n g  process.  Regulatory reform must provide t h e  p u b l i c  

wi th  more of a f e e l i n g  t h a t  t h e i r  concerns--indeed t h e i r  fears--are being 

considered i f  nuc lear  power is t o  r ega in  p u b l i c  acceptance.  The i n d u s t r y  

needs t o  understand t h a t  easier p u b l i c  access t o  t h e  l i c e n s i n g  process  is 

i n  t h e i r  i n t e r e s t ,  and such access need not  mean unnecessary de l ay  i f  i t  

occurs  before  cons t ruc t ion  begins. as i t  would. It is counter-product ive 

t o  advocate  changes i n  the  l a w  t o  s h i e l d  t h e  r e a c t o r s  from p u b l i c  

sc ru t iny- - tha t  simply he ightens  f e a r s .  

It is q u i t e  obvious t h a t  un le s s  a r egu la to ry  reform package o f f e r s  

e lements  t h a t  appea l  t o  those concerned wi th  the  i s s u e  of s a f e t y ,  as w e l l  

as t o  those  i n t e r e s t e d  i n  reducing c o s t s ,  i t  w i l l  meet s t i f f  oppos i t i on  i n  

t h e  Congress. 

The focus has been on new l e g i s l a t i o n ,  but i n  my view it  is e n t i r e l y  

p o s s i b l e  t h a t  a h igh  percentage of t he  changes needed t o  s e r v e  the  p u b l i c  

i n t e r e s t  could be achieved by the  NRC on its own i n i t i a t i v e  without new 

l e g i s l a t i o n .  But un le s s  the  reforms are balanced and s a t i s f y  concern about  

s a f e t y  as w e l l  as economy, Congressional  i n t e r v e n t i o n  and p u b l i c  oppos i t i on  

could f r u s t r a t e  t he  i n i t i a t i v e .  One way o r  another  pub l i c  op in ion  on t h i s  

i s s u e  w i l l  be f e l t  i n  t he  shaping of a workable reform package. 

CONCLUSIONS 

1. The NRC Should E s t a b l i s h  S t r i n g e n t  Sa fe ty  Standards and Then L e t  

t h e  U t i l i t y  Run t h e  P lan t .  

There is a fundamental f l aw  i n  the  p r e s c r i p t i v e  approach t o  r e g u l a t i o n  

which assumes t h a t  p l a n t  managers and workers are not  competent. As t he  

Kemeny Commission observed, 

"The e x i s t e n c e  of a v a s t  body of r e g u l a t i o n s  by NRC tends t o  
focus indus t ry  a t t e n t i o n  narrowly on the  meeting of r egu la t ions  
r a t h e r  than i n  a sys t ema t i c  concern f o r  sa fe ty ."  [p. 201 

People i n  some parts of t h e  U.S. w i l l  say  we need an  NRC "cookbook" t o  

t e l l  our u t i l i t y  how t o  ope ra t e  the  p l a n t  because we can not  t r u s t  our 
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u t i l i t i e s  t o  be s a f e t y  conscious.  And i t  is t r u e  t h a t  some of the  u t i l -  

i t i e s  may no t  be competent enough t o  ope ra t e  a nuc lear  p l a n t  o r  t o  be 

t r u s t e d  t o  put  s a f e t y  f i r s t .  But t he  answer would not appear t o  l i e  i n  

d e t a i l e d  r u l e s  of "how t o  do it" because no r u l e  book can prevent  human 

e r r o r  o r  a n t i c i p a t e  every acc ident .  

The answer l i e s  i n  reforming t h e  management and the  work f o r c e  a t  

t hose  p l a n t s  o r  tu rn ing  the  p l a n t  over t o  a competent opera tor .  S a f e t y  ul-  

t i m a t e l y  rests on competent people i n  t h e  p l a n t  who f e e l  respons ib le .  Con- 

t i n u i n g  a system t h a t  treats everyone as incompetent and r e l i e v e s  managers 

of i n c e n t i v e s  t o  shoulder  t he  r e s p o n s i b i l i t y  f o r  s a f e t y  is a t h r e a t  t o  

s a f e t y  and a g r e a t  waste of money. 

Any system of r e g u l a t i o n  r e q u i r e s ,  of course ,  a checkup system. Today 

each  nuc lear  p l a n t  has a r e s i d e n t  8NRC i n s p e c t o r  on t h e ' j o b  fu l l - t ime.  I n  

;addi t ion ,  a u d i t o r s  come from both t h e  r e g i o n a l  o f f i c e  and Washington. This  

i s  understandable  and usefu l .  But i n  a d d i t i o n  t h e r e  are INPO, insurance  

companies, s t a t e  agencies ,  EPA, i n t e r n a l  q u a l i t y  assurance ,  occupat iona l  

h e a l t h  and s a f e t y ,  r a d i a t i o n  h e a l t h ,  and inhouse nuc lear  s a f e t y  people. A t  

.TVA's Browns Ferry p l a n t  t h e r e  were 38 a u d i t s  i n  a r ecen t  19-week pe r iod ,  

and each  r equ i r ed  follow-up r e p o r t s ,  etc. 

Obviously a c e r t a i n  amount of a u d i t i n g  is e s s e n t i a l ,  but  we may w e l l  

,have passed the  po in t  of d iminish ing  r e t u r n s  l eav ing  the  management l i t t l e  

t i m e  t o  manage. They c e r t a i n l y  f e e l  t h a t  they only have an oppor tuni ty  t o  

react . 
It is t r u e  t h a t  v i o l a t i o n s  of NRC r e g u l a t i o n s  o f t e n  r e f l e c t  real 

f a i l u r e s  t o  be s a f e t y  conscious.  And the  NRC does concen t r a t e  on t h e  

p l a n t s  they perce ive  t o  be I n  t roub le .  But a l l  p l a n t s  are sub jec t ed  t o  t h e  

same d e t a i l e d  requirements  and t h i s  r e s u l t s  i n  t h e  b e t t e r  p l a n t s  wast ing 

t i m e  and money on unnecessary red tape.  

Performance, no t  a r u l e  book, should be the  focus of regula t ion .  

The i n d u s t r i a l  world is moving toward more democracy i n  t h e  work p l a c e  

t o  achieve  q u a l i t y  and p roduc t iv i ty .  Only i n  America where nuc lear  power 

is in such p e r i l  is such a d i c t a t o r i a l  system imposed on t h e  work fo rce  

o p e r a t i n g  a technology t h a t  everyone concedes is v i t a l l y  dependent on 

o p e r a t o r s  who can th ink  and understand dur ing  an  emergency. 
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2. The Management of Poor 'Performing P l a n t s  M u s t  be Upgraded or 

Replaced . 
A f a i l u r e  of equal  or perhaps g r e a t e r  magnitude has been t h e  

r e luc t ance  of t h e  NRC t o  a s s u r e  t h a t  nuc lea r  power p l a n t s  are l i c e n s e d  on ly  

t o  h ighly  competent u t i l i t i e s .  

nuc lear  p l a n t  wi th  management and people t h a t  t h e  p u b l i c  can t r u s t .  

There is no s u b s t i t u t e  f o r  ope ra t ing  a 

It is widely bel ieved t h a t  t h e r e  are some nuclear  u t i l i t i e s  t h a t  

simply do not  possess  t h e  t e c h n i c a l  or management s k i l l s  t o  ope ra t e  nuc lea r  

power p l an t s .  There is a l s o  a growing be l i e f  t h a t  s a f e t y  and p r o d u c t i v i t y  

could be v a s t l y  improved i f  a smaller number of h ighly  competent companies 

s p e r a t e d  t h e  n a t i o n ' s  nuc lear  p l a n t s  r a t h e r  than t h e  60 s e p a r a t e  organi-  

z a t i o n s  now i n  t h e  business .  The i n d u s t r y  is j u s t  no t  t h a t  r i c h  i n  manage- 

ment ta leng .  While t h e r e  are except ions  t o  any r u l e ,  any e n t i t y  t h a t  

ope ra t e s  several nuc lear  p l a n t s  is g e n e r a l l y  b e t t e r  a b l e  t o  cope wi th  d a i l y  

t e c h n i c a l  problems and emergencies. 

There is a s t r o n g  economic i n c e n t i v e ,  as w e l l  as s a f e t y  reasons ,  f o r  

s h i f t i n g  ope ra t ing  c o n t r o l  of t he  poorer  performing nuclear  p l a n t s  t o  more 

competent managers. 

and good p roduc t iv i ty .  And the  c o s t  of t he  a d d i t i o n a l  k i l o w a t t  hours t h a t  

competent management can produce from a nuc lea r  p l a n t  is less than one c e n t  

p e r  k i lowa t t  hour--since p l a n t  investment and the  people t o  run it  are 

p resen t  r e g a r d l e s s  of t he  p l a n t  load-factor .  

There is a c o r r e l a t i o n  between good s a f e t y  performance 

There should t h e r e f o r e  be a s t r o n g  i n t e r e s t  on the  p a r t  of s tock-  

ho lde r s  and consumers of t he  u t i l i t i e s  wi th  "problem p l a n t s "  i n  b r ing ing  

s t r o n g e r  management or perhaps t r a n s f e r r i n g  management and c o n t r o l  t o  

nuc lea r  management wi th  a record  of competence. 

There are, of course ,  a number of d i f f i c u l t  l e g a l  and o p e r a t i o n a l  

i s s u e s  t h a t  need t o  be reso lved  t o  make such changes. The s e r v i c e  company 

concept is one op t ion  but by no means t h e  only one. But service companies 

do e x i s t .  And they can ope ra t e  s e v e r a l  power p l an t s .  And u t i l i t i e s  do 

o p e r a t e  p l a n t s  owned by o the r s .  The problems are by no means insuperable .  

Facing up t o  t h e  "people o r i en ted"  d e f i c i e n c i e s  is the  most u rgen t  

requirement  f o r  improving t h e  s a f e t y  of nuc lear  p l an t s .  

r e q u i r e  leg is la t ion- -but  i t  does r e q u i r e  the  NRC, INPO, and t h e  i n d u s t r y  

It does not  
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l e a d e r s  t o  agree  t h a t  d e c i s i v e  a c t i o n  is needed t o  move the  ope ra t ion  of 

nuc lea r  power i n t o  t h e  hands of t rus twor thy  e n t i t i e s .  

The NRC can p lay  a key r o l e  i n  t h i s  b a s i c  reform by r u l i n g  t h a t  such 

h ighly  competent, safety-conscious o p e r a t o r s  w i l l  not  be r egu la t ed  by a 

"cookbook" and e x e r t i n g  p res su re  on the  o t h e r  ope ra to r s  t o  make themselves 

e l i g i b l e  f o r  similar t reatment .  

3. The NRC Must Se t  Sa fe ty  Standards.  

The engineered b a c k f i t s  and upgrading of personnel  c o n s t i t u t e  a 

h e a l t h y  r e a c t i o n  t o  TMI. But they are no t  a s u b s t i t u t e  f o r  an a n a l y s i s  of 

t h e  s a f e t y  of each p l a n t  wi th  an  emphasis on o v e r a l l  p l a n t  s a f e t y  r a t h e r  

t han  p a r t i c u l a r  concerns and pieces of hardware. One technique t h a t  can 

assist in such a n . a n a l y s i s  is p r o b a b i l i s t i c  r i s k  assessment (PRA). Such 

assessments  are most u s e f u l  f o r  making comparisons among p l a n t s  and making 

q u a l i t a t i v e  judgments--less weight should be placed on t h e  q u a n t i t a t i v e  

r e s u l t s  they produce. 

The NRC has a duty  to concen t r a t e  on a plant-by-plant assessment of 

whether each p l a n t  is " sa fe  enough" by examining ope ra t ing  exper ience ,  t h e  

proximity t o  popula t ion ,  and o t h e r  r e l e v a n t  f a c t o r s .  

The NRC needs t o  f a c e  up t o  i ts  r e s p o n s i b i l i t y  t o  make a b a s i c  

judgment on the s a f e t y  of each p l a n t  i n  t h e  a f t e rma th  of TMI. That is the 

,essence of i t s  job. I f  a d d i t i o n a l  b a c k f i t s  are needed t o  p r o t e c t  t he  

p u b l i c ,  then  they should be i n s t a l l e d  on a plant-by-plant basis t o  meet 

o v e r a l l  s a f e t y  goals .  

The u t i l i t i e s  have implemented an ex tens ive  number of b a c k f i t t i n g  

improvements s i n c e  1979. I do not  be l i eve  t h a t  any cos t -benef i t  test 

should be used t o  judge backf i t s .  However, t h e  work f o r c e  a v a i l a b l e  i n  a 

nuc lea r  power p l a n t  c o n s t i t u t e s  a f i n i t e  resource  t h a t  is r a t h e r  f u l l y  

occupied. Addi t iona l  b a c k f i t s  w i l l  d i s p l a c e  o t h e r  work and add t o  t h e  

scope of an  o p e r a t o r ' s  d u t i e s .  There needs t o  be a judgment on a p lan t -  

by-plant b a s i s  as t o  whether they are r e a l l y  needed i n  the  i n t e r e s t  of  

s a f e t y .  

As s t a t e d  earlier, i t  is t i m e  t o  focus on o v e r a l l  p l a n t  s a fe ty .  Addi- 

t i o n a l  b a c k f i t s  should be ordered only  i f  needed t o  meet the  o v e r a l l  s a f e t y  

requirements  s p e c i f i e d  above. Meeting o v e r a l l  s a f e t y  goa ls  r e q u i r e s  

improvement i n  t h e  s k i l l s  of t he  o p e r a t o r s  and managers, i n s t i l l i n g  a sense  
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of r e s p o n s i b i l  ty f o r  s a f e t y  int , the management and ;work f o r c e  i n  the  p l a n t ,  

and i n s t a l l i n g  b a c k f i t s  i n  an  o r d e r l y  manner t h a t  r e f l e c t s  a p r i o r i t y  f o r  

o v e r a l l  p l a n t  s a f e t y .  

The p u b l i c  has  not  been adequate ly  informed of t he  e f f o r t s  s i n c e  t h e  

1979 TMI acc iden t  t o  make ex tens ive  improvements i n  t h e  s a f e t y  of e x i s t i n g  

r eac to r s .  A r e p o r t  p u l l i n g  the  f a c t s  t oge the r  about p l a n t  and personnel  

improvements should be prepared by a c r e d i b l e  o rgan iza t ion  (such as t h e  GAO 

o r  OTA) wi th  t h e  a b i l i t y  t o  at tract  a t t e n t i o n .  

4. The NRC Should Make Timely, Binding Decisions.  

The NRC should e s t a b l i s h  a decis ion-making process  so t h a t  u t i l i t i e s  

g e t  a t imely ,  binding r u l i n g  on i s s u e s  w h i l e  a p l a n t  or m o d i f i c a t i o n . i s  

being b u i l t .  It is i n e f f i c i e n t  and demoral iz ing f o r  t h e  NRC t o  keep t h e  

u t i l i t i e s  i n  the  dark  as to  whether they have complied wi th  NRC s t anda rds  

while  they bui ld  a p l a n t  and then come a long  years  later and t e l l  them 

they have b u i l t  i t  wrong and need t o  make very expensive and time-consuming 

changes . 
There should be one NRC person who is  r e spons ib l e  f o r  a l l  NRC s t a f f  

d e c i s i o n s  a t  each nuc lear  p l an t .  And he o r  she  should be de lega ted  t h e  

a u t h o r i t y  t o  bind the  NRC. Any d e c i s i o n s  t h a t  r e q u i r e  Commission approval  

should be promptly r e f e r r e d  t o  t h e  Commission and decided. 

The NRC badly needs more people wi th  exper ience  i n  ope ra t ing  nuc lear  

p l a n t s .  It a l s o  needs a management s t r u c t u r e  that br ings  o rde r  and a sense  

of d i r e c t i o n  t o  i t s  work. As i t  moves away from the  cookbook toward per -  

formance, i t  can and should g r e a t l y  reduce t h e  s i z e  of its s t a f f  and a t  t h e  

same t i m e  b r ing  i n  20 o r  30 t o p  notch people wi th  ope ra t ing  experience.  

LICENSING REFORM FOR NEW PLANTS 

Regulatory reform r e q u i r e s  the  development of a program t h a t  w i l l  

improve both t h e  s a f e t y  and the  economics of new p l a n t s .  The b a s i c  

i n g r e d i e n t s  of such a program f o r  new p l a n t s  are as fol lows.  

Reforms t o  S t rengthen  Sa fe ty  Requirements 

The f i r s t  s t e p  is f o r  t h e  NRC t o  e s t a b l i s h  a s tandard  f o r  new p l a n t s  

designed t o  s a t i s f y  the  pub l i c ' s  concern about  a core  meltdown type 
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acc iden t .  I n  my view the  s t anda rd  should r e q u i r e  a r e a c t o r  t h a t  is e i t h e r  

an inhe ren t ly - sa fe r  concept such as t h e  PIUS o r  a s u b s t a n t i a l l y  improved 

v e r s i o n  of e x i s t i n g  l igh t -water  r e a c t o r  des igns  wi th  a dedica ted  shutdown 

and hea t  removal system t h a t  is independent ,  s imple t o  ope ra t e ,  and reli-  

ab le .  The r i s k  of widespread harm t o  t h e  p u b l i c  should be v i r t u a l l y  e l i m -  

ina ted .  

This s tandard  should encourage t h e  development of the  PIUS and perhaps 

o t h e r  inherent ly-safer  concepts  but  permit  l i c e n s i n g  of v a s t l y  improved 

.PWRs such as the  S izewel l  B des ign  and t h e  s a f e r  BWRs being designed by GF, 

and ASEA-ATOM. 

This  s tandard  should be adopted only  a f t e r  ex tens ive  p u b l i c  d i scuss ion  

and input  t h a t  goes w e l l  beyond the  o rd ina ry  Federa l  Reg i s t e r  n o t i c e  and 

rulemaking procedures.  Key Congressional  committees should be consul ted  

and opin ion  l e a d e r s ,  beyond t h e  l i m i t e d  number t h a t  fo l low t e c h n i c a l  NRC 

i s s u e s ,  should be asked f o r  t h e i r  views on t h e  ques t ion  of how s a f e  is s a f e  

enough? 

The Commission has p lans  f o r  t h e  adopt ion  of such improved r e a c t o r s  by 

r u l e  so t h a t  it can be l i c e n s e d  without  de lay .  The r u l e  would approve t h e  

. r e a c t o r  concept and a complete design. The r u l e  should r e q u i r e  t h a t  a 

complete des ign  be submit ted before  a permit  w i l l  be i s sued  t o  commence 

+cons t ruc t ion .  This  requirement is v i t a l  t o  enabl ing  a l l  i n t e r e s t e d  persons 

and the  NRC t o  pass  judgment on t h e  des ign ,  and e a u a l l y  v i t a l  t o  enab l ing  

t h e  u t i l i t y  t o  proceed wi th  c o n s t r u c t i o n  without  de l ay  and without  back- 

f i t t i n g  changes dur ing  t h e  c o n s t r u c t i o n  per iod.  

I n  a d d i t i o n  t o  s t r i n g e n t  s a f e t y  cri teria f o r  t he  r e a c t o r ,  t h e  reform 

package must inc lude  s t r ic t  cri teria f o r  t h e  ope ra to r  of t h e  p l a n t  and a l s o  

f o r  t h e  q u a l i f i c a t i o n s  of designer-bui lder .  These c r i t e r i a  should be 

developed i n  coopera t ion  wi th  INPO and, of course ,  a f t e r  comment from a l l  

i n t e r e s t e d  persons. I be l i eve  t h a t  p a s t  performance, r a t h e r  than good 

i n t e n t i o n s ,  should be t h e  primary bas i s .  

A clear s i g n a l  should be s e n t  through these  cri teria t h a t  new nuc lea r  

p l a n t s  should be designed,  b u i l t ,  and opera ted  only by those  o rgan iza t ions  

t h a t  have achieved good s a f e t y - f i r s t  performances. 

I f  America can be assured  t h a t  new nuc lea r  p l a n t s  w i l l  be  designed t o  

be v i r t u a l l y  immune from a core  meltdown a c c i d e n t ,  and b u i l t  and operated 



25 

by highly competent, safety-conscious des igne r s ,  b u i l d e r s ,  and u t i l i t i e s ,  

then I be l i eve  t h a t  nuc lear  power w i l l  r ega in  the  pub l i c  acceptance which 

is now so badly eroded. 

S t reaml in ing  t h e  Regulat ion of t h e  New Sa fe r  P l a n t  

By r e q u i r i n g  a very s a f e  and complete des ign  and a competent o p e r a t o r ,  

t h e  l i c e n s i n g  process  can r e f l e c t  t hese  improvements and be designed t o  

a s s u r e  t h a t  unnecessary de lay  and expense are avoided. 

With a complete des ign  t h e r e  is every  reason t o  complete the  review 

before  c o n s t r u c t i o n  commences. I n  those circumstances,  t h e  des ign  of t h e  

p l a n t  would be f rozen  during the  c o n s t r u c t i o n  per iod (except  f o r  modifi- 

c a t i o n s  proposed by the  l i c e n s e e  and approved by t h e  NRC), The con- 

s t r u c t i o n  permit  hear ing  would be t he  c e n t r a l  hear ing.  Obviously, t h e  NRC 

would a u d i t  t he  c o n s t r u c t i o n  and should reform its process  t o  g ive  approval  

of items as they are b u i l t .  The procedures which Georgia Power and t h e  NRC 

are t r y i n g  o u t  a t  t h e  Vogtle p l a n t  could provide a u s e f u l  benchmark. F i n a l  

sign-off w i l l  occur  a t  completion of each of the  va r ious  phases of con- 

s t r u c t i o n .  

It is was te fu l  and con t r a ry  t o  the  i n t e r e s t s  of s a f e t y  t o  put  o f f  

address ing  ques t ions  about t h e  c o n s t r u c t i o n  of a p l a n t  u n t i l  j u s t  before  a 

p l a n t  is completed, The ope ra t ing  l i c e n s e  should not  be an occas ion  f o r  a 

hear ing  t o  review ques t ions  t h a t  need t o  be s e t t l e d  as t h e  p l a n t  is b u i l t .  

A hear ing  would appear t o  be unnecessary a t  the  ope ra t ing  l i c e n s e  s t a g e  

under t h i s  procedure. 

There is no good reason t o  restrict the  r i g h t s  of i n t e rvenor s  t o  raise 

i s s u e s  about  nuc lear  power p l a n t s .  Indeed, as mentioned earlier, i t  is 

important  t h a t  s t e p s  be taken t o  a s s u r e  t h a t  more widespread r e p r e s e n t a t i o n  

of t h e  gene ra l  p u b l i c ' s  concerns be r e f l e c t e d  i n  the  l i c e n s i n g  process.  

Toward t h a t  end, it would be u s e f u l  i f  NRC s t a f f  were ass igned  the  respon- 

s i b i l i t y  of seeking  o u t  p u b l i c  op in ion  and views of concerned and informed 

c i t i z e n s  and r e f l e c t i n g  those views i n  the  l i c e n s i n g  process.  Their r o l e  

should be t o  r ep resen t  t h e  pub l i c ,  not  t he  u t i l i t y  a p p l i c a n t ,  a l though 

hope fu l ly  i n  the  f u t u r e  the re  w i l l  no t  be as much f r i c t i o n  between the  two 

as i n  t h e  p a s t .  
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While the  pub l i c  needs t o  be heard,  those views need t o  be presented  

i n  a t imely  fash ion .  The t i m e  t o  raise i s s u e s  about the nuc lear  p l a n t s  is  

before  they are b u i l t .  The proposed approach, which would r e q u i r e  a 

complete des ign  t h a t  complies wi th  r i g i d  s a f e t y  s t anda rds ,  w i l l  a f f o r d  

everyone a chance t o  be heard i n  a t imely  fashion.  This would e l i m i n a t e  

any unnecessary de lay  by conf in ing  t h e  adversary  proceedings t o  t h e  hea r ing  

before  cons t ruc t ion  commences. 

It is  not  necessary o r  d e s i r a b l e  t o  out law a l l  changes i n  a n u c l e a r  

p l a n t .  One cannot and should not  out law new knowledge. It is a p p r o p r i a t e  

t o  guarantee  t h a t  no b a c k f i t s  would be mandated dur ing  the  c o n s t r u c t i o n  

pe r iod ,  but  t h e r e a f t e r  t he  p u b l i c  s a f e t y  r e q u i r e s  t h a t  the  NRC be a b l e  t o  

o rde r  changes needed t o  main ta in  t h e  b a s i c  s a f e t y  s tandard .  

Procedures should a l s o  a s s u r e  t h a t  once a new p l a n t  t h a t  meets 

s t anda rds  is approved, d u p l i c a t e s  of t h a t  p l a n t  would be reviewed only f o r  

l o c a l  cond i t ions  and any changes proposed by the  a p p l i c a n t  o r  r eau i r ed  on 

t h e  b a s i s  of new knowledge. The r u l e  the  NRC proposes t o  adopt f o r  new 

p l a n t  des ign  would accomplish t h i s  purpose. 

The r egu la to ry  process  f o r  ope ra t ing  the  nuc lear  p l a n t s  of t h e  f u t u r e  

should a l s o  be reformed. With s u p e r i o r  s a f e t y  b u i l t  i n t o  the  p l a n t  and an 

o p e r a t o r  wi th  a proven record of s a f e t y - f i r s t  performance, t h e  NRC should 

s p e c i f y  performance s t anda rds  and not  impose a "cookbook" of r u l e s  and 

r e g u l a t i o n s  t h a t  s p e c i f y  how t he  ope ra to r  s h a l l  run t h e  p l a n t .  The regu- 

l a t o r y  process  f o r  a l l  new p l a n t s  should fo l low t h e  p a t t e r n  i n  o t h e r  

n a t i o n s  by s t r e s s i n g  performance. The NRC s t a f f  f o r  a u d i t i n g  new p l a n t s  

should be made up of people wi th  exper ience  i n  power p l a n t s ,  people who can 

recognize  and r e s p e c t  t h e  judgment of people i n  the  p l a n t s ,  and y e t  come 

down hard when performance r e a l l y  is i n i m i c a l  t o  s a f e t y .  

% 

SUMMARY 

The ideas  advanced here  are no t  intended t o  be a b l u e p r i n t ,  but  r a t h e r  

t o  focus  the  deba te  on what I perce ive  t o  be the  e s s e n t i a l  e lements  of a 

reform package. These reforms d e a l  wi th  the  concerns of t he  nuc lear  power 

opponents as w e l l  as those of t he  proponents.  
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The p resen t  system of r e g u l a t i o n  is a f a i l u r e .  I is inadequate  from 

a s a f e t y  viewpoint.  It is wast ing b i l l i o n s  of d o l l a r s .  I cons ider  t h e  

e s s e n t i a l  reform requi red  is a bas i c  change i n  t h e  NRC's  way of doing 

business .  They should p re sc r ibe  performance s t anda rds  t h a t  focus on over- 

a l l  s a f e t y  goals .  U t i l i t y  management should be held r e spons ib l e  and those  

t h a t  do not  shape up must be removed one way or another ,  

To respond t o  t h e  f e a r s  of those concerned about nuc lear  s a f e t y ,  I 
have, proposed : 

1. 

2. 

3. 

4 .  

A s tandard  des ign  f o r  new p l a n t s  t h a t  r e q u i r e s  and encourages 
development of a r e a c t o r  t h a t  v i r t u a l l y  e l i m i n a t e s  the  r i s k  of 
widespread harm t o  the  publ ic .  

Upgrading t h e  competence of nuc lea r  p l a n t  ope ra t ions  by r e q u i r i n g  
a proven record of saf  ety-conscious management , This  means some 
u t i l i t i e s  t h a t  have not  measured up w i l l  be r equ i r ed  t o  t u r n  over  
management of t h e i r  nuclear  p l a n t  t o  a s e r v i c e  company or another  
u t i l i t y  wi th  a record of competence. 

Requiring the  NRC t o  f a c e  up t o  the  i s s u e  of how s a f e  is s a f e  
enough and t o  make a plant-by-plant judgment on the  b a s i s  of 
o v e r a l l  s a f e t y  ana lys i s .  

Broadening t h e  oppor tuni ty  f o r  p u b l i c  p a r t i c i p a t i o n  i n  NRC 
l i c e n s i n g  by p lac ing  on NRC s t a f f  the r e s p o n s i b i l i t y  f o r  
s o l i c i t i n g  and p resen t ing  views of t he  p u b l i c  gene ra l ly .  

To respond t o  the  l e g i t i m a t e  indus t ry  complaints of ove r regu la t ion ,  I 
have proposed: 

1. The e l i m i n a t i o n  of the "cookbook" mode of r e g u l a t i o n  and s u b s t i -  
t u t i n g  a r e l a t i o n s h i p  between the  NRC and i n d u s t r y  based on per -  
formance s tandards .  

2. Requiring f i n a l  approval  of t he  des ign  of new p l a n t s  before  con- 
s t r u c t i o n  begins. This  would mean no b a c k f i t s  dur ing  con- 
s t r u c t i o n  and r e s o l u t i o n  of a l l  des ign  i s s u e s  a t  a c o n s t r u c t i o n  
permit  hearing. Cons t ruc t ion  i s s u e s  are t o  be decided i n  s t a g e s  
as phases of c o n s t r u c t i o n  are completed. 

3. El iminate  a l l  a d d i t i o n a l  b a c k f i t s  on e x i s t i n g  p l a n t s  o r  t hose  
under cons t ruc t ion  unless  needed t o  meet t h e  o v e r a l l  s a f e t y  
s tandard .  
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4. Require t h e  NRC t o  es tabl ish a decis ion-making process  f o r  i t s  
s t a f f ,  under Commission d i r e c t i o n ,  t h a t  w i l l  provide t h e  
u t i l i t i e s  wi th  t imely,  d e f i n i t i v e  dec i s ions .  One s t a f f  person 
should be des igna ted  t o  be i n  charge of a l l  s t a f f  dec i s ions  f o r  
each nuc lear  p lan t .  

L e g i s l a t i o n  should not  be necessary ;  however, i t  is important t h a t  

Congress and t h e  pub l i c ,  t h e  NRC and t h e  indus t ry  reach a consensus t h a t  

t h e s e  basic reforms should be made. I f  adopted,  they would improve t h e  

s a f e t y  and e f f i c i e n c y  of e x i s t i n g  p l a n t s  and provide the  i n c e n t i v e  and 

process  f o r  new p l a n t s  t h a t  are much s a f e r  as w e l l  as more economical. 

DF : aon 
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William Ruckelshaus in his beautiful essay, Risk, Science and 

Democracy, has expressed very clearly what I shall call "The Regulators' 
Dilemma." 
emphasis from visible and demonstrable problems such as smog from auto- 

mobiles and raw sewage, to potential and largely invisible problems, such 
as the effects of low concentrations of toxic pollutants on human health. 
This shift is notable for two reasons. First, it has changed the way in 
which science is applied to practical questions of public health protection 

and environmental regulation. Second, it has raised difficult questions as 
to how to manage chronic risks within the context of free and democratic 

institutions . I* 1 

"During the past 15 years, there has been a shift i n  public 

When the concerns were patent and obvious--like smog in Los Angeles-- 

science could and did give unequivocal answers: for example, smog comes 
from liquid hydrocarbons and the answer to smog lay in controlling emis- 

sions of these substances. The regulators' course was rather straight- 
forward because the science upon which the regulator based his judgment was 
operating w e l l  w i t h i n  its p o w e r .  B u t  when the concern w a s  subtle--how much 

cancer is caused by 10 percent of background radiation--science was being 
asked a question that lay beyond its power; the question was trans- 
scientific. 

though science could hardly help him: 

Yet the regulator, by law, was expected to regulate even 
this is the Regulators' Dilemma. 

Though my essay is entitled The Regulators' Dilemma, many of the same 

issues arise in the adjudication of disputes over who is to blame, and who 

is to be compensated, for damages allegedly caused by rare events. 

Regulator's Dilemma is faced also by the toxic tort judge--indeed the 
Regulator's Dilemma could equally be called the "toxic tort dilemma." 

The 

*Presented at the National Academy of Engineering Symposium on Hazards: 
Technology and Fairness, Washington, D.C. ,  June 3-4 ,  1985. 
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This symposium, concerned with Hazards: Technology and Fairness, must 

come to grips with the Regulator's Dilemma. 

an, I am liable to be sued--but what is at issue is not whether or not I 
have injured the pedestrian. It is whether or not I am at fault in running 
into him. If the lead from my car's exhaust is alleged to cause bodily 
harm, the issue is not whether my car emitted lead but whether the lead 

actually caused the alleged harm. The two situations are quite different: 
in the first, the relation between cause and injury is not at issue; in the 

second, it is the issue. 

If my car injures a pedestri- 

In this paper, therefore, I shall try to delineate more precisely 
those limits to science that give rise to the Regulator's Dilemma; I shall 
speculate on how these intrinsic limits to science seem to have catalyzed a 
profound attack on science by some sociologists and public-interest ac- 
tivists; and I shall offer a few ideas that might help the harried regu- 

lators finesse these trans-scientific limits of science. 

, *ri  

Science and Rare Events 

Science deals with regularities in our experience; art deals with 

singularities. It is no wonder that science tends to lose its predictive 
or even explanatory power, when the phenomena it deals with are singular, 
unreproducible, and one of a kind--i.e., "rare"--rather than regular, 

reproducible, and with many instances. Though science can often analyze a 
rare event after the fact (say, the Cretaceous-Tertiary extinction) it has 
great difficulty predicting when such an uncommon event will occur. 

I shall distinguish between two sorts of "rare" events--"accidents" 
and "low-level sports. '' "Accidents" are large-scale malfunctions whose 
etiology is not in doubt, but whose a priori likelihood is very small. 
Three Mile Island, or Bhopal, are examples of "accidents." The precursors 
to these events, and the way in which the accidents unfolded are well 

understood. Estimates of the likelihood of the particular sequence of mal- 
functions is on less solid ground. As the number of individual accidents 
increases, prediction of their probability becomes more and more reli- 
able. We can predict very well how many automobile fatalities will occur 

in 1986; we can hardly claim the same degree of reliability in predicting 

the number of serious reactor accidents in 1986. 
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"Low-level sports" are rare in a rather different sense than are 
"accidents." We know that about 100 rads of radiation will double the 
mutation rate in a large population of exposed mice. How nany mutations 
will occur in a population of mice exposed to 100 mr of radiation? Here 

the mutation, if induced at all by such low levels of exposure, are so rare 
that, to unequivocally demonstrate an effect with 95 percent confidence 

would require the examination of many million mice. 
this is not impossible, in practice it is. Moreover, even if we could 

perform so heroic a mouse experiment, the extrapolation of such findings to 
humans would still be fraught with uncertainty. Thus the effects of very 
low-level insult in man are rare events whose frequency again is beyond the 
ability of science to predict with accuracy. 

Though in principle, 

When dealing with events of this sort, science resorts to the language 
of probability--i.e., instead of saying that this accident w i l l  happen on 

that date, or that a particular person exposed to a low-level insult will 
suffer a particular fate, it tries to assign probabilities for such occur- 

rences. Of course, where the number of instances are very large, or the 
underlying mechanisms are fully understood, the probabilities are them- 

selves perfectly reliable. In quantum mechanics, there is no uncertainty 
as to the probability distributions. But in the class of phenomena we are 

speaking of here, even though the likelihood of an event happening, or of a 

disease being caused by a specific exposure, is given as a probability, - the 
probability itself is very uncertain. 
demarcation between what I've called science and trans-science: the domain 
of science covers phenomena that are deterministic, or the probability of 

whose occurrence can itself be stated precisely; trans-science, the domain 

of events whose probability of occurrence is itself highly uncertain. 

One can think of a somewhat fuzzy 

"Scientific" Approaches to Rare Events 

Despite the difficulties, science has devised mechanisms for esti- 
mating, however imperfectly, the probability of rare events. For acci- 

dents, the technique is probabilistic risk assessment (PRA); for low-level 
sports, a variety of empirical and theoretical approaches have been used. 
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Probabilistic Risk Assessment (PRA). Though probabilistic risk 
assessment had been used in the aerospace industry for a long time, it 

first sprang into public prominence with Professor Rasmussen's Reactor 

Safety Study, WASH-1400, which first appeared in 1975.2 

Probabilistic risk assessment seeks to identify all sequences of sub- 

system failures that may lead to a failure of the overall system; it then 
tries to estimate the consequences of each system failure so identified. 

The output of a PRA is a probability distribution, P(C>; i.e., the proba- 

bility, P ,  per reactor year, of consequence having magnitude C. Conse- 
quences include both material damage and health effects. Usually, the 
probability of accidents having large consequences is less than the proba- 
bility of accidents having small consequences. 

A probabilistic risk assessment for a reactor requires two separate 
e'stimates: f irs t ,  an estimate of t h e  p r o b a b i l i t y  of each a c c i d e n t  

sequence, and second an estimate of the consequences--particularly the 
damage to human health--caused by the uncontrolled effluents released in 

the accident. An accident sequence is a series of equipment or human mal- 
functions: a pump that fails to start, a valve that does not close, an 
operator confusing an "on" with an "off" signal. For many of these indi- 

vidual events, we have statistical data--i.e., enough valves have operated 

for enough years so that at least in principle we can make pretty good 
estimates of the probability of failure. Uncertainties still remain since 
we can never be certain that we have identified every relevant sequence. 

Proof of the adequacy of PRA must therefore await the accumulation of oper- 

ating experience. For example, the median probability of a core melt in an 
LWR, according to the original Rasmussen report, was 5 x lO'5/RY; the 

core melt at TMI-2 occurred after only 700 reactor-years. However, "MI-2 

differed from the reactors treated by Rasmussen, and in retrospect, one 

could rationalize most of the discrepancy between the Rasmussen estimate 
and the seemingly premature occurrence at TMI-2.3 

LWRS have accumulated some 1500 years of reactor operation without a core 
melt. This performance places an upper limit on the a priori estimate of 

the core-melt probability. Thus if this probability were as high as 
10'3/RY (as had been suggested by D. Okrent),4 then the likelihood of 

surviving 1500 reactor years would not be more than 2 2  percent; otherwise 

Since TMI-2, the world's 
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put, we can say with 78 percent confidence that thehcore-melt probability 

is not as high as 1 in 1000 reactor years. With 500 LWRs on line in the 
world, should we survive until 2000 without another core melt, we could 

then say with 95 percent confidence that the core-melt probability is not 
higher than 1 in 3000 reactor years. In the absence of such experience, 

one is left with rather subjective judgments. Although the Lewis critique 
of Rasmussen's study5 asserted that it could not place a bound on the 

uncertainty of PRA, Rasmussen has argued that his estimate of core-melt 
probability might be in error by about a factor of 10--that is, the 

probability may be as high as 1 in 2000 reactor-years or as low as 1 in 

200,00O/RY. 
without a core melt, say with about 78 percent confidence that Rasmussen's 
upper limit (1 in 2000/RY) is not too optimistic. And if we survive to 
2000 without a core melt, the confidence level with which we can make this 
assertion rises to 95 percent. Our confidence in probabilistic risk 
analysis can eventually be tested against actual, observable experience; 
but until this experience has been accumulated, we must concede that any 
probability we predict must be highly uncertain. To this degree our 
science is incapable of dealing with rare accidents, but time--so to 
speak--annihilates uncertainty in estimates of accident probability. 

As we see, we can, after 1500 reactor years of operation 

Unfortunately time does not annihilate uncertainties over consequences 
as unequivocally as it does frequency of accidents. A large reactor or 
chemical plant accident, can cause both immediate, acute health effects, 
and delayed, chronic effects. If the exposure either to radiation or to 
methyl isocyanate is high enough, the effect on health is quite certain. 

For example, a single exposure of about 400 rads will cause about half of 
those exposed to die. On the other hand, in a large accident there will 

also be many who are exposed to smaller doses, indeed to doses so low that 
the dose response is practically indeterminate. At Bhopal, 200,000 people 

were exposed to MIC and recovered. We cannot say positively whether or not 
they will suffer some chronic disability. 

The very worst accident envisaged in the Rasmussen study, with a 

probability of 10'9/RY, led to an estimated 3300 early fatalities, 

45,000 early illnesses, and 1500 per year delayed cancers among 10 exposed 
people. Almost all of the estimated delayed cancers are attributed to 

7 
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exposures of less than 1000 milliroentgens per year--a level at which we 

are very hard put to estimate the risk of inducing cancer. Similarly, the 
American Physical Society's critique6 of the Rasmussen Study attributed an 
additional 10,000 deaths over 30 years among 10 million people exposed to 

Cs135 laid down in a very large accident. The average exposure in this 
case was 250 millirem per year, again a level at which our estimates of 
dose-response are extremely uncertain. 

Has the nuclear community, particularly its regulators, figuratively 

shot itself in the foot by trying to estimate the number of delayed casu- 
alties as a result of these low-level exposures? In retrospect, I think 

* the Rasmussen study would have been on more solid ground had it confined 
its estimates on'ly to those health effects that resulted from exposures at 
higher levels, where science makes reliable estimates; for the lower ex- 
posures the consequences could have been stated simply a5 the number of 

man-rems of exposure of individuals whose total exposure did not exceed, 
say, 5000 mr, without trying to convert this number into numbers of latent 
cancers. Thus health consequence would be reported in two categories: for 
highly exposed individuals, the number of health effects; for slightly 
exposed individuals, the total man-rems or even the distribution of ex- 

posures accrued by the large number of individuals so exposed. Perhaps 
some scheme such as this could be adopted in reporting the results of 

future probabilistic risk assessments: it at least has the virtue of being 
more faithful to the state of scientific knowledge than does the present 

convention. 

Low-level Exposure 

In both of my examples of accidents (Bhopal and reactors) many people 

are exposed to low level insult; the uncertainties inherent in estimating 

the effects of such low-level exposure are heaped on top of uncertainties 

in estimating the probability of the accident that might lead to the ex- 
posure in the first place. 

Science has exerted great effort to ascertain the shape of the dose- 
response curve at low doses--but very little, if anything, can be said with 
certainty abogt the low dose response. Thus to quote the 1980 report 
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(BEIR-111)  of the National Academy of Sciences, The Effects on Populations 

of Exposure to Low Levels of Ionizing Radiation, "The Committee does not 
know whether dose rates of gamma or x-rays of about 100 mrads/yr are 
detrimental to man.... It is unlikely that carcinogenic and teratogenic 

effects of doses of low-LET radiation administered at this dose rate will 
be demonstrable in the foreseeable future." All of which prompted 
President Handler to comment in his letter of transmittal to EPA, "It is 
not unusual for scientists to disagree...(and)...the sparser and less 

reliable the data base, the more opportunity for disagreement.... The 
report has been delayed...to permit time...to display all of the valid 

opinions rather than distribute a report that might create the false 

impression of a clear consensus where none exists 
This forthright admission that science can say little about low-level 

insults I find admirable. It represents an improvement over the unjus- 
tified assertion in the BEIR- I1  report of 1972 that 170 millirems per year 
over 30 years, if imposed on the entire U.S. population would cause between 
3,000 and 15,000 cancer deaths per year.8 

estimated upper limit--which amounts to 1 cancer per 2500 man-rems; I 
regard the lower limit different from zero as being unjustified--and as 

having caused great harm. The proper statement should have been, at 
170 mr/yr, we estimate the upper limit for the number of cancers to be 

15,00O/yr; and the lower limit might be zero. 

I do not quarrel with the 

Since the appearance of the BEIR reports, two other developments have 

added to the burden of those who must judge the carcinogenic hazard of low 

level insults: (1) natural carcinogens, and (2) ambiguous carcinogens. 
Natural carcinogens. I s  cancer "environmental" in the sense of being 

caused by technology's effluents, or is cancer a natural consequence of 
aging? 
viewpoint: 
primarily environmental etiology for cancer, today the view that natural 

In the past few years I believe we have seen a remarkable shift in 
whereas 15 years ago most cancer experts would have accepted a 

carcinogens are far more,important than are manmade ones has gained many 
converts. Bruce Ames, in-his famous Science article which was illustrated 

by Robert Indiana's modern painting, Eat-Die, marshalled powerful evidence 
that many of our most common foods contain carcinogens.9 
Totter, supported by the late Philip Handler, has offered epidemiological 

Indeed, John 
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evidence for the oxygen radical theory of carcinogenesis: that we grow 
older and eventually get cancer because we metabolize oxygen; and oxygen 

radicals can play havoc with our DNA.l0 As such views of the etiology of 
cancer acquire scientific support, I should think that the transcientific 
question, How much cancer is caused by a tiny chemical or physical insult, 
will be recognized as irrelevant. One doesn't swat gnats in the face of a 

stampeding elephant. 

Ambiguous carcinogens. To further complicate the cancer picture, I 
call your attention to evidence that some agents, such as dioxin, various 

dyes, and even moderate levels of radiation, seem to diminish the incidence 
of some cancers at the same time they increase the incidence of others--so 
that the lifespan of the treated animals on average exceeds that of the un- 

treated ones.ll 
#14 given to leukemia-prone female F344 rats, which completely suppresses 

leukemia (which is always fatal) but causes liver tumors, most of which are 
benign. 

A most striking example given by Haseman, is yellow dye 

I mention these two findings--or perhaps points of view--to stress my 
underlying point, that where we are concerned with low-level insult to 
human beings, we can say very little about the cancer dose-response curve. 
Saying that so many cancers will be caused by so much low-level exposure to 

so many people, a practice that terrifies many people, goes far beyond what 
science actually can say. 

How Science Reacts to Intrinsic Uncertainty 

Does the scientific community accept the notion that there are in- 

trinsic limits to what it can say about rare events: that as events become 

rarer, the uncertainty in the probability of occurrence of a rare event is 
bound t o  grow? Perhaps a better way of framing this question is--Of what 
use can we put the tools of scientific investigation of rare events--say, 

probabilistic risk analysis and large-scale animal experiment as surrogates 
for epidemiological inquiry--if we concede that we can never get definitive 

answers? 
For probabilistic risk analysis, I should say that an uncertainty as 

high as a factor of ten is often useful, especially if one uses the PRA for 
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comparing risks. For example, the 1500 reactor years already experienced 
since TMI suggests that a reactor core melt probability is likely to be 

less than 10'3/yr and may well be as low as PRA predicts, less than 

10'4/yr. 
based on many hundreds of thousands of dam years (and where time has 
annihilated uncertainty), is around 10'4/yr. 
we can judge roughly how safe reactors are compared to dams. 

This is to be compared with dam failures whose probability, 

Even with this uncertainty, 

When one compares the relative intrinsic safety of two very similar 

devices--like two water-moderated reactors--PRA is on much more solid 
ground. Here one is not asking for absolute estimates of risk, but rather 

' estimates of relative safety. If the reactors, A & B, differ in only a few 
details--say reactor A has two auxiliary feed water trains whereas B has 
only oneL-the ratio of core-melt probabilities ought to be mucb more relia- 
ble than their absolute values, since the ratio requires an estimate of 

failure of a single subsystem, in this case, the extra A F W  on reactor A. 

I 

Not only can one say with reasonable assurance how much safer Reactor 

A is than Reactor B, one can, as a result of the detailed analysis, 
identify the subsystems which contribute most to the estimated failure 

rate. Even if PRA is inaccurate, it is very useful in unearthing 
deficiencies: 

revealed by PRA have been corrected is safer than one in which they have 
not been corrected, even if one is unwilling to say how much safer. 

one can hardly deny that a reactor in which deficiencies 

Somewhat the same considerations apply to low-level insult. An agent 

that does not shorten lifespan at higher dose w i l l  not shorten lifespan at 
lower dose. 
more likely to be a carcinogen at low dose than one that is a less powerful 

high-dose carcinogen. Thus animal experiments surely are useful in de- 

An agent that is a very powerful carcinogen at high dose is 

ciding which agents to worry about, which not to worry about. 

course the Ames test has made at least some preliminary screening of car- 
cinogens more feasible. 

identifying agents that at high dose may be carcinogens, as it is prohibit- 

ing exposures far below levels at which no effect can be, or ever will be, 
demonstrated. The regulator and the concerned citizen is inclined to lean 
over backward so far as to approve the Delaney amendment, which forbids in 

And of 

The difficulty today seems to be not so much 
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interstate commerce any carcinogenic agent in food, without ever saying 
anything about allowable levels or relative risks of, say, cancer induction 
by nitrosoamines and digestive disorders caused by meat untreated with 
nit rites ! 

The Delaney Amendment is the worst example of how a disregard of an 
intrinsic limit of science can lead to bad policy by overenthusiastic 

politicians. Harvey Brooks has often pointed out that one can never prove 
the impossibility of an event that is not forbidden by a law of nature. 
Most will agree that a perpetuum mobile is impossible because it violates 
the laws of thermodynamics. 
humans is a proposition that violates no law of nature: hence many, even 

within the scientific community, seem willing to believe that this possi- 

bility is something to worry about! 
Delaney Amendment. 

That one molecule of PCB may cause a cancer in 

It was this error that led to the 

The Attack on Science from the Sociology of Knowledge 

When is an event so rare that the prediction of its occurrence forever 

lies outside the domain of science, i.e., within the domain of trans- 
science? Clearly we cannot say, and perhaps as science progresses, this 

boundary between science and trans-science recedes towards events of lower 
frequency. But at any stage, the boundary is fuzzy, and much scientific 
controversy boils over deciding where that boundary lies. One need only 
read the violent exchange between Professors Radford and Rossi over the 

risk of cancer from low levels of radiation to recognize that, where the 
facts are obscure, argument--even ad hominem argument--blossoms. Indeed 
Alice Whittemore in her "Facts and Values in Risk Analysis for 

Environmental Toxicants has pointed out that at this "rare event" 

boundary between science and trans-science, facts and values are always 
intermingled. 

it inevitably leads to proliferation of nuclear weapons (which is a common 
basis for opposition to nuclear energy) is likely to judge the data on 

induction of leukemia from low-level exposures at Nagasaki differently than 

is a scientist whose whole career has been devoted to making nuclear power 
work. 
ambiguous and the social and political stakes are high. 

A scientist who believes that nuclear energy is evil because 

Cognitive dissonance is all but unavoidable when the data are 
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No one would dispute that judgments of scientific truth are much af- 
fected by the scientists' value,system when the issues are at or close to 

the boundary between science and trans-science. On the other hand, as the 

matter under dispute moves away from that border into the domain of 

science, most would claim that the scientist's extra-scientific values 
intrude less and less. 

agree on the effectiveness of a Ballistic Missile Defense, but they agree 
on the cross-section of U235 or the lifetime of the pi-meson. 

Soviet scientists and American scientists may dis- 

This all seems obvious, even trite. Yet in the past decade or so, a 

school of Sociology of Knowledge has sprung up in the United Kingdom which 
claims that "scientific views are determined by social ("external") con- 

ditions, rather than by the internal logic of scientific tradition and 
inherent characteristics of the phenomenal world," l3  or ". . .all knowledge 
and knowledge claims are to be treated as being socially constructed: 
genesis, acceptance, and rejection of knowledge (is) sought in the domain 

of the Social World rather than.. . the Natural World. "14 
The attack here is not on science at the border, in particular, the 

prediction of the frequency of rare events. At least the more extreme of 
the sociologists of knowledge claim that the traditional ways of estab- 

lishing scientific truth--by appealing to nature in a disciplined manner-- 
is not how science really works even in situations very far from the 

science/trans-science border. Scientists are seen as competitors for 
prestige, for pay, €or power, and it is the interplay between these con- 

flicting aspirations, not the working of some underlying scientific ethic, 
that defines scientific "truth." To be sure,. these attitudes towards 
science are not widely held by practicing scientists at the center of 
scientific activity; however, they are taken seriously by many political 
activists who, though not in the mainstream of science nevertheless exert 

important influence on other institutions--the press, the media, the 

courts--which ultimately influence public attitudes toward science and its 
technologies. 

If one takes such a caricature of science seriously, how can one trust 
If scientific truth, even at the core of science, is decided by an expert? 

negotiation between individuals in conflict because they hold different 
non-scientific beliefs, how can one say that this scientist's opinion is 
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preferred to that one's? And if the matter at issue moves across the 

science/trans-science boundary, where all we can say with certainty is that 
uncertainties are very large, how much less able are we to distinguish 
between the expert and the charlatan, between the scientists who tries to 
adhere to the usual norms of scientific behavior, and the scientist who 

suppresses facts that conflict with his political or social or moral 
preconceptions. 

I don't think it will do to define a new branch of science, "regula- 
tory science," in which the norms of scientific proof are less demanding 
than are the norms in ordinary science. 

honest and straightforward way of dealing with the intrinsic inability of 
I should think that a far more 

science to predict the occurrence of rare events is to concede this limi- 
tation, and not to ask of science or scientists more than they are capable 
of providing. Regulators instead of asking science for answers to un- 
answerable questions, ought to be content with less far-reaching answers; 

where uncertainty bands can be established, regulate on the basis of uncer- 
tainty; where uncertainty bands are so wide as to be meaningless, recast 
the question so that regulation does not depend on answers to the un- 
answerable. And, since these same limits apply to litigation the legal 
system ought, much more explicitly than it has heretofore, to recognize 
that science and scientists often have little to say, probably much less 

than some scientific activists would admit. 

The bona fides of scientific adversaries often is at the heart of 
litigation over personal injury alleged to be caused by subtle, low-level 
exposures. Each side presents witnesses whose scientific credentials are 

regarded as impeccable by the side the witnesses are supporting. 

issues themselves tend to be trans-scientific, one can hardly decide the 
validity of the "scientific" assertions of either side's witnesses. 

the circumstances, I suppose one is justified in regarding a scientific 
witness no differently than any other witness: 

by his past record, behavior, and general demeanor, as well as the self- 

consistency of his testimony. Such, at least, was the way in which Judge 
Patrick Kelley settled the Johnston VS. United States case, by impugning, 

on grounds no different from those one would invoke in an ordinary lawsuit, 

the competence if not the integrity of one side's scientific witnesses. 

Since the 

Under 

his credibility is judged 
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Finessing Uncertainty 
, . I 

Various approaches for finessing uncertainty can be identified. I 
shall briefly describe two of these--the Technological Fix and De Minimis-- 
without claiming that these are the most important, let alone the only 
ones. 

Technological Fix. Science cannot predict exactly the probability of 
a serious accident in a light water reactor, or the likelihood that a 

radioactive waste canister in a depository will dissolve and release activ- 
ity to the environment. Can one design reactors or waste cans for which 

the probability of such occurrences is zero--or at least which depend, to 
prevent such mishaps, on immutable laws of nature that can never fail 

rather than on incompletely reliable intervention of electromechanical 
devices? Surprisingly, this approach to nuclear safety has come into 
prominence only in the past 5 years. K. Hannerz15 in Sweden and G.H. 
LohnertlG in Germany have each proposed reactor systems, PIUS and the 

modular High Temperature Gas Cooled Reactor, whose safety does not depend 

on active interventions, but rather on passive, inherent characteristics. 

Though one cannot say that the probability of mischance has been reduced to 
zero, there is little doubt that the probabilities are several, perhaps 

three, orders of magnitude lower than the probabilities of mischance for 
existing reactors. 
of inherent safety, their adoption would avoid much of the hassle over 
reactor safety, Price-Anderson, repetition of Three Mile Island, etc. In 
short, such a technical f i x  enables one largely to ignore the uncertainties 
in any prediction of core melt probabilities. 

To the extent that such reactors embody the principle 

The idea of incorporating inherent or passive safety in the design of 
chemical plants had been proposed, unbeknownst to the nuclear community, by 

Professor Theodore Kletz of the Loughborough University of Technology in 
1974,17 shortly after the disaster at the Flixborough cyclohexane plant, 
which killed 28 people. I should think that one of the main consequences 
of the Bhopal disaster will be incorporation of inherent safety into new 

chemical plants; again, a way of finessing uncertainty in predicting 
failure probabilities. 
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De Minimis. A perfect technical fix, such as’a totally safe reactor, 
or a crash-proof car, is usually not available, at least at an affordable 

cost. Some low levels of exposure to materials that are toxic at high 
levels are inevitable, even though we can never accurately establish the 

risk of such exposures. One way of dealing with this situation is to 
invoke the principle of de minimis. This principle, as exposed by H. Adler 
and A. Weinberg,18 argues that for insults that occur naturally and to 
which the biosphere has always been exposed, and presumably to which it has 

adapted, one should not worry about any additional manmade exposure - as long 
as the manmade exposure is small compared to the natural exposure. The 

basic idea here is that the natural level of a ubiquitous exposure (like 
cosmic radiation), if it is deleterious, cannot have been very deleterious 

since in spite of its ubiquity, the race has survived. Moreover, we 
concede that we do not know and can never know, what the residual effect of 

natural exposure really is. An additional exposure that is small compared 
to the natural background ought to be acceptable; at the very least, its 

deleterious effect if any, can never be determined. 
‘6 Adler suggested that for radiation whose natural background is well 

known, one might choose a de minimis level as the standard deviation of the 

natural background. This turns out to be around 20 percent of the mean 
background, around 20 mr/yr, and this value has been used as the EPA 

standard for exposure to the entire radiochemical fuel cycle. 

-- -- -- 

We know more about the natural incidence and about the biological 
effects of radiation than we do for any other agent. It would be natural 
therefore to use the standard established for radiation as a standard for 

other agents. 

Sweden, who has suggested that for naturally-occurring carcinogens such as 

arsenic, chromium and beryllium, one might choose a de minimis to be, say, 

10 percent of the natural background. l9 

This approach has been used by Professor Westermark of 

Clearly, a de minimis level will always be somewhat arbitrary. Never- 

theless, it seems to me that unless such a level is established, we shall 
forever be involved in fruitless arguments, the only beneficiary of which 

will be the toxic tort lawyers. 
applied in litigation in much the same way it might be applied to 

regulation--i.eq if the exposure is below de minimis, then the blame is 

Could the principle of de minimis be 
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intrinsically unprovable and cannot be litigated? I would imagine that the 
legal de minimis might be setihigher than the regulatory de minimis; for 

example, the legal de minimis for radiation might be the background (since 
the B E I R - I 1 1  concedes there is no way of knowing whether or not such levels 

are deleterious). 
simply on grounds of erring on the side of safety. 

The regulatory de minimis could justifiably be lower, 

One approach might be to concede that there is some level of exposure 
that is "beyond demonstrable effect" (BDE). This defines a "trans- 
scientific" threshold. A de minimis level might then be established at 
some fraction, say 1/10, of this BDE level. 

previously quoted value of 100 mr/yr of low LET radiation as the BDE level 
for somatic effects, then a de minimis for low LET might be set at 

10 mr/yr. Of course such a procedure would evoke much controversy as to 
what is the BDE level, or whether 10 is an ample safety factor. This ex- 

ample demonstrates, however, that at least in the case of low level 
radiation, a scientific committee was able to agree on a BDE level. As for 
the safety factor of 10, this cannot be adjudicated on scientific grounds. 
The most one can say is that tradition often supports a safety factor of 

10--for example, the old standard for public exposure (500 mr/yr) was set 
at 1/10 of the tolerance level for workers (5000 mr/yr). 

For example, if we take the 

Can a principle of de minimis be applied to accidents? What I have in 
mind is the notion that accidents that are sufficiently rare might be re- 
garded somehow in the same category as Acts-of-God, and compensated ac- 

cordingly. We already recognize that natural disasters should be compen- 

sated by the society as a +whole. 

occurrence requires an exceedingly unlikely sequence of untoward events 
might also be regarded as an Act of God. 
be modified so that, quite, explicitly, accidents whose consequences ex- 

ceeded a certain level, and whose probability as estimated by PRA would be 
less than, say, lO'g/yr, would be treated as Acts of God. 

in excess of the amount stipulated in the revised act would be the 
responsibility of Congress. 

biliites, would be negotiable, and perhaps would be revised every 10 years 
or SO. 

bility of the order of 

One can argue that an accident whose 

Thus the Price-Anderson Act might 

Compensation 

The cut-off for compensation, or for proba- 

One not entirely fanciful suggestion might be to set any proba- 
to lo'* per year to be a de minimis 
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cut-off, this being the frequency at which the earth may have been visited 
by the cometary asteroids which may have caused the geologic extinctions. 

Conclusions 

The reader must be aware that, as in most such questions, identifying 

and characterizing the problem is easier than solving it. That the regu- 

lators' and the toxic torts dilemma is rooted in science's inability to 
predict rare events cannot be denied. How to get the regulator and the 
toxic tort judge off the horns of the dilemma is far from easy, and my two 

suggestions are offered tentatively and with diffidence. 
Equally obvious is the intrinsic social dimension of the issue. In an 

open, litigious democracy such as ours, any regulation, any judicial de- 
cision can be appealed, and if the courts offer no redress, in principle, 

Congress can; but these mechanisms are ponderous. The result seems to me 
to be a gradual slowing of our technological-social engine--enmeshed more 

and more in fruitless argument over irresolvable questions. 
Western society was debilitated once before by such fruitless tilting 

with Don Quixotian windmills. I refer of course to the devastating cam- 
paign against witches of the 14th to the early 17th centuries. As William 
Clark has put it so vividly, in this period society took for granted that 
death, disease, and crop failure could be caused by witches.20 
such catastrophes one had to burn the witches responsible for them--and 

some million innocent witches were burned as a result. Finally in 1610, 
the Spanish Inquisitor Alonzo Salazar y Frias realized there was no demon- 
strated connection between catastrophe and witches. Though he did not 

prohibit their burning, he did prohibit use of torture to extract con- 
fessions. The burning of witches, and witch-hunting generally declined 

precipitously. 

To avoid 

I have recounted this story many times by now. Yet it still seems to 

me to capture the essence of our dilemma: the connection between low-level 

insult and bodily harm is probably as difficult to prove as is the con- 

nection between witches and failed crops. 
has allowed this issue to emerge as a serious social concern, I regard as 
an aberration, which in the modern context, is hardly less fatuous than 

That our society nevertheless 
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were the witch hunts of the Middle Age. That dark phase in Western society 
died out only after several centuries. I hope our open, democratic society 
can regain its sense of proportion far sooner and can get on with managing 
the many real problems we always will face rather than waste our energies 
on essentially insoluble, and by comparison, intrinsically unimportant, 
problems. 

I AMW:bc 
Revised 6-12-85 
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