
LETTERS TO THE EDITOR 

COMMENTS O N "REALISTIC ESTIMATES 
OF THE CONSEQUENCES OF 
NUCLEAR ACCIDENTS" 

We w o u l d l ike t o r e s p o n d to s o m e issues raised b y 
L e v e n s o n a n d R a h n . 1 We shou ld m a k e it c lear a t t h e o u t s e t 
t h a t w e d o n o t argue w i t h t h e i m p o r t a n c e of t h e issues 
raised b y t he a u t h o r s o r t h a t m o r e e f f o r t is n e e d e d in 
o b t a i n i n g a b e t t e r u n d e r s t a n d i n g of f i ss ion p r o d u c t behav io r 
in r e a c t o r acc idents . However , we w o u l d like t o m a k e s o m e 
obse rva t ions o n the i r p a p e r a n d c la r i fy w h a t w e feel are 
m i s u n d e r s t a n d i n g s a b o u t t h e W A S H - 1 4 0 0 analyses . 2 In 
a d d i t i o n , w e believe t h a t t h e a u t h o r s leave t h e impress ion 
t h a t t he r e is a b o d y of ev idence t h a t i nd ica t e s t h a t t h e 
f iss ion p r o d u c t re lease e s t ima te s are g rea t ly overs ta ted . 
We disagree w i t h th i s pos i t i on . S ince t h e c o m p l e t i o n of 
W A S H - 1 4 0 0 , we have b e e n involved in t h e d e v e l o p m e n t 
of m e t h o d s f o r t he analys is of co re m e l t d o w n acc iden t s 
( t h e M A R C H c o d e descr ib ing t h e phys i ca l p rocesses of co re 
m e l t d o w n acc iden ts , t h e T R A P c o d e desc r ib ing r a d i o n u c l i d e 
r e t e n t i o n in t h e p r i m a r y sys t em, a n d several c o n t a i n m e n t 
t r a n s p o r t codes ) in w h i c h t h e sensi t ivi t ies of resul t s have 
b e e n tes ted as f u n c t i o n s of m o d e l i n g a n d d a t a unce r t a in t i e s . 
We have c o n c l u d e d t h a t t h e u n c e r t a i n t i e s in p red ic t ing 
f iss ion p r o d u c t release f r o m c o n t a i n m e n t are q u i t e large. 
T h e degree of o p t i m i s m o f t h e a u t h o r s t h a t t h e W A S H - 1 4 0 0 
values are grea t ly o v e r e s t i m a t e d is n o t w a r r a n t e d , howeve r . 

S o m e speci f ic c o m m e n t s fo l low. 

1. T h e a u t h o r s asser t t h a t " . . . t h e p robab i l i s t i c m o d e l s 
have been deve loped t o t h e p o i n t w h e r e the i r u se fu lne s s is 
n o t l imi ted b y the i r t e c h n i q u e , b u t b y t h e va l id i ty of t he 
d a t a used in eva lua t ion p a r t 2, t h e c o n s e q u e n c e s , " a n d 
" . . . W A S H - 1 4 0 0 has a t e n d e n c y t o grea t ly o v e r e s t i m a t e 
c o n s e q u e n c e s . " We disagree w i t h t h e s e asser t ions . T h e 
a u t h o r s d o n o t d iscuss t h e u n c e r t a i n t i e s assoc ia ted w i t h t h e 
p r e d i c t i o n of t he p robab i l i t i e s of t h e o c c u r r e n c e of r e a c t o r 
acc iden t s ; we feel t h a t t h e l a t t e r are a t least c o m p a r a b l e t o 
t h o s e assoc ia ted w i t h t h e p r e d i c t i o n of acc iden t conse-
quences . A s will be n o t e d in s u b s e q u e n t c o m m e n t s , i t 
appea r s t h a t t h e a u t h o r s ' impres s ion t h a t W A S H - 1 4 0 0 
grea t ly ove re s t ima te s c o n s e q u e n c e s s t e m s f r o m s o m e mis-
u n d e r s t a n d i n g of W A S H - 1 4 0 0 analyses . 

2. T h e a u t h o r s m a k e a m a j o r p o i n t regard ing t h e solu-
bil i ty of Csl a n d t h e ex i s t ence of m o i s t u r e in l ight w a t e r 
r e a c t o r ( L W R ) core m e l t d o w n acc iden t s . I t is i m p o r t a n t t o 
cons ide r t h e behav io r of c o r e m e l t d o w n a c c i d e n t s m e c h a -
nis t ical ly . F o r m o s t s e q u e n c e s of in te res t , t h e p a t h w a y f r o m 
the co re reg ion t o t h e c o n t a i n m e n t w o u l d be fi l led w i t h 
s u p e r h e a t e d s t eam a n d h y d r o g e n , a n d n o t wa te r . Ca r ryove r 
of t h e w a t e r d r o p l e t s as observed in e m e r g e n c y co re coo l ing 
tes t s w o u l d n o t o c c u r du r ing co re mel t ing . T r a n s p o r t of Csl 
t h r o u g h t h e r e a c t o r c o o l a n t sy s t em w o u l d in i t ia l ly b e as a 

v a p o r t h a t w o u l d c o n d e n s e t o f o r m an aeroso l as it is coo led 
in t h e r e a c t o r c o o l a n t sy s t em o r c o n t a i n m e n t . Wa te r con-
d e n s a t i o n on these aeroso ls w o u l d be e x p e c t e d t o o c c u r in 
t h e c o n t a i n m e n t a t m o s p h e r e , w h i c h w o u l d t end t o e n h a n c e 
aeroso l depos i t i on . Th i s e f f e c t is i nc luded empir ica l ly in 
t h e C O R R A L c o d e (used in W A S H - 1 4 0 0 ) , w h i c h was based 
o n C o n t a i n m e n t S y s t e m s E x p e r i m e n t da ta . F u r t h e r m o r e , 
p r e l im ina ry c o m p a r a t i v e ana lyses w i t h the N A U A c o d e , 
wh ich inc ludes c o n s i d e r a t i o n of c o n d e n s a t i o n on aerosol 
behav ior , have i n d i c a t e d t h a t th is e f f e c t is n o t d rama t i c . 

3. T h e a u t h o r s r e f e r e n c e a n u m b e r of old e x p e r i m e n t s 
regard ing f iss ion p r o d u c t release f r o m fue l and c o n t a i n m e n t 
d e p o s i t i o n as ev idence of e f f e c t s n o t i n c l u d e d in t h e WASH-
1 4 0 0 analyses . T h e s e d a t a were n o t only recognized b y the 
a u t h o r s of W A S H - 1 4 0 0 and used in f o r m i n g t he f ission 
p r o d u c t release m o d e l s , b u t in m a n y cases t he d a t a have 
been co l lec ted b y t he a u t h o r s of W A S H - 1 4 0 0 themse lves 
(e.g., G. Pa rke r a n d A. Pos tma) . T h e C O R R A L c o d e devel-
o p e d f o r t h e R e a c t o r S a f e t y S t u d y was based p r imar i ly o n 
large-scale c o n t a i n m e n t t es t s n o t e d in Sec. III. B of Ref . 1. 

4. T h e unqua l i f i ed s t a t e m e n t t h a t t he m o d e of con ta in -
m e n t fa i lu re w o u l d involve long i r regular c racks t h r o u g h 
c o n c r e t e c a n n o t b e s u p p o r t e d . While such fa i lure m o d e s are 
poss ible , t h e y w o u l d imp ly local ized fa i lures ( p r o b a b l y in 
t he c o n t a i n m e n t l iner) at i n t e rna l p ressures close t o design 
levels. S u c h fa i lu re m o d e s are n o t cons i s t en t w i t h in te rna l 
pressures several t imes t he design level t ha t chal lenge t h e 
gross s t r uc tu r a l in tegr i ty of t h e c o n t a i n m e n t , as have been 
cons ide red in W A S H - 1 4 0 0 as well as a n u m b e r of subse-
q u e n t s tudies . O n e c a n n o t d i s coun t , wi th any degree of 
assurance , t he poss ib i l i ty of gross c o n t a i n m e n t fa i lure . 

5. In c o n t r a s t t o t h e c o m m e n t s b y t he a u t h o r s regarding 
" m o d e l s . . . a s sume t h a t a n y me l t ing of t he r e a c t o r core 
will w i th in m i n u t e s lead in all cases t o a c a t a s t r o p h i c fa i lure 
of t h e r e a c t o r pressure vessel a n d c o n t a i n m e n t bu i ld ing , " 
m o d e l s in W A S H - 1 4 0 0 were used t o predict t h e fa i lu re of 
t h e pressure vessel and c o n t a i n m e n t bui ld ing. T h e t iming 
of these even t s relat ive t o core m e l t i n g was f o u n d to be 
s e q u e n c e d e p e n d e n t a n d had a m a j o r i n f l uence o n t he 
p r e d i c t e d consequences . A l t h o u g h t h e m o d e l s t h a t are 
c u r r e n t l y be ing used t o p r ed i c t t h e phys ica l p rocesses of 
core m e l t d o w n acc iden t s are s igni f icant ly i m p r o v e d over 
t hose used in W A S H - 1 4 0 0 , o u r c u r r e n t p e r c e p t i o n of the 
t im ing a n d m o d e of these even t s has n o t b e e n subs tan t i a l ly 
a l te red . 

6 . T h e d iscuss ion in R e f . 1 of t h e W A S H - 1 4 0 0 con ta in -
m e n t fa i lure m o d e s a n d c o n s e q u e n c e s is e r r o n e o u s . Large 
rad ioac t iv i ty releases were n o t a lways p r e d i c t e d ; d e p e n d i n g 
o n t he de ta i l s o f t he phys ica l p h e n o m e n a occur r ing , a very 
b r o a d range of r ad ioac t iv i ty releases was ca lcu la ted . WASH-
1 4 0 0 p r e d i c t e d t h a t in all core m e l t d o w n sequences t h e 
c o n t a i n m e n t b a s e m a t w o u l d be p e n e t r a t e d . If t he in te rna l 



c o n t a i n m e n t pressure was high enough , some of t he air-
b o r n e radioact ive mater ia l was released to t he g round where 
it was sc rubbed ( D F of 1000 e x c e p t f o r noble gases) b e f o r e 
escaping t o the air. In t he m o s t p robab l e core m e l t d o w n 
sequences in t he pressurized wa te r reac to r above-ground 
fa i lure was p red ic ted t o be unl ikely. ( I t is n o t clear f r o m 
where t he au thors ' < 2 % came. ) F o r sequences in which 
above-ground fai lure of t h e c o n t a i n m e n t is aver ted, t he 
release of radioact ive mater ia l t o t h e e n v i r o n m e n t is m u c h 
less (by a f ac to r of 104 t o 10 s ) t han f o r t he m o r e severe 
accidents . In fact , using indices of relative hazard fo r 
d i f f e r en t radionucl ides , the p red ic ted consequences of t he 
m o s t likely core m e l t d o w n sequences in WASH-1400 are 
less t han the actual off-s i te p o p u l a t i o n exposu re of t he 
T h r e e Mile Island (TMI) Un i t 2 accident . In con t ras t , t he 
Mark I boil ing w a t e r r eac to r (BWR) c o n t a i n m e n t design 
was p red ic ted t o have an a tmosphe r i c fai lure f o r all core 
m e l t d o w n sequences . Again, a b road range of po t en t i a l 
consequences was ob t a ined in WASH-1400 , ranging f r o m 
little depos i t i on fo r d i rect releases t o t he a t m o s p h e r e to 
subs tan t ia l r e t en t ion due t o t he ef fec t iveness of t he sup-
pression poo l in sc rubb ing fission p r o d u c t s and because of 
t he credi t t aken in the analysis fo r depos i t ion ex te rna l t o 
t he p r imary c o n t a i n m e n t along the p a t h w a y of the release 
t o the env i ronmen t . 

7. T h e a u t h o r s base m u c h of the i r a rgumen t on the 
h i s tory of r eac to r acc idents and the results of des t ruc t ive 
expe r imen t s . T h e y fail t o t ake no t e of t he f ac t t h a t ne i the r 
t he r eac to r designs n o r t he scenarios in these acc idents and 
e x p e r i m e n t s resemble t he acc ident sequences t ha t have been 
f o u n d t o be i m p o r t a n t in WASH-1400 as well as a n u m b e r 
of s u b s e q u e n t risk studies. T h e reader should recognize t ha t 
t he t y p e s of acc iden ts at issue ( t hose pred ic ted t o d o m i n a t e 
risk) are believed t o be very rare events (e.g., 1 : 2 0 0 0 0 0 
r eac to r years) ; s tat ist ical ly they represen t only a small 
f r a c t i o n of all possible core m e l t d o w n accidents . In these 
events , c o m b i n a t i o n s of fa i lures of engineered safe ty fea-
tu res are p red ic t ed t o resul t in early above-ground fai lure 
of t he c o n t a i n m e n t bui lding. Despi te the i r very low proba-
bi l i ty , b u t because of the i r po ten t ia l ly high consequences , 
these sequences were p red ic t ed t o d o m i n a t e pub l ic risk in 
W A S H - 1 4 0 0 as well as o the r m o r e recen t s tudies . T h e mag-
n i t u d e of possible r e t e n t i o n mechan i sms m u s t be evaluated 
f o r t he specif ic cond i t i ons expec ted in these sequences. 
Acc iden t s t h a t have occur red in 4 0 0 r eac to r years of LWR 
ope ra t i on have had l i t t le s imilari ty t o t he behavior expec ted 
in these rare events . In par t icular , t he TMI acc ident is qu i t e 
unl ike t he r i sk -dominan t acc idents of W A S H - 1 4 0 0 and a 
di rect compar i son is inappropr ia te . 

8. Tab le I of Ref . 1 misrepresents t h e W A S H - 1 4 0 0 
a s sumpt ions concern ing fission p r o d u c t release t o t he 
env i ronmen t . Specif ic examples of a p p a r e n t misunder s t and-
ings are: 

a. Signif icant w a s h o u t of released fission p r o d u c t s by 
wa te r in the p r imary sys tem was indeed cons idered 
w h e n t h e release p a t h was t h r o u g h water , par t icu-
larly in t he BWR analyses. 

b. Depos i t ion of released radioac t iv i ty wi th in the 
c o n t a i n m e n t as well as ex te rna l t o it, where appro-
pr ia te , was specifically cons idered ; depos i t ion 
ex t e rna l t o t h e p r imary c o n t a i n m e n t was f o u n d t o 
s ignif icant ly r educe releases t o t he e n v i r o n m e n t in 
m a n y BWR acc iden t sequences . 

c. Fiss ion p r o d u c t removal due t o f l ow t h r o u g h 
suppress ion poo l s was expl ic i t ly cons idered . 

d. Aeroso l behavior was evaluated by m e a n s of the 
C O R R A L code, which is based o n large-scale 
c o n t a i n m e n t expe r imen t s . 

9. N o basis is given t o suppo r t t he iod ine a t t e n u a t i o n 
f ac to r s assumed in Tab le III of Ref . 1. 

As s ta ted a t the ou t se t , we agree t h a t m o r e e f f o r t is 
needed in ob ta in ing a be t t e r unde r s t and ing of fission 
p r o d u c t behavior in r eac to r acc iden ts t o serve as t he basis 
of sa fe ty j u d g m e n t s as well as improved risk assessments. 
While risk assessments should be c o n d u c t e d as realistically 
as possible, care m u s t be t aken t h a t t he assumed realism can 
be well s u p p o r t e d . D u e n o t e m u s t be t a k e n of t h e uncer ta in -
t ies associated wi th t h e p red i c t i on of b o t h t h e probabi l i t ies 
and the consequences of r eac to r acc idents . Since these 
uncer ta in t i e s are large, t he f o r m u l a t i o n of sa fe ty j u d g m e n t s 
m u s t err o n t h e side of sa fe ty by taking i n t o a c c o u n t all 
possible o u t c o m e s at some high level of con f idence . A 
" rea l i s t i c " or " b e s t e s t i m a t e " eva lua t ion w o u l d , a f t e r all, 
u n d e r p r e d i c t r eac to r acc ident consequences m u c h of the 
t ime. On ly if t he uncer ta in t i e s associated w i t h such a " b e s t 
e s t i m a t e " or " rea l i s t i c" evalua t ion are small, wou ld such 
an a p p r o a c h be acceptable . T h e c o n c e p t of " u p p e r l imit of 
possible a t t e n u a t i o n f a c t o r s " as used in Re f . 1 has mean ing 
only insofa r as it m a y help t o d e f i n e t he range of uncer ta in-
ties. Clearly, a safe ty j u d g m e n t or m e a n i n g f u l risk assess-
m e n t c a n n o t be m a d e on t h e basis of possible a t t e n u a t i o n 
f ac to r s t ha t m a y , in f ac t , be unavai lable m o s t of t he t ime. 
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REPLY TO "COMMENTS O N 'REALISTIC 
ESTIMATES OF THE CONSEQUENCES 
OF NUCLEAR ACCIDENTS' " 

Cybulskis et al.1 call us2 t o task f o r leaving " t h e 
impress ion t ha t the re is a b o d y of evidence t h a t indicates 
t ha t f ission p r o d u c t release es t ima tes are great ly overesti-
m a t e d . " T h a t was exac t ly o u r i n t en t ion . All t h e empir ical 
evidence t o da t e suggests t h a t t h e p red ic t ed consequences of 
r eac to r acc idents are t o o high. O n t h e o the r hand , the re is 
n o acc iden t or integral e x p e r i m e n t t ha t shows the c o m p u t e r 
m o d e l s they advoca te give accura te results . 

I t appears f r o m reading the i r last pa ragraph t ha t they 
did n o t apprec ia te a m a j o r po in t of o u r paper . Calcula t ions 




