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Abstraer

O PTIM IZA TIO N  IN R E LO C A T IO N  D EC ISIO N S.
A fter m ajor accidents involving relocation  o f popúlation  groups, decisions w ould be 

required regarding perm ission to reinhabit evacuated areas or to continué using oth er areas. 
One com ponent o f  these decisions can be based on optim ization  assessm ents, taking into 
account the residual contam ination  and the ensuing doses and the cost o f m aintaining the 
counterm easures as a function  o f  tim e. This paper presents a rationale for such optim ization  
assessm ents and the procedures for obtaining intervention levels from  them, and sum m arizes 
som e applications o f  this approach  in em ergeney planning in Argentina.

1. I N T R O D U C T I O N

O p t i m i z a t i o n  of r a d i a t i o n  p r o t e c t i o n  is a b as ic  r e - 
qtiirement of the dose l i m i t a t i o n  s y s t e m  r e c o m m e n d e d  by 
the I n te r n a t i o na l C o m m i s s i o n  on Radi-ological P r o t e c ­
tion (ICRP) [l]. The o p t i m i z a t i o n  r e q u i r e m e n t  a pp lie s 
to a 1 1 s i t u a t i o n s  w h e r e  r a d i a t i o n  e x p o s u r e s  can be 
c o n t r o l l e d  by p r o t e c t i o n  m e a s u r e s .  The ICRP has also 
r e c o m m e n d e d  that " a l t h o u q h  o p t i m i z a t i o n ,  as a c o m p o ­
nent of the s y s te m of d ose l i m i t a t i o n ,  a p p l i e s . s t r i c t -  
1 y to s i t u a t i o n s  w h e r e  the r a d i a t i o n  s o u r c e  is u nde r 
c o nt r o l ,  s i m i l a r  c o n s i d e r a t i o n s  can be used for plan- 
ninq some of the p r o t e c t i v e  a c t i o n s  to be t ak en  in c a ­
se of an acci'dent" [2 ]. This p a p e r d i s c u s s e s  the ap- 
p l i c a t i o n  of the o p t i m i z a t i o n  r e q u i r e m e n t  to r e l o c a ­
tion d ec i s i o n s .

E v a c u a t i o n  is the u r ge n t  removal of p eo p l e  from  an 
area to a v oid  or r ed u c e  t he i r  e x p o s u r e  from high l e ­
vels of a c t i v i t y  due to r a d i o a c t i v e  m a t e r i a l s  d e p o s i -  
ted fro m the plume into the q r o u n d ,  f o l l o w i n g  a larqe 
a c ci d e n t .  E v a c u a t i o n  is a do pt e d  w h e n  it is e x p e c t e d  
that p eo p l e  will ret urn  to the area c o n c e r n e d  on a fo- 
r e s e e a b l e  tim e scale.

R e l o c a t i o n ,  on the o t h e r  hand, is a pp l i e d  e i t h e r  to 
end the e v a c u a t i o n  m e a s u r e  or to rem o v e  p o p ú l a t i o n
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qr o u p s from c o n t a m i n a t e d  a reas to a vo id c h r o n i c  exp o- 
sure w h e n  return to the area is not c o n t e m p l a t e d  at 
the time. This p a p e r  is c o n c e r n e d  w it h  r a d i a t i o n  pro- 
t e c t i on  d e c i s i o n s  r e 1 a t e d to the f irst s i t u a t i o n ,
i.e., to s i t u a t i o n s  of r e l o c a t i o n  a f t e r  e v a c u a t i o n .  
The ter m " r e l o c a t i o n " ,  t h e r e f o r e ,  wi 11 be us e d  in this 
p ap e r  u n d e r  the c on t e x t  of " r e - e n t r y "  into a c o n t a m i ­
nated area.

For r e l o c a t i o n  of p o p u l a t i o n  g ro u p s ,  d e c i s i o n s  w ou ld 
be r eq u ir e d  r e g a r d i n g  p e r m i s s i o n  to r e i n h a b i t  the eva- 
c u at e d  a reas or to c o n t i n u é  the use of o t h e r  areas. 
One c o m p o n e n t  of t h e s e  d e c i s i o n s  can be b a s e d  on o p t i ­
miza  t i o n a s s e s s m e n t s ,  tak in g  a c c o u n t  of the residual 
c o n t a m i n a t i o n  and the e n s u i n g  d o s e s , and the cost of 
m a i n t a i n i n g  the c o u n t e r m e a s u r e s  as a f u n c t i o n  of time. 
This p a p e r  p r e s e n t s  a r a t i o n a l e  of such o p t i m i z a t i o n  
a s s e s s m e n t s  and the. p r o c e d u r e s  to o b t ai n  i n t e r v e n t i o n  
level s from them, and summari zes some a p p l i c a t i o n s  of 
this a p p r o a c h  in e m e r g e n c y  p l a n n i n g  in A r g e n t i n a .

2. THF O P T I M I Z A T I O N  REO!) I REMEN T

Af te r some time has e la ps ed ,  the ra d i oa ct i v i t y level 
of the c o n t a m i n a t i o n  that had n e c e s s i t a t e d  e v a c u a t i o n  
w o u l d  hav e d e c a y e d  sufficientl.y and the r a d i o l ó g i c a !  
harm a v o i d e d  by m a i n t a i n i n g  e v a c u a t i o n  may wel 1 not 
j u s t i f y  the e f f o r t s  i n v olve d. C o m p e t e n t  a u t h o r i t i e s  
mu s t  then d e c i d e  w h e t h e r  to p e r m i t  the re i n h a b i t a t i o n  
of the e v a c u a t e d  a r e a s ,  r e t u r n i n g  the p e o p l e  e v a c ú a t  - 
ed. For m a k i n g  the d e c i s i ó n  rat ional and c o n s i s t e n t  
wi t h  r ad i a t i o n  p r o t e c t i o n  r e c o m m e n d a t i o n s ,  o p t i m i z a ­
tion mu s t  e nt e r  in the d e c i s i ó n  p r o c e s s.

Several t e c h n i q u e s  h ave been p r o p o s e d  for i m p l e m e n t i n g  
the o p t i m i z a t i o n  r e q u i r e m e n t .  C o s t - b e n e f i t  a n a l y s i s  
is a p a r t i c u l a r  a g g r e g a t i v e  m e t h o d  w h i c h  has been 
used. 11 a ss u m e s  that: (a) the c r i t e r i a  i n v o l v e d  are 
the costs of p r o t e c t i o n  and of the a v o i d e d  d e t r i m e n t ;  
and (b) t h e s e  c os ts can be e x p r e s s e d  in m o n e t a r y  
t e r m s .

In r e l o c a t i o n  d e c i s i o n s ,  ma n y  f a c t o r s  s h o u l d  be c o n s i -  
d er ed  b e f o re  d e c i d i n g  whe n the e v a c u a t i o n  m e a s u r e  must 
be t e r m i n a t e d .  Some of t h e se  f a c t o r s  may not be rea di-  
ly a m e n a b l e  to a g g r e g a t i o n .  H o w e v e r ,  in this p ap er ,  
the c o s t - b e n e f i t  a p p r o a c h  will be e x p l o r e d ,  r e c o g n i z -  
ing that it o v e r s i m p l i f i e s  the p r o bl em .



3 . C O S T - R E N E F I T  A N A I Y S I S
1N THE F R A M E W O R K  OF R E L O C A T I O N

C o s t - b e n e f i t  t e c h n i q u e s  for o p t i m i z i n q  p r o t e c t i o n  have 
been a n a l y z e d  in detail by ICRP [2 ]. For s i t u a t i o n s  of 
e m e r g e n c y  p 1 anni ng , h o w e v e r ,  e x a m p 1 es of a p p l i c a t i o n  
are scant.y. An e x c e p t i o n  is the pro pos al for d e v e l o p -  
ing i n t e r v e n t i o n  l e v e ls  in t erms of the do se  at w hi ch  
an a cti on  is r e q u i r e d  [3]. For the case of r e l o c a t i o n  
d e c i s i o n s ,  no p r a c t i c a l  e x a m p l e s  of the a p p l i c a t i o n  of 
o p t i m i z a t i o n  a p p e a r  to he a v a i l a b l e .

For r e l o c a t i o n  d e c i s i o n s ,  the two r ele va nt  v a r i a b l e s  
in the c o s t - b e n e f i t  p r o c e d a  re 'will be the cost X of 
c o n t i n u i n g  e v a c u a t i o n  and the cost Y a s s i g n e d  to the 
r ad i o l og ic a l  d e t r i m e n t  a vo i d e d  by such c o n t i n u a t i o n . 
The p r o t e c t i o n  p a r a m e t e r  will be the time f at w h i c h  
e v a c u a t i o n  sho u l d  be t e r m i n a t e d  and r e l o c a t i o n  a c c e p t e d

X will n o r m a l ! y  be p r o p o r t i o n a l  to tim e t and to the 
n um b e r  of p e o p l e  N w ho  have been e v a c u a t e d .  Thus,

X = K N t (1)

w h e r e  K is the cost to m a i n t a i n  e v a c ú a t e d  an a v e r a g e  
p e r s o n  per unit time.

S ince at low i n d i v i d u a l  do s e s , the h ea l t h  d e t r i m e n t  is 
p r o p o r t i o n a l  to the c o l l e c t i v e  d o s e  [2 ], in this p a - 
per, the cost of the d e t r i m e n t  Y is also t a k e n  to be 
p r o p o r t i o n a l  to the c o l l e c t i v e  d os e  S.

Y = a S (2)

w h e r e  “ is the cost a s s i g n e d  to the unit c o l l e c t i v e  
d o s e .

On the o th e r  hand, the d ose rate that an i nd iv i d u al  
will incur as a re sul t of the d e p o s i t e d  c o n t a m i n a t i o n  
will b e :

Ó = I D 0i e - Kit (3)

w he re  D 0 is the rate at time zero and < is a d ec ay 
c o n s t a n t ,  w hi ch tak es into a c c o u n t  not only the phy- 
sical d e c a y  ^ but also any o t h e r  e n v i r o n m e n t a l  removal 
of a c t i v i t y ,  both for each n u c l i d e  i i nv o l v e d .

Thus, the c o l l e c t i v e  doses due to m a i n t a i n i n g  e v a c u a ­
tion a f t e r  a ti me  t will be the t i m e int egral of equa- 
t ion (3) m u l t i p l i e d  by the n u m b e r  N of p e o p l e  i n v o l v e d



s = N / í Ó 0i e - Ki t dt (4)
T 1

w h e re  the interval of i n t e g r a t i o n  sta rts  at t . E x c e p t 
fnr very l o n g - l i v e d  and p e r s i s t e n t  n u c l i d e s ,  the col-  
l e c t i v e  dos e will then be

S = N I ^  e - Ki T (S)
i Ki

4. O P T I M I Z A D  R E L O C A T I O N  D E C I S I O N

O p t i m i z e d  p r o t e c t i o n  w o u l d  be o b t a i n e d  in c o n d i t i o n s  
s a t i s f y i n g  the f o l l o w i n g  e q u a t i o n :

41 + a ¿i = 0 (6)
cTT T t

T h e r e f o r e  ,

K N - a N £ <i •¡~ í - e _Ki T = n (7)

o r

K = “  E D0i e - Ki T ffi l

Rut, s i n c e

í D o i e - Ki T = D t («n

w h e r e  O t is the d o s e  rate at ti m e  t r e s u l t i n g  from  all 
nu c l i d e s ,  then, the  do s e  rate at the o p t i m i z e d  time 
for r e l o c a t i o n  is

D t = - 4 -  ( 1 0 )

T h er e f o r e ,  u n d e r  the a s s u m p t i o n s  m a d e  in the pap er,  
the o n t i m i z e d  t i m e  for r e - e n t r y  of e v a c u a t e d  p e o p l e  
sh ou ld  be such that the d o s e  rate at tha t ti me  is 
equal to the r ati o of the cost rate K for k e e p i n g  e v a ­
c u a te d  an a v e r a g e  p e r s o n  and the m o n e t a r y  v a l u é  a as- 
s i gn ed  by the regulator.y a u t h o r i t y  to the  unit col- 
l e c t i v e  dose  for the p u r p o s e s  of r a d i a t i o n  p r o t e c t i o n .



5. DIS CU SS 10 N

It is i n t e r e s t i n g  to note that the optimal s o l u t i o n  
d e p e n d s  on two p a r a m e t e r s ,  « and K, that are not re- 
late d to any p hys ic al  c o n d i t i o n  of the a c c i d e n t  and 
its c o n s e q u e n c e s . It is i n d e p e n d e n t  of the r a d i o c h e m i -  
cal c o m p o s i t i o n  of the r e l e a s e ,  of the s u b s e q u e n t  d i s ­
p e r s ió n ,  d e p o s i t i o n  and t r a n s p o r t  of the r a d i o a c t i v e  
m a t e r i a l s  and - t h e r e f o r e - o f  the w e a t h e r i n q ,  p e n e t r a -  
tion in soil and o t h e r  t r a n s p o r t  p h e n o m e n a ,  and of the 
e x p o s u r e  c o n d i t i o n s  of the p e o p l e  - i n c l u d i n g  t h e i r  lo- 
c a t i o n  and h a bits . This c o n c l u s i ó n  has been r e a ch ed  
u n d e r  a s s u m p t i o n s  that are q u i t e  normal u n d e r  the fra- 
m e w o r k  of opti m i z a t i o n  i m p l e m e n t e d  by c o s t - b e n e f i t  
anal ysis t e c h n i q u e s .

R e g u l a t o r y  a u t h o r i t i e s  are u si ng  - i m p l i c i t l y  or e x pl i-  
c i t l y -  « va lú e s  that r ange from  a few t h o u s a n d  to a 
few tens of t h o u s a n d s  of IJS d o l l a r s  per man s i e v e r t ,  
r e f l e c t i n g  d i f f e r e n t  a t t i t u d e s  and s o c i o - e c o n o m i c  c o n ­
d i t i o n s  in v a r i o u s  c o u n t r i e s .  An i n t e r e s t i n g  c o n c l u ­
sión is that the r ati o K/« wi 1 1 p r o b a b l y  be less s o - 
c i o - e c o n o m i c a l  1 y d e p e n d e n t  than a or K by t h e m s e l v e s .  
It s eems lik el y  t hat , if c o n d i t i o n s  in a g i v e n  p la ce 
are such as to e n c o u r a g e  a u t h o r i t i e s  to s el e c t  a high 
or a 1 ow v a l u é  of. a, the v al u é  of K will al s o  be high 
or 1 ow owi ng to the sa me  c o n d i t i o n s .  It s ee ms ,  t he r e -  
f ore, that the a/K r atio s h ou l d  be ra t h er  i n s e n s i t i v e  
to local c o n d i t i o n s .

6. USE IN A R G E N T I N A

The A r g e n t i n e  r e g u l a t o r y  a u t h o r i t i e s  have s e l e c t e d  a 
va lué  of a e q u i v a l e n t  to US$ 10 00 0 per m a n - s i e v e r t  
for p u r p o s e s  of o p t i m i z a t i o n  of r a d i a t i o n  p r o t e c t i o n .  
The cost ( a d di ti ona l to the usual cost of li vi n g )  of 
m a i n t a i n i n g  e v a c u a t e d  an a v e r a g e  p e r so n  is e s t i m a t e d  
in the o rd er  of USÍ 100 per m o n t h  per pers on.

T h e r e f o r e ,  the o p t i m u m  d os e  rate for d e c i d i n g  re l o c a -  
tion in A r g e n t i n a  w o u l d  be of the o r d e r  of 1 0”2 Sv/ 
m o nt h ,  if no o t h e r  c o n s i d e r a t i o n s  -such as in div id ua l 
risk l i m i t a t i o n -  w e r e  t a k e n  into a c c o u nt .

It is i n t e r e s t i n g  to no te  t ha t,  ba sed  on in div id ua l 
risk l i m i t a t i o n  c r i t e r i a ,  val úes  of 0 .0 5 - 0.1 Sv in a 
y e a r  w er e c o n s i d e r e d  by the A r g e n t i n e  a u t h o r i t i e s ,  
t he s e  v alú es  b eing  c o n s i s t e n t  w i t h  the o p t i m i z e d  r e - 
sults p r e s e n t e d  in this paper.
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