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THE ARGF.NTINE RADIOACTIVE WASTE REPOSITORY:

BASIC CRITERIA,  PRELIMINARY SIT ING AND OESIGN CONCEPTUAL BASIC

D..J. Ben in son;  A..1. González; E. P a la c io s ;  N.R. C i a l l e l l a

ABSTRACT

The paper presents  the s tu d ie s  ca r r ied  out fo r  a fu tu re  r e p o s i t o r y  for  
h i q h - l e v e l  r a d io a c t i v e  wastes o r i q i n a t i n q  in the nuc lear  p rog ram e  of 
A rqent ine .  These s tud ie s  s ta r ted  in November 1981. A summary of the ba- 
s i c  c r i t e r i a  qovern inq the study as well as a descript. ion of the a c t i v i -  
t i e s  invo lved  in the se l e c t i o n  of the s i t e s ,  i t s  v a l i d a t i o n  and the 
d e r i v a t i o n  of the desiqn bases of the fu tu re  r ep o s i t o r y  i s  presented,  t o -  
qether  with conceptual d e f i n i t i o n s  of i t s  enq ineer inq.

At the end of the s e ven t ie s ,  the Arqent ine  A u t h o r i t i e s  decided to explore  
a l t e r n a t i v e s  for  d i s p o s in q  the h iqh - le ve l  r a d io ac t i v e  wastes that would 
e v e n tu a l l y  be qenerated by the c o u n t r y ' s  nuc lear  proqramme. Th is  p ro ­
qramme in vo lve s  nuc lear  power reac to r s  that w i l l  qenerate an in tegra ted  
e l e c t r i c a l  energy of a f r a c t i o n  of terawatt year by the end of the cen- 
t u ry  (1).  The c o u n t r y ' s  proqramine al so fo re sees  the rep roce s s inq  of the 
spent f u e l .

The paper de sc r ibe s  the ba s i c  c r i t e r i a  adopted by the Arqent ine a u t h o r i ­
t i e s  fo r  the d i s p o sa l  of h iq h - le ve l  wastes.  On the b a s i s  of these c r i t e ­
r i a ,  a s i t e  in s t a b le ,  un f ractu ra ted  q ran i te  was se lected  for  de ta i led  
s t u d i e s ,  near Gast re,  Prov ince  of Chubut, out of about 200 potenc ia l  s i ­
te s .

Th is  s i t e  has been thoroungh ly  i n ve s t iq a ted  and i t s  s u i t a b i l i t y  has been 
v a l i d a te d .  On the other hand, work has proqressed on the desiqn of the 
fu ure r e p o s i t o r y .

1. INTRODIJCTION

At the end of the se v e n t i e s ,  the Arqent ine  A u t h o r i t i e s  decided to  exp lore  
a l t e r n a t i v e s  for  d i s p o s in q  the h iq h - le ve l  r a d io ac t i v e  wastes that would 
eventua l1y  be qenerated by the c o u n t r y ' s  nuc lear  proqramme. Th i s  pro-  
qramme in vo lve s  nuc lear  power reac to r s  that w i l l  produce an in tegra ted  
e l e c t r i c a l  energy of a f r a c t io n  of te rawatt -year  by the end of the cen- 
t u r.y.

The option  of the d i r e c t  d i spo sa l  of spent fuel elements was d i sca rded  in 
A rqen i tne ,  because of  the ene rge t ic  va lué of the remaining f i s s i o n a b l e  
m a te r i a l s  and a l s o  due to r a d ia t i o n  p ro tec t ion  reasons.  Fuel elements 
are not designed fot the re ten t ion  of r a d io nu c l i  des for  a long time a f te r  
d i s p o s a l  and the presence of a s u b s t a n t i a l  in ventory  of a c t i n i d e s  in the 
non-processed  fuel would imply a h iqher  r a d i o l o g i c a l  impact than that 
caused by the rec.ycling of f i s s i o n a b k e  m a te r i a l s  ( 1 ) ( 2 ) .

No s i g n i f i c a n t  amounts of  l i q u i d  h i g h - a c t i v i t y  wastes have been produced 
yet  in A rgent ina .  These wastes,  however, w i l l  be qenerated from the ope-



r a t ion  of a fuel r ep roce s s inq  p lant that i s  now in an advanced staqe of 
c o n s t n i c t  i on .

The need for  s o l v i n q  the probleTt created by h iq h -a c t i  v i t y  r a d io ac t i v e  
wastes i s  expected to be s i q n i f i c a n t  dur inq the second h a l f  nf the 1990 
decade. However, the a u t h o r i t i e s  decided to explore  po ten t ia l  s o l u t i o n s  
of the techno loq i ca l  p rob lens  connect.ed with the el im ina t ioo  of h iqh -  
le ve l  r a d io a c t i v e  wastes well in advance(3).

At present ,  a f e a s i b i l i t y  study i s  beinq c a r r i ed  out for  the co n s t r u c t io n  
o f  a r e p o s i t o r y  for  r a d io a c t i v e  waste in a deep geo loq ica l  formation.  
Th is  paper de sc r ib e s  the b a s i c  c r i t e r i a ,  the p re l im in a r y  s i t i n q  s tu d ie s  
and the des iqn conceptual b a s i s  of such r ep o s i t o r y .

2 RADI0L0GICAL SAFETY CRITERIA FOR THE DISPOSAL OF RADIOACTIVE WASTES

D i spo sa l  of r a d io a c t i v e  waste in vo lve s  i s o l a t i o n  of the r a d io a c t i v e  mate­
r i a l  from the human en vironment over a su f f ic ien t .  per iod of  time to per-  
mit decay in i s o l a t i o n .  Any exposure of man that  could s t i l l  occur would 
be due to mechanisms that inay be descr ibed  as:

(1) Normal scena r io :  "normal "  re lease  mechanisms, lead inq  to a p red i c t a -  
b le  exposure pattern  in space and time;

(2) D i s r u p t i v e  events :  random d i s r u p t i v e  events ,  fo r  each of  which a pro-  
b a b i l i t y  of  occurrence  and an exposure pattern  can be po stu la ted .

The di f f i c u l t i e s  in di rect appl icat. ion  of the normal b a s i c  r a d ia t io n  
p ro te c t ion  p r i n c i p i e  are main ly  caused by:

(a) The very lonq time per iod s  in vo lved ;

(b) The randomness of type exposures.

In p r i n c i p i e ,  both the normal s cena r io  and the d i s r u p t i v e  events would be 
expected to q ive  exposure patte rns  of the general  type shown in the fo -  
l l o w ing  qraph ( 6 ) ( 7 ) :



AVAILABIL ITY

Retent ion  Period Reíease 
Peri od

Decay Period

The main d i f fe rpnce  i s  that. the normal r e l i a s e  i s  expected to occur f i r s t  
a f t e r  a re ten t ion  per iod which i s  lonq enotiqh to permit the a c t i v i t y  to 
decay to c l e a r l y  acceptable  va lúe s ,  wh ile  d i s r u p t i v e  events may cause re-  
le a se s  before there  i s  s u f f i c i e n t  decay to make the exposures acceptable.

2.1. G r i t e r í a  for  normal s cena r io

The r a d i o l o q i c a l  s a fe ty  c r i t e r i a  adopted by the Arqent ine  a u t h o r i t i e s  for
normal s ce n a r i o s  of d i spo sa l  of r a d io a c t i v p  waste are compat ib le  with the 
recomendations of the In te rna t i ona l  Commission on R ad io lo q ic a l  P ro tect ion
( ICRP) (4) ( 5 ) .  The main object.ives are to keep i n d i v id u a l  doses below ap-
p ro p r i a t e  1 i n i t s  and to reduce the to ta l  r a d i o l o q i c a l  impact from the 
d i sposed  wastes as fa r  as i t  i s  reasonab ly  ach ievab le .

2 .1 .1 .  Upper bounds

The ICRP-recommended in d i v id u a l  dose l i m i t s  are intended fo r  the to ta l  
dose from a l l  sources  (exc lud inq  natura l  backqround and medical exposures  
of p a t i e n t s ) .  For the c o n t r i h u t i o n  from any one p a r t i c u l a r  source,  compe- 
tent  a u t h o r i t i e s  are expected to set an "upper bound" which should only 
be some f r a c t i o n  of the ICRP dose l im i t  i f  exposure from other  sources  i s  
p o s s i b l e  ( 4 ) ( 8 ) .

I t  should be p o s s i b l e  to po s tú la te  a qener ic  upper bound for  the annual 
dose c o n t r i h u t i o n  from the p ra c t i c e  of r a d io a c t i v e  waste i s o l a t i o n , -which 
would l im i t  the dose to any c r i t i c a l  qroup r e s u l t i n q  from a l l  r e p o s i t o -  
r i e s .  Such qener ic  upper bound, however, would be of l i t t l e  use in p rac ­
t i c e .  What i s  requ ired  i s  an upper bound for  the annual dose due to a 
s p e c i f i c  waste r e p o s i t o r y .  In t h i s  case,  however, i t  i s  necessary  to take 
account of the "per  caput"  q lobal  c o n t r i h u t i o n  of a l l  the r e p o s i t o r i e s  
which would add to the local  dose c o n t r i h u t i o n  of the r e p o s i t o r y  under 
c o n s id e r a t i  on( l>) (9 ) .

The "normal"  r e lea se  s i t u a t i o n  and i t s  r e s u l t i n q  exposure patte rn ,  by de- 
f i n i t i o n ,  have an occurrence p r o b a b i l i t y  which may be cons idered  equal to 
one. The des iqn requirement would the re fo re  be tha t ,  at a l l  t im e s (7 ) ,



where  ̂ i s  the annual dose con t r ibu ted  loca l  1.y to i t s  c r i t i c a l  qroup 
hy r e p o s i t o r y  k, i s  the r a t i n  of the "per  caput"  rióse to the loca l  
c r i t i c a l  qroup dose (hoth due to r ep o s i t o r y  k ) ,  Wf i s  the to ta l  amount of 
uranium which i s  pred ic ted  to he used for  nuc lear  power qenerat ion  and 
W[< i s  the amount of uranium o r i q i n a t i n q  the waste in r e p o s i t o r y  k, f  i s  
the f r a c t i o n  of the ICRP dose l im i t  cons idered  appropr ia te  fo r  waste 
i s o l a t i o n  in genera l ,  and Hi^,n i s  the dose l im i t .

I t  must be ind ica ted  that the upper bound wi11 d i f f e r  s i q n i f i c a n t l y  from 
the s imple  valué f H]^m only  in the cases  where r^íW^/W^) i s  not smal l .  
For p lanninq purposes,  and s i m i l a r  to the case of upper bounds used at 
present for  some nuc lear  i nst.al 1 a t i  ons , the valué of fHi-jm was set hy 
the Arqent ine  Au th o r i t y  in 0.1 mSv in a year when máximum in s t y l i z e d  
c r i t i c a l  qroup.

2 .1 .2 .  Opt im izat ion

O pt im iza t ion  of p ro tec t ion  i s  the ba s i c  requirement recommended by the 
ICRP fo r  dea l inq  with contro l  of r a d ia t i o n  detr iment.  Th is  requirement 
im p l ie s  that the detriment from a r a d ia t i o n  source should be reduced by 
p ro te c t i v e  measures to a valué such that fu r the r  reduc t ion s  become l e s s  
i inportant than the a d d i t iona l  e f f o r t s  requ ired to ach ieve  such reduc­
t i o n s .
In the case of waste r e p o s i t s r i e s  and due. to the low doses that wi 11 ex-  
pected ly  be in vo lved ,  the detriment can be taken to be p ropor t iona l  to 
the c o l l e c t i v e  dose commitment from the d i s p o s a l .  Bu l ,  bucause of  the 
presence of ve ry - lonq  l i f e  n u c le i de s ,  an assessment  of the complete co ­
l l e c t i v e  dose commitment wi 1 1 be h iq h ly  s p e c u la t i v e .  In o p t im i z a t i o n , 
however, one dea is  with d i f f e r e n c e s  of c o l l e c t i v e  doses between d i f f e r e n t  
p ro te c t ion  o p t io n s .  The time per iod of i n t e r e s t  i s  the re fo re  the period 
in which the a l t e r n a t i v a  p ro te c t ion  l e v e l s  (enq ineer inq  s o l u t i o n s )  have 
an in f luence  v i the exposure patt.prn, because the lonqer  exposure t.a i ls  
would cancel when s u b s t r a c t i n q  c o l l e c t i v e  doses of d i f f e r e n t  op t ion s .  For 
the Arqent ine  r e p o s i t o r y ,  the per iod of in te q ra t ion  fo r  the assessment of 
the re levant  incomplete c o l l e c t i v e  dose commitments was c a r r i e d  over B00 
yea r s  (10) f o l l ow inq  procedures s i m i l a r  to those used by IJNSCEAR (11).

2 .1 .3 .  Total c o l e c t i v e  dose

The Arqent ine  A u th o r i t y  a l s o  e s t a b l i s h e d  as a desiqn aim of the r e p o s i ­
t o r y  that the to ta l  c o l l e c t i v e  dose commitment from the h i h g - l e v e l  ra -  
d i o a c t i v e  waste d i spo sa l  should be of the same order  as that r e s u l t i n q  
from the other s teps in the fuel c.ycl e (10).

2.2 .  C r i t e r i a  fo r  d i s r u p t i v e  events

I t  shoud be recoqnized  that  even in "normal"  re lea se  c o n d i t i o n s ,  the oc- 
currence of detr imenta l  b i o l o q i c a l  e f f e c t s  i s  of a probabi 1 i s t i c  nature. 
For r a d ia t i o n  p ro te c t ion  purposes,  the p r o b a b i l i t y  of s t o c h a s t i c  e f f e c t s ,  
natnely f a t a l 2cancer and s e r i o u s  qenet ic  e f f e c t s ,  i s  taken to be ap p rox i -  
mately 2 10- per s i e v e r t  of e f f e c t i v e  dose equ iv a len t  (6 ) .  The proba­
b i l i t y  of n o n - s t o c h a s t i c  e f f e c t s ,  above the th re sho ld  in c rea se s  from zero 
to one over a u s u a l l y  small ranqe of doses.  For example, fo r  mortal i t y  
due to the accute r a d ia t i o n  syndrome r e s u l t i n q  from whole-hody i r r a d i a -  
t i o n ,  the p r o b a b i l i t y  at doses lower than 2 qray i s  p r a c t i c a l l y  zero, 
wh i le  i t  i s  nea r ly  one above 6 gray.



In the case of random d i s r u p t i v e  events one dea is  with the p r o b a b i l i t y  of 
the event and with the r e s u l t i n q  doses in the qroup of i n d i v i d u á i s  r e c e i -  
v inq  the h ighe s t  doses .  Reqardinq r a d ia t i o n  e f f e c t s  one d e a i s ,  t h e re fo -  
re, with e f f e c t s  of a second order  of s t o c h a s t i c i t y .  For example, the 
p r o b a b i l i t y  of dy ing (or r i s k )  of a menber of the pub l ic  due to a qiven 
p o te n t i a l  d i s r u p t i v e  event can be expressed as R = Pi P2, where R i s  the 
r i s k " .  Pi i s  te p r o b a b i l i t y  of occurrence  of the event which would re -  
s u l t  in a dose H to the member of the pub l ic  under consi  de ra t i  o n , and 
P-¿ i s  the cond i t iona l  p r o b a b i l i t y  of death given dose H(5).

I f  severa l  po ten t ia l  s i t u a t i o n s ,  i ,  are taken to be p o s s i b l e ,  the r i s k  R 
def ined  in the p rev ious  paraqraph becomes

R - }, P 1 i P 2 i 
i

Where ), should  be extended over a l l  p o s s i b l e  re levan t  s cena r io s  of expo- 
s u r e .

í t  should be r e a l i z e d  that P^i i s  p ropor t iona l  to dose at the lower doses 
(where on ly  s t o c h a s t i c  e f f e c t s  are p o s s i b l e ) ,  but in c rea se s  s teep ly  with 
whole-body dose at va lúes  above 2 Gy due to acute n o n - s t o c h a s t i c  e f ­
f e c t s .

P r o b a b i l i t y  va lúes  must be a s s iqned  to the few d i s r u p t i v e  events that  are 
expected to cause s i q n i f i c a n t  exposures i f  they occur.  E vent - t ree  a s s e s s -  
ments wi 11 y i e l d  p r o b a b i l i t y  va lues  P i -¡ fo r  a number of exposure 
s i t u a t i o n s  ( i )  due to va r iou s  sequences of events .  In each exposure s i -  
tu a t ion  a máximum annual dose (H-j) in time and space may be i d e n t i f i e d .  
The s im p le s t  approach would be to a s se s s  these máximum doses as i f  they 
occurred  s i  mu ítaneous ly  in one and the same c r i t i c a l  qroup. Th is  wi 11 
overest imate  the p r o b a b i l i t y  of harm to any qiven person but w i l l  q r o s s l y  
s i i n p l i f y  the assessment (4 ) .

On the assumption  that the máximum p r o b a b i l i t y  of harm committed in a 
yea r ,  qiven an exposure s i t u a t i o n  ( i ) ,  i s  a func t ion  of the máximum an­
nual dose that would occur in that s i t u a t i o n  (H-j), the máximum va lué of 
the to ta l  p r o b a b i l i t y  of harm, Rmax» that 1S committed for  one year  can 
never exceed the d i r e c t  summation of the máximum va lues  fo r  each exposure 
s i  t u a t i  o n :

Rmax * z P(H-¡) p(harm H-j) 
i

In the c r i t e r i a  of the Argent ine  A u t h o r i t i e s ,  the ba s i c  ob je c t i ve  i s  to 
ensure  that the máximum in d i v id u a l  r i s k  of a member of the pub l ic  due to 
p o ten t ia l  d i s r u p t i v e  events in a r e p o s i t o r y  does not exceed the r i s k  due 
to  "normal "  r a d io a c t i v e  re l e a se s .  The order of magnitude of the upper 
bound e s t a b l i s h e d  by the Arqent ine  A u th o r i t y  ( 0 . 1 femSv in a year)  c o r r e s -  
ponds to a r i s k  of l e t h a l i t y  of the order of 10~ in a year .  Therefore,  
the proposed ob jec t ive  fo r  the Arqent ine  r e p o s i t o r y  was sta ted as

Rmax < I » " 6

where Rmax i s  the máximum va lué of the p r o b a b i l i t y  of l e t h a l i t y  committed 
fo r  one year.



S ince  the A rgent ina  c r i t e r i o n  i s  tn requ i re  that severa! d i s r u p t i v e  event 
sequences he cons idered  (the order  of magni tilde of the number being ten ) ,  
then on the average t h e i r  i n d i v id u a l  r i s k  c o n t r ib u t i o n  should not exceed 
a va lué R-¡ = 1 0 " '  in a year .

The re fo re ,  the "a ccep tab le "  p r o b a b i l i t y  of occurrence of a sequence gi - 
v ing  dose 1  ̂ i s  taken to he (< 10“7/10“2 S v " 1 H-¡) in the reg ión  of doses 
H-j where onl.y s t o c h a s t i c  e f f e c t s  can occur.  At h ighe r  dose va lúes  the 
"a ccep tab le "  p r o b a b i l i t y  of occurrence  i s  < 10 ~7 / f  ( H-j ), where f(H-j) i s  a 
n o n - l i n e a r  func t ion  of dose which becomes 1 at h igh  doses.  The annual 
p r o b a b i l i t y  of d i s r u p t i v e  sequences y i e l d i n g  n o n - s t o c h a s t i c  le tha l  doses 
should  not exceed the re fo re  the order  of 1 0 " ' .

The procedure desc r ibed  above fo r  app ly in g  i n d i v i d u a l  dose l im i t a t i o n  to 
p ro b ab i1 i s t i c  d i s r u p t i v e  events has been expressed by the A rgent ine  au t ­
h o r i t y  in a " c r i t e r i o n  cu rve "  shown in F igu re  1, which i s  s i m i l a r  to that 
used by the a u t h o r i t y  as a p robab i1 i s t i c  c r i t e r i o n  f o r  nuc lear  
s a f e t y (12).

3 BASIC CRITERIA FOR DESIGNING THE REPOSITORY

The des ign  of the Argent ine  r e p o s i t o r y  s h a l l  not on ly  comply with the 
above desc r ibed  r a d i o l o g i c a l  ba s ic  c r i t e r i a  but w i l l  ob v io u s l y  s a t i s f y  
the needs of the Argent ine  nuc lear  programme. The nuc lea r  power p lan ts  
foreseen u n t i l  the end of t h i s  century  w i l l  generate  du r ing  t h e i r  opera- 
t i n g  per iod a f r a c t i o n  of terawatt year  of e í e c t r i c  ene rgy (13 ) .  The was­
tes  r e s u l t i n g  from the r ep roce s s in g  of spent fuel elements for  the 
generat ion  of that energy w i l l  requ i re  approx imate ly  3,000 con ta in e r s  of 
about 0.6  m in diameter and 1.6 m h igh .  A l s o ,  fu r th e r  fu tu re  expans ions  
of the r e p o s i t o r y  must be foreseen as the needs of the nuc lea r  programme 
are expected to be i n c r e a s e d ( 3 ) .

The h i g h - a c t i v i t y  wastes r e s u l t i n g  from the rep roce s s in g  of i r r a d ia t e d  
fuel elements conta in  more than 99.9% o f  the whole a c t i v i t y  produced in 
the fuel c y c le .  Taking in to  account the r a d i o l o g i c a l  b a s i c  s a fe ty  c r i t e ­
r i a  and the time e lapsed between the waste d i spo sa l  and i t s  a r r i v a l  in to  
the b io sphere ,  the d i sp o sa l  problem may be d iv ided  in to  two s teps .  A 
f i r s t  step encompasses the per iod dur ing  which the a c t i v i t y  of the f i s - 
s i o n  products i s  predominant and l a s t s  fo r  the f i r s t  1,000 yea r s .  A fter  
t h i s  pe r iod ,  the i n d i v id u a l  r i s k  i s  small  and the s c a le  of the problem i s  
mod i f ied .  However, there i s  s t i l l  a remaining problem: that of the long 
h a l f - l i f e  rad ionuc l i des that w i l l  l a s t  fo r  m i l l i o n s  of yea r s .

3.1. Normal scena r io

The requirements re la ted  with normal s cena r io  set by the A rgent ine  
A u th o r i t y  are: a) a dose upper bound of 0.1 mSv in a yea r ,  when máximum 
in a s t y l i z e d  c r i t i c a l  group; b) o p t im iza t ion  of r a d ia t i o n  p ro te c t io n ;  
and, c) a to ta l  c o l l e c t i v e  dose commitment of the same order  as that r e ­
s u l t i n g  from the other s teps  in the fuel c y c le .

In order  to comply with the dose upper bound, the wastes w i l l  be kept 
i s o l a t e d  w i th in  the c o n ta ine r s  dur ing  the f i r s t  1,000 y ea r s .  They w i l l  be 
v i t r i f i e d  and placed w i th in  a s t a i n l e s s  Steel con ta ine r  covered with a 
lead l a y e r  approx imate ly  10 cm t h i c k .  P re l im ina ry  assessments  have shown



that the Arqent ine  r e p o s i t o r y  would iinply doses on a hypothet ica l  c r i t i ­
ca! qroup in the order  of some mSv due mainly to the Np-237. Moreover, 
they would p o t e n t i a l l y  he incurred  some 10^( ! )  yea r s  l a t e r  than the waste 
di s p o s a l (10).

The requirement to reduce the detriment to a va lué such that fu r the r  re-  
duc t ion s  become le s s  important than the a d d i t iona l  e f f o r t s  requ ired  to 
ach ieve  such reduct ion  wi 11 be reached by means of  enq ineer inq  and qeo lo -  
q ica l  b a r r i e r s .  Opt.iini za t ion  techn iques  are to be app l ied  to each step in 
the des igo  p roces s .  N e v e r t h e le s s , a rouqh c o s t - b e n e f i t  opt i in izat ion  
a n a l y s i s  a s s iq n i n ^  10,000 US$/man Sv to a un i t  c o l l e c t i v e  dose shows that 
an i n i t i a l  i s o l a t i o n  per iod with enqineer inq  b a r r i e r s  of the order  of ten 
thousand years  should be necessary.

Such retard  wi 11 be a t ta ined  by i n co rpo ra t inq  the wastes in a v i t re o u s  
mat.rix of the b o r o s i l i c a t e  type (with a leach inq  rate below 4 10"^ q/cm? 
d ) ,  with a content of f i s s i o n -p ro d u c t  and a c t in id e  ox ides  in the q la s s  
mass of 10% in weiqht. An add i t iona l  enq ineer inq  b a r r i e r  w i l l  be the f i ­
nal s e a l i nq  of the r ep o s i t o r y  holes  with a bu f fe r  mater ial  opposinq qreat 
r e s i s t a n c e  to the a r r i v a l  of water and to the miq rat ion  of r a d io n u c l i  d e s . 
Th i s  w i l l  be a t ta ined  with a mixture of sand and ben ton i te ,  with high r e ­
ten t ion  capac i t y .

A l s o ,  to reduce the qlobal det r iment,  in add i t ion  to  the enqineerinq 
b a r r i e r s ,  the geo loq ica l  b a r r i e r s  of  the s i t e  should  reta rd  the a r r i v a l  
o f  the rad ionucl i des to the b io sphere  fo r  a per iod  of the order  of 
100,000 yea r s .  In order to a t t a in  such i s o l a t i o n ,  the con ta in e r s  w i l l  be 
placed w i th in  a s tab le  qeo loq ica l  formation with scarce  h y d ra u l i c  concu- 
t i v i t y  ( lower than 10 "9 m/s) severa l  hundred meters below qround l e v e l .  
To quarantee the p ro pe r t ie s  of the qeo loq ica l  formation  and of the bu f fe r  
m a te r i a l ,  the maximal temperature in the rock was f i xed  at 60°C and, con- 
sequen t ly ,  the thermal power of one s i n q l e  con ta ine r  and the thermal deij- 
s i t y  at the r e p o s i t o r y  leve l  were l im i te d  to 500 watt and to 5 watt/m , 
r e s p e c t i v e l y . The máximum rock temperature , 60°C, s i q n i f i c a n t l y  lower 
than that e s t a b l i s h e d  in other s i m i l a r  p r o je c t s ,  i s  aimed at reducinq the 
p o s s i b i l i t y  of an important inc rease  of the h y d ra u l i c  c o n d u c t i v i t y  r e s u l -  
t i n g  from m ic ro f r a c tu re s  produced by thermal s t r e s s e s  and by rock decom- 
posi t i on .

F i n a l l y ,  in order to v e r i f y  the compliance with the requirement that the 
t o t a l  c o l l e c t i v e  dose commitment from the h iq h - le ve l  r a d i o a c t i v e  waste 
di sposal  should be of the same order  as that r e s u l t i n q  from the other 
s teps  in the fuel c y c le ,  an assessment of the r a d i o l o q i c a l  impact of the 
r e p o s i t o r y  was made ( 1 ) ( 1 0 ) .  The c o l l e c t i v 0 dose commitment from the re-  
p roce s s inq  waste d i spo sa l  of the Arqent ine  proqramme was a s sessed  to be 
3.8  10^ man Sv and 2.F> 10^ man Sv, for  delays  in reachinq the b iosphere  
of 105 a and 10^ a, r e s p e c t i v e l y . The c o l l e c t i v e  dose commitment from the 
opera t ion  of the nuc lear  p lant  that qenerates these wastes was a s sessed  
to  be 4 .8  104 man Sv.

3.2. D i s r u p t i v e  events

The requirement re la ted  with d i s r u p t i v e  events  e s t a b l i s h e d  by the 
A rqent ine  A u th o r i t y  has been expressed with the c r i t e r i o n  curve shown in



F igu re  1. For v a l i d a t i n g  the f i n a l  de s ign ,  a ful I r i s k  a n a l y s i s  w i11 be 
performed. The a u t h o r i t i e s  are aware of the fact  that compliance with the 
c r i t e r i o n  curve i s  a necessa ry  but. not n e c e s s a r i l y  s u f f i c i e n t  cond i t ion  
to ensure the r e p o s i t o r y  compliance with the c r i t e r i a  for  d i s r u p t i v e  
events .  Opt im izat ion  should play a ro le  in t h i s  case too. The a u t h o r i -  
t i e s ,  however, have not yet taken a p o s i t i o n  on t h i s  mat.ter.

At the current  s tage  of the p ro je c t ,  the c r i t e r i a  adopted was to ensure 
that the s e l e c t i o n  of the s i t e  were performed t a k in g  in to  account the 
p r o b a b i l i t y  of occurrence  of both d i s r u p t i v e  natura l  events and human i n -  
t r u s i o n s  were s u f f i c i e n t l y  low, so as to ensure that  the c r i t e r i o n  curve 
can be respected and that any fu r th e r  reduct ion  of r i s k s  can be performed 
p r a c t i c a l l y .  For s i t e  s e l e c t i o n  purposes,  c o n s id e r a t i o n  was given to 
a vo id in g  s i t e s  w i th in  se i sm ic  areas  or in areas  with present or potent ia l  
min ing i n t e r e s t .

4 SELECTION OF THE SITE

The sa fe ty  c r i t e r i a  and ba s ic  c r i t e r i a  of des ign  descr ibed  above re lated  
with the s i t i n g  s e l e c t i o n  for  the r e p o s i t o r y  could be summarized as fo -  
11ows:

a) normal s cena r io :  deep s t ab le  ge o lo g i c a l  formation with low hyd rau l i c  
conduct i vi ty  ;

b) d i s r u p t i v e  events :  areas with a s u f f i c i e n t l y  low p r o b a b i l i t y  of  occu­
rrence  of d i s r u p t i v e  natura l  events and human i n t r u s i ó n .

Takinq in to  account the qeo loq ica l  fea tu res  of the Arqent ine  t e r r i t o r y ,  
where no app rop r ia te  s a l t  domes have been found, the normal s cena r io  re -  
quirement wi 11 be at.tained by d i s p o s in q  the wastes in a s t a b le  g r a n i t i c  
formation  with low h yd ra u l i c  conducti  v i t y . The d i s r u p t i v e  events  r e q u i r e -  
ment wi 11 be reached by avo id inq  areas  w i th in  the se i sm ic  zone, with no 
present or po ten t ia l  mininq i n t e r e s t  and p lac inq  the r e p o s i t o r y  severa l  
hundred meters deep.

The se l e c t i o n  of the s i t e  was scheduled in f i v e  s teps :

i )  p re l im in a r y  survey  of the g r a n i t i c  outcrops ;

i i )  p r e - s e l e c t i o n  of g r a n i t i c  fo rmat ions ;

i i i )  s e l e c t i o n  of the most app ropr ia te  s i t e s  for  d e t a i l e d  s t u d i e s ;

i v )  d e t a i le d  s tu d ie s  in a se lec ted  s i t ̂ ; and,

v) v a l i d a t i o n  of the se lec ted  s i t e .

The f i r s t  step of the s i t i n g  study was an a n a l y s i s  of al 1 the g r a n i t i c  
rock outcrops  known in the country .  Both pet rog raph ic  and s t r u c t u r a l  fe a ­
tu re s  in each one of the outcrops  were surveyed,  together  with the dimen- 
s i o n s  of the rock bod ie s ,  as wel 1 as cha rac te r i  s t i  es l i a b l e  to  cause 
d i s r u p t i o n ,  such as se i sm ic  and hyd rogeo log ica l  fea tu re s  of  the area and 
i t s  p o ten t ia l  mininq i n t e r e s t .  Thus, 200 g r a n i t i c  outc rops  were i d e n t i -  
f i e d ,  spread al 1 over the country  ( 1 4 ) ( 1 5 ) ( 1 6 )  (F i gu re  2).
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As a second step,  a p rev ious  s e l e c t i o n  of the i d e n t i f i e d  format ions  was 
perforrned, on the b a s i s  of the fo l low inq  d i sca rded  c r i t e r i a :  a) forma­
t i o n s  located w i th in  se ismic  a reas ;  b) format ions  Incated in areas with 
present or po ten t ia l  mininq i n t e r e s t ;  c) pet roqraph ic  fea tu res  of the 
rock denotinq  important a l t e r a t i o n s ,  such as advanced e ro s ion  or decompo- 
s i t i o n  s taqes ;  and, d) formations located in areas with know unfavourable  
hydroqeo loq ica l  c h a r a c t e r i s t i  e s . As an add i t iona l  s e l e c t i o n  c r i t e r i o n ,  
c e r ta in  unfavourab le  c h a r a c t e r i s t i c s  connected with the eventual cons-  
t r u c t i o n  and operat ion  of the r ep o s i t o r y  were taken in to  account. These 
were l o c a t i o n s  w i th in  h iqh ly -popu la ted  or t o u r i s t i c  areas or in areas 
that are c o s t l y  to be reached. As a result. of t h i s  second step,  seven 
format ions  were i d e n t i f i e d ,  in the south of A rqent ina,  as those most ade- 
quate fo l l ow inq  the e s t a b l i s h e d  s e le c t i o n  c r i  t e r i  a (17 ) .  They are located 
in the p rov inces  of Chubut and Rio Neqro.

A t h i r d  step,  based on an i n - s i t u  qeo loq ica l  survey  of the prese lected  
q r a n i t i c  fo rm at ion s ,  allowed fo r  i d e n t i f y i n g  four  format ions  as those mo­
re approp r ia te  for  con t inu inq  with de ta i led  s t u d ie s :  La Esperanza and 
Chas ico ,  in the P rov ince  of Rio Neqro, and Calcatapul  and S ie r r a  del 
Medio, in the Prov ince  of Chubut ( 18 ) (19 )  (F iqure  3).

In the fou r th  s tep ,  d e ta i led  s tu d ie s  were perforrned at S i e r r a  del Medio, 
accord inq  to t.he fo l l ow inq  scheme: a) photoi n t e r p r e t a t i o n ; b) aliqnment 
s t a t i s t i c a l  a n a l y s i s ;  c) qeo loq ica l  and qeophys ica l  r ecoqn i t ion  of the 
rock formation;  d) d r i l l i n q  down to 200 m; e) qeomorpholoqical  and hydro­
qeol ogi cal a n a l y s i s  of the a r e a ; and, f )  deep d r i l l i n q  down to 800 m
(20) ( 2 1 ) ( 2 2 ) .  On the b a s i s  of the a n a l y s i s  of a l i gnments  and of the qeo­
l o q i c a l  and qeophys ica l  su rveys  of the fo rmat ion,  ten s i t e s  were located 
fo r  the d r i l l i n q  of we l l s  aimed at petroqraphic. and s t r u c tu r a l  research 
work. These w e l l s ,  with depths ranqinq between 200 and 280 m, were per- 
forined fo r  ana lyz inq  - in  depth- the borders  of the se lected  area,  as well 
as f r a c t u r e s ,  d ike s  and other abno rm a l i t i e s  found in  the su r fa ce .  The re-  
s u 11s obtained were analyzed by means of q e o s t a t i s t i c a l  techn iques ,  so as 
to i d e n t i f y  the s i t e  with minimal a l t e r a t i o n s  in the format ion  (F iqure  
4 ) .  Late r  o n , four  d r i l l i n q s  were made down to 800 m. These were aimed at 
s tudy inq  the pet roqraph ic  fea tures  of the rock and the po ten t ia l  beha- 
v i o u r  of deep underqround w ater ( ? ; ' - .

') OUTLOOK

At present ,  the f i f t h  step i s  underway. A proqramme for  i n - s i t u  h yd rau l i c  
conducti  v i t y  measurements i s  beinq c a r r i ed  out,  so as to complete the I n ­
formation necessa ry  to v a l í d a te  the s i t e  under the aforementioned sa fety  
c r i t e r i a .  Addi t i o n a l 1 y , a v a l i d a t i o n  of the model s used fo r  a s s e s s i n q  the 
r a d i o l o q i c a l  uipact from the p ro iected  r e p o s i t o r y  i s  beinq perforrned and 
tne deqree of confidence of the r e s u l t s  w i l l  be a s se s sed .

The deepness at which the r ep o s i t o r y  w i l l  be in st .a l led  sha l l  be det.ermi - 
ned fo l l ow inq  the r e s u l t s  of an op t im iza t ion  s tudy ta k in g  in to  account 
severa!  r e p o s i t o r y  desiqn a l t e r n a t i v e s .

The d ec i s ión  to apply b l a s t i n q  or d r i l l i n q  techn iques  in the co n s t ru c t io n  
of  the r e p o s i t o r y  and i t s  access f á c i l  i t i e s  w i l l  be made on the b a s i s  of 
the ten s ion s  to be induced durinq the c o n s t ru c t i o n  and of  the co s t s  i n -  
v o l v e d .



The c r i t o r i o n  curve usod hy thp Arqent ine  a u th o r i t y  to iudqp the accepta- 
bi l i ( ' .y  of the sa fe ty  a n a l y s i s  r e s u l t s  i s  based on the l im it .at ion  of 
i n d i v i d u a l  r i s k .  Th is  c r i t e r i o n ,  however, f a i l s  to take in to  account the 
o v p ra l l  r a d i o l o q i c a l  inmact expected from the r e p o s i t o r y .  Thp oat iona l 
author it '/  i s  st.udyinq t h i s  niatter and sonto sunplementary sa fp fy  c r i t e r i a  
miqht he in troducod in tito fu tu ro .
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