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�I. ·DOf(t 
c.. I 

The National Academy of Sciences was established in 1863 
by Act of Congress as a private, nonprofit, self-governing 
membership corporation for the furtherance of science and 
technology, required to advise the federal government upon 
request within its fields ·of competence. Under its 
corporate charter the Academy established the National 
Research Council in 1916, the National Academy of 
Engineering in 1964, and the Institute of Medicine in 1970. 
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FOREWORD 

Robert R. White 
Director, Academy Forum 

3 

Three major determinants in the future of nuclear 
energy are: the effects of nuclear radiation, the 
management and disposal of nuclear wastes, and the safety 
of nuclear reactors. The Academy Forum has convened three 
public discussions relating to nuclear energy: "Nuclear 
Radiation: How Dangerous Is It?" ( September 1979}, 
"Nuclear Waste: What To Do With It?" (November 1979}, 
and this publication reports the third, held on May 5, 
1980, entitled "Nuclear Reactors: How Safe Are They?" 

The development and use of nuclear reactors present a 
dilemma. The low probability of a major reactor accident 
combined with its high potential impact require decisions 
that are difficult and unique. 

The Academy Forum provides a public platform for the 
illumination and discussion surrounding the uses of 
science and technology. Its sources of funding are as 
diversified as the viewpoints of the panelists and the 
audience. 
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INTRODUCTION 

Daniel E. Koshland, Jr. 

Professor of Biochemistry 
University of California, Berkeley 

I would like to welcome you all to the Academy Forum, 
an institution that the National Academy of Sciences has 
established to discuss issues at the borderline between 
scientific expertise and societal values. 

We have an interesting and perhaps easier mandate than 
some other Academy committees in the sense that we do not 
have to come to a specific conclusion. The purpose of the 
Forum is to discuss these issues, to bring together 
experts with a wide variety of viewpoints, to clarify 
those issues on which there is consensus, and to clarify 
the source of disagreement on those issues for which there 
is no consensus. 

Among the issues we have dealt with in the past are the 
ethics and practice of human experimentation, the problems 
of coal, the problems of drug and food safety, and 
research with recombinant DNA. This Forum is part of a 
series on nuclear energy. 

We have found from past practice that it is best to 
keep the Forum focused on one issue rather than allowing 
the discussion to wander widely with its participants 
operating from different bases or hypotheses that are 
never clarified. Some of you may say that we illuminate 
only part of the problem, and you would be correct. 

\ie have had two previous Forums in this series. The 
first was on the health hazards of radiation. It dealt 
with the decrease in life expectancy or increase in 
disease from radiation spewed into the atmosphere in an 
accident or from radiation present in the background for 
workers in a nuclear plant. The second Forum was on the 
question of nuclear waste disposal. I mention the matters 
already covered in those Forums only because it may help 
us confine this discussion to reactor safety. 

The panel has met informally and has agreed on three 
main questions on which to center the discussion. They 
are: 

1. �fuat are the risks in the operation of 
nuclear reactors, and what is the 
probability that each of these risks will 
occur? 

2. \�at criteria are available for judging the 
acceptability of risks in a nuclear reactor 
accident, and how do they compare with 
alternate societal operations? 
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3. Are there ways of reducing risks in the 
future and, if so, what are they? 

It is our tradition to have an open session in which 
panelists and members of the audience can participate in 
discussion of any other questions that are relevant and 
are not covered under the ones I have just listed. The 
format we will use is as follows. Each panel member will 
be given an opportunity to state his views on the first 
question. We will then give the panelists a short time in 
which they can cross-examine each other or add comments, 
and then we will have questions from the audience. At the 
end of that period we will go on to the second question, 
and then to the third so each question will be a unit in 
itself. At the end we will come back to the general 
subject. 

I 'd like to turn to the panel now and ask them to 
approach the first question: What are the risks in the 
operation of nuclear reactors, and what is the probability 
that each of these risks will occur? 

HAROLD w. LEWIS: I guess my job is to start by laying 
out what we now know about the risk of nuclear accidents, 
and I'll try to do it in a way that will not overly 
infuriate my fellow panel members. Just so that we know 
what it is we're talking about, there are several points 
that have to be made. 

First, the word "risk" is, of course, a word that has 
both emotional and technical content. In the technical 
content what we mean by risk usually includes both the 
probability of an accident and the consequences of an 
accident. The risk of my getting killed by going over 
Niagara Falls in a barrel is very small because I'll never 
do it and so you have to separate those two things. 

Now, in the nuclear case it's much easier, although 
there is still some controversy, to calculate the 
consequences of an accident. Let me outline what we know 
and where we are on calculating the probability of an 
accident. 

Popular attention has always been focused in the 
nuclear debate on the largest possible accident, which is, 
of course, the one of which most people are most afraid. 
Yet, it's probably one of the least likely of the 
accidents. Approximately 8 years ago, the Atomic Energy 
Commission commissioned probably the best study that had 
been done so far on the likelihood of a nuclear accident, 
using the best tools of the trade available at the time. 
A report was produced that has a lot of defects in it: it 
simply tries to go through the technology of a reactor and 
ask what different things there are that can go wrong and 
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what the l i k e l i hood o f  each i s. I t i s n ' t  a ve ry exac t 
sc i ence. The r epo r t  i s  u s u a l ly c a l l ed the Ra smu s s e n  
Repo r t  o r  the Re ac tor Sa fety Study . One o f  the 
conc l u s i ons  wa s that an acc iden t has  to go  a s  far a s  
hav i ng the r e actor  co r e  me l t  be fo r e  i t pr od uces  a thr e a t  
to the hea l t h  and s a f e ty o f  t h e  publ ic . I t ' s  pe r haps a 
b i t  que s t i onable i n  v i ew o f  Thr e e  M i le I s land . 

The proba b i l i ty that  was obta i ned i n  that r epor t was 
that  t h i s  i s  l i k e ly to happen once i n  2 0 , 0 0 0  reac to r 
yea r s. We now have 7 0  r e ac tor s ope r a t i ng . If you 
ex t r apo l a te to a total o f  150 ,  tha t means some th i ng on the 
o rd e r  of one c o r e -me l t  acc ident  in 1 0 0  yea r s ,  ve ry , ve ry 
roughly spea k i ng , and then on top of that a co r e -me l t  
acc id e n t  need n o t  h u r t  anybody. The re  a r e  o the r 
c a l c u l a t ions o f  the consequences  that we ' l l be g o i ng i nto  
i n  g r eat  d e ta i l  l a te r . 

Now , the n umbe r 2 0 , 0 0 0  i sn ' t  a l l  that good , and the r e  
have been subsequent s t ud i e s  a s k i ng whe the r i n  fac t the 
g r oup tha t made that  c a l c u la t ion wa s h ig h , low , 
i nd i f fe r en t , impe r fec t , and so fo r t h. I t h i n k  the 
con s e n s u s  of mo s t  people , not  all but  mos t people , who 
have s t ud i ed i t  c a r e f u l ly s i nce then has been that the r e  
i s  n o  ev idence  tha t t h a t  numbe r i s  e i ther  h i g h  o r  low , bu t 
that  i t  i s  l e s s  ce r t a i n  than the g r oup tha t d id the s t udy 
t hought a t  the t ime. They thought i t  was w i th i n  a fac tor 
o f  f i ve: tha t is  to say , it  could be f i ve t ime s h i ghe r or 
f i ve t ime s lowe r. Mos t  people th i n k  it  could be off by 
mo r e  than tha t , bu t mos t  people do not be l i eve tha t the r e  
i s  any r e a l  ev idence that the probab i l i ty i s  h igher  o r  
lowe r . I be l i eve t h a t  i t  i s  a fa i r  number  to beg i n  t h e  
deba te w i th a s  t he pr obab i l i t y  o f  a c o r e -me l t . 

You have hea rd a g r ea t  deal i n  a pr e v i o u s  Fo r um abou t  
the effec t s  o f  low leve ls  o f  r ad i at ion: I couldn ' t  r epe at 
that he r e . The r e  are  ex t r a  fac to r s  that go i n to the 
l i k e l i hood o f  hu r t i ng people , wh ich we w i l l  be  t a l k ing 
abo u t . I would pr opose that  we s ta r t  o u t  by s ay i ng tha t 
the pr obab i l i ty o f  a c o r e - me l t  i s  some t h ing l i k e  wha t the 
Reac tor S a f e ty Study s a id and go on f r om the r e . 

JAN BEYEA: I am one of those few people Dr. Lew i s  
men t i oned who h a s  found that the r e  i s  evidence that the 
Re acto r S a f e ty Study wa s low i n  i ts e s t ima t e  of the 
probab i l i ty of a mel tdown acc ident and breach of 
con t a i nmen t . The b e s t  evid ence i s  t he Three M i le I s l ana 
(TM I ) acc ident i ts e l f. When I go bac k and look at the 
pr ed ic t i on i n  the Reactor S a f e ty S t udy , I find the 
e s t imate that a s e r ious  los s - o f -coolan t acc ident  s hould 
occ u r  every 4 , 0 0 0  r eac tor yea r s  o f  cumu l a t i ve ope r a t ions . 
In fac t , TMI (wh i ch ce r t a i n ly wa s a s e r ious  
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loss-of-coolant accident) occurred after 400 reactor 
years• experience. 

The unexpected occurrence of the Three Mile Island 
accident suggests to me that the Reactor Safety Study was 
too conservative in its estimate of the number of events 
that could lead to a meltdown at least by a factor of 10. 
I would argue, therefore, that we should not treat the 
report as the definitive work on accident probability. 

Instead of arguing whether or not the 1 in 20, 000 
estimate for the chance of a meltdown {per reactor per 
year) is high or low, I think we should concentrate our 
attention on setting a range of accident probabilities-­
perhaps 1 in 2, 000 to 1 in 200, 000. There can be broader 
agreement among technical people about the range than 
there can be about the best single value to use. Although 
I believe the experience at TMI suggests that a number 
like 1 in 2, 000 is closer to the truth, I realize that I 
cannot be completely certain and therefore am much happier 
quoting a range for meltdown probability. 

In any case, for most public policy purposes, e.g., 
emergency planning, I think it is prudent to assume that 
the high end of the probability range is correct. And 
since a 1 in 2, 000 chance of a meltdown implies that one 
or two will actually occur over the next 30 years, it 
follows that the actual occurrence of meltdowns should be 
taken as a serious possibility. {I  would not, however, 
suggest that the high end of the meltdown probability 
range be used to compare health impacts of nuclear power 
with the health impacts of alternate electricity 
generating technologies, such as coal combustion, unless a 
similarly pessimistic view should be taken about the 
numbers used to generate the health impacts ot the 
alternatives.) 

It should be noted that not every meltdown will 
necessarily lead to a large release of radioactivity. The 
probability of a breach of the containment is also a 
controversial number. Although not specifically designed 
to withstand meltdowns, the large-volume containments 
{such as at TMI) may in fact contain most of them--say, 
three out of four. However, I doubt very much that 
small-volume containments {such as are used in boiling 
water reactors) would be able to withstand the pressure of 
gases generated during a meltdown. 

My subjective feeling, which may differ from that of 
some of the others on the panel, is that the probability 
that the containment will hold in a meltdown is not great 
enough for us to ignore the possibility that a large 
release of radioactivity may occur some time in the next 
30 years. 
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W .  CONYERS HERRI NG : I t h i n k  i t ' s  clear  by th i s  t ime 
tha t the que s t i on of whe the r the nonexpe r t s s hould be l i eve 
t h a t  t he expe r t s  k now wha t they ' r e t a l k i ng about is ve r y 
much a t  the he a r t  o f  what we ' r e d i sc u s s i ng � i t  i s  
c e r t a i nly a que s t ion that  I had t o  w r e s t l e  w i th when I 
became cha i rman o f  the Nuc l e a r  Ri s k  L i te r a tu r e  S u r vey 
Comm i t t e e . As an o u t s ide r to the f i e ld ,  I had to ove r see 
pe r haps no t a de f i n i t ive evalua t i on , but  a t  leas t a 
repo r t i ng on the va r ious  c l a ims made by the var ious  k i nd s  
o f  expe r t s , o r  r epu ted expe r t s , o n  many d i f fe r ent  subjec t s . 

I t ' s  obv ious  that  the r e  a r e  two th i ng s  tha t the 
nonexpe r t  can do to get a t  l e a s t  a l i t t le b i t  of  
o r i en t a t i on on techn ical  subjec t s . One i s ,  of  cou r se , to 
c a l i br a te h i s  expe r t s  to try to f i nd out  how many o f  the 
people w i th r e a s onable k nowledge about the subjec t  i n  
que s t ion adhe r e  t o  th i s , that , or  t he o the r v i ew .  I won ' t 
d i sc u s s  t h i s  ve ry much , bu t wha t  I w i l l  d i sc u s s  i s  the 
o the r t h i ng that one can do , wh ich is to try to f o rmu late  
t he ques t i ons in  one ' s  own way , and  then apply common 
sense  and expe r i ence to g e t t i ng at le a s t  a ballpa r k  
e s t ima te abou t the answe r s � one can then see  i f  i n  th i s  
f r amewo r k  the t h ings  the expert s  a r e  say i ng seem to make  
r e a sonable sense . 

I wou ld l i k e to d i sc u s s  i n  pa r t i c u l a r  the appl i c a t ion 
o f  th i s  to reacto r  acc iden t s . I t is  some t ime s a rgued that 
beca u s e  we have had only a r a the r l im i ted n umbe r o f  yea r s ' 
expe r ience w i t h  reacto r s - - the f ig u r e  4 0 0  re acto r -yea r s  wa s 
j u s t  men t i oned - - th i s  r e a l ly i sn ' t  enough for  u s  to know 
whe t he r  they ' r e s a fe or not , because a catas t r oph ic  
acc ident m i g h t  happen tomo rrow and then  we  m i g h t  r eg r e t  
that  we eve r had any reac to r s  i n  the f i r s t  place . I t h i n k  
s uch a s t a teme n t  i s  a l i tt le m i s lead ing . I th i n k  t h a t  i f  
one b r e a k s  the pro blem o f  re ac to r - acc ident  r i s k  down into  
j u s t  a sma l l  numbe r o f  ra t i ona l compone n t s , one  can g e t  
some u s e f u l  i n forma t ion out o f  even the l im i ted exper ience 
to da te . 

The ma i n  que s t ions are a s  fol lows : F i rs t , a s  Dr . Lew i s  
s a id a m i nute  ago , how l i k e ly i s  i t  that  a n  acc iden t  w i l l  
happen that  enta i l s the me l t i ng o f  a major part o f  the 
co r e ? Second , i f  the core me l t s ,  how much rad i oac t i v i ty 
i s  g o i ng to e scape from i t ?  Th i rd , i f  th i s  happens , doe s 
the con t a i nmen t  bu i ld i ng that s urround s the reac tor co r e  
ma i n t a i n  i t s  i n teg r i ty?  I t ' s  s uppo sed t o  b e  a irt i ght . 
Doe s i t  s tay that way or  doe s  i t  deve lop ho l e s  or 
pe ne t r a t i ons t h a t  w i l l  let  a s ign ificant amount of 
r ad ioac t i v i ty escape to the env i r onme n t ?  And f i na l ly you 
have to a s k  wha t t he r ad ioac t i v i ty w i l l  do i f  it g e t s  o u t  
i n  t he env i ronme n t � how l i k ely i s  i t  t o  c a u s e  how much 
damag e? 

I t h i n k  tha t  when you bre a k  the problem up i nto those  
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four questions you will see that the first question is by 
far the trickiest. How likely are we to have a 
core-melt? We haven't had a core-melt to date, and this 
is of course consistent with the Rasmussen Report's 
estimate that a core-melt is likely to occur once in 
20, 000 reactor years. But the probability might be once 
in only 500 reactor years, and that would still be 
perfectly consistent with our experience to date. At 
least we can set some sort of limit.The probability is not 
likely to be once every SO reactor years, since in such 
case we would almost certainly have had several in only 
400 reactor years of experience to date. 

The second question, how much radioactivity escapes 
from the core if it does melt, is a rather technical one, 
and here we do have to fall back on the experts. But 
fortunately, there doesn't seem to be terribly much 
disagreement among all the different experts who have 
studied th1s: they all come out with very much the same 
figures. So, we can accept them with considerable 
confidence. 

As far as the third circumstance is concerned, 
violating the integrity of the containment, this again is 
a rather iffy thing, but it is quite clear that in order 
for it to happen, additional failures and mishaps have to 
occur beyond those that are responsible for melting of the 
core. So, it is not unreasonable that the probability of 
a major escape of radioactivlty, even if there is a 
core-melt, should be no more than a fraction of unity, as 
was indeed found in the Rasmussen Report and, more 
recently, in some of the "what if" postmortems on Three 
Mile Island. 

Finally, if there is a major release of radioactivity, 
how much damage it will do depends on whether the reactor 
is located in a relatively heavily populated area or not: 
it also depends on the weather--such things as whether the 
wind blows the radioactivity toward a heavily populated 
center or blows it out to sea, and so on. It is of some 
interest to note that in the analyses of the Reactor 
Safety Study, and these I think are consistent in a 
general way with the American Physical Society study and 
with other studies that have been made, the average number 
of people who are likely to suffer, say, eventual death 
due to delayed cancers from long-time exposure to 
radioactivity is only a very small fraction of the maximum 
number that might if you had the very worst wind direction 
in a heavily populated area. 

If we combine all these things, starting with the 
experiential datum that there is probably no more 
likelihood of core-melts than one in every several hundred 
reactor-years, we can come up with the conclusion that the 

.. 
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ave r age numbe r o f  cancer deaths  produced by reacto r 
acc idents  i s  probably ra the r le s s  than one pe r 
reactor -yea r , and su r e ly not enormously  grea ter than one . 
Th i s  s imple r e a son i ng doe sn ' t , o f  cou r se , r u le out  the 
po s s i b i l i ty tha t the correct  number m i g h t  be as  sma l l  as  
the e s t imat e  o f  abo u t  one - fou r t ee n t h  o f  a dea t h  pe r 
re ac t o r -year  that  was g i ven i n  the Re ac to r S a f e ty S tudy , 
o r  even sma l l e r . My po i n t  i s  s imply that  even the c r ude 
bound a r y  that the l ayman can e s t ima te fo r h imse l f  can , a s  
I hope w e  s h a l l  s e e  late r i n  t h e  d i sc u s s i on , b e  o f  some 
u s e  in he l p i ng dec ide whe ther acc ident  r i s k s  should 
dom i na t e  our t h i n k i ng about  nuclear powe r . 

KOSHLAND: I want to t e l l  you how th i s  panel wa s 
p ic k ed .  Two membe r s  a r e  more or l e s s  iden t i f i ed w i th 
be i ng qu i te s k ept ical  about the r i s k s  o f  nuclea r  powe r1 
two of the pane l members are ident i f i ed a s  being s k ept ical  
o f  the s k ept i c s - - that  i s , t hey ' re conv i nced that nuc l e a r  
powe r can  b e  d o n e  re l a t ively s a fe ly1 a n d  two membe r s  a r e  
ident i f i ed a s  be i ng i n  t h e  m iddle . The las t c a t e g o r y  i s  
the most d i f f ic u l t . I he ard tha t  i n  s e l ec t i ng the 
p r e s ident of  Y a l e , the se arch comm i t tee wa s told to g e t  
someone who ' s  n o t  too f a r  t o  the l e f t , n o t  too far t o  the 
r i ght , and not too much i n  the midd le . We have s trong 
op i n i on s  f r om ve ry compe tent people , and I p i ck ed one f r om 
each c a tego ry , and now I ' d l i k e  to throw i t  open to 
membe r s  of the panel  who haven ' t  spok en . 

JOEL YELLI N: I have a d i f f e r en t  v i ew o f  the 
c a l c u l a t ions  o f  the Reac tor  Sa fety St udy . I apolog i z e for 
i n t r oduc i ng f u r ther complex i t i e s , b u t  t here ' s  a t h i rd 
v i ew , d i f f e r e n t  f r om those o f  Dr . Beyea and Dr . Lew i s , and 
I t h i n k  i t  deserve s cons idera t ion . 

Le t me say f irs t tha t I do  not  th i n k  r i s k  i s  a 
we l l -de f i ned concept . I t  certa inly i ncorpora tes  the 
concept o f  probab i l i ty and an e s t ima te o f  consequences , as 
Dr . Lew i s  has po i n ted out , but o ther th i ng s  are also 
i nvolved1 for example , whether the s i t u a t ion one i s  
conce r ned w i th i s  imposed or entered i n to volunta r i ly ,  and 
whe ther  i ndi v i d u a l s  qua i nd i v id u a l s  are a t  r i s k , or  
soc i e ty a s  a who le i s  a t  r i s k . Because o f  those 
complexi t ie s , no one he re  should s uppo se tha t t he 
nume r ica l - r i s k  e s t ima tes we d i sc u s s  are i n  themse lve s a 
s u f f i c i e n t  bas i s  for mak i ng soc i a l  dec i s i ons . 

Se t t i ng conceptual problems a s ide , s uppose one 
add r e s s e s  t h i s  que s t i on: What w i l l  happen over the nex t 
roughly 4 0 years i f  the nuclear indus try proceeds a bou t a s  
i t  h a s , w i th some mode s t  growth? Then I wo uld say , hav i ng 
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looked i n  some d e t a i l  a t  t h e  nuclea r r i s k  calcula t ions! 

that i t  would be no s u rpr i se i f  one o r  two s e r i o u s  
acc idents , i n j u r i ng membe r s  o f  t h e  gene r a l  publ ic , 
occ u r r ed i n  tha t  t ime . 

Le t me put  tha t  i n  a d i f fe r e n t  con text . Ro ug h ly 
spe a k i ng , I s u spect  tha t the g r owth o r  dec line o f  the 
qua l i ty o f  n uc l e a r - s a f e ty r e g u l a t ion w i l l  keep pace w i t h  
the g r owth o r  dec l ine o f  the nuc l e a r  i ndu s t ry .  The r e  i s 
some s uppo r t  f o r  that v i ew i n  the h i s tory o f  
av i a t ion s a f e ty ,  wh ich has e s s en t i a l ly k e p t  pace w i th the 
ve ry cons i d e r able i nc r e a s e  i n  comme rc i a l  a i r  t r a f f ic . Of 
cou r se t h i s  i s  a s ugge s t ion abou t the gene r a l  p ic t u r e  ove r 
decad e s . One cannot exclude f l uc t u a t ions i n  the qual i ty 
of  s a f e ty prac t ice , and tha t ' s  why I say the occ u r r ence o f  
s e r i o u s  acc iden t s  ove r the l i fe t ime of  p r e s e n t  r eac to r s  
wou ld be un s u rpr i s i ng .  Th i s  i s  not a n  opt im i s t ic v i ew .  
The r e  a r e  many people who feel  tha t the occ u r r ence o f  the 
Th r e e  M i le Is land acc ident sugg e s t s  tha t  the p r e s e n t  leve l 
o f  r i s k i s  too h ig h  and tha t i t  m u s t  be dec r eased 
con s ide r ably if  nuclear deve lopme n t  is  to go forward . 2 

As to the c a l c u l a t ions  o f  the Re ac to r Sa f e ty S t udy , I 
do not  be l ieve t he r e s u l ts o f  tha t s t udy can o r  should be 
u s ed in ma k i ng r eg u l atory dec i s ions . The unce r ta i n tie s i n  
t h e  va r i ous  probab i l i ty and consequence e s tima tes a r e  
s imply too l a r g e . Fo l low ing t h e  c a lc u la t i on proced u r e s  
l i te r a l ly ,  unce r ta i n ty facto r s  o f  1 0 0 , a 1 , 0 0 0  o r  1 
m i l l i on a r guab ly e n t e r  the e s t ima t e s  a t  va r i ous  
po i n t s . 3 By no means doe s th i s  s ugg e s t  tha t we  sho u ld 

I Ye l l i n , The Nuc l e a r  Reg u la tory Comm i ssion ' s  
Re ac tor Sa fe ty Study . Be l l  Jou r nal o f  Econom i c s  7 ,  3 1 7  
(1 9 76 ) . 

2 (I ) f  the coun try w i shes , for  larg e r  r e a sons , to 
con f r ont the r i s k s  that a r e  i nhe ren tly as soc i a ted 
w i t h nuc l e a r  powe r , fund amental  chang e s  a r e  
nece s sa ry i f  tho se r isk s a r e  t o  b e  k e p t  w i th i n  
tole r able l im i ts .  

Repo r t  o f  the P r e s ident ' s  Comm i s s ion o n  the Acc ident a t  
Th ree  M i le Island (Oc tobe r 1 9 7 9 ) ,  p . 7 .  

3 The l a r g e s t  s uch fac to r s  a r e  as soc i a ted w i th the 
Re ac tor S a f e ty Study ' s  t r e a tment of "common mode " 
f a i l u r e s, wh i ch i nvo lve coupled f a i l u r e s  o f  osten s i bly 
i ndependent r eac to r  components  or comb i ned equ ipmen t  
f a i l u r es a n d  h uman e r r o r s .  Th e r e  i s  gene r a l  consensus  
among r ev i ewe r s  of  WASH-14 0 0  that  the  t r eatmen t  o f  common 
mode f a i l u r e s  i n  tha t  s tudy is unju s t i f i able . 
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take  se r i o u s ly the  ex t r eme uppe r end  o f  the  unce r ta i n ty 
band and dec l a r e  r e ac to r s  unsafe . To apply an ana lys i s  
gene r a l ly conceded t o  be fau l ty would on ly compound the 
o r i g i na l  e r r o r . But i t  does t e l l  us tha t unt i l  mo r e  
de fens i b le calcu l a t ions a r e  ava i lable w e  a r e  t h r own bac k 
to u s i ng a comb i n a t ion o f  qual i ta t ive j udgme n t s  and 
obse rva t ions of ac t u a l  r e ac to r  ope r a t i ng expe r i ence . 

HOWARD W .  WAHL : Now I ' m  con f u sed . I thoug h t  I 
unde r s tood some t h i ng about reactor  s a f e ty ,  and I ' ve hea rd 
a lot  o f  d i f f e r en t  n umbe r s  he r e . 

As a p r ac t i t ione r o f  the a r t  o f  reac to r  s a fe ty ,  I wo u ld 
have to say tha t f r om the s tandpo i n t  o f  the way i n  wh ich 
we in  the bus i n e s s  of  des i g n i ng r e a c to r - sa fe ty sys tems 
quan t i fy the r i s k , we gene r a l ly p i c k  the mos t  conce ivable 
acc idents  tha t are c r ed i ble- - they ' r e ac t u a l ly ve ry close 
to be i ng i nc r ed i ble- -and we use those a s  what we c a l l  
de s ig n - ba s i s  acc iden ts . 

Th i s  i nc l udes  co r e -me l t  w i th cons ide r able  r e lease  o f  
f i s s i on produc t s . We a s s ume tha t t h e  conta i nmen t s  have 
some amount o f  l e a k age, gene r a l ly n o t  a g r e a t  deal . B u t  
w e  t r anspo r t  f i s s i on prod u c t s  th r ough those con t a i nmen t s  
f a i r ly f r e e ly w i tho u t  any r ecog n i t ion o f  r e a l  plate - o u t  
mechan i sms o r  chem ical r e a c t i ons , wh i ch we k now we 
couldn ' t  p r even t  even i f  we t r i ed ve ry hard . And we 
subj ec t people a t  the s i te bounda ry to doses  tha t a r e  
pr obably hund r e d s  o r  thousand s  o f  t ime s h i ghe r than wha t 
we m i gh t  r e a l i st i c a l ly expec t .  

I t h i n k  we have conf idence f r om the Re ac tor  Sa f e ty 
Study that the r e  a r e  ve ry r emote po s s i b i l i t i e s  tha t , f i r s t  
o f  a l l , the c o r e  i s  even g o i ng to me l t  and, secondly , that  
we ' r e go i ng to get  some o f  these t r anspo r t  mechan i sms 
ac t i ng tha t we a s s ume i n  o u r  des ign  ca lcula t i on s . 

W i th a l l  o f  that we s t i l l  be l i eve that  anyone who i s  a t  
t h e  s i te bounda ry i s  n o t  k i l led . He may g e t  a dose that 
could be h ig h  as one- twen t i e th of  wha t  we call a le thal 
dose f o r  ha l f  the popu lat ion tha t wo u ld be subjec ted to i t . 

The po i n t  I ' m  t ry i ng to mak e  he r e  i s  tha t I t h i n k  the 
Re ac tor  Sa f e ty study has g iven u s  some ve ry va l uable 
i n fo r ma t ion . I t ' s  a d i f fe r ent appr oach than what we u s e  
i n  d e s ign i ng r e ac t o r  s a f e ty i n to t h e  plan t . In bo th 
c a s e s , l e t ' s  say the pr agma t ic appr oach that we take  in  
l i cens i ng and d e s ign i ng the plan t s  and i n  the expe r iences 
tha t we ' ve had to date with an exce l l e n t  s a fe ty r eco rd , I 
th i n k  we feel  the se pr obab i l i t i e s  a r e  ve ry , ve ry r emo te i 
and tha t a g r e e s  p r e t ty we l l  w i th the Reactor Sa fety Study . 
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HARVEY BROOKS :  I ' d l i k e t o  a s k  Joel  Ye l l i n  a 
que s t ion . I ' m  not qu i te clear  r e a l ly what the bo ttom l i ne 
i s  o f  wha t you we r e  say i ng . Are you sugge s t i ng that we 
r e a l ly can ' t k now any t h i ng at a l l  abo u t  the s a f e ty of o r  
about  t h e  r i s k s  a s soc i a ted w i th n u c l e a r  r e ac to r s  unt i l  we 
have e nough r eac tor yea r s  of expe r i ence to s e t  actua r i a l  
l im i t s , as  i t  we r e , ba sed on t h a t  actual  expe r ience?  

YELL IN : I t h i n k  we can lea r n  a g r e a t  deal abo u t  
r e ac to r  s a f e ty f r om sys tema t ic analys i s  o f  t h e  so r t  that 
wen t  i n to the Re ac tor S a f e ty S t udy . And it may ve ry we l l  
b e  t r ue t ha t  one could po i n t  t o  wea knesses  i n  reactor  
de s ign , ta k i ng that  sort  o f  appr oach . But  I am doubt f u l  
whe the r one can r ea l ly compute r e l i ably the absolute 
pr obab i l i ty of  an acc iden t . In pa r t  tha t ' s  because the 
ac t u a l  r e s u l t s  o f  that s t udy a r e , as  I sa id be fo r e , 
ext r eme ly unce r ta in .  Bu t I also  doubt whe the r one can 
quan t i fy the human a spec ts  o f  these r i s k s . The th i ng s  
tha t  t h e  Kemeny Comm i s s ion was e spec i a l ly (and I t h i n k  
j u s t i f i ably ) conce r ned about i n  i ts r epo r t  o n  t h e  Th r e e  
M i le I s land acc ident- -ac t i ons o f  ope r ator s unde r s t r e s s , 
the qua l i ty o f  ma intenance , the " m i ndse t "  o f  r eg u l a to r s  
and i nd u s try  exec u t i ve s - - a r e  extreme ly d i f f icul t to 
quan t i fy ,  and I don ' t t h i n k  that r e l i able e s t ima tes o f  the 
abso l u te p r obab i l i t i es  o f  reactor  acc idents are i n  the 
c a r d s . 

BROOKS : Wou ld you be w i l l ing to accept the pr opos i t i on 
that  in fact  wh i le the abso l u te pr obab i l i t ies  a r e  not ve ry  
r e l iable , the  r e l a t i ve pr obab i l i t i e s  o f  the d i f fe r ent 
acc ident sequences are  pr obably cons ide r ably mo r e  r e l iable 
than the abso l u te pr obab i l i t i e s ?  

YELLIN : I don ' t  accept much o f  wha t was done i n  t h e  
Re actor  S a f e ty S tudy . Fo rmu las we r e  used t h a t  have no 
phy s ical  ba s i s , impo r tant c l a s s e s  of i n i t i a t i ng event s 
we r e  om i t ted , the r e a l  unce r ta i n t i e s  i n  the pr obab i l i ty 
e s t ima tes  we r e  not acc u r a tely r e f lec ted i n  the f i nal 
r e s u l ts, and the quant i ta t ive t r e a tment of h uman e r r o r s  
was fanc i f u l . 4 I can we l l  imag i ne tha t an independent 

4 I am no t alone i n  r e ach i ng these  conc l u s ions . 
See, e . g . , R i s k  Asse s smen t  Rev i ew Gr oup , r epo r t  to the 
u.s. Nuc lear  Reg u latory Comm i s s i on ,  NRC r epo r t  CR-0400 
(1 9 7 8 ) ;  Reactor S a f e ty Study (Ra smus sen Repo rt) , ove r s i g h t  

He a r ing Be f o r e  t h e  S u bcomm i ttee on Ene rgy and t he 
(con t i nued next page ) 
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g r oup cou ld r eexam ine the acc ident sequence s ,  add new one s 
i f  nece s s a r y , and w i th a sys tema t ic appr oach s im i la r  to 
the one u s ed i n  WASH - 1 400 g a i n  valuable i n f o rma t ion abou t  
t h e  r e la t ive p r o bab i l i t ie s  o f  d i f fe r en t  sequence s .  

HUGH SI DEY: We l l ,  my wo r ld i s  cons ide r ably di f fe r en t , 
b u t  l e t  me say the r e  a r e  at  least  two leve l s  to th i s . One 
you g e n t l emen t a l k ed about i n  techn i c a l  te rms i s  the 
pr obab i l i ty of acc iden t s . I wou ld po i n t  out  to you that 
i n  the bac k g r ound - - and that has a s  much to do , o f  cou r s e , 
w i th what happen s  i n  our  nat i onal l i fe as  the othe r - - t he r e  
i s  a n  " acc iden t "  eve ry n i ght , whe the r i t ' s  i n  the mov ie s , 
o r  on te lev ision , o r  i n  publ icat ions l i ke m i ne . Tha t  
probably would sugg e s t  that " once eve ry 100 ye a r s " i s  once 
eve ry 100 seconds o r  m i nutes  i n  the m i nds o f  people . 
The r e  s u r e ly i s  now, I obse r ve as I go a r ound th i s  
coun t r y, the fee l i ng tha t i n  the n uc le a r  indu s t ry  the r e  
a r e  apt t o  b e  f r equent m ishaps . And as  we i n c r e a s e  the 
plants  s u r e ly they w i l l  be mo r e  f r equen t . 

Pa r t  o f  tha t come s out  o f  the k i nd o f  da r k  mood tha t we 
in the med i a  a r e  in and have been i n . I t  comes o u t  o f  the 
fac t tha t  you have prov ided a ma r ve lous  fo rm of 
e n te r t a i nmen t .  I mean the r e  i s n ' t  any que s t ion tha t  Jane 
Fonda d id ve ry we l l  in  tha t  mov i e, and the r e  i s n ' t  any 
que s t ion it ma k e s  a good 90- s econd spo t or  3-m i n u te spo t 
a t  n i g h t . 

I wou ld s imply s ay that as yo u go a long i n  these 
d i sc u s s ions , pe rcept ion is  a b ig pa r t  o f  i t . It  seems to 
me tha t  ove r the t ime I ' ve wa tched var ious  developmen t s , 
i nc l ud i ng t he moon sho t - -we lost t h r e e  men in that , wh ich  
i s  mo r e , o f  co u r s e , than we ' ve lo s t  i n  th i s  epi sode - - tha t  
the pe rcept i on o f  the publ ic o f  the dang e r  they ' r e i n  i s  
a l so a g r e a t  pr oblem . 

Up to th i s  po i n t  I don ' t  de tec t tha t  people r e a l ly 
be l i eve that the i r  l i f e - s tyle i s  go ing to have to chang e 
very much ove r the se next few yea r s . They be l i eve that we 
w i l l  have enough powe r and ene rgy, and the r e fo r e , tha t 
even that one acc iden t ,  even though they hear  wha t you 
say , seems too much , pa r t i c u l a r ly when they ' ve seen it i n  
the mov i e s . Thu s , fear  i s  exagg e r ated , b u t  i t  h a s  a r e a l  
e f fec t on nuc lear  plann i ng . 

Env i r onment o f  the Hou se Comm i t t ee on In te r i o r  and I n s u l a r  
A f f a i r s , 9 4 th Cong . , 2nd Se s s .  (1 9 76 )  (s ta tements  o f  
W . K . H .  Pano f s ky, H . W .  Kenda l l , and F .  Von H i ppe l ) .  The 
widespr ead c r i t i c i sm of the WASH - 14 00 s t a t i s t i ca l analys i s  
h a s  led the NRC to r equ e s t  the Ame r ican S t a t i s t ical  
As soc i a t ion to  e s tabl i s h  a comm i ttee to adv i se it  on 
s t a t i s t i cal  appl ica t i on s . 

Copyright © National Academy of Sciences. All rights reserved.

Nuclear Reactors:  How Safe Are They?
http://www.nap.edu/catalog.php?record_id=19755

http://www.nap.edu/catalog.php?record_id=19755


1 7  

KOSHLAND : Three  M i le I s land h a s  occu r r ed . I t  was not  
a me l tdown . One  s ide can say it  wa s unde r e s t imated 
because we count it a s  a me l tdown , a very se r iou s 
acc ident , and the othe r s ide can say we can ' t  count i t  as  
a mel tdown because  nobody got h u r t .  So the Rasmu ssen  
Repo r t  is  ne i the r ve r i f i ed nor d i sp r oved by  Th r e e  M i le 
I s l and . 

Now , d id the Ra smu s sen Repo r t  d i sc u s s  sma l l e r  acc iden t s  
o f  the type that  Dr . Brooks  h a s  men t i oned and , i f  so , how 
good has i t s  pr ed i c t ion been in t h i s  category?  I j u s t  
wan t  t o  g e t  whe r e  w e  a r e  o n  the Th r e e  M i l e  I s land acc ident 
and the Ra smu s s e n  Repo r t . 

LEWIS : We l l , that ' s  wha t I wan t  to talk  about . But to 
you r d i r e c t  que s t ion : I n  the Ra smussen  Repo r t ,  o f  cou r se , 
the numbe r 20 , 000 r e ac to r - ye a r s i s  a very broad - b r u s h  
numbe r , no t appl icable t o  all  r eac to r s , and i t  descr i be s  
wha t i s  c a l l ed c o r e -me l t . 

The Re actor  S a f e ty Study , the Rasmu ssen  Repor t a s  we 
have beg un to c a l l  i t  he r e , does not con template the k i nd 
o f  th i ng that  happened a t  Th r e e  M i l e  I s land i n  the sense  
that it  says tha t wheneve r a co r e  beg i n s  to  g e t  damaged i t  
j u s t  me l t s  comple te ly . I n  that sense  i t ' s  a conse r va t i ve 
repo r t ,  so the r e  a r e  no deg r aded cond i t ions . The r e fo r e , 
to a s k  whe the r the Ra smussen Repo r t  pr ed i c ted that 
pa r t i c u l a r  sequence o f  event s ,  the answe r is  no , it  wa sn ' t  
p rog r amed to calculate  that pa r t i c u l a r  s equence of  even t s . 

KOSHLAND : We r e  the re  o the r k i nds o f  acc idents 
p r ed i c ted tha t have or have not been ver i f ied? 

LEWI S :  I t  i s  neve r co r r ect to look a t  someth i ng tha t 
has  happened i n  the pa s t  and a s k  whe t he r you cor r ec t ly 
calc u l a t ed i ts pr obab i l i ty .  The probab i l i ty tha t we ' r e 
a l l  s i t t i ng i n  t h i s  audi tor i um i s  neg l ig ible , and yet  we 
a r e .  Wheneve r you look i n to the pas t , you d i sc u s s  t h i ng s  
that  have happened , and i f  y o u  had been a s k ed t o  pred i c t  
them i n  advance, y o u  would , o f  cou r se , n o t  have pr edic ted 
them in that d e ta i l . So , the r e  is a d i f f i c u l ty in 
r e t rospec t i ve probab i l i ty that j us t  k eeps com i ng up . 

I ' ve s a t  on comm i t tees tha t have no t h i ng to do w i th 
reacto r s a f e ty i n  wh ich some t h i ng that had a pr obab i l i ty 
o f  one i n  a m i l l i on actually happened , and people always 
say , " See , you got  the probab i l i ty wr ong because i t  
ac t u a l ly happened , "  and that ' s  jus t  bad s tat i s t ics . And 
the example I alway s g i ve is that i f  I we r e  to g i ve you a 
l i s t  o f  a m i l l ion t h i ng s , each o f  wh ich has a pr obab i l i ty 
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o f  one i n  a m i l l ion o f  happen i ng , and my us ual l i s t  i n  
th i s  town i nc l udes the Red s k i n s  g o i ng t o  the S upe r Bowl , 
and , you k now , t h i ng s  l i k e  tha t . But  I g i ve you a l i s t  o f  
an hone s t  m i l l ion th i ng s  t h a t  have a chance  o f  one i n  a 
m i l l i on o f  happe n i ng th i s  yea r . A s ta t i s t i c i an w i l l  te l l  
you one o f  those t h i ng s w i l l  i n  fact probably happen th i s  
year . The Red s k i n s  may g o  t o  the Supe r Bowl . And when 
t h a t  happens , people w i l l  look bac k and s ay Lew i s  i s  an 
i d i o t . Tha t happened . You s a id it only had a chance of 
one in a m i l l ion of happen i ng . So you have to be ve ry 
c a r e f u l  w i th r e t r o spec t i ve s ta t i s t ic s . 

The compone n t  f a i l u r e s  i n  the Ra smu ssen  Repo r t  have 
happened o f ten  enough so people have beg un to look a t  
whe t h e r  those fa i lu r e  r a tes we r e  r ig h t . They d o  seem a 
l i t t le b i t  low , pa r t ic u la r ly some o f  the pump and p i pe 
f a i l u r e  r a te s  

BEYEA : Tha t ' s  a v e r y  conven i e n t  ana lys i s  i n  te rms o f  
probab i l i t i e s . I t  sounds a s  i f  P r o f e s s o r  Lew i s  i s  say i ng 
t h a t  i f  th i ng s  go we l l ,  then the probab i l i ty analys i s  in  
the  Reac tor Sa f e ty S t udy i s  o k ay , but  if  the s tudy fa i l s 
to  pr ed i c t  t h a t  wh ich i t  i s  s upposed to p r ed i c t , then a l l  
w e  have i s  a m i s unde r s tand i ng of  probab i l i ty .  I can ' t  see  
tha t .  

The Re actor S a f e ty S tudy f a i l ed to p r ed i c t  tha t  wh ich  
i s  mos t  impo r tant the  f r equency r a te o f  ma j o r acc ide n t s . 
I t  f a i led to pr ed i c t  Th r e e  M i l e  Is land . It f a i led to 
pr ed i c t  the Brown ' s  Fe r ry f i r e . And that ' s  of publ ic  
i n te r e s t .  

I t h i n k  the se i nc idents  a l r e ady have g i ven u s  
s u f f i c ient  i n fo rma t ion t o  a l low us  to bypass  a rg umen t s  
a bo u t  the Re ac tor Sa f e ty Study ' s  pred i c t ive capab i l i ty .  
We a l r eady k now f r om the f r equency o f  occ u r r ence o f  the se  
two even t s - - e ven t s  s e r ious  enough to s ugg e s t  that 
con t i ngency mea s u r e s  for  l a rge  r e le a s e s  should have been 
r equ i r ed- - t h a t  s e r ious  acc idents  a r e  occ u r r i ng once eve ry 
200 reactor -yea r s . 

We can ma k e  pr ed i c t ions based on th i s  expe r i e nce 
r e g a r d l e s s  o f  the Rasmu ssen  Repo r t . us i ng the pas t  a s  a 
g u ide to the f u tu r e , we can expec t  that  we w i l l  con t i nue 
to have acc idents  that are shoc k i ng to the publ i c  eve ry 
few year s .  I do not  k now how many o f  these s e r i o u s  eve n t s  
w i l l  ac t u a l ly t u r n  out t o  lead t o  a l a rge r e lease o f  
r ad i oac t i v i ty .  The r e  i s  n o  techn ica l  me thodology I know 
o f  capable o f  d e t e rm i n i ng the probab i l i ty i n  a way tha t 
i n sp i r e s  conf idence . 

If we neve r have s uch an acc iden t ,  i f  we neve r have a 
l a rge  r e lease o f  r ad i oac t i v i ty i n  the cou r se o f  the 
nuc l e a r  p r og r am , then nuclear powe r w i l l  t u r n  out  to be a 
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ve r y  ben ig n  s o u r c e  o f  ene rgy i n  my  op i n i on ( a s s um i ng we  
a l so ens u r e  that  the m i l l  ta i l ing s f r om m i ned u r a n i um a r e  
pr ope r ly cove r ed ) . I f , howeve r ,  1 o u t  o f  1 0  of  these 
i n t e rmed i a t e - type acc idents  t u r n s  o u t  to lead to a large 
r e lease o f  r ad ioac t i v i ty ,  then i t ' s  a d i f f e r ent mat te r . 
Then I f i nd that  nuc lear  w i l l  catch up w i th coa l i n  te rms 
of i t s  ove r a l l  impac t .  One l a rg e  r e lease o f  r ad i oac t i v i ty 
(inc l ud i ng 50 pe rcent  o f  the r ad i oce s i um i n  the core )  f r om 
the ave r ag e  s i te i n  the Un i ted S t a te s  i n  my e s t imate  would 
expose  about 1 m i l l ion people to r ad i a t ion lead i ng to the 
o rder  o f  10 , 000 delayed cance r dea t h s . I t  wou ld lead to 
the contam i nat ion of thousands o f  squ a r e  m i le s  of land . 

The psycholog i c a l  impact on the country wou ld be 
eno rmou s . Based on the se r i ou s n e s s  o f  the psycholog i c a l  
impact o f  Th r e e  M i le I s l and - -an acc ident i n  wh ich only 
sma l l  amounts  o f  r ad i oac t i v i ty we r e  r e l eased in compa r i son 
to wha t  m i g h t  be expec ted in a l a rg e  r e l ea s e - - !  th i n k  we 
can ass ume tha t the psycholog i c a l  impac t of a r e lease  i n  
wh ich  thou sands o f  squa r e  m i le s  we r e  contam i na ted wou ld be 
de va s ta t i ng .  

HERRING : I would l i k e to t a k e  i s sue  w i th the l a s t  
th i ng Dr . Beyea sa id abou t t h e  consequences  o f  a l a r g e  
r e lease  o f  r ad i oac t i v i ty .  

I f  you have a l a r g e  r e lease  o f  r ad ioac t i v i ty a t  one o f  
our  many r e a c to r s w i th r andom we a the r cond i t ions and so  
on , t he calc u l a t ions  in the Reac tor  Saf e ty Study came up 
with the r e s u l t - - th i s  was not publ i s hed i n  the s tudy , bu t 
th i s  i s  wha t  the calc u l a t i on s  that  we r e  publ i shed 
cor r e spond to - - that  the ave r age  n umbe r o f  cance r 
f a t a l i t i e s  wou ld be only abo u t  1,000 , some th ing l i k e  that . 

Now , you may p r e f e r  to put in d i f fe r ent f ig u r e s  and so 
on and r a i se that somewhat ,  but  the po i n t  is tha t wha teve r 
the n umbe r i s , i t  i s  very much l e s s  than the max i umum tha t 
you could g e t  f r om such a r adioac t i ve r e lease . 

BEYEA : I ' m  a s s um ing a r e lease o f  50 pe rcent o f  the 
co r e  c e s i um .  It ' s  a que s t i on of how you d e f ine a s e r i o u s  
acc iden t . 

HERRING : Tha t ' s  the same t h i ng that I wa s r e fe r r i ng to 
in  the f ig u r e  I quoted - -abou t 5 0  pe rcent of  co r e  ce s i um .  

HOWARD WAHL : I g u e s s  I wou ld ag r ee w i t h  your 
s t a temen t , D r . Beyea , r e l a t i ve to whe t he r  you have th i s  
mas s i ve r e lease  o f  co r e  f i s s ion produc t s  a t  a s i te - -
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ye s , you ' r e g o i ng t o  have long - te r m  canc e r  deaths . The 
whole  name of the g ame is to ma k e  s u r e  that doesn ' t  
happe n . I n  f ac t , i f  we igno r e  the Reactor S a f e ty S t udy 
a nd look a t  r ea l i ty ,  we f i nd tha t , i n  the case of  Three 
M i le I s land and i n  the case o f  Br own ' s  Fe r ry ,  the f i s s i on 
p r oduc t s  we r e  not i n  fac t  r e l eased to the env i r onmen t .  I n 
the case  o f  Three M i l e  I s land , whe r e  they we r e  r e leased to 
the conta i nmen t , they in fact d i d  not g e t  r e lea sed to the 
env i r onmen t . 

The Kemeny Comm i s s ion r epo r t  wen t  on to evaluate  
whe the r  they could have been r e l eased to the env i r onmen t  
i f  the c o r e  had l e f t  the r eac tor ve s s e l  and gone i n to the 
reactor  conta i nmen t . wou ld the conta i nmen t  have f a i led?  

I unde r s tand , a l though i t ' s  d i f f i c u l t  to g e t  the 
i n fo rma t i on i n  i ts f i nal f o rm , tha t  the conc l u s ions of 
that  g r oup we r e  that the conta i nmen t  wou ld no t have fa i led 
and , i n  f a c t , the co r e  f i s s ion pr odu c t s  would not have 
been r e lea sed i n to the env i r onmen t .  

I want to be s u r e  tha t  we do not  l eave th i s  aud i e nce  
w i th the  impr e s s ion tha t  once  eve ry 2 0 0  r e acto r yea r s  
we ' re go i ng to be r e le a s i ng ma s s i ve amounts o f  r ad i a t ion 
i n to the env i r onme n t . 

KOSHLAND : Now l e t  u s  have some que s t ions  f r om the 
aud i e nce . 

MARK GOTTL I EB , Env i r onmen tal P r o tec t ion Agency : G i ven 
t he me thodology u s ed in  the r i s k  a s s e s sme nt unde r taken i n  
the Ra smu s sen Repo r t, has the r e  been a compa r a t ive s tudy 
of o t h e r  r eactor  type s ?  By s uch , I me an the Candu r eactor  
i n  Canada , o r  wha teve r . 

Se cond ly , and pe r haps mo r e  s ig n i f icantly , has the r e  
been any e f fo r t  t o  i nco r po r a te the me t hodo logy o f  
c a ta s t r ophe analys i s  that ' s  come o u t  of  Fr ance by Rene 
Thorn as pe r haps an a l te r n a t ive me thodology for a s se s s i ng 
the acc ident po ten t i a l  o f  nuclear  r eac to r s? 

LEWI S :  We l l , the Un i ted States has been a l i t t le s low , 
a l though i t ' s  beg i n n i ng to ge t f a r t he r  along , i n  do i ng the 
k i nd of r e a c to r - s a fe ty s t udy tha t  wa s done by Rasmu s s e n  
a n d  company . Some spec i f ic componen ts  o f  r eac to r s  have 
been s tud i ed . 

The Ge rmans have done a fa i r ly complete  s t udy on the i r  
k i nd o f  r e acto r u s i ng the same me thodology . The Swede s 
have a l s o  done i t .  

People have d i f fe r en t  v i ews . I do not have the d im 
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v i ew o f  the Reactor Safety S tudy that Dr . Beyea seems t o  
have . I bel i eve one shou ldn ' t  throw the baby o u t  w i th the 
ba thwa t e r , bu t that ' s  some th i ng we c o u ld be deba t i ng a l l  
n ig ht . 

The r e  was a r ev i ew g r oup for  the Nuc lear  Reg u l a tory 
Comm i s s ion , the  so-cal led Ri s k  As s e s smen t  Rev i ew Gr oup , 
wh ich hear t i ly r ecommended tha t the NRC no t try to do 
f u l l - sc a l e  r eac tor  s tud i e s  a l a  Rasmus s en on o ther  
r e ac t o r s ,  but  i n s tead do  m i n i - s tud i e s  on them and i n  
pa r t i c u l a r  u s e  t h e  me thodology for  s ubsys tems whe r e  i t  can 
be done very , very wel l ,  and use  that a s  g u idance i n  the 
r eg u la t i on o f  the i ndu s try . 

J .  SAM M I LLE R , e l ec t r ical  eng inee r i ng con s u l tan t , New 
Hampsh i r e : I ' d l i k e  to j us t  throw in one mor e  s e t  o f  
f ig u r es . I ' ve heard Dr . Rasmu ssen  d i sc u s s  the Thr e e  M i l e  
I s l and acc ident tw ice , once a t  Oa k Ridge and once 2 wee k s  
ag o a t  a New Yo r k  Academy o f  Sc iences mee t i ng . H e  states  
that  he d id pr ed i c t  the  acc ident i n  h i s  ma thema t i c a l  
model , and I bel ieve he d id .  

Bu t h i s  pr ed i c t ion wa s tha t we wou ld see a Th r e e  M i l e  
I s land type pa r t i a l  mel tdown once eve ry  2 , 5 0 0  
r eac tor -ye a r s .  H e  sa id the r e  was a 1 0  pe rcent  conf idence 
var i a t ion on t h a t , wh ich would put  Th r ee M i l e  I s l and 
w i th i n  h i s  pr edic t i on a t  one in eve r y  2 5 0  r eactor -yea r s , 
or  once about eve ry  3 ope r a t i ng yea r s  in  the country for  a 
Th r ee M i le I s land type acc iden t .  

I ' d l i k e  to a s k  some membe r s  o f  the pane l to comment on 
the  po s s i b i l i ty of  ser ious  acc iden t s  o ther  than a t  an 
ope r a t i ng r eacto r . Name ly , wha t  do we do i f  we have a 
spe n t  f u e l  poo l acc ide n t , or  wha t do we do i f  we have an 
acc ident  in one o f  our pr e s ent s to r ag e  f ac i l i t i e s , e i the r 
Hanford  or , God fo r b id , an ear t hqua k e  a t  we s t  Va l ley? 
And wha t do we do abou t the pred i c t ions  for acc idents a t  
f u t u r e  s tor ag e  s i te s  whe r e  we ' r e go i ng t o  b e  s to r i ng the se  
th ing s  5 0  yea r s  f r om now , le t ' s  say? 

KOSHLAND : The s t o r age pr oblem wa s r ea l ly very we l l  
cove r ed i n  o u r  l a s t  For um . Do you want t o  a s k  about othe r 
type s o f  acc iden t s , l i ke ear thqu a k e s  o r  pool acc idents ? 

M I LLE R :  Yes . Pa r t icula r ly spent f u e l  pool s  and 
on - s i te s to r ag e . 

WAHL : I can r e spond r e l a t i ve to the a s s u r anc e o f  
r e leas i ng r ad ioac t ive ma te r i a l  t o  the env i r onmen t  f r om a 
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spent  f u e l  s to r age  poo l . I f  you would examine  the marg i n s  
t h a t  ex i s t  in  those s tr uc t u r e s  r e l a t ive t o  the bu i ld i ng 
we ' r e in  h e r e  o r  a hosp i ta l  - - bu i ld i ng s  i n  wh ich we place 
a g r e a t  deal  o f  va lue on the se i sm i c  r e s i s tance o r  tor nado 
r e s i s tance of the s t ructu r e  because i t ' s  a pub l i c  
bu i ld i ng - -you wou ld f i nd t h a t  wh i l e  a nuc l e a r  power plant 
spent fuel  s to r age  pool i s  des igned for much h ighe r load 
cond i t i on s  because the e f fec t s  of e a r thquak e s  a r e  two or 
t h r e e  t imes as seve r e  a s  those an t ic ipa ted i n  a no rma l 
bu i ld i ng code , we have add i t ional facto r s  o f  s a f e ty on top 
of those not a l l ow i ng pla s t i c s tr uc t u r a l  r e spons e . We 
keep the s t r uc t u r a l  e l eme nts  in a l i near  r ang e so that 
they ' r e mo r e  pr ed ictable . So the ove r a l l  ma r g i n  o f  s a f e ty 
aga i n s t  f a i lur e due  to an e a r thquak e  i s  i n  the 
ne i ghbo r hood o f  f ive t ime s g r eater  than that for  a 
hosp i ta l  o r  pub l ic a s s embly bu ild i ng . 

The other  advan tage that you would have in  a spent f u e l  
s to r age pool i s  t h a t  you d o  n o t  have t h e  d r i v i ng force o f  
t h e  r e lea sed s team that you wou ld have i n  a r eactor 
sys tem , so  you don ' t  have the d r i v ing force  to ge t those 
r ad ioac t ive f i s s ion pr oduc ts  out  i n to the env i ronmen t .  
Thos e  a r e  two ve ry impo r tant  facto r s  o f  safe ty r e l a t i ve to 
the s to r age of the spent  f u e l . 

BEYEA : I have a tough t ime conv inc i ng people i n  
Wa s h i ng ton o f  t h e  s e r iousne s s  of  th i s  problem . I n  f ac t , 
I ' ve not iced t h a t  when I ta l k  to people i n  wa sh i ng ton , 
eve ryone seems to be s u r e  tha t , because they wo r k  i n  s uch 
an  impo r t an t  town , they k now wha t is  a problem and wha t 
i s n ' t . And , unfor tunately , eve ryone I ' ve t a l k ed to so f a r  
i s  conv i nced that  t h e  pos s i b i l i ty o f  acc idents  a t  spent  
f u e l  s to r age  fac i l i t i e s  i sn ' t  much o f  a problem . 

I would ag r ee , howeve r , that the r e  i s  l e s s  o f  a 
poten t i al problem than with r eactor  me l td own s for  the 
r e a sons men t i oned by the prev i ous spea k e r . Theo r e t i c a l ly , 
you can have a l a rge r e lease of  r ad ioac t i v i ty a t  a spent  
fue l  pool  o r  a t  any  away- f r om- r eactor  s tor age pool , but  
the  t ime f r ame o f  the  acc ident seems to be  much long e r  
t h a n  t h e  t ime f r ame a s soc i a ted wi th a r eac tor mel td own . 
The r e ' s  j u s t  not a s  much ene rgy ava i lable . Even w i th a 
b r e a kdown i n  mecha n i c a l  cool i ng i t  t a k e s  wee k s  to g e t  
ove r hea t i ng . Th u s  the r e  would b e  con s ider able t ime 
ava i l able to r epa i r  the sys tem prov ided the r e  could be 
acc e s s  to places whe r e  ac t i on was needed . 

And so the scena r ios  developed by a g r oup o f  us who d id 
some c r i t i cal  analys i s  for  the gover nmen t  of the s ta te o f  
Lowe r Saxony i n  Ge rmany i nd ic a ted t h a t  e s sent i a l ly a 
" lo s s - o f - s e r v i ce s "  acc ident wa s nec e s s a ry to get  a s e r i o u s  
r e l ea s e . You would have t o  l o s e  the ab i l i ty to s e r v ice 
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the f ac i l i ty f o r  wee k s - -some th i ng that cou ld happen a t  a 
r eactor  s i te i f  you had a me l tdown . Even w i tho u t  a 
me l tdown , a r e l a t ively m i no r  acc ident  could contaminate  
the  f ac i l i ty ,  pr even t ing acc e s s  for  a con s ider able  
pe r i od . I n  s uch los s - o f - s e r v ic e s  s i tuat i on s , large  
r e l ea s e s  o f  r ad i oac t i v i ty wou ld be pos s i b l e ; howeve r , 
r e l e a s e  o f  r ad ioac t i v i ty f r om old f u e l  would not be l i k e ly 
to lead to immed i a te deaths , but  could lead to large  
amo unt s  o f  l and contam i na t ion . 

In any case , the r e  i s  a fa i r ly s imple techn ical  f ix for  
th i s  pr oblem , wh ich i s  to go to a type o f  dry  s t o r age i n  
wh ich you have natu r a l  cool i ng . W i th natu r a l  cool i ng you 
can avo id these los s - o f -coo lant acc idents  in  the f i r s t  
place . I n  fac t , the gove r no r  o f  the s tate  o f  Lowe r 
Saxony , a f te r  hea r ing ou r t e s t imony , took the s e  
hypothe t i c a l  acc idents very s e r i o u s ly . He dec ided tha t he 
would not accept a s  des igned a pr oposed spent fuel  s t o r ag e  
f ac i l i ty t h a t  could hold u p  t o  3 0  r eac tor c o r e s  o f  o ld 
fuel . He would only accept a des ign tha t u sed natu r a l  
cool ing . D r y  s to r ag e  i s  be ing actively s tud ied now i n  the 
Un i ted S t a t e s . I hope that it w i l l  be r equ i r ed he r e  as 
we l l  a s  in Ge rmany . 

Le t me t u r n  to the f i r s t  que s t ion that  was a s k ed , i . e . , 
whe th e r  o r  not the Ra smus sen Repo r t  pred i c ted the TMI 
" pa r t i a l  me l tdown . "  I t  i s  tr ue that  the Reac tor Sa f e ty 
S t udy a s s i g ned a f actor  o f  10  unc e r ta inty to the 
pr obab i l i ty o f  mos t  acc ident sequenc e s , and the r e fo r e  i t  
i s  po s s i ble t o  a rgue that  the occur r ence o f  the TMI eve n t  
d id l i e w i th in the unc e r ta inty band a s s i gned b y  the s tudy 
to the l e a s t  s e r ious l o s s - o f -cool ant acc ident s equence 
cons i de r ed . Howeve r , even i f  one a s sume s that the TMI 
acc ident i s  compa r able to the Rasmussen g r oup ' s  scena r io ,  
i t  i s  impor tant  to no te tha t the ac t u a l  f r equency r a te 
t u r ned ou t to f a l l  a t  the pe s s im i s t ic end of  the r ang e 
g iven . Th i s  r e s u l t  leads me to conc l ude , a s  I sta ted 
e a r l i e r , that the mid- r ange values  s ta ted by the s tudy 
should be cons ide r ed low by a fac tor of 1 0 . 

In any c a s e , had the Reactor S a f e ty S t udy , and those 
who made use  of  i t , h ig h l ighted the  unc e r t a int i e s  in  the 
c a l c u l a t i ons , t a l k ing about a mel tdown pr obab i l i ty r ang i ng 
f r om 1 chance i n  3 , 0 0 0  pe r r e actor  pe r year  to 1 chance i n  
2 0 0 , 0 0 0  p e r  r eactor  per yea r , then I t h i n k  i t  wou ld be 
f a i r  to c l a im that  the TMI inc ident had been " p r ed i c ted . "  
Howeve r , the fact tha t the number 1 in  2 0 , 0 0 0  was the only 
numbe r  emph a s i zed to the publ ic ma k e s  i t  d i f f ic u l t  for me 
to t a k e  Ra smus sen ' s  c l a im s e r i o u s ly . 

Hav i ng once aga in c r i t ic i zed the Reacto r S a f e ty S tudy , 
l e t  me balance my r ema r k s  by inse r t ing some wo rds  o f  
pr a i s e . I do not wan t to g ive the impr e s s i on that the 
s t udy is all bad . De spi te its f l aws it has  taught u s , in 
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my op i n ion , a g r ea t  deal  abou t r eactor acc iden t s1 i t  ha s 
c l a r i f ied the key que s t i on s  tha t need to be a s k ed , and i t  
has  impl i c i t ly s ugges ted ways to ma k e  r eac to r s  s a fe r . The 
s tudy h a s  been m i s u sed by some , but  tha t always happens  
w i th s t ud i e s  of  con t r ove r s i a l  i s s ue s . 

UN I DENTI F IED : I am a nut r i t ion i s t  f r om Yo r k , · 

Pe nnsylva n i a . I obse r ve that nuc l e a r  powe r r eac to r s  do 
not  ex i s t  i n  a vacuum , and I feel  i t ' s  un r e a l i s t i c  for  the 
panel to d i s c u s s  acc iden t s  and s a f e ty of  a nuc lear  powe r 
r e ac tor  wi tho u t  i nc lud i ng a d i sc u s s i on of  acc iden t s  and 
sa f e ty all  thr ough the nuclear  f u e l  cyc l e , i nc l ud i ng the 
m i n i ng and m i l l i ng acc ident s , et c e te r a . 

KOSHLAND : I n  pa s t  Fo r ums we have spent  t ime on thos e  
i s sue s . T h e  o n l y  r e ason we ' r e n o t  d i sc u s s i ng tho s e  top ic s  
ton i g h t  i s  s o  t h a t  we may focus on o n e  of  the se problems 
a t  a t ime . 

JOHN CLEWETT , At tor ney- a t - l aw :  F i r s t  o f  a l l , one ve ry 
qu ic k one . I can only iden t i fy one pe r son who seems to be 
a s k ept ic . Pe r haps you could po i n t  the o the r out . 

LEWI S :  Tha t ' s  the t e s t  you g e t  when  we ' r e f i n i s hed . 

KOSHLAND : Everybody i s  be ing mo r e  caut i o u s  than I 
expec ted . 

CLEWETT : I n  1 9 5 7  the ind u s try appr oached Cong r e s s  to 
say , i n  e f fect , tha t they we r e  unw i l l i ng to bu i ld r eacto r s  
comme rc i a l ly because o f  the poten t i a l  for  very l a r g e  
l i ab i l i ty .  I t  w a s  only a f te r  t h e  pa s s age  o f  the 
Pr i ce-Ande r son Ac t in 19 5 7, wh ich has  been r enewed a 
couple o f  t ime s s i nce then and wh ich seve r ely l im i t s  the 
l i a b i l i ty of those who r un reac tor s ,  that comme r c i a l  
nuclear  powe r wa s a l l owed t o  ex i s t  a t  a l l . 

I ' m wonde r i ng i f  some o f  the pane l i s ts would commen t  on 
that fact , because i f  reac tor s a r e  as safe  as some of the 
panel i s t s  s eem to wan t to be l i eve , why is it that the 
i n s u r ance i nd u s t ry r e fuse s  to i n s u r e  them? 

BROOKS : I th i n k  the problem is that the i n s u r ance 
i nd u s t r y  r ea l ly only i n s u r e s  actua r i a l  r i s k s1 that is to 
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say , r i s k s  on wh ich the r e  i s  expe r i ence , not r i s k s  f o r  
wh ich t h e  calcu l a t i on i s  pu r e ly theo r e t ica l . The s ame 
pr oblem has a r i sen in a numbe r of other  case ,  s uch as the 
swine  f l u  vacc ine  c a s e . I don ' t  t h i n k  tha t the 
in t e r pr e t a t ion that  was impl i ed by you r ques t ion , i . e . , 
t h a t  the i ndu s tr y  be l ieved the r eac to r s  we r e  so  unsafe  
tha t they had to be held h a rmle s s  by  the  gove r nmen t , i s  
r e a l ly qu i te accu r ate . A s  t ime has  gone on , the amount o f  
pr iva te i n s u r ance that ha s been ava i lable t o  the nuc l e a r  
i nd u s try  h a s  in  fact s tead i ly i nc r e a s ed a s  expe r i ence h a s  
accumu la ted . 

KOSHLAND : I th i n k  we may go on to the second que s t ion 
now : Wha t c r i te r i a  are  ava i lable f o r  j udg i ng 
acceptab i l i ty o f  r i s k s , and how do they compar e  w i th 
a l te r na te soc i e t a l  opt i o n s ?  Dr . Brook s ,  would you s ta r t  
on tha t ?  

BROOKS : I th i n k  t h e  ba s ic problem we ' r e deal ing w i th 
in  th i s  a r ea i s  the que s tion o f  ave r ag e  r i s k s  ve r su s  wha t  
I would c a l l  the spr ead o f  r i s k s . Although I ' m pe r sona l ly 
qu i te conf ident that the pr obab i l i ty o f  a r eactor acc ident 
cau s i ng death or  i n j ury t o  any memb e r  o f  the g ene r a l  
pub l i c  in  t h e  next 3 0  t o  4 0  yea r s  i s  l e s s  than 1 i n  1 0 0 , 
and that  the pr obabil i ty o f  an acc ident  th r e a ten ing 
thous ands o f  l i ves is pe r haps 1 i n  1 0 , 0 0 0 , I also  
r ecog n i z e  tha t such an acc iden t could happen w i th equal  
l i k e lihood a t  any time in  the  nex t 100  o r  1 0 , 0 0 0  year s ,  as  
the case  may be . 

I n  s uc h  accidents  the numbe r  o f  long -d e l ayed fatal i t ie s  
i s  l i k e ly t o  exceed the number o f  s ho r t - te rm fatalit i e s  by 
at lea s t  a f ac t o r  of 3 0 , and i t  i s  d i f f icul t to dec ide how 
these should be con s ide r ed , e spec i a l ly s i nce the delayed 
f a t a l i t i e s  in fact mos t ly r epr e s en t  a 1 chance in 1 , 0 0 0  
incr ease  ove r the no rmal inc idence o f  cance r . On a s t r i c t  
s ta t i s t ic a l  ba s i s , tha t i s , t h e  yea r ly numbe r o f  
f a t a lit i e s  computed a s  the pr obabil i ty t imes consequenc e s  
per year , the t h r e a t  i s  sma l l  compa r ed w i th o t h e r  r i s k s  
expe r ie nced in  our soc i e ty and when compa r ed w i th other 
mea n s  o f  gene r a t i ng e l ec t r i c i ty or  even pos s i bly compa r ed 
w i th s t r ong con s e r v a t ion e f fo r t s . But the l ump i nes s  o f  
t h e  r i s k  i s  r ea l ly the pr oblem . The fac t that a s i ng l e  
complex o f  r i sk s  can b e  t ied t o  a l a rge number o f  
fa talitie s o r  a s i ng l e  d i sc r e te event  c a n  b e  t i ed t o  a 
l a r g e  numbe r o f  po ten t i al dea ths ma k e s  i t  d i f f ic u l t  to 
eva l uate  and throws i t  bac k e s s en t i a l ly onto a pol i t ical  
j udgment  • I t h i n k  that i s  a l r eady impl icit in a lot  o f  
t h i ng s  t h a t  we r e  s a id i n  answe r t o  t h e  f i r s t  que s t ion . 
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The r e  a r e  some s im i l a r ly lumpy r i s k s , s uch a s  ma j or d am 
f a i l u r e s , l ique f i ed na tur a l  g a s  d i s a s te r s , and 
c a t a s t r oph ic  o i l  s to r age f i r e s , and we have much poo r e r  
c a l c u l a t i on s  o f  r i s k e s t ima t e s  f o r  the s e  than w e  do for  
reactor  acc iden t s , unce r ta i n  as  the latter  a r e . I 
con s ide r the r i s k  o f  nuclear  war g r ow i ng out  o f  a 
con f r o n t a t i on over o i l  suppl i e s  f a r  mo r e  probable and much 
mo r e  c a ta s t r oph i c  than any of these even t s , and far  mor e  
l i k e ly i n  the nex t 4 0  t o  5 0  yea r s  than any othe r . 

Fo r the s e  r e a s ons  I am pe r sona lly p r epa r ed to accept 
the r i s k s  of nuc l e a r  powe r , but r ecogn i ze that th i s  i s  an 
unavo idably sub j ect ive j udgment  that  c annot be made on a 
sc i e n t i f i c bas i s  a lone . To me the mo s t  wo r r i some acc i d e n t  
and the o n e  that  I f i nd mos t  d i f f icul t to con f r o n t  wi th 
r e spect to nuc l e a r  power is ano the r m inor acc ident 
compa r able wi th o r  s l ightly  wor se than TM I , pe r haps an  
acc ident that might  k i l l  h a l f  a dozen  people i n  the sho r t  
t e r m  and maybe r e sul t i n  a s  many a s  2 0 0  deaths  long te rm . 
I bel i eve that th i s  would be l i k e ly to r e s ul t  in a 
pol i t i c a l  dec i s ion to shut  down mos t  or  a l l  powe r plants 
a t  a t ime when we are  con s ider ably mo r e  dependent on 
nuc l e a r  powe r than we are  today . 

I be l i eve that  the soc i a l  d i s rupt i o n , h a r d s h ip , 
con f l i c t , and even deaths  r e s u l t i ng f r om such an even t  
would far  exceed t h e  d i r e c t  e f fec ts  o f  t h e  acc ident and 
wou ld be much mo r e  t r auma t i c  and long - l a s t i ng . 

Howeve r ,  i t  i s  a l so tr ue tha t soc i e ty could be 
t r a uma t i zed , though i n  a somewha t d i f f e r e n t  way , as a 
r e s u l t  o f  t he r apid appear ance o f  ev idence o f  s e r i o u s  
cl ima t i c  e f fec t s  r e sul t i ng f r om comm i tmen t  to  coal - f i r ed 
e l ec t r ic i ty gene r a t ion and synthe t i c  fuel produc t ion . 

C l e a r ly the que s t ion o f  accepta b i l i ty o f  the r i s k s  in  
nuc l e a r  powe r depends on  a numbe r o f  c r i te r i a : f i r s t , the 
r i s k o f  al t e r nate  energy s t r ateg i e s , i nc l ud i ng fa i lur e to 
a t t a i n  mor e  opt im i s t ic conse r va t ion  goalSJ  second , o the r 
r i s k s  a s s oc i a ted w i th indus t r i a l  soc i e ty compa r ed to 
nuclear  powe r J th i r d , r i s k s  a s soc i a ted w i th bac kgr ound 
r ad i a t i on and natur al r ad ioac t i v i ty in compa r i son w i th the 
popul a t i on doses  r es u l t i ng f r om nuclear  acc identS J  and 
f o u r t h , the i nd i r ec t  soc i a l  and econom i c  consequenc e s  of 
even a r e l a t ively m i no r  nuc l e a r  i nc ident i n  the pr e s e n t  
pol i t ical  c l ima te . 

I g u e s s  I wou ld feel  i t  i s  th i s  l a s t  que s t ion that I 
f i nd harde s t  to deal w i th and that produc e s  the g r ea t e s t  
unce r t a i nty i n  m y  own mind . 

BEYEA : I t h i n k  that  r egul a to r s  have a very d i f f icult 
j ob i n  t r y i ng to come up w i th c r i te r i a  fo r the  
acceptab i l i ty o f  nuc l e a r  powe r or , for  that mat te r , any 
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other e lec t r ic i ty-gene r a t i ng technology . F i r st o f  a l l , i t  
i s  impos s i bl e  t o  s ay that  plants a r e  " sa fe . " I don ' t  know 
any sc i en t i f ic de f i n i t ion of the wo rd . I know wha t  i t  
mean s t o  say that  one technology i s  •sa f e r " than anothe r , 
but I don ' t  k now what i t  means to say a techno logy i s  s a f e  
i n  an absolute sense , s i nce the r e  i s  always go i ng to be 
some r e s idual  r i s k . 

Hav i ng r e j ec ted the concept o f  abso lute s a f e ty a s  a 
c r i t e r i on f o r  acceptab i l i ty ,  l e t  me tur n to the concept o f  
" acceptable r i s k . "  The problem I have w i th th i s  concept 
is that I am r el uc tant to call acceptable a r i s k  that 
leads  to ac tua l d e a t h s  o r  car r ie s  the t h r e a t  of deaths . 
Al thoug h mos t  people do not r e a l i z e  i t , a l l  me thods o f  
g e ne r a t i ng e l ec t r ic i ty i n  use today t a k e  l ives , and s ome 
th r ea ten the l o s s  of a g r e a t  numbe r of l ive s . As a 
r e sul t , I f i nd i t  d i f f i cul t to ma inta i n  tha t any p r e s e n t  
powe r source  i s  acceptabl e ,  beca use  I don ' t  th i n k  i t  i s  
acceptable t o  t a k e  l ive s . Such r i s k s  may b e  neces sary  for  
u s  to have  e l ec t r i c i ty ,  but  I don ' t  want to c a l l  them 
acceptable . 

The d i s t i nc t i on wa s d r iven home to me many yea r s  ago i n  
a c l a s s  I wa s teach i ng in  wh ich I wa s d i sc u s s i ng the 
var i ous ha rmful s ide e f fe c t s  o f  d i f f e r en t  energy source s . 
A s tudent  s topped me to a s k , " Why do people have to d i e  to 
pr oduce e l e c t r ic i ty? " I b l u s t e r e d  a b i t  and gave a poor 
answe r . But  a f terward , a s  I thought  about wha t  had been 
s a id , I came to the conc l u s i on tha t the s tuden t  had a s ked 
the c r u c i a l  que s t ion- - the que s t ion that I had m i s s ed . 
Tha t  que s t ion has  s tayed i n  my m i nd eve r s i nce . I t  seems 
to me tha t , a s  a soc i e ty , we mus t beg in  to move i n  a 
d i r ec t i on that w i l l  el imi nate the need for  any fut u r e  
s tudent  t o  a s k  t h e  same ques t i on .  E l im i na t i ng deaths  
a s soc i a ted w i th energy technolog i e s  should be one  o f  the  
g u id i ng pr i nc ipl e s  o f  ou r nat ional ene rgy pol icy . I t  i s  
c e r t a i n ly not  pos s i ble  t o  e l im i na t e  a l l  energy- r e l a ted 
deaths  immed i a t e ly , and i t  may neve r be compl e tely 
po s s i ble , bu t I think  the idea r epe s e n t s  an impo r tant  goal  
towa rd wh ich we  should be wor k ing . 

And so , f r om a mo r a l  pe r spec t ive , I f ind the concept of  
acceptable r i sk to be f l awed a s  a c r i te r ion for accept i ng 
nuc lear  powe r . I f i nd i t  very d i f f i c u l t  to accept wha t 
Ha r vey B r ook s j us t  sa id , name ly , that we should be 
s a t i s f i ed if the r i s k s  f r om nuc l e a r  powe r are compa r able 
to o ther  r i s k s  we face in  the soc i ety . S uch a pos i t ion 
impl i e s  that these other r i s k s  are a lso acceptable . As 
l ong a s  the r e  ex i s t  ways to r ed uce r i s k s  i n  our  soc i e ty 
for  both energy and o ther  technolog i e s , I th i nk i t  i s  
i nappropr i a te t o  call  them acceptab l e . I would pr e f e r  a 
doc t r ine  o f  " neces s a ry r i s k " to a doc t r i ne o f  " acceptable 
r i s k . " 
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I t  i s  not j us t  nuc l e a r  powe r that i s  r i s ky . Eve ry 
energy technology I have looked a t  has  some harmful  s ide 
e f fec t s , some d e a th s , a s s oc i a ted w i th i t .  Fos s i l - fu e l  
bu r n i ng produc e s  a i r  pol l u t ion , wh ich causes  deaths . 
Nuc lear  powe r produces r ad ioac t i v i ty ( or i t  i s  une a r thed 
d u r i ng m i n i ng ) that  w i l l  be r e lea s ed i n to the env i r onmen t  
a t  some t ime- - r ad i oac t i v i ty in s u f f i c i e n t  quan t i ty to 
pr oduce some cance r d e a th s . Even a t ighten i ng of hou s e s  
t h r oug hou t t h e  coun t ry to r ed uce ene rgy-wa s t i ng a i r f low 
can i nc r ea s e  indoor a i r  pol l u t ion by an amount suf f ic i en t  
t o  pr oduce a c e r ta in  numbe r o f  deaths  f r om cance r . 

I n  each c a s e  the r e  a r e  ways to r educe the r e� u l t i ng 
numbe r o f  d e a th s . I f  we a r e  cleve r , or  i f  we a r e  w i l l i ng 
to spend mo r e  money , we can r educe the r i s k s  a s s oc i a ted 
w i th u s i ng e l ec t r ic i ty . I do no t c l a im tha t we should p i c k  
on nuc lear  technology to· t h e  exc lus ion o f  o the r s . I th i n k  
w e  should spend j us t  a s  much e f fo r t  on impr ov i ng coa l 
p l a n t s  a s  we do on impr ov i ng nuc l e a r  plan t s . S im i l a r ly ,  
when we bu i ld new hous e s  to mee t new ene rgy-sav ing 
c r i te r i a  we should r educe the s ourc e s  of i ndoor a i r  
po l l u t ion a t  the same t ime- - for  i n s tance by i n s ta l l i ng 
p l a s t ic vapo r ba r r i e r s  beneath ba seme n t s  o f  bu i ld ing s  to 
cu t down the amoun t o f  r ad i oac t ive r adon gas seep i ng i n to 
house  a i r  f r om the so i l . 

To conc l ude , I do not t h i n k  the r e  ex i s t s  an energy 
techno logy that is  " acceptable " f r om the s a fety po i n t  o f  
v i ew .  The r e  a r e  n o  f r ee e n e r g y  l unche s . Howeve r ,  some 
e le c t r i c i ty-gene r a t i ng technolog i e s  a r e  be t te r  than 
othe r s , and i t  i s  the mo r e  ben ign  technolog i e s  towar d  
wh ich w e  should b e  mov i ng . I do no t th i n k  people i n  
Wa s h i ng ton , D . C . , have faced u p  s e r i o u s ly t o  the proc e s s  
o f  r an k i ng t h e  var ious  ene rgy opt ions  acco rd i ng t o  the i r  
h e a l t h  and s a f e ty a spec t s . 

KOSHLAND : Mr . Wahl , I ' m go i ng to c a l l  on you . I ' d  
l i k e  you to say some t h i ng so out r ag eous  tha t Dr . Yel l i n  
tur n s  o u t  t o  be a s k ept ic and s o  tha t my pr e s t ige and 
c r ed i b i l i ty a r e  r a i sed .  

WAHL : We l l ,  I hope that  I g e t  to be the s kept ic a t  
some po i n t . 

I th i n k  the f i r s t  two g e n t l emen have t a l k ed abou t the 
bus i n e s s  o f  analyz ing r i sk  r e l a t i ve to nuc l e a r  powe r a nd 
other  type s o f  powe r . Un fo r t unate ly , I ' m i n  the bus i n e s s  
o f  hav ing to  d e s ign powe r plan t s , a n d  I g u e s s  wha t  w e  f i nd 
i s  that  we have to mee t c r i te r i a . The que s t i on wa s what 
c r i te r i a  are ava i l able to j udge the acceptab i l i ty o f  the 
r i s k . 
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W e  l eave tha t j ob t o  the Nuc l e a r  Reg u l a to r y  
Comm i s s ion . As a prac t i t ioner  i n  t h e  a r t  f o r  a l i t t l e  
ove r 2 0  yea r s , I wou ld ma k e  a v e r y  pos i t ive s ta teme n t  tha t 
we can ' t imag i ne anyone could be tougher  than the NRC . 
They don ' t  s top a t  the fede r a l  c r i te r i a . The r e  a r e  
c r i te r i a  i n  t h e  Code o f  Fed e r a l  Reg u l a t ions  tha t say t h i s  
i s  i n  fact whe r e  you have t o  place the l evel o f  r i s k  whe n 
you d e s ign the plan t . You ' r e des ign i ng to r e lease  l im i t s  
that in  e f fec t t r y  t o  prevent ha rm t o  the popu l a t ion a t  
l a r g e  and , pr obably mo r e  impo r tantly , to i nd iv idua l s  a t  
t h e  s i te bound a r y . 

I don ' t th i n k  we ' ve found a be t t e r  way f r om the 
s tandpo i n t  o f  a pr agma t ic appr oach to g e t t i ng the j ob 
done , and that ' s  a d i f fe r e n t  problem than analy z i ng a 
b ig g e r  p i c t u r e . Tha t ' s  not to say that we should n ' t  be 
conc e r ned abo u t  r i s k . I th i n k  that the c r i te r i a do a ver y  
good j ob o f  s e t t i ng a l e v e l  o f  r i s k . I g u e s s  I would 
have to ag r e e  w i th Dr . Beyea that the r e  i sn ' t  any way to 
pr oduce powe r that is tota l ly r i s k - fr ee o r  death- f r ee . I n  
f ac t , the expe r ience t o  date i s  that  i t  pr obably c o s t s  
mo r e  l ives to bu i ld t h e  p l a n t s  than i t  d o e s  to ope r a te 
them , even i nc lud i ng the acc ident scena r ios  and the 
probab i l i t i e s . That doesn ' t  mean we ' r e go i ng to s t op 
bu i ld i ng r eac to r s  any mor e  than we ' r e go i ng to s top 
bu i ld i ng br idges o r  au tomob i le s . But the r e  a r e  c r i te r i a  
on wha t the acceptable level o f  r i s k  i s  today . They ' r e i n  
t h e  C o d e  o f  Fed e r a l  Reg u l a t ion s . I th i n k  they a r e  f a i r ly 
seve r e  c r i te r i a . We ' ve done cos t - bene f i t  wor k on ways to 
mee t  o r  exceed those c r i te r i a , and we have found ways 
w i th i n the me t r opo l i tan s i t i ng areas whe r e by we can , 
thr ough add i t i onal  c o s t  to the conta i nment sys tems o r  
f i l t r a t ion sys tems , enhance the s a f e ty o f  the plant o r  
r educe the r i s k . 

So these techn iques a r e  ava i lable ; they ' r e not 
unk nown . I t ' s  a que s t ion of  wha t  c r i te r i a the fede r a l  
r eg u l a t i on s  apply t o  j udg i ng the r i s k . 

KOSHLAND : Dr . Ye l l in i s  shak ing h i s  head , so I have 
hope s for  h im .  

YELL I N : I don ' t  pa r t icul a r l y  l i k e  the term " acceptable 
r i s k . "  It  impl i e s  that the r e  ex i s t  spec i f ic nume r ical  
e s t ima te s  o f  r isk that in  pr i nc iple can be  pr ec i s e ly 
compu ted . I t  sugg e s t s  that such e s t imates  ought to be 
u s ed i n  ma k i ng dec i s ions about the var ious  r i sk s  soc i e ty 
face s . And i t  a s s umes tha t  somewhe r e ,  i f  we could only 
f i nd i t ,  the r e ' s  a u n i ve r s a l  nume r ical  s tanda rd of 
" acceptab i l i ty "  ag a in s t  wh ich the r e s u l t s  o f  r i s k  
a s s e s smen t calculat ions c a n  b e  compa r ed . 
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I don ' t  be l ieve s uch a s t anda rd ex i s t s , and I don ' t 
th i n k  pu r e  nume r ical  r i s k  e s t ima t e s  oug h t  to be the sole 
o r  even the dom i nant  cons ide r a t ion i n  ma k i ng soc i e t a l  
dec i s i on s . Afte r a l l , r i s k s  a r e  not  phy s ical  phenomena . 
They a r e  abs t r ac t ion s , and any " r i s k  
a s se s smen t " i s  the r e fo r e  deeply colo r ed by the soc i a l  
context in  wh ich i t  i s  t o  b e  appl ied . 

I t  wou ld no doubt be eas i e r  for  people who have to 
ma k e  dec i s ions to have nume r i c a l  r i s k  e s t imates to compa r e  
aga i n s t  a n  abso l u te s tandard , o r  to place on a r e l a t ive 
scale . One could o r g an i ze a soc i e ty on that ba s i s , but  I 
s u spec t only a m i no r i ty wou ld wan t  to l ive i n  i t .  The 
complex i t i e s  that mak e  a c r e a t ive l i fe pos s i ble would 
g r ad u a l ly d i sappea r . Tho s e  f r ag i l e a spec t s  o f  human 
ex i s tence tha t W i l l i am James once c a l led the " f u l ig inous  
m i s t s  o f  a f fec t i on ,  • • • the swamp- l igh t s  o f  
s e n t imen tal i ty , " wou ld van i s h . And f o r  those people who 
r e t a i ned the o ld values , soc i e ty ' s  dec i s ions , c a s t  i n  
" r a t i ona l "  nume r ical  form , would expr e s s  no mo r e  than the 
w i l l  o f  the dec i s ionma k er s .  In pr i nc i ple , a nume r ical  
f r amewo r k  for r i s k  e s t imat ion can be compa t ible w i th a 
w i de var i e ty o f  value sys tems . But  a s  a pr ac t i c a l  ma tte r , 
the conven t i onal " expec ted val ue " appr oach f avo r s  a na r r ow 
spec t r um o f  i nd iv idual pa t te r n s  o f  e t h ical  pr e f e r enc e . S 

On the  o the r hand , one ce r t a i n ly can a s k  the que s t ion : 
How should we choose be tween d i f f e r ent  means o f  produc i ng 
energy?  we do choose , i n  subtle  ways when  we s e t  
long - t e rm n a t i onal energy pr i o r i t i e s , and expl i c i t ly whe n 
a u t i l i ty dec i d e s  whe ther  to buy a conven t i onal powe r 
p l a n t  or  a nuc l e a r  r eacto r . I t ' s  a close  compa r i son , 
howeve r . W i th r e spec t to coal the r e  a r e  cons ide r a t ions  
such a s  the one s Dr .  Broo k s  tal k ed abou t : the  e f fe c t s  of  
c a r bon d iox ide on the g lobal cl ima te , the e f f i c iency w i t h  
wh ich we c a n  cl ean up the em i s s ions  f r om a coa l - f i red  
powe r plan t , and  the health consequenc e s  of those 
em i s s ions . And for nuclear powe r one has to cons ide r , 
among other  th i ng s , the f u t u r e  e f fec t ivene s s  of  nuc l e a r  
s a f e ty r eg u l a t i on s , t h e  natu r e  of pos s i ble f u t u r e  r eactor 
sys tems , and the impl ica t ions o f  d i f fe r ent  ways to close 
the nuclear  f u e l  cyc le . 

I n  p r e s e n t  c i r c ums tances , g i ven the larg e unce r t a i n t i e s  
i nvolved , w e  should no t mak e  excl u s i ve ene rgy pr oduc t i on 
cho ices , but  should try  to ma inta i n  d ive r s i ty .  I t a k e  the 
pr inc iple of  d i ve r s i ty to imply that we should leave the 

5 Fo r an oppos i ng v i ew see S ta r r  & Wh i pple , Ri s k s  
o f  Ri s k  Dec i s i o n s , Sc ience 2 0 8 ,  1 1 14 ( 1 9 8 0 ) 
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door open for  a move , ove r the ve ry long te rm , away f r om 
cen t r a l  s ta t ion powe r technolog i e s . 

S I DEY : He r e  aga i n , t r y i ng to s um up the pub l i c  mood i s  
a b i t  d i f f ic u l t . But  i t  seems to me , a s  Dr . B r oo k s  
sugge s ted , that t h i s  u l t ima tely comes back t o  a pol i t ic a l  
dec i s i on . 

The po l i t ical  env i ronme n t  in  the coun try  has to do w i th 
even t s  a r o und the wor ld . I th i n k  acceptab i l i ty f i nally 
comes down to the s tate o f  pan ic  o r  nonpa n i c  o f  people .  I 
do look for  r a th e r  somber t imes ahead . I t h i n k  we have 
gone t h r o ugh these  pos twar yea r s  wi th very l i t t l e  
i nconven i e nc e . I t h i n k  mos t  Amer icans a t  th i s  po i n t  
r eal ly don ' t be l i eve that  the i r  powe r s upply w i l l  be 
i n te r r upted . Pe r haps i t ' s  beg inn i ng to s i nk  i n  a l i t t l e  
b i t .  Ul t ima tely I s u spect t h a t  i n  the pol i t ical 
env i r onme n t  it  will  bo i l  down to a ma t te r  o f  s u r v iva l , and 
I g u e s s  i n  those s impl i s t ic terms that we j ou r nal i s ts u s e , 
i t  come s down to f r e edom . 

Do we f i nally appr oach - - and I s u spec t we w i l l  be f o r e  
long - - that  po i n t  whe r e  w e  look a r ound the wo r ld and w e  s e e  
the  Sov i e ts on t h e  ma rch or  whateve r i s  happen i ng and we 
see our own economy i n  dec l ine? Per haps we beg in to r un 
out  o f  energy . Then I t h i n k  the probab i l i ty that you tal k 
about t a k e s  on an ent i r ely d i f f e r en t  mean i ng i n  tha t 
wor ld . We beg i n  to sugg e s t , a t  lea s t  to our selves , tha t 
pe r haps the wor se r  ev i l  i s  a na t ional dec l ine that m i g h t  
lead u s  i n to n u c l e a r  war . 

Wh a t  I see  i s , pe r haps , the e l emen t  of  i nconve n i ence i n  
n a t ional l i fe play i ng a g r ea t  pa r t  i n  th i s , t h a t  i ndeed i t  
w i l l  f i na l ly end up i n  the pol i t i cal  env i r onmen t , and that 
the f ig u r e s  f in a l ly may not be that mea n i ng fu l . 

LEWI S :  I ' d l i k e  to j us t  say a few words  ag a i n s t  
ove r s impl i fy i ng th i s . The r e  i s  a tendency i n  deal i ng w i th 
the acceptab i l i ty o f  nuclear powe r to ove r s impl i fy and to 
acc use  people who want to j udg e acceptab i l i ty i n  
quan t i ta t ive te rms o f  be ing s tupid , a n d  of  seek ing a 
spec i f ic t h r e shold numbe r s uch that i f  the numbe r i s  1 0  
and t h e  r e ac t o r  i s  9 . 9 9 ,  i t ' s  acceptable , and i f  i t ' s  
10 . 0 1 ,  i t ' s  not acceptabl e .  I don ' t  t h i n k  any o f  u s  
r e a l ly be l i eve that . I t h i n k  tha t ' s  a s t r aw ma n ,  and I 
j us t  wan ted to d i spose of tha t . 

Obv iously , acceptab i l i ty o f  any complex i ndu s t r y  has  to 
do w i th publ ic acceptab i l i ty ,  acceptab i l i ty to r egulatory 
agenc i e s , to gove r nmen t .  Othe r i nd u s t r i e s  have had a bad 
t ime ach i ev i ng acceptab i l i ty .  The av i a t ion i nd u s t r y  had a 
bad t ime ach i e v i ng acceptab i l i ty a t  the very beg i nn ing . 
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Mos t  o f  u s  don ' t  r emembe r that . The bas i s  for  
acceptab i l i ty i n  the  end  has to do w i th the  bene f i ts tha t  
you  d e r ive f r om the  t h i ng you  a r e  d o i ng . Obv i o u s ly , 
r eacto r s  wou ld not be acceptable , whatever  the low leve l 
o f  the r i s k , i f  they d idn ' t  do anyth i ng for  u s . That ' s  
c l ea r ly so . And i f  what  they do i nc l udes  the avo idance of  
war - - I  don ' t  th i nk so much o f  nuc lear  wa r as  o f  a 
conve n t i onal  wa r i n  the Nea r  Eas t - - t ha t ' s  very good . I n  
my v i ew ,  a l though many people a rgue about the econom ic s , 
they a l s o  ma k e  e l ec t r ic i ty a l i t t l e  che ape r than mos t  
othe r  ways o f  ma k i ng e lec t r i c i ty ,  and that ' s  good . 

The r i s k s  a r e  those that we ' r e d i sc u s s ing he r e , wh ich  
a r e  acc ident s ;  but the r e  are  a lso r i s k s  a s soc i a ted w i th 
t h i ng s  that  have been dealt  w i th i n  o the r For ums . I t ' s  a 
whole complex o f  i s sues  i n  wh ich the s oc i e ty a s  a whole , 
he lped , not h inde r e d , by i t s  expe r t s , has got to dec ide 
whether  the bene f i t s , on balanc e , ou twe igh the r i s k s  and 
ou twe igh the downs ide e l emen t s . 

Many o f  my f r i end s a r e  very much involved i n  compa r i ng 
the  r i s k s  of nuc l e a r  powe r wi th the r i s k s  of mak i ng the 
same amount o f  e l ec t r ic i ty f r om coal or i n  compa r i ng the 
r i s k s  of nuc l e a r  powe r w i th the r i s k s  we norma l ly a s s ume 
in other  wa l k s  of l i fe . We accept automob i l e  technology 
even though we k now a c e r t a i n  numbe r o f  people g e t  k i l led 
in i t . I s u bm i t  that ne i ther o f  those is pa r t i c u la r ly 
i n te r e s t i ng or  pa r t icular ly impo r t an t , because  i n  a l l  of  
these technolog i e s  the  on ly r e a l  i s sue is  whe ther  we  get  
mo r e  out of  it  than we  put into i t  in  the way o f  r i s k . 
R i s k  i s  a form o f  cost  and s ho u ld be , i n  my v i ew ,  included 
i n  a l l  the othe r c o s t s . When we have some unde r s tand i ng 
o f  the cos t s , i nc lud i ng r i s k s , we ' l l mak e  a soc i e t a l  
dec i s ion abou t whether  i t ' s  wo r th i t . 

I d i scove r ed not too long ago that the r i s k i e s t  th i ng 
that we c an do i n  l i fe i s  c anoe i ng . I have a 10 - 6 

pr obab i l i ty o f  g e t t i ng k i l led for  eve r y  9 m i nutes  o f  
canoe i ng . I found t h a t  j us t  a n  a s ton i s h i ng ly h ig h  
pr obab i l i ty ,  a n d  I wonde r ed how they could have k nown how 
bad I am at canoe i ng . But it has no r elevance to the 
que s t ion o f  whether  I ' m w i l l ing to a s s ume n uclear  r i s k s  in 
o r d e r  to get elec t r ic i ty r easonably conven iently and 
cheaply . I ' ve been accu s ed o f  m i s u s i ng s ta t i s t ic s  to s u i t  
m y  own pu r pose ; th i s  i s  a n  accusat ion that I deny 
ve hemently but w i thou t r anco r . But I do t h i n k  that to s ay 
that we c annot accept a technology that t h r e a tens  ou r 
l i ves i sn ' t very helpfu l . 

KOSHLAND : I wan t to a s k  one que s t ion i n  gene r a l  
f o l l ow i ng u p  o n  Mr . S idey ' s  conc l u s i on that a s  the need 
r i se s , the publ ic ' s  pe rcept ion of how much r i s k  they ' r e 
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w i l l i ng t o  t a k e  i s  go i ng t o  change . Eve rybody he r e  wou ld 
pr obably ag r e e  that if we r e a l ly need energy , s i t i ng a 
r eactor i n  South Dakota wou ld be g r e a t , and that i f  we can 
impos e  that on the people o f  South Dakota  it would help 
the coun t r y  g r e a t ly . Do you th ink  that we ' r e go i ng to 
c ome to a s tage whe r e  the gove r nment  is wi l l i ng to impos e  
a r eactor i n  an a r ea ove r t h e  wi shes o f  t h e  people o f  that 
a r ea ?  Is  that some th i ng i n  the near f u t u r e ,  o r  i n  the far  
f u t u r e ?  

WAHL : I t h i n k  i t ' s  been done many t ime s . The r e ' s no 
ques t i on about that . You don ' t  a lways have eve rybody i n  
the ne ig hbor hood w i l l i ng t o  accept the s i t i ng o f  the 
r eac to r . That ' s  what the publ ic hea r i ng s  a r e  abou t , and 
g e ne r a l ly the r e  are people who come forward  and say we 
don ' t  want th i s  d amn t h i ng in our  backyard . 

Now , they don ' t  a lways  w i n  that pub l i c  hea r i ng . I n  
fact , they ve ry r a r e ly g e t  the i r  w i s he s . The r e  a r e  
a l r e ady many c a s e s  i n  wh ich we ' ve ,  l e t ' s  say , s i ted 
r eacto r s  o r  other  fac i l i t ie s , maybe even r a i l r oads , for  
the bene f i t  o f  the common g ood of the soc i e ty ove r the 
w i shes  o f  a few . 

· 

I f  s oc i e ty we r e  f i l led w i t h  nuc lear  phy s i c i s t s , the 
pe rcept ion wou ld be d i f fe r ent . However we ' r e dea l i ng w i th 
a wor ld i n  wh ich mos t  people do not unde r s tand how 
r eac tor s wor k ,  do not unde r s tand the na t u r e  of r ad i a t ion , 
and do not r e a l ly unde r s tand what r ad i at ion does to the i r  
bod ie s . The s i t i ng i s sue in  the nuc lear case h a s  t o  do 
w i th who is go i ng to deal w i th th i s  r i s k , a r i s k  that i s  
pe rce i ved a s  much mor e  s e r ious  by the publ ic than by thos e  
i n  t h e  i ndu s t r y  who a r e  fami l i a r  w i th r ad i a t i on . 

I nc iden t a l ly , I t h i n k  th i s  r e luc tance to tole r a te an 
u n k nown techno logy is a r a t ional r e sponse by the publ i c . 
I wou ld deal  w i t h  an e scape o f  ce r t a i n  s t r ange bac te r i a  
o u t  o f  a r ecomb inant DNA labo r a tory ve ry g i nge r ly ,  much 
mo r e  g i nge r ly than I would deal w i t h  e scaped 
r ad i oac t i v i ty .  I ' m fam i l iar  w i th one and not the other . 
I t h i n k  a cau t i ous r e sponse to a dang e r  that i s  unk nown to 
me is a r at ional r e sponse . For the same r eason I t h i n k  
i t ' s  a r a t i onal r e sponse o n  t h e  pa r t  o f  t h e  publ ic to be 
mo r e  wa ry  of r ad i oac t i v i ty than wou ld a sc i en t i s t . 
Ord i n a r y  people don ' t  unde r s tand r ad i oac t i v i ty 1 they don ' t  
k now how to deal w i t h  i t .  

I wou ld do pr e t ty wel l ,  I t h i n k , i n  a bad r eactor 
acc iden t . I and othe r s  fam i l i a r  w i th nuc lear  ma t te r s  
wou ld k now mo r e  than the ord inary  pe r son abou t how to 
pro tec t ou r s e lve s , and so , pe r haps , we have a d i f fe r en t  
" g u t - leve l " to l e r ance for  n uc lear powe r . 
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I t h i nk that  u l t imately the que s t ion of complex i ty o f  
t echnolog i e s  and the publ ic ' s  r e sponse  t o  complex i ty a r e  
g o i ng to b e  k e y  facto r s  i n  t h e  choice  be tween technolog i e s . 

At t h i s  po i n t  I want to sneak  i n  a br i e f  r e sponse to 
Dr . Lew i s  on the u s e f u lne s s  of my c r i te r i a  for choos i ng 
energy  technolog i e s . ( Be fo r e  I do that I s hould say that 
I r e spec t h im ve r y  much and I gener a l ly r e spect his  use of 
pr obab i l i t i e s , except for  ton ight  when I t houg h t  h i s  
r ema r k s  on probab i l i ty we r e  inappr opr iate  t o  the i s s ue . ) 
When I wa s spe a k ing e a r l i e r  I neg lec ted to i nd icate  how I 
t h i n k  dec i s i ons  abo u t  ene rgy sou rces  should be made . I f  I 
we r e  i n  charge  o f  s i t i ng a par t ic u l a r  powe r plan t , I wou ld 
be ve ry c a r e f u l  to mak e  s u r e  that a plant wa s r ea l ly 
nec e s s a r y  be fo r e  I wou ld ag r e e  to s i te one . I wou ld look 
c r i t ic a l ly at  i nd u s try pr o j ec t ions for f u t u r e  elec t r ic i ty 
demand , and I would loo k c a r e f u l ly to see i f  t he r e  we r e  
not energy e f f ic iency impr ovements that could b e  made i n  
t h e  d i s t r ict  t h a t  wou ld e l iminate t h e  need f o r  a new plant 
o f  any type . ( TVA ' s  expe r ience in  e l im i na t i ng a new powe r 
plant  by i n i t i a t i ng a pr og r am to impr ove the e f f ic i ency of  
e l e c t r ically hea ted houses i s  r e levant he r e . )  

On ly ou t o f  a s t r ong conv ic t ion that a powe r plan t i s  
abso l u tely nece s s a r y  wou ld I " accep t " the r i s k  i t  would 
imply . I t  wou ld only be a t  that po i n t  that I would 
con s ider  loo k i ng a t  the a l t e r n a t ives . I would be very 
ha r s h on u n s uppo r ted s a f e ty c l a ims , not j u s t  o f  n uclear  
powe r but also o f  c l a ims abou t the  a l te r na t ives . 

BROOKS : I ' d l i k e to commen t  on seve r al po i n t s  that 
h ave been made . F i r s t  of a l l , on the que s t ion o f  deaths  
due  to the gene r a t i on o f  elec t r ic i ty be i ng tole r able , I 
ag r ee w i t h  Dr . Lewi s .  I don ' t  t h i n k  t h i s  i s  a very 
he lpf u l  po i n t . On  the other  hand , I don ' t th i n k  the r e  is  
any leve l o f  deaths  f r om elec t r ic i ty g e ne r a t i on a t  which 
we s hould s top t r y i ng to impr ove the s i tu a t ion . Bu t I 
don ' t  t h i n k  we should do noth i ng unt i l  we can guar antee 
that  the f a t a l i t i e s  f r om e lectr ic i ty gene r a t ion are z e r o , 
nor do I t h i n k  we should spend an i n f i n i t e  amount  o f  money 
to cont i n u e  r educ i ng the pr obab i l i ty o f  death f r om 
elec t r i c i ty gene r a t ion to z e r o .  How much would I be 
w i l l i ng to spend ? The only answer I can g ive would be at 
l e a s t  as  much as we spend to r educe the pr obab i l i ty o f  
f a t a l i t i e s  in other  a r e a s  of  soc i e ty .  

I ' d l i ke to subscr i be ve ry much to wha t  Joel Yel l i n  
s a id about  d i ve r s i ty .  I n  fact , I don ' t  l i k e ve ry much the 
compa r i s on o f  nuclear  and coal beca u s e  I be l i eve the bes t  
s t r a tegy i s  a m i xed s t r a tegy , a s  d ive r se a m i x  a s  
pos s i ble . F i r s t  because I t h i n k  you ' r e s a f e r  by and l a rge 
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ove r a l l  i f  you have technolog ies  w i th complementa ry r i s k s , 
t h a t  i s  to s ay , r i s k s  that a r e  not l i k e ly to be the same 
unde r the s ame c i rcums tance s .  And second , i f  you have 
bo t h  techno log i e s  in place , then you can sh i f t  your 
emphas i s  f r om one to the other as  new k nowledg e appea r s  
and new expe r i ence i s  g a i ned . Thu s  you ' r e no t loc k ed i n to 
the s i tuat ion that you got i nto because  you made a 
pr e j udgmen t  way bac k that th i s  was the safe s t  way to go , 
and then you d i scove r ed way down the l ine that i t  might  
not have been  the safe s t . I ' m very  much a bel i eve r i n  a 
m i xed s t r a tegy . I t h i n k  a sys tem that r epr esents  a 
comb i nat ion o f  cent r a l i zed and decen t r a l i zed powe r 
gene r a t i on i s  pr obably much mor e  d e s i r able than e i ther one 
or the o the r by i tse l f . 

KOSHLAND : I noted i n  a r ecent elect i on i n  Sweden that 
the people l i v ing near nuc lear r eac to r s  voted 3 to 1 in 
f avo r o f  them , pr obably because  they had j obs the r e . 
Suppos i ng we o f f e r ed a subs idy to the ne i ghbo r hood that 
wa s g o i ng to take the r eac tor , that the r e  we r e  added 
f i nanc ial  r ewa rds  for the people ta k i ng the r i s k . Do you 
t h i n k  that would  wo r k ,  and i s  it  e t h i c a l ?  

YELL I N : The compensat ion a r r angement  you sugg e s t  i s  
very  c l o s e  to wha t ' s  done i n  Japan i n  the i r  nuc lear 
p r og r am . As I unde r st and i t ,  when a r eactor s i te i s  
pr oposed the r e , negot i a t ions  take  place among the 
u t i l i t i e s  conc e r ned , the c e n t r a l  gove r nmen t ,  and local and 
pr efec t u r a l  gove r nmen t s . In add i t ion , f i nanc ial  
a r r angements  have  been  made w i th g r oups o u t s ide o f  
gove r nmen t , s uch  as loc a l  f i s he rmen ' s  coope r a t i ve s . 
W i th i n  that pa r t ic u l a r  soc ial  system , a neg o t i a t ion and 
c ompensa t ion appr oach seems to wor k  in  the sense  that , in 
the ma j o r i ty o f  i n s tance s , r eac to r s  have been con s t r ucted 
and e lec t r ic i ty pr oduced . Of cou r s e , the Japane se nuclear  
prog r am i s  by  no means f r ee o f  pol i t ic a l  con t r ove r sy ,  the 
numbe r of  nuc lear  s i te s  is not large , and r eac to r s  a r e  
heav i ly concen t r a ted in thr ee a r e a s  r e lat i ve ly d i s tant 
f r om the mos t  heav i ly popu la ted u r ban cente r s . 6 

F i she rmen ' s  g r oups have been pa id compensat ion for  
d amage to coa s tal  f i sh ing g r ound s  os tens i bly caused by 
the rma l pol l u t ion . As for  local  r e s idents , the r e  appea r  

6 see Ye l l i n & Joskow ,  S i t i ng Nuc lear  Powe r Plants , 
M I T  Center  for I n te r n a t ional S t ud i e s  r epo r t  C/7 9 - 5  ( 1 9 7 9 ) , 
append ix . As o f  1 9 7 8 , the r e  we r e  1 5  appr oved J apane se  
comme rc i a l  r eactor s i tes  and 88  approved U . S . s i te s . 
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to be no d i r ec t  subs id i e s  but the r e  have been ind i r ec t  
s ubs i d i e s  o f  var i ou s  k i nd s , for  example , prov id i ng a new 
t r a i n  s t a t i on or ma k i ng spec i a l  tax paymen t s  to local and 
pr e fec t u r a l  gove r nmen t s . W i t h  r e spec t to whe ther 
subs id i e s , d i r ec t  or  i nd i r ec t , are e t h i c a l ly d e f ens i ble , I 
don ' t  con s ider  that to be a we l l -posed que s t ion . I t  i s  a 
cond i t i on o f  i nd u s t r i a l i zed s oc i e ty that s i t i ng l a r g e  
f ac i l i t i e s  r e s u l t s  i n  " s ubs id i e s , "  whe the r impl ic i t  or  
expl ic i t . So I don ' t  s uppose one can mak e a gene r a l  
e t h i c a l  a r g umen t ,  bu t o n  a cas e - by- c a s e  bas i s  
e t h i c a l  i s sues  c e r ta i n ly de s e r ve t o  be explored . 

BROOKS : I t ' s  my op i n ion that we ought  to u s e  
compe n s a t ion much mo r e  extens i ve ly t h a n  w e  do . I t h i n k  
the ideal f o r m  o f  compe n sa t i on when y o u  could do i t  wou ld 
be one in  wh ich d i f fe r en t  commun i t i e s  b id for  how much 
they wou ld t a k e  to accept f ac i l i t i e s  i n  the i r  v ic i n i ty .  I 
don ' t  see anyt h i ng une t h i c a l  about that . I t h i n k  i t  
max i m i z e s  the cho ice  and that i t ' s  a form o f  the exe r c i s e  
o f  f r e edom o f  cho ice . 

WAHL : Your  que s t ion g ives me an oppo r t un i ty to 
complete an an swe r to an ear l i e r  one . I was ve ry c u r t 
when you a s k ed i f  r eacto r s  have been s i ted ove r the 
obj ec t ions o f  loc a l  r e s iden t s . I on ly spoke  of the people 
who obj ec t . I t h i n k  the r e  a r e  by far  mo r e  people who 
accept the plants  w i thout a lot of conce r n .  The one s who 
have the conce r n , a f t e r  they expe r i ence the new ne ighbo r , 
gene r al ly feel  i t  i s  a g ood ne ighbor . I know I cou ld �ot 
ma k e  that  s t a tement  abou t e a s te r n  Pennsylvan i a .  

LEW I S : I l ive i n  Santa Bar ba r a , Cal i fo r n i a . 
C a l i fo r n i a  i s  not a s tate that , for  r e a sons I th i n k  we a l l  
know , i s  hosp i table t o  nuclear  plants the se days . We 
c an ' t bu i ld them . The Cal i fo r n i a  Energy Comm i s s i on want s  
to s i te a coal plant  2 0  m i les  down the  coas t f r om Santa 
B a r b a r a  whe r e  I l ive , and i f  they do , I wan t a s ubs idy . 

KOSHLAND : Mr . S idey , you we r e  t a l k ing about the publ i c  
pe rcept i on o f  acc ident s . Suppo s ing a s teady numbe r o f  
people a r e  k i l led ove r t h e  year s ,  l e t ' s  s a y  2 0 0  a y e a r  i n  
one type o f  i ndu s t ry and 2 , 0 0 0  i n  one acc ident eve ry 1 0  
yea r s  in anothe r . D o  you th i nk the r e  w i l l  a lways b e  a n  
imba l ance i n  t h e  percept ion o f  t h a t  type of  r i s k ?  
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S I DEY : We l l ,  h e r e  you deal  w i th th i s  mas s  explos ion i n  
c ommu n i c a t i on 1 and I ,  be i ng a membe r o f  i t , don ' t  
unde r s tand i t . One o f  these days we may f ig u r e  out what 
we ' ve g o t  h e r e , but  up to th i s  po i n t  we haven ' t .  

I f  you had a mas s i ve acc ident w i th 2 , 0 0 0  dead , the 
f a l lout  f r om that wou ld be hor r i ble . I ' m t a l k ing about  
psycholog ical impac t .  I t  seems to me that w i t h  Three Mi le 
I s l and those  of  u s  i n  k i nd of  the g e ne r a l  med i a  f i r s t  off  
dec ided it  was o f  pan ic propo r t ions and it  pr obably was 
not . We s imply d idn ' t unde r s tand i t  that we l l 1 and then , 
o f  cou r se , once that had been implan ted thr ough 
telev i s i on ,  which dom i nates  the pub l i c  m i nd qu i c k ly and 
ove rwhe lm i ng ly , then we d i spatched the mor e  thoug h t f u l  
peopl e  who went up and d i scove r ed t h e  pan i c  t h a t  w e  had 
c r e a ted or added to in that a r e a . I f  the acc ident had 
been l a r g e r  and mo r e  s e r ious , the impac t would have been 
ve r y  g r ave na t i on a l ly , I t h i n k  per haps r ightly so . I ' m 
not one to j udge tha t . 

We a r e  i n  th i s  pe r i od when I g u e s s  we can ' t  mea s u r e  
the s e  th i ng s  f in a l ly . I c an ' t  t e l l  y o u  wha t happe n s . 
Shor t ly a f t e r  the Th r ee M i l e  I s l and acc iden t , ove r 2 0 0  
people d ied i n  a DC - 10 c r a s h  i n  Ch icag o 1  i t  was o f f  the 
f r on t  pag e s  i n  3 day s , though it was o f  imme n s e  
p r opo r t i on s . We ' ve a l r eady men t ioned the deaths f r om 
au tomob i l e s  and those f r om the moon shot  and a l l  of tha t . 

H e r e , ag a i n ,  I th i n k  i t  has to do w i t h  the c r i s i s  
a tmosph e r e  i n  the Un i ted States  and what we pe rce i ve as 
happe n i ng to t h i s  coun t r y , and whe ther we need or mus t  do 
the se t h i ng s  to  get energy . That i s  made up o f  so many 
fac tor s .  Wha t  would stop that or  s low that , I don ' t 
k now . S u r ely  a mas s i ve acc ident , though , wou ld be a j o l t  
t o  ou r n e r vo u s  sys tem that wou ld b e  ha rd t o  ove rcome . 

KOSHLAND : I ' l l t a k e  que s t ions f r om the aud i ence now . 

H I LLEL RASKAS , Educat ional Con s u l t an t : W i th a l l  due  
r e spec t , I ' d l i k e to a s k  the pane l : Why s hould we  t r u s t  
t h e  expe r ts ?  I d r ive a c a r  and I f l y  i n  a i rplane s 1 yet , 
the DC - 1 0 d id c r a s h  w i th a f r i end o f  m i ne 1 the hel icopte r s  
i n  I r an for  a r e scue m i s s ion had tr ouble beca use o f  
mec h a n i c a l  r easons and f a i l u r e  o f  pe r sonnel to fol low a l l  
p r oced u r e s  i n  some case s . Th ings  happen a l l  t h e  t ime . We 
c an ' t  bu i ld c a r s  whose  g a s  tan k s  don ' t  explode pa r t  of the 
t ime . 

I ' m not s ay i ng th i s  i n  a context of  pu r e  c r i s i s  or  pu r e  
panic 1 t h e  po i n t  i s  that nuc lear powe r plants and a l l  the 
other i s s u e s  that we r e  t a l k ed abo u t  e i ther  pr e v i o u s ly or  
w i l l  be t a l ked about w i l l  a f fect people for  tens o f  
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thousands o f  year s .  And so my ques t ion , pa r t ly t o  the 
pane l and also j u s t  to put i n  the m i nd s  of  the aud i ence , 
i s  that o f  a s k ept ic who s imply a s k s : Why should we t r u s t  
t h e  expe r t s  when w e  d o  have a l l  those pr oblems ? 

KOSHLAND : Who wou ld l i k e  to an swe r that one ? 

WAHL : I cons ider  mys e l f  maybe hal fway be tween a 
pr agma t i s t  and an expe r t , but  let me g ive you my v iew of  
why you s hou ld t r u s t  the expe r t s . I r e a l ly be l ieve that  
you don ' t  have anybody e l s e  to t r us t . Now , that doe s n ' t  
mean b l ind tr u s t . No , I ' m ve r y  ser i o u s  abo u t  that . We 
have an exc e l lent educ a t ional sy s tem in t h i s  n a t ion that 
deve lops  expe r t s . We have i ndu s t r i e s  that take tho s e  
g r ad u a te s - - they ' r e not expe r t  at  that po i n t  but  they ' r e a t  
l e a s t  t r a i ned i n  the bas ic  techn iques o f  becom i ng 
expe r t s - - t hey t a k e  those educa ted people and they cont i nue 
to  deve lop i n  an expe r t  a tmosphe r e . 

I ' l l come back to why you can ' t  have bl i nd t r u s t  i n  
expe r t s , because  I be l ieve that . I don ' t  wan t bl i nd t r u s t  
i n  the nuclear  powe r i nd u s try  even though I ' m a pa r t  o f  
i t . I have a t r emendous amount o f  r e spec t for  wha t ' s  been 
done in 25 yea r s , but I wan t  a r eg u l a tory  comm i s s ion that 
has  the be s t  expe r t i se i n  th i s  coun t r y  to r eg u late that 
i nd u s t r y . I t h i n k  that ' s  ve ry impo r tant to ou r soc i ety . 

You have to t r u s t  the expe r t s . I r e a l ly be l i eve that 
you don ' t  have anybody e l se to t r us t . Now , not all the 
expe r t s  w i l l  ag r e e , but  you need to l i s ten to the expe r ts . 

BEYEA : I don ' t  t h i n k  you should t r u s t  the expe r t s . 
Fo r tunately , the nuc l e a r  indus try doesn ' t  c on s i d e r  me an 
expe r t , so you c an t r u s t  me . 

The i s sue  o f  when soc ie ty should d e f e r  to expe r t s  i s  a 
c r uc i a l  one . To dec r ease the need for  s uch d e f e r ence I 
s ug g e s t  that we u s e  s impl ic i ty a s  an impo r t an t  c r i te r ion 
i n  choos ing be tween technolog i e s . I am conv i nced that  we 
s hou ld be mov i ng toward technolog i e s  that are s impl e  
enough and easy enough t o  unde r s tand t h a t  w e  don ' t  h a v e  t o  
t r u s t  t he expe r t s  t o  dec l a r e  them s a f e  o r  acceptable . 
Th i s  i s  one r e a s on that I want to move away f r om nuc lear  
powe r and  move towa rd  c e r t a i n  type s o f  solar  techno log i e s  
t h a t  a r e  easy to unde r s tand and wh ich , the r e fo r e , a r e  n o t  
f r ighten i ng and n o t  a l ienat i ng . 

I do not mean to imply that the publ ic should neve r 
t r u s t  expe r t s . Al though sc i e n t i s ts and eng inee r s  ma k e  a 
g r eat  many m i s t ak e s  they do lea r n  a g r ea t  deal  f r om the 
pr oce s s . Tr i a l  and e r r o r  is the e s s ence of  the sc i en t i f ic 
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me thod . Take the av i a t ion i nd u s t r y  f o r  example . Whe n  
p l anes c r a s h , people ( c a l led expe r t s ) go i n  to f i nd o u t  
wha t  happened . They lea r n  why t h e  p l a n e s  c r a s hed , and 
t hey ma k e  the next gene r a t ion of plane s be t te r . 

I ' m abs o l u t e ly conv i nced that a f t e r  f ive mel tdowns the 
n u c lear  i nd u s t r y  w i l l  be able to get the bug s out of 
r eacto r s  and that we w i l l  t hen get r e la t ively safe  
r eactor s . Howeve r , the ques t i on i s  whe the r we wan t  to use  
t r i a l  and e r r o r  me thods for  th i s  techno logy . 

The publ ic  has to lea r n  that expe r t s  have some t h i ng to 
s ay , but that expe r t  op i n i ons  a r e  not a lways val id . They 
tend to be va l i d  when based on a l a r g e  body o f  
exper i ence . The publ ic should lea r n  to d i s tr u s t  techn ical  
op1 n 1 on s  abo u t  new technolog i e s  when those  op i n ions  a r e  
b a s ed o n  theory , n o t  expe r i ence . 

JOSEPH McCA I N , I nte r na t i on a l  Med i c a l  Tr ibune 
S ynd icate : We ' r e t a l k i ng about the publ ic accepta b i l i ty 
o f  r i sk s ,  and s i nce we can s ay that  the pub l i c  appa r e n t ly 
accep t s  4 0 , 0 0 0  to  5 0 , 0 0 0  deaths a year  on the h ighway s , I 
wan t  to a s k  i f  we cannot a s s ume that th i s  d i sc u s s ion w i l l  
soon become moot i n  the f u t u r e  as  the ene rgy c r i s i s  w i l l  
become wo r se and the publ ic i s  go i ng t o  demand nuclea r 
e n e rgy as soon as the pe trol eum i nd u s try  i s  l a rg e ly d r ied 
u p , r egard l e s s  o f  wha t the r i s k  i s ?  

S I DEY : You k now , when you g o  bac k thr ough a l l  o f  the s e  
c on s ide r a t i o n s  abou t energy at  th i s  po i n t , y o u  come up 
t o - - o r  at leas t I do and some othe r s - - the pr i nc ipa l th i ng 
now i s  our  pol i t ical  l i fe ,  wh ich i s  the t h r e a t  f r om the 
S ov i e t  Un ion . 

I t  seems to me that the r e  have been many w i se 
pol i t ic ians  i n  Cong r e s s  and a r ound th i s  coun t r y  who have 
r ecogn i zed the r i s k  in go i ng too f a s t  w i th nuc l ea r  energy 
or i ndeed i n  a lmo s t  all other a r e a s - -people who have some 
g ood ideas abo u t  b r e a k i ng up some of the i ndus tr i a l  
g i an t s , about  t h e  stor age  o f  was t e , a l l  of those  t h i ng s . 

B u t  we come bac k to th i s  momen t  i n  our  nat ional l i fe 
when we look ove r to see the Sov i e t  Un ion hav i ng exceeded 
us in m i l i tary  pr oduc t i on . We ' r e not c e r t a i n  whe ther 
the i r  appe t i te is  for the Pe r s i an Gulf o r  for much o f  the 
r e s t  o f  the wor ld . And the fact o f  the ma t t e r  is  tha t , at  
l e a s t  as  I interpret  the  pol i t ic i an s , they see that to 
ma i nta i n  a v i able  economy , wh ich is  cen t r a l  to our  
s t r ength here a t  home , and to ma i n ta i n  a m i l i tary mach i ne 
that  hope f u l ly w i l l  d i sco u r age  other agg r e s s ion , we have 
s imply got to con t i nue r ather r apid ly the ways we a r e  
g o i ng a t  th i s  t ime , and we see n o  othe r a l t e r nat i ve . 
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S o  I come back to th i s  dec i s i on ,  that i t  i s  g o i ng t o  be 
pol i t i c a l . At th i s  po i n t  i t  s eems to me i t ' s  mov i ng 
r a the r qu i c k ly i n  the d i r e c t ion o f  s upply of  e ne rgy and 
that t a k e s  in nuclear  r eactor s .  

LEWI S :  I j us t  want to add a couple o f  po i n t s .  I th i n k  
you ' r e r ight  that as  t h e  energy c r i s i s  that  i s  upon u s  
becomes seve r e , then d i sc u s s ions  l i ke th i s ,  i f  w e  a r e  
r e a l ly conf ident  t h a t  w e  a r e  ta l k i ng about an  ave r age  o f  
one , two , o r  thr ee l i ve s a year , even i f  i t ' s  n o t  z e r o , 
w i l l  be los t i n  the no i se . 

My conce r n  i s  that wh i le these a r e  po ignant and 
f r igh ten i ng i s s ues  to the Ame r ican peopl e , we may so 
d i sable our  ab i l i ty to move i n  that d i r ec t i on- - i t  does 
take 1 0  yea r s  i n  th i s  cou n t r y  to bu i ld a powe r plan t - - that  
we  w i l l  be unable to r e spond when we  become awa r e  o f  wha t  
o u r  problem i s .  That ' s  why I t h i n k  that  th i s  k i nd of  
d i sc u s s ion  i s  bene f i c i a l , because we ought to k now a s  much 
a s  we can  a t  the mome n t  abou t whe r e  we ough t  to be g o i ng 
i n  the f u t u r e . 

BEYEA : I f  the pub l ic ma k e s  a dec i s i on to go for  
nuclear  powe r on an i n fo rmed bas i s , then I w i l l  accept 
t h a t  dec i s i on . I s ay that because  I t h i n k  the dec i s ion to 
accept a new and r i s ky techno logy has to be made by the 
publ i c , no t the expe r t s . The impo r t an t  qual i f i e r  I add i s  
that the publ i c  should be i n f o rmed a bou t what  i t  i s  buy i ng . 

Howeve r , i n  ma k i ng dec i s i o n s  about  whe ther o r  not to 
use nuc lear  powe r , it should be r e a l i zed that nuclear  
powe r is  largely i r r e levant to the i s s u e s  that we r e  j us t  
men t i oned about n a t i onal  secu r i ty .  Nuc lear  powe r 
p r e sently  contr i bu t e s  about 4 pe rcent  o f  our  total energy 
s upply and about 1 3  pe rcent o f  our  e l e c t r i c i ty .  It  is  a 
r a ther  m i no r  component . We could s u r v i ve eas i ly by 
i nc r eas i ng our  o ther  a l te r nat i ve s , s uch as coa l powe r . I 
t h i n k  the idea that nuc lear powe r i s  the s av i o r  o f  the 
We s t e r n  wor ld is a l i t t le ove r b l own . 

I t  s urpr i s e s  me that the g r ea t e s t  po ten t i al  for  
improv i ng ou r ene rgy s i tuat ion thr ough impr ov ing the 
e f f ic i ency o f  au tomob i les  and through s topp i ng was te goes 
l a r g e ly i g n o r ed . The f i r st pr i o r i ty i n  impr ov i ng ou r 
na t i onal secu r i ty should be e l im i na t i ng the e normous  was te 
o f  o i l  t a k ing place i n  our  i ne f f ic i e n t  bu i ld i ng s  and 
i ne f f ic i en t  automob i l es . A f t e r  we have dea l t  w i th o i l  
wa s t e , I w i ll beg i n  t o  e n te r ta i n  the que s t ion o f  whe ther  
in  fact nuc l ear  powe r i s  nece s s a r y  to the nat i onal 
s ec u r i ty �  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

N u c l e a r  R e a c t o r s :   H o w  S a f e  A r e  T h e y ?
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 7 5 5

http://www.nap.edu/catalog.php?record_id=19755


4 1  

FRANKLIN GAGE , Tas k  Fo rce Aga i n s t  Nuclea r Pol l u t ion : 
I ' d l i k e to note f i r s t  that i t ' s  i n te r e s t i ng that i t  too k 
a membe r  of  th i s  aud ience to men t ion the two wo rds that 
s ay mo r e  about  nuc lear  s a f e ty than anyth i ng the pane l 
d e sc r i bed J those wo rds a r e  Pr ice-Ande r son . 

I wou ld l i k e to a s k  each membe r o f  the panel  i f  you 
t h i n k  that nuclear powe r i s  so safe , do you suppo r t 
r emov i ng the l im i t on  l i ab i l i ty for  the acc idents that you 
c l a im w i l l  neve r happen ?  I w i s h  you would answe r th i s  
par adox for  me , because  I have d i f f i cu l ty be l i ev i ng your  
c la ims o f  nuc l e a r  s a fety when we see the i ndu s try  
s c r ambl ing to protect its  a s s e t s  wh i l e  it  r i s k s  m i ne and 
o th e r  people ' s  i nvolunta r i ly . 

BEYEA : I don ' t  th i n k  you should s ugg e s t  that eve ry 
pane l i s t  be l ieves the r e  w i l l  be  no acc iden t s . My 
s ub j ec t i ve , pe s s im i s t ic j udgmen t  i s  that i n  fact we w i l l  
have a l a r g e  r e lease of r ad i oac t i v i ty ove r the cou r se o f  
t h e  nuc l e a r  pr og r am .  

BROOKS :  I g u e s s  my problem on the P r ice -Ande r son Ac t 
i s  that the present leg i s l a t ion , a s  I unde r s tand i t , i s  a 
d amned i f  you do , damned i f  you don ' t  s i tua t i on , because 
the same P r ice-Ande r son Act tha t l im i t s  l iab i l ity  also  
r equ i r e s  f i nanc i a l  r e spon s i b i l i ty on the par t  of the 
c ompan i e s . I have been told by many people i n  the 
i ndu s t r y  they wou ld have no obj ec t i on to the r epe a l  o f  the 
P r i c e -Ande r son Ac t if  then immed i a t e ly i n t e r venor s wou ld 
n o t  f i le and s ay you can ' t  bu i ld a plant because you ' r e 
not f inanc i a l ly r e spons ible  i f  you c an ' t  compensate the 
publ i c , and you don ' t  have enough a s s e t s  to compensate the 
pub l i c  for the max imum c r ed i ble acc iden t . 

WAHL : I be l i eve i t ' s  in  the i n te r e s t  o f  the pub l i c  to 
have P r i c e -And e r son f r om the s tandpo i n t  that the r e ' s  not a 
c ompany i nvolved i n  d•s ign i ng or  bu i ld i ng o r  fabr icat i ng .  
reacto r s  that i s  go i ng to be able t o  provide the s ame 
level of cove r age  that Pr ice -Ande r son can provide to the 
publ ic  th r ough the Cong r e s s . 

GAGE : I f  the a s s e t s  o f  a company a r e  not s u f f ic i en t  to 
cove r th i s  r i s k , doesn ' t  that say some t h i ng abou t th i s  
r i s k ?  I thoug h t  i n  the f r ee ente rpr i s e  sys tem the ma i n  
cons t r a i n t  o n  r ec k le s s  ac t i v i ty w a s  f inanc i a l  
r e spons i b i l i ty f o r  the consequences  o f  that act i v i ty .  I f  
the compan ies  that a r e  do i ng th i s  ac t i v i ty cannot assume 
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f u l l  f i na nc i a l  l i abi l i ty ,  then does that not say that th i s  
i s a r i s k  that they should not be impo s i ng o n  u s . 

BROOKS : I t  depends on whose j udgment that max imum 
l i ab i l i ty i s  a r r i ved at . I t h i n k  mos t  of the compan i e s  
wou ld b e  w i l l i ng t o  accept the chanc e , but  the ques t ion i s  
whe ther  t h e  publ ic  has  t he s ame eva l u a t i on o f  t h e  chance . 

LEW I S : I j us t  want to s ay one th i ng lest  i t  be wr ong 
on the r ecord . I d id not hear any membe r o f  t h i s  panel  
say nuclear  acc idents  w i l l  not happe n .  Tha t ' s  j us t  for  
the r ec o r d . 

Second , the cor r e l at ion be tween the capab i l i ty of  a 
company and the po tent i a l  that i t  may do d amag e wa s 
b r ought home very clear ly to me about a year or  so  ago 
when my f avo r i te company that mak e s  sou rdough br ead in San 
Fr anc i sco had to go  ou t o f  bus i n e s s  because  one o f  the i r  
t r uck s h i t  s ome body . The awa rd i n  the ac t ion exceeded the 
c ap i tal i z at i on o f  the company , and they wen t  out o f  
bu s i ne s s . I don ' t  t h i n k  t h a t  t h a t  proved they shouldn ' t  
make  b r ead . 

KOSHLAND : I ' d l i k e to swi tch to the l a s t  que s t ion : 
A r e  the r e  ways of r educ i ng r i s k s  i n  the f u t ur e ,  and i f  so , 
wha t  a r e  they? 

WAHL : Yes , the r e  are way s . Ther e  are a numbe r o f  ways 
that have been ident i f i ed , in  fact , i n  the Keme ny 
Comm i s s ion r epo r t  and the Rogov i n  repo r t ,  wh i c h  both 
add r e s s  the Th r e e  M i le I s land i nc ident . I t h i n k  you ' l l 
f i nd that the r e  i s  a gene r a l  endo r sement thr oughou t the 
i nd u s t ry bo th on the pa r t  of  the r eg u l ator s and the 
r eg u l a ted that we s hould ma k e  mor e  u s e  o f  the 
probab i l i s t ic r i s k  a s s e s smen t  that or . Lew i s  t a lked abou t 
e a r l i e r  that was u s ed for the Re ac t o r  S a f e ty S tudy . Wh i l e  
i t  may not prov ide abs o l u te numbe r s  o f  r i s k , i t  i s  a 
powe r f u l  tool f r om the s tandpo int  of  iden t i fy i ng wea k  
spots i n  sys tems or in  des ign appr oaches that c a n  then be 
g i ven mor e  atte n t i on , the r eby r educ i ng the r i s k . I might  
add that  the  Adv i so r y  Comm i ttee on Reactor Safegua r d s  has  
a l so s uppo r ted that . We  do feel  that we  have a powe r f u l  
tool that i s  s t i l l g r ow i ng i n  i t s  u s e  i n  i ndu s t r y . 

I t  i s  r e l a t i vely new to the nuc l e a r  powe r i ndu s try  f r om 
the s t andpo i nt o f  the fo rmal i z a t ion that has been appl i ed 
to i t  i n  the l a s t  few yea r s , bu t i t  i s  f i nd ing good 
acceptance . I t h i n k  i t  w i l l  be a ma j o r  tool in  impr ov i ng 
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ou r a b i l i ty f o r  r ed u c i ng the r i s k s . I t  w i l l  p r o bably 
b r i ng some mo r e  cons i s te ncy to the l i c e n s i ng p r oce s s  i n  
t h a t  we ' l l have a be t t e r  way to commu n i c a t e  a bo u t  r i s k s  
a nd t he r e fo r e  maybe a t t a c k  t h e  b i g  que s t i o n  t h a t  we ' ve 
b e e n  s t r ugg l i ng w i th he r e :  Wha t ' s  an accep t a b l e  leve l ?  

The Kemeny Comm i s s ion h a s  a l s o  i d e n t i f i ed ,  a s  h a s  the 
i nd u s t r y  i t s e l f , the need for mo r e  a t te n t ion to feed bac k 
o f  ope r a t i ng d a t a  r e g a rd i ng ma l f u nc t i o n  o f  s y s t ems and 
c ompo n e n t s . We ' ve not done an adeq u a te j ob of t h a t  in the 
pa s t ,  f r om the s t andpo i n t  of  the f o r ma l i ty in wh i c h  we 
acq u i r e  the d a t a , the way i n  wh i c h  we an a ly z e i t , and the 
way i n wh i c h  we feed i t  bac k i n to t h e  sys tems d e s i g n . 

The i nd u s t r y  has s e t  up the Nuc lear  Saf e ty Analy s i s  
C e n t e r  a s  a fo rmal tool t o  pr ov ide t h a t  s uppo r t  fo r t h e  
i nd u s t r y .  I n  add i t i on to that t h e r e ' s  been i nc r e a s ed 
a t tent i on on t h e  man-mach i ne i n t e r f ac e  o r  the h uman f ac t o r  
a spec t  of  r unn i ng one of t h e s e  pl a n t s . 

The I n s t i t u te for  Nuc lear  Powe r Ope r a t i o n , ano the r 
f o rmal o r g an i z a t i on s e t  up by the i ndu s try w i t h i n  months 
a f t e r  the Th ree  Mi le I s land i nc iden t , i s  d es i g ned to g o  
i n to these human fac to r s  i n  mor e  d e ta i l , to do a be t t e r 
j ob o f  t r a i n i ng ope r a to r s , and to be able to 
sys tema t i c a l ly p r o v i d e  them w i th be t t e r  i n f o r ma t i o n  upon 
wh i ch to ma ke dec i s ions i n  t ime s o f  cr i se s . 

The se a r e  a l l  ways that we th i n k  we can ma k e  
s ign i f icant impr ovements  i n the ope r a t i o n  o f  the plan t . 
I n  add i t i on , the NRC has iden t i f ied many de s i g n  
impr oveme n t s  i n  the  way o f  i ns t r ument a t i on and i n f o r ma t i o n  
that wo uld be p r ov i d ed to the ope r ator s ,  and many of the se  
have a l r eady been  made i n  the  plan t s . I n  fact I ' ve s e e n  
numbe r s - - I ' m  not expe r t  in t he s e  pr o bab i l i ty 
d i sc u s s ion s - - i nd icat i ng that we t h i n k  we may have r educed 
the r ec u r r ence o f  the TMI seque nce o f  events by maybe as 
h igh  a s  a factor of  2 5 . Th a t ' s  a s tep in the r i g h t  
d i r ec t i on , and those are  th i ng s  that we do need to do .  

LEWI S :  I may help to answe r an ear l i e r  que s t i on , 
bec ause for th i s  pa r t  of the d i sc u s s ion I w i l l  appea r  to 
be ant i nuc l ea r , and that w i l l  help a l i ttle  b i t  to r ed r e s s  
the balance of y o u r  pane l . 

I th i n k  the r e  i s  a hec k of a lot  we can do to impr ove 
nuclear  s a f e ty , and we can pr obably even save money do i ng 
i t .  I t ' s  not a l l  i n  the a r ea o f  techn i c a l  f ixes . My 
pe r sonal v i ew i s t h a t  t he r e  have been too many techn ical  
f ix e s  i n  the  a f te rma t h  of  Thr e e  Mile  I s land and that i n  a 
sense  the n a t ion has been in a state of  s hock and pan ic  
a bout  i t .  People have s o r t  o f  fe l t  that they had to do  
almo s t  anyt h i ng anybody thought of w i thout u s i ng ,  i f  you 
w i l l , the techn iques of probab i l i s t i c  r i s k  a s s e s smen t  to 
f ind out if it made sense . 
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The r e  a r e  many t h i ng s  that people have bee n  tal k i ng 
about  for  yea r s  that somehow seem no t to ge t done . The 
Kemeny Comm i s s ion had very few commen t s  to ma ke abou t 
techn ica l f ixes  i n  r eac to r s , bu t they came down ve ry , ve ry 
ha rd  on eve rybody who was i nvolved i n  reacto r s - - the 
i nd u s try , the Nuc le a r  Regu l atory Comm i s s i on ,  the Adv i sory 
Comm i t tee on Reactor Sa feg ua r d s , o f  wh ich  I am now a 
member  but  wa s no t at  the t ime of Thr e e  M i l e  I s land , and 
eve rybody i nvo lved . 

The fac t is that some o f  the s e  techn iques are k nown . 
They include the techn iques of  probab i l i s t ic r i s k  
a s s e s smen t  t o  ident i fy wea k spots  i n  r eac to r s . They 
i n c l ude the techn iques of  loo k i ng at  pr ior  ope r a t i ng 
expe r i e nce  to ident i fy wea k  spo t s . Con t r a ry to what Dr . 
Beyea sa id , they don ' t  have to be co r e -me l t s . Eve ry 
acc ident  o r  ma l f unc t ion in a reactor has impl icat ions  for 
the s a f e ty o f  the r ea c to r , and wha t the Kemeny Comm i s s ion 
c a l l ed the m i nd - s e t  o f  the i nd u s t r y  i s  r e a l ly ther e .  I 
s u b sc r i be to that  conc l u s ion o f  the Kemeny Comm i s s ion . 
The fac t  i s  that the sys tem wa s not gea r i ng i tse l f  i n  such 
a way a s  to impr ove t he sa fety of r eactor s .  On the i s sue  
o f  ope r a t i ng expe r i ence , we  a l l  k now that Thr e e  M i l e  
I s land had a p r ecu r so r , an acc ident at  t h e  Dav i s -Be s s e  
plan t , w h i c h  wa s v e r y  s im i lar  i n  i t s  s tr u c t u r e  t o  Thr e e  
M i le I s land . Lo t s  o f  people no t iced th i s .  Repo r t s  we r e 
wr i tten , people sa id we ought  to be s u r e  that th i s  doesn ' t  
happen aga i n , ye t i t  happened aga i n .  The r e  was an 
acc ident a t  Ra ncho Seco . You do not r ead about  these 
acc idents  i n  the med ia beca u s e , if  you ' l l forg i ve me , 
nobody g e t s  hu r t . 

The acc ident  at  Rancho Seco wa s ext r eme ly i nforma t ive 
o f  an acc ident mode that is qu i te th r e a ten i ng to r eac to r s ,  
and people not iced i t , bu t hard ly anyth i ng wa s done . Then 
it happened aga i n  i n  Flor ida in Febr u a ry , and th i ng s  a r e  
be ing s lowly done . 

I t h i n k  the sys tem has , i n  my per sonal v i ew ,  been so 
conc e r ned w i th r eg u l a t ion , a s  d i s t i ngu i shed f r om s a fety , 
that  we ' ve gotten i nto a box i n  wh ich  we don ' t  f ix 
r eacto r s . I unde r s tand some o f  the psychology o f  that , 
beca u s e  the pr e s s u r e  on pane l s  l i k e th i s  and on the NRC i s  
not t o  ma k e  reacto r s  s a fe � the pr e s s u r e  i s  t o  prove tha t 
they a l r eady a r e  safe . 

I ' m conv i nced that , i n  add i t i on to a l l  the hard th i ng s 
that we cou ld do , the r e  a r e  a lot o f  e a sy th ings we cou ld 
do . Fo r some r e a son they wer e n ' t  done be fore  Thr e e  M i l e  
I s l and in  te rms of  i nc r ea sed r e spon s i vene s s  of  the sys tem , 
and I ' m not conv i nced that they ' r e be i ng done now . 

When I look a t  a r eg u l a tory age ncy that deals  w i t h  an  
acc ident  l i k e  Th r e e  Mi le I s land , wh ich  had pe r haps three 
or  four cause s , depend i ng on how we hagg le abou t wha t the 
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c a u s e s  are , and gene r a tes a plan to cope wi th it  tha t has 
2 0 0  i tems i n  i t ,  I think  somebody j u s t  hasn ' t  done the i r  
homewo r k  ve ry we l l .  I t h i n k  we w i l l  have th i s  problem o f  
i d e n t i fy i ng tho s e  th i ng s  that a r e  impo r t ant  t o  safety and 
d o i ng t hem i n s tead of mak i ng plans . 

KOSHLAND : A r e  you sugg e s t i ng that you need a mechan i sm 
f o r  feedbac k i that the i n fo rmat ion g a i ned by the acc ident 
a t  one r eactor was not fed to the people who we r e  r un n i ng 
the other  r eacto r s  so they could pr o f i t  from the 
e x pe r i ence ?  

LEWI S : We l l , th i s  i s  my pe r sonal v i ew .  The r e  a r e  a 
l o t  o f  t h i ng s  that need to be done , and don ' t  
m i s unde r s tand me , th i ng s  a r e  improv i ng . I bel i eve that we 
need an i ns t i tu t iona l i z ed mechan i sm fo r forc i ng us to 
l e a r n  by expe r i e nce  in the same sense  that the Nat i onal 
T r anspo r tat ion S a fety Boa rd does it  for av i a t ion , and 
g iven t ime I could go i n to that . 

BEYEA : I wou ld l i ke to men t ion some other pos s i ble 
ways o f  r educ ing r i sk s  f r om r eacto r s . I ' m pa r t icu l a r ly 
conc e r ned w i th impr ov i ng the sa fety of ex i s t i ng r eac to r s .  
I wou ld hope that the r e  wou ld not be a need to bu i ld new 
nuclear  powe r plant s .  On the o the r hand , I t h i n k  a 
dec i s ion to shut down ope r a t i ng plants  ( g i ven the 
i nve s tmen t  and the problem of choo s i ng ben ign 
a l te r nat ives ) is  a much mo r e  d i f f i c u l t  dec i s ion to ma k e . 
So I ' ve loo k ed very ca r e f u l ly a t , and hope to promote , 
c e r t a i n  ways o f  r educ i ng the r i s k s  at  ex i s t i ng fac i l i t i e s . 

One me thod that hasn ' t  come up i n  the d i sc u s s i on so 
f a r , but wh i c h  is be i ng loo k ed into ve ry thor oug hly by the 
NRC and othe r  people on th i s  pane l , is to g ive reacto r s  
some capab i l i ty t o  wi ths tand mel tdown s . Reac tor s we r e  
never d e s i g ned t o  conta i n  a me l tdown . They may i n  fac t 
u nd e r  ce r t a i n  acc ident c i rc ums tance s happen to conta i n  a 
mel tdown - - pe r haps p r e s su r i z ed wa te r r eactor s mo r e  than 
bo i l i ng wa t e r  r e ac to r s - -but  they we r e  neve r spec i f ica l ly 
d e s igned to do so . The a s sump t i on wa s made tha t 
r eg u latory pr ocedu r e s  wou ld keep the me l tdown pr obab i l i ty 
so low that r ea c to r s  d id no t need th i s  capab i l i ty .  

I t h i n k  s uch  a v i ew i s  no longer  tenable and that we 
do , based on Three M i le I s l and and some o ther  acc iden t s , 
have to r e a l i z e that a me l tdown has a s ign i f icant 
pr obab i l i ty .  The r e fo r e  it  wou ld be de s i rable to g ive 
ex i s t i ng r eac to r s  some spec i f ic capab i l i ty to wi t h s tand a 
me l tdown , some t h i ng that t u r n s  out to be pos s i b l e . A 
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techno log ical  f ix ,  cal led "vent- f i l te r ed conta i nmen t , " 
p r o v i d e s  a way o f  add i ng a s a f e ty r e l i e f  valve to a 
r eactor . I n  acc ident s i tuat ions , i f  i t  appea r ed that a 
ca t a s t r oph ic r e lease  was ac tually beg i nn i ng o r  wou ld soon 
fo l low , the rad ioac t i ve g a s e s  wou ld be ven ted thr ough a 
l a r g e  f i l te r  sys tem , tr app i ng mos t  o f  the r ad i oac t i v i ty 
be f o r e  i t  could become a i r bo r n e . 

The r e  a r e  some problems wi th add i ng any new s a f e ty 
device to a complex system .  The i n t e r a c t ion of the new 
dev ice w i th the o ld s a f e ty dev ices  ha s to be looked at 
ve ry c a r e f u l ly . But vent - f i l te r ed conta i nment  is one of 
the r ea sonably cheap opt ions  that could be bac k f i tted i n to 
ex i s t i ng r eac to r s  ( i t m ight cost  $ 1 0 - 2 0 m i l l ion , a cos t 
that  i s  ve ry cheap compa r ed to the b i l l ion-dol l a r  plant 
i nves tment ) .  Here is  a conc ept that should r ece i ve a 
g r ea t  deal  o f  pub l ic d i sc u s s ion . 

The second opt ion , wh i ch i s  mo r e  con trove r s i a l , 
c e r t a inly  wi th i n  the NRC , i s  the m i t i g a t ion o f  the 
con s equence s of  acc idents thr ough eme rgency plann i ng to 
d i s ta nc e s  g r ea t e r  than a r e  pr e s e n t ly conside r ed 
nec e s s a r y . The present  r ough orde r - o f -mag n i tude d i s tance 
that the NRC is u s i ng for  eme rg ency plann i ng is 1 0  mi l e s . 
Ad hoc mea s u r e s  would be r e l i ed on beyond 10  m i l e s . I 
t h i n k  we should do mor e  pr ior  plann i ng . We s hould no t 
r e ly on ad hoc mea s u r e s  beyond 10 m i le s . I t h i n k  10 m i l e s  
i s  a good targ e t  d i s tance f o r  evacua t ion , bu t unde r 
ce r t a i n  wea ther  cond i t ions I wou ld want to evacuate much 
f a r ther , pe r haps out to 30 m i l e s . Even beyond the 
evac u a t ion d i s tance , the re  are some mea s u r e s  that c o u ld be 
t a k en to reduce the doses  and the r e s u l tant probab i l i ty of 
cance r . S he l te r i ng in bu i ld i ngs  is one s tr a tegy . 
B r eath i ng through homemade cloth f i l te r s  i s  ano the r . 

F i na l ly , the r e  i s  the somewha t  con trove r s i a l  opt ion o f  
s tock p i l i ng po tas s i um iod ide , a med ic i ne t h a t  c a n  r educe 
c e r t a i n  r ad i a t ion dose s . As I unde r s tand i t ,  pota s s i um 
i od ide may not be co s t - e f fec t ive a s  an eme r g e ncy mea s u r e .  
I look a t  the cost  of po ta s s i um iod ide as  an i n s u r ance 
pr em i um on an i n s u r ance pol icy . I f  we neve r use  the 
med i c ine  (as I hope w i l l  be the c a s e ) , we ' ll j us t  have to 
"wr i te o f f "  that expe n s e - - a n  expense , i nc identally , that 
is  sma l l  compa r ed to the amount of money we spend on  
r eg u l a t i ng nuclea r r eac to r s .  Many an t i nuc l e a r  people 
don ' t  l i k e  pota s s i um i od ide because they feel that i t  
g ive s the impr e s s i on that the r e  i s  a panacea for r eac tor 
acc iden t s . I don ' t  want to g i ve s uch an  i nco r rect  
impr e s s ion .  I j u s t  wan t  to te l l  you tha t the r e  a r e  
mea s u r e s  t h a t  can b e  taken t o  add leve l s  of de fense beyond 
wha t the NRC is pr e s e n t ly do i ng , mea s u r e s  that seem to be 
rea sonably cheap . 
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KOSHLAND : I wonde r i f  someone wou ld comment o n  the 
po s s i b i l i ty of r educ i ng r i s k  by , say , hav i ng r eac to r s  
f a r ther away f r om me tropo l i tan cente r s .  Wha t  a r e  the 
p l u s e s  and mi nuses  of that , and should we shut down 
r e ac to r s  that a r e  cu r r en t ly c lose to b i g  c i t i es  o r 
s ome t h i ng o f  that so r t ?  

YELL I N : Le t me say f i r s t  that I ag r ee wi th Dr . Lewi s '  
s ugge s t ion that the r e  be an ana log of  the Nat ional 
T r anspo r t a t i on S a f e ty Board that wou ld i nve s t igate 
acc idents  at  nuclear f ac i l i t i e s . A prov i s ion of  tha t k i nd 
i s  i nc l uded i n  Cong r e s sman Udal l ' s  omn ibus  nuclear  
r eg u l a t ion b i l l . 

That wou ld be a con s t r uc t i ve s tep , but i t ' s  no t the 
o n ly i ns t i tu t ional means for impr ov i ng safety . The Kemeny 
Comm i s s ion , appropr iately I t h i n k , s ugg e s ted a numbe r o f  
ways to deve lop and r e solve conf l ic t i ng v iews about 
impo r tant s a f e ty dec i s ions  d i r ec t ly w i t h i n  the r eg u latory 
sys tem . Respond i ng to those r ecommendat ions , P r e s ident 
C a r t e r  has  appo i n ted an exte r nal  ove r s ight commi ttee for  
the  NRC . P r ec i s e ly how it  will  ope r ate r ema i ns to  be  
s ee n . I t s i n f luence may we l l  be pos i t ive .  

But  whe the r the Kemeny Commi s s ion ' s  s ugge s ted i n te r na l  
mod i f ica t ions  t o  NRC w i l l  b e  adopted i s  an open ques t ion . 
The Comm i s s i on r ecommended that the Adv i so ry Comm i t tee on 
Reactor Safeg u a r d s  (ACRS ) be  author i z ed to ac t as 
par ty- i n t e r venor i n  l icen s i ng proceed i ng s  and that an NRC 
O f f i c e  o f  Hear i ng Counsel  be e s tab l i s hed . The P r e s ide n t  
h a s  g iven gene r a l i zed s uppo r t  t o  tho se sugg e s t ions , b u t  
has d ec l i ned to impleme nt them and h a s  pas s ed t h e  dec i s ion 
to NRC . That ' s  r eg r e t table , because age nc i e s  a r e  
natu r a l ly r e l uc tant t o  ma ke i n t e r n a l  chang e s , and that ' s  
whe r e  prog r e s s  i s  needed . Exte r n a l  ove r s ight  o f  the 
techn ical  s ide of nuc lear  r eg u l a t ion , whe ther by Cong r e s s , 
the cour t s , o r  "publ ic  i n te r e s t "  g r o ups , ha sn ' t  been 
e f f ec t i ve . 

W i th a l l  due r e spec t , the r e  a r e  h i n t s - - i n  the lac k  o f  
spec i f i c i ty o f  t h e  Wh i te House ' s  r eply to t h e  Kemeny 
Comm i s s ion ' s  r ecommenda t ions , in the P r e s ident ' s  g r udg i ng 
pu b l i c  suppo r t  o f  the Comm i s s ion ' s  wo r k ,  and i n  the 
exc e s s ively s ho r t  t ime the Comm i s s ion wa s a l lowed to 
comp l e te i ts tas k - - that the Wh i te House was less than 
enthus i as t ic abo u t  the oppo r t un i ty to use the Thr e e  M i l e  
I s land acc ident t o  l e a r n  how t o  improve the regulatory 
sys tem . 

Com i ng to Dr . Kos h land ' s  ques t ion , i t  has been the 
a s s umpt ion o f  regulato r s  over many yea r s  that ma j o r  
r eac tor acc idents that i n j u r e  membe r s  o f  the gene r a l  
publ ic  a r e  " i nc r ed ible " event s , i n  v iew o f  " e ng i nee r ed 
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s a fety featu r e s " s uch as conta i nment  bu i ld i ng s  and 
eme rgency co r e  coo l i ng sys tems . Fo l low i ng Thr e e  M i l e  
I s land i t  h a s  become c l e a r  that t hose  a s s umpt ions we r e 
exce s s i ve ly opt imi s t ic . At th i s  po i n t ,  we ought to 
r eexamine  the impo r tant s a f e ty- r e l a ted d ec i s i on s  that the 
NRC and AEC made ove r the last 25 year s .  

I n  pa r t i c u l a r , we wou ld do we l l  to r eexam i ne pa s t  
s i t i ng dec i s i ons . I n  my opi n i on , i t ' s  bo th une t h ic a l  and 
impr udent to s i te reacto r s  whe r e  the r e  i s  no prac t ical  
po s s i b i l i ty o f  evac ua t i ng nea r by r e s idents . We  ought  to 
look very c a r e f u l ly , i ndependent ot pa s t  i nd u s try  and 
r eg u latory j udgment s ,  at such s i te s  as I nd ian  Po i nt ( wh ic h  
i s  3 5 - 4 0 m i les  u p  the Hudson f r om New Yo r k  C i ty ) , Z i on 
( w h i c h  is on La k e  M i ch igan roughly hal fway be tween 

M i lwa u k e e  and Ch icag o ) , and L ime r i c k  (at  wh ich a r eactor 
unde r cons tr uc t i on is  2 5- 3 0  m i l e s  f r om down town 
Ph i ladelph i a ) . 

I unde r s tand that r eexam i na t i on o f  safe ty i s su e s  a t  
those s i te s  i s  u n d e r  way and t h a t  NRC i s  cons ide r ing 
whe the r to  r equ i r e  add i t i onal " eng i n ee r ed s a f e ty 
featu r e s , "  s uch as con t r o l led conta i nment ven t i ng 
follow i ng a me l tdown . I favor that pa r t i c u l a r  i nnova t ion 
for all r eac to r s , and pe r haps o t he r s  are adv i sable , though 
we ' d  be t t e r  be s u r e  that any de s ig n  change does not add 
complex i ty ,  w i th m i n ima l impr ovement in sa fety . I t ' s  
impo r tant to empha s i z e  that any s uch  r econ s i d e r a t i on w i l l  
b e  i ncomple te w i thou t s e r i o u s  s t udy o t  a g r ad u a l  pha seout 
o f  r eacto r s  at  the lea s t  favor able s i te s . 

HERRING : I t ' s  been brought  out  by much of  the pr e v i o u s  
d i sc u s s i o n s , w i th wh ich I ag r e e , t h a t  the r e  a r e  b o t h  human 
and o r g an i z a t ional mea s u r e s  that can be taken  to r educe 
the r i s k  and a l so technolog ical  one s . I ' d j u s t  l i ke to 
commen t  a l i t t le mor e  on the technolog ical s ide . 

Dr . Beyea men t i oned mechan i sms for ven t i ng o f  the 
conta i nmen t , i . e . , a l low i ng exce s s i ve h igh-pr e s s u r e  gas to 
e scape f r om the conta i nmen t  bu i ld i ng through f i l te r s  that 
wou ld r emove mos t , but ce r ta i n ly not a l l , o f  the 
r ad ioact i v i ty r a th e r  than r unn i ng the r i s k  of  l e t t i ng the 
conta i nment ove r pr e s su r i ze i t s e l f . I be l i eve that the r e  
i s  a good deal  o f  sent iment  i n  favor o f  such me a s u r e s , 
a l though these , l i k e  a l l  othe r techno log ical  mea s u r e s , 
have to be ve ry ca r e f u l ly eva l ua ted u s i ng probab i l i s t ic 
r i s k  a s s e s sment and so on to ma k e  s u r e  that you ' r e not 
i n t r oduc i ng a dang e r  in one place in order to cor r ec t  one 
in anothe r . Ove r a l l , thoug h ,  I would not be s u rpr i sed i f  
the Nuc lear  Reg u latory Comm i s s ion we re  to ta k e  some ac t i on 
i n  that d i r e c t ion . 
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Ano ther technolog ical meas u r e  that ha s not bee n  
ment i onea- -one tnat some 1 n  tne nuclear  eng 1 nee r i ng t iela 
e spouse s t r ong ly- - has to do w i th preven t i ng mel tdowns by 
g e t t i ng a t  what seems to be the mos t  l i kely r o u te tor  
me l tdowns to  occur , namely , the cor r e l a ted f a i lures of  a 
numbe r of d i f ferent  th i ng s . Th i s  i s  the s o r t  of  t h i ng 
that happened a t  Brown ' s  Fer ry . I t ' s  the sor t o f  t h i ng 
t h a t  happened a t  Three  M i l e  I s land . A large  par t  of  th 1 s  
could be avo ided ( so r uns the a rg ume n t J I don ' t  c la im t o  
b e  a n  expe r t )  i f  there  wer e  a ded icated sys tem f o r  heat 
r emoval so that one wou ld no t have to r ely on sys tems that 
to some ex tent ove r lap i n  the i r  func t ion o r  the i r  con t r o l  
w i th the mecha n i sms that a r e  used i n  ·ord inary ope r a t ions . 

At any r ate , my po i n t  i s  s imply to say that the r e  a r e  
add i t ional techn ical meas u r e s  that need to b e  evaluated , 
that have some promi se , but r egard i ng wh ich i t ' s  a t  the 
pr esent  t ime a l i t t l e  too ea r ly to say whether they ' l l be 
c ompletely e f fec t i ve or not . 

KOSHLAND : Mr . Wah l , I want  to a s k  another que s t io n . 
You men t i oned ear l ie r  that the Kemeny Comm i s s ion r epo r t  
came down heav i ly o n  the tr a i n i ng o f  reac tor per sonne l .  
S i nce  man i s  f a r  mo r e  f a l l ible than mach i ne s , could 
r eac tor s  be made much safer  if we put i n to a compu ter the 
i nformat ion f r om previous  acc iden ts?  

WAHL : I ' ve had a fair  amount o f  expe r ience wi th 
compu te r s , and I do bel i eve that we can take be tter  
advan tage o f  compu te r i z ed analys i s , h i g h - speed analy s i s  of 
acc ident s i tuat ions . I th i n k  the r e f e r ence you mak e  to 
pu tt i ng feedbac k into a compu ter r elates  mor e  to be i ng 
able to take  th i s  data that we have ava i l able f r om many , 
many plants and by u s i ng the computer to qu i c k ly analy z e  
i t  and te l l  u s  what i t  a l l  mean s . 

I th i nk the r e ' s  f a i r ly good consensus  that we need to , 
f r om the s tandpo 1nt  o f  d i splay i ng i n fo rma t ion to 
ope r a tor s ,  r un some of th i s  through the compute r s  so that 
it can do some o f  the th i n k i ng for  them . But  I ' m  pr e t ty 
s t r ong ly in f avo r o f  do i ng a be tter  j o b  o f  tr a i n i ng 
ope r a to r s  to unde r s tand the problems that can occ u r  wi th 
ma i n ta i n i ng coo l i ng to the r eac to r , and tha t ' s  no t j us t  
f o r  s a f e ty systems . Many o f  the heat r emoval sys tems that 
we have i n  the plant j us t  for  no rmal ope r a t ion are many 
mag n i tudes l a rg e r  than the safety systems , and we r eally 
don ' t  be l ieve that the se mo r e  frequent ly lowe r -g r ade 
acc idents a r e  go 1 ng to happen due to an ear thqu a k e  o r  
tor nado or  some natu r a l  catas tr ophe l i k e  tha t . The se 
sys tems will  i n  fact be ava 1 lable to he lp u s  cool the 
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c o r e . That was t r ue i n  TMI , and I t h i n k  i t  was t r ue a t  
B r own ' s  Fe r ry . 

The po 1 n t  I wou ld ma k e  r e l a t i ve to the compu te r s  i s , 
yes , we can ma k e  be tter  use  o f  them . I be l ieve we can 
ma k e  be t t e r  u s e  of  m i n i a t u r 1 zed i n s t r umentat ion- -ca thode 
r ay tube d i splays ot  g r aph ical  i n f o rma t ion , wh ich a llow a 
human to unde r s tand much mo r e  qu i c k ly what i s r e a l ly go i ng 
on . G r aph i c s  i s  a very powe r f u l  too l . The Br i t i s h  have 
done a be t t e r  j ob o f  u s i ng that in the i r  nuc lear  plants 
than we have , and we need to take a pag e out o f  the i r  
book . I g u e s s  I wou ld s t i l l , i n  spi te o f  do i ng a l l  those 
good th i ng s  with the mach i n e s , opt for  do i ng j us t  as  much 
in t r a i n i ng the ope r a tor s .  The nuc lear  navy has had g r ea t  
succe s s  i n  the r i g o r o u s  tr a i n i ng o t  ope r a to r s .  

KOSHLAND : Have the subma r i ne r eac to r s  had a be t t e r  
r ecord t h a n  comme r c i a l  r eactor s ba s i c a l ly? 

WAHL : I t h i n k  I could say ye s .  I don ' t  r e a l ly k now . 
I don ' t  k now o f  the m i nor  ma l f u nc t i ons beca use  the data 
a r e  not r ea l ly ava i l able  to the publ i c . Bu t the i r  r ecord 
of  r e l i ab i l i ty and s tr a teg ic maneuve r ab i l i ty ove r long 
d i s tances w i th no ope r a t i ng problems , to my k nowledge , 
spe a k s  for i t s e l f . 

BEYEA : We l l ,  I t h i n k  i t ' s  ve ry d i f f ic u l t  to ma k e  
u s e f u l  compa r i sons o t  r eacto r s  i n  nuclear  subma r i nes w i th 
comme rc i a l  r eac to r s .  Subma r i ne r eac to r s  a r e  much sma l l e r  
than comme r c i a l  r eacto r s .  The ba s ic problem I s e e  i s  that 
the s a f e ty i nforma t i on is  c l a s s i f i ed .  Two nuclear  
subma r ines  have gone  down . Tha t doe s n ' t  ma k e  me  fee l too 
con f ident  abou t u n s uppo r ted s a f e ty c l a ims . Un t i l  the 
i n forma t ion about  the se  s i n k ings i s  decl a s s i f i ed , unt i l  a 
r ecord o f  a l l  ma l func t i on s i s  r e l ea sed , I don ' t  th i nk we 
can u s e  the nuc lear  subma r i ne s i t u a t ion a s  an example o f  
s a f e  r e ac tor  expe r i e nce . 

KOSHLAND : I wan t  to a s k  Mr . S idey one que s t ion i n  
r eg a r d  to the i n f o rmat i on . On the i n t e r a c t ion o f  the 
publ ic  w i th sc i ence , wou ld you l i k e  to a s s e s s  the r o l e  o f  
the med i a  and the r o l e  o f  sc ient i s t s ?  I don ' t  t h i n k  
sc i e n t i s t s  have been pe r fect i n  th i s  k i nd o f  s i tua t i on , a 
so r t  of  h igh ly emo t iona l , h i gh ly techn ical  a r e a . 
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S I DEY : I t h i n k  that probably mos t  Ame r icans have f a i th  
that  we  a r e  impr ov i ng and th i s d i sc ipl i ne will  do  much a s  
av i a t ion and o t he r s  d i d . I t h i n k  we i n the med ia  feel 
much the s ame . But  I do confess  that those o f  u s  who 
wr i te abo u t  po l i t ics  and gene r a l  dec i s ion ma k i ng at the 

h ig h e s t  leve l s  o f  gove r nment a r e  igno r an t  i n  t h i s  wor ld .  
When you mee t  a c r i s i s  l i ke  Three M i le I s land that r i ses  
u p  to that l eve l , we  a r e  s udden ly con t r on ted wi th the 
problem o f wr i t i ng r a t iona l ly abou t i t  and we don ' t  do 
v e ry wel l  at  i t .  We don ' t pay much a t ten t i on to the 
d e ta i l s ,  l i k e t h i s  whole ma tter  ot  improv i ng o r  c u t t i ng 
down r i s k s . We tend to d r i f t away 7 bigger  i s sues dom i nate 
u s . 

I a s s ume t he r e  a r e  techn ical people i n  the mas s  med i a  
today who wr i te on the se  th i ng s , b u t  I do con fess  that I 
seem to see them l e s s  and r ead them less  a l l  the t ime as 
the po l i t ical problems seem to get g r eater and deepe r . 
I ' m not s u r e  that we do a pa r t i c u l a r ly good j ob o f  talk i ng 
a bout what can be done , o r  even presen t i ng the numbe r s  
that  we ' ve ta l k ed abou t h e r e , what the r a t i o s  a r e . We 
tend to r e spond , I wou ld g u e s s , much l i ke pol i t ic ians i n  
many ways . 

I wou ld j udge that we could do a g r e a t  deal s imply by 
pay i ng mo r e  atten t ion , be i ng mo r e  awa r e , and j us t  t r y i ng 
to l i s ten a l i t t l e  be t t e r  and u r g e  impr ovement . I t h i n k , 
thoug h , by and l a r g e , that we have q u i te a f a i th i n  
sc i e n t i s t s  and technology , and we wou ld be l i eve that they 
are ma k ing good progr e s s . Pe r haps we mi splace our  fa i th 7 
I ' m not s u r e . 

KOSHLAND : I t h i n k  sc i e nt i s ts have a shor t hand that i s  
bas i c a l ly a j a rgon and a conven ient  way o t  conve r s i ng w i th 
each othe r because  we know what r ad s  and r ems and c u r i e s  
and so f o r t h  a r e . I t  i s  f r equently d i f f ic u l t , and 
pa r t i c u l a r ly i n  a c r i s i s , to r e th i n k  th i s  language and 
mak e  i t  unde r s tandable to outs ider s .  I th i n k  pe r haps bo th  
s id e s  have  to help a l i tt l e  b i t . Now we  will  take  
que s t ions f r om t he a ud i ence . 

N . H .  SAUBERMAN : I ' m an  eng inee r , and my r ema r k s  a r e  
add r e s sed t o  a f e l low eng i neer , Mr . Wah l . I t seems to me 
that t h i s  who le d i sc u s s ion regard i ng the r i s k s  inhe r e n t  i n  
nuclear energy may b e  a b i t  i r r e levant and i s me r e ly 
another  way to j us t i ty the acceptab i l i ty o f  nuclear  energy 
as a comme r c i al ly v i able a l t e r na t i ve to othe r  means of 
powe r g e ne r a t ion , s uch as  fos s i l  f ue l s . I say tha t  in all 
s i nc e r i ty because I be l ieve that the ma i n  pr oblem 
conc e r n i ng nuclear  energy , and wh ich wi l l  have to be 
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add r e s sed soone r o r  l a te r , i s not r e a l ly made up s o  muc h  
i n  t h e  r i s k s  a s  i t i s  i n  t h e  f a i l u r e  to c lose t h e  n uc lear  
f u e l  cyc l e . Unt i l  some way i s  found by wh ich we  can 
s ucce s s f u l ly d i spo se  o f  our  nuc l e a r  wa s te s ,  the d i sc us s i on 
r eg a r d i ng r i s k s  i s  a b i t  prema t u r e . 

I would l i k e to a s k  my f e l low eng ineer  whose hone s ty I 
r e a l ly adm i r e  to an swe r that ques t ion . 

WAHL : We l l , I g u e s s  I wou ld ag r ee w i th you tha t we do 
need to get on w i th the bus iness  ot  solv i ng tha t  pr oblem . 
I th i n k  i t i s  solved techn ically , but  we do have some 
po l i t i cal problems i n  dec i d i ng how we a s  a soc i e ty a r e  
g o i ng t o  s i te the d i sposal plant s ,  that type o f  th i ng . 
I t ' s  a ques t ion o f  who se bac kyard you ' r e g o i ng to put  i t  
i n .  

GLORI A DAV I S , Yor k ,  Penn sylvan i a : We l ive hal fway 
be tween Peach Bot tom and TMI , and thank you , Mr . S idey , 
but  we have had ou r s ha r e  of  psycho log ical  j ol t s , and we 
hope we don ' t  have any mo r e . 

A new i n s u r ance poo l for the nuclear  i nd u s t r y  ha s  been 
formed , and os tens i bly i t is to cove r the te r r i f ic cos t s  
o f  both t h e  r epl acement  powe r and t h e  c leanup i n  a n  
acc ident l i k e t h e  o n e  at  TMI . Anyone who i s  f am i l ia r  w i th 
P r i ce-Ander son k nows that that i s  a gove r nment - s ubs id i zed 
i n s u r ance prog r am ,  i n  o ther  wo rd s , the  taxpaye r s  a r e  
pay i ng f o r  tha t . 

Now a long come s th i s  new i n s u r ance poo l . I n  
ye s terday ' s  Wa s h i ng ton Pos t  the r e  wa s a news i tem that 
V i rg i n i a  E l ec t r ic  and Power Company wou ld be go i ng be for e 
the Publ ic  Ut i l i t ie s  Comm i s s ion to pe t i t ion tha t  the co s t  
o f  pay i ng th i s  i n s u r ance b e  i n c l uded i n  the i r  ope r a t i ng 
expense . 

Ag a i n  th i s  tu r n s  i t a r o und and pu ts  i t on the bac k of  
the  r a tepaye r s  when and if  the r e  i s  an acc ident of  that  
c a l i be r . My que s t 1on i s- - I  th i n k  I k now the  answe r : I f  
the r eactor s can be made agr eeably s a f e , and i t  the 
pos s i b i l i t i e s  of these acc idents  a r e  so r emote , why w i l l  
the u t i l i ty i nd u s t r y  n o t  accept f u l l  r e spon s i b i l i ty f o r  
pay i ng f o r  the c leanup , pay i ng f o r  the r i s k s  tha t a r e  
i nvolved ? Why mu s t  we ag a i n  accept the r i s k  and pay f o r  
t h e  damage ?  

YELL I N : I t h i n k  that any u t i l 1 ty i n t h e  coun try  faced 
by " one - t ime " c o s t s , i nclud i ng the c l eanup costs you a s k  
a bou t a nd t h e  c o s t s  o f  r eplac i ng powe r f r om a d i sabled 
r eac tor , would opt to pa s s  them on to i ts r a tepaye r s . 
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Unde r o u r  economic sys tem I don ' t  r e a l ly s e e  how , i n  t he 
e nd , e i the r the gene r a l  taxpaye r  o r  the r a tepaye r  can 
avo i d  be i ng bu rdened for a ma j o r  share of those cos t s . I n  
t h e  extr eme case , when the u t i l i ty i s  forced i n to 
ban k r uptcy , e l ec t r ic i ty w i l l  s t i l l  be needed . Unl e s s  
s tate  leg i s l a t u r e s  o r  Cong r e s s  i n te rvene and place the 
bu r de n  on the gene r al taxpaye r ,  the r a tepaye r s  w i l l  be 
c ha r g ed to r epa i r  the equ i pment , buy powe r e l s ewhe r e , o r  
c o ns t r uc t  new gene r a t i ng fac i l i t ie s . 

KOSHLAND : I can answe r that que s t i on i n  a br i e f  way 
bec a u s e  I spent  the l a s t  year on sabba t ical i n  Bos ton , 
w he r e  when one o f  the nuc l e a r  reacto r s  was shut  down , the 
c o s t  o f  the added fuel o i l  was pas s ed on to the r a tepaye r s  
i mmed i a tely . I ' m a fr a id the r a tepaye r s  a r e  g o i ng to end 
up pay i ng in the long r u n , no mat t e r  wha t . 

DAVI S :  We l l , wou ld I be out  o f  l ine to a s k  whe ther  you 
t h i nk t h i s  is e n t i r e ly f a i r ?  One gentleman c i ted the 
i n s tanc e  of a food processor  hav i ng to go out o f  bus i nes s  
bec a u s e  h e  wa s not s u f f ic i e ntly i n s u r ed and h e  was sued 
for some th i ng o r  othe r . 

I t h i n k  you have the equ i valent  he r e . You have an 
indu s t ry  t ha t  t h r i ve s  on  pr o f i t ,  as mos t  i nd u s t r i e s  
do- - a nd I a m  no t aga i n s t  th i s , I l i k e  p r o f i t  a s  much a s  
anyone e l se - - bu t , by the same tok e n , when some t h i ng 
happen s  I don ' t  th i n k  you can expect  othe r  people to j ump 
i n  con s tantly and ba i l  you ou t .  I j u s t  don ' t  th i n k  that ' s  
the way to go . 

YELL I N : I ag r e e  i t  would not be w i se to a l low 
u t i l i t i es  to ope r a te nuclear  r eacto r s  w i thou t bea r i ng any 
of the r i s k s  of f i nanc i a l  l o s s  if an acc ident should 
occ u r .  Some o f  that bu rden w i l l  fa l l  on the r a tepaye r s ,  
a s  you ' ve seen . And some rna� f a l l  on the gene r al 
taxpaye r s  v i a  the Tuc k e r  Act o r , though i n  pa r t  tha t ' s  
up to Congr e s s , v i a  the P r ice-Ande r son Ac t .  But  the r e  
s u r e ly w i l l  be a f i nanc i a l  bu rden o n  s tock ho lde r s  too , 
thoug h i t may not be as  large  a s  you ' d  l i k e . I unde r s tand 
that Gene r al Publ ic Ut i l i ty (GPU ) , wh i ch is the u l t imat e  
owne r o f  t h e  Thr ee M i l e  I s land fac i l i ty ,  has  s u f f e r ed 
f i nanc i a l ly a s  a r es u l t  o f  the acc ide n t . Two d i v idend 
paymen t s  have be en m i ssed , the pr ice o f  the s tock has 

I See Du ke Powe r Co . v .  C a r o l i n a  Env . S t udy Gp . ,  9 8  
s . ct .  2 6 2 0 , 2 6 4 1  n . 3 9 ( 1 9 7 8 ) . 
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f a l len substant i a l ly , and though t h e  New J e r sey and 
Pennsylvan i a  publ i c  u t i l i ty comm i s s ions  have al lowed GPU 
to pa s s  r eplacement powe r costs  on to the r a tepaye r s , they 
have r u led that the company is r e spon s i ble for  any 
u n i n s u r ed l o s s e s  due to damage to the plant . One wou ld 
have to say that  othe r u t i l i t i e s  now have con s ide r able  
mo t ivat ion to  avo id be i ng i nvolved i n  s im i l a r  
c ic umstance s , and that ' s  as  i t  should be , 

BROOKS :  I ' d l i k e  to ma k e  two r ema r k s . I n  the f i r s t  
p l ace , i t ' s  c u s toma ry i n  a l l  bus i n e s s e s  t o  cons i d e r  the 
payment o f  i n s u r ance prem i ums as  a cost of  do i ng bu s i ne s s  
and t o  i nc l ude  th i s  i n  the cos t . I don ' t  see  why th i s  
should s uddenly be d i f fe r ent  i n  the case o f  publ i c  
u t i l i t i e s . 

The second po in t  i s  that I th i n k  the r e ' s  a 
m i s unde r s tand i ng . Th e r e  i s  no subs idy , al though the r e  may 
be in some people ' s  m i nd s  an impl ic i t  s ubs idy i nvolved i n  
the Pr ice -Ande r son Ac t .  I n  fac t , s o  f a r  as I am awa r e , 
the premi ums pa 1d by the compan i e s  und e r  that act have 
acc umu l a ted a con s i d e r a ble r es e rve . 

Now , o f  cou r se , t h e r e  i s  an impl i c i t  s ubs i dy i n  the 
fac t that it a payout was eve r r equ i r ed ,  then of  cou r se 
the taxpaye r s  wou ld foot the b i l l ; bu t so  far  the 
taxpaye r s  have not . I t  has not cost  the taxpaye r s  
any t h i ng .  

ROBERT s. McADAMS , Yor k Coun ty , Penn sylvan i a : I wan t  
t o  d i sc u s s  the wo rd " acceptable . "  Seman t i ca l ly , i t  doe s 
not mean much u n t i l  you s ay acceptable to whom , acceptable 
by whom . To me the r ad ioac t ive i nve ntory at Thr ee M i l e  
I s land o r  Peach Bo t tom , which could , accord i ng t o  the 
WASH - 7 4 0  update , contam i na te an a r e a  the s i ze of 
Pennsylvan i a  and cause $17 b i l l ion wo r t h  o f  d amag e , i s 
unacceptable . 

I bel i eve that I am be i ng d i se n f r anch i sed on th i s  i s s u e  
b y  fede r a l  expe r t i se . I want to k now how th i s  i s sue  i s 
g o i ng to be r e s olved . I f  i t  i s  not accept able i n  anyone ' s  
bac kyard , then i t  i s  not acceptable .  

WAHL : F i r s t o f  a l l , I would r e spond by s ay i ng that I ' d 
l i ke to a s s u r e  you that I bel ieve that the Nuclear  
Reg u l atory Comm i s s ion and the  indu s t r y  will  i n  f ac t  r emove 
that waste a s  s a f e ly as  we humanly know how . I g u e s s  we 
have to s ay that that leave s  some e l emen t  of r i s k  or 
doubt . And what  we ' r e ta l k i ng about ton ight  i s  how we can 
be s t  accept those r i s k s . 
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We don ' t  l ive i n  a r i s k - f r e e  wo r ld , a nd wh i l e  I bel ieve 
t h a t  the amoun t s  of r ad i oac t ive ma te r i a l  a t  TMI , at  Peach 
Bot tom are s e r i o u s  mat te r s ,  I also bel ieve the i nd u s t ry 
t a k e s  them very  s e r i ou s ly , and I t h i n k  that the r ecord to 
d a t e  i nd icates  that we take  them s e r i o u s ly . We s uppo r t  
t h a t  a t t i tude . 

I g e t  upset because  we seem to be g e t t i ng an 
impl i c a t ion in the med i a  and f r om the publ ic that we don ' t  
t a k e  that bu s i ne s s  s e r i o u s ly . We ' ve t a k e n  i t  ser iously 
for  25  year s ,  and that ' s  why we have the safety r ecord we 
do , and I wan t  to a s s u r e  you we ' r e g o i ng to con t i nue to 
take  i t  s e r i o u s ly . I ' m s u r e  that won ' t  g ive you any 
peace of m i nd , but tha t ' s  the only r e sponse I can g ive . 

BEYEA : I t h i nk the dec i s ion a s  to whe ther o r  not 
nuclear powe r is  to be accepted has to be made at the 
b a l l o t  box . It  is  now a pol i t i cal dec i s ion . 

ALLEN BRODSKY , Nuc l e a r  Reg u l atory Comm i s s ion : F i r s t , 
I ' d l i ke to thank the Nat i onal Academy o f  Sc i e nc e s  for  
these mee t i ng s . I th i n k  they ' r e ve ry impor tant a s  publ i c  
d i sc us s i on s . I ' m sor ry I got u p  so late and a m  tak i ng the 
l a s t  ques t i on . I would l i k e  to r ecomme nd that mor e  t ime 
be g iven for  eve rybody to a s k  que s t i o n s  because people 
come h e r e  a t  g r ea t  expense . I don ' t  t h i n k  we ' l l be that 
much mor e  t i r ed if  we spend ano the r ha l f  hou r , so I ' d l i k e 
to a s k  for  the people who fol low me the chance to a s k  a 
que s t ion . 

I ' m a fo rme r a s s oc i ate pr o f e s sor o f  hea l t h  phy s i c s  at 
the Un i ve r s i ty o f  P i t t s bu rgh and profe s sor at  Duque sne 
Un i ve r s i ty whe r e  I taught  r ad i a t i on phys i c s , hea l th 
phys i c s , b i o s t a t i s t ic s , and epidemio logy . My present  j ob 
does not i nvolve me d i rectly i n  ma k i ng analyses o f  r eac tor  
s a f e ty , but spe a k i ng as  an i nd i v id u a l  because I am 
conc e r ned about the health of people- - i t ' s  been my c a r e e r  
for 3 0  yea r s - - I ' m  concer ned about  m y  ch i ld r e n  and t h e  
env i r onmen t .  I ' m also  conce r ned about wha t w i l l  happen to 
t h i s  soc i e ty i f  we don ' t  ma k e  r a t ional dec i s ions by 
u t i l i z i ng o u r  r e s o u r c e s  to s tay al i ve and s u r v i ve in th i s  
wo r ld . 

F i r s t  , I ' d l i k e  to r e v i ew a qu i c k  scena r i o  abou t TMI , 
and I ' d l i k e to a s k  some que s t ions  that have been touched 
on by the spea k e r s .  D i d  the Kemeny r epo r t  ac tual ly come 
up w i th a cond i t ional probab i l i ty that , g iven the r e  i s  a 
me l tdown , a s ig n i f icant  amount o f  f i s s ion pr oduc t s  wou ld 
be r e l eased to the env i r onment  i n  a power r eactor acc ident 
s uch that  we r e a l ly wou ld have the s i tuat i on we ' r e all  
wor r y i ng abou t ?  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

N u c l e a r  R e a c t o r s :   H o w  S a f e  A r e  T h e y ?
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The second que s t ion i s , i f  s uch a pr obab i l i ty i s 
be l ie ved to be f in i te , why hasn ' t  anyone men t i oned tak i ng 
the u sual eng ineer i ng appr oach o f  a p i lot  te s t ?  We have 
had many p i lot t e s t s  o f  H - bombs , wh ich  a r e  ve ry 
d e s t r uct ive . We d idn ' t  seem to wo r ry about H - bombs 
pu t t i ng a lot  of act i v i ty i n to the uppe r a tmo spher e . 

I want to men t ion that l e s s  than 1 0 - & , le s s  than one 
m i l l ionth of the r ad i oac t ive iod i ne s  in the r eac tor at 
TMI , got  out  o f  conta i nment and out  to the env i r onment . I 
made some calcu l a t i on s  o f  my own ba sed on a 19 6 5  pape r , 
wh ich  i s  calcula ted to be very con s e r vat i ve on t he s ide o f  
s a f e ty . My calculat i o n s  we r e  t h a t  i f  a l l  o f  the 
f i s s ion-product i nven t o ry i n  the TMI r eactor we r e  r e lea sed 
to the conta i nmen t  bu i ld i ng j u s t  l i k e  the i od i nes  and 
these are not vola t i le f i s s ion prod u c t s  by and large  and 
c e r t a inly  not as vo lat i l e  as  i od i nes that a t  mos t  you 
wou ld have 15 r em a t  the s i te bounda ry . 

I would l i k e  to a s k  the impo r tant  que s t i on then : i f  
th i s  i s  the case , has the impo r tant probab i l i ty been 
c a l c u lated that you w i l l  have a h ig h e r  r e lease t han that 
in the Kemeny Comm i s s ion repo r t? 

YELL I N : The r e  i s  a mo s t  i n te r e s t i ng analys i s  o f  th i s  
by a Bat t e l l e -Co l umbu s Labo r a to r y  g r oup . B They explo r ed 
the que s t ion  whe t h e r  i f  th i ng s  had happened a l i t t l e  
d i f fe r e n t ly the r e  could have been a ma j or r el e a se a t  Thr ee 
M i le I s land . They also  i nve s t ig a ted what wou ld have 
happened i f  the Th r ee M i l e  I s land conta i nmen t  bu i ld i ng had 
been bu i l t  accord i ng to other  ex i s t i ng de s ig n s . 

As I under s tand the r e s ul t s , though I have not explo r ed 
the calcu l a t i on s  i n  d e ta i l , i f  the pr e s s u r e - ope r ated 
r e l i e f  valve ( PORV ) , the k ey component in the acc iden t , 
had been open for  1 mo r e  hou r , add i t ional damage would 
have occ u r r ed i n  the co r e , and a complete me l tdown is  an 
open po s s i b t l t ty . 9 The NRC Spec i a l  I nqu i ry Gr oup 
( Rogov i n  g r oup ) concl uded , on the bas i s  o f  these r e s u l t s  
and o t h e r  cons ide r a t ions , t h a t  t h e  Thr ee M i le I s l and 
r eac to r " was pr obably w i th i n  about 3 0  to 4 0  m i n u te s  of 
h av i ng a s ubstan t i a l  f r ac t i on o f  the f ue l  

8 woo ton , De nn i ng , Cybu l s k i s  e t  a l . , Analys i s  o f  
t h e  Th r ee M i le I s l and Acc ident and Al te r na t i ve Sequence s ,  
NRC con s u l tan t s ' r epo r t  NUREG/CR- 1 2 19 (Jan . 1 9 8 0 ) . 

9 I b id . , pp 5 - 8  to 5 - 1 1 . 
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l ique f i ed or  molten at  the t ime of  the PORV block valve 
c l o s u r e  • • • •  • 1 0  The Bat te l l e  g r oup also  found tha t 
unde r ce r ta i n  a s s umed c i rcumstances follow i ng mel td own , a 
f a i l u r e  o f  the con t a i nmen t  bu i ld i ng could have 
occur r ed . l l The r e  i s  con s ider able unce r t a i nty abou t the 
phys ical proc e s s e s  that wou ld be i nvolved i n  s uch a 

f a i l ur e , and I wou ld hope tha t r e search into con t a i nmen t  
f a i lu r e  f o l l ow i ng me l tdown i s  pur sued . 

Second , the Ba t t e l l e  g roup found that o the r ex i s t i ng 
conta i nment d e s igns  could we l l  h ave fa i led , due to 
pr e s s u r e  c r ea ted by the hyd r ogen d e f l ag r a t ion that 
occ u r r ed i n  the Three M i le I s land conta i nmen t , i f  they had 
been in place . Th i s  includes the ice condenser  des ign in 
use  at the TVA Seq uoyah r eac to r , wh ich has a pa r t icular ly 
low d e s ign  pr e s s ur e . I t  also i nc l ud e s  the BWR Ma r k  I I I  
con t a i nmen t . l 2  

The Ba t te l l e  calculat ions , and the d i sc u s s ion i n  Vol ume 
I I  of the Rogov i n  r e po r t , s uggest  that Th r ee M i le I sland 
wa s  con s ider ably mo r e  ser ious  than a r eade r  of the Kemeny 
Comm i s s ion repo r t  and Vo l ume I of the Rogov i n  r epor t wou ld 
s uppose . 

( Note : I n  the commen t  that fol l ows , Dr . Her r i ng 
co r r e c t ly po i n t s  o u t  that the Kemeny Comm i s s ion r e ached 
conc l u s ions  a t  var i ance w i th those  o f  the Ba ttel le g r oup . 
The analys i s  o f  a l te r nat ive acc ident sequences made by the 
Comm i s s ion s t a f f  is no t a s  exten s i ve as  the analyses 
pe r formed by the Bat t e l l e  and Rogov i n  g r oups . Th i s  i s  not  
s u rpr i s i ng ,  s i nce less  t ime was  ava i l able , and the 
Comm i s s ion • s  r e sou rces  and manpowe r we r e  l im i ted . The 
Ba t t e l l e  analy s i s  had not been completed at  the t ime the 
Kemeny Comm i s s ion made i t s  r epo r t  and so wa s not 
con s ide r ed the r e . )  

1 0 NRC Spec i a l  I nqu i ry Gr oup , Thr e e  M i l e  I s land 
(Jan . 1 9 8 0 ) vol . I I ,  pt . 2 ,  pp 5 3 6 , 5 6 3 - 6 4 . The PORV was 

c l osed manual ly 2 hou r s ,  2 0  m i n u t e s  i n to the acc ident . 

1 1  Ba t te l le r epo r t ,  Sec . 6 . 

l �  I b id . Sec . 8 . 2 .  The de s ig n  pr e s s u r e s  o f  the ice 
cond e n s e r  and Ma r k  I I I  conta i nmen t s  are 1 2  ps ig and 1 5  
ps ig ,  r e spec t i vely . The Th r e e  Mile I s land hyd r ogen 
de f lag r a t ion prod uced a meas u r ed pr e s s u r e  p u l se of  
appr ox imately 2 8  ps ig , but  the spat i a l  pr e s s u r e  
d i s t r i b u t ion w i th i n  the conta i nment i s unk nown , and 
d i f f e r ent  l ocal pr e s s u r e s  may have act u a l ly occu r r ed . 
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HERRING : I t  should be men t ioned that the Kemeny 
Comm i s s ion i t s e l f  comm i s s i oned a s t a f f  s tudy on 
a l te r na t i ve event s equences to con s ide r the pos s ible 
consequenc e s  o f  a numbe r o f  add i t i onal  m i shaps that mig ht 
have taken place , m i g h t  conce ivably have taken p lace a t  
Th r ee M i le I s l and . As I recal l , t h e  conc l u s ions of  that 
s t udy we r e  that t he r e  was no s i ng le add i t ional equ ipment  
f a i l u r e  o r  human f a i l u r e  that would have led  to co r e -me l t , 
that mu l t iple s uch f a i lu r e s  m ight  conc e i vably have led to 
cor e-me l t , bu t that if  the r e  had been a cor e-me l t , the r e  
wou ld i n  a l l  pr obab i l i ty n o t  have been a ma j o r  r e lease o f  
r ad ioact i v i ty , though the r e  might  have been a s l ightly 
l a r g e r  r elease  than what occu r r ed .  

BEYEA : Wh ich s t udy a r e  you g o i ng to be l ieve ? The 
Rogovin  s t udy s tates  that had the pr e s s u r e -ope r a ted r e l i e f  
va lve not been bypa s s ed when i t  was ,  s ig n i f i cant co r e  
d amag e wou ld have r e s u l ted i n  ano ther hour wi th a h igh 
pr obab i l i ty of  cor e -me l t . Howeve r , I ag r e e  w i th you that 
even i f  the r e  had been a core me l tdown a t  TM I ,  the r e  may 
not have bee n  br each of conta i nmen t .  I t  wou ld have 
depended on what happened to the coo l i ng sys tem and 
whe the r or not s u f f i c i e n t  coo l i ng could have been 
ma i n t a ined to prevent ove r pr e s s u r i z a t ion . 

A l t hough t h e r e  i s  some room for opt i m i sm w i th 
l a r g e r -volume conta i nmen t s  s uch as the one at TMI , I am 
very  pe s s imi s t ic abou t the con ta i nmen t  hold i ng fol low i ng a 
mel tdown i n  a bo i l i ng -wa ter  r eactor or i n  the 
i c e -conde n s e r  sys tem ment i oned by P r o f e s sor  Ye l l i n . 

DAVID STE I NBOCKER :  I ' m a concer ned c i t i zen  f r om 
B l ac k s bu r g , V i rg i n i a , and l e t  me a s k  some t h i ng a l i tt l e  
o f f  t h e  s u b j e c t . 

Las t  n ig h t  on " 6 0 M i nu t e s " they we r e  tal k i ng about how 
the po l i t ic i an s  a r e  a l l  for bus i ng bu t none of the i r  
school k id s  a r e  g o i ng t o  the inne r - c i ty h igh  schoo l s . You 
k now , the pol i t ic ians  du r i ng the V i e tnam Wa r , none of 
the i r  k id s  we r e  ove r the r e  f ight i ng . I don ' t  th i n k  any of 
the pro- nuclear people have the i r  fami l ie s  l i v i ng in No r t h  
An na , C a lve r t  Cl i f f s , Th r ee M i l e  I s land , I nd i an Head , 
whe r e ve r . How can we as  c i t i zens who a r e n ' t  c al l i ng the 
shots g i ve you guys the bene f i t  o f  the doubt , and does 
th i s  seem fa i r , that you g uys are leg i s l a t i ng th i s  and 
that and wha teve r , and i t ' s  not d i r ec t ly i nvolved i n  you r  
own pe r s onal l i fe o r  none of you r f am i ly membe r s  a r e  
i nvolved ? 
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KOSHLAND : How many people would l i ve o n  Three M i l e  
I s land i s  t h e  ques t i on . 

BROOKS :  I wou ld say categor ical ly that I am pe r fec tly 
w i l l i ng to l ive i n  the v ic i n i ty o t  a nuclear  powe r plant  
and have my f am i ly l ive i n  the v ic i n i ty o f  a nuc l ea r  powe r 
plant w i thout any he s i ta t ion . I t  j us t  happen s  that I 
don • t have a j ob i n  the v ic i n i ty o f  a nuclear  powe r plan t . 

BEYEA : Even though I am a nuclear  cr i t ic , I th i nk  
you • r e be i ng a l i tt l e  har sh on the nuc l ea r  i nd u s t r y . I t • s  
my expe r i e nce that people i n  t he i nd u s try , as we l l  as  the 
people who a r e  r eg u l a t i ng the i ndu s try , hones tly be l ieve 
that the dang e r s  o f  nuclear power and r ad ia t ion are not a s  
g r e a t  as  t h e  c r i t ic s  be l ieve . 

I happen to d i sag r ee w i th the i r  a s se s sment , but  my 
g e ne r al impr e s s ion i s  that they a r e  not be i ng hypocr i te s . 
Fu r t he rmor e ,  g i ven the amount o f  money that • s  at  stake  
( hu nd r ed s  and  hund r ed s  o f  b i l l ions o f  dol l ar s ) , the  
indu s t r y  r epon s e  to a t tack has been  r e l a t i ve ly gentle and 
based , appa r e n t l y , on the bel i e f  tha t the i r  arg umen ts a r e  
co r r ec t  and need only b e  g i ven w i d e r  publ ic i ty f o r  the 
publ ic  to come ar ound . 

S I DEY : I wou ld cha l l enge v i r t u a l ly eve ry  prem i s e  tha t 
you l a id down i n  that que s t ion . I don • t  know wha t " 6 0  
M i n u te s " d id l a s t  n ight , but I can • t imag i ne that they 
s ugg e s ted that . I 1 ve known many o t  the people i n  th i s 
town who wor ked hard e s t  for  i n teg r a t ion of  schoo l s  whose 
ch i ld r en have been i n  s uch school s .  I ndeed , I would j udge 
the c i ty of Ch i cago , which gets a g r ea t  deal o f  i t s  energy 
f r om nuc lear  plants , mus t  have a g ood number of  people i n 
i t  who probably s uppo r t  nuclear energy . I wou ld also add 
that I k now many people whose ch i ldr en went to V i etnam , 
some o f  whom we r e  k i l l ed , who had much to do w i th debat i ng 
the wa r , who we r e  fo r i t ,  who we r e  ag a i n s t  i t .  

So , I wou ld f i nd those ove r s impl i s t ic s ta temen t s , i f  
you w i l l , sa id s imply . 

KOSHLAND : I th i n k  we 1 d  be t t e r  t u r n  to some conc l ud i ng 
s ta temen t s . I 1 m sor ry I c an • t  i nc l ude eve ryone , but  we 
have to end th i s  some t ime . Maybe I 1 l l j us t  a s k  the pane l 
to go f r om one end to the othe r . You don • t  have to spe a k , 
but I would l i k e  you to make any s umma ry r ema r k s  or  any 
new po i n t s  that you th i n k  have not been cove r ed . 
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HERRING : I would l i ke to make a r ema r k w i th regard to  
the gene r a l  state  o f  publ ic i n forma t ion and  the 
r e spons i b i l i ty bo th o f  the c i t i zen and of  the news med i a . 
I th i n k  that th e r e  a r e  a few ve r y  s imple th ings that one 
can do to try to k eep t h i ng s  i n  pe r spec t i ve . I men t ioned 
some of them ear l ie r . 

I t h i n k  that wheneve r you a r e  p r e s e n ted w i th some t h i ng 
that  i s  s upposed to be a r i sk or  that you t h i n k  may be a 
r i s k ,  you try  to g e t  f r om you r  sou rce , or  i f  you a r e  a 
r epo r te r  t r y  to fe r r e t  out , the numbe r s  descr i b i ng i t  and 
how the s e  numbe r s  compa r e  w i th o ther  numbe r s  mea s u r ed i n  
t h e  same un i t s  t h a t  a r e  r e levant to mo r e  fam i l i a r  
s i tuat ions . Le t me g ive an example . 

The other  day I saw i n  a local newspape r a banne r 
head l i ne on the second page about  a r ad ioact ive g a s  
r e l ease f r om Th r e e  M i le I s l and . I t  j us t  happened that the 
f i ne pr i n t  o f  the newspaper men t i oned the mag n i tude of 
that r e lease . Now , it men t ioned it in un i ts that might  
we l l  be me an i ng l e s s  to the  ave r ag e  r eade r , but the 
r epo r te r  could pe r fec t ly wel l  have a s k ed how th i s  compa r e s  
w i th what was emi tted i n  t h e  ma i n  acc i dent l a s t  year . I f  
that numbe r had been g i ven , the head l ine  wou ld have 
obv i ou s ly been non sense , becau s e  i t  was m i l l ions of t i me s  
sma l l e r .  Th i s  i s  some th i ng that almo s t  anybody c a n  do . 

LEWI S :  The only th i ng I r e a l ly depl o r e  about the g r e a t  
nuclear debate i s  the amount of pola r i z a t ion i n  i t ,  wh ich 
ma k e s  i t  ve r y , very d i f f i c u l t  for people to s e r ve in a 
con s t r uc t ive f o r um i n  wh i ch they try  to pr e s e r ve the 
nuclear opt ion for the Un i ted State s . 

People o f ten take  the v iew that any t h i ng you do to 
p r e s e rve the nuc l e a r  opt i on is automa t i ca l ly bad . I 
obv i o u s ly don ' t  subscr i be to that pos i t ion . I don ' t  know 
i f  i t  wa s Ho r ace G r e e l ey- - !  have a funny fee l i ng I ' m 
g i v i ng h im a quo tat ion that belong s to somebody e l s e - - bu t  
somebody once sa id i t ' s  a plea s u r e  t o  b e  ag a i n s t  some t h i ng 
because  you don ' t  have to k now ve ry much , and the r e ' s  a 
l i tt l e  b i t  o f  an e l emen t  of  that i n  the n uc lear  debate . 

I n  my obse rvat ion over the yea r s , t h i ng s  a r e  ge t t i ng 
be t te r . The pr e s s  i s  g e t t i ng be tte r . The cr i t i c s  a r e  
g e t t i ng be t te r , and I t h i n k  even t h e  pro-nuclear  people 
a r e  g e t t ing be t te r . So the r e  is probably a l i t t l e  b i t  of 
hope , j u s t  a teensy b i t . 

YELL I N : I bel ieve the coun t r y  wou ld bene f i t  i f  safe  
and r e l i able r eactor ope r a t ion could be  a s s u r ed and if  the  
nuc lear  powe r i nd u s t r y  wer e  stab i l i z ed . I t ' s  an ope n 
que s t ion whe ther we have the pol i t ical w i l l  and the 
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techn ical i ng en u i ty t o  reach those goa l s . The chal lenge 
i s  to wor k  w i t h  goodw i l l  to succeed and , i f  the problems 
a r e n • t  solvable , to adm i t  i t  and apply the same ene rgy and 
enthu s ia sm that wen t  i nto the nuclea r powe r prog r am to 
othe r means o f  pr oduc i ng energy , e spec ially to energy 
conse rva t i on .  

WAHL : I f  you had any doubt abo u t  whe r e  I s tand , you 
won • t  when I get thr ough . I want to mak e  a statement i n  
s uppo r t  o f  the Nuc l e a r  Reg u l a tory Comm i s s ion . I 1 ve dea l t  
w i th that agency s ince t h e  m id - 19 6 0 1 s . The r e • s  been a l o t  
o f  c r i t i c i sm o f  t h e  NRC ove r t h e  year s ,  e spec i a l ly when i t  
was known a s  the AEC . 

I th i n k i t • s  impo r t an t  that we i n  th i s  soc i e ty be l ieve 
that we have a qual i f i ed sc ient i f ic o rgan i z a t ion 
r eg u l a t i ng the use o f  nuclear powe r . I bel i eve that i t is 
bas i c a l ly that . I bel ieve it need s some improvemen t s . I 
d on • t  t h i n k  anybody i n  the i ndu s t r y  wou ld a rgue  tha t . 

We do i n  fact have a ma j or r e sou rce i n  th i s  nat ion i n  
t h e  f o rm o f  t h e  Nuc lear  Reg u l atory Comm i s s i on ,  wh ich has a 
t r emendous bac k log of  expe r i ence . I t  may need some 
f i ne- t un i ng , but  mor e  than tha t i t  needs pos i t i ve suppo r t  
f r om the leade r s h ip in  t h i s  town and the publ ic , and we • d  
be t t e r  g e t  on w i th the j ob o f  prov i d i ng i t  o r  we • r e g o i ng 
to l o se what capab i l i ty we do have . 

BEYEA : I t h i n k  that we have to r e a l i z e  that al l ene rgy 
techno log i e s  have r i s k s  a ssoc i a ted w i th them and tha t ou r 
soc i a l  goal should be to r educe s tead i ly those r i s k s , not 
to dec l a r e  them " acceptable . "  Fu r thermo r e , because the r e  
a r e  a se r i e s  o f  value j udgments  t h a t  have t o  b e  made i n  
rank i ng ene rgy t echnolog i e s , t h e  cho i ce of ene rgy pol i cy 
i s  bas i ca l ly a pol i t ical  dec i s ion and shou ld be r ecog n i z ed 
as such . ( Hope f u l ly ,  s uch dec i s ions  w i l l  be made on an 
i nformed ba s i s . ) 

I t h i n k  tha t  i n  ma k i ng energy pol icy dec i s ions , whe the r 
choo s i ng nuc l ea r , solar , f o s s i l , o r  con servat ion 
technolog i e s , we have to sh i f t  f r om an absolu te c r i te r ion 
o f  acceptable r i sk to a r e l a t i ve c r i te r ion i nvolv i ng the 
r an k i ng of  the a l te r nat ives ava i l able . The NRC has an 
impo s s ible j ob ,  a s  i t • s  now set  up , to try to dev i se 
po l i t ically acceptable s a f e ty c r i te r i a for nuc l ear  power 
on an absolute  bas i s . 

One ma j o r  c r i te r ion we shou ld u s e  i n  r an k i ng 
a l t e r n a t i ve s t r a teg ies  i s  health and safety . I f  we have 
no l a r g e  r e leases  of r ad ioac t i v i ty ove r the  cour se  of the 
nuclear pr og r am ,  then nuclear power w i l l  t u r n  out , as I 
have s a id pr e v i o u s ly , to be a r e l a t i ve ly ben ign source of  
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ene rgy . Howeve r , i f  we have one large  acc ident , then I 
th i n k  the harm f u l  s ide e f fects  o f  n uclear  technology wi l l  
catch u p  w i th the ha rmf u l  s ide e f fec t s  of  coa l - bu r n ing and 
w i l l  dwa r f the harmful  s ide e f fects  a s soc i ated w i th the 
other a l te r na t i ve s . S i nce I expect at least one such 
l a r g e  r e lease to occ u r  in the next 30 year s ,  I have 
conc l uded that solar  and conse rvat ion a l t e r n a t ive s  a r e  
mo r e  ben i g n  t han n uc l e a r  powe r . 

I must  say that I see no g r eat movement  in  Was h i ng ton 
towa rd a s e r ious  solar  and con s e r vat ion s tr a tegy . As a 
r e s u l t  I am fo rced to tempe r my own pe r sonal cho i c e s  on 
energy  po l i cy in l ig h t  of  ce r t a i n  l a rg e r  i s sues- - i s s u e s  
whose impo r tance may ove r shadow t h e  nuclear a n d  c o a l  r i s k s  
ment i oned be fo r e . I n  r ank i ng technolog i e s  i n  wide spr ead 
use  today , i t  i s  nece s s a r y  to con s ider the r i sk of  nuclear  
wa r f r om the pr ol i f e r a t ion o f  nuc l ear  weapons , the r i s k  of 
war i n  the M iddle Ea s t  ove r o i l  s uppl i e s , and the r i s k  o f  
long - term  c l ima t ic change f r om con t i nued r e l i ance on 
fos s i l  f u e l s . 

Al though these larg e r  i s sues  may be impo r tant i n  
tempe r i ng conc e r n  ove r h e a l t h  and safety r i s k s  f r om 
convent i onal techno log i e s , the Nuc lear Reg u l a tory 
Comm i s s i on i s  not the place to deal w i th them . Such 
t r ad e - o f f s  r ep r e s e n t  pol i t ical  dec i s i o n s  and shou ld be 
made in Cong r e s s . 

Another  c r i te r ion that should be kept i n  mind i n  
rank i ng ene rgy technolog i e s  h a s  to do w i th the i r  soc i a l  
i mpac t . I t h i n k  w e  should move towa rd technolog i e s  that 
are easy to unde r s tand , t echnolog i e s  that w i l l  not 
a l i enate ord i na r y  people because  o f  f r ighten i ng 
complex i t i e s . I hope , i nc identally , that we do a good j ob 
i n  the way we go abou t choo s i ng o r  r e j ec t i ng nuclear 
powe r - - a be tter  j ob than we ' ve done so f a r - - so that we set 
a g ood example for  the f u t u r e . Nucl e a r  power is  not the 
only case we ' r e go i ng to have to face up to i n  wh ich  a 
r i s ky and complex techno logy has the po tent i a l  to affect  
our  l ives d r ama t ic a l ly . 

BROOKS : I don ' t  have much to add . I would empha s i z e 
that I t h i n k  the d i sc u s s ion o f  nuclear  s a f e ty ought to be 
focu sed much mo r e  on how to impr ove it than on prov i ng 
that the c u r r en t  technology i s  safe . I th i nk one o t  the 
p r o bl ems has been  that in the r ecent pas t too much 
a t ten t i on was foc u sed on the l a r g e s t  conce i vable acc ide n t  
and too l i t t l e  a t tent ion o n  t h e  inte rmed i a te seve r i ty o f  
acc idents t h a t  a r e  much mo r e  probable . I t h i n k  that i s  
one o f  the pr i nc ipal lessons o f  TMI . 
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S I DEY : I wou ld say that I t h i n k  that i n  th i s  town 
f r equently our  own spec i a l  i n te r e s t s , par t icular ly now , 
ma k e  us  forget some th i ng called nat ional i n te r es t . I t ' s a 
r athe r bat te r ed and fo rgot ten concept . I bel ieve that  
i t ' s  made up  o f  many th i ng s  s u r e ly the  qual i ty o f  l i fe ,  
those th i ng s we con s ume , clear  a i r , c lean wa te r . The 
s a f e ty of our products  is par t  of that , s u r ely . Bu t the r e  
a r e  o the r th i ng s , and they have t o  d o  w i th the nat u r e  o f  
ou r sys tem , wh ich u p  u n t i l  now has g iven u s  fr eedom o f  
act ion . And then , o f  cour se , ou r nat i onal secur i ty i s  a 
cen t r a l  con s id e r a t ion . 

I wou ld hope that a s  t h i s  debate , wh ich w i l l  be 
g ove r ned by t ime and wo r ld event s , goes  on we do keep tha t 
i n  m i nd , that f i na l ly dec i s ions have to be made i n  wha t we 
c a l l  the nat ional i n te r e s t . 

KOSHLAND : I ' d l i k e  to close w i th a couple of  
comme n t s . F i r s t  o f  a l l , I ' d l i ke to thank  the  pane l i s t s . 
They a r e  very d i s t i ng u i shed and ve ry busy people . I f  I 
have made some m i se s t imate i n  r e l a t ion to one ot the 
s k ept ic s  who tur ned out not to be as  s k ept ical  a s  some of 
the aud i ence had expec ted , i t  i s ,  I t h i n k , a r e f lec t ion o f  
t h e  f a c t  t h a t  t h e s e  people a r e  a l l  p i c k ed w i th a l i t t l e  
bac k g r ound and a r epu t a t ion for  know i ng a g r eat  d e a l  i n 
the f i e ld . I don ' t  c r o s s - exam i ne them or k now exac tly 
what the i r  po l i t ical v i ews are ahead o f  t ime . 

A s s embled he r e  a r e  a t  lea s t  some o f  the people who a r e  
among the o u t s t and i ng leade r s  i n  th i s  a r e a . I am very 
g r at e f u l  to thei for  attend i ng t h i s  For um . I am extr eme ly 
g ra t e f u l  to the aud ience for pa r t ic ipa t i ng in a d i sc u s s ion 
so complex . I t h i nk that our soc i ety is faced w i th not 
j us t  t h i s  dec i s i on but w i th a s e r i e s  of  dec i s ions  on the 
bo rd e r l i ne of sc i ence and soc i e ty that w i l l  not be easy 
for  e i th e r  s ide  to get through . 

I wou ld l i k e to r e a s s u r e  Harold Lew i s . I have a 
s l ightly  d i f f e r e n t  at t i tude beca use I th i n k  that whe r e  
the r e  i s  a g r eat  deal o f  emo t i on i n  a n  i s s ue , i t  mean s 
that a lot  o f  people ca r e . I s aw a bumpe r s t icker  in 
C a l i fo r n i a  that sa id , " I  am ne i th e r  for nor ag a i n s t  
apa t hy . " 

I t h i n k  that s umma r i ze s  the wor s t  that could happen i n  
a soc i e ty . Whe r e  we ' r e g o i ng may depend somewhat on 
a t t i tude . I have heard that the de f i n i t i on o f  an opt imi s t  
i s  one who says " Th i s  i s  the be s t  o f  a l l  pos s i ble wor ld s , " 
and the pe s s im i s t  says , " I ' m  af r a id you ' r e r ig h t . " 

I th i n k  we can all  look a t  the same data and d i s ag r ee . 
Bu t a s  long a s  g r oups l i ke  th i s  can g e t  tog e the r and sha r e  
op i n ions in  a r a t ional and i n te l l igent way , we ' r e probably 
in g ood shape . 
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