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Dear Chairman Hendrie:  

September 8, 1978 

e 

s s i o n  

I am pleased t o  t r a n s m i t  h e r e w i t h  t h e  f i n a l  r e p o r t  o f  t h e  R isk  
Assessment Review Group. 
o f  recommendations d i r e c t e d  toward b e t t e r  use o f  r i s k  assessment 
methodology w i t h i n  t h e  Commission, an assessment o f  t e achievements 
and l i m i t a t i o n s  o f  WASH-1400, and a number o f  d i s j o i n t  i tems.  

You w i l l  no te  t h a t  i t  conta ns a number 

I hope t h a t  t h e  r e p o r t  w i l l  be u s e f u l  t o  you, and would l i k e  t o  take  
t h i s  occasion, on b e h a l f  o f  my col leagues and myse l f ,  t o  thank you 
and y o u r  s t a f f  f o r  y o u r  coopera t ion  and he lp .  I n  p a r t i c u l a r ,  I wish  
t o  h i g h l i g h t  t,he ou ts tand ing  suppor t  p rov ided by John Aust in ,  your  
Designated Federal  O f f i c e r  f o r  t h i s  task .  

F i n a l l y ,  I would l i k e  t o  note, f o r  t h e  record,  t h a t  t h i s  was t r u l y  an 
independent s tudy.  You and a l l  t h e  Commissioners encouraged us a t  
a l l  t imes t o  c a l l  t h e  shots  as we saw them, and never t r i e d  t o  
i n f l u e n c e  us i n  any way. 
t o  make i t .  

Our r e p o r t  i s  as o b j e c t i v e  as we a r e  a b l e  

Best  Regards, 

H. W.  Lewis 
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V i  

SUMMARY 

The R isk  Assessment Review Group was o rgan ized  by t h e  U.S. Nuclear  Regu la to ry  Commission on 
J u l y  1, 1977, w i t h  f o u r  elements t o  i t s  c h a r t e r :  

( 1 )  C l a r i f y  t h e  achievements and l i m i t a t i o n s  o f  WASH-1400, t h e  "Rasmussen Repor t . " "  

(2) Assess t h e  peer  comments thereon,  and responses t o  those comments. 

(3) Study t h e  p r e s e n t  s t a t e  o f  such r i s k  assessment methodology. 

( 4 )  Recommend t o  t h e  Commission how (and whether) such methodology can be used i n  t h e  
r e g u l a t o r y  and l i c e n s i n g  process.  

The group was formed t o  r e p r e s e n t  a wide spectrum o f  views about  n u c l e a r  s a f e t y ,  though each 
member was chosen f o r  h i s  t e c h n i c a l  e x p e r t i s e .  
t es t imony ,  and w i s h  t o  acknowledge t h e  o u t s t a n d i n g  c o o p e r a t i o n  we have r e c e i v e d  f rom t h e  
s t a f f  o f  t h e  Nuc lea r  Regu la to ry  Commission, t h e  n u c l e a r  i n d u s t r y ,  and concerned s c i e n t i s t s  

and c i t i z e n s .  

We have p r o f i t e d  f rom a y e a r  o f  s tudy  and 

We f i n d  t h a t  WASH-1400 was a c o n s c i e n t i o u s  and honest  e f f o r t  t o  a p p l y  t h e  methods o f  
f a u l t - t r e e / e v e n t - t r e e  a n a l y s i s  t o  an ex t reme ly  complex system, a n u c l e a r  r e a c t o r ,  i n  o r d e r  
t o  determine t h e  o v e r a l l  p r o b a b i l i t y  and consequences o f  an a c c i d e n t .  
methodology, t h e  d a t a  base, t h e  s t a t i s t i c a l  procedures,  and t h e  r e s u l t s .  

We have rev iewed t h e  

We have found a number o f  sources o f  b o t h  conserva t i sm and nonconservatism i n  t h e  p r o b a b i l i t y  
c a l c u l a t i o n s  i n  WASH-1400, which a r e  v e r y  d i f f i c u l t  t o  ba lance.  
t o  q u a n t i f y  human a d a p t a b i l i t y  d u r i n g  t h e  course o f  an a c c i d e n t ,  and a p e r v a s i v e  r e g u l a t o r y  
i n f l u e n c e  i n  t h e  cho ice  o f  u n c e r t a i n  parameters, w h i l e  among t h e  l a t t e r  a r e  nagging i ssues  
about  completeness, and an inadequate t rea tmen t  o f  common cause f a i l u r e .  We a r e  unable t o  
de f i ne  whether t h e  o v e r a l l  p r o b a b i l i t y  o f  a co re  m e l t  g i v e n  i n  WASH-1400 i s  h i g h  o r  low, b u t  
we a r e  c e r t a i n  t h a t  t h e  e r r o r  bands a r e  unders ta ted .  
f o r  t h i s  i n c l u d e  an inadequate d a t a  base, a poo r  s t a t i s t i c a l  t rea tmen t ,  an i n c o n s i s t e n t  
p r o p a g a t i o n  o f  u n c e r t a i n t i e s  th roughou t  t h e  c a l c u l a t i o n ,  e t c .  

Among t h e  former a r e  i n a b i l i t y  

We cannot  say by  how much. Reasons 

Also,  b o t h  t h e  d i s p e r s i o n  model f o r  r a d i o a c t i v e  m a t e r i a l  and t h e  b i o l o g i c a l  e f f e c t s  model 
shou ld  be improved and updated b e f o r e  t h e y  a r e  a p p l i e d  i n  t h e  r e g u l a t o r y  and l i c e n s i n g  
process. 

*U. S. Nuc lea r  Regu la to ry  Commission, Reactor  Sa fe ty  Study: An Assessment o f  Acc iden t  
R isks  i n  U.S. Commercial Nuc lea r  Power P l a n t s ,  WASH-1400 (NUREG-75/014), October 1975. 
A v a i l a b l e  f rom N a t i o n a l  Techn ica l  I n f o r m a t i o n  Serv i ce ,  S p r i n g f i e l d ,  VA 22161. 
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We do find that the methodology, which was an important advance over earlier methodologies 
applied to reactor risks, is sound, and should be developed and used more widely under 
circumstances in which there is an adequate data base or sufficient technical expertise to 
insert credible subjective probabilities into the calculations. Even when only bounds for 
certain parameters can be obtained, the method is still useful if the results are properly 
stated. Proper application of the methodology can therefore provide a tool for the NRC to 
make the licensing and regulatory process more rational, in more properly matching its 
resources (research, quality assurance, inspection, licensing regulations) to the risks 
provided by the proper application of the methodology. 
direction, and we recommend a faster pace. 

NRC has moved somewhat in this 

Among our other findings are the well-known one that WASH-1400 is inscrutable, and that it 
is very difficult to follow the detailed thread of any calculation through the report. 
has made peer review very difficult, yet peer review i s  the best method of assuring the 
technical ,credibility of such a complex undertaking. 
Executive Summary is a poor description of the contents of the report, should not be 
portrayed as such, and has lent itself to misuse in the discussion of reactor risks. 

This 

In particular, we find that the 

In summary we find that the fault-tree/event-tree methodology is sound,* and both can and 
should be more widely used by NRC. 
a pioneering step, but leaves liilich to be desired. 

The implementation of this methodology in WASH-1400 was 

*One of us (F.v.H) is doubtful that the methodology can be implemented so a; to 
give a high level of confidence that the probability of core melt i s  well below 
the limit set by experience. 
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WASH-1400 was a s u b s t a n t i a l  advance over  p rev ious  a t tempts  t o  e s t i m a t e  t h e  r i s k s  o f  t h e  
n u c l e a r  o p t i o n .  
assess choices i n v o l v i n g  b o t h  t e c h n i c a l  consequences and impacts on humans. 

The methodology has s e t  a framework t h a t  can be used more b r o a d l y  t o  

WASH-1400 was l a r g e l y  success fu l  i n  a t  l e a s t  t h r e e  ways: 
s a f e t y  more r a t i o n a l ,  i n  e s t a b l i s h i n g  t h e  t o p o l o g y  o f  many a c c i d e n t  sequences, and i n  
d e l i n e a t i n g  procedures th rough  which q u a n t i t a t i v e  es t ima tes  o f  t h e  r i s k  can be d e r i v e d  
f o r  t hose  sequences f o r  which a da ta  base e x i s t s .  

i n  making t h e  s tudy  o f  r e a c t o r  

We a r e  unable t o  determine whether t h e  abso lu te  p r o b a b i l i t i e s  o f  a c c i d e n t  sequences i n  
WASH-1400 a r e  h i g h  o r  low, b u t  we b e l i e v e  t h a t  t h e  e r r o r  bounds on those es t ima tes  are,  
i n  genera l ,  g r e a t l y  unders ta ted .  
an inadequate d a t a  base, i n  p a r t  because o f  an i n a b i l i t y  t o  q u a n t i f y  common cause 
f a i l u r e s ,  and i n  p a r t  because o f  some ques t ionab le  me thodo log ica l  and s t a t i s t i c a l  
procedures.  

T h i s  i s  t r u e  i n  p a r t  because t h e r e  i s  i n  many cases 

There a r e  many sources o f  b o t h  conservat ism and nonconservat ism i n  WASH-1400 and we 
have no way o f  j u d g i n g  t h e i r  r e l a t i v e  magnitudes i n  t h e  WASH-1400 p r o b a b i l i t y  es t ima tes .  
For  example, t h e  t rea tmen t  o f  common cause f a i l u r e s  may be nonconservat ive,  w h i l e  t h e  
p e r v a s i v e  i n t r u s i o n  o f  r e g u l a t o r y  conserva t i sm th roughou t  t h e  r e p o r t  i s  a c o n s e r v a t i v e  
f a c t o r .  I n  a d d i t i o n ,  i n a b i l i t y  t o  q u a n t i f y  human a d a p t a b i l i t y  d u r i n g  t h e  course o f  an 
a c c i d e n t  (as i l l u s t r a t e d  a t  Browns F e r r y )  and f a i l u r e  t o  t a k e  c r e d i t  f o r  t h i s  i s  a 
ma jo r  source o f  conservat ism.  

The achievements o f  WASH-1400 i n  i d e n t i f y i n g  t h e  r e l a t i v e  impor tance o f  v a r i o u s  acc iden t  
c lasses  have been inadequa te l y  r e f l e c t e d  i n  NRC's p o l j c i e s .  
conc luded t h a t  t r a n s i e n t s ,  smal l  LOCA, and human e r r o r s  a r e  i m p o r t a n t  c o n t r i b u t o r s  t o  
o v e r a l l  r i s k ,  y e t  t h e i r  s tudy  i s  n o t  adequate ly  r e f l e c t e d  i n  t h e  p r i o r i t i e s  o f  e i t h e r  
t h e  research  o r  r e g u l a t o r y  groups. 

Fo r  example, WASH-1400 

Desp i te  i t s  shortcomings, WASH-1400 p r o v i d e s  a t  t h i s  t i m e  t h e  most complete s i n g l e  
p i c t u r e  o f  a c c i d e n t  p robab i  1 i t i e s  assoc ia ted  w i t h  n u c l e a r  r e a c t o r s .  
e v e n t - t r e e  approach coupled w i t h  an adequate d a t a  base i s  t h e  b e s t  a v a i l a b l e  t o o l  w i t h  
which t o  q u a n t i f y  these p r o b a b i l i t i e s .  

The f a u l  t - t r e e /  

I t  shou ld  be noted t h a t  t h e  d i s p e r s i o n  model f o r  r a d i o a c t i v e  m a t e r i a l  developed i n  
WASH-1400 f o r  r e a c t o r  s i t e s  as a c l a s s  cannot  be a p p l i e d  t o  i n d i v i d u a l  s i t e s  w i t h o u t  
s i g n i f i c a n t  re f i nemen t  and s e n s i t i v i t y  t e s t s .  
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The b i o l o g i c a l  e f f e c t s  models shou ld  be updated and improved i n  t h e  l i g h t  o f  new 
i n f o r m a t i o n .  

A f t e r  hav ing  s t u d i e d  t h e  peer  comments about  some i m p o r t a n t  c lasses  o f  i n i t i a t i n g  
events ,  we a r e  unconvinced o f  t h e  co r rec tness  o f  t h e  WASH-1400 c o n c l u s i o n  t h a t  t h e y  
c o n t r i b u t e  n e g l i g i b l y  t o  t h e  o v e r a l l  r i s k .  Examples i n c l u d e  f i r e s ,  earthquakes, and 
human a c c i d e n t  i n i t i a t i o n .  

It i s  c o n c e p t u a l l y  imposs ib le  t o  be complete i n  a mathemat ica l  sense i n  t h e  c o n s t r u c t i o n  
o f  even t - t rees  and f a u l t - t r e e s ;  what m a t t e r s  i s  t h e  approach t o  completeness and t h e  
a b i l i t y  t o  demonstrate w i t h  reasonable assurance t h a t  o n l y  smal l  c o n t r i b u t i o n s  a r e  
omi t ted .  
always s u b j e c t  t o  r e v i s i o n  and t o  doubt  as t o  i t s  completeness. 

T h i s  i n h e r e n t  l i m i t a t i o n  means t h a t  any c a l c u l a t i o n  u s i n g  t h i s  methodology i s  

WASH-1400 made c l e a r  t h e  impor tance t o  r e a c t o r  s a f e t y  d i scuss ions  o f  a c c i d e n t  
consequences o t h e r  than  e a r l y  f a t a l i t i e s .  A l though p o t e n t i a l  consequences o t h e r  t h a n  
e a r l y  f a t a l i t i e s  o f  l a r g e  re leases  o f  r a d i o a c t i v i t y  i n t o  t h e  atmosphere ( t h y r o i d  damage, 
l a n d  con tamina t ion ,  de layed cancers,  g e n e t i c  de fec ts ,  e t c .  ) may n o t  have been p r o m i n e n t l y  
d i s p l a y e d  among t h e  f i n d i n g s  o f  WASH-1400, they  a r e  s y s t e m a t i c a l l y  c a l c u l a t e d  t h e r e  f o r  
t h e  f i r s t  t ime.  Our r e s u l t i n g  i nc reased  unders tand ing  o f  t h e  f u l l  spectrum o f  r e a c t o r  
a c c i d e n t  consequences has i m p l i c a t i o n s  f o r  n u c l e a r  power p l a n t  des ign,  s i t i n g ,  and 
p l a n n i n g  f o r  m i t i g a t i o n  o f  consequences. 

The s t a t i s t i c a l  a n a l y s i s  i n  WASH-1400 leaves much t o  be des i red .  It s u f f e r s  f rom a 
spectrum o f  problems, r a n g i n g  f rom l a c k  o f  d a t a  on which t o  base i n p u t  d i s t r i b u t i o n s  t o  
t h e  i n v e n t i o n  and use o f  wrong s t a t i s t i c a l  methods. Even when t h e  a n a l y s i s  i s  done 
c o r r e c t l y ,  i t  i s  o f t e n  p resen ted  i n  so murky a way as t o  be v e r y  ha rd  t o  dec iphe r .  

Fo r  a r e p o r t  o f  t h i s  magnitude, con f idence  i n  t h e  co r rec tness  o f  t h e  r e s u l t s  can o n l y  
come f rom a sys temat i c  and deep peer  rev iew  process.  
WASH-1400 was d e f e c t i v e  i n  many ways and t h e  rev iew  was inadequate. 

The peer  rev iew  process o f  

Lack o f  s c r u t a b i l i t y  i s  a ma jo r  f a i l i n g  o f  t he  r e p o r t ,  i m p a i r i n g  b o t h  i t s  use fu lness  
and t h e  q u a l i t y  o f  p o s s i b l e  pee r  rev iew.  

The Execu t i ve  Summary t o  WASH-1400, which i s  by f a r  t h e  most w i d e l y  read p a r t  o f  t h e  
r e p o r t  among t h e  p u b l i c  and p o l i c y  makers, does n o t  adequate ly  i n d i c a t e  t h e  f u l l  e x t e n t  
o f  t h e  consequences o f  r e a c t o r  acc iden ts ;  and does n o t  s u f f i c i e n t l y  emphasize t h e  
u n c e r t a i n t i e s  i n v o l v e d  i n  t h e  c a l c u l a t i o n  o f  t h e i r  p r o b a b i l i t y .  
i t s e l f  t o  misuse i n  t h e  d i s c u s s i o n  o f  r e a c t o r  r i s k .  

It has t h e r e f o r e  l e n t  

WASH-1400 was d i r e c t e d  t o  make a " r e a l i s t i c "  es t ima te  o f  r i s k .  
process,  t h e  usual  conservat isms must be i nco rpo ra ted .  

I n  t h e  r e g u l a t o r y  
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There have been instances in which WASH-1400 has been misused as a vehicle to judge the 
acceptability o f  reactor risks. In other cases it may have been used prematurely as an 
estimate of the absolute risk of reactor accidents without full realization o f  the wide 
band of uncertainties involved. Such use should be discouraged. 

@ 
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RECOMMENDATIONS 

- Re-evaluate NRC's i n s p e c t i o n  and q u a l i t y  assurance system and 1 i c e n s i n g  c r i t e r i a  t o  
determine t h e  e x t e n t  t o  which t h e y  i n c o r p o r a t e  those t h i n g s  t h a t  have been l e a r n e d  f rom 
WASH-1400 and o t h e r  r e l e v a n t  l i t e r a t u r e .  

- Use WASH-1400 p r o b a b i l i s t i c  methodology more e f f e c t i v e l y  t o  gu ide t h e  r e a c t o r  s a f e t y  
research  program so as t o  reduce t h e  u n c e r t a i n t i e s  i n  a n a l y s i s ,  and t o  g a i n  g r e a t e r  
unders tand ing  o f  those p o i n t s  o f  r i s k  uncovered. 

* Where t h e r e  i s  an inadequate d a t a  base, t h e  methodology o f  WASH-1400 can s t i l l  be used 
t o  uncover t h e  topo logy  o f  a c c i d e n t  sequences. 
shou ld  be s t a t e d ,  w i t h o u t  p ressu re  t o  q u a n t i f y  ( o t h e r  t h a n  bounding) t h a t  which i s  
unquant i  f i a b l  e. 

I n  such cases t h e  l i m i t s  o f  knowledge 

- Communicate t o  t h e  r e l e v a n t  branches o f  Government (e .g,  Department o f  Energy) t h e  
d e s i r a b i l i t y  o f  p e r f o r m i n g  r i s k  assessments on e l e c t r i c  g e n e r a t i n g  techno log ies  a l t e r n a t i v e  
t o  l i g h t - w a t e r  r e a c t o r s .  

- I n  genera l ,  a v o i d  use o f  t h e  p r o b a b i l i s t i c  r i s k  a n a l y s i s  methodology f o r  t h e  d e t e r m i n a t i o n  
o f  a b s o l u t e  r i s k  p r o b a b i l i t i e s  f o r  subsystems un less  an adequate d a t a  base e x i s t s  and 
i t  i s  p o s s i b l e  t o  q u a n t i f y  t h e  u n c e r t a i n t i e s .  
used f o r  cases i n  which t h e  d a t a  base w i l l  o n l y  suppor t  a bounding a n a l y s i s ,  and f o r  
o t h e r  cases i n  t h e  absence o f  any b e t t e r  i n f o r m a t i o n  i f  t h e  r e s u l t s  a r e  p r o p e r l y  q u a l i f i e d .  

However, t h e  methodology can a l s o  be 

F a u l t - t r e e / e v e n t - t r e e  analyses shou ld  be among t h e  p r i n c i p a l  means used t o  deal  w i t h  
gener i c  s a f e t y  i ssues ,  t o  f o r m u l a t e  new r e g u l a t o r y  requi rements,  t o  assess and r e v a l i d a t e  
e x i s t i n g  r e g u l a t o r y  requi rements,  and t o  e v a l u a t e  new designs. 

- NRC shou ld  encourage c l o s e r  c o o r d i n a t i o n  among t h e  research  and p r o b a b i l i s t i c  a n a l y s i s  
s t a f f  and t h e  l i c e n s i n g  and r e g u l a t o r y  s t a f f ,  i n  o r d e r  t o  promote t h e  e f f e c t i v e  use o f  
t hese  techniques.  

- The consequence model used i n  WASH-1400 shou ld  be s u b s t a n t i a l l y  improved, and i t s  
s e n s i t i v i t i e s  exp lo red ,  b e f o r e  i t  i s  used i n  t h e  r e g u l a t o r y  process.  



INTHOOUCTION 

The R isk  Assessment Review Group had i t s  o r i g i n  i n  t h e  f a l l  o f  1977, i n  t h e  wake o f  a l o n g  
c o n t r o v e r s y  about  t h e  t e c h n i c a l  c r e d i b i l i t y  and uses o f  WASH-1400, t h e  Rasmussen r e p o r t ,  
a l s o  r e f e r r e d  t o  as t h e  Reactor S a f e t y  Study or RSS. T h i s  was a p i o n e e r i n g  e f f o r t  t o  apply  
fo rma l  r i s k  assessment methodology ( t h r o u g h  f a u l t - t r e e / e v e n t - t r e e  techn iques )  t o  t h e  i ssues  
o f  r e a c t o r  s a f e t y ,  and i s  t h e  c e n t e r p i e c e  o f  t h e  a c t i o n  on t h a t  i ssue .  A l though t h e  s o c i a l  
q u e s t i o n  o f  t h e  e x t e n t  t o  which n u c l e a r  power ought  t o  p l a y  a r o l e ,  i n  t h e  p r o v i s i o n  o f  
energy i n  t h e  U n i t e d  S t a t e s  devolves a t  l e a s t  a s  much on such o t h e r  i ssues  as n u c l e a r  p ro -  
l i f e r a t i o n ,  t h e  d i s p o s a l  o f  r a d i o a c t i v e  waste, t h e  problem o f  rep rocess ing ,  o t h e r  energy 
sources, e t c . ,  t h e  i s s u e  o f  s a f e t y  p l a y s  a key r o l e  and i s  a l s o  i m p o r t a n t  i n  i t s  own r i g h t .  
I n  a d d i t i o n ,  t h e  s t u d y  o f  r e a c t o r  s a f e t y  occurs a g a i n s t  a background o f  inadequate e x p e r i -  
ence t o  q u a n t i f y  t h e  i ssues  on tha t .  b a s i s  a lone  ( t h e r e  have now been accumulated some 300 
r e a c t o r - y e a r s  o f  commercial exper ience w i t h ' t h e ' l a r g e s t  r e a c t o r s ,  and some 2,000 r e a c t o r  
yea rs  o f  Naval exper ience o f  ques t i onab le  a p p l i c a b i l i t y ) ,  and i s  accompanied by  widespread 
pub1 i c  a n x i e t y .  

I n  a d d i t i o n  t o  t h e  r o l e  o f  q u a n t i t a t i v e  s a f e t y  a n a l y s i s  f o r  t h e  purpose o f  p r o v i d i n g  a po r -  
t i o n  o f  t h e  i n f o r m a t i o n  necessary f o r  s o c i e t y  t o  match r i s k s  and b e n e f i t s  more r a t i o n a l l y ,  
improved unders tand ing  o f  a c c i d e n t  sequences cdn a l s o  serve t o  improve s a f e t y  i t s e l f  by 
e n a b l i n g  t h e  NRC and t h e  i n d u s t r y  t o  more p r o p e r l y  match resources t o  t h e  weak p o i n t s  uncovered. 
(Fo r  example, t h e  p r i n c i p a l  c o n t r i b u t o r  t o  t h e  PWK c o r e  m e l t  p r o b a b i l i t y  uncovered d u r i n g  
t h e  Rasmussen s tudy ,  a check v a l v e  problem, has a l r e a d y  been addressed i n  those r e a c t o r s  t o  
which i t  was a p p l i c a b l e . )  Thus t h e  r e g u l a t o r y  process i t s e l f  can be made more r a t i o n a l .  

The predecessor  t o  WASH-1400 i n  assessment o f  r i s k  f rom n u c l e a r  power p l a n t s  was WASH-740, 
which i n  1957 p r o v i d e d  an es t ima ted  upper bound t o  t h e  consequences o f  h y p o t h e t i c a l  l a r g e  
a c c i d e n t s  i n  n u c l e a r  r e a c t o r s .  
p r o b a b i l i t y  o f  t hese  l a r g e  acc iden ts .  
b o t h  p r o b a b i l i t i e s  and consequences, f o r  a wide spectrum o f  acc iden ts .  It w i l l  be c l e a r  i n  
t h e  sequel t h a t  we have many p o i n t s  o f  d i f f e r e n c e  w i t h  t h e  c o n t e n t  o f  WASH-1400, b u t  we do 
s o l i d l y  'suppor t  t h e  e f f o r t .  

~ 

2 

A t  t h a t  t i m e  it. was n o t  regarded as p o s s i b l e  t o  e s t i m a t e  t h e  
About 15 yea rs  l a t e r ,  WASH-1400 under took t o  c a l c u l a t e  

Our c h a r t e r  has t h r e e  elements, and i t  i s  c l e a r  f rom t h e  above t h a t  t h e y  a r e  i n te rwoven  and 
do n o t  l e n d  themselves t o  n e a t  separa t i on .  We were charged t o  c l a r i f y  t h e  achievements and 
l i m i t a t i o n s  o f  WASH-1400 - n o t  o n l y  as an end i n  i t s e l f ,  b u t  a l s o  as a means of assess ing 
what can now be s a i d  q u a n t i t a t i v e l y  about  r e a c t o r  s a f e t y .  
assess t h e  "peer  comments" on t h e  Rasmussen r e p o r t .  
c u r r e n t  s t a t e  o f  such r i s k  assessment methodoiogy, and t o  make a recommendation t o  t h e  
Commission on whether and how such methodology can be i n t r o d u c e d  i n t o  t h e  r e g u l a t o r y  and 
l i c e n s i n g  process. 

I n  a d d i t i o n ,  we were charged t o  
F i n a l l y ,  we were charged t o  assess t h e  
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To accompl ish t h i s ,  t h e  Commisssion has t r i e d  t o  assemble a ba lanced Review Group, i n c l u d i n g  
some who have been i n  t h e  p a s t  c r i t i c s  o f  RSS, some p rev ious  defenders,  and some who have 
n o t  p r e v i o u s l y  been invo lved .  Not  a l l  " p o i n t s  o f  view" a r e  rep resen ted  s i n c e  ou r  purpose i s  
t o  w r i t e  a t e c h n i c a l l y  accu ra te  r e p o r t ,  r a t h e r  t h a n  t o  debate t h e  b e n e f i t  o f ,  o r  e v i l s  o f ,  
n u c l e a r  power. f u r t h e r ,  we have c o n f i n e d  ou rse l ves  t o  t h e  s tudy  o f  t h e  f i n a l  v e r s i o n  o f  
WASH-1400, and n o t  t h e  d r a f t ,  because t o  s tudy  t h e  l a t t e r  i s  t o  s tudy  h i s t o r y ,  n o t  r e a c t o r  
s a f e t y  . 

f i n a l l y ,  we would be remiss i f  we d i d  n o t  acknowledge t h e  o u t s t a n d i n g  coopera t i on  we have 
had from t h e  n u c l e a r  community, t h e  NRC, t h e  c r i t i c s  o f  both,  and o the rs .  
g i v e n  up i n o r d i n a t e  amounts o f  t h e i r  t i m e  t o  be w i t h  us, o r  t o  p repare  tes t imony  f o r  us, and 
we a r e  g r a t e f u l .  
has s h i r k e d  i n  i t s  e f f o r t  t o  educate us. 

Many people have 

I f  t h e r e  a r e  f l a w s  i n  ou r  understanding,  i t  i s  n o t  because t h e  community 

On t h e  o t h e r  hand, o u r  i n t e r a c t i o n  w i t h  t h e  community has revea led  two sour  notes which need 
t o  be mentioned. 
e f f e c t i v e  peer  rev iew  i s  t h e  o n l y  method known t o  t h e  t e c h n i c a l  community f o r  q u a l i t y  assurance 
i n  i t s  p roduc t .  
a n y t h i n g  w r i t t e n  by  anybody t o  anybody a s s e r t i n g  a n y t h i n g  about  any th ing .  The comment need 
n o t  c o n t a i n  a b e t t e r  a n a l y s i s ,  demonstrated t e c h n i c a l  e x p e r t i s e  i n  t h e  s u b j e c t ,  ev idence o f  
e r r o r ,  o r  conformance t o  any o f  t h e  normal s tandards by which t h e  t e c h n i c a l  community assesses 
a peer  comment. Thus, r e s p o n s i b l e  peer  comments, which e x i s t ,  a r e  immersed i n  a sea o f  
o t h e r s ,  and t h i s  degrades t h e  peer  r e v i e w  process.  
though comp le te l y  c o o p e r a t i v e  w i t h  o u r  pane l ,  appears t o  have d r i f t e d  i n t o  a s tance which 
can a t  b e s t  be desc r ibed  as de fens i ve ,  and a t  wors t  as a " s iege  m e n t a l i t y " .  
a s k i n g  t o o  much o f  people who a r e  sub jec ted  t o  b o t h  r a t i o n a l  and i r r a t i o n a l  a t t a c k  t o  
d i s t i n g u i s h  t h e  two, b u t  i t  would s t i l l  be i n  t h e  b e s t  i n t e r e s t s  o f  NRC t o  do so. (Th is  i s  
w e l l  i l l u s t r a t e d  i n  t h e  BWR c o n t r o l  r o d  con t rove rsy ,  t o  be d i scussed  i n  g r i s l y  d e t a i l  below. 
It would have been i n  t h e  b e s t  i n t e r e s t s  o f  NRC had t h e  s t a f f  l o n g  ago g i v e n  up i t s  s tubborn 
defense o f  t h i s  i n d e f e n s i b l e  c a l c u l a t i o n . )  

The te rm "peer" means equal, and (as w i l l  be d i scussed  i n  d e t a i l  below) 

However, i n  t h e  arena o f  r e a c t o r  s a f e t y ,  a pee r  comment has come t o  mean 

I n  a d d i t i o n ,  p a r t  o f  t h e  NRC s t a f f ,  

Perhaps i t  i s  

Our r e p o r t  i s  o rgan ized  as shown i n  t h e  Table o f  Contents. 
t h e r e  were a l a r g e  number o f  d i s c r e t e ,  o r  d i s j o i n t ,  s u b j e c t s  which we needed t o  address, b u t  
which were n o t  p a r t  o f  a coherent  d i s c u s s i o n  o f  r i s k  assessment and i t s  p o s s i b l e  a p p l i c a t i o n s .  
We have a r b i t r a r i l y  separated those and l a b e l e d  them " d i s j o i n t  i tems," though t h e r e  i s  g r e a t  
a r b i t r a r i n e s s  i n  t h e  s e l e c t i o n  the reby  i m p l i e d .  

I t  was c l e a r  a t  t h e  o u t s e t  t h a t  

Others may w e l l  have chosen d i f f e r e n t l y .  

We have many conc lus ions  which appear i n  t h e  main body o f  t h e  r e p o r t .  f o r  those who w ish  
v e r y  conc ise  summaries o f  ou r  p r i n c i p a l  conc lus ions  on two o f  t h e  elements o f  ou r  c h a r t e r ,  
t h e y  are: 

1. The RSS has been most success fu l  i n  t h e  p r o v i s i o n  o f  a l o g i c a l  framework f o r  t h e  d i s c u s s i o n  
o f  r e a c t o r  s a f e t y ,  i n f o r m a t i o n  about  t h e  r e l a t i v e  p r o b a b i l i t i e s  o f  v a r i o u s  a c c i d e n t  
sequences, and t h e  beg inn ing  o f  an e f f o r t  t o  p r o v i d e  abso lu te  p r o b a b i l i t i e s .  
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2. The i n f o r m a t i o n  p r o v i d e d  by p r o b a b i l i s t i c  r i s k  assessment about  t h e  r e l a t i v e  impor tance 
o f  d i f f e r e n t  a c c i d e n t  sequences shou ld  be, t o  a much g r e a t e r  e x t e n t  t h a n  i s  c u r r e n t l y  
t h e  case, i n c o r p o r a t e d  i n t o  t h e  d e t e r m i n a t i o n  o f  t h e  p r i o r i t i e s  o f  t h e  r e a c t o r  s a f e t y  
research  program, t h e  d e t e r m i n a t i o n  o f  r e g u l a t o r y  and enforcement p r i o r i t i e s ,  e t c .  On 
t h e  o t h e r  hand, t h e  methodology should o n l y  be i n c o r p o r a t e d  i n t o  t h e  r e g u l a t o r y  process 
f o r  those subsystems f o r  which an adequate da ta  base e x i s t s ,  and t h i s  can o n l y  be 
determined on a case-by-case b a s i s .  
i s  i m p o r t a n t  t o  r e a c t o r  s a f e t y .  

The methodology i s  t h e  b e s t  gu ide we have t o  what 

3 .  WASH-1400 i s  d e f e c t i v e  i n  many i m p o r t a n t  ways. 
when s u b j e c t e d  t o  c a r e f u l  and p r o b i n g  a n a l y s i s ,  w i t h  t h e  r e s u l t  t h a t  t h e  ac'curacy o f  
many o f  t h e  a b s o l u t e  p r o b a b i l i t i e s  c a l c u l a t e d  t h e r e i n  i s  n o t  as good as c la imed.  
key d e f i c i e n c y  i s  t h e  use by t h e  s tudy  team o f  some methodo log ica l  and s t a t i s t i c a l  
assumptions t h a t  l a c k  c r e d i b i l i t y .  
by t h e  Repor t  shou ld  n o t  be used u n c r i t i c a l l y  e i t h e r  i n  t h e  r e g u l a t o r y  process o r  f o r  
p u b l i c  p o l i c y  purposes. 

Many o f  t h e  c a l c u l a t i o n s  a r e  d e f i c i e n t  

One 

There fo re ,  t h e  abso lu te  va lues o f  t h e  r i s k s  p resen ted  
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I. R I S K  ASSESSMENT METHODOLOGIES 

The methodology used i n  WASH-1400 f o r  t h e  d e t e r m i n a t i o n  o f  t h e  p r o b a b i l i t y  o f  an a c c i d e n t  
begins w i t h  t h e  c o n s t r u c t i o n  o f  a l o g i c  t r e e  l e a d i n g  f rom i n i t i a t i n g  events  t o  f i n a l  development. 
The l o g i c  s t r u c t u r e  c o n s i s t s  e n t i r e l y  o f  "and" and " o r "  gates,  c a u s a l l y  connected. 
example, i f  two open va l ves  were i n  p a r a l l e l ,  i t  would r e q u i r e  a f a i l u r e  o f  b o t h  t o  c l o s e  a 
f l u i d  l i n e ,  and t h e  f a i l u r e s  would be f e d  i n t o  an "and" ga te  b e f o r e  t h e  consequence ( c l o s u r e  
o f  t h e  l i n e )  c o u l d  be assumed t o  occur. C l e a r l y ,  t h e r e  i s  an enormous complex o f  such 
s t r u c t u r e s ,  b u t  ( a p a r t  f rom ques t ions  o f  cont inuous v a r i a b l e s ,  which w i l l  be d iscussed 
l a t e r )  t h e  method i n  p r i n c i p l e  i s  ,ab le t o  cope w i t h  a l l  p o s s i b l e  sequences o f  events. 
U n f o r t u n a t e l y ,  t h e  number o f  i n t e r c o n n e c t s  soon becomes imposs ib l y  l a r g e  i n  a r e a l  system, 
l e a d i n g  t o  perhaps b i l l i o n s  o r  more o f  p o s s i b l e  l o g i c  t r a c k s  th rough  t h e  system f rom beg inn ing  
t o  end. Because t h i s  i s  so, a l l  t h e  s o - c a l l e d  d i f f e r e n t  methods o f  a n a l y s i s ,  o r  d i f f e r e n t  
methodologies,  a r e  s imp ly  a l t e r n a t e  means of e x t r a c t i n g  f rom t h i s  i n t r i c a t e  topo logy  o f  

sequences sma l l  and meaningfu l  subsect ions which a r e  t r a c t a b l e ,  and t h e  a p p l i c a t i o n  o f  
d i f f e r i n g  l e v e l s  o f  q u a n t i t a t i v e  a n a l y s i s  t o  those subsets exc ised.  

For  

. 

' 

Fo r  example, e v e n t - t r e e  a n a l y s i s  c o n s i s t s  i n  l i m i t i n g  t h e  un ive rse  o f  d i scou rse  by beg inn ing  
a t  one p a r t i c u l a r  even t ,  and t r a c i n g  fo rward  i n  causal sequence th rough  those  pa ths  which 
d e r i v e  f rom i t , so t h a t  one cons ide rs  a l l  p o s s i b l e  consequences ( w i t h i n  reason) o f  a pa r -  
t i c u l a r  i n i t i a t i n g  event .  F a u l t - t r e e  a n a l y s i s  i s  e x a c t l y  t h e  same, excep t  t h a t  t h e  event  
p rov ides  a s t a r t i n g  p o i n t  f rom which one t r a c e s  connect ions backward i n  t ime ,  the reby  
d i s c o v e r i n g  a l l  t hose  e a r l i e r  c i rcumstances k h i c h  can l e a d  t o  t h e  even t  under c o n s i d e r a t i o n .  
( I n  a sense, t h e  e n t i r e  p r o b a b i l i s t i c  p a r t  o f  WASH-1400 i s  e q u i v a l e n t  t o  a f a u l t - t r e e  a n a l y s i s ,  
i n  t h a t  t h e  many sequences t h a t  do n o t  l e a d  t o  c o r e  m e l t  i n  t h e  r e a c t o r  were d i sca rded .  
Only those which t e r m i n a t e d  i n  a p a r t i c u l a r  event ,  co re  m e l t ,  were then  i n c l u d e d . )  

W i th  t h i s  p i c t u r e ,  i t  i s  c l e a r  t h a t  t h e r e  a r e  many t h i n g s  one can do t o  ca rve  o u t  t r a c t a b l e  
methodologies. 
backward i n  t i m e  ( f a u l t - t r e e s )  o r  one can concen t ra te  on those s e c t i o n s  o f  t h e  l o g i c  t r e e  
which a f f e c t  a p a r t i c u l a r  component ( f a i l u r e  m'odes and e f f e c t s  a n a l y s i s )  e t c .  
e f f o r t s  t o  e x t r a c t  f rom an i m p o s s i b l y  l a r g e  c o l l e c t i o n  o f  sequences a subset ,  chosen t o  be 
b o t h  i m p o r t a n t  and f i n i t e ,  and t r e a t  i t . The b e s t  cho ice  w i l l  depend upon such m a t t e r s  as 
t h e  completeness o f  t h e  da ta  base, t h e  t i m e  and e f f o r t  i t  i s  d e s i r e d  t o  expend, t h e  o b j e c t i v e  
( t o  e s t i m a t e  r i s k  o r  t o  es t ima te  a l i m i t  t o  i t ) ,  e t c . ,  and i t  i s  f e c k l e s s  t o  d i scuss  whether 
one method i s  b e t t e r  t han  another .  
f a u l t - t r e e  a n a l y s i s  i s  fundamenta l ly  f lawed, s ince  i t  i s  j u s t  an implementat ion o f  l o g i c .  

We have mentioned t h a t  one can proceed fo rward  i n  t i m e  ( e v e n t - t r e e s )  o r  

A l l  these a r e  

I n  p a r t i c u l a r ,  i t  i s  i n c o r r e c t  t o  say t h a t  t h e  e v e n t - t r e e /  

On t h e  o t h e r  hand, t h e  successfu l  implementat ion o f  such a methodology r e s t s  h e a v i l y  upon 
t h e  a v a i l a b i l i t y  o f  an adequate da ta  base, e f f e c t i v e  computing t o o l s ,  a s u f f i c i e n t l y  deep 
unders tand ing  of t h e  d e t a i l e d  eng ineer ing  o f  t he  system t o  p e r m i t  c o n s t r u c t i o n  o f  t h e  l o g i c  
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@ t r e e s ,  and some l o g i c a l l y  sound procedure f o r  l i m i t i n g  the  un ive rse  o f  d i scou rse .  These a r e  
i ssues  i n  t h e  imp lemen ta t i on  o f  t h e  methodology, r a t h e r  than  i n  t h e  methodology i t s e l f ,  and 
a r e  c l e a r l y  l e s r  t r a c t a b l e  as t h e  systems become more complex. 

It was mentioned e a r l i e r  t h a t  t h e r e  does e x i s t  a c l a s s  o f  cons 
dichotomous l o g i c  s t r u c t u r e s  so f a r  d iscussed,  and t h a t  has t o  
con t inuous  v a r i a b l e s .  For  example, i n  t h e  r e a l  wor ld ,  a va l ve  
o p t i o n s  o f  open o r  c l o s e d  b u t  sometimes s imp ly  l eaks .  
t i o n  o f  t h e  performance o f  components, ques t i ons  o f  m i t i g a t i o n  

Issues 

d e r a t i o n s  which go beyond t h e  
do w i t h  t h e  e x i s t e n c e  o f  
i s  n o t  l i m i t e d  t o  t h e  two 
h a t  i n v o l v e  p a r t i a l  degrada- 
o f  t h e  e f f e c t s  o f  fa i ! i l l . r .  

and such m a t t e r s  cannot  be schematized i n  a dichotomous s t r u c t u r e  o f  t h i s  s o r t ,  b u t  i t  cdn 
a t  l e a s t  p r o v i d e  an i m p e r f e c t  model o f  t h e  r e a l  s i t u a t i o n .  F o r  example, no one would suggest 
t h e  t r e a t m e n t  o f  a f i r e  th rough  a l o g i c  diayram which branches w i t h  t h e  p r o b a b i l i t y  t h a t  a 
f i r e  s t a r t s  versus t h e  p r o b a b i l i t y  t h a t  i t  does no t .  
s e r i o u s  and some n o t  s e r i o u s ,  some which a r e  p u t  o u t  e a r l y  and some which a r e  p u t  ou t  l a t e ,  
e t c . ,  and t h i s  c l a s s  o f  s i t u a t i o n  i s  n o t  easy t o  f i t  i n t o  t h e  s t r a i t j a c k e t  o f  f a u l t - t r e e /  
e v e n t - t r e e  a n a l y s i s .  
ex tens ions  a r e  under way. 

c 

There a r e  a l l  k i n d s  o f  f i r e s ,  some F 

I t  r e q u i r e s  an e x t e n s i o n  o f  such a n a l y s i s ,  and e f f o r t s  t o  develop such 

Apar t ,  however, f rom c o n s i d e r a t i o n s  such as those con ta ined  i n  t h e  l a s t  paragraph,  t h e  
methodology used i n  RSS can be an e f f e c t i v e  t o o l  f o r  t h e  a n a l y s i s  o f  a c c i d e n t  sequences. I t  

i s  i n  t h e  d a t a  base, t h e  aggrega t ion  o f  sequences, t h e  s t a t i s t i c a l  t rea tmen t  and t h e  success 
w i t h  wh ich  t h e  system has been modeled t h a t  t h e r e  a r e  d i f f i c u l t i e s ,  and we deal  w i t h  these 

separa te l y .  
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11. STATISTICAL ISSUES 

A. I n t r o d u c t i o n  

RSS was faced w i t h  t h e  problem o f  e s t i m a t i n g  t h e  p r o b a b i l i t y  o f  occurrence o f  an ex t reme ly  
r a r e  event  - co re  m e l t  - i n  a system o f  g r e a t  comp lex i t y ,  a n u c l e a r  power r e a c t o r .  

Since t h e  event  has never occu r red  i n  a commercial r e a c t o r ,  t h e r e  a r e  no d i r e c t  e x p e r i -  
mental da ta  on which t o  base an es t ima te .  
t 4on  t h a t  t h e r e  have been no co re  m e l t s  i n  seve ra l  hundred r e a c t o r - y e a r s  o f  l i g h t  wa te r  
power r e a c t o r  o p e r a t i o n ,  and t h i s  f a c t  p rov ides  a t  b e s t  an upper bound on t h e  p r o b a b i l i t y  
t o  be est imated.  There fo re ,  i t  i s  necessary t o  r e s o r t  t o  a t h e o r e t i c a l  c a l c u l a t i o n  o f  
t h e  p r o b a b i l i t y .  B u t  s i n c e  t h e  system i s  so complex, a complete and p r e c i s e  t h e o r e t i c a l  
c a l c u l a t i o n  i s  i m p o s s i b l y  d i f f i c u l t .  J t  i s  consequent ly  necessary t o  i nvoke  s i m p l i f i e d  
models, es t ima tes ,  e n g i n e e r i n g  o p i n i o n ,  and i n  t h e  l a s t  r e s o r t ,  s u b j e c t i v e  judgments. 
No one should be s u r p r i s e d ,  t h e r e f o r e ,  t h a t  RSS has generated cons ide rab le  con t rove rsy  
over  how these  models, es t ima tes ,  approx imat ions,  judgments and t h e  l i k e  were chosen o r  
made. 

The o n l y  datum t h a t  e x i s t s  i s  t h e  observa- 

T h e o r e t i c a l  c a l c u l a t i o n s  o f  t h e  p r o b a b i l i t y  of an event  a r e  n o t ,  o f  course,  au tomat i -  
c a l l y  suspect. 
a r e  e n t i r e l y  r e l i a b l e  - f o r  example, a symmetrical c o i n  has a p r o b a b i l i t y  o f  1/2 o f  
coming up heads, and no exper imenta l  da ta  a r e  needed t o  make one b e l i e v e  t h a t  t h i s  
t h e o r e t i c a l  p r o b a b i l i t y  i s  reasonable. 

Fo r  s u f f i c i e n t l y  s imp le  systems t h e o r e t i c a l l y  ob ta ined  p r o b a b i l i t i e s  

By t h e  same token,  s u b j e c t i v e  judgments as t o  t h e  p r o b a b i l i t y  o f  an event  can a l s o  be 
r e l i a b l e .  
system i n  ques t i on ,  t h e  p r e d i c t e d  p r o b a b i l i t y  i s  sometimes q u i t e  accurate.  A case i n  
p o i n t  i s  a horse race.  The p o s t - t i m e  odds a r e  p r e c i s e l y  t h e  s u b j e c t i v e  p r o b a b i l i t i e s  
o f  w i n n i n g  es t ima ted  f o r  each horse by an exper ienced group - t h e  handicappers and t o  
some e x t e n t  t h e  b e t t i n g  p u b l i c  - and one l i n d s  e m p i r i c a l l y  t h a t  t h e  p o s t - t i m e  odds and 
t h e  race outcomes agree w i t h  one another  t.0 6 remarkable degree over  t h e  l o n g  hau l .  

When t h e  judgment i s  made by a person o r  a group h i g h l y  exper ienced w i t h  t h e  

The o v e r a l l  methodology adopted by RSS t o  c a r r y  o u t  i t s  t h e o r e t i c a l  c a l c u l a t i o n  o f  t h e  
p r o b a b i l i t y  o f  co re  m e l t  has been o u t l i n e d  i n  Sec t i on  I o f  t h i s  r e p o r t .  
o v e r a l l  system i s  broken down i n t o  i t s  component subsystems, and p r o b a b i l i t i e s  o f  
f a i l u r e  a r e  generated f o r  these.  I n  some cases i t  i s  p o s s i b l e  t o  f i n d  exper imenta l  
da ta  on subsystem f a i l u r e  p r o b a b i l i t i e s ,  (gr a t  l e a s t  d a t a  on o t h e r  s i m i l a r  systems. 
these cases t h e  i ssue  i s :  
s i m i l a r  systems? 
enough t o  p e r m i t  a t h e o r e t i c a l  c a l c u l a t i o n  o f  f a i l u r e  p r o b a b i l i t i e s .  
case i s  whether o r  n o t  t h e  model i s  s u f f i c i e n t l y  r e a l i s t i c .  

The complex 

I n  
a r e  t h e r e  enough data,  and a r e  t h e  d a t a  f rom s u f f i c i e n t l y  

I n  o t h e r  cases models 01 t h e  system a re  employed, which a r e  s imp le  

The i s s u e  i n  t h i s  
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Once f a i l u r e  p r o b a b i l i t i e s  f o r  t h e  components a re  a r r i v e d  a t ,  they a r e  then  combined 
th rough  t h e  f a u l t - t r e e  and e v e n t - t r e e  f l o w  c h a r t s  t o  generate an o v e r a l l  p r o b a b i l i t y  o f  
co re  m e l t .  
v a r i o u s  subsystems. T h i s  generat.es ai;ot.her a r e a  of concern: 

event  i n f l u e n c i n g  more than  one component o r  f a u l t - t r e e  f l o w  l i n e  a t  once. 
common cause f a i l u r e s  a r e  t r e a t e d  s e p a r a t e l y  i n  RSS, t h rough  a model c o n s t r u c t e d  f o r  
t h i s  purpose. The model chosen has generated more con t rove rsy .  

Assumptions must be made r e g a r d i n g  t h e  independence o f  v a r i o u s  events  and 
the p o s s i b i l i t y  o f  an 

These 

In what f o l l o w s  we s h a l l  address a number o f , t h e  major  c r i t i c i s m s  o f  t h e  s t a t i s t i c a l  
and p r o b a b i l i s t i c  c a l c u l a t i o n s  i n  RSS t o  which we have been exposed, g i v e  ou r  views on 
t h e  i ssues  so r a i s e d ,  and o u r  assessment n f  t h e i r  impact on t h e  RSS conc lus ions .  

B. The "Square-Root Bounding Model" 

Perhaps t h e  p r o b a b i l i s t i c  i s s u e  which has r a i s e d  most f u r o r  about RSS i s  t h e  model used 
t o  e s t i m a t e  common cause f a i l u r e  p r o b a b i l i t i e s .  T h i s  i s  n o t  because t h i s  p a r t i c u l a r  
c a l c u l a t i o n  i s  more i m p o r t a n t  t o  t h e  o v e r a l l  conc lus ions  i n  RSS t han  a n y t h i n g  e l s e ;  
r a t h e r  i t  i s  because, i n  c o n t r a s t  t o  so  much e l s e  i n  RSS which has generated c o n t r o -  
versy,, i t  i s  so w e l l - d e f i n e d  ma themat i ca l l y .  Other  i ssues  a r e  much more s u b j e c t i v e .  
and t h e r e f o r e  argument over  them tends t o  end up w i t h  each s i d e  s imp ly  say ing  t h e  o t h e r  
i s  wrong, b u t  unable t o  p rove  it. 

The mo,del adopted by RSS ( c a l l e d  t h e  "square - roo t  bounding model") runs as f o l l o w s .  
The t r u e  system i s  t o o  complex t o  c a l c u l a t e  a f a i l u r e  p r o b a b i l i t y .  
make s imp le  models, s imp le  enough t o  p e r m i t  c a l c u l a t i o n  o f  t h e  f a i l u r e  p r o b a b i l i t y .  

The re fo re ,  we s h a l l  

L e t  M l a b e l  t h e  model, and l e t  P(M) be t h e  f a i l u r e  p r o b a b i l i t y  c a l c u l a t e d  i n  t h e  model. 
Next we must a s s i g n  a p r o b a b i l i t y  t h a t  t h e  mcdel i s  r i g h t .  Th i s  p r o b a b i l i t y  cannot  be 
c a l c u l a t e d ;  i n s t e a d  one must make a s u b j e c t i v e  judgment about  it. The judgment shou ld  
o f  course be made by people exper ienced  w i th  t h e  system b e i n g  modeled; i n  t h i s  case 
t h e r e  i s  hope t h a t  t h e i r  assignment o f  a model p r o b a b i l i t y  i s  a good one. 
t h e  p r o b a b i l i t y  ( i n  t h i s  case t h e  s u b j e c t i v e  degree of b e l i e f )  t h a t  model M i s  c o r r e c t .  
The c a l c u l a t e d  p r o b a b i l i t y  o f  f a i l u r e ,  P, i s  now g i v e n  by 

C a l l  Q(M) 

P = Z P(M)Q(M) 
M 

p r o v i d e d  t h a t  t h e  s e t  o f  models i s  exhaus t i ve  and e x c l u s i v e .  
o f  P(M) o v e r  t h e  d i s t r i b u t i o n  Q(M). 

That  i s ,  P i s  t h e  average 

So f a r  so good; t h e  o n l y  argument up t o  t h i s  p o i n t  w i l l  be ove r  t h e  cho ice  o f  Q(M). 
RSS, t h e  cho ice  i s  t o  t a k e  Q(M) as log-normal  i n  whatever parameters c h a r a c t e r i z e  t h e  
model. 

I n  

B u t  i t  i s  i n  p r a c t i c e  t o o  ha rd  t o  make an exhaus t i ve  a,nd e x c l u s i v e  s e t  o f  models, so 
RSS makes two models, an upper bound model MU and a l ower  bound model ML. These a r e  
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again selected subjectively, presumably on the basis o f  engineering judgment. Then it 
is assumed that P(MU) and P(ML) are symmetrically placed; hence, since Q(M) was chosen 
to be log-normal, the average P is 

P = JP(MU)P(ML) 

A no tewor thy  example o f  t h i s  u n a c c e p t a b l e  p r o c e d u r e  i n  RSS i s  t h e  c a l c u l a t i o n  o f  t h e  

p r o b a b i l i t y  o f  f a i l u r e  o f  t h r e e  g i v e n  a d j a c e n t  c o n t r o l  rods  i n  a BWR. M i s  chosen a s  

a model i n  which a l l  rods  f a i l  i n d e p e n d e n t l y ;  t h u s  P(ML') = P13 where (P,) i s  t h e  

f a i l u r e  p r o b a b i l i t y  f o r  a s i n g l e  r o d ,  e x p e r i m e n t a l l y  de t e rmined  t o  be  MU i s  
chosen a s  a model i n  which on 1% of t h e  o c c a s i o n s  one c o n t r o l  rod  f a i l s ,  a l l  f a i l .  

Thus P(M ) = P1. (The i s  c l a imed  t o  have some e x p e r i m e n t a l  b a s i s . )  Hence 

RSS s a y s  

L 

U 

p = J:=- 3 
(10 P,) PI = 1 0-9 

The degree o f  arbitrariness in this procedure boggles the mind. 
gives a bound which is so low as to 'be absurd, and there is no reason to believe that 
M Nor is there any reason 
to believe that Q(M) i s  log-normal. 
arbitrary choices. For example, had Q(M) been normal, RSS would have found 

The lower bound model 

is in any sense a symmetrically placed upper bou'nd model. U 
And the results are very sensitive to these 

P = 1 2 1  (P + P1) -10-6. 

I n  o u r  view, c r i t i c i s m  l e v e l l e d  a t  t h e  " s q u a r e - r o o t  bounding model" i s  e n t i r e l y  

j u s t i f i e d .  

Could RSS have done a n y t h i n g  b e t t e r ?  P r o b a b l y  y e s .  The a n a l y s i s  i n  t h e  ATWS r e p o r t  

( a d m i t t e d l y  performed l a t e r  t h a n  RSS) i s  i n  o u r  o p i n i o n  a f a r  b e t t e r  r ev iew o f  BWR 
scram f a i l u r e s .  The NRC D i v i s i o n  of  System- S a f e t y  s t a f f  has  p o i n t e d  o u t  t h a t  a scram 

sys t em was found i n o p e r a b l e  d u r i n g  a t e s t  i n  ail o p e r a t i n g  U.S.-designed BWR i n  Germany. 

The s t a f f  c a l l s  t h i s  a scram sys t em f a i l u r e  and o b t a i n s  a (maximum l i k e l i h o o d )  scram 

sys t em f a i l u r e  p r o b a b i l i t y  o f  1 .5  x 1 0 - 3 / r e a c t o r - y e a r  based  on 659 r e a c t o r - y e a r s  of 

U.S. and f o r e i g n  LWR e x p e r i e n c e .  The p r o b a b i l i t y  f o r  sys t em f a i l u r e  d u r i n g  an  a c t u a l  

demand would be somewhat l ower ,  however,  s ince i t  would depend on a demand o c c u r r i n g  

w h i l e  t h e  scram sys t em was i n o p e r a b l e .  Assuming monthly t e s t i n g ,  a p e r i o d  o f  i n o p e r a -  

b i l i t y  o f  two weeks p e r  f a i l u r e  ( f o r  monthly t e s t i n g ) ,  and s i x  " s i g n i f i c a n t "  t r a n s i e n t s  

i n  LWRs p e r  y e a r ,  t h e  p r o b a b i l i t y  would be a p p r o x i m a t e l y  6 x 10 / demand - 4 t o  5 
times h i g h e r  t h a n  t h e  WASH-1400 e s t i m a t e .  

-5 

I 

I n  t h e  a b s e n c e  o f  s u f f i c i e n t  d a t a ,  and i n  t h e  €ace  o f  such  l a r g e  t h e o r e t i c a l  

u n c e r t a i n t i e s  a s  a r e  d i s p l a y e d  i n  t h e  BWR c o n t r o l  rod problem, w e  f e e l  t h a t  i t  i s  
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p r e f e r a b l e  n o t  t o  t r y  t o  come up w i t h  a p o i n t  e s t i m a t e  - a  s i n g l e  number - f o r  a f a i l u r e  
p r o b a b i l i t y ,  b u t  r a t h e r  t o  c o n t e n t  onese l t  w i t h  bounds. 
bounds cannot be t o o  wide ( t h u s  a model l i k e  t h e  " l ower  bound model" desc r ibed  above i s  
useless) .  The s e n s i t i v i t i e s  i n  t h e  bounds can he es t ima tpd  hy v a r y i n g  t h e  methods o f  
c a l c u l a t i o n .  
c a r r i e d  th rough  succeeding stages o f  t h e  c a l c u l a t i o n  t o  see how they  a f f e c t  t h e  f i n a l  
conc l  us i on. 

To be u s e f u l ,  o f  course,  t h e  

And f i n a l l y  t h e  e r r o r s  and u n c e r t a i n t i e s  must be made e x p l i c i t ,  and 

C. Use o f  t h e  Log-Normal D i s t r i b u t i o n  f o r  F i t t i n g  Data 

RSS has a n e a r l y  u n i v e r s a l  p r a c t i c e  o f  f i t t i n g  eve ry  p i e c e  o f  d a t a  i t  has t o  a log-norma; 
d i s t r i b u t i o n ,  and, whenever an e n t i r e l y  unknown d i s t r i b u t i o n  needs t o  be s u b j e c t i v e l y  
chosen, t o  choose a log-normal d i s t r i b u t i o n .  
T h i s  cho ice  i s  based on " e n g i n e e r i n g  judgment' '  - most f a i l u r e  p r o b a b i l i t i e s  i n  o t h e r  
systems w i t h  which people a r e  f a m i l i a r  a r e  a l l e g e d  t o  f o l l o w ,  r o u g h l y  a t  l e a s t ,  a 
log-normal d i s t r i b u t i o n .  

(An example was g i v e n  i n  S e c t i o n  6 . )  

Some,of t h e  d a t a  d i s p l a y e d  i n  RSS do n o t  l o o k  i n  t h e  l e a s t  log-normal ,  and y e t  a r e  
f i t t e d  t o  log-normal .  A lso,  some o f  t h e  log-normal  f i t s  t o  d a t a  t h a t  l o o k  log-normal 
seem t o  be bad f i t s  - i n  t h a t  a l l  t h e  exper imenta l  p o i n t s  l i e  on one s i d e  o f  t h e  f i t t e d  
cu rve ,  f o r  example. F u r t h e r ,  i n  o t h e r  cases t h e r e  a r e  so few da ta  t h a t  we cannot  say 
whether a log-normal  f i t  looks  reasonable o r  n o t .  

Ye t  i t  i s  o u r  v iew  t h a t  these problems d o n ' t  m a t t e r  v e r y  much (except  as t h e y  l eave  
ques t i ons  as t o  t h e  v a l i d i t y  o f  t h e  s t a t i s t i c a l  t rea tmen t  i n  RSS).  

may indeed occu r ,  due t o  t h e  p ressu re  o f  t i m e  i n  p roduc ing  so monumental a document as 
RSS, o r  s i m p l y  due t o  t h e  d r a f j s m a n ' s  s lopp iness .  
b u t i o n s  may indeed be b e t t e r  f i t s .  B u t  none o f  t h e  f i t s  we have seen i s  so f a r  f rom 
t h e  a v a i l a b l e  d a t a  t h a t  use o f  t h e  log-normal form i s  l i k e l y  t o  m ises t ima te  t r u t h  by 
more ' t han  a f a c t o r  o f  two o r  a t  most t h ree .  
accept  t h e  log-normal  as an accep tab le  summary o f  most data. 

E r r o r s  i n  f i t t i n g  

And i n  some cases o t h e r  d i s t r i -  

So w i t h i n  t h e  e r r o r s  l i s t e d  i n  RSS, we 

D. The Use of S u b j e c t i v e  P r o b a b i l i t i e s  

RSS had t o  use s u b j e c t i v e  p r o b a b i l i t i e s  i n  many p laces .  
no q u a n t i t a t i v e  conc lus ions  r e g a r d i n g  f a i l u r e  p r o b a b i l i t i e s  a t  a l l .  
r a i s e d  whether, s i n c e  s u b j e c t i v e  p r o b a b i l i t i e s  a r e  j u s t  someone's o p i n i o n ,  t h i s  has a 
s u b s t a n t i a l  impact  on v a l i d i t y  o f  t h e  RSS conc lus ions .  

W i t h o u t  these,  RSS c o u l d  draw 
The q u e s t i o n  i s  

It i s  o u r  v iew  t h a t  use o f  s u b j e c t i v e  p r o b a b i l i t i e s  i s  necessary and a p p r o p r i a t e ,  and 
p r o v i d e s  a reasonable i n p u t  t o  t h e  RSS p r o b a b i l i t y  c a l c u l a t i o n s .  
c l e a r l y  i d e n t i f i e d ,  a i3d t h e i r  l i m i t s  o f  v a l i d i t y  must be de f i ned .  

Bu t  t h e i r  use must be 

It i s  t r u e  t h a t  a s u b j e c t i v e  p r o b a b i l i t y  i s  someone's o p i n i o n .  
example mentioned i n  t h e  i n t r o d u c t i o n  i l l u s t r a t e s ,  some peop le ' s  o p i n i o n s  can be ve ry  

But ,  as t h e  horse race  
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accu ra te ,  even i n  a q u a n t i t a t i v e  sense. how 
v a l i d  a r e  t h e  o p i n i o n s  o f  those whose s u b j e c t i v e  judgments were used i n  RSS? It must 
be kep t  i n  mind t h a t  t h e  s u b j e c t i v e  p r o b a b i l i t i e s  used a r e  f o r  some o f  t h e  i n d i v i d u a l  
s teps i n  a sequence o f  events .  
p r o b a b i l i t y  o f  c o r e  m e l t .  
used i t  was t h e  o u t p u t  of exper ienced e n g i n e e r i n g  judgment on t h e  p a r t  o f  people f a m i l i a r  
w i t h  events  o f  t h a t  type.  
p r o b a b i l i t i e s  so generated,  b u t  i f  p r o p e r l y  chosen makes them t h e  b e s t  a v a i l a b l e .  
o n l y  s i t u a t i o n  i n  which one m igh t  be concerned about  a s u b j e c t i v e  p r o b a b i l i t y  l e a d i n g  
t o  r e a l l y  major  e r r o r s  i s  where t h e r e  i s  no exper ience a t  a l l .  An example o f  t h i s  i n  
RSS i s  n u c l e a r  p ressu re  vessel  f a i l u r e .  Such cases shou ld  be c l e a r l y  i d e n t i f i e d ,  and 
r e s u l t s  s e n s i t i v e l y  dependent on them t r e a t e d  w i t h  e x t r a  cau t ion .  

So t h e  q u e s t i o n  r e a l l y  b e i n g  r a i s e d  i s :  

No one p r o v i d e d  a s u b j e c t i v e  p r o b a b i l i t y  f o r  t h e  o v e r a l l  
For  many o f  t h e  s teps i n  which a s u b j e c t i v e  p r o b a b i l i t y  was 

T h i s ,  o f  course,  does n o t  guarantee t h e  accuracy o f  t h e  
The 

E. The Use O f  Models 

As we e x p l a i n e d  i n  t h e  i n t r o d u c t i o n ,  RSS was r e q u i r e d  t o  model many s i t u a t i o n s  i n  o r d e r  
t o  be a b l e  t o  c a r r y  o u t  what would o the rw ise  be p r o h i b i t i v e l y  d i f f i c u l t  t h e o r e t i c a l  
c a l c u l a t i o n s .  
" square - roo t  bounding model ." 
For  example, i n  t h e  a n a l y s i s  o f  t h e  Browns F e r r y  f i r e ,  t o  c a l c u l a t e  t h e  p r o b a b i l i t y  
t h a t  t h e  f i r e  c o u l d  have l e d  t o  co re  m e l t ,  i t  i s  necessary t o  have t h e  p r o b a b i l i t y  P ( t )  
t h a t  a g i v e n  va l ve  s t i l l  operates a t  t i m e  t a f t e r  onset. o f  t h e  f i r e .  Some exper imenta l  
i n f o r m a t i o n  was a v a i l a b l e  - namely, t h a t  seve ra l  such va l ves  d i d  f a i l  a f t e r  a t i m e  

to. T h i s  i s  a model; t h e r e  i s  no a p r i o r i  
reason t o  b e l i e v e  i t  t o  be r i g h t .  Though such a model may perhaps be a rguab le  f o r  
f a i l u r e  r a t e s ,  where l i t t l e  i s  known about t h e  i n i t i a t i n g  mechanism, i t  i s  ex t reme ly  
dubious f o r  r e p a i r  t imes ,  where t h e r e  i s ,  a f t e r  a l l ,  a minimum r e q u i r e d .  F u r t h e r ,  even 
w i t h  t h e  assumption of an exponen t ia l  model (as,  f o r  example, f o r  t h e  r e l i e f  v a l v e  
f a i l u r e s ) ,  t h e  assignment o f  t h e  exponen t ia l  c o e f f i c i e n t  i n  terms o f  t h e  s i n g l e  observed 
f a i l u r e  t i m e  a l s o  i n v o l v e s  a model assumption. T h i s  i s  a r e l a t i v e l y  s u b t l e  s t a t i s t i c a l  
p o i n t  which we do n o t  w ish  t o  b e l a b o r ,  b u t  f e e l  deserves mention. 

One extreme example o f  such a model was g i v e n  i n  S e c t i o n  B i n  t h e  
Bu t  t h e r e  a r e  many o t h e r  p laces  where models a r e  used. 

RSS t h e n  t o o k  P ( t ) = ( l / t o )  exp (-t/to). 

Never the less,  most models w i l l  n o t  g i v e  w i l d l y  d i f f e r e n t  answers. 
p r o b a b i l i t i e s ,  t h e  use o f  models i s  necessary t o  g e t  an answer. The cho ice  o f  one 
model ove r  another  generates an u n c e r t a i n t y ,  b u t  w i t h i n  t h a t  u n c e r t a i n t y  t h e  use o f  t h e  
model i s  j u s t i f i e d ,  p r o v i d e d  t h e  u n c e r t a i n t y  i s  es t ima ted  and i n d i c a t e d .  

As w i t h  s u b j e c t i v e  

F. V a r i a t i o n s  Between Reactors 

Only two r e a c t o r s  were s t u d i e d  i;detail i n  WASH-1400: one BWR and one PWR. Yet t h e  
r e s u l t s  were extended t o  98 o t h e r  r e a c t o r s  w i t h o u t  e s t i m a t i n g  t h e  a d d i t i o n a l  u n c e r t a i n -  
t i e s  assoc ia ted  w i t h  t h i s  ex tens ion .  
d i d n ' t ,  i n  1975, have t h e  au tomat i c  r e c i r c u l a t i o n  pump t r i p  which reduced, by  a f a c t o r  
o f  10, t h e  c a l c u l a t e d  p r o b a b i l i t y  o f  co re  m e l t  f o l l o w i n g  a t r a n s i e n t  w i t h o u t  scram i n  
t h e  BWR cons ide red  i n  WASH-1400. Some s t i l l  d o n ' t .  

Reactors a r e  d i f f e r e n t .  For  example, many r e a c t o r s  
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G .  
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I .  

It i s  t r u e  t h a t  RSS made no p re tense  t o  a c a r e f u l  ana y s i s  o f  more than  two r e a c t o r s ,  
and t h a t  some a l l3wances f o r  i n d i v i d u a l  s i t e  v a r i a b i l  t y  u s i n g  demographic and meteoro- 
l o g i c a l  d a t a  were i n c l u d e d  i n  ex tend ing  t h e  a n a l y s i s  o 100 r e a c t o r s .  Bu t  such an 
e x t r a p o l a t i o n  i s  d i f f i c u l t ,  and has tt; i n t r o d u c e  f l i r t h e r  u n c e r t a i n t i e s .  

Completeness and Relevance o f  Data .. 

Many o f  t h e  c o n s t i t u e n t  f a i l u r e  p r o b a b i l i t i e s  and d i s t r i b u t i o n s  employed i n  RSS a r e  
based.on exper imen ta l  data,  sometimes on a c t u a l  r e a c t o r  d a t a  and sometimes on da ta  
d e s c r i b i n g  systems " s i m i l a r "  t o  those i n  r e a c t o r s .  

We have a l r e a d y  ( i n  S e c t i o n  C )  commented on t h e  use o f  t h e  log-normal d i s t r i b u t i o n  t o  
d e s c r i b e  t h e  data;  a t  i s s u e  here i s  whether t h e r e  a r e  enough d a t a  and whether t h e y  a r e  
r e l e v a n t  data.  The f i r s t  o f  these ques t i ons  i s  a s t a t i s t i c a l  one; t h e  second i s  an 
e n g i n e e r i n g  one r e q u i r i n g  a s u b j e c t i v e  judgment. 

There a r e  many cases i n  which t h e  i n p u t  d a t a  quoted i n  RSS a r e  v e r y  skimpy. 
cases i n  which an e n t i r e  d i s t r i b u t i o n  i s  "de r i ved"  f rom o n l y  a few d a t a  p o i n t s .  I f  
t h i s  i s  a l l  t h e  i n f o r m a t i o n  t h a t  e x i s t s ,  o f  course,  t hen  i t  i s  a l l  t h a t  one can use. 
Bu t  t h e  u n c e r t a i n t i e s  a s s o c i a t e d  w i th  us i r tg  i t  a r e  then  c o r r e s p o n d i n g l y  l a r g e ,  and need 
t o  be taken  i n t o  account and propagated th rough  t h e  e n t i r e  c a l c u l a t i o n .  

There a r e  

The re levance  i s s u e  i s  more compl icated.  Can da ta  on component f a i l u r e s ,  f o r  example, 
f rom exper ience  i n  a nonnuclear  env i ronment ,  be e x t r a p o l a t e d  t o  t h e  extreme c o n d i t i o n s  
wh ich  would be assoc ia ted  w i t h  a r e a c t o r  acc iden t?  Here e n g i n e e r i n g  judgment comes 
i n t o  p l a y ,  w i t h  t h e  d i f f i c u l t i e s  a l r e a d y  r e f e r r e d  t o  i n  S e c t i o n  D. 
i d e n t i f i c a t i o n  o f  i m p o r t a n t  k i n d s  o f  u n c e r t a i n  da ta  can generate enthusiasm f o r  t h e  
exper imen ta l  t e s t i n g  o f  some k i n d s  o f  equipment under extreme c o n d i t i o n s .  

A t  l e a s t  t h e  

P ropaga t ion  o f  E r r o r s  

I n  p r i n c i p l e ,  o f  course,  t h e  methodology adopted by RSS i n  c a l c u l a t i n g  t h e  p r o b a b i l i t y  
o f  c o r e  m e l t  - o r ,  more g e n e r a l l y ,  t h e  consequences o f  r e a c t o r  a c c i d e n t s  - r e q u i r e s  
a s s i g n i n g  e r r o r s  t o  each component p r o b a b i l i t y  and c a r r y i n g  them th rough  t o  t h e  end t o  
a r r i v e  a t  an e r r o r  e s t i m a t e  f o r  t h e  o u t p u t  numbers. 
t h e r e  a r e  some omissions. 
which were masked by  use o f  t h e  a r b i t r a r y  model desc r ibed  i n  S e c t i o n  B,  e r r o r s  assoc i -  
a t e d  w i t h  some conta inment  f a i l u r e  modes, and t h e  e r r o r s  i n  b i o l o g i c a l  e f f e c t s .  

Probabi  1 i ty  "Smoothing" 

* 

To an e x t e n t  t h i s  was done, b u t  
Three examples a r e  t h e  BWR c o n t r o l  r o d  f a i l u r e  u n c e r t a i n t i e s  

\ 

These words d e s c r i b e  a procedure employed i n  RSS i n  which r a p i d  v a r i a t i o n s  i n  r e l e a s e  
p r o b a b i l i t i e s  as a f u n c t i o n  o f  r e l e a s e  ca tegory  were suppressed. 
a r b i t r a r i l y  adding t o  t h e  p r o b a b i l i t y  i n  each c a t e g o r y  10% o f  t h e  p r o b a b i l i t y  i n  t h e  
a d j a c e n t  n e x t  l a r g e r  and n e x t  s m a l l e r  c a t e g o r i e s .  

T h i s  was done by 

For  c a t e g o r i e s  w i t h  smal l  i n t r i n s i c  
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p r o b a b i l i t i e s ,  t h i s  10% a d d i t i o n  i s  overwhelmingly  t h e  dominant c o n t r i b u t i o n ;  t h u s  t h e  
procedure a r t i f i c i a l l y  i nc reases  t h e  o v e r a l l  r i s k  e s t i m a t e  and lowers t h e  p r e c i s i o n  as 
w e l l .  

I 

Whi le  t h e  numer ica l  e f f e c t  o f  "smoothing" i s  n o t  l a r g e ,  t h e  procedure i s  neve r the less  
a r b i t r a r y ,  unnecessary, and p l a i n  wrong, and.,had i t  produced t h e  e f f e c t  o f  reduc ing  
r a t h e r  t h a n  i n c r e a s i n g  t h e  r i s k  es t ima te ,  would have generated an o u t c r y .  

J .  Use o f  Median I n s t e a d  o f  Mean 

T h i s  shou ld  n o t  have been a ma jo r  i ssue ,  b u t  s i n c e  i t  has become one i t  i s  wor thy  o f  
mention. 
c h a r a c t e r i z e  them i n  terms o f  parameters r a t h e r  than  g i v i n g  t h e  e n t i r e  d i s t r i b u t i o n .  

RSS produces many p r o b a b i l i t y  d i s t r i b u t i o n s ,  and f o r  convenience chooses t o  

A g i v e n  t y p e  o f  d i s t r i b u t i o n  can be u n i q u e l y  c h a r a c t e r i z e d  i n  terms o f  a f i n i t e '  number 
o f  parameters - f o r  example, a mean and a va r iance  f o r  a normal o r  a log-normal d i s t r i b u -  
t i o n .  Any independent s e t  o f  parameters can be used f o r  t h i s  purpose; t hus  one can 

a l s o  u n i q u e l y  s p e c i f y  a log-normal d i s t r i b u t i o n  by  g i v i n g  i t s  median i n s t e a d  o f  i t s  
mean. The mean and median a r e  o f  course,  d i f f e r e n t  - t h e  median b e i n g  s m a l l e r  - b u t  
g i v e n  e i t h e r ,  one can f i n d  t h e  o t h e r  if t h e  d i s t r i b u t i o n  i s  known (e.g., log-normal)  
and a second c h a r a c t e r i s t i c  parameter (e .g . ,  va r iance )  i s  a l s o  known. There fo re ,  as 
l o n g  as t h e  parameter used t o  desc r ibe  t h e  d i s t r i b u t i o n  i s  c l e a r l y  i d e n t i f i e d ,  t h e r e  i s  
no c o n f u s i o n  o r  l a c k  o f  p r e c i s i o n  about  t h e  e n t i r e  d i s t r i b u t i o n .  

Never the less  RSS has been c r i t i c i z e d  f o r  g i v i n g  t h e  median i n s t e a d  o f  t h e  mean 3 f  its 
log-normal d i s t r i b u t i o n s .  W i thou t  adequat,e warn ing,  some readers o f  RSS confused t h e  
two, and assumed t h a t  RSS was a c t u a l l y  p r e s e n t i n g  a mean. 
RSS was p r e d i c t i n g  a l ower  f a i l u r e  r a t e  than  i t  a c t u a l l y  d i d .  I n  ou r  o p i n i o n  t h i s  i s  
more an i s s u e  o f  s c r u t a b i l i t y  t han  o f  s t a t i s t i c s ,  so we s h a l l  n o t  b e l a b o r  i t  f u r t h e r  
here. 

They t h e r e f o r e  i n f e r r e d  t h a t  

* 
K. Conclus ion 

Most o f  o u r  conc lus ions  have a l r e a d y  been l i s t e d  i n  t h e  p reced ing  sec t i ons .  
be summarized as f o l l o w s :  

They may 

F i r s t ,  i n  v iew o f  Sec t i ons  E-3,  we f e e l  t h a t  t h e  u n c e r t a i n t y  i n  t h e  f i n a l  p r o b a b i l i t y  
produced by  RSS i s  understated.  RSS ass igns a m u l t i p l i c a t i v e  f a c t o r  o f  5 u n c e r t a i n t y  
t o  i t s  r e s u l t ;  we cannot here,  i n  t h e  s h o r t  t i m e  a v a i l a b l e ,  produce a d i f f e r e n t  number, 
b u t  we can, and do, f e e l  t h a t  5 i s  t o o  smal l .  

Second, we f e e l  t h a t  RSS c o u l d  have done a f a r  b e t t e r  j o b  o f  c l a r i f y i n g  j u s t  what i s  
assumed, what i s  c a l c u l a t e d ,  and how. 
o f  t h i s  s o r t  a f t e r  t h e  f a c t ;  neve r the less  t h e  l a c k  o f  ca re  i n  l a b e l l i n g  j u s t  whct i s  a 
s u b j e c t i v e  p r o b a b i l i t y ,  what i s  an exper imenta l  p r o b a b i l i t y ,  what i s  a model and so on 

I t  i s ,  o f  course,  always easy t 3  make c r i t i c i s m s  
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i n  RSS i s  q u i t e  annoying t o  t h e  reader .  
n o n - t r i v i a l  amount o f  c r i t i c i s m  had i t  made more e f f o r t  t o  be p r e c i s e  about  what i t  was 
doing.  

RSS c o u l d  perhaps have saved i t s e l f  a 
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111. COMPLETENESS 

WASH-1400 i s o l a t e d ,  f rom an i m p o s s i b l y  l a r g e  number o f  a c c i d e n t  sequences, a r e l a t i v e l y  
smal l  number which i t  concluded were o f  s i g n i f i c a n c e  t o  r i s k  th rough  t h e i r  c o n t r i b u t i o n  t o  
c o r e  m e l t .  
and indeed whether  t h e  p r o b a b i l i s t i c  methodology i s  capable, i n  p r a c t i c e  o r  even i n  p r i n c i p l e ,  
o f  p e r f o r m i n g  a complete a n a l y s i s .  It i s ,  however, v e r y  i m p o r t a n t  t o  be c a r e f u l  about  what 
i s  meant by t h e  words "complete" and " s i g n i f i c a n t . "  

It i s  , impor tan t  t o  ask whether t h e  WASH-1400 i d e n t i f i c a t i o n  process was complete, 

A d i s c u s s i o n  o f  completeness can v e r y  e a s i l y  l e a d  t o  a s u p e r f i c i a l  answer, namely ''by 
d e f i n i t i o n  a l l  such analyses a r e  i ncomp le te . "  
can t r e a t  a l l  p o s s i b l e  a c c i d e n t  sequences, so the q u e s t i o n  o f  completeness must be d e f i n e d  
more c a r e f u l l y .  

B u t  no one p re tends  t h a t  any such a n a l y s i s  

By s i g n i f i c a n c e  we mean a f a c t o r  o f  two o r  more i n  o v e r a l l  r i s k .  

I n  t h e  c o n t e x t  o f  WASH-1400, t h e  completeness q u e s t i o n  can mean: 
enough e n g i n e e r i n g  i n s i g h t  t o  w r i t e  down a l l  p o t e n t i a l  s i g n i f i c a n t  sequences? It can a l s o  
mean: I n  t h e  WASH-1400 a n a l y s i s ,  d i d  t h e y  s t o p  c a l c u l a t i n g  t o o  soon? I n  t h e  c o n t e x t  o f  
p o s s i b l e  weakness o r  i n a p p l i c a b i l i t y  o f  t h e  methodology i n  genera l ,  i t  can a l s o  mean: 
m u l t i - p o i n t  f a i l u r e s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  r i s k ,  i n  a manner t h a t  cannot  be 
q u a n t i f i e d  th rough  t h e  methodology? O r ,  a r e  r e a c t o r  systems somehow so complex t h a t ,  as a 
p r a c t i c a l  m a t t e r ,  t h e  me'?odology cannot  p r o v i d e  r i s k  e s i i m a t e s  q u a n t i f i e d  w i t h  enough 
con f idence  t o  be o f  any use? 

D i d  t h e  s tudy  team have 

Do 

L e t  us b e g i n  w i t h  t h e  g e n e r i c  me thodo log ica l  i ssues .  
f a i l u r e s ,  t h e  i s s u e  i s  whether t h e  methodology i s  capable o f  cop ing  w i t h  a c c i d e n t  sequences 
i n v o l v i n g  m u l t i - p o i n t  f a i l u r e s ,  which b r i d g e  numerous even t - t rees  b u t  a r e  n o t  "common-caused" 
i n  t h e  sense o f  b e i n g  caused by  some common i n i t i a t i n g  even t  such as an ear thquake o r  l o s s  
o f  o f f - s i t e  power. 
a t tempt  t o  use t h e  methodology, which o f  course means r e f e r e n c e  t o  WASH-1400. 
exper ience has been reasonably  f a v o r a b l e ,  a l t hough  by no means c o n c l u s i v e l y  so: 
- d i d  i d e n t i f y  some i m p o r t a n t  i ns tances  i n v o l v i n g  m u l t i - p o i n t  f a i l u r e s ,  demons t ra t i ng  t h a t  t h e  
methodology has no d i f f i c u l t y  i n  p r i n c i p l e  w i t h  i ssues  o f  t h i s  k ind .  I n  f a c t ,  an e v e n t - t r e e  
formed by  b r i d g i n g  o t h e r  Gvent- t rees i n  t h i s  way looks  l i k e  any o t h e r  e v e n t - t r e e  i n  t h e  
a n a l y s i s ;  a t  t h i s  s tage one r e a l i z e s  t h a t  t h e  even t - t rees  g e n e r a l l y  c o n s i s t  o f  m u l t i p l e  
f a i l u r e s ,  and t h e  q u e s t i o n  r e v e r t s  t o  t h e  p rev ious  one as t o  whether t h e  a n a l y s t s  have been 
wise enough t o  f i n d  a l l  s i g n i f i c a n t  sequences. The i s s u e  o f  whether WASH-1400 i t s e l f  m igh t  
be f l awed  i n  t h i s  r e g a r d  i s  n o t  a gener i c  me thodo log ica l  i ssue ,  and w i l l  be d iscussed j u s t  
below. 

On t h e  q u e s t i o n  o f  m u l t i - p o i n t  

There i s  no way t o  answer t h i s  q u e s t i o n  w i t h o u t  r e f e r e n c e  t o  a s p e c i f i c  
The WASH-1400 

WASH-1400 

Are r e a c t o r  systems somehow so complex t h a t  as a m a t t e r  o f  e i t h e r  p r i n c i p l e  o r  p r a c t i c e  t h e  
methodology cannot  p r o v i d e  o v e r a l l  r i s k  es t ima tes  q u a n t i f i e d  comp le te l y  enough, and w i t h  
enough conf idence,  t o  be o f  any use? T h i s  i s  n o t  an i ssue  o f  p r i n c i p l e  b u t  r a t h e r  o f  
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on. As o u r  Group has d e l i b e r a t e d  t o g e t h e r  on t h i s  i ssue ,  we f i n d  we a r e  o f  
A l thougn seve ra l  sequences have been r e c a l c u l a t e d  s i n c e  t h e  issuance o f  

t h  some change i n  es t ima ted  c o n t r i b u t i o n  t o  r i s k ,  i n  t h i s  i n t e r v a l  no new 
sequences have been shown t o  be i m p o r t a n t  ( i n  t h e  sense t h a t  they dotrhle o r  t r i p l e  t h e  
o v e r a l l  r i s k  es t ima ted  i n  WASH-1400). 
as i m p o r t a n t  a t  any t ime .  
up. Yet here t h e  r e a c t o r  a c c i d e n t  r e c o r d  t o  d a t e  comes i n t o  p l a y :  w i t h  seve ra l  hundred 
r e a c t o r - y e a r s  o f  r e l e v a n t  exper ience,  t h e  WASH-1400 r e s u l t  on co re  m e l t  p r o b a b i l i t y  i s  l e s s  
t h a n  two o r d e r s  o f  magnitude below t h e  c u r r e n t  exper ience  reco rd ,  and p r e c u r s o r s  o f  ma jo r  
a c c i d e n t s  u n i d e n t i f i e d  i n  WASH-1400 m igh t  perhaps be expected t o  beg in  t o  show up. 
have, t h e y  have so f a r  escaped r e c o g n i t i o n  ( w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  Browns Fe r ry ) .  
Thus, some o f  us conclude t h a t  u n i d e n t i f i e d  even t  sequences s i g n i f i c a n t  t o  r i s k  m i g h t  
c o n t r i b u t e  a t  most something between a smal l  increment  and an increment  expressed as a smal l  
m u l t i p l i c a t i v e  f a c t o r  above t h e  WASH-1400 r e s u l t ,  as opposed t o  an o r d e r  o f  magnitude o r  
more.* It i s  i m p o r t a n t ,  i n  o u r  view, t h a t  p o t e n t i a l l y  s i g n i f i c a n t  sequences and p r e c u r s o r s ,  
as t h e y  appear, be s u b j e c t e d  t o  t h e  k i n d  o f  a n a l y s i s  con ta ined  i n  WASH-1400, i n  such a way 
t h a t  t h e  analyses a r e  sub jec ted  t o  pee r  rev iew.  

Yet  a new and i m p o r t a n t  sequence c o u l d  be e s t a b l i s h e d  
Some o f  us have a nagging u n c e r t a i n t y  t h a t  something w i l l  t u r n  

I f  t h e y  

On t h e  s u b j e c t  o f  whether t h e  WASH-1400 a n a l y s i s  stopped t o o  soon ( i n  t h e  process o f  
s e p a r a t i n g  t h e  many inconsequen t ia l  sequences f rom t h e  few i m p o r t a n t  ones), a p a r t i a l  answer 
t o  t h e  q u e s t i o n  can be ob ta ined  by rough es t ima tes  o f  t h e  p r o b a b i l i t y  and numbers o f  
i d e n t i f i e d  sequences t h a t  were omi t ted .  
n o t  i ndependen t l y  v e r i f i e d  t h e  a s s e r t i o n  by  t h e  WASH-1400 s tudy  team t h a t  t h e  c o n t r i b u t i o n s  
a r e  s m a l l ,  i n  t h e  aggregate,  when one does an e s t i m a t i o n  o f  t h e  sum o f  t h e  known improbable 
sequences. 

We have no reason t o  doubt  t h e  r e s u l t s ,  b u t  we have 

\ 

"One o f  us (F.  v. H.) ques t ions  whether, f o r  a system as complex as a n u c l e a r  power 
p l a n t ,  t h e  methodology can be implemented t o  g i v e  such a h i g h  l e v e l  o f  con f i dence  , 

t h a t  t h e  summed p r o b a b i l i t y  o f  many known and unknown a c c i d e n t  sequences l e a d i n g  
t o  an end p o i n t  such as a c o r e  m e l t  i s  w e l l  below t h e  l i m i t  s e t  by  exper ience.  
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I V .  THE DATA BASE 

t i o n  d i f f  
t h i ' s  was 

The f requency o f  occurrence o f  low p r o b a b i l i t y  events  i s  by d e f i n  
e m p i r i c a l l y .  A l though t h e  RSS team used e x i s t i n g  r e a c t o r  h i s t o r y  

c u l t  t o  o b t a i n  
inadequate by 

i t s e l f  f o r  many low p r o b a b i l i t y  events  and f a u l t s ,  and t h e  team had t o  use da ta  on f a i l u r e s  
o f  o t h e r  s i m i l a r  'systems and independent components. I n  many cases, t r a n s f e r a b i l i t y  t o  
r e a c t o r  s i t u a t i o n s  i s  s t r a i g h t f o r w a r d  and j u s t i f i a b l e .  
use, o r  c i rcumstances c o u l d  a l t e r  t h e  f a i l u r e  r a t e  i n  nuc lear  s e r v i c e .  But  i n  genera l ,  
r e l i a n c e  on t h e  expanded da ta  base drawn from non-nuclear exper ience i s  an improvement on 
use o f  t h e  much more l i m i t e d  da ta  base from p u r e l y  nuc lear  use. Th is  was t h e  b e s t  t h a t  
c o u l d  be done. 

I n  o t h e r  cases, d i f f e r e n c e  i n  des ign,  

However, two procedura l  c o n s i d e r a t i o n s  s i g n i f i c a n t  f o r  f o l l o w - u p  must be addressed. F i r s t ,  
areas i n  which t h e r e  i s  a p a u c i t y  o f  d a t a  should be p a r t i c u l a r l y  examined t o  uncover how 
b e t t e r  da ta  can be ob ta ined.  Second, as new data,  i n c l u d i n g  a d d i t i o n a l  r e a c t o r - y e a r s ,  
recorded events  and f a i l u r e s ,  and b e t t e r  component r e l i a b i l i t y  es t imates  a r e  made, these 
must be en tered  i n t o  t h e  process i n  a formal  and c o n t i n u i n g  manner. New data  o f  
s i g n i f i c a n c e  a r e  b e i n g  developed i n  many i m p o r t a n t  areas. 
da ta  should be done as t h e  occasion a r i s e s .  
a p p l i c a t i o n  o f  RSS methodology r e s t  a t  a l l  t i m e s  on t h e  b e s t  and m o s t  c u r r e n t  da ta  and 
methodology. 

Reanalys is  based on t h e  improved 
I n  p a r t i c u l a r ,  i t  i s  i m p o r t a n t  t h a t  any r e g u l a t o r y  

F o r  i n s t a n c e ,  t h e  e s t i m a t e  o f  f a i l u r e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  p i p e s ,  which spans severa l  
o rders  o f  magnitude, m i g h t  be reeva lua ted .  
formance i n  LOCA environments i s  now b e i n g  conducted. 

A s tudy o f  t h e  degradat ion  o f  component per-  
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V .  THE RSS ASSESSMENT OF THE CIAMAGE TO HUMAN HEALTH 
FROM R A D I A T I O N  AFTER A POSTULATED ACCIDENT 

A. I n t r o d u c t i o n  

The au tho rs  o f  t h e  RSS were gu 
on humans by an a d v i s o r y  group 
p h y s i c i a n s ,  g e n e t i c i s t s ,  and b o l o g i c a l  s p e c i a l i s t s  f rom a broad range 
The a d v i s o r y  group was charged w i t h  assess ing t h e  d isease e f f e c t s ,  i n c  
u n c e r t a i n t y  bands o r  ranges on t h e  es t ima tes .  The goal  was t o  make as 
e s t i m a t e  as p o s s i b l e ,  w i t h o u t  r e s o r t i n g  e i t h e r  t o  c o n s e r v a t i v e  assumpt 
t e n d  t o  ove res t ima te  t h e  consequences o r  t o  t h e  converse. 

ded i n  e s t i m a t i n g  t h e  d e l e t e r i o u s  e f f e c t s  o f  r a d i a t i o n  
on h e a l t h  e f f e c t s ,  c o n s i s t i n g  o f  eminent p h y s i o l o g i s t s ,  

o f  d i s c i p l i n e s .  
u d i n g  p l a c i n g  
r e a l i s t i c  an 
ons t h a t  would 

The problem, as posed, was a cons ide rab le  cha l l enge  t o  t h e  seve ra l  e x p e r t s  who worked 
on it. 
v a r i o u s  n a t i o n a l  and i n t e r n a t i o n a l  committees and pane ls  concerned w i t h  "s tandard-  
s e t t i n g "  i n  t h e  c o n t e x t  o f  r a d i a t i o n  p r o t e c t i o n .  I n  t h i s  l a t t e r  a c t i v i t y ,  i t  i s  
a p p r o p r i a t e  t o  mask ignorance o r  u n c e r t a i n t i e s  by l e a n i n g  toward t h e  more 
"conserva t i ve "  s ide ,  t he reby  a s s u r i n g  t h a t  t h e  p u b l i c  ( o r  o c c u p a t i o n a l )  h e a l t h  i s  
p r o t e c t e d  by a g r e a t e r  marg in r a t h e r  than  a l e s s e r  margin. 
r e a l i s t i c  e s t i m a t e  was n o n - t r i v i a l .  

Over t h e  yea rs ,  many o f  these s c i e n t i s t s  and p h y s i c i a n s  had been i n v o l v e d  i n  

The cha l l enge  o f  making a 

6.  D i f f i c u l t i e s  i n  Making t h e  Assessments 

O f  course, t h e  key d i f f i c u l t y  w i t h  any r e a l i s t i c  assessment o f  t h e  e f f e c t s  o f  
r a d i o l o g i c a l  exposure i s  t h e  p a u c i t y  o f  human data: 
t hose  few u n f o r t u n a t e  c i rcumstances t h a t  arose i n  y e a r s  p a s t  f rom a c c i d e n t s ,  ignorance,  
o r  war, s i t u a t i o n s  t h a t  everyone hopes w i l l  n o t  r e c u r  
even when assess ing  t h e  consequences o f  exposures q u i t e  s i m i l a r  t o  those rep resen ted  by 
t h e  e x i s t i n g  data.  
a c c i d e n t ,  o f  exposures s i m i l a r  t o  those r e c e i v e d  a t  Hi roshima o r  Nagasaki i n  1945, t h e  
human d a t a  a r e  n o t  w h o l l y  adequate t o  t h e  task .  
those rep resen ted  by t h e  data,  problems a r e  a l l  t h e  more d i f f i c u l t .  Fo r  example, 
v a r i a t i o n s  across demographic s e c t o r s  (age, race,  sex, p r i o r  d i s a b i l i t y ,  p l a c e  o f  
res idence)  a r e  key issues.  
t h e  dose-response r e l a t i o n s h i p  a t  r e l a t i v e l y  low doses (below about  50 rads ) .  
t h e  d a t a  a t  lower  doses a r e  few and i.nadequate, i t  i s  necessary t o  e s t i m a t e  t h i s  

r e l a t i o n s h i p  u s i n g  d a t a  a t  much h i g h e r  doses, which i s  a ve ry  d i f f i c u l t  t ask .  

t h e  most u s e f u l  d a t a  a r e  f rom 

T h i s  d i f f i c u l t y  i s  i m p o r t a n t  

Thus, even when assess ing t h e  l i k e l y  consequences, f rom a r e a c t o r  

Fo r  exposures q u i t e  d i f f e r e n t  f rom 

Also,  t h e  assessments made i n  RSS r e q u i r e  unders tand ing  o f  
Because 

The p a u c i t y  f o r c e s  c o n s i d e r a t i o n  o f  o t h e r  c lasses  o f  data:  
and d a t a  i n  v i t r o  on human and animal systems. 
unders tand ing  o f  these d i r e c t l y  u s e f u l  da ta  t o  make p o s s i b l e  t h e  l e a p  t o  human response 
i n  a q u a n t i t a t i v e  and r e l i a b l e  way. 

b o t h  animal d a t a  i n  v i v o ,  
Here t h e  problem i s  t o  d e r i v e  s u f f i c i e n t  
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Another key i s s u e  i s  t h a t  a l l  r a d i a t i o n - i n d u c e d  e f f e c t s  a r e  a l s o  produced by i n s u l t s  
o t h e r  t h a n  r a d i a t i o n :  indeed, some o f  them may be m u l t i - f a c t o r i a l  i n  o r i g i n ,  r e q u i r i n g  
more than  one k i n d  o f  i n s u l t  t o  produce t h e  e f f e c t .  (Occas iona l l y ,  m u l t i p l e  f a c t o r s  
may a f f o r d  p r o t e c t i o n  t o o ! )  
e t i o l o g y ,  damage es t ima tes  a r e  a lmost  always based upon combining e m p i r i c a l  observa- 
t i o n s  w i t h  l i m i t e d  p h y s i o l o g i c a l  understanding.  

S ince a lmos t  none o f  t h e  e f f e c t s  has a we l l -unders tood  

E q u a l l y  p r o b l e m a t i c a l  i s  t h e  f a c t  t h a t  t h e  doses which m i g h t  induce cancers a f t e r  a 
p o s t u l a t e d  r e a c t o r  a c c i d e n t  i n c l u d e  some which a r e  d e l i v e r e d  ove r  a p r o t r a c t e d  p e r i o d  
o f  many yea rs ;  t h i s  p r o t r a c t i o n  may have an i m p o r t a n t  e f f e c t  on t h e  response, e s p e c i a l l y  
f o r  cancer  i n d u c t i o n ,  b u t  t h e  exac t  n a t u r e  o f  t h a t  response i s  n o t  known. 

C. The Key Q u e s t i o n  

The main q u e s t i o n  t o  be addressed i s :  How w e l l  d i d  t h e  RSS team succeed? How w e l l  d i d  
t h e  RSS es t ima tes  r e p r e s e n t  t h e  consensus o f  t h e  community o f  exper t s?  
t a i n t i e s  encompass t h e  spectrum o f  genu ine ly  r e s p e c t a b l e  d i f f e r e n c e s  o f  o p i n i o n ?  

D i d  t h e  uncer- 

D. Methodology Used i n  RSS 

The methodology used was d i f f e r e n t  f o r  t h e  t h r e e  main t ypes  o f  end-point :  acu te  h i g h  
exposures l e a d i n g  t o  dea th  o r  severe d i s a b i l i t y ;  d isease,  m a i n l y  cancer and t y p i c a l l y  
i n v o l v i n g  a l o n g  l a t e n c y  p e r i o d ,  f rom lower  G r  c h r o n i c  exposures; and g e n e t i c  e f f e c t s  
t h a t  produce d isease o r  m a l f u n c t i o n  i n  subsequent genera t i ons .  

1. The Acute L e t h a l  Dose I ssue  (LD-50/60) 

The RSS a n a l y s i s  o f  e a r l y  m o r t a l i t y  f rom h i g h  acu te  r a d i a t i o n  doses i s  based 
m a i n l y  on bone marrow i n j u r y .  
m o r t a l i t y  da ta  themselves b u t  a l s o  t h e  a v a i l a b i l i t y  and a p p l i c a t i o n  o f  medica l  
t h e r a p e u t i c  i n t e r v e n t i o n .  Th is  i n t e r v e n t i o n  would, i f  a p p l i e d ,  a l l o w  l a r g e  numbers 
o f  a c u t e l y  exposed persons t o  s u r v i v e  and recove r  f rom these h i g h  doses f o l l o w i n g  
a c a l c u l a t e d  acc iden t .  

The a n a l y s i s  takes i n t o  account n o t  o n l y  t h e  d i r e c t  

B a s i c a l l y ,  t h e  RSS a n a l y s i s  r e l i e s  upon t h r e e  d i f f e r e n t  response f u n c t i o n s  f o r  
m o r t a l i t y  w i t h i n  60 days: one response f u n c t i o n  f o r  cases w i t h  l i t t l e  o r  o n l y  
min imal  t rea tmen t ;  one f o r  cases w i t h  c a r e f u l  s u p p o r t i v e  t rea tmen t ;  and one f o r  
cases w i t h  " h e r o i c "  t rea tmen t ,  i n v o l v i n g  bone marrow t r a n s p l a n t s  and so on. I t  
was t h e  judgment o f  t h e  RSS team t h a t ,  i n  t h e  event  o f  a se r ious  a c c i d e n t ,  medica l  
resources throughout  t h e  n a t i o n  woulo be m o b i l i z e d  t o  t r e a t  t h e  exposed i n d i -  
v i d u a l s ,  and t h a t  t h e  m idd le  response f u n c t i o n  ( c a r e f u l  suppor t i ve  t r e a t m e n t )  
would be t h e  a p p r o p r i a t e  one t o  use. 
t o  c a r r y  o u t  such i n t e r v e n t i o n  n o t  o n l y  has n o t  been demonstrated, b u t  i s n ' t  even 
w e l l  p lanned a t  t h i s  t ime.  - 

T h i s  seems t o  us l i k e l y ,  a l t hough  t h e  a b i l i t y  
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The i ssue  i s  u s u a l l y  c a s t  i n  terms o f  t h e  "LD-50/60" concept. 
d e f i n e d  as t h a t  l e t h a l  dose which r e s u l t s  i n  t h e  dea th  o f  50% o f  t h e  exposed 
p o p u l a t i o n  h i t h i n  60 days. 
i n  RSS i s  340 rads (m in ima l ) ,  51@ rads ( s u p p o r t i v e ) .  and 1050 rads ( h e r o i c ) .  
LO-50/60 i s .  o f  course,  o n l y  one da ta  p o i n t  on a complete response f u n c t i o n .  
f u n c t i o n  i s  shown i n  RSS i n  t h e  f i g u r e  i n  Appendix V I  on p. F-37, and covers t h e  
f u l l  range o f  response. 

The LD-50/60 i s  

For  t h e  t.hree c lasses  o f  t rea tmen t ,  t h e  LO-50/60 used 
The 
T h i s  

One key problem i s  t h e  p o s s i b l e  i n a p p l i c a b i l i t y  o f  t h e  da ta  t h a t  were used. 
example, i f  a hutan i s  exposed n o t  o n l y  t o  bone marrow dose f rom i n h a l a t i o n  and 
i n g e s t i o n ,  b u t  a l s o  t o  e x t e r n a l  r a d i a t i o n ,  t hen  t h e  LD-50/60 m igh t  be s i g n i f i c a n t l y  
lower .  There a r e  animal d a t a  t o  suppor t  some LD-50/60 r e d u c t i o n ,  and thus a 
co r respond ing  i nc rease  i n  t h e  f a t a l i t i e s  f rom any exposure p r o f i l e .  
e f f e c t  would be a c o u n t e r p o i n t  t o  t h e  b e n e f i t  o f  t h e r a p e u t i c  i n t e r v e n t i o n .  

For 

Th is  t y p e  o f  

The d a t a  a v a i l a b l e  t o  suppor t  t h e  RSS a n a l y s i s  a r e  weak, and t h i s  i s  w i d e l y  
recognized i n  t h e  medical community. 
o p i n i o n  about  what LD-50/60 t o  use. 
t i o n  o f  a v a i l a b l e  d a t a  and t h e  judgment o f  exper ienced p h y s i c i a n s .  

Among t h e  e x p e r t s ,  t h e r e  i s  a wide range o f  
The RSS team appears t o  have used a combina- 

I t  appears t o  us, based upon conversa t i ons  w i t h  members o f  t h e  e x p e r t  community, 
t h a t  t h e  LD-50/60 va lue  o f  510 rads  used i n  RSS f o r  t h e  case o f  s u p p o r t i v e  medica l  
t rea tmen t  i s  as reasonable an e s t i m a t e  a s  any o t h e r .  However, t h e r e  seems t o  be a 
ve ry  wide range o f  u n c e r t a i n t y  i n  o p i n i o n ,  w i t h  va lues  c i t e d  i n  t h e  range f rom 
perhaps 400 t o  600 rads.  

The use o f  t h e  response f u n c t i o n  f o r  o n l y  minimal i n t e r v e n t i o n  (LD-50/60 = 340 rads )  
would r e s u l t  i n  app rox ima te l y  t h r e e  t imes  as many f a t a l i t i e s .  
400 t o  600 rads, which we f e e l  encompasses t h e  reasonably  l i k e l y  spectrum o f  
s c h o l a r l y  o p i n i o n  f o r  s u p p o r t i v e  i n t e r v e n t i o n ,  i m p l i e s  d i f f e r e n c e s  i n  f a t a l i t i e s  
o f  about  a f a c t o r  o f  2 i nc rease  ( f o r  400 rads )  o r  2 decrease ( f o r  600 rads) .  

Thus t h e  range o f  

2. Disease (Ma in l y  Cancer) From Doses Below Acute L e t h a l  Dose 

The s t a r t i n g  p o i n t  f o r  t h e  RSS assessment seems t o  have been t h e  conc lus ions  o f  
t h e  B E I R  Repor t ,  p u b l i s h e d  by t h e  N a t i o n a l  Academy o f  Sciences i n  1972. A t  t h e  
t i m e  o f  t h e  RSS s tudy ,  t h i s  well-known e f f o r t  was t h e  l a t e s t  comprehensive 
examinat ion o f  t h e  e f f e c t s  o f  i o n i z i n g  r a d i a t i o n ,  c o n t a i n i n g  thorough examinat ion 
o f  e s s e n t i a l l y  a l l  o f  t h e  then -ex tan t  data. 

The RSS team d i d  n o t  s top  w i th  t h e  BEIR Repor t  and i t s  conc lus ions ,  however. 
was a d i f f e r e n t  group f rom t h e  B E I R  Committee, and i t  made some d i f f e r e n t  judgments. 

I t  
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a. R e l a t i v e  o r  Abso lu te  R i s k  

There i s  a n o r m a l l y  e x i s t i n g  cancer r a t e ,  r e s u l t i n g  f rom b o t h  n a t u r a l  and 
man-made envi ronmenta l  causes. Reactor-acc ident- induced cancers would be an 
increment  t o  t h i s  e x i s t i n g  r a t e ,  and a q u e s t i o n  g e n e r a t i n g  some con t rove rsy  
i s  whether o r  n o t  t h e  amount o f  increment  i s  a f u n c t i o n  o f  t h e  e x i s t i n g  r a t e .  

Two s imp le  models e x i s t :  
t o  be an increment  independent o f  t h e  e x i s t i n g  r a t e ;  i n  t h e  o t h e r ,  i t  i s  
taken  as a m u l t i p l e  o f  t h e  e x i s t i n g  r a t e .  
and r e l a t i v e - r i s k  models, r e s p e c t i v e l y .  S ince t h e  e x i s t i n g  r a t e  v a r i e s  w i t h ,  
among o t h e r  t h i n g s ,  age, t h e  t o t a l  number o f  acc iden t - i nduced  cancers over  a 
g i v e n  p e r i o d  w i l l  be g r e a t e r  i n  t h e  r e l a t i v e  than  i n  t h e  abso lu te  r i s k  model. 
The RSS analyses used t h e  a b s o l u t e - r i s k  model, and t h e r e f o r e ,  t h e  es t ima te  o f  
l a t e n t  cancer f a t a l i t i e s  f rom a r e a c t o r  a c c i d e n t  has been c r i t i c i z e d  by some 
as an underest imate.  

i n  one, t h e  r a d i a t i o n - i n d u c e d  cancer r a t e  i s  s a i d  

These a r e  known as t h e  a b s o l u t e - r i s k  

The i s s u e  o f  t h e  " p l a t e a u  p e r i o d "  ( t h a t  p e r i o d  a f t e r  exposure d u r i n g  which 
cancer  i nc idence  con t inues  t o  show an excess ove r  nonradiogenic  r a t e s )  i s  
t i e d  i n  w i t h  t h e  relative-risk/absolute-risk i ssue.  I n  p a r t i c u l a r ,  t h e  
i nc idence  o f  a lmos t  a l l  n o n r i d i o g e n i c  cancers i s  w i d e l y  known t o  i nc rease  
d r a m a t i c a l l y  w i t h  i n c r e a s i n g  age. Thus, a r e l a t i v e - r i s k  model w i t h  a p l a t e a u  
p e r i o d  ex tend ing  th roughou t  l i f e  would p r e d i c t  t h a t  t h e  r a d i a t i o n - i n d u c e d  
cancer  i nc idence  would a l s o  i nc rease  w i t h  age, w h i l e  an a b s o l u t e - r i s k  model 
w i t h  a f i n i t e  p l a t e a u  p e r i o d  (say, 30 yea rs )  would p r e d i c t  t h a t  t h e  rec l iogonic  
cancer i nc idence  would f a l l  o f f  a f t e r  t h e  end o f  t h e  p l a t e a u  p e r i o d .  

I t  i s  n o t  y e t  p o s s i b l e ,  e i t h e r  on t h e  b a s i s  o f  ou r  e x i s t i n g  unders tand ing  o f  
t h e  p h y s i o l o g i c a l  systems a f f e c t e d  by r a d i a t i o n  o r  on t h e  b a s i s  o f  e m p i r i c a l  
da ta ,  t o  make a c l e a r  cho ice  between t h e  two models, o r  more g e n i r a l l y  ( s i n c e  
p robab ly  n e i t h e r  model i s  i n  f a c t  u n i v e r s a l l y  c o r r e c t )  t o  dec ide what t h e  

, f u n c t i o n a l  r e l a t i o n s h i p  between e x i s t i n g  and induced cancer  r a t e s  r e a l l y  i s .  
One d i f f i c u l t y  i s  t h a t  t h e  r e l a t i o n s h i p  a p p a r e n t l y  depends upon t h e  k i n d  o f  
cancer  i n  ques t i on .  

Th is  i s  one i s s u e  f o r  which t h e  e x i s t i n g  nonhuman d a t a  a r e  o f  l i t t l e  use. 
A lso,  t h e  human da ta  a r e  s t i l l  inadequate. The human da ta  upon which t h e  
es t ima tes  r e s t  a r e  m a i n l y  f o r  exposures (such as o f  t h e  atomic bomb v i c t i m s  
and t h e  uranium miners)  seve ra l  decades ago, b u t  f o r  which t h e  s tudy  
p o p u l a t i o n s  a r e  s t i l l  m o s t l y  a l i v e .  Fal low-up o f  these cases th rough  t h e i r  
f u l l  l i f e  spans w i l l  u l t i m a t e l y  a l l o w  b e t t e r  understanding o f  t h i s  issue.  I t  
appears a t  t h i s  t i m e  t h a t  a t  l e a s t  a few end p o i n t s  ( f o r  example, leukemia and 
p o s s i b l y  bone cancer)  show some f a l l - o f f  a f t e r  perhaps a 30-year p l a t e a u  
p e r i o d ;  f o r  these,  t h e  a b s o l u t e - r i s k  model would be a p p r o p r i a t e .  On t h e  
o t h e r  hand, f o r  many o t h e r s  t h e  recer l t  human e p i d e m i o l o g i c a l  da ta  show no 
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such f a l l - o f f ;  indeed, t h e  i nc idence  seems t o  c o n t i n u e  w i t h  age, and perhaps 
t o  i nc rease  w i t h  o l d e r  age s i m i l a r l y  t o  t h e  i nc idence  o f  nonradiogenic  cancer: 

The RSS a n a l y s i s  used an a b s o l u t e - r i s k  model. 
r i s k  model, t h e  p r e d i c t e d  i nc rease  over  t h e  RSS es t ima tes  would be about  a 
f a c t o r  o f  1 .5  f o r  a 30-year plat.eau p e r i o d  and a f a c t o r  o f  4 f o r  a l i f e t i m e  
a t  r i s k .  
say ing  t h a t  b o t h  t h e  RSS c e n t r a l  e s t i m a t e  and t h e  u n c e r t a i n t y  range a r e  t o o  
l ow  and do n o t  encompass t h e  l i k e l i h o o d  t h a t  t h e  l i f e t i m e - p l a t e a u ,  r e l a t i v e -  

r i s k  model m igh t  u l t i m a t e l y  t u r n  o u t  t o  be c l o s e r  t o  t h e  a c t u a l  da ta  as th ry  

come i n .  I n  ou r  view, t h e  use o f  t h e  a b s o l u t e - r i s k  model i n  RSS w i t h o u t  
t a k i n g  i n t o  account t h e  p o s s i b i l i t y  t h a t  some end p o i n t s  m igh t  be b e t t e r  
desc r ibed  by a r e l a t i v e - r i s k  model, i s  an incomplete d e s c r i p t i o n .  
group as n o n b i o l o g i s t s  has n o t  tieeri a b l e  t o  dec ide t h a t  one approach i s  
b e t t e r  t han  another .  However-, i f  t h e  r e l a t i v e - r i s k  model t u r n s  o u t  t o  be a 
b e t t e r  d e s c r i p t o r  f o r  some o t  t h e  end p o i n t s ,  t hen  t h e  RSS es t ima tes  f o r  
ca rc inogenes is  would have t o  be increased.  

I f  a l l  cancers obeyed a r e l a t i v e -  

Several c r i t i c i s m s  o f  t h e  RSS a n a l y s i s  have focussed on t h i s  p o i n t ,  

Our s tudy  

b. Dose Rate Reduct ion Fac to rs  

A d i s t i n c t i o n  was made between t h e  e f f e c t s  o f  h i g h  doses o f  r a d  
d e l i v e r e d  a t  a h i g h  r a t e ,  on t h e  one hand, and r a d i a t i o n  a t  low 
r a t e  on t h e  o t h e r .  It was recommended i n  WASH-1400 t h a t  i n  mos 

a t i o n  
dose o r  dose 

respec ts  t h e  
c a r c i n o g e n i c  e f f e c t s  be assumed reauced i n  t h e  l a t t e r  case compared t o  t h e  
former . 

I 
The BEIR r e p o r t ,  a l t hough  i t  discussed t h i s  i ssue ,  d i d  n o t  make t h i s  recom- 
mendation. It used a s i n g l e  va lue  o f  cancer  inc idence per  m i l l i o n  man-rem, 

r e g a r d l e s s  o f  dose l e v e l  o r  dose r a t e .  
s t a t e s  t h a t  t h i s  assumption may w e l l  ove res t ima te  t h e  r i s k  when t h e  r a d i a t i o n  

i s  d e l i v e r e d  a t  a v e r y  l ow  r a t e .  
UNSCEAR) have a l s o  s t a t e d  t h e  p o s s i b i l i t y  t h a t  r a d i a t i o n  may be l e s s  
c a r c i n o g e n i c  a t  l ow  doses and low dose r a t e s .  

A t  t h e  same t ime ,  t h e  B E I R  r e p o r t  

Other  r a d i a t i o n  a d v i s o r y  bod ies  (NCRP, 

The a d v i s o r y  group t o  RSS recommended t h a t  f o r  r e a l i s t i c  a n a l y s i s  i t  shou ld  
be assumed t h a t  low-LET r a d i a t i o n  a t  low dose and low dose r a t e  be ass igned a 
dose r e d u c t i o n  f a c t o r .  T h i s  f a c t o r  was recommended t o  be as low as 0 .2  a t  
t h e  l ower  dose r a t e ,  r i s i n g  t o  1.0 f o r  doses above 10 r e d d a y  when t o t a l  
exposure exceeds 25 rem. 
c e n t r a l  e s t i m a t e  o f  i nc idence  o f  most t ypes  o f  cancer ,  w i t h  t h e  n o t a b l e  
e x c e p t i o n  o f  t h e  female b r e a s t ,  where s p e c i f i c  da ta  on i nc idence  o f  b r e a s t  
cancers i n  v i c e  i n d i c a t e  no dose r e d u c t i o n  i n  t h i s  t i s s u e .  

These f a c t o r s  were t o  be a p p l i e d  i n  c a l c u l a t i n g  a 

The RSS i n  f a c t  d i d  use these dose r a t e  f a c t o r s  i n  c a l c u l a t i n g  t h e  c e n t r a l  
es t ima tes  o f  cancer i nc idence .  There were a l s o  c a l c u l a t i o n s  o f  upper l i m i t  



- 22 - 

es t ima tes  which used a dose e f f e c t i v e n e s s  f a c t o r  o f  u n i t y  throughout ,  and 
lower  l i m i t  es t ima tes  which used p u r e l y  q u a d r a t i c  dose e f f e c t i v e n e s s  f a c t o r s  
o f  a form t h a t  seems t o  f i t  b e s t  curves o f  i nc idence  o f  some forms o f  cancer. 

There i s  a fundamental d i f f i c u l t y  i n  o b t a i n i n g  genera l  agreement i n  dose 
e f f e c t i v e n e s s  f a c t o r s .  
a r e  s t i l l  t o o  sparse and t o o  c o n t r a d i c t o r y  t o  p r o v i d e  a b a s i s  i n  themselves 
f o r  these va lues.  As a r e s u l t  o f  t h e  i n d e f i n i t e  c h a r a c t e r  o f  t h e  d a t a  base, 
t h e r e  i s  a spectrum o f  o p i n i o n  among r a d i o b i o l o g i s t s  as t o  t h e  use o f  dose 
r e d u c t i o n  f a c t o r s .  Some r a d i o b i o l o g i s t s  b e l i e v e  i t  p robab le  t h a t  t h e  f a c t o r  
o f  u n i t y  i s  t h e  b e s t  app rox ima t ion  t o  c u r r e n t  understanding.  
r a d i o b i o l o g i s t s  even argue f o r  dose e f f e c t i v e n e s s  f a c t o r s  exceeding u n i t y  a t  
low doses. We have found t h a t  t h e  more common s i t u a t i o n  i s  agreement on t h e  
b a s i s  o f  genera l  r a d i o b i o l o g y  t h a t  dose r e d u c t i o n  f a c t o r s  shou ld  be used, b u t  
l a c k  o f  agreement on va lues and c i rcumstances.  

The da ta  on r a d i a t i o n - i n d u c e d  human ca rc inogenes is  

Some v e r y  few 

c. Conclusions on Carc inogenesis  

It i s  o u r  summary v i e w p o i n t  t h a t  an upper l i m i t  o f  t h e  f u l l  range o f  
u n c e r t a i n t y  on delayed d o s e - e f f e c t  es t ima tes  o f  t h e  o r d e r  o f  a f a c t o r  o f  5,  
b u t  c e r t a i n l y  no more than  a f a c t o r  o f  10, above t h e  RSS va lues would 
encompass most o f  t h e  range o f  s c h o l a r l y  disagreement i n  t h e  b i o l o g i c a l  
community r e l a t i v e  t o  ca rc inogenes is  a t  low dose r a t e s .  

3. Genet ic  E f f e c t s  

For  g e n e t i c  e f f e c t s  i t  i s  necessary t o  use animal and i n  v i t r o  data,  because t h e r e  
a r e  no good g e n e t i c  e f f e c t s  da ta  i n  humans. 
con f idence  i n  t h e  use o f  animal o r  i n  v i t r o  i n f o r m a t i o n  than  i s  t r u e  f o r  somatic 
e f f e c t s ,  b u t  neve r the less ,  t h e  o v e r a l l  conf idence i n  t h e  human r i s k  i s  l e s s  
because o f  t h e  l a c k  o f  d i r e c t  human observa t i ons .  Th is  area i s  s t i l l  i n  a g r e a t  
s t a t e  o f  f l u x ,  w i t h  much research  a c t i v e l y  under way. 
cons ide r  upda t ing  t h e  RSS es t ima tes  o f  g e n e t i c  e f f e c t s ,  and t h e  u n c e r t a i n t i e s ,  
f rom t i m e  t o  t ime .  Never the less,  t h e r e  remains t h e  key problem o f  understanding 
how t o  a l l o w  f o r  f u t u r e  medica l  progress i n  p r e v e n t i o n ,  t he rapy ,  o r  cu re  o f  many 
o f  these diseases: when d i s c u s s i n g  d iseases many genera t i ons  hence, t h i s  f a c t o r  
escapes e s t i m a t i o n  q u i t e  comp le te l y .  

There i s  reason t o  p l a c e  g r e a t e r  

I t  seems t o  us u s e f u l  t o  

4. T h y r o i d  Dose-Ef fect  C o e f f i c i e n t  

The c a l c u l a t i o n s  i n  WASH-1400 used a dose e f f e c t i v e n e s s  r e d u c t i o n  f a c t o r  o f  0 .1 
f o r  iod ine-131 dose r e l a t i v e  t o  X-rays. The documentation c i t e d  i n  suppor t  o f  
t h i s  cho ice  o f  dose r e d u c t i o n  f a c t o r  f o r  humans (A.  M. Safa, e t  a l . )  g i v e s  an 
a l t e r n a t e  i n t e r p r e t a t i o n  f o r  low inc idence  o f  t h y r o i d  nodules, i.?., t h a t  t h y r o i d  
d e s t r u c t i o n  doses occurred.  
f u r t h e r  rev iew  i s  neces5;lry. 

As a r e s u l t  t h i s  f a c t o r  has been ques t i oned  and 

. 

n 



E. Conclus ions and Ovarview 

I n  t h i s  d i s c u s s i o n ,  we have a t tempted  t o  desc r ibe  t h e  c o m p l e x i t y  o f  t h e  i ssues  i n v o l v e d  
i n  e s t i m a t i n g  d isease and m o r t a l i t y  e f t e c t s  f rom r a d i a t i o n  exposure. T h i s  comp lex i t y  
p reven ts  t h e  r a d i o b i o l o g i c a l  community from making p r e c i s e  es t ima tes .  The i ssues  a r e  
d i f f i c u l t ,  and many yea rs  w i l l  pass b e f o r e  we a t t a i n  r e s o l u t i o n ,  even i n  t h e  b e s t  o f  
c i rcumstances.  

Another l i t t l e - d i s c u s s e d  b u t  w i d e l y  understood p o i n t  i s  t h a t  o u r  unders tand ing  o f  t h e  
e f f e c t s  o f  r a d i a t i o n - i n d u c e d  d iseases,  w h i l e  meager and e m p i r i c a l  on t h e  whole, f a r  
exceeds o u r  unders tand ing  o f  a lmost  a l l  o t h e r  comparable d isease e f f e c t s ,  such as those 
f rom chemical  o r  b i o l o g i c a l  agents, under e i t h e r  acu te  o r  c h r o n i c  exposure c o n d i t i o n s .  
The r a d i a t i o n  b i o l o g i s t s  have n o t h i n g  t o  be ashamed o f  i n  t h e i r  a b i l i t y  t o  make t h e  
es t ima tes  o f  r a d i a t i o n  e f f e c t s  found i n  RSS, and i n  t h e  l u x u r y  t h e y  en joy  t o  argue over  
d e t a i l e d  i n t e r p r e t a t i o n  so v i g o r o u s l y  and k i t h  so much and v a r i e d  data. 
p o i n t  underscores t h e  need t o  cons ide r  t h e  e n t i r e  i n j u r y / d i s e a s e  c o n t r o v e r s y  i n  i t s  
l a r g e r  c o n t e x t  o f  env i ronmenta l  impact  r a t h e r  than  i n  t h e  i s o l a t i o n  o f  e f f e c t s  o f  
r a d i a t i o n  a lone.  

T h i s  sober ing  

It i s  i n e v i t a b l e  t h a t  f u r t h e r  work w i l l  be done, and r e v i s i o n s  made, on t h e  RSS es t ima tes .  
There i s  much disagreement about t h e  d e t a i l s  o f  t h e  es t ima tes  made by t h e  RSS team 
charged w i t h  making t h e  d isease and m o r t a l i t y  est imates.  For  example, a l t hough  a l l  
members o f  t h e  RSS team c o n t r i b u t e d  t h e i r  f u l l  and honest e f f o r t s  t o  t h e  t a s k ,  t h e  
spectrum rep resen ted  by t h a t  team was no t  b road  enough t o  encompass t h e  f u l l  range o f  
s c h o l a r l y  o p i n i o n  on t h e  s u b j e c t .  
narrower  range o f  s t a t e d  " u n c e r t a i n t y "  t h a t  would o the rw ise  have been t h e  case. 

T h i s  l e d  t h e  RSS team t o  make es t ima tes  w i t h  a 
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D I S J O I N T  1 l E M S  - 

1. BROWNS FERRY 
Background 

The f i r e  a t  t h e  Browns F e r r y  r e a c t o r  s i t e ,  a TVA BWR a t  Browns F e r r y ,  Alabama, on March 

22, 1975 i s  o f  p a r t i c u l a r  impor tance f o r  a number o f  reasons. 
a c c i d e n t  t o  b e f a l l  a commercial l i g h t  wa te r  r e a c t o r  i n  t h e  U n i t e d  S ta tes ,  i t  produced 
common cause f a i l u r e s  i n  a v a r i e t y  o f  o the rw ise  independent and redundant systems, and 
i t  compromised t h e  r e a c t o r  s a f e t y  systems more than  has ever  occu r red  i n  o t h e r  events .  
D u r i n g  t h e  f i r e  v a r i o u s  means were used t o  make up wa te r  l o s t  by  evapora t i on ,  b u t  a f t e r  
5-1/2 hours t h e  s i t u a t i o n  was a t  i t s  worst.. A t  t h a t  t ime ,  w i t h  c o n t r o l  o f  a l l  e leven  
r e l i e f  va l ves  l o s t ,  t h e  a b i l i t y  t o  m a i n t a i n  t h e  system a t  low p ressu re  was a l s o  l o s t ,  
and t h e  o n l y  source o f  makeup wa te r  was a c o n t r o l  r o d  d r i v e  pump n o t  in tended f o r  t h i s  
purpose and o f  inadequate c a p a c i t y  f o r  t h e  l o n g  term. 
r e p a i r e d  i n  t ime ,  and t h e  r e a c t o r  was s a f e l y  shutdown, b u t  i t  i s  i m p o r t a n t  t o  analyze 
t h e  lessons t h a t  have been lea rned  f rom t h i s  event .  

It was t h e  most se r ious  - 
< 

I n  t h e  endi t h e  va l ves  were 

Was i t  a "near  miss"? 

Th is  te rm has been w i d e l y  used, and one shou ld  be q u i t e  c l e a r  about  i t s  meaning, s i n c e  
it i m p l i e s  t h e  assignment o f  o t h e r  p o s s i b l e  outcomes t o  a sequence o f  events  t h a t  
a c t u a l l y  occurred.  
have h i d  t h e  outcome i t  a c t u a l l y  had s ince  t h a t  i s  h i s t o r y ,  but  i t  i s  p o s s i b l e  t o  do 
a l t e r n a t e  sequencing by sea rch ing  w i t h i n  t h e  a c t u a l  events  f o r  those which may have had 
a n o n - d e t e r m i n i s t i c  component, and s t u d y i n g  t h e  a l t e r n a t e  f u t u r e s  p r o v i d e d  thereby.  
T h i s  i s  n o t  a t r i v i a l  p o i n t ,  i n  t h a t  one ass igns s t a t i s t i c a l  c h a r a c t e r  t o  causal  events  
o n l y  a t  some r i s k ,  and t h e  a n a l y s i s  o f  BrovJns F e r r y  has lent, i t s e l f  t o  t h i s  e r r o r .  

C l e a r l y  t h e  exac t  sequence o f  events  a t  Browns F e r r y  c o u l d  o n l y  

An example w i l l  s u f f i c e .  
ya rds ,  i t  i s  p roper  t o  c a l l  i t  a near miss i n  t h e  sense t h a t  t h e  p laces  on which meteo- 
r i t e s  f a l l  can be expected t o  be randomly chosen by t h e  m e t e o r i t e s ,  so t h a t  i t  i s  
p o s s i b l e  t o  ass ign  a random process t o  t h e  impact p o i n t .  
i n t o  which some people f a l l  i s  t o  i n f e r ,  i n  t h i s  case, t h a t  t h e  occurrence o f  an 
u n l i k e l y  event  makes i t  a p robab le  event. 
second m e t e o r i t e  w i l l  f a l l  near  one, j u s t  because t h e  f i r s t  one d i d . )  On t h e  o t h e r  
hand, hundreds o f  c a r s  t h a t  pass w i t h i n  f i v e  f e e t  o f  o n e ' s  own on a two-way s t r e e t  each 
day do n o t  c o n s t i t u t e  near misses, because t h e i r  t r a j e c t o r i e s  ar! c a u s a l l y  determined 
and i t  would be improper t o  i n t r o d u c e  ranaom v a r i a b l e s  w i t h o u t  some unders tand ing  o f  a 
mechanism f o r  such randomizat ion.  I n  t h i s  case, o f  course,  some c ross  t h e  c e n t e r -  
l i n e  o c c a s i o n a l l y ,  b u t  i t  r e q u i r e s  more knowledge than  s imp ly  t h e  f i v e - f o o t  miss 
d i s t a n c e  t o  determine t h e  frequency o f  such events. 

I f  a m e t e o r i t e  f a l l s  f rom t h e  sky and lands w i t h i n  a hundred 

( I n c i d e n t a l l y ,  another  t r a p  

It i s ,  f o r  example, not more l i k e l y  t h a t  a 
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The reason f o r  these comments i s  t h a t  Appendix X I  o f  WASH-1400 c o n t a i n s  a p r o b a b i l i s t i c  
a n a l y s i s  o f  t h e  Browns F e r r y  even t ,  computed by assuming t h e  i n i t i a t i o n  o f  t h e  f i r e  and 
a s s i g n i n g  r x n - d e t e r m i n i s t i c  v a r i a b l e s  ( i n  ou r  v iew u n c r i t i c a l l y )  t o  a number o f  t h e  key 
parameters o f  t h e  acc iden t .  Fo r  example. seven o f  t h e  e leven  a v a i l a b l e  p ressu re  r e l i e f  
va l ves  f a i l e d  e a r l y  i n  t h e  f i r e ,  and t h e  rema in ing  f o u r  a f t e r  5-1/2 hours. S ince,  as 
was mentioned above, t h e  f a i l u r e  o f  t h e  l a s t  f o u r  posed t h e  most s e r i o u s  t h r e a t  t o  t h e  
r e a c t o r ,  i t  would be i n t e r e s t i n g  t o  know what the  " l i k e l i h o o d "  was o f  t h i s  l a t t e r  
f a i l u r e  hav ing  occu r red  much e a r l i e r  when the  r e a c t o r  was b o i l i n g  o f f  c o o l a n t  a t  a 
g r e a t e r  r a t e .  
law f o r  t h e  f a i l u r e  o f  these l a s t  f o u r  va l ves ,  and u s i n g  as t h e  parameter f o r  t h i s  
exponen t ia l  t h e  observed 5-1/2-hour t i m e  f o r  t h e i r  f a i l u r e .  
these va l ves  f a i l e d  e a r l i e r  t h a n  5-1/2 hours i s  c a l c u l a t e d  t o  be 63%, u s i n g  a model 
which i gno res  t h e  mechanism o f  such f a i l u r e .  
va l ves  f a i l e d  because t h e y  were a c t i v a t e d  pneumat i ca l l y ,  and t h e i r  common accumulator  
s imp ly  r a n  o u t  o f  a i r  d u r i n g  t h e i r  f requer l t  a c t i v a t i o n  t o  m a i n t a i n  t h e  d e p r e s s u r i z a t i o n  
d u r i n g  t h e  p rev ious  p e r i o d .  C l e a r l y ,  i n  such a case, t h e  mechanism i s  causa l ,  and a 
b l i n d  p r o b a b i l i s t i c  c a l c u l a t i o n  i s  i n c o r r e c t .  
model can be used t o  show t h a t  an automobi le  which has been observed t o  g e t  250 m i l e s  
on a f u l l  t a n k  o f  gas has a 15% p r o b a b i l i t y  o f  g e t t i n g  500 t h e  nex t  t a n k f u l . )  

T h i s  was c a l c u l a t e d  i n  WASb-1400 by assuming an exponen t ia l  p robdb i  l i t ,  

Thus t h e  p r o b a b i l i t y  t h a t  

I n  a c t u a l  f a c t ,  these l a s t  f o u r  r e l i e f  

(The same argument u s i n g  an exponen t ia l  

S i m i l a r  comments can be made about  p r o b a b i l i s t i c  c a l c u l a t i o n s  o f  r e p a i r  t imes ,  w i t h o u t  
r e f e r e n c e  t o  u n d e r l y i n g  models, e t c .  Fo r  t h i s  reason, we b e l i e v e  t h a t  t h e  q u e s t i o n  o f  
whether t h e  Browns F e r r y  i n c i d e n t  was a "near miss" depends upon t h e  e x t e n t  t o  which 
one can i n  f a c t  i d e n t i f y  random elements i n  t h e  sequence o f  events  t h a t  a c t u a l l y  occu r red  
These a r e  few, and n o t  dominant. 
o f  whether  t h e  p r o b a b i l i t y  o f  co re  m e l t  a t  Browns F e r r y ,  g i v e n  t h e  i n i t i a t i n g  even t ,  
c a l c u l a t e d  i n  Appendix X I  o f  t k e  RSS (1/3GO) i s  more o r  l e s s  c o r r e c t  t han  va lues  produced 
by a l t e r n a t i v e  c a l c u l a t i o n s  o f  o t h e r  people.  
l e a r n e d  f rom Browns F e r r y ,  a v e r y  s e r i o u s  a c c i d e n t .  

We, t h e r e f o r e ,  p r e f e r  n o t  t o  comment upon t h e  q u e s t i o n  

We would r a t h e r  ask what lessons can be 

Was i t  P r e d i c t e d  by  RSS? 

Though t h i s  i s  n o t  an e n t i r e l y  u s e f u l  ques t i on ,  t h e  answer i s  no, i n  t h a t  f i r e  does n o t  
emerge f rom a r e a d i n g  o f  WASH-1400 as an i m p o r t a n t  a c c i d e n t  i n i t i a t o r .  

There i s  a p o i n t  wh ich  i s  n o t  wide ' ly  understood by  t h e  p u b l i c ,  and r e q u i r e s  some d i scuss io r i  
When a g r e a t  many r a r e  events  each have a smal l  p r o b a b i l i t y  o f  occurrence,  t h e  chance 
t h a t  a t  l e a s t  one o f  them w i l l  occu r  can b e  r a t h e r  h igh .  
t h a t  some even t ,  which has ex t reme ly  l ow  p r o b a b i l i t y ,  has occurred,  so t h a t  t h e r e  has 
been magic somewhere. T h i s  i s  e s p e c i a l l y  t r u e  i f  t h e  event  has some unusual i n t e r e s t .  
Fo r  example, i n  t h e  game o f  b r i d g e ,  a l l  hands a r e  e q u a l l y  p robab le  i n  an honest  game, 
and t h e r e  a r e  i n  f a c t  6.35 x 1 0 l 1  p o s s i b l e  hands. 
spades w i l l  f i n d  h i m s e l f  t h e  s u b j e c t  o f  a newspaper s t o r y ,  even though t h e  even t  could 
have been e n t i r e l y  f o r t u i t o u s .  
causal  and s t a t i s t i c a l  f a c t o r s  i n  t h e  development o f  t h e  Browns F e r r y  f i r e  t o  

One o f t e n  f i n d s  people say ing  

Even so, a person b e i n g  d e a l t  13 

We do n o t  know enough about  t h e  r e l a t i v e  r o l e s  o f  
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comment upon whether t h i s  d i s c u s s i o n  i s  r e l e v a n t ,  and t h i s  i s  i n  any case l a r g e l y  a 
m a t t e r  o f  pe rcep t ion .  
by  RSS, we b e l i e v e  t h a t  i t  has emphasized t h e  impor tance o f  common cause i n i t i a t o r s  
such as f i r e s ,  ear thquakes,  e t c .  Such i n i t i a t o r s  w i l l  be d iscussed i n  t h e  n e x t  sec t i on .  

However, whether o r  n o t  t h e  f i r e  was o r  shou ld  have been p r e d i c t e d  

Human Behavior  

T h i s  a c c i d e n t  was i n i t i a t e d  by human e r r o r ,  t hus  emphasizing t h e  impor tance o f  human 
i n i t i a t o r s .  On t h e  o t h e r  hand, a f t e r  i t  was under way, t h e  people p r e s e n t  a t  Browns 
F e r r y  behaved w e l l  under t r y i n g  c i rcumstances,  improv i sed  where necessary, and p r o v i d e d  
t h a t  element o f  causal human i n t e r v e n t i o n  upon which we a r e  o f t e n  dependent. 
were mistakes which a r e  i d e n t i f i a b l e  i n  r e t r o s p e c t ,  such as f a i l u r e  t o  use wa te r  on t h e  
f i r e  i n  t h e  e a r l y  s tages,  b u t  o v e r a l l  i t  was human i n t e r v e n t i o n  which saved t h e  r e a c t o r .  
T h i s  i s  an i m p o r t a n t  p o i n t ,  as we w i l l  d i scuss  i n  ou r  s e c t i o n  on human f a c t o r s ,  i n  t h a t  
a s u b s t a n t i a l  element o f  conservat ism i n  t h e  body o f  WASH-1400 ( o t h e r  than  i n  t h e  
a n a l y s i s  o f  Browns F e r r y )  l i e s  i n  f a i l i n g  t o  t a k e  c r e d i t  f o r  t h e  f a c t  t h a t  w e l l - t r a i n e d  
humans p r o v i d e  adap t i ve  coping c a p a b i l i t y .  It i s  p robab ly  n o t  p o s s i b l e  t o  quan t i f y  

t h i s  f a c t ,  bu t  i t  i s  g r a t i f y i n g  t h a t  i t  i s  t h e r e .  

There 

Q u a l i t y  Assurance 

There were s e r i o u s  f a i l u r e s  o f  q u a l i t y  assurance a t  Browns F e r r y ,  which c o n t r i b u t e d  i n  
a s u b s t a n t i a l  way t o  t h e  ser iousness o f  t h e  acc iden t .  Among these  were v i o l a t i o n s  o f  
cab le  s e p a r a t i o n  requi rements whose f u n c t i o n  i s  t o  p r e v e n t  t h e  f a i l u r e  o f  redundant 
s a f e t y  systems by  f i r e s  i n  a s i n g l e  cab le  t r a y .  T h i s  r a i s e s  a v e r y  s e r i o u s  q u e s t i o n  o f  
t h e  e x t e n t  t o  which we can be c o n f i d e n t  t h a t  t h e  a c t u a l  c o n s t r u c t i o n  and m a t e r i a l s  i n  a 
r e a c t o r  conform t o  t h e  des ign  s p e c i f i c a t i o n s .  
i f  a l o n g  a c c i d e n t - f r e e  p e r i o d  r e s u l t s  i n  an i n c r e a s i n g  l e v e l  o f  complacency. 

T h i s  problem migh t  become more s e r i o u s  

Conclus ion 

I n  summary we f e e l  t h a t  t h e  Browns F e r r y  f i r e  was a v e r y  i m p o r t a n t  event  i n  t h e  h i s t o r y  
o f  commercial n u c l e a r  power i n  t h i s  c o u n t r y ,  which shou ld  be m i l k e d  f o r  a l l  t h e  lessons 
which i t  can p rov ide .  Too much o f  t h e  d i s c u s s i o n  has cen te red  around p r o v i n g ,  o f t e n  by 
dubious means, t h a t  i t  was o r  was n o t  a near miss,  and t o  p l a c i n g  t h e  blame. 
l i t t l e  t i m e  and energy have been expenaed i n  u s i n g  t h e  event  t o  h e l p  q u a n t i f y  some o f  
t h e  i n p u t s  t o  a r e a c t o r  s a f e t y  a n a l y s i s  which a r e  most d i f f i c u l t  t o  q u a n t i f y :  q u a l i t y  
assurance, human behav io r ,  common cause f a i l u r e ,  e t c .  It i s  even now n o t  t o o  l a t e  f o r  
t h e  NRC t o  have some i m p a r t i a l  body do these t h i n g s .  

Too 
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2. COMMON CAUSE FAILURES 

Much has been s a i d  and w r i t t e n  about t h e  ques t i on  o f  whether common cause f a i l u r e s ,  
which can b r i d g e  even t - t rees  and cause simultaneous u n c o r r e l a t e d  breakdown i n  d i f f e r e n t  
systems, can be o r  have been p r o p e r l y  accounted f o r  i n  RSS.  
regarded as so i m p o r t a n t  by RSS t h a t  some t h i r t y  pages o f  Appendix X I  on t h e  s u b j e c t  
a r e  l i f t e d  ve rba t im  from t h e  corresponding t h i r t y  pages i n  t h e  Main Repor t ,  w i t h o u t  
a t t r i b u t i o n .  Appendix I V  t h e n  r e f e r s  us t o  b o t h  t h e  Main Repor t  and t o  Appendix X I  

w i t h o u t  warn ing us t h a t  t hey  a r e  i d e n t i c a l . )  To understand t h e  impor tance o f  common 
cause f a i l u r e s ,  i t  i s  i m p o r t a n t  t o  rev iew  t h e  p h i l o s o p h i e s  o f  "defense- in-depth"  and 
redundancy. 

( Indeed,  t h e  i s s u e  i s  

I f  an a c c i d e n t  r e q u i r e s  t h e  conca tena t ion  o f  (say)  t h r e e  separate and independent 
events ,  each o f  which has a p r o b a b i l i t y  o f  occurrence o f  one i n  a hundred, t h e  o v e r a l l  
p r o b a b i l i t y  o f  t h e  a c c i d e n t  i s  c l e a r l y  t h e  p roduc t ,  which i s  I n  t h a t  even t ,  t h e  
subevents occu r  o f t e n  enough t o  be s t u d i e d  s t a t i s t i c a l l y  and q u a n t i f i e d .  
t h i s  h y p o t h e t i c a l  example, t h e r e  w i l l  be some 10,000 occurrences o f  t h e  f i r s t  two 
events  i n  t h e  sequence b e f o r e  t h e r e  i s  even a 1% p r o b a b i l i t y  o f  t h e  f i n a l  a c c i d e n t ,  so 

t h a t  t h e  p o t e n t i a l  f o r  l e a r n i n g  by exper ience i s  g r e a t .  

F u r t h e r ,  i n  

On t h e  o t h e r  hand, t h e  common cause f a i l u r e  may i n v a l i d a t e  some o f  t h e  s e q u e n t i a l  
f e a t u r e s  o f  an e v e n t - t r e e ,  w h i l e  a t  t h e  same t ime  caus ing  f a i l u r e s  on a d j a c e n t  and 
a p p a r e n t l y  d i s p a r a t e  even t - t rees .  * 

It i s  argued i n  RSS t h a t  common cause f a i l u r e s  cannot  and ought  n o t  t o  be t r e a t e d  as 

i tems i n  themselves, b u t  shou ld  be taken  i n t o  account  th roughou t  t h e  a n a l y s i s ,  i n  t h a t  
t h e  p r o b a b i l i t y  o f  component f a i l u r e s  must. be understood i n  eve ry  case t o  be i n  p a r t  
independent and i n  p a r t  commonly caused. 
i s  done ( th rough  a s o - c a l l e d  bounding approach) b u t  o n l y  f o r  those e v e n t - t r e e s  which 
have been s e l e c t e d  f o r  o t h e r  reasons. 
completeness o f  t h e  r e p o r t  i n  connec t ion  w i t h  common cause f a i l u r e s .  

There a r e  p laces  i n  t h e  r e p o r t  i n  which t h i s  

We a r e  unconvinced by t h e  arguments f o r  

S ince  t h e  case f o r  completeness cannot  be made c o n v i n c i n g l y ,  one must l o o k  elsewhere t o  
q u a n t i f y  one ' s  con f idence  i n  t h e  s a f e t y  o f  r e a c t o r s  a g a i n s t  common cause f a i  1 ures. 

%It has been argued t h a t  a common cause f a i l u r e  can o n l y  l e a d  t o  c o r e  m e l t  i f  i t  
appears upon one o f  t h e  e v e n t - t r e e s  which i n  turn leads t o  c o r e  m e l t ,  and t h a t ,  i n  
t h a t  sense, t h e  i n v e n t i o n  o f  new sequences ( t h e  s o - c a l l e d  "what i f ' s ' ' )  i s  i r r e l e v a n t .  
O f  course t h i s  i s  t r u e ,  b u t  RSS does n o t  deal  w i t h  a l l  even t - t rees ,  b u t  o n l y  those  
wh ich  b y  normal a n a l y s i s  have a p p r e c i a b l e  p r o b a b i l i r o f  l e a d i n g  t o  co re  m e l t .  
p o t e n t i a l  f o r  a common cause f a i l u r e  t o  a c t i v a t e  e v e n t - t r e e s  which would o the rw ise  
n o t  pass th rough  t h e  f i l t e r  a f f o r d e d  by  RSS cannot  be so e a s i l y  d iscounted.  

The 
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T h i s  i s  he lped by a somewhat sharper  d e l i n e a t i o n ,  s i n c e  common cause can do seve ra l  
t h i n g s  - i t  can form p a r t  o f  t h e  f a i l u r e  r a t e  p r o b a b i l i t y  o f  i n d i v i d u a l  components, 
i t  can compromise redundancy and defense- in-depth,  and i t  can a c t i v a t e  low p r o b a b i l i t ,  
a c c i d e n t  sequences t h a t  would o the rw ise  be over looked.  
s o p h i s t i c a t e d  arguments about  t h e  e x t e n t  t o  which such e f f e c t s  can be ca tegor i zed ,  
and i t  i s  indeed p o s s i b l e  t o  some u n q u a n t i f i a b l e  e x t e n t ,  and i t  i s  o f  course t r u e  
t h a t  even f o r  common cause f a i l u r e s  a l l  t h e  normal defenses o f  d i v e r s i t y  and 
redundancy a r e  a t  l e a s t  t o  some e x t e n t  a c t i v e ,  we b e l i e v e  t h a t  t h e  p r i n c i p a l  
assurance a g a i n s t  common cause f a i l u r e s  must l i e  i n  d e a l i n g  w i t h  t h e  i n i t i a t i n g  
events .  These a re ,  f o r  t h e  most p a r t ,  known, and a r e  denumerable. Among these 
are:  

Though t h e r e  a r e  many 

1. F i r e  
2. Earthquakes 
3. Acts  o f  v i o l e n c e  
4. Explos ions and m i s s i l e s ,  i n t e r n a l  and e x t e r n a l  
5.  Massive e l e c t r i c a l  f a i l u r e  
6. Human e r r o r  
7. F loods,  tsunamis 
8. Tornadoes, h u r r i c a n e s  

I f  an adequate defense i s  mounted a g a i n s t  these i n i t i a t i n g  even ts ,  and 

an a n a l y s i s  can be per formed t h a t  boiinds them s u i t a b l y ,  much o f  t h e  p h i l o s o p h i c a l  
d i s c u s s i o n  o f  t h e  adequacy o f  t h e  t rea tmen t  o f  common cause f a i l u r e  becomes i r r e l e v a n t .  
I n  t h a t  event  t h e  p r o t e c t i o n  a g a i n s t  common cause f a i l u r e s  would l i e  i n  e f f o r t s  t o  
p r e v e n t  o r  cope w i t h  t h e  i n i t i a t o r s ,  w h i l e  s a f e t y  w i t h  r e s p e c t  t o  normal a c c i d e n t  

sequences would l i e  i n  redundancy, defense- in-depth,  and me t i cu lous  eng ineer ing ,  
c o n s t r u c t i o n ,  and q u a l i t y  assurance. 



3. HUMAN FACTORS 

The r o l e  o f  human 
f a u l t - t r e e s  i n  t h e  
numer ica l  va lues  o 

n t e r v e n t i o n  i s  s i g n i f i c a n t ,  i n  many o f  t h e  i m p o r t a n t  e v e n t - t r e e s  and 
RSS. The o v e r a l l  RSS r i s k  assessment depends s i g n i f i c a n t l y  upon t h e  

c e r t a i n  human-error r a t e s ;  a l s o ,  t h e  r o l e  o f  ope ra to rs  and o t h e r s  
i n  m i t i g a t i n g  t h e  consequences o f  equipmeiit f a i l u r e s  shou ld  be impor tan t .  

Fo r  t h i s  reason, we have at tempted t o  rev iew  t h e  way the’human f a c t o r  was i n c o r p o r a t e d  
i n t o  t h e  R S S ,  and t o  examine t h e  methodologica l  approach more g e n e r a l l y .  As an opening 
comment, o u r  Group has been s u r p r i s e d  a t  t h e  p a u c i t y  o f  peer  comment on t h i s  aspect o f  
t h e  RSS, c o n s i d e r i n g  i t s  c e n t r a l  r o l e  i n  t h e  o v e r a l l  r i s k  assessment. We must a l s o  
i n d i c a t e  t h a t  none o f  o u r  Review Group’s  members possess p r o f e s s i o n a l  e x p e r t i s e  i n  t h i s  
area: ou r  rev iew  has, t h e r e f o r e ,  r e l i e d  h e a v i l y  upon t h e  adv i ce  and comments o f  o t h e r s .  
F i n a l l y ,  a l t h o u g h  t h i s  s e c t i o n  as wr i t t .en emphasizes t h e  RSS a n a l y s i s  o f  t h e  human r o l e  
i n  a c c i d e n t s ,  we f e e l  i t  i m p o r t a n t  t o  no te  here our  genera l  h i g h  r e g a r d  f o r  t he  q u a l i t y  
o f  power r e a c t o r  ope ra to rs  and o t h e r  s t a f f .  

The human f a c t o r  e n t e r s  t h e  RSS a n a l y s i s  i n  seve ra l  d i f f e r e n t  ways: 

1. I n  t h e  course o f  an a c c i d e n t  sequence, a human can opera te  c e r t a i n  s a f e t y  
equipment t o  a s s i s t  i n  p r e v e n t i i i g  an a c c i d e n t  f rom deve lop ing  f u l l y .  
can be by o p e r a t i n g  equipment, e i t h e r  acco rd ing  t o  p r e v i o u s l y  developed 
procedures,  o r  acco rd ing  t o  improv i sed  procedures as necessary. 

Th is  

2. An o p e r a t o r  o r  other-  employee, a t t e m p t i n g  t o  f o l l o w  normal procedures d u r i n g  
t h e . c o u r s e  o f  an i n c i d e n t ,  can make a m is take  t h a t  aggravates t h 2  s i t u a t i o n .  

3. An a c c i d e n t  can be i n i , t i a t e d  by an e r r o r  on t h e  p a r t  o f  a p l a n t  employee. 

.. 
4. A p l a n t  employee ( o p e r a t o r ,  maintenance crew, e t c . )  can i n a d v e r t e n t l y  d i s a b l e  

equipment d u r i n g  normal o p e r a t i o n  o r  when t h e  p l a n t  i s  down (say,  f o r  c a l i -  
compromised i f  b r a t i o n  o r  maintenance purposes), s o  t h a t  i t s  a v a i l a b i l i t y  i s  

an a c c i d e n t  occurs.  

The RSS e v e n t - t r e e / f a u l t - t r e e  methddology takes  human i n t e r v e n t i o n  i n t o  
e x p l i c i t l y , ’ a l t h o u g h  i t  can o n l y  do so i n s o f a r  as i t s  l e v e l  o f  d e t a i l  a 
d i f f i c u l t i e s  t h a t  o u r  Group p e r c e i v e s  i n  t h i s  aspec t  o f  t h e  RSS a r e  as 

account 
lows. The 
o l l o w s :  

1. The human performance d a t a  base i s  weak i n  many aspects .  T h i s  i s  p a r t l y  due 
t o  i n s u f f i L i e n t  r e a c t o r - r e l e v a n t  exper ience,  p a r t l y  due t o  inadequate d a t a  
c o l l e c t i o n ,  and p a r t l y  because t h e r e  has n o t  been a s t r o n g  m o t i v a t i o n  t o  
c o l l e c t  c e r t a i n  t ypes  o f  data.  



2. 

3.  

4. 

5. 
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Much o f  t h e  human-factor d a t a  used i n  t h e  RSS came f rom r e l a t e d  nonnuclear  
exper ience.  
power p l a n t  data.  

T h i s  was necessary i n  o r d e r  t o  complement i n s u f f i c i e n t  n u c l e a r  

I t  i s  n o t  easy t o  c o n s t r u c t  event  t r e e s  and f a u l t  t r e e s  r e a l i s t i c  enough t o  
i n c o r p o r a t e  human-error aspects  i n  t h e  p roper  way. 
d e t a i l  i s  g r e a t ,  and t h e  r o l e  of ope ra to rs  and o t h e r  p l a n t  employees i n  
b r i n g i n g  about  equipment u n a v a i l a b i l i t y  i s  i n  some cases d i f f i c u l t  t o  
i n c o r p o r a t e .  

The r e q u i r e d  l e v e l  o f  

Some human- in te r ten t i on  phenomena a r e  time-dependent: 
be o n l y  a narrow t i m e  window d u r i n g  which an o p e r a t o r  must pe r fo rm a c e r t a i n  
task .  
i n t o  t h e  methodology, a l t hough  i t  i s  by no means imposs ib le .  

f o r  example, t h e r e  may 

The t i m e  dependence i s  i n  some cases p a r t i c u l a r l y  d i f f i c u l t  t o  b u i l d  

Where t h e  d a t a  base was weak, o r  t h e  e v e n t - t r e e  t o o  d i f f i c u l t  t o  c o n s t r u c t  i n  
enough detail, the RSS seems to have used the approach o f  letting expert 

o p i n i o n  determine t h e  q u a n t i t a t i v e  c o n t r i b u t i o n  t o  t h e  sequence, so as t o  
complete t h e  f u l l  e v a l u a t i o n .  U n c e r t a i n t i e s  were t h e n  a t t r i b u t e d  t o  t h i s  
e x p e r t  op in ion .  

Desp i te  t h e  d i f f i c u l t i e s ,  t h e  RSS reco rded  some i m p o r t a n t  achievements i n  t h e  human 
f a c t o r s  area. Among them were: 

1 .  The r o l e  o f  o p e r a t o r s  and o t h e r  p l a n t  employees i n  c o n t r i b u t i n g  t o  t h e  major  
a c c i d e n t  sequences has been d e l i n e a t e d  b e t t e r  t h a n  had been t h e  case p r i o r  t o  
t h e  RSS. 

2 .  The need f o r  b e t t e r  human f a c t o r s  d a t a  has been e x p l i c i t l y  recognized,  
i n c l u d i n g  i d e n t i f i c a t i o n  o f  those areas t h a t  p robab ly  c o n t r i b u t e  s i g n i f i -  
c a n t l y  t o  t h e  o v e r a l l  r i s k .  A l though some have c r i t i c i z e d  RSS f o r  i t s  
r e l i a n c e  on nonnuclear  data,  i t  seems t o  us t h a t ,  t o  t h e  c o n t r a r y ,  exper ience 
w i t h  o t h e r  h i g h l y  complex systems operated by w e l l - t r a i n e d  personnel  i s  
e n t i r e l y  r e l e v a n t ,  and t h e  RSS team i s  c o r r e c t  i n  u s i n g  it. 

3.  Al though ou r  R i s k  Assessment Review Group has been unable t o  do enough d e t a i l e d  
work on o u r  own, we have surveyed seve ra l  e x p e r t s  i n  t h i s  f i e l d .  There seems 
t o  be a consensus among these  e x p e r t s  t h a t ,  d e s p i t e  t h e  handicaps o f  a weak 
d a t a  base and d i f f i c u l t  even t - t rees ,  t h e  RSS es t ima tes  a r e  w e l l  done. However, 
a s u b s t a n t i v e  rev iew  has n o t  occurred.  

The l i m i t a t i o n  o f  t h e  RSS i n  i t s  human f a c t o r s  e v a l u a t i o n  i n c l u d e  t h e  f o l l o w i n g :  

1. f o r  many o f  t h e  even t - t rees  i n  which human,errors  e n t e r ,  t h e r e  a r e  
i n s u f f i c i e n t  r e l e v a n t  human aata,  and t h e  RSS es t ima tes  r e l i e d  on e x p e r t  
o p i  n i  on. 
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2. There i s  t h e  i n t r i n s i c  me thodo log ica l  weakness due t o  t h e  d i f f i c u l t y  o f  
i n c o r p o r a t i n g  time-window i n f o r m a t i o n  i n t o  t h e  e v e n t - t r e e s .  

3. Operators  and o t h e r  employees m i g h t  make m a t t e r s  much,worse d u r i n g  an a c c i d e n t ,  
i n  ways t h a t  a r e  i n t r i n s i c a l l y  ha rd  t o  analyze.  

4. Operators  and o t h e r  employees might. make m a t t e r s  much b e t t e r  d u r i n g  an a c c i d e n t ,  
i n  ways t h a t  a r e  i n t r i n s i c a l l y  ha rd  t o  analyze.  

5. Due t o  p o i n t s  (3)  and (4) ,  t h e r e  may be much u n c e r t a i n t y  i n  t h e  a c t u a l  r o l e  
o f  o p e r a t o r s  and o t h e r  p l a n t  employees i n  a c c i d e n t  sequences. 

Our main o v e r a l l  comment i s  t h a t  a l t hough  we d o n ' t  know o f  any s p e c i f i c  way i n  which 
t h e  RSS methodology i n  t h i s  d i f f i c u l t  area c o u l d  have been improved, i t  has n o t  been 
p o s s i b l e  f o r  o u r  Group t o  determine how c l o s e l y  t h i s  p a r t  o f  t h e  RSS work has achieved 
t h e  accuracy quoted f o r  t h e  o v e r a l l  RSS r i s k  assessment. We do f e e l  t h a t  t h i s  area i s  
one o f  t h e  ma jo r  c o n t r i b u t o r s  t o  t h e  genera l  problem faced  by t h e  RSS i n  making 
q u a n t i t a t i v e  r i s k  es t ima tes .  

A l though  we have no q u a n t i t a t i v e  b a s i s  f o r  de fend ing  ou r  v iew  on t h e  s u b j e c t ,  ou r  Group 
does f e e l  t h a t  t h e  RSS s tudy  q u i t e  l i k e l y  has s i g n i f i c a n t l y  under - ra ted  t h e  r o l e  o f  
ope ra to rs  and o t h e r  employees i n  m i t i g a t i n g  o r  c o n t r o l l i n g  some p o t e n t i a l  a c c i d e n t  
sequences; t h i s  u n d e r - r a t i n g  i s  due t o  t h e  i n t r i n s i c  d i f f i c u l t y  i n  s u b j e c t i n g  such 
i n t e r v e n t i o n  t o  e v e n t - t r e e  a n a l y s i s .  It a l s o  seems t o  us, aga in  w i t h o u t  any d e f i n i t i v e  
demonstrat ion,  t h a t  t h e r e  m i g h t  be some e v e n t - t r e e s  i n  which human e r r o r  w i t h  i m p o r t a n t  
consequences m i g h t  have been over looked.  
o u t  t hese  two p o s s i b l e  t ypes  o f  e f f e c t s  so as t o  a r r i v e  a t  a more c o n f i d e n t  o v e r a l l  
assessment of t h e  a c c i d e n t  r i s k .  

We see no easy way a t  t h i s  t i m e  t o  ba lance 

We recommend t h a t  t h e  NRC under take a sys temat i c  program t o  e v a l u a t e  t h e  need f o r  

b e t t e r  human data,  so as t o  improve t h i s  aspec t  o f  any fu ture.RSS-type a n a l y s i s .  
know o f  one i m p o r t a n t  s tudy  a l o n g  these  l i n e s ,  now under way under E l e c t r i c  Power 
Research I n s t i t u t e  sponsorship.  
by NRC s t a f f  a l o n g  w i t h  o t h e r  poss ib - l e  approaches t o  an improved d a t a  base. 

We 

We recommend. t h a t  t h i s  s t u d y ' s  r e s u l t s  be cons ide red  
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4. FORMAT AND SCRUTABILITY 

It must be s a i d  a t  t h e  o u t s e t  t h a t  RSS rep resen ts  t h e  f r u i t s  o f  a p ra i sewor thy  and 
p i o n e e r i n g  e f f o r t  t o  deal  i n  dep th  w i t h  an ex t reme ly  complex s u b j e c t .  It i s  a monumental 
r e p o r t ,  w r i t t e n  i n  t h r e e  yea rs  by a l a r g e  number o f  people and (a l t hough  i t  i s  d i f f i c u l t  
t o  coun t  t h e  pages because t h e y  a r e  n o t  c o n s e c u t i v e l y  numbered) i s  n e a r l y  a f o o t  t h i c k .  
C l e a r l y  no one person can, o r  d i d ,  w r i t e  a l l  o f  t h i s ,  and t h e  r e p o r t  s u f f e r s  the reby  
f rom incoherence. The r e p o r t  i s  d i v i d e d  i n t o  p a r t s :  a Main Repor t  o f  some 150 pages 
( they  are numbered), a s h o r t  and separate Execu t i ve  Summary, and e leven  appendices 
which dea l  i n  g r e a t e r  d e t a i l  w i t h  much o f  t h e  m a t e r i a l .  T h i s  fo rma t  i s  n o t  unusual i n  
ma jo r  r e p o r t s ,  i n  t h a t  t h e  t h r e e  p a r t s  c a t e r  t o  t h r e e  d i f f e r e n t  audiences. The Main 
Repor t  c a t e r s  t o  t h e  s e r i o u s  reader ,  who wishes t o  know j u s t  what was accomplished, and 
how. The appendices a r e  no rma l l y  i n tended  f o r  peop le  who a r e  n o t  so much readers as 
workers i n  t h e  s u b j e c t ,  who w i s h  t o  go beyond t h e  f i n d i n g s ,  conc lus ions ,  and comments 
o f  t h e  main r e p o r t  i n t o  t h e  d e t a i l e d  t e c h n i c a l  arguments and s u p p o r t i n g  data.  
Execu t i ve  Summary i s  n o r m a l l y  rese rved  t o  t h e  dec is ionmaker ,  who i s  n e i t h e r  a reader  
( f o r  l a c k  o f  t i m e  o r ,  o f t e n ,  background) no r  a worker ,  b u t  s t i l l  needs t o  know, 
s u c c i n c t l y ,  t h e  main conc lus ions ,  f i n d i n g s ,  and recommendations o f  t h e  r e p o r t .  

The 

I n  t h e  case o f  RSS, t h e  f u n c t i o n s  o f  t h e  Main Repor t  and o f  t h e  appendices ( a p a r t  f rom 
Appendix X I ,  which was a response t o  comments on t h e  d r a f t  r e p o r t )  were more o r  l e s s  as 
o u t l i n e d  above, b u t  t h e  Execu t i ve  Summary was ass igned an e n t i r e l y  d i f f e r e n t  f u n c t i o n .  
It was w r i t t e n ,  n o t  f o r  t h e  dec is ionmaker  w i t h  a shor tage o f  t ime ,  b u t  f o r  t h e  p u b l i c ,  
and i s  i n  a g e n e r a l l y  s o o t h i n g  tone.  J t  begs a l l  s o r t s  o f  ques t i ons  by  comparing t h e  
r i s k s  o f  e a r l y  f a t a l i t i e s  f rom n u c l e a r  power p l a n t  acc iden ts  ( f a v o r d b l y )  w i t h  o t h e r  
man-made and n a t u r a l  r i s k s ,  such as motor  v e h i c l e s ,  a i r  t r a v e l ,  e l e c t r o c u t i o n ,  
h u r r i c a n e s ,  e t c . ,  each o f  which has an e n t i r e l y  d i f f e r e n t  r i s k  and b e n e f i t  p r o f i l e  from 
n u c l e a r  power. Thus, t h e  q u e s t i o n  has becdme a h o t  i s s u e  as t o  whether o n l y  prompt 
f a t a l i t i e s  f rom n u c l e a r  a c c i d e n t s  should be compared w i t h  prompt f a t a l i t i e s  f rom (say)  
drowning as was done, o r  whether some d i f f e r e n t l y  weighted a l lowance shou ld  be made f o r  
t h e  l a r g e r  l ong - te rm e f f e c t .  It i s  ou r  view t h a t  i t  i s  u n f o r t u n a t e  t h a t  t h e  Execu t i ve  
Summary, which i s  i n  f a c t  an i n t e r p r e t a t i o n  o f  RSS f o r  t h e  p u b l i c ,  was i ssued  as p a r t  
o f  t h e  r e p o r t  i n  i t s  p r e s e n t  form. It adds l i t t l e ,  b u t  has served t o  d i v e r t  a t t e n t i o n  
f rom t h e  more s e r i o u s  i ssues  o f  r e a c t o r  s a f e t y .  I t  would, i n  ou r  view, have been more 
p roper  ( though s e p a r a t e l y  a rguab le )  f o r  NPC t o  have i ssued  a separate document comparing 
n u c l e a r  r i s k s  w i t h  o t h e r s  t o  which t h e  p u b l i c  i s  sub jec ted ,  and n o t  t o  have assoc ia ted  
i t  w i t h  RSS. 

Another i m p o r t a n t  s u b j e c t  i s  t h e  i s s u e  o f  s c r u t a b i l i t y ,  as i t  r e l a t e s  t o  t h e  whole 
i s s u e  o f  peer  rev iew.  
complete o r g a n i z a t i o n  o f  t h e  m a t e r i a l  i n  a r e p o r t ,  t h a t  a s e r i o u s  coworker seeking t o  
Jnderstand t h e  t e c h n i c a l  b a s i s  f o r  m a t e r i a l  i n  t h e  r e p o r t ,  o r  seek ing t o  reproduce t h e  

The l a t t e r  depends h e a v i l y  upon a s u f f i c i e n t l y  coherent  and 
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c a l c u l a t i o n s  f o r  h i m s e l f ,  can do so w i t h o u t  undue* ha rdsh ip .  
t h a t  t h i s  i s  a l l  t o o  o f t e n  n o t  t r u e  o f  RSS.  Whi le  r e c o g n i z i n g  t h a t  p e r f e c t  coherence 
i s  o n l y  t o  D e  found i n  one-word poems, each o f  us has had t h e  exper ience  o f  t r y i n g  t o  
understand, i n  r e s p o n s i b l e  d e t a i l ,  j u s t  tiow .I o a r t i c u l a r  s u b j e c t  was t r e a t e d  i n  t h e  
r e p o r t .  
o n e s e l f  shunted about  f rom main r e p o r t  t o  appendix t o  appendix, always seeking t h e  
f i n a l  word, b u t  ( l i k e  t h e  search f o r  t h e  vert1 i n  a German sentence) never  q u i t e  g e t t i n g  
the re .  Th is  would be a m ino r  c a v i l ,  were i t  n o t  t h a t  t h e  con f idence  o f  peers i n  t h e  
i n t e g r i t y  o f  t h e  r e p o r t  r e s t s  on t h e i r  a b i l i t y  t o  search o u t  a s u b j e c t  o f  i n t e r e s t  t o  

them, and t o  assure themselves t h a t  i t  ha5 been t r e a t e d  r e s p o n s i b l y  and w e l l  Not t o  
be a b l e  t o  do so i s  n o t  t o  conclude t h a t  t h e  t rea tmen t  i s  f a u l t y ,  b u t  i t  does n o t h i n g  
t o  engender con f idence  i n  t h e  r e s u l t s .  

U n f o r t u n a t e l y ,  we f i n d  

It i s  ex t reme ly  d i f f i c u l t  (perhaps an index would have he lped ) ,  and one f i n d s  

Examples a r e  l e g i o n .  

Whi le  t h e  p r e v i o u s  paragraph may seem unduly  harsh,  t h e  l a c k  o f  s c r u t a b i l i t y  i s  a major  
f a i l i n g  o f  t h e  r e p o r t ,  observed by n e a r l y  everyone who has worked w i t h  it. Th is  i s  n o t  
t o  c r i t i c i z e  i n  any way t h e  c l a r i t y  o f  mind o f  those who wro te  t h e  v a r i o u s  p a r t s  o f  t h e  
r e p o r t ,  b u t  r a t h e r  t o  say t h a t  i t s  use fu l i i ess  t o  t h e  t e c h n i c a l  work ing  community c o u l d  
have been much improved. Whether more t i m e  would have helped i s  n o t  c l e a r  t o  us. 

* J u s t  what h a r d s h i p  i s  due a reader  i s  debatable.  
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5. THE PEER REVIEW PROCESS AND THE ADEQUACY OF TREATMENT OF PEER COMMENTS 

Since no t e c h n i c a l  person o r  group i s  i n f a l l i b l e ,  t h e  peer  rev iew  process p l a y s  an 
e s s e n t i a l  r o l e  i n  q u a l i t y  c o n t r o l  o f  t e c h n i c a l  ou tpu t .  I t s  f u n c t i o n  i s  t o  expose t h e  
data,  processes, t echn iques ,  and conc lus ions  o f  any s c i e n t i f i c  work t o  t h e  community o f  
peers. C r i t i c i s m  and s tudy  coupled w i t h  responsiveness do n o t  assure t h a t  t h e  work i s  
r i g h t ,  b u t  o n l y  t h a t  i t  conforms t o  t h e  normal q u a l i t y  s tandards c u r r e n t  i n  t h e  t rade .  
Though t h e  RSS s t a f f  s e t  o u t  t o  expose i t s e l f  t o  a pee r  rev iew  process,  a t  l e a s t  i n  
p a r t  f o r  these reasons, t h e  under tak ing  was s u b s t a n t i a l l y  more d i f f i c u l t  t han  would 
have been t h e  case w i t h  a s imp le  s c i e n t i f i c  s tudy.  
complex under tak ing ,  w i t h  c o n t r i b u t i o n s  f rom many i n d i v i d u a l s  and d i s c i p l i n e s .  The d a t a  
were o f t e n  n o t  a v a i l a b l e ,  and t h e  techniques were o f t e n  i n n o v a t i v e .  
rev iew  occu r red  a t  a t i m e  of g r e a t  p u b l i c  concern about  n u c l e a r  power. 

The i s sues  o f  t h e  peer  r e v i e w  process w i l l  be d iscussed below, and recommendations 
o u t l i n e d .  
s p e c i f i c  comments. I n  p a r t i c u l a r ,  we a re ,  i n  t h i s  s e c t i o n ,  n e i t h e r  endors ing  nor  
c o n t r a d i c t i n g  any s p e c i f i c  pee r  comments which we use as i l l u s t r a t i o n s  o f  t h e  process. 
Our concern i s  w i t h  t h e  process.  

a. Techn ica l  Peer Review Versus Other  Levels  o f  Peer Review 

The Reactor S a f e t y  Study was a 

F u r t h e r ,  peer  

It shou ld  be no ted  here t h a t  t h e  purpose o f  t h i s  d i s c u s s i o n  i s  n o t  t o  rev iew  

The p r i m a r y  o b j e c t i v e  o f  t h e  peer  rev iew  process,  as contemplated by t h e  Reactor 
S a f e t y  Study s t a f f ,  was t o  o b t a i n  peer  r e v i e w  by  t e c h n i c a l l y  competent people o f  
t h e  v a l i d i t y  o f  t h e  es t ima tes  o f  p r o b a b i l i t y  and consequences of r e a c t o r  acc iden ts .  
Given t h e  p u b l i c  temperament about  n u c l e a r  power, i t  was i n e v i t a b l e  t h a t  t h e  
comments r e c e i v e d  covered a wide range o f  o t h e r  s u b j e c t s  b e a r i n g  upon t h e  
a c c e p t a b i l i t y  o f  n u c l e a r  power. Though t h i s  would doub t less  have occu r red  i n  any 
case, t h e  Execu t i ve  Summary and Chapters 6 and 7 o f  t h e  Main Repor t  a l l  p resen ted  
conc lus ions  i n  a manner sugges t ing  t h e  a c c e p t a b i l i t y  o f  t h e  r i s k s  est imated.  
Thus, t h e  e s s e n t i a l  t e c h n i c a l  pee r  rev iew  process was co r rup ted ,  on b o t h  s ides ,  by 
s o c i a l  commentary. 
rev iew  was sparse t o  b e g i n  w i t h ,  a t t e n t i o n  t o  these  o t h e r  areas drew meaningfu l  
e f f o r t  away f rom t h e  t e c h n i c a l  r e v i e b .  

S ince t h e  c a p a b i l i t y  i n  t h e  o u t s i d e  w o r l d  f o r  t e c h n i c a l  pee r  

b.  C a p a b i l i t y  f o r  Techn ica l  Revie iw 

The Reactor Sa fe ty  Study t o o k  t h r e e  yea rs  and m i l l i o n s  o f  d o l l a r s  t o  per form.  
o n l y  i s  t h e  rev iew  o f  such a monumental under tak ing  a v e r y  d i f f i c u l t  process,  b u t  
i t  r e q u i r e s  a l a r g e  i nves tmen t  o f  resources.  
v e r y  l a r g e  f r a c t i o n  o f  t h e  n a t i o n a l  competence t o  pe r fo rm rev iew  i s  employed i n  

t h e  r e a c t o r  i n d u s t r y ,  where t h e r e  were s u r e l y  some i n h i b i t i o n s .  
were few o r g a n i z a t i o w  which hail resource:5 fob’ an adequate rev iew ,  b u t  many 

Not 

F u r t h e r ,  and n o t  s u r p r i s i n g l y ,  a 

I n  t h e  end, t h e r e  

. .. . _- L 
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responded, k i t h  v a r y i n g  l e v e l s  o f  e x p e r t i s e  and m o t i v a t i o n .  
Envi ronmenta l  P r o t e c t i o n  Agency, t h e  American Phys ica l  S o c i e t y  Reactor Sa fe ty  
Study Group, t h e  Atomic I n d u s t r i a l  Forum, t h e  Union o f  Concerned S c i e n t i s t s ,  t h e  
E l e c t r i c  Power Research I n s t i t u t e ,  and o the rs .  

These i n c l u d e d  t h e  

The t i m e  f o r  rev iew  between d r a f t  and f i n a l  ve rs ions  was s h o r t ,  c o n s i d e r i n g  t h e  
magnitude o f  t h e  necessary e f f o r t .  
s i n c e  t h e  end o f  t h e  s tudy  t h a t  many o f ' t h e  rev iews have been completed, and a 
number o f  comments were o n l y  engendered and r e c e i v e d  d u r i n g  t h e  tes t imony  
developed by  t h i s  Review Group. 

It has o n l y  been i n  t h e  th ree -yea r  p e r i o d  

So f a r  as we know, a l l  r ev iewers  had a major  d i f f i c u l t y  w i t h  t h e  a v a i l a b i l i t y  o f  
i n f o r m a t i o n  i n  WASH-1400, and t h e  d i f f i c u l t y  i n v o l v e d  i n  t r a c i n g  a l i n e  o f  t hough t  
th rough  t h e  s tudy.  
above, b u t  i t  was a p e r v a s i v e  and d i f f i c u l t  problem, c r i p p l i n g  many e f f o r t s  t o  
accompl ish r e s p o n s i b l e  peer  rev iew.  

We have a l l u d e d  t o  t h a t  i n  o u r  d i s c u s s i o n  o f  s c r u t a b i l i t y  

c. S t a f f  Response t o  Peer Review 

The RSS s t a f f  t o o k  comments f rom many sources, and grouped s i m i l a r  comments 
toge the r .  
been grouped w i t h  o t h e r s ,  and t h e r e  i s  indeed always a danger o f  l o s s  o f  
s p e c i f i c i t y  i n  such a g roup ing ,  i t  i s  i n  genera l  a v a l i d  approach, and t h e  RSS 
s t a f f  developed gener i c  answers t o  gener i c  forms o f  c r i t i c i s m .  

Wh i le  t h e r e  a r e  many c r i t i c s  who a re  aggr ieved  t h a t  t h e i r  comments have 

As mentioned i n  ou r  i n t r o d u c t i o n ,  t h e  s t a f f  response t o  pee r  comments was o f t e n  

de fens i ve .  
e i t h e r  n o t  acknowledged o r  evaded, l e a d i n g  t o  an adversary p o s t u r e  r a t h e r  t h a n  t h e  
c o o p e r a t i v e  p o s t u r e  sought. 
t o  t h e  f r e q u e n t  sugges t ion  t h a t  summary f i g u r e s  i n  t h e  Execu t i ve  Summary be l a b e l e d  
" e a r l y  f a t a l i t i e s "  as opposed t o  " f a t a l i t i e s . "  Whi le  l a t e n t  f a t a l i t i e s  shou ld  
s u r e l y  n o t  be s i m p l y  added t o  e a r l y  f a t a l i t i e s ,  i t  i s  e q u a l l y  i n c o r r e c t  t o  o m i t  
them). 
pee r  rev iew*,  and one peer  rev iewer .has made t h e  f o l l o w i n g  s tatement  t o  us i n  
connec t ion  w i t h  h i s  company's c r i t i q u e  o f  WASH-1400: 

Thus, t h e r e  a r e  cases i n  which cogent  comments f rom c r i t i c s  were 

(An egregious case i n  p o i n t  i s  t h e  l a c k  o f  response 

There a r e  many o t h e r  cases o f  inadequate s t a f f  response t o  r e s p o n s i b l e  

a. I n  F igu res  1-1 and 1-2 o f  t h e  Execu t i ve  Summary comparing r e a c t o r  a c c i d e n t  r a t e s  
t o  o t h e r  t ypes  o f  r i s k s ,  a number o f  rev iewers  reques ted  t h a t  t h e  i n d i c a t i o n  o f  
t h e  t r a n s i t i o n  f rom exper ienced t o  e x t r a p o l a t e d  r i s k s  on the comparison r i s k  
cu rves  be c o r r e c t e d .  Th is  was n o t  done. 

b. I n  defense o f  t h e  "adequacy o f  f a u l t - t r e e  methodology'' i n  Appendix X I  ( " A n a l y s i s  
o f  Comments on t h e  D r a f t  WASH-1400 Repor t " ) ,  a f i g u r e  was o f f e r e d  (p. 3-4) showing 
50 d a t a  p o i n t s  i n  which " t h e  r a t i o  o f  observed f a i l u r e  r a t e s  t o  p r e d i c t e d  f a i l u r e  
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" A  t o t a l  o f  45 d e f i c i e n c i e s  were found i n  WASH-1400 D r a f t .  O f  these 23 were 
cons ide red  i n  WASH-1400 F i n a l  i n  Appendix X I .  
t o  be adequate ly  covered i n  Appendix X I ,  and n i n e  were judged n o t  t o  be covered 
adequately. I n  a d d i t i o n  t o  these 23, e i g h t  r e v i s i o n s  occu r red  i n  WASH-1400 F i n a l  
o f  which f o u r  a r e  adequate and Otie i s  inadequate, w h i l e  t h r e e  r e s u l t e d  i n  an 
improvement. Thus, 34 o f  t h e  o r i g i n a l  45 d e f i c i e n c i e s  remain i n  WASH-1400 F i n a l . "  

Four teen o f  these 23 were considered 

We do n o t  argue t h a t  t h e  RSS s t a f f  ought  t o  have been a u t o m a t i c a l l y  obedient  t o  
a l l  comments r e c e i v e d  f rom t h e  ou ts ide ,  and indeed many o f  t hese  were beneath 
n o t i c e ,  b u t  r a t h e r  t o  say t h a t  t h e  r e c o r d  o f  response t o  v a l i d  c r i t i c i s m  was 
weaker t h a n  we would have l i k e d .  

, 

When d e a l i n g  w i t h  h i g h l y  p o l i t i c i z e d  s u b j e c t s  l i k e  r e a c t o r  r i s k  assessment, a 
ma jo r  e f f o r t  shou ld  be devoted i n  t h e  beg inn ing  t o  separate t e c h n i c a l  rev iew  f rom 
s o c i a l  commentary, and adequate t i m e  should be a l l owed  t o  p e r m i t  t e c h n i c a l  rev iew.  
I n  cases l i k e  RSS, where t h e  accumulat ion o f  t h e  d a t a  base and documentation takes  
so much o f  t h e  e f f o r t ,  pee r  rev iew  w i l l  be f a c i l i t a t e d  where s u p p o r t i n g  documentation 
i s  ma in ta ined ,  and made a v a i l a b l e  t o  r e s p o n s i b l e  rev iewers .  
q u e s t i o n  t h a t  t h i s  takes  resources and s t a f f  t ime ,  i t  i s  e s s e n t i a l  t o  t h e  va lue  o f  
pee r  rev iew ,  and the reby  t o  t h e  c r e d i b i l i t y  o f  t h e  p roduc t .  

Whi le  t h e r e  i s  no 

r a t e s  ( u s i n g  f a u l t - t r e e  methodology) was w i th in  a f a c t o r  o f  4 . "  
t h a t  t h e  success fu l  p r e d i c t i o n s  shown were f o r  s imp le  systems such as meters and 
swi tches where t h e  f a i l u r e  r a t e  i s  determined by  t h e  f a i l u r e  r a t e  o f  a s i n g l e  
component whose f a i l u r e  r a t e  i s  known. 
I n  response t o  comments concern ing t h e  p o t e n t i a l  ser iousness o f  groundwater 
contaminat ion,  i t  was s t a t e d  i n  WASH-1400 t h a t ,  " I f ,  f o r  example, t h e  r e c e i v i n g  
wa te r  body [ o f  t h e  contaminated groundwater f l o w ]  i s  a r e l a t i v e l y  smal l  r i v e r  w i t h  
a f l o w  r a t e  o f  13,000 c f s ,  t h e  peak s t ron t i um-90  c o n c e n t r a t i o n  i n  t h e  r i v e r  f o r  ' 

t h e  d e p r e s s u r i z a t i o n  r e l e a s e  w i l l  be . . .  w e l l  below maximum p e r m i s s i b l e  
c o n c e n t r a t i o n . "  
r e l e a s e  r a t e  o f  more than  100 Cur ies  o f  Sr 
F i g u r e  V I 1  3-6) aEd t h e  then-maximum p e r m i s s i b l e  c o n c e n t r a t i o n  f o r  p u b l i c  d r i n k i n g  
wa te r  o f  0.3 x 10 
maximum p e r m i s s i b l e  c o n c e n t r a t i o n  by a f a c t o r  o f  10. 

It was n o t  no ted  

c .  

( X I ,  10-1) I n  f a c t ,  we f i g d  u s i n g  t h e  numbers i n  WASH-1400 (a  
p e r  day f o r  a yea r  acco rd ing  t o  

C i / l i t e r  a con tamina t ion  l e v e l  exceeding t h e  t h e n - c u r r e n t  
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EARTHQUAKES 

. 

An earthquake can be the cause of simultaneous failure o f  several unrelated parts o f  a 
nuclear power plant, thereby qualifying as 3 potential initiator of a common cause 
failure. RSS found earthquakes to be small contributors to the total risks o f  core 
melt in a nuclear power plant, partly because of the low probability that a severe 
earthquake will occur at the location of the plant, and partly from an estimated low 
probability of plant failure under earthquake stress. 
design and construction process that Fs intended to protect nuclear power plants from 
damage from earthquakes. 

The latter resulted from the  

' 
The peak acceleration associated with a large earthquake varies surprisingly slowly 
with the magnitude of the earthquake, while the peak horizontal displacement at a 
standard distance (the definition of the Richter magnitude) increases by approximdtely 
a factor o f  10 per magnitude. 
large displacements and long periods, but the acceleration does not increase as rapidly. 
They do, however, make their effects known over a much wider region. 

Thus, large magqitude earthquakes are associated with 

Earthquakes of magnitude five occur approximately 1,000 times per year, worldwide, but 
do not disturb large areas. For example, the Santa Barbara earthquake of August 13, 
1978, of Richter magnitude 5 . 1 ,  produced estimated horizontal accelerations o f  more 
than 0.29 at the home of the Chairman of this panel, approximately 10 kilometers from 
the epicenter. 20 kilometers fgrther away, it was hardly felt. Such earthquakes are 
not a threat to a nuclear reactor as long as tne reactor is placed far enough from an 
active fault t o  reduce the peak acceleration to a reasonable value, and is in fact 
built to withstand an acceleration of that value. 
necessary (and are included in the licensing standards) because, in fact, the response 
of a structure is not entirely a function of the peak acceleration, but depends upon 
the whole spectrum.of displacement to which it is subjected. This varies widely according 
to the magnitude of the earthquake, the location and structure o f  the fault, the local 
geology, etc., and it is only in recent years that detailed spectrum analyses o f  the 
displacement in the near field of substantial earthquakes has been possible. 

Substantial safety factors are 

The most detailed study of some of these issues as related to nuclear power plants has 
been made by Hsieh and Okrent*, who not only considered the detailed response o f  a plant 
to various levels of acceleration, but a l so  considered the results of design and 
construction errors in a plant. 
to' be present, and musL be considered. 

These can greatly reduce the safety factors believed 

"Hsieh, T. and Okrent, D . ,  Some Probabilistic Aspects of the Seismic Risk of Nuclear Reactors, 

@ UCLA-ENG-76113, University of California, Los Angeles, Department of Energy and Kinetics. 
December 1976. 
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The RSS e s t i m a t e  which l e d  t o  t h e  c o n c l u s i o n  t h a t  earthquakes do n o t  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  r e a c t o r  r i s k  i s  based on an a n a l y s i s  which l e d  t o  t h e  c o n c l u s i o n  t h a t  
two o r  more s a f e t y  systems must f a i l  i n  o r d e r  t o  l e a d  t o  c o r e  me l t .  ( I n  t h i s  a n a l y s i s  
an e r r o r  occu r red  i n  t h e  n e g l e c t  o f  a c o m b i n a t o r i a l  f a c t o r  i n v c l v i n g  t h e  number o f  such 
p a i r s . )  F u r t h e r ,  t h e  p r o b a b i l i t y  o f  such simultaneous f a i l u r e  o f  independent systems 
was c a l c u l a t e d  by t h e  i n c o r r e c t  square r o o t  method t o  which we have p r e v i o u s l y  re fe r . red .  
I n  f a c t ,  an earthquake s u b j e c t s  t h e  e n t i r e  p l a n t  t o  s t r e s s ,  and can cause simultaneous 
f a i l u r e s  i n  u n c o r r e l a t e d  systems. 

We b e l i e v e  t h a t  t h e  e n t i r e  s u b j e c t  o f  ear thquake r i s k  i n  n u c l e a r  p l a n t s  deserves much 
more a t t e n t i o n  than  i t  has rece ived .  
t h e  source mechanisms and spec t ra  t o  make p o s s i b l e  t r u l y  s o p h i s t i c a t e d  c a l c u l a t i o n s  o 
t h e  t h r e a t  t o  a g i v e n  p l a n t  f rom a g i v e n  f a u l t ,  b u t  we b e l i e v e  t h e  t rea tmen t  can be 
improved. 
p o i n t  source a t  t h e  l o c a t i o n  o f  t h e  neares t  f a u l t ,  s i nce  i t  i s  w e l l  known t h a t  r e a l l y  
l a r g e  earthquakes i n v o l v e  t h e  r e l e a s e  o f  energy a long  l a r g e  s e c t i o n s  o f  a f a u l t .  

I t  may be t h a t  n o t  enough i s  t r u l y  known about 

I n  p a r t i c u l a r ,  i t  i s  s u r e l y  wrong t o  c h a r a c t e r i z e  a l a r g e  earthquake as a 

WASH-1400 concludes t h a t  earthquakes do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  r i s k  a t t a c h e d  

based t o  o p e r a t i o n  o f  n u c l e a r  power p l a n t s .  Other  c a l c u l a t i o n s  (by Hsieh and Okrent)  
upon d i f f e r e n t  assumptions, l e a d  t o  t h e  c o n c l u s i o n  t h a t  t hey  m igh t  c o n t r i b u t e  
s i g n i f i c a n t l y .  I n v e s t i g a t i o n  a t  a l e v e l  o f  s o p h i s t i c a t i o n  necessary t o  r e s o l v e  
i ssue  t o  ou r  s a t i s f a c t i o n  has n o t  y e t  been performed, and i t  i s  i m p o r t a n t  t h a t  
done. 

t h i s  
t be 
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7. R I S K  PERCEPTION 

P u b l i c  p e r c e p t i o n  o f  r i s k  i n  n u c l e a r  power p l a n t s  i s  a f f e c t e d  by many f o r c e s ,  o n l y  one 
o f  which i s  t h e  process o f  r i s k  e s t i m a t i o n  and e v a l u a t i o n  t h a t  i s  respons ive  t o  a 
r e g u l a t o r y  program. The l a t t e r  has as i t s  o b j e c t i \ t e  t h e  i d e n t i f i c a t i o n  and m i t i g a t i o n  
o f  problems, b o t h  s h o r t -  and long- term,  b u t  i s  nonetheless p a r t  o f  t h e  env i ronment  t h a t  

leads t o  p u b l i c  awareness o f  r i s k .  
4 

The purpose o f  WASH-1400 was t o  make a " r e a l i s t i c "  d e t e r m i n a t i o n  o f  t h e  p r o b a b i l i t y  and 
consequences o f  r e a c t o r  a c c i d e n t s ,  e s p e c i a l l y  where t h e r e  m igh t  be p u b l i c  consequences. 
I n  t h i s  c o n t e x t ,  t h e  te rm " r e a l i s t i c "  meant t h e  b e s t  e s t i m a t e  o f  p r o b a b i l i t i e s  and 
consequences, w i t h o u t  t h e  i n t r o d u c t i o n  o f  sys temat i c  b iases  t o  p r o v i d e  e i t h e r  
conserva t i sm o r  optimism. 
p r e s e n t a t i o n  o f  t h e  r e s u l t s .  

It was f u r t h e r  int.ended t o  be e q u a l l y  o b j e c t i v e  i n  t h e  

There were a number o f  p laces  i n  which thfa s tudy  f e l l  s h o r t  o f  i t s  goal o f  o b j e c t i v i t y .  
Some were understandable,  i n  t h a t  a good p a r t  o f  t h e  a n a l y s i s  i n v o l v e d  s i t u a t i o n s  f o r  
which t h e r e  was no adequate d a t a  base and r e q u i r e d  va lue  judgments on t h e  p a r t  of t h e  
RSS s t a f f .  (Some were n o t  p r o p e r l y  i d e n t i f i e d . )  F u r t h e r ,  t h e  Execu t i ve  Summary and 
Chapters 6 and 7 o f  t h e  Main Repor t  touched on a broader  i s s u e ,  t h e  a c c e p t a b i l i t y  o f  
r i s k .  
r e s u l t s .  

Thus t h e r e  were problems assoc ia ted  w i t h  p r e s e n t a t i o n  and i n t e r p r e t a t i o n  o f  t h e  

a. D e f i n i t i o n  o f  R isk  

The RSS team d i d  n o t  choose a s p e c i f i c  d e f i n i t i o n  o f  r i s k ,  b u t  d i s p l a y e d  i t s  
r e s u l t s  th rough  graphs o f  t h e  p r o b a b i l i t y  o f  occurrence o f  an event  a g a i n s t  t h e  
consequences o f ' t h a t  event .  Other  means o f  d i s p l a y i n g  t h e  r e s u l t s  c o u l d  produce 
d i f f e r e n t  r i s k  pe rcep t ions .  The p e r c e p t i o n  o f  r i s k  i s  a v e r y  complex s u b j e c t ,  
though i n  common usage, r i s k  means s imp ly  t h e  p o t e n t i a l  o f  an u n d e s i r a b l e  event .  
A quote f rom Keynes h i g h l i g h t s  t h i s  problem: 

" I n ' e s t i m a t i n g  t h e  r i s k ,  ' m o r a l '  or  ' p h y s i c a l , '  i t  must be remembered t h a t  we 
cannot  n e c e s s a r i l y  a p p l y  t o  i n d i v i d u a l  cases r e s u l t s  drawn f rom t h e  observa- 
t i o n  o f  a ' long s e r i e s  resemb l ing  them i n  some p a r t i c u l a r .  
such arguments as B u f f o n ' s  when he names 1/10,000 as t h e  l i m i t ,  beyond which 
p r o b a b i l i t y  i s  n e g l i g i b l e ,  on t h e  ground t h a t ,  b e i n g  t h e  chance t h a t  a man o f  

f i f t y - s i x  taken  a t  random w i l l  d i e  w i t h i n  a day, i t  i s  p r a c t i c a l l y  d i s rega rded  
by  a man o f  f i f t y - s i x  who knows h i s  h e a l t h  t o  be good. I f  a p u b l i c  l o t t e r y ,  
Gibbon t r u l y  p o i n t e d  o u t ,  were drawn f o r  t h e  cho ice  o f  an immediate v i c t i m ,  
and i f  o u r  name were i n s c r i b e d  on one o f  t h e  t e n  thousand t i c k e t s ,  shou ld  we 
be p e r f e c t l y  easy?" 

I am t h i n k i n g  o f  
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b. I n f l u e n c e  o f  Judgments on R i s k  Est imates 

O b j e c t i v e  p r o b a b i l i t i e s  a r e  determined by measurement i n  repeated t r i a l s ,  and 
o b j e c t i v e  consequences a r e  those t h a t  a r e  d i r e c t l y  measurable. 
a v a i l a b l e  f o r  t h e  l a r g e  consequence, low p r o b a b i l i t y  events  t o  be eva lua ted  by t h e  
Reactor  Sa fe ty  Study team, so recourse t o  syn thes i zed  p r o b a b i l i t i e s ,  syn thes i zed  
o b j e c t i v e  consequences o r  e x t r a p o l a t i o n  was necessary. 
e f f o r t s  i s  o f t e n  d i f f i c u l t  t o  v e r i f y .  
nonnuclear p ressu re  vesse ls  c o u l d  be d i f f e r e n t  f rom cases i n  which h i g h  p ressu re  
and h i g h  r a d i a t i o n  f l u x  occur  s imul taneously .  The es t ima tes  o f  scram f a i l u r e  
p r o b a b i l i t y  i n  A n t i c i p a t e d  T r a n s i e n t s  Wi thbu t  Scram i s  another  case i n  p o i n t .  
(See o u r  l a t e r  d i s c u s s i o n  i n  S e c t i o n  11.) 

N e i t h e r  were 

The v a l i d i t y  o f  such 
Fo r  example, exper ience i n  f a i l u r e  o f  

The use o f  syn thes i zed  p r o b a b i l i t y  and e x t r a p o l a t i o n  i s  j u s t i f i a b l e .  
es t ima tes  a r e  no l o n g e r  ' o b j e c t i v e '  acco rd ing  t o  o u r  use o f  t h e  term, and a l l  o f  
t h e  v a l u e  judgments must t h e n  be made v i s i b l e  and t h e  scope o f  t h e  u n c e r t a i n t i e s  
d iscussed and est imated.  

However, t h e  

c. Acceptable Leve ls  o f  R i s k  f o r  Nuclear  Energy 

A f t e r  e s t i m a t i n g  t h e  p r o b a b i l i t y  and consequences, t h e  Reactor  Sa fe ty  Study, i n  
t h e  Execu t i ve  Summary and Chapters 6 and 7 o f  t he IMa in  Repor t ,  compared es t ima ted  
r i s k s  w i t h  t h e  p r o b a b i l i t y  and corisequences o f  o t h e r  s o c i e t a l  r i s k s .  

De te rm ina t ion  o f  a c c e p t a b i l i t y  o f  r i s k  i s  a separa te .ma t te r  f rom o b j e c t i v e  est ima-  
t i o n  o f  r i s k .  
o f  r i s k  asce r ta ined .  People a c t  on t h e i r  s u b j e c t i v e  p e r c e p t i o n  o f  r i s k ,  which may 
be a l t e r e d  by p r o v i d i n g  c l a r i f y i n g  i n f o r m a t i o n  i f  such i n f o r m a t i o n  i s  presen-ied i n  
a manner deemed c r e d i b l e .  

I n  t h i s  case, behav io r  toward r i s k  must be measared o r  t h e  p e r c e p t i o n  

The e s t i m a t i o n  o f  t h e  p r o b a b i l i t y  and consequences o f  r e a c t o r  a c c i d e n t s  exceeding 
t h e  des ign  b a s i s  i s  o n l y  one o f  t h e  r i s k s  i n  t h e  r e a c t o r  systems and t h e  t o t a l  
f u e l  c y c l e .  
e a r l y  f a t a l i t i e s ,  and l a t e n t  h e a l t h  e f f e c t s ,  and p r o p e r t y  damage f o r  Class 9 
a c c i d e n t s  i s  i n a p p r o p r i a t e ,  though t h i s  i s  an i m p o r t a n t  i n g r e d i e n t .  A l l  t he  
i ssues  assoc ia ted  w i t h  t h e  n u c l e a r  f u e l  c y c l e  a r e  i m p o r t a n t ,  i n c l u d i n g  economic 
and env i ronmenta l  m a t t e r s ,  and weapons p r o l i f e r a t i o n .  F u r t h e r ,  p u b l i c  p e r c e p t i o n  
hangs h e a v i l y  upon t h e  pe rce i ved  c r e d i b i l i t y  o f  t h e  Nuclear  Regu la to ry  Commission. 

To judge a c c e p t a b i l i t y  o f  n u c l e a r  r e a c t o r s  s o l e l y  on t h e  r i s k  o f  

L 
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8. ALLEGATIONS BY __ [IPS _____l_._---- CONCERNING RSS TREATNNT ___I_ O f  LUALITY ASSURANCE/ 

QUALITY CONT ROLx 

The RSS c r i t i q u e  by t h e  Union o f  Concerned S c i e n t i s t s  focusses cons ide rab le  a t t e n t i o n  
on t h e  way t h e  RSS t r e a t e d  t h e  i ssue  o f  q u a l i t y  assurance/ q u a l i t y  c o n t r o l  (QA/QC) .  
T h i s  i s s u e  i s  d iscussed by UCS p a r t i a l l y  " i n  an e f f o r t  t o  see t h e  i n t e r n a l  work ings o f  
t h e  RSS and, i n  p a r t i c u l a r ,  t o  l e a r n  how the  s tudy handled s e n s i t i v e  problems t h a t  
cou ld ,  i f  u n f a v o r a b l y  reso lved ,  c a l l  i n t o  Q u e s t i o n  t h e  o v e r a l l  s a f e t y  o f  commercidl 
n u c l e a r  power p l a n t s . " ?  
s tudy.  ' I  

Thus, UCS says t h a t  i t s  s tudy o f  t h e  QA,'QC i s s u e  i s  a " case  

The essence o f  t h e  UCS c r i t i q u e  c e n t e r s  around two i ssues :  f i r s t  t h e r e  a r e  two memoranda 
sen t  by M r .  E .  G i l b e r t  o f  t h e  s tudy  team, i n  which G i l b e r t  o u t l i n e s  f o r  t h e  c o n s i d e r a t i o n  
o f  t h e  team leaders  d i f f e r e n t  approaches t o  t h e  RSS t rea tmen t  o f  t h e  QA/QC problem. 
The second i s  an a l l e g a t i o n  t h a t  t h e  RSS suppressed t h e  i n c l u s i o n  o f  an e n t i r e  s e c t i o n  
on t h e  s u b j e c t  because, presumably, i t  would have been damaging t o  t h e  case t h e  s tudy  
team i s  accused o f  t r y i n g  t o  make. 

B a s i c a l l y ,  M r .  G i l b e r t  i n  h i s  memoranda o u t l i n e s  f o r  t h e  team leaders  t h e  impor tance o f  
t h e  QA/QC i s s u e  i n  t h e  c o n t e x t  o f  t h e  l a r g e r  RSS s tudy.  
o f  seve ra l  RSS team members, two p o s s i b l e  approaches t o  t h e  i ssue  were considered.  
G i l b e r t  d iscusses these approaches. 

I t  appears t h a t ,  a t  a meet ing 

In t h e  f i r s t  post,ulated approach ( 'Approach A ' ) ,  t h e  s tudy  would a t tempt  o n l y  t o  f i n d  
those d a t a  s u p p o r t i v e  o f  t h e  genera l  c o n c l u s i o n  t h a t  QA/QC was per formed adequate ly  by 
t h e  r e a c t o r  vendors,' l i censees , /and  t h e  AEC i t s e l f .  I n  t h i s  approach, a c r i t i c a l  l o o k  
a t  t h e  QA/QC i s s u e  would n o t  be taken,  b u t  i n s t e a d  documentation would be sought t o  
engender conf,idence i n  t h e  ongoing QA/QC program. 
B ' ) ,  t h e  QA/QC f i n d i n g s  o f  RSS would n o t  be-predetermined,  b u t  r a t h e r  t h e  RSS team 
would c o n s i d e r  t h e  d e f i c i e n c i e s  and noncon fo rm i t i es  a c m a l l y  found, on an a u d i t  b a s i s ,  
i n  t h e  f i e l d .  
( suppor tab le  by  f a c t s  g leaned f rom t h e  AEC. reco rds )  t h a t  a l l  ma jo r  QA/QC d e f i c i e n c i e s  
were uncovered by  t h e  AEC a u d i t  and t h a t  t h e y  were r e p a i r e d  and/or r e s o l v e d  i n  a manner 
which assures p l a n t  s a f e t y  system r e 1  i a b i  1 i ty. 'I 

G i l b e r t  t h e n  goes on t o  l i s t  t h e  advantages and d isadvantages o f  t h e  two approaches 
H igh  among t h e  d isadvantages o f  Approach B i s  t h e  problem t h a t  t h e  f i e l d  d a t a  f rom 

I n  t h e  second approach ( 'Approach 

G i l b e r t  notes h i s  pSeference f o r  u s i n g  Approach B " t o  reach  a f i n d i n g  

*F.v.H. d i s s o c i a t e s  h i m s e l f  f rom t h i s  s e c t i o n .  
+Union o f  Concerned Sc ien t i , t s ,  The Risks o f  Nuclear  Power Reactors: A Review o f  

t h e  NRC Reactor S a f e t y  Study WASH-1400 (NUREG-75/014) (Cambridge, MA: 
pp 159-160. 

August 1977), 
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a u d i t s  show " g e n e r a l l y  o n l y  nega t i ve  f i n d i n g s "  because t h a t  i s  t h e  n a t u r e  o f  any a u d i t  
r e p o r t ,  and hence " t h e  o b j e c t i v e  reader  can q u e s t i o n  whether t h e  whole s t o r y  i s  n o t  
a c t u a l l y  much worse . . . . I '  

The a l l e g a t i o n  made by t h e  UCS r e p o r t  does n o t  draw i t s  own c o n c l u s i o n  e x p l i c i t l y ,  
l e a v i n g  t h e  c o n c l u s i o n  m a i n l y  t o  t h e  reader .  However, M r .  Dan ie l  Ford, Execu t i ve  
D i r e c t o r  o f  UCS, i n  a p r e s e n t a t i o n  t o  ou r  R i s k  Assessment Review Group, d i r e c t l y  a l l e g e d  
t h a t  t h i s  i n c i d e n t  rep resen ted  d e l i b e r a t e  d i shones ty  on t h e  p a r t  o f  t h e  RSS team and 
urged an i n v e s t i g a t i o n .  

M r .  Ford i n d i c a t e d  " t h a t  t h e  s tudy  group d e l i b e r a t e l y  sought t o  exc lude t h e  c o l l e c t i o n  
o f  i n f o r m a t i o n  t h a t  i t  b e l i e v e d  had the potent.ial t o  show e i t h e r  t h e  u n r e l i a b i l i t y  o f  
r e a c t o r  s a f e t y  systems o r  t h e  i nde te rm inacy  o f  t h a t  ques t i on . "  What i s  o b j e c t i o n a b l e  i n  
t h i s  m a t t e r ,  M r .  Ford sa id ,  i s  " t h e  f a c t  t h a t  i t  i s  comp le te l y  c o n t r a r y  t o  any o b j e c t i v e  
s c i e n t i f i c  a n a l y s i s  o f  how you analyze q u a l i t y  assurance and how you  f i t  i t  i n t o  t h e  
s t a t e  o f  t h e  a r t  r e p o r t  on r e a c t o r  s a f e t y . "  D r .  Lewis s a i d  he b e l i e v e d  t h a t  M r .  Ford 
was say ing  t h a t  t h e y  d i s h o n e s t l y  c losed  t h e i r  minds t o  a v a i l a b l e  d a t a  t h a t  m igh t  have 
b rough t  t o  q u e s t i o n  t h e  s a f e t y  o f  n u c l e a r  r e a c t o r s .  M r .  Ford s a i d  t h a t  was c o r r e c t .  

F u r t h e r  i n q u i r i e s  by  members o f  ou r  Review Group, i n c l u d i n g  i n t e r v i e w s  and correspondence 
w i t h  M r .  G i l b e r t ,  have revea led  n o t h i n g  a d d i t i o n a l  i n  t h e  f i l e s  except  a memo by G i l b e r t  
t h a t  appears t o  c a r r y  o u t  t h e  recommendations o f  h i s  two e a r l i e r  memoranda. 
i m p o r t a n t  t o  no te  t h a t ,  a f t e r  hav ing  r a i s e d  t.he t w o  p o s s i b l e  approaches, G i l b e r t  h i m s e l f  
recommends Approach B as t h e  a p p r o p r i a t e  s t r a t e g y .  
o f  a r r i v i n g  a t  an honest conc lus ion ,  whereas Approach A i s  no t .  
t h e  i n c i d e n t  i s  accep tab le  on i t s  face;  t h e  c i s h o n e s t  Approach A was r e j e c t e d .  
does n o t  comp le te l y  c l o s e  t h e  i ssue ,  however, because t h e r e  i s  s t i l l  t h e  problem o f  how 
t h e  RSS s tudy  team c o u l d  have come t o  t h e  p o i n t  o f  even g i v i n g  s e r i o u s  c o n s i d e r a t i o n  t o  
Approach A ,  o r  t o  a n y t h i n g  l i k e  it: 
deserves s t r o n g  d i sapproba t ion .  

It i s  

Approach B i s  i n t r i n s i c a l l y  capable 
Thus, t h e  outcome o f  

T h i s  

Such c o n s i d e r a t i o n  i s  d i f f i c u l t  t o  comprehend and 

There i s  a d i s t i n c t i o n  between "suppress ion"  and "omiss ion"  o f  m a t e r i a l .  
o f  t h e  a l l e g e d  "suppress ion"  o f  an e x t e n s i v e  QA/QC s e c t i o n  i n  t h e  RSS f i n a l  r e p o r t ,  ou r  
group f i n d s  t h a t  i t s  omiss ion was one among numerous examples i n  which m a t e r i a l  was 
o m i t t e d  f o r  a v a r i e t y  o f  reasons. M r .  G i l b e r t  i n  a memorandum t o  ou r  pane l ,  o f f e r e d  
h i s  exp lana t ion ,  as f o l l o w s :  
p a r t s  o f  Document 1 [ t h e  complete ( b u t  undated) w r i t e - u p  o f  t h e  PWR/BWR QA/QC procedures]  
because t h e y  summarize b o t h  t h e  competence and a t t e n t i o n  t o  d e t a i l  o f  t h e  government 
i n s p e c t o r s  and t h e i r  t e c h n i c a l  c o n s u l t a n t s .  
con f i dence  i n  t h e  e f f e c t i v e n e s s  of government Q-A  a u d i t s  and c o r r e c t i v e  procedures. 
U n f o r t u n a t e l y ,  t h e i r  f i n d i n g s  can a l s o  be used t o  suppor t  t h e  w o r s t  f e a r s  and 
i n s e c u r i t i e s  o f  t h e  p r o f e s s i o n a l  i n t e r v e n o r s .  The f a c t s  a r e  i n d i s p u t a b l e .  B u t  we can 
a l s o  see how e a s i l y  these same' f a c t s  c o u l d  have been misused i n  damaging ways. 
Ramussen/ Lev ine made t h e  r i g h t  d e c i s i o n  (a  tough one) i n  n o t  i n c l u d i n g  t h i s  m a t e r i a l  
i n  t h e  WASH-1400 r e p o r t . "  

On t h e  i ssue  

' I . .  . .pages 180-212 a r e  p o s s i b l y  t h e  most i n t e r e s t i n g  

T h e i r  performance shou ld  engender pub1 i c  

I t h i n k  
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The RSS study team has explained this omission as due to the proposed section's being 
not germane to tix particular RSS task for which it was developed. 
issue of "omissions," we refer the reader to the Section of this report on scrutability. 

On the general 

We consider allegations of dishonesty to be deserving of the most serious and careful 
study; each must be backed up by evidence commensurate with the seriousness of the 
charge. It is understandable that an incident such as this should raise doubts among 
the skeptical as to the overall honesty o f  the RSS effort. However, this allegation of 
dishonesty is without merit in our  view. 
that this incident can be used as a 'case study,' generalizable to reveal lessons as to 
the intellectual integrity of the larger RSS effort. 

Furthermore, we do not accept the argument 
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9. CURRENT ROLE OF PROBABILISTIC METHODS I N  THE REGULATORY PROCESS 

The Reactor S a f e t y  Study i s  used i n  sebera l  ways i n  t h e  r e g u l a t o r y  process. 
made o f  i t s  methodology, o f  whole p a r t s  o f  i t s  r e s u l t s ,  and o f  gener i c  a p p l i c a t i o n s  o f  
t h e  methodology. 

Use i s  

Use o f  t h e  techniques was a n t i c i p a t e d  i n  seve ra l  a p p l i c a t i o n s  made b e f o r e  t h e  Study was 
completed. 
a c c e p t a b i l i t y  o f  s i t e s  f o r  n u c l e a r  power p l a n t s  t o  areas f a r  enough f rom a i r p o r t s .  The 
e a r l i e r  rev iews (1972-73) o f  a n t i c i p a t e d  t r a n s i e n t s  w i t h o u t  scram (ATWS) s t a r t e d  from a 
requi rement  t h a t  these events  have a p r o b a b i l i t y  o f  l e s s  than  
and assessed t h e  a b i l i t y  o f  r e a c t o r  designs t o  meet t h i s .  
methods have been made w i t h  v a r y i n g  success i n  i n c r e a s i n g  numbers s i n c e  issuance o f  t h e  
Reactor  S a f e t y  Study. 
based on p r o b a b i l i t y  o f  occurrence o f  earthquakes and p r o b a b i l i t y  t h a t  s t r u c t u r e s  can 
w i t h s t a n d  assumed earthquake s t resses ,  performance o f  backup power systems, t h e  e f f e c t s  
o f  overpressure and o t h e r  t r a n s i e n t s  on r e a c t o r  p ressu re  vesse ls ,  t h e  p r o b a b i l i t y  o f  
p i p i n g  f a i l u r e ,  and t h e  e f f e c t s  o f  m i s s i l e s  generated by breakup o f  a t u r b i n e .  

A p r o b a b i l i s t i c  s tudy o f  a i r c r a f t  crashes has l e d  t o  a c r i t e r i o n  l i m i t i n g  

p e r  r e a c t o r  y e a r ,  
Other  uses o f  p r o b a b i l i s t i c  

A few examples are:  more r e f i n e d  methods o f  se ismic a n a l y s i s  

The r a d i o l o g i c a l  d i s p e r s a l  and e f f e c t s  models have been used i n  such ways as f o r  f u r t h e r  
i n v e s t i g a t i o n  o f  l i q u i d  pathways, b o t h  th rough  streams and groundwater, f o r  a n e l y s i s  o f  
r e l a t i v e  s u i t a b i l i t y  o f  a l t e r n a t e  r e a c t o r  s i t e s ,  and f o r  some t e n t a t i v e  s t u d i e s  o f  t h e  
r e l a t i v e  hazards o f  e l e c t r i c a l  power g e n e r a t i o n  f rom coa l  and f i s s i o n .  

Gener ic  s t u d i e s  have been conducted u s i n g  t h e  even t  t r e e  methodology o f  t h e  Reactor 
S a f e t y  Study. I n  these  cases, where s p e c i f i c  des igns a r e  n o t  evaluated,  'he prob-  
a b i l i t i e s  assoc ia ted  w i t h  branches o f  t h e  event  t r e e s  a r e  e i t h e r  es t ima ted  f rom genera l  
c o n s i d e r a t i o n s  o r  borrowed f rom t h e  r e s u l t s  o f  f a u l t  t r e e  a n a l y s i s  i n  t h e  Reactor 
Sa fe ty  Study. 
power p l a n t s ,  f o r  s a f e t y  o f  spent  f u e l  s h i p p i n g  c o n t a i n e r s ,  and f o r  spent f u e l  p rocess ing  
p l a n t s ,  among o the rs .  

Gener ic  a n a l y s i s  has been done f o r  f a s t  breeders,  f o r  f l o a t i n g  nuc lea r  

There has been c o n s i d e r a t i o n  of use o f  t he  Reactor Sa fe ty  Study i t s e l f ,  i t s  re f i nemen ts ,  
and conc lus ions  based on these i n  r e v i s i n g  t h e  b a s i s  o f  p a r t  o f  t h e  r e g u l a t o r y  process. 
One example considered i n  t h i s  connec t ion  i s  t h e  a n a l y s i s  r e q u i r e d  by 10 CFR 100 
(Reactor  S i t e  C r i t e r i a ) ,  whose p h i l o s o p h i c a l  b a z i s  i s  p a r t l y  a v iew t h a t  r e a c t o r  co re  
meltdown should be no more p robab le  than  
would be c a t a s t r o p h i c .  
t h e  p r o b a b i l i t y  o f  such an event  and i t s  e f f e c t s ,  and so a r e v i s i o n  o f  t h e  s i t e  c r i t e r i a  
themselves i s  suggested. 

p e r  r e a c t o r  yea r ,  because any meltdown 
The conc lus ions  of t h e  Reactor Sa fe ty  Study d i sag ree  w i th  b o t h  

No s p e c i f i c  s teps i n  t h i s  d i r e c t i o n  have y e t  been takcn. 

8 

. 
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10. ACTS OF VIOIENCE: SABOTAGE AND kAR 

Acts o f  v i o l e n c e  t h a t  c o u l d  damage nuc lea r  power p l a n t s  and as a r e s u l t  endanger people 
i n  t h e  area i n c l u d e  sabotage and war. I n  e i t h e r  case, t h e r e  would be a d e l i b e r a t e  p l a n  
t o  prnduce damage and perhaps subsequent danger t o  people. 
n o t  c a l c u l a t e d  i n  t h e  Reactor Sa fe ty  Study. 
because i t  was recognized t h a t  t h e  p r o b a b i l i t y  o f  sabotage o f  a n u c l e a r  power p l a n t  

cannot  be es t ima ted  w i t h  any con f idence .  

The r i s k  f rom sabotage was 
The omiss ion was d e l i b e r a t e ,  and propel’, 

The Study draws on o t h e r  analyses t o  concluoe t n a t  f e a t u r e s  o f  n u c l e a r  power p l a n t s  
t h a t  p r o t e c t  a g a i n s t  r i s k s  f rom a c c i d e n t s  a l s o  make these  p l a n t s  more d i f f i c u l t  t o  
sabotage s u c c e s s f u l l y .  
vesse ls ,  f e a t u r e s  t h a t  cause shutdown o f  t h e  c h a i n  r e a c t i o n  and cont inuance o f  co re  
c o o l i n g  i f  necessary, r e s t r a i n t s  on p i p i n g  and components t o  p r o v i d e  r e s i s t a n c e  t o  
ear thquakes,  and o t h e r  engineered s a f e t y  t e a t u r e s .  

These f e a t u r e s  i n c l u d e  heavy s h i e l d i n g ,  t h i c k - w a l l e d  p i p e s  and 

The same analyses a r e  c i t e d  as b a s i s  f o r  a c o n c l u s i o n  t h a t  t h e  w o r s t  consequences f rom 
a c t s  o f  sabotage shou ld  n o t  be expected t o  exceed t h e  w o r s t  consequences f rom acc iden ts .  
It was a l s o  concluded t h a t  n u c l e a r  power p l a n t s  appear l e s s  s u s c e p t i b l e  t o  sabotage 
than  most o t h e r  c i v i l  o r  i n d u s t r i a l  t a r g e t s .  Nonetheless t h e  NRC has, i n  r e c e n t  y e a r s ,  
implemented s t r i c t e r  s e c u r i t y  s tandards,  which shou ld  f u r t h e r  reduce t h e  r i s k .  

I t ‘ i s  a l s o  w o r t h  n o t i n g  t h a t  some f e a t u r e s  t h a t  make t h e  p l a n t s  d i f f i c u l t  t o  sabotage 
s u c c e s s f u l l y  would a l s o  h e l p  t o  make most sabotage scenar ios  ben ign  f rom t h e  s t a n d p o i n t  
o f  p u b l i c  i n j u r y .  
shutdown and a need f o r  expensive r e p a i r  t h a n  t o  produce a c o r e  m e l t .  

I t  would be-much e a s i e r  t o  sabotage t h e  p l a n t  so as t o  l e a d  t o  

We do n o t  mean t o  imp ly  by t h e  above t h a t  sabotage i s  n o t  s t i l l  an i m p o r t a n t  i s s u e  

We t u r n  t o  a c t s  o f  v i o l e n c e  i n  war. 
war would dwar f  any secondary e f f e c t s  f rom damaged n u c l e a r  power p l a n t s .  
b i l i t y  o f  conven t iona l  war v a r i e s  o v e r  t h e  g lobe ,  p robab ly  l ower  i n  nuclear-armed 
c o u n t r i e s .  

O f  course,  t h e  d i r e c t  consequences o f  a n u c l e a r  
The p o s s i -  

’ Over much o f  t h e  wor ld ,  t h e  p o s s i b i l i t y  o f  conven t iona l  wars cannot  be neglected.  I n  
these areas,  damage t o  n u c l e a r  power p l a n t s  t h a t  may be p r e s e n t  c o u l d  add s u b s t a n t i a l l y  
t o  the p u b l i c  r i s k .  
p r a c t i c e s  shou ld  be d i f f e r e n t  f o r  those p a r t s  o f  t h e  w o r l d  i n  which conven t iona l  wars 
cannot  be r u l e d  ou t .  I n  these cases, d i f f e r e n t  s t u d i e s  u s i n g  t h e  methodology o f  t h e  
Reactor  S a f e t y  Study c o u l d  be h e l p f u l  i n  r a t i o n a l  des ign  and s i t i n g  c r i t e r i a .  

I n  f a c t ,  i t : a p p e a r s  t h a t  n u c l e a r  power p l a n t  des ign  and s i t i n g  
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11. ATWS (ANTICIPATED TRANSIENTS WITHOUT SCRAM) 

The analysis in WASH-1400 of failure of a reactor to scram on demand has caused 
considerable controversy. 
two very disparate estimates by taking their geometric mean was most deplorable, because 
the estimated upper and lower bounds on probability o f  common cause failure were a 
factor 10 
failure. 

It was in considering this event that the practice of averaging 

6 apart, and the lower of the two has no relevance to the probability of scram 

The ATWS events were included among all events started by transients. 
that all transient events combined were a less significant source of risk for PWRs and 
were the dominant source of risk for BWRs. 
estimated probabilities of failure to scram. 

WASH-1400 concluded 

These conclusions depended very much on the 

The Division of Systems Safety of NRC has since issued NUREG-0460,* which provides a 
position on ATWS which it is proposed that NRC adopt in future safety applications. 
NUREG-0460 develops its argument through dependence on purely actuarial information on 
common mode failure probability to scram. All new relays in the scram circuit of the 
Kahl reactor in Germany were found at one point to have a scram defect due to inability 
to open on spring action when the current is cut off, because the protective plastic 
coating had not been cured properly. This one statistic, along with an estimate of the 
probability that a severe transient requiring scram might take place while the inability 
to scram persisted, led to a calculated frequency of anticipated transienis without 
scram of about 2 x per year for a water reactor. 

Without further information it might be argued that the one occurrence might be an 
accidental example of a member of a large set of very rare events, as we discuss in our 
comments on the Browns Ferry fire. 
problem appeared (and was corrected) in preoperational testing at the Monticello nuclear 
plant in the United States. 

However, NUREG-0460 points out that a similar 

The method used in NUREG-0460 is clearly an improvement over that used in WASH-1400. 
But there are some additional points that must be recognized. 

, 

As NUREG-0460 points out, the two plants analyzed in WASH-1400 were not typical regarding 
ATWS. 
likely that the risk of core melt for this PWR is even less than WASH-1400 concludes it 

The PWR was of a class that is substantially protected against ATWS, and it is 

*U. S. Nuclear Regulatory Commission, Antici atcd Transients Without Scram for Light 
Water Reactors: Staff Report by the + ivision o f  Systems Safety of the U.S. NRC, 
NUREG-0460, Volumes 1 and 2, April 1978. Available from the National Technical 
Information Service, Springfield, VA 22161. 

. 

. 

Q 

. 
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t o ' b e .  Many o t h c r  PWRs a r e  b e l i e v e d  t o  be more s u b j e c t  t o  damage f rom ATWS. The BWR 
t h a t  was analyzed was ins t rumen ted  t o  undergo r e c i r c u l a t i o n  pump t r i p  i f  ATWS occu rs ,  
and t h i s  reduces t h e  s e v e r i t y  o f  t h e  f i r s t  p u l s e  o f  energy i n  t h e  t r a n s i e n t .  Not a l l  
BWRs have t h i s  f e a t u r e .  
t o  t h e  f i r s t  pu l se .  
m igh t  n o t  a c t  f a s t  enough, and t h e  e f f e c t i v e n e s s  assumed by WASH-1400 m igh t  n o t  be 
assured. 

A more fundamental problem i s  found f o r  t h e  p e r i o d  subsequent 
The l i q u i d  bo ron  p o i s o n  system designed t o  s top  t h e  c h a i n  r e a c t i o n  

There fo re  NUREG-0460 recommends measures t o  be taken  f o r  a l l  BWRs and some PWRs, t o  
m i t i g a t e  t h e  e f f e c t s  o f  an ATWS event  shou ld  t h e y  occur .  

These p o i n t s  a r e  r e l e v a n t  t o  t h e  ques t i o r i  of how f a r  t h e  r e s u l t s  o f  WASH-1400, even if 
amended t o  account more c o r r e c t l y  f o r  t h e  c o n t r i b u t i o n  o f  ATWS t o  r i s k ,  can be 
e x t r a p o l a t e d  t o  a f u l l  n u c l e a r  i n d u s t r y .  
t h i s  e x t r a p o l a t i o n ,  b u t  made i t  nonetheless.  
t h i s  source, i t  i s  necessary t o  update and broaden t h i s  r i s k  assessment. 
appear f rom t h e  conc lus ions  o f  NUREG-0460 t h a t  t h e  r i s k  f rom ATWS i s  h i g h e r  t h a n  was 
es t ima ted  i n  WASH-1400. 

The au tho rs  o f  WASH-1400 s t a t e d  concern about  
To understand t h e  q u e s t i o n  o f  r i s k  f rom 

It would 



- 48 - 

12. THE INFLUENCE OF DESIGN DEFECTS AND QUALITY ASSURANCE FAILURES 

The h i s t o r y  o f  f a i l u r e s  o f  o t h e r  complex and presumably sa fe  systems i s  heavy w i t h  
i ns tances  o f  des ign  d e f e c t  and q u a l i t y  assurance f a i l u r e s .  ( A  spec tacu la r  case i n  
p o i n t  i s  t h e  c o l l a p s e  o f  t h e  Tacoma Narrows Br idge . )  Such d e f e c t s  m a n i f e s t  themselves 
o u t s i d e  t h e  framework o f  t h e  RSS methodology when t h e y  do n o t  c o n t r i b u t e  t o  t h e  component 
f a i l u r e  d a t a  base. Thus, f o r  example, t h e  Tacoma Narrows B r i d g e  f a i l e d  i n  a t o r s i o n a l  
mode due t o  t h e  g e n e r a t i o n  o f  Von Karman v o r t i c e s  i n  a reasonably  low wind, b u t  t h e r e  
a r e  many o t h e r  suspension b r i d g e s  t h a t  would f a i l  i n  t h i s  mode i f  t h e  winds were t o  g e t  
much h ighe r .  
which buck led  t h e  i n t e r f a c e  between t h e  passenger and baggage compartments, r e v e a l i n g  
t h a t  t h e  h y d r a u l i c  l i n e s  were r o u t e d  a long  j u s t  t h a t  bulkhead. 
which h i t  t h e  runway l i g h t s  a t  San F ranc isco  had two o f  i t s  t h r e e  redundant h y d r a u l i c  
systems d i s a b l e d  by t h e  impact ,  b u t  adequate s e p a r a t i o n  c r i t e r i a  preserved t h e  t h i r d  
and l e d  t o  a sa fe  l a n d i n g . )  

S i m i l a r i l y ,  i t  was t h e  f a i l u r e  o f  t h e  baggage door  on t h e  DC-10 a i r p l a n e  

(By c o n t r a s t ,  a 747 

We do n o t  know how i m p o r t a n t  a c o n t r i b u t o r  o f  t h i s  s o r t  would be t o  t h e  p r o b a b i l i t y  o f  
co re  m e l t ,  b u t  do know t h a t  i t  i s  a f a c t  o f  l i f e  f o r  a l a r g e  complex system. For  
example, any o f  t h e  f o l l o w i n g  could become impor tan t ,  and they  a r e  l i s t e d  here as 
e c l e c t i c  samples o f  t h e  s o r t  o f  t h i n g  we have i n  mind: 

The n e t  p o s i t i v e  s u c t i o n  head f o r  t h e  Containment R e c i r c u l a t i o n  Spray and Low Head 
S a f e t y  I n s p e c t i o n  System pumps a t  t h e  PWR analyzed i n  WASH-1400 ( S u r r y )  was r e c e n t l y  
found t o  be n o t  as g r e a t  as s p e c i f i e d  by t h e  pump manufacturer. 
Repor t  t o  Congress on Abnormal Occurrences, Oct-Dec. 1977, p .  5 . )  

(NUREG-0090-10, 

Some s a f e t y  r e l a t e d  e l e c t r i c a l  equipment i n  r e a c t o r  conta inments has been found 
n o t  t o  be adequate ly  r e s i s t a n t  t o  t h e  env i ronmenta l  c o n d i t i o n s  (steam, h e a t )  which 
would p r e v a i l  i n  t h e  conta inment  f o l l o w i n g  a l o s s  o f  c o o l a n t  acc iden t .  ( I b i d ,  

P. 9 . )  

Steam genera to r  tubes have been f a i l i n g  a t  Su r ry  #2 and o t h e r  r e a c t o r s  as a r e s u l t  
o f  i n t e r g r a n u l a r  s t r e s s  c o r r o s i o n  c rack ing .  
genera to r  tubes as a r e s u l t  o f  t h e  p ressu re  t r a n s i e n t s  d u r i n g  a loss o f  c o o l a n t  
a c c i d e n t  c o u l d  render  t h e  emergency co re  c o o l i n g  system i n e f f e c t i v e .  

Report t o  Congress 0” Abnormal Occurrences, July-September 1976, p .  6 . )  

(The f a i l u r e  o f  a number o f  steam 

NUREG-0900-5, 

There was a v i o l a t i o n  a t  Browns F e r r y  o f  NRC’s s e p a r a t i o n  r e q u i r m e n t s  which 
i nc reased  t h e  l i k e l i h o o d  o f  t h e  common cause f a i l u r e  o f  redundant systems. 
( N R C ,  N o t i c e  o f  V i o l a t i o n ,  J u l y  28, 1975.) 
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( 5 )  The e l e c t r i c a l  i n t e r c o n n e c t i o n  o f  s a f e t y - r e l a t e d  and n o n s a f e t y - r e l a t e d  systems, 
which has become an i ssue  a t  a number o f  power p l a n t s .  
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13. CALCULATION OF POPULATION DOSES FROM GIVEN RELEASES OF RADIONUCLIDES 

The ranges o f  u n c e r t a i n t y  g i v e n  i n  t h e  WASH-1400 consequence c a l c u l a t i o n s  a r e  g i v e n  as 
a f a c t o r  o f  4 f o r  e a r l y  f a t a l i t i e s  and i l l n e s s e s ,  and f a c t o r s  o f  1/6 and 3 f o r  cancer  
deaths and g e n e t i c  e f f e c t s .  
a tmospher ic  d i s p e r s i o n  c a l c u l a t i o n s ,  t h e  e f f e c t i v e n e s s  o f  evacuat ion,  exposure-dose 
c o e f f i c i e n t s ,  and d o s e - b i o l o g i c a l  e f f e c t  c o e f f i c i e n t s .  The u n c e r t a i n t i e s  assoc ia ted  
w i t h  most o f  these f a c t o r s  were n o t  es t ima ted  i n  WASH-1400, so t h a t  s e n s i t i v i t y  t o  them 
shou ld  be explored.  Examples are:  

These ranges a r e  supposed t o  i n c l u d e  u n c e r t a i n t i e s  i n  

a. Atmospheric D i s p e r s i o n  C a l c u l a t i o n s  

Some e x p l o r a t o r y  a n a l y s i s "  t h a t  has been r e p o r t e d  t o  us i n d i c a t e s  t h a t  t h e  
c a l c u l a t e d  number o f  e a r l y  f a t a l i t i e s  as a f u n c t i o n  o f  d i s t a n c e  i s  q u i t e  s e n s i t i v e  
t o  t h e  model f o r  t h e  plume r i s e  and t h e  va lue  o f  t h e  d e p o s i t i o n  v e l o c i t y .  

b .  E f f e c t i v e n e s s  o f  Evacuat ion 

Most o f  t h e  s h o r t  t e rm f a t a l i t i e s  i n  WASH-1400 a r e  assoc ia ted  w i t h  " i n e f f e c t i v e  
evacua t ion . "  T h i s  corresponds t o  t h e  assumption t h a t  evacua t ion  does n o t  occur  
b e f o r e  t h e  a r r i v a l  o f  t h e  r a d i o a c t i v e  c l o u d  b u t  t h a t  most o f  t h e  p o p u l a t i o n  i s  
removed w i t h i n  4 hours t h e r e a f t e r  ( V I  - 13-35). I t  i s  assumed i n  WASH-1400 t h a t  
such i n e f f e c t i v e  evacua t ion  w i l l  occ i i r  o n e - t h i r d  o f  t h e  t ime.  
p o s s i b l e  t h a t  t h e  WASH-1400 i n e f f e c t i v e  evacua t ion  scenar io  rep resen ts  an average 
r a t h e r  t h a n  a p e s s i m i s t i c  e x p e c t a t i o n ,  i n  which case t h e  e a r l y  f a t a l i t i e s  would be 
i nc reased  by a f a c t o r  o f  about th ree .  

I t  appears q u i t e  

c .  Exposure-Dose C o e f f i c i e n t s  

I n  D r a f t  WASH-1400, t h e  i n h a l a t i o n  dose was t h e  ma jo r  c o n t r i b u t i o n  t o  e a r l y  
f a t a l i t i e s  ( V I  - 84). I n  t h e  f i n a l  r e p o r t ,  b o t h  t h e  i n h a l a t i o n  exposure-dose 
c o e f f i c i e n t s  and t h e  dose-consequence c o e f f i c i e n t s  have been reduced t o  t h e  p o i n t  
where t h e  i n h a l a t i o n  dose i s  a minor  c o n t r i b u t o r  t o  e a r l y  f a t a l i t i e s . '  The D r a f t  
used a 1959 I C R P  r e p o r t  ( # 2 )  as i t . s  source f o r  exposure-dose c o e f f i c i e n t s .  The 
f i n a l  r e p o r t  i n c l u d e s  a new s e t  o f  c o e f f i c i e n t s  which was a p p a r e n t l y  developed 
s p e c i f i c a l l y  f o r  t h e  WASH-1400 group. 

To our  knowledge, the new exposure-dose c o e f f i c i e n t s  have n o t  been rev iewed by 
e i t h e r  t h e  NCRP o r  t h e  I C R P .  I t  i s  p o t  y e t  c l e a r  t h e r e f o r e  what t h e i r  l e v e l  o f  
acceptance i s .  

*Jan Beyea, A Study of Some o f  t h e  Consequences o f  H y p o t h e t i c a l  Reactor Acc idents  
a t  Barseback, Swedish Energy Commission, 1978.- 
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Af i f iEX I 

THE R I S K  ASSESSMENT EEVIEW GROUP 

Since t h e  p u b l i c a t i o n  o f  t h e  Reactor Sa fe ty  Study i n  1975, t h e  Study has been t h e  
s u b j e c t  o f  much debate. Congressman M o r r i s  K. U d a l l ,  Chairman o f  t h e  Committee on 
I n t e r i o r  and I n s u l a r  A f f a i r s  o f  t h e  U.S.  House of Represen ta t i ves ,  h e l d  hea r ings  on t h e  
Study i n  June 1976. Subsequently, t h e  S t a f f ' o f  t h e  Subcommittee on Energy and t h e  
Environment p u b l i s h e d  i n  January 1977 a r e p o r t  e n t i t l e d  Observat ions on t h e  Reactor  
S a f e t y  Study. 
requested t h a t  t h e  Nuclear  Regu la to ry  Commission convene a rev iew  group r e p o r t i n g  
d i r e c t l y  t o  t h e  Commission, i n c l u d i n g  persons n o t  employed by NRC and who have been 
c r i t i c a l  o f  t h e  Study, f o r  t h e  purpose o f  p r e p a r i n g  a new Summary o f  t h e  Report.  

On March 14, 1977, on t h e  b a s i s  of t h a t  r e p o r t ,  Congressman U d a l l  

The Commission responded t o  Congressman Udal1 on A p r i l  4, 1977, ag ree ing  t h a  a f u r t h e r  
u n d e r t a k i n g  was i n  o r d e r  b u t  o f  a somewhat. d i f f e r e n t  na tu re .  
t h e  view t h a t  what was c a l l e d  f o r  was an independent rev iew  o f  peer  comments on t h e  
WASH-1400 f i n a l  r e p o r t  and o f  r e c e n t  developments i n  r i s k  assessment methodo ogy. 
Commission commented t h a t  such a rev iew  would a s s i s t  t h e  Commission i n  e s t a b l i s h i n g  
f u t u r e  p o l i c y  r e g a r d i n g  t h e  use o f  r i s k  assessment i n  t h e  r e g u l a t o r y  process.  

The Commission expressed 

The 

The Commission then  began e f f o r t s  t o  convene such a Panel. 
M r .  Saul Lev ine,  D i r e c t o r  o f  Nuclear  Regu la to ry  Research, con tac ted  D r .  H a r o l d  W. Lewis 
t o  seek h i s  a v a i l a b i l i t y  t o  serve as Chairman o f  t h e  Review Group. 
acceptance, he and M r .  Lev ine r e d r a f t e d  t h e  c h a r t e r  f o r  t h e  Review Group and p repared  a 
recommended membership l i s t  which i n c l u d e d  some who have been c r i t i c a l  o f  t h e  Study, 
some who have p r a i s e d  it, and some who have n o t  t aken  a s p e c i f i c  p o s i t i o n  on it. On 
June 30, 1977, a f t e r  c o n s u l t a t i o n  w i t h  t h e  D i r e c t o r  o f  OMB, as r e q u i r e d  by  t h e  Federa l  
Adv iso ry  Committee Act ,  t h e  Commission approved t h e  proposed c h a r t e r  (see Annex 11) and 
t h e  membership o f  t h e  Review Group. 
backgrounds a r e  as f o l l o w s :  

W i th  Commission approva l ,  

Upon D r .  Lew is '  

The members and a b r i e f  d e s c r i p t i o n  o f  t h e f r  

- H a r o l d  W. Lewis, P ro fesso r ,  Department o f  Phys ics,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
Santa Barbara,  C a l i f o r n i a .  Chairman o f  t h e  American Phys ica l  S o c i e t y  s tudy  
group on l i g h t - w a t e r  r e a c t o r  s a f e t y ,  1975. 

Labora to ry ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  Be rke ley ,  C a l i f o r n i a .  Member o f  American 
Phys ica l  S o c i e t y  s tudy  group on l i g h t - w a t e r  r e a c t o r  s a f e t y ,  1975. 

- H e r b e r t  J.C. Kouts, Chairman, Department o f  Nuc lea r  Energy, Brookhaven N a t i o n a l  
Labora to ry ,  Upton, New York. Former D i r e c t o r  o f  t h e  NRC O f f i c e  o f  Nuclear  
Regulatory  Research (1975-1976), former D i r e c t o r  o f  AEC's Reactor S a f e t y  
Research D i v i s i o n  (1973-1975). 

- Rober t  J. B u d n i t z ,  D i r e c t o r ,  Energy and Environment D i v i s i o n  Lawrence Berke ley  

- W a l t e r  B. Loewenstein, D i r e c t o r ,  Sa fe ty  and A n a l y s i s  Department, Nuc lea r  
D i v i s i o n ,  E l e c t r i c  Power Research I n s t i t u t e , .  Palo A l t o ,  C a l i f o r n i a .  

- W i l l i a m  D. Rowe, Deputy A s s i s t a p t  A d m i n i s t r a t o r  f o r  R a d i a t i o n  Programs, U.S.  
Env i ronmenta l  P r o t e c t i o n  Agency, Washington, D . C .  
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- Frank von H i p p e l ,  Research S c i e n t i s t ,  Center f o r  Environmental Studies,  
P r i n c e t o n  U n i v e r s i t y ,  P r ince ton ,  New Jersey. 
S o c i e t y  s tudy group on l i g h t - w a t e r  r e a c t o r  s a f e t y ,  1975. 

o f  Technology, Pasadena, C a l i f o r n i a .  

Member o f  American Phys ica l  

- F r e d r i k  Zachariasen, P ro fesso r ,  Department o f  Phys ics,  C a l i f o r n i a  I n s t i t u t e  

On August 7, 1978, D r .  Budn i t z  assumed a p o s i t i o n  as Deputy D i r e c t o r  o f  t h e  O f f i c e  o f  
Nuc lea r  Regulatory  Research, b u t  D r .  Lewis recommended t o  t h e  Commission t h a t  D r .  Budn i t z  
complete h i s  work w i t h  t h e  panel .  

The group r e p o r t e d  i t s  f i n d i n g s  and recommendations t o  t h e  Commission on September 7, 
1978. 



THE ZtI:\RTEg --- 

The Review Group will provide advice and information 
final report of the Reactor Safety Study, WASH-1400, 
Study, advice and recommendations on developments in 

to the Commission regarding the 
and the peer comments on the 
the field of risk assessment 

methodology and on future courses of action which should be taken to improve t b  

methodology and its application. This advice and information will assist the C u m m I , L i i J  I 

in establishing policy regarding the use of risk assessment in the regulatory process, 
in improving the base for the use of such assessments. 
achievements and limitations o f  the Reactor Safety Study. 

It will also clarify the 
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CORRESPONDENCE REGARDING FORMATION 

OF THE REVIEW GROUP ~ - -  
. 

A 
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NUCLEAR R EGU LATOR Y COMM I SSlON 
WASHINGTON. D. C. 20555 

April 4 ,  1977 

OFFICE OF THE 
C H A I R M A N  

The Honorable Morris Udall, Chai rman 
Subcommittee on Energy and the Environment 
Committee on In t e r io r  a n d  Insclar  Affairs 
United S ta tes  House of Representatives 
Washington, D.C. 20515 

Dear Mr. bprrna n 

Thank.you fo r  your l e t t e r  of March 14,  enclosing a report ,  "Observations 
on t h e  Reactor Safety S t u d y , "  and requestin? t h a t  a review group be 
convened f o r  the purpose of preparing a new summary of the s t u d y .  
Commission believes t h a t  a fur ther  undertaking i s  i n  order ,  b u t  of a 
somewhat d i f f e ren t  nature. 

The 

We recognize t h a t  opinions can reasonably d i f f e r  as to  the best  means of 
summarizing so complex and extensive a report  as WASH-1400. We do not 
bel ieve,  however, t h a t  preparation of a new summary to WASH-1400 would 
be a productive undertaking. The Executive Summary was wr i t ten  by the 
group which prepared the Reactor Safety Study, to  be a p a r t  of t h a t  
s t u d y ;  the f a c t  t h a t  i t  represented the i r  views will  remain unaltered, 
i r respec t ive  o f  whether a second summary is  prepared by a d i f f e ren t  
group. More importantly, i n  our view, a revision o f  the Executive 

, r y  a t  t h i s  time would obscure the important point t h a t  the Reactor 
bL 2ty Study as a whole should be seen a s  one s tep,  already accomplished, 
i n  the continuing developiiient of r i sk  assessment methodology. We believe 
t h a t  what i s  cal led f o r  a t  t h i s  time i s  an independent review o f  peer 
group comments on the WASH-1400 f ina l  report  and o f  developments i n  risk 
assessment methodology t h a t  have- occurred since the report  was published. 
Such a review, together with WASH-1400 i t s e l f  and the extensive e f f o r t s  
on r i sk  assessment presently underway w i t h i n  NRC, could be valuable to  
the NRC i n  es tabl ishing fu ture  policy regarding the use of risk assess- 
ment i n  the  regulatory process. 

We intend to  take s teps  to  convene a review group for  cuch a purpose. 
We agree the  group should report  d i r ec t ly  to the Commission, a n d  should 
include a d ive r s i ty  o f  views. We believe t h a t  the group should, as you 
suggest, include persons who have been c r i t i c a l  of the study. We expect 
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t h a t  t h e  necessary d e t a i l e d  arrangements f o r  t h i s  e f f o r t  w i l l  take about 
a month; t h e r e f o r e ,  we p l a n  t o  be back i n  touch w i t h  you about May 1 
w i t h  t h e  names o f  t h e  ,members o f  the rev iew group as w e l l  as a statement  
o f  i t s  c h a r t e r .  

We hope t h a t  t h e  r e s u l t s  o f  t h i s  e f f o r t  w i l l  c o n t r i b u t e  t o  t h e  ongoing 
d i scuss ions  rega rd ing  the usefu lness and a p p l i c a b i l i t y  o f  t h e  s t u d y ' s  
f i n d i n g s .  

S ince re l y  , 

Chai rman 



N I N L T Y - F l F l H  CONGRESS CHAHLLS C O N  h L  I h 
S T A F F  DIRECTOR 

LEE MC E L V A I N  - 58 - 
OENERAL COU 

COMMITTEE O N  I N T E R I O R  A N D  I N S U L A R  A F F A I R S  fTAHLEv ccovl 
U.S. HOUSE O F  REPRESENTATIVES SPECIAL COUNSEL 

LOUIS STRIEGEL 
MINORITV COUNSEL WASHINGTON. D C. 20515 

June 13, 1977 

The Honorable 
Marcus A .  Rowden, Chairman 
Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Marc: 

The June 9 issue of Nucleonics Week contains a reference 
to a report being prepared at the NRC on the matter of the 
Reactor Safety Study. This reference indicated the possibility 
of some disagreement concerning the purpose of the review. 

\ 

As you recall, I requested on March 14 that you convene a 
group for the purpose of preparing a new surrmary of the Study. 
This request was based on the belief that the existing 
sununary had created a misleading impression concerning the 
certainty and comprehensiveness of the Study's conclusions. 

Your response to my requests indicated that you did not 
believe preparation of a new summary would be a productive 
undcrtaking. b?hilt: I do not agree with your assessment of 
the utility of a revised summary, I will not contest the matter. 
However, I do believe it essential that the proposed review 
focus primarily on the issue of what the Reactor Safety Study 
does and does not tell us about reactor safety. The review - 
should contain a clear statement of the group's view of the 
accuracy and limitations of the Study's methodology and 
concl ~isions. 

Sincerely, 

'IcgJ 
MORRIS K. UDALL n 
Chairman 
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June 17, 1977 

OFFICE OF THE 
CHAl RMAN 

The  Honorable Morris K. U d a l l ,  Chairman 
Subcommittee on Energy and the EnviroTmen t 
Committee on In t e r io r  and Insular Affairs 
United S ta tes  House o f  Representatives 
WashinqtQn, D .  C .  20515 

Dear Mr. - No a rman: 

Thank you f o r  your l e t t e r  o f  June 13, concerning the mission o f  t h e  
review g r o u p  which,the Commission wil l  es tab l i sh  t o  review peer comments 
on the WASH-1400 f ina l  report  and developments i n  r i s k  assessment 
methodology. The Commission has been engaged, as  I indicated i n  my 
l e t t e r  o f  May 9,  i n  defining the makeup and charter  of the group. In 
addi t ion ,  we a re  undertaking consultation with the Director of OM3 a s  
required by the Federal Advisory Committee Act,  5 U.S.C. App. I ,  59, 
pr ior  t o  formal creat ion of the g roup .  Ne are  pleased t o  provide 
herewith t h a t  information. 

Professor Harold Lewis o f  the University of California has agreed t o  
serve a s  Chairman of the g r o u p ,  You will  recal l  t h a t  Professor Lewis 
was Chairman of the American Physical Society 's  Reactor Safety S tudy  
Group in  1975 and rendered distinguished service in t h a t  e f f o r t .  
1 i s  a l i s t  of the members of the g roup .  We feel  t h a t  t h i s  membership 
p r o v i d e s  a knowledgeable, balanced  group which s h o u l d  produce  a u s e f u l  
report. 

Enclosure 2 i s  a d r a f t  Review Group char te r ,  which provider the d e t a i l s  
of the group's mission and l i s t s  the areas  which a re  t o  be covered in 
the report .  
A more detai led char te r  will  subsequently be prepared in  accordance w i t h  
the  provisions of the Federal Advisory Committee Act. 

Professor Lewis has planned f o r  the group to be finished i n  i t s  work 
approximately s ix  months from i t s  f i r s t  meeting, and fo r  the repor t  t o  
be submitted d i r e c t l y  t o  the Commission short ly  thereaf te r .  This report  
together with WASH-1400 i t s e l f  and the extensive e f f o r t s  on r i s k  assess- 
ment presently underway within NRC should be valuable i n  es tab l i sh ing  
fu tu re  policy regarding the use of r i sk  assessment i n  the regulatory 
process. 

Enclosure 

We believe t h a t  t h i s  char te r  i s  responsive t o  your concerns. 

Ref : S E W -  77-301  
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@ 
We look forward t o  a useful and productive report  from the Review Group. 
If you would l i ke  any fu r the r  information, please l e t  me know. 

Si ncerel y , 

n 

Cha i rman 

Enclosures: 
1. Membership o f  WASH-1400 

Review Group 
2 .  Review Group Charter 

cc: Review Group Members 
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Dr-. Parol d \I.  Lewis ( C h a i  rnan) Dr. Walter Lowenst2iii 
Un-ivzrsity O F  California - S a n t a  Barbara 

Dr. Frank Von Hippel Nr. Fobert J .  Gudri i t z  
Prince ton University 

Electr ic  Po!~er Resc2rch Inst .  

L a w e n c 2  Gerkel ey L.ti!?r\:-? b0i-y 
Uniwrsi  ty o f  Cal iforn i;: 

Dr. William D. ROW 
Envi  roninental Protection. Agmcy 

Dr. Fredrjk Zachariaszn 
Cal i forn-i  a Tech. 

Dr. .Herbert J .  C .  Kou-ts 
C r o o k ha ve n N a t i on a 1 C a bo r a tory 
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REVIEIJ  GROUP CHARTER 

The Commission believes t h a t  i t  would be useful t o  convene a 

special  Review Group f o r  the purpose of reviewing peer group comments 

on the f ina l  report  of  the Reactor Safety Study and the developments 

i n  r i s k  assessment methodology t h a t  have occ.urred since the repor t  was 

published. 

The group s h o u l d  examine peer coments as  they per ta in  t o  the  

scope a n d  uncertaint ies  involved in  the f ina l  report  of the Reactor Safety 

Study a n d  s h o u l d  make recommendations a s  t o  additional-work t h a t  s h o u l d  

he done t o  improve r i sk  assessment methods and applications.  

comrcents on the f ina l  repbrt  of the Reactor Safety Study include testimony 

presented t o  Congressional Comnittees and the  Advisory Committee on Reactor 

Safeguards, l e t t e r s  t o  NRC, technical a r t i c l e s  and  such other material as 

may come t o  the g roup ' s  a t ten t ion .  

Peer group 

The review of developments i n  r i sk  

assessment methodology should  cover reports of work being done in  the 

f i e l d ,  and N R C ' s  p l a n s  f o r  the fur ther  development and  appl icat ion of 

r i s k  assessment 'techniques. 

toward aiding the NRC t o  e s t ab l i sh  policy regarding the use o f  r i s k  

assessment i n  the  regulatory process, t o  improve the base for  the use 

o f  such assessment, t o  formulate programs for  the reduction o f  Uncertainties 

i n  risk assessments, and t o  c l a r i f y  the achievements and l imi t a t ions  of the 

RSS. 

The report  o f  the group should be directed 



The l ionol-allc Morris K. Udal 1 ,  Cfrnirinan 
C o w n i t t e e  o n  l n t c r i o r  a n d  I n s u l a r  Affairs 
U.S. House of R e p r c s e n t a t i v r s  
\ d a s h i n g t o n ,  D .C .  20515 

D e a r  Nr. Uda11: 

I h a v e  a c o p y  of y o u r  l e t t e r  of J u n e  13 t o  Mr. Rowden, r e f e r r i n g  t o  NRC'S 
p u t a t i v e  review of t h e  R e a c t o r  Safety S t u d y .  S i n c e  I ' m  s c h e d u l e d  to c h a i r  t h a t  
s t u d y  o n  b c l i a l f  of KKC, a n d  s i n c e  I a s s u m e  t h a t  we a l l  have tiic same o b j e c t i v e  - 
the p u r s u i t  of t r u t h  - I hope tliat I may hc nlloued n c o u p l e  of comments .  

When I 1,135 f i r s t  nskcd t o  do this job, I said t h a t  I f e l t  t h a t  p r e p a r a t i o n  
of a new summary (dcfective as I b c l i c v e  t h e  p r e s e n t  o n e  t o  b c )  would  b e  a 
f u t i l e  g e s t u t c ,  n o t  w : ( > r t h  t h e  t i n i t : ,  b u t  t h a t  tlicrc vas a g r e a t  d e a l  t h e t  c o u l d  
bc done, i l l  t h e  p u b l i c  i n t c r c b s t ,  to c 1 , i r i f y  t h e  a c h i e v e m e n t s  a n d  l i m i t a t i o n s  of 
tllc R e a c t o r  S a f e t y  Study ant1 thi!  p o t e n t i a l  role  of s u c h  mcthodoloy,y i n  tlic 
r c g i i l n t o r y  p r o c e h s .  A t  thsr tine 1 co :u i iun ica t c J  my views Lo l l m r y  Flyers, of 
your s t a f f ,  b u t  I did w a n t  t o  p u t  t l i c s e  essentials i n  w r i t i n s ,  l e s t  t l i e r c  be a n y  
m i s u n d z r s t a n d i n g  a t  i i  l a t e r  date. 

AlthouSh this. will  b c  a review s p o n s o r e d  by, and  r c p o r t c d  t o ,  t h e  RRC, 1 hope 
the. rcport  will be u s e f u l  t o  otl iers ,  i n  o:ir coitiinon i n t e r e s t .  llowever, 1 makc. no  
c-rnntcer t l l a t  . t l i c .  oiitcom? will be r u p p o r t i v e  of cay v i c u s  no:d h e l d  by anyone -- 
YOU,  1.12, KrtC.  UCS, AIF ,  c t c .  SO f a r  ;IS I nm aLlz t o  iissurc this ,  i L  w i l l  hc 3 
1 c s P ( m 5 i b l c  s t u d y ,  di i - ec tcc ;  clt t h e  o b j e c t i v e s  vnentioned i r i  t h e  last p a r a s f n p h ,  and  

I d o  licipc we [J i l l  

, 

I l . 7 V 2  t r i c d  t o  n s s e ~ l l ~ l c  a firottl) c o m p n t i b l c  w i t 1 1  t h a t  p u r p o s e .  
a b l e  Lo n a i n t t i i n  c l o s e  cu ;nnlunica t io i i ,  and  t i i n t  t h e  r e p o r t  [ r i l l ,  i n  t h e  end, 

fulfill e v c r y v n ~ ' ~  nccds. 

S i n  r c*r ;- 1 y y o u r s  , 
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0 VNIVERSITY OF CALIFORNIA, SANTA BARBARA 

SANTA BARBARA SANTA CRUZ BERPELEY D A W  IRMNE LOS ANCELKS RIVERSIDE SAN DIECO. SAN FRANCISCO 

DEPARTMENT OF PHYSICS 
SANTA BARBARA, CALIFORNIA 93106 

May 12,  1978 

The Honorable Joseph Hendrie 
Chairman 
U. S. Nuclear Regufatory Commission 
Washington, D O C ,  20555 

D e a r  Joe: 

P t  w i l l  came as no surpr i se  to y m  that- It have been watching 
with keen interest the  negotiations between the Commission and 
Bob Budnitz, who is a m e m b e r  of our R i s k  A s s e s s m e n t  R e v i e w  Group, 
Now t h a t  Bob has accepted a posi t ion w i t h  the Commission, e f fec-  
t i v e  a f t e r  t he  proposed termination date of our panel, it s e e m s  
reasonable t o  assess the implications for  our group, and to decide 
whether any action on our p a r t  i s  necessary, 
personal assessment of the  s i tua t ion ,  suggestion for  handling it, 
and reasons therefor  e 

This note i s  my 

I a m  aware t h a t  there a re  those who believe Bob has i r reparably  
damaged h i s  c r ed ib i l i t y  as  an objective commentator on WASH-1400, i n  
accepting a job a s  Deputy t o  Saul Levine,  who of course played a 
central  ro le  i n  t he  preparation of t h a t  report .  For such people, 
even without impugning i n  the s l i g h t e s t  Bob's i n t eg r i ty ,  the appear- 
ances of the s i t ua t ion  would be suf f ic ien t  t o  suggest t h a t  he ought 
t o  s t e p  down a s  a m e m b e r  of our panel, I do not agree, and there  
are several  reasons, which I w i l l  out l ine below. 

I n  the f i r s t  place, I believe i n  t rea t ing  a l l  personnel 
problems ad hominem, because t h a t  is the b&st way to make *.e 
best use of the  short  supply of learned and d i l i gen t  people, 
Bob was, a s  you know, a m e m b e r  of our American Physical Society 
study, and I have worked closely w i t h  him from then t o  the 
present t i m e .  He is  simply an honorable man, w i l l  do an honest 
job, and is  required f o r  the balance of t he  panel. I t  w a s  never 
intended t h a t  each m e m b e r  of the panel stand squarely i n  the  
middle on a l l  issues  of reac tor  safety,  b u t  t ha t ,  looked a t  as a 
whole, w e  have a balanced and credible group, I bel ieve t h a t  we 
have, and it includes members whose p r io r  biases (on both sides) 
a re  f a r  more open t o  c r i t i c i sm than is Bob's putat ive involvement 
with the Commission. 
personally regard t h a t  as  an important role .  Q Bob helps t o  balance the group, and I 
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The Honorable Joseph Hendrie  

Page 2 
May 12, 1978 

I n  the second place, our char ter  i s  not  j u s t  narrowly t o  
c r i t i que  the Rasmussen report ,  W e  are also doing o ther  things 
which are, i n  my view, ra ther  more important i n  terms of what 
the  future  holds, It is no secret t h a t  we  w i l l  be saying some 
negative things about WASH-1400, but  even there the point  i s  
not  t o  kick a dead horse but  t o  c l a r i f y  the achievements and 
l imitat ions of WASH-1400, and through those the question of 
w h a t  can now be said quant i ta t ively about reactor safety. T h i s  
is an essen t i a l  ingredient  of our other chargeo t o  make a 
recamendation on whether and how such methodology can be fn- 
trodused i n t o  the  r:egnsl.atery process, 

Final ly  the appearanceae There is no question that 
people with suspicious minds may reach other  conclusions than 
I have about t h i s  event, but f do not bel ieve i n  surrendering 
t o  such people. Questions can be raised about my own earlier 
chairmanship of the  American Physical Society study, about 
H e r b  K a t s '  earlier tour with AEC, and about Frank von Hippel's 
widely disseminated criticism of the Rasmussen report. 
not  explored it, but  would not be surpr ised i f  severa l  of the 
members of the panel are recipients  of NRC funding for  t h e i r  
professional work.  There is no end t o  such things,  and I can 
not subscribe t o  the view t h a t  only those who  have no prior 
experience i n  a subject are credible. 

I have 

I regard it as m y  responsibi l i ty  t o  make c e r t a i n  tha t  our 
repor t ,  w h i c h  I hope w i l l  be unanimous, f a i r l y  and honest ly  
reflects the facts as we know t h e m ,  uncorrupted by extraneous 
considerations. 
not a problem i n  t h a t  regard, and I do n o t  plan t o  take any 
further act ion i n  this matter. 

I t  is  my judgment t h a t  Bob Budnitz' new job is  

Sincerely yours 

H, W. L e w i s  
/ cc: Dr, John Austin 
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ANNEX 1 V  

MEETINGS OF THL R E V I E W  GROUP -- 

August 24-25, 1977, i n  Washington, D.C.  
October 5-6, 1977 i n  Washington, D . C .  
November 10-11, 1977 i n  Palo A l t o ,  C a l i f o r n i a .  
December 12-13, 1977 i n  Washington, D.C.  
January 5-6, 1978 i n  Santa Barbara, C a l i f o r n i a .  
February 6-7, 1978 i n  Washington, D . C .  
March 9-10, 1978 i n  Washington, D.C.  
A p r i l  3-4, 1978 i n  Berkeley,  C a l i f o r n i a .  
May 23-24, 1978 i n  Washington, D . C .  
June 5-8, 1978 i n  Berkeley,  C a l i f o r n i a .  
August 29-31, 1978 i n  Washington, D.C. 
September 7, 1978 i n  Washington, D .C .  

1 
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