
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 



of t he consequences of reac to r acc idents are now being used 
fo r m a n y things such as t he se t t ing of evacua t ion policies. 
An evacua t ion itself encompasses a cons iderable risk—of 
dea th , in jury , e c o n o m i c loss, and e m o t i o n a l suf fe r ing to the 
general publ ic . In such a c i rcumstance , a ca lcula t ion is n o t 
conservat ive if it overes t imates t he direct consequences 
of the accident . Such an overes t imate may lead t o t he 
wrong act ions, r a ther t han ac t ions cons is ten t wi th the risks 
involved. 

We believe tha t t he bu lk of t he evidence indicates t ha t 
t h e fission p r o d u c t release es t imates f o r m a j o r light wa te r 
r eac to r acc idents are grossly overs ta ted in W A S H - 1 4 0 0 
(Ref . 2). Th i s is due to several reasons—oversimplif icat ion 
of t h e actual geome t ry of t he p lant , the s implif ied mode l ing 
of the acc idents , and the neglect ing of var ious physical and 
chemica l p h e n o m e n a . 

This last reason has been especially unde re s t ima ted in 
pas t s tudies. In par t icular , t he a s sumpt ion tha t there is 
n o a t t e n u a t i o n of fission p r o d u c t aerosols in t h e p r imary 
sys tem leads to ex t r eme ly large conservat isms. T h e f i rs t of 
these conservat isms results f r o m assuming the in s t an t aneous 
in jec t ion and mixing of t he fission p r o d u c t s wi th the gas in 
t he c o n t a i n m e n t building. Th i s d i lu tes t he aerosol concen-
t r a t i on to t he po in t where large d iamete r agglomerates 
( > 1 0 0 /urn) would no t f o rm . T h e second conservat ism, 
which is m o r e impor t an t , is the neglect ing of the process 
itself of in tense agglomerat ion to large aerosol sizes. This 
occurs wi th in seconds when the aerosol c o n c e n t r a t i o n is 
high ( > 1 0 0 g / m 3 ) (see Fig. 1). Agg lomera t ion reduces the 
aerosol source te rm by at least an o rde r of m a g n i t u d e pr ior 
to in jec t ion in to the c o n t a i n m e n t . 

T h e c o n c e n t r a t i o n t ha t should be used fo r this t y p e of 
analysis is t he local c o n c e n t r a t i o n in a he t e rogeneous zone 
close to t he source where t he aerosol f irst condenses . It is 
no t the un i fo rmly mixed vo lume of t he r eac to r vessel or 
c o n t a i n m e n t building. (This class of p h e n o m e n a can, f o r 
example , be observed in the vapor phase burn ing of sod ium 
vapor above a sod ium pool . Here t h e bu rn ing zone is 
~ 1 m m thick immedia te ly above the poo l surface. Unde r 
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these c i rcumstances , > 7 5 % of the sod ium aerosol grow t o 
large sizes and fall back in to the pool . T h e " re leased frac-
t i o n " of aerosols a m o u n t s t o < 2 5 % of t he sod ium burned 
and has a log no rma l size d i s t r ibu t ion wi th a 2- to 3 -^m 
mass med ian d iamete r and a a = 1.8 t o 2.0.) 

Cybulsk is et al.1 claim tha t the a t t e n u a t i o n fac to r s we 
spoke of in o u r pape r m a y be "unavai lab le m o s t of the 
t i m e . " We disagree. Things like hea t capac i ty , solubil i ty of 
f ission p roduc t s , o r t he behavior of aerosols are na tura l 
p h e n o m e n a . T h e y are no t d e p e n d e n t o n a par t icu la r acci-
d e n t scenario. T h e y are a lways available as a t t e n u a t i o n 
fac tors . 

T h e uncer ta in t ies in fission p r o d u c t release are indeed 
large, as Cybulsk is et al. no te . However , t he e r ror is no t 
s y m m e t r i c a round the calcula ted values; it is highly improb-
able tha t the consequences are unde re s t ima ted by m o r e 
t h a n a f ew pe rcen t , ye t it is highly likely t ha t t hey are over-
es t ima ted by several o rders of magn i tude . T o p r o d u c e 
realistic es t imates , it is n o t enough to val idate o n e c o m p u t e r 
code against a n o t h e r , o r t o rely o n sensitivity s tudies t o test 
f o r mode l ing shor tcomings . 

We would like to c o m m e n t in some detail on their 
specif ic po in t s ( n u m b e r i n g sys tem is the same as in Ref . 1): 

1 . W e have examined the t o p con t r i bu to r s to risk in 
W A S H - 1 4 0 0 and ident i f ied "a reas of conserva t i sm" which 
lead t o overes t imates , by at least a f a c t o r of 2, in the results 
(see Fig. 2). T h e r e are five or more such areas fo r each 
dominant sequence. Th i s results in m u c h more than an 
o rde r of magn i tude d i f f e rence in the calcula ted risk. 

2. We agree t ha t core m e l t d o w n accidents mus t be 
considered mechanis t ica l ly . However , we disagree wi th 
Cybulskis et al. in the sequence and t iming of the mecha-
nistic models . Table I gives a set of assumpt ions tha t we 
believe are more realistic than those used in WASH-1400 . 
If these a s sumpt ions were t o be used, m u c h lower conse-
quences would be calculated. In par t icular , when the pa th 
f r o m the core region t o c o n t a i n m e n t is filled wi th super-
hea ted s team, the so-called " d r y " accident , o the r a t tenua-
t ion p h e n o m e n a b e c o m e i m p o r t a n t : 

a. T e m p e r a t u r e s in the uppe r region of the pressure 
vessel will be considerably lower than in the core, 
al lowing condensa t ion of fission p roduc t s , if no t 
t he s team. 

b. Fission p r o d u c t s tha t do no t condense in the 
p r imary sys tem will be t r anspor t ed into a lower 
c o m p a r t m e n t , no t the main c o m p a r t m e n t . 

c. T h e wa te r originally in the pr imary sys tem will 
be condens ing at this loca t ion due to the heat 
capaci ty of the building, giving rise to wet and 
s teamy condi t ions . 

T h e N A U A code and similar aerosol codes have been 
used incorrec t ly to calculate the risk d o m i n a n t reac tor 
sequences : the high aerosol c o n c e n t r a t i o n s ( ~ 1 0 0 0 g /m 3 ) 
tha t would exist in t he p r imary sys tem were n o t analyzed. 
T h e a s sumpt ion is m a d e t ha t the aerosol s tar ts ou t as f inely 
divided, mic ron size par t icula tes , u n i f o r m l y d is t r ibu ted 
t h r o u g h o u t c o n t a i n m e n t . As a result , rapid agglomerat ion 
t o large part icle size is no t calcula ted. 

Also, Table II lists a n u m b e r of fission p r o d u c t react ions 
no t explici t ly t rea ted in the R e a c t o r Safe ty S t u d y . 3 Reac-
t ions like these are the consequence of quasi-static and 
nonequ i l i b r ium t h e r m o d y n a m i c react ions. T h e R E D O X 



Accident Sequence 

PWR BWR 

Area of Conservatism V TMLB' S2C TW TC 

Lack of fission product retention in primary system • • • • 

No fission product deposition in containment leak passages • • • • 

No fission product trapping in saturated water pools • • • 

No fission product retention by auxiliary buildings • • • • • 

Total release of "volatile" fission products from the fuel • • • • • 

Uninhibited fuel oxidation and ruthenium release in steam explosions • • • • 

Iodine assumed l2 rather than Csl • • • • 

Incomplete aerosol behavior modeling • • • • • 

Puff discharges upon containment overpressure failure • • • 

Fig. 2. WASH-1400 conservatisms impacting consequences for dominant accident sequences (Ref. 5). 

TABLE I 

Important Timing Considerations in Reactor Accidents 

• Major loss of water from primary system precedes fuel failure-
wet and steamy containment 

• Fuel melting 
Releases bulk of volatile fission products 
Must precede by some time penetration of the pressure vessel 
Aerosol agglomeration and iodine reactions occur inside 

pressure vessel 

• Density of fission product aerosols should be based on the free 
volume of the pressure vessel—not the containment building 

• Fuel melting will not start until fast blowdown stage is over 
Not appropriate to use the speed of escaping steam/water 

to calculate fission product transport into containment 

po ten t i a l , pH condi t ions , and the resul t ing species can be 
e s t ima ted f r o m prope r ly c o n s t r u c t e d Pourba ix diagrams. 
T h e r e is good evidence f o r the exis tence of these species 
in m o s t r eac to r accidents , in add i t ion t o Csl. 

3. T h e discussion in Cybulsk is et al. on t he C O R R A L 
code is incomple te . T h e c o d e is based on only par t of t he 
resul ts ob t a ined in t he C o n t a i n m e n t Sys t ems E x p e r i m e n t s 
(CSE). I t does n o t recognize, f o r ins tance , tha t t he m o s t 
i m p o r t a n t a t t e n u a t i o n e f f ec t observed in t he CSE was in 
t he aerosol genera to r s where t he c o n c e n t r a t i o n was high. 6 

T h e C O R R A L code was developed only o n da t a f r o m t h e 
in jec t ion c h a m b e r of t he CSE vessel. T w o o t h e r c o n n e c t e d 
c h a m b e r s exis ted. In those chambers , t he aerosol concen-
t r a t ion was a lways several o rders of m a g n i t u d e lower t han 
the initial c o n c e n t r a t i o n s in t he c h a m b e r i n t o which the 
aerosols were in jec ted . 7 T h e C O R R A L code was never 
b e n c h m a r k e d o n this m u l t i c o m p a r t m e n t da ta . Moreover , 
t he CSE was a relatively low c o n c e n t r a t i o n e x p e r i m e n t , 
and t h e r e f o r e did n o t cover t he relevant range where mass 

e f f ec t s are i m p o r t a n t . Hilliard and P o s t m a 6 and Parker and 
Creek 8 have recent ly publ i shed the i r assessments of s o m e of 
t he conserva t i sms in the source t e rm. 

4. As f o r c o n t a i n m e n t fai lures, o n e m u s t d i f f e r e n t i a t e 
b e t w e e n t h e design pressure and t h e fa i lure pressure, which 
is usually substant ia l ly higher. T h e example of a t t e n u a t i o n 
t h r o u g h cracks in a fai led c o n t a i n m e n t bui ld ing was m e a n t 
t o show t h a t an add i t iona l a t t e n u a t i o n f ac to r , n o t ac-
c o u n t e d f o r in WASH-1400 , would be opera t ive in m o s t 
of t he likely c o n t a i n m e n t fai lure modes . O n the o t h e r end 
of the spec t rum is the so-called "gross c o n t a i n m e n t " fai lure. 
Even here large a t t e n u a t i o n p h e n o m e n a wou ld be work ing 
because condensa t i on due t o hea t capac i ty is a lways 
presen t . Th i s was seen in the Gravel Ge r t i e tes ts . 9 Even 
w h e n t h e c o n t a i n m e n t s t r uc tu r e was comple t e ly de s t royed , 
aerosols were a lmos t ent i re ly t r apped in t he debris . In tes ts 
d o n e in 1967 at Genera l A t o m i c s o n a one- four th-sca le 
m o d e l of t he F o r t St. Vrain c o n t a i n m e n t building, fa i lure 
occur red at roughly two and one-half t imes t he design 
pressure of 6 0 0 psi. T h e bui ld ing c racked ; t he steel l iner 
o p e n e d up and ven t ed ; t he crack c o n t r a c t e d once pressure 
was relieved. Ca tas t roph ic fai lure of t he c o n t a i n m e n t build-
ing did n o t occur . 

5. It is generally agreed t o d a y tha t a me ta l -wa te r inter-
ac t ion will n o t resul t in su f f i c ien t the rmal - to -mechan ica l 
energy convers ion t o r u p t u r e t h e pressure vessel.1 0 Th i s 
comple t e ly changes t he pressur ized w a t e r r eac to r I release 
ca tegory , which assumes a s team exp los ion of suf f ic ien t 
energy t o fail t he pressure vessel and c o n t a i n m e n t building. 
Many a t t e n u a t i o n processes will have a l ready occur red pr ior 
t o any gross r u p t u r e of t he pressure vessel. Moreover , t he 
d y n a m i c s of core m e l t t h r o u g h are usually d e t e r m i n e d by 
the M A R C H code . Th i s code m a y be good f o r de t e rmin ing 
general t r ends bu t is no t accura te f o r de t e rmin ing specif ic 
t iming. A core mel t is so complex , and the ex is tence of 
p e r t i n e n t da t a so t enuous , t ha t MARCH 'S abi l i ty t o repro-
duce the physical p h e n o m e n a we call core mel t is in real 
d i spute . 



TABLE II 

Possible Fission Product Reactions 

Degraded Core Accident 

Reaction Process Product 

Iodine/Cesium 

Iodine with cesium in fuel 
Cesium iodide with water 
Dissolved cesium iodide with oxygen from air 
Iodine with water 
Iodine with organic material (i.e., paints) 
Iodine with metals in reactor building 
Iodine with dust and dirt 
Gravitational settling of solid iodides 
Adsorption/plate out of airborne iodides on surfaces 
Filtration of airborne particulates 
Removal of nonvolatile iodides by water scrubbing 

Cesium iodide 
Dissolved cesium iodide 
Iodine 
Hypoiodous acid 
Organic iodides 
Nonvolatile iodides 
Nonvolatile iodides 
Nonvolatile iodides 
Nonvolatile iodides 
Immobilized iodides 
Iodide solutions 

Tellurium/Cesium 

Tellurium with cesium in fuel 
Plate out of cesium telluride in fuel 
Cesium telluride with water 
Precipitation of tellurium from solution 
Oxidation of tellurium (solution) by air 

Cesium telluride 
Adsorbed cesium telluride 
Cesium-tellurium solution 
Solid tellurium 
Nonvolatile tellurium 

Particulate Fission Product 

Particulate becomes airborne after fuel clad rupture 
Airborne particulate settles out due to gravity 
Airborne particulate scrubbed out by water 

Airborne particulate 
Plated/adsorbed material 
Water suspension or solution of fission products 

6. We d o n ' t believe m o s t of this discussion is con t ra ry 
t o w h a t we s ta ted in Ref . 2 . T h e < 2 % above-ground fa i lures 
fo r c o n t a i n m e n t buildings were r e fe renced in Ref . 2 9 in o u r 
original paper . 

7. T h e p h e n o m e n a we ta lked a b o u t in Ref . 2 apply over 
a wide spec t rum of r eac to r designs and accidents . T h e r e is 
no reason to believe t h a t any acc iden t will nega te t he laws 
of chemis t ry and aerosol physics . If t h e consequence m o d e l s 
have no t ye t sa t isfactor i ly r e p r o d u c e d those (pe rhaps far 
simpler) r eac to r acc idents t h a t have occur red , h o w can 
they correc t ly p red ic t rare, h igh consequence ones? A code 
t h a t c a n n o t i n t e rpo la t e cor rec t ly should n o t be used t o 
ex t rapo la te . A n a t t e m p t t o r e p r o d u c e t h e SL-1 accident , 
using WASH-1400- type a s sumpt ions and the C O R R A L 
code, gave d i sappo in t ing and exceedingly high resul ts . 1 1 

Cybulskis et al.1 have a l ready s ta ted t h a t " t h e uncer ta in t ies 
in pred ic t ing fission p r o d u c t release f r o m c o n t a i n m e n t 
are qu i t e large." More i m p o r t a n t l y , these uncer ta in t ies 
have never been quan t i f i ed adequa te ly . I t is a t ru ism tha t 
any f u t u r e m a j o r r eac to r acc iden t will be unl ike any one 
mode led be fo re , d o m i n a n t sequence or n o t . T h e T h r e e Mile 
Island Uni t 2 acc ident is a highly relevant acc iden t : it 
conclusively d e m o n s t r a t e d t ha t t he cur ren t ly assumed 
release f r ac t ions are wrong. T h e cr i t ique b y Cybulsk is e t al. 
s t rongly suggests an app roach based o n analysis and calcula-
t ions r a the r t han di rect observat ions . We believe empir ica l 
da ta should be the basis f o r analyses. 

8. a. N o wate r or sur face abso rp t i on of volat i l ized 
species along the p r imary sys tem t r anspo r t p a t h 
in any emergency core cool ing in jec t ions fai lure 

sequence was considered in WASH-1400 . Fission 
p r o d u c t sc rubbing in boil ing wa te r reac to r suppres-
sion pools was inc luded in WASH-1400 ; however , 
t he p o o l is n o t par t of the p r imary system. 

b. Re fe r ence 3 assumed n o r e t e n t i o n of any species 
by auxil iary buildings or s t ruc tu res outs ide the 
c o n t a i n m e n t . Also n e g l e c t e d were par t icu la te 
agglomera t ion and par t ic le depos i t ion on walls and 
surfaces in c o n t a i n m e n t . The re was only part ial 
mode l ing of s team c o n d e n s a t i o n e f f ec t s ; any 
fission p r o d u c t release o n a c o n t a i n m e n t r u p t u r e 
was t rea ted as an i n s t an t aneous percen tage loss of 
t he a i rborne con ten t s , d i rect ly to t he a tmosphe re 
w i t h o u t dep le t ion . 

c. See 8a. 

d. See po in t s 2 and 3 f o r t he discussion relative 
t o t he C O R R A L code. I t is also necessary t o 
consider , w h e n qua l i fy ing aerosol codes, t he con-
d i t ion u n d e r which the exper imen ta l da ta were 
ob ta ined . T h e CSE da ta were ob ta ined at low 
c o n c e n t r a t i o n ( < 0 . 0 1 g /m 3 ) and small par t ic le size. 
T h e C O R R A L - 1 cor re la t ion is based o n these low 
concen t r a t ions . High c o n c e n t r a t i o n ( 1 0 0 to 1000 
g /m 3 ) aerosols are assumed t o exist in the r eac to r 
pressure vessel fo l lowing a core m e l t d o w n accident . 
T o be cons idered val idated, a c o d e should be com-
pared against high c o n c e n t r a t i o n da ta t aken in the 
first f ew seconds a f t e r t he s tar t of the expe r imen t 
wi th i n s t r u m e n t a t i o n capable of handl ing part icle 



sizes > 1 0 /urn. This has n o t general ly been the case. 
However , da ta ob ta ined in t he High T e m p e r a t u r e / 
C o n c e n t r a t i o n Aeroso l ( H T C A ) tes ts 1 2 in the la te 
1970s showed tha t > 8 0 % of an aerosol does grow 
t o large size wi th in t he f i rs t 10 s u n d e r such con-
d i t ions (see Figs. 3 and 4). Th i s t y p e of behavior is 
shown b y some recen t ca lcula t ions using H A A - 3 b 
(Ref . 4) and Q U I C K (Ref . 13). F o r example , 
Q U I C K ca lcula t ions have shown t h a t f o r o n e of 
t he d o m i n a n t r eac to r acc iden t sequences , t he 
TMLB' , 99% or m o r e of the initial aerosol mass 
should be re ta ined in t he p r imary sys tem (Ref . 14), 
since t he res idence t imes will be long and the aero-
sol c o n c e n t r a t i o n s will be high. 

9. Tab le III in o u r original pape r was developed b y 
R. L. R i t z m a n , t he pr incipal a u t h o r of A p p e n d i x VII, " T h e 
Release of Rad ioac t iv i ty in R e a c t o r A c c i d e n t s " of Ref . 3. 

In conc lus ion , we still feel t ha t consequence m o d e l s 
p r o d u c e useless and misleading es t imates w h e n t hey are 
developed w i t h o u t using e x p e r i m e n t a l evidence t o d e m o n -
stra te the i r val idi ty. 

Fig. 3. Aerosol collected from HTCA Test 13 showing a bimodal 
aerosol distribution (Ref. 12). 
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