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SELECTION OF A MINIMUM FRACTURATION AREA BY MEANS OF 
GEOSTATISTICS FOR EMPLACEMENT OF SUBSURFACE CIVIL  
WORKS OF A NUCLEAR REPOSITORY IN CRYSTALLINE ROCK

GIRARO, Jo rge  P. and MATAR de SARQUIS, Mari a 
Researche rs  of  the  I n s t i t u t e  o f  M in ing Research 

(Nat .  Un iv .  of  San Juan) .

ABSTRACT

To determ ine the most app rop ia te  zone f o r  the emplacement o f  a nuc lea r  
r e p o s i t o r y ,  the Na t iona l  Atomic Energy Commission made an agreement with 
the I n s t i t u t e  o f  Min ing Research o f  the Na t iona l  U m 'v e r s i t y  o f  San Juan. 
As a r e s u l t ,  a s e c t o r  of  about 1? km? was p re s e l e c t e d  in  S i e r r a  del Medio 
(Chubut,  A rg en t in a )  so as to  perform the co r re spond ing  d e t a i l e d  a n a l y s i s .

Th is  paper p resen ts  the  g e o s t a t i s t i c a l  s tudy  o f  the f r a c t u r a t i o n  cha ra c -  
t e r i s t i c s  o f  the rock in above mentioned s i t e .  T re a t in g  "Number of 
j o i n t s  per l i n e a r  meter" and “ Index o f  the s u r f a c e  rock q u a l i t y "  as va­
r i a b l e s  led  to  the  area o f  minor f r a c t u r a t i o n  o f  600 x 1000 m.

F i n a l l y ,  a t e n t a t i v e  p lan o f  d r i l l i n g s  f o r  the s tudy o f  the body in  a vo- 
1ume a about 600 x 1000 x 600 m was proposed.

1. INTR00UCTION.

In 1980 and 1981 the Na t iona l  Atomic Energy Commission requested the 
Na t iona l  Un ive r s i t . y  o f  San Juan to  c a r r y  out a census o f  p l u t o n i c  bodies  
in  the A rgen t in e  R e p u b l i c .

Four d i f f e r e n t s  bod ies  tha t  f u l f i l l e d  al 1 the  CNEA's s p e c i f i c a t i o n s  f o r  
the  emplacement o f  a nu c lea r  waste r e p o s i t o r y  were s e l e c t e d  ( 1 ) ( 2 ) .  To 
beg in  the  e x p l o r a t i o n ,  the  body known as " S i e r r a  del Med io" ,  l o c a t e d  in  
the  no r th  o f  the p ro v in ce  of Chubut, was taken as the  f i r s t  a l t e r n a t i v e  
( F ig u r e  N ° l ) .

In 1982 CNEA appo in ted  the I n s t i t u t e  o f  M in ing  Research to  perform a new 
s e r i e s  o f  s t u d i e s  in  o rde r  to i n v e s t i g a t e  the g r a n i t i c  body o f  S i e r r a  del 
Medio in de ta i  1. As a r e s u l t ,  an area of  about \?. Km? was s e l e c t e d ,  to 
s i t ú a t e  thp s e c t o r  w ith  le s s  di s c o n t i n u i t y  and most s u i t a b l e  s t r u c t u r a l  
- p e t r o g r a p h i r  c h a r a c t e r i s t i c s  f o r  the emplacement of  the  r e p o s i t o r y .

G e o s t a t i s t i  ca l  te chn iques  a l lowod d e f i n e  the above mentioned s e c t o r  in  a 
r e l a t i v e l y  sho r t  t ime and in  a q u a n t i t i v e  way.

2. METHOOOLOGY UStiH.

The genera l  methodology employed in  the d e te rm ina t i o n  o f  the  requ i red  
area fo l l o w s  the f o l l o w in g  scheme:



a) F i r s t ,  p r imary data were ob ta ined  to  d e f in e  the sampl inq mesh.

Twent.y-e.iqth app rox ima te le y  i s o d i s t a n c e d  s t a t i o n s  were taken.  They sup- 
p l i e d  va lúes  of  the number of  j o i n t s  (N) f o r  2 meters i n t e r v a l s ,  the  spa- 
c in q  amonq them. The ohove mentioned measures were ob ta ined  a lonq two 
l i n e 1. o f  10 m each, lo ca te d  at each s t a t i o n ,  normal to  the  q loba l  s t r i k e  
o f  the two p r i n c i p a l  syst.ems o f  j o i n t s  t h a t a f f e c t  the  rock mass.

A l f t e r w a r d s ,  samples of  the d e f i n i t e  q r i d  o f  122 s t a t i o n s  were ob ta ined .

R e s id e s ,  the g e o l o g i c a l  study  and the survey  o f  the i n v e s t i g a t e d  area we­
re developed (2) .

The rock q u a l i t y  was measured, from the mechanical  po in t  o f  v iew,  w ith  
the N/L and RQDS paramete rs .  The l a t t e r  was de f in ed  as the  t o t a l  length  
o f  spac inqs  (more than 10 cm lonq) amonq d i s c o n t i n u i t s , per u n i t  l e nqh t .  
The N/L and RQDS va lúes  were es t imated  f o r  each l i n e .  D i f f e r e n t  v a r i a ­
b le s  to  be ana lysed  were ob ta in ed ,  t a k in q  these  p r imary  data as b a s i s .

b) The parameters  tha t  de f in ed  the d e f i n i t e  q r i d  of  e x p l o r a t i o n  were de- 
t e rm ined .  O i f f e r e n t  forms and mesh d e n s i f i c a t i o n s  were proposed when the 
a ccu racy  e s t a b l i s h e d  fo r  the knowledqe of  the con s ide red  v a r i a b l e s  was 
d e f i n e d .  Th is  a n a l y s i s  was c a r r i e d  out. on ly  w ith  the N/L parameter.

c) The d i s t r i b u t i o n  pa t t e rn  to which the sampl inq o f  N/L and RQDS obey, 
was used in the s e l e c t i o n  o f  the t.ype o f  sem iva r ioq raphy  to  be es t imated  
from them.

The c h i - s q u a r e  c r i t e r i o n  a l l owed to assess  the adjustment  of  the N/L h i s -  
toqraphy  t o  the co r re spond inq  d i s t r i b u t i o n .

The c o r r e l a t i o n  between the N/L and RODS parameters  i s  shown at t h i s  
poi n t .

d) In order  to c a r r y  out the q e o s t a t i s t i c a l  r e p r e s e n t a t i o n  of  the v a r i a ­
b le s  employed in the present  s tudy ,  the models o f  v a r i a b i l i t y  o f  the co-  
r r e spond inq  exper imenta l  s em iv a r io q r ap h ie s  were ob ta in ed .  These were 
e s t ima ted  c o n s id e r i n q  the e s t r i k e s  N-S, NE-SW, E-W and NW-SE.

To Check the  r e l i a b i l i t y  of  the N/L semi v a r io q raphy  t o  be used in the 
k r iqeaqe  o p e r a t o r ,  the Re-Use method was a p p l i e d .

e) The determi n a t i o n  of the minimum f r a c t .u r a t i o n  area was based on the 
k r i q i n q  e s t im a t i o n s  o f  the mean va lúes  of  the v a r i a b l e s  employed, f o r  the 
u n i t s  o f  s u r f a c e  in  which the sampled area was assumed to  be d i v id e d  i n .

At the same t ime ,  the q e o l o q i c  data was ana lysed in d e t a i l  and i t  a l l owed 
to  e s t a b l i s h  the r e l i a b i l i t y  o f  the q e o s t a t i s t i c a l  model o f  the i n v e s t i -  
qated a roa .

The e s t im a t i o n s  co r re spond i  nq to t h i s  methodoloq.y were c a r r i e d  out w i th  a 
IBM 4341 computat ion  system, at the Na t iona l  U n i v e r s i t y  o f  San Juan.

3. LOCATION OF FUL 600 x 1000 m AREA.

3.1 0ETERMINATI0N 0F THE 0EFINITIVE SAMPLING GR 10.

There was a 28 s t a t i o n s  p r imary  mesh wit.h a minimum d i s t a n c e  o f  1000 m 
aco rd inq  w i th  the N-S d i r e c t i o n  and 350 min thp F-W.



As the survey hart not been c a r r i e d  out y e t ,  t h i s  q r i d  was assumed t o  be 
requ l .v '  and i t  was s i t u a t e d  in  a same h o r i z o n t a l  p lañe .  The N/L va lúes 
c o r r e s p o n d ín ¡  to oach 1 ine  were the  on ly  ones used in t h i s  s tudy ,  t a k in q  
them s ' p a r a t e l y  in  order  to qet more In fo rm a t io n .

The parameters  o f  the d e f i n í  t i  ve mesh w e re  ob ta ined  in accordance w ith  
the c r i t e r i o n  t ha t  the s i z e  and o r i e n t a t i o n  of  the  proposed q r i d  are r e -  
l a t e d  ^ i th  the accu racy  e s t a h l i s h e d  f o r  the con s id e red  v a r i a b l e  and w ith  
i t s  co r re spond ínq  sem iv a r io q r ap h y .

SIZEJJF THE MESH

In order  to d e f i n e  the proposed q r i d ,  the N/L sem iva r ioq raphy  was o b t a i ­
ned. Takinq as an assumption a loqnonnal  d i s t r i b u t i o n  f o r  such v a r i a b l e ,  
a var ioqrarn of  r e l a t i v a  l o ca l  type was c on s id e red .  Th is  was co r robo ra ted  
by means of the s t a t i s t i c a l  a n a l y s i s  c a r r i e d  out. w ith  the d e f i n i t i v e  sam- 
p l i n q .

In F iqu re  N°? thf» exper imenta l  semivar ioqrams are shown w ith  the c o r r e s ­
pondí nq e l l i p s e  of ranqe. The isot.ropy of  s i  11 was assumed fo r  p r a c t i c a l  
purposes .  The hiqh va lué obta ined  from the nuqqet. a f f e c t  are due to  the 
mínimum d i s t a n c o  of the pr imary  mesh, wich i s  too biq  to "detect."  s t r u c -  
t u r e s  of  v a r i a b i l i t y  of  mi ñor d irnensions in the area under s tudy .

Acco rd inq  to the ranqe va lúes  obta ined  - i . e . a n  e l l i p s e  of  1^00 x 760 m - 
a 500 x 175 m q r i d  was cons ide red  s u i t a b l e  f o r  the i n t e r p r e t a t i o n  of  the 
semi v a r i  oqrams const  m e ted  on i t .

In order to assess  the adequacy of  t h i s  s i z e  to the accuracy  requ i rements  
e s t a b l i s h e d  (?0%), unit.s of  ISO m N-S x 50 m E-W were proposed which o r i -  
q inat^d r e l a t i v e  t y p i c a l  d e v i a t i o n s  s i m i l a r  to  the accu racy  p r e v i o u s l y  
mentí oned.

OIUKNTATIJJN 0FJT1F 01 t I_N 1 I l_VI GIUO.

To an . i ly ze  the r e l i a b i l i t y  of  I he an iso t.ropy anq le  o f  ranqe ob ta ined  in  
the N/L sem i v a r i  oqraphy , two d i f f e r e n t  methodol oq i es were a p p l i e d .  The.y 
are b-'sed on the q e o s t a t i  s t  i ca l  es t imat . ions  of t y p i c a l  d e v i a t i o n s ,  co- 
r r e spond inq  to q loha l  assessment.s us inq the l i n e a r  model t h a t  corresponds  
to  the semi v a r i  oqraphy to be checked ( l: i cju re N°2).  íhe  proposed sampl inq 
i s  i n t e r n a l  an e s t a b l i s h e d  c on tou r ,  determined on ly  a cco rd inq  to  qeome- 
t r i c a l  c r i t e r i a .  The methodo loq ies  are:

a) The v a r i a t i o n  of  the t y p i c a l  d e v i a t i o n  of  k r i q i n q  ok (%) f o r  d i f f e r e n t  
an isot .ropy anq les  o f  ranqe a (°) o f  the inves t iqa t .ed  semi v a r i  oq raphy , i s  
show in  F iq u re  N°3. It. can be seen tha t  o k  i s  minimun fo r  a  =15° Th is  
f a c t  a l l o w s  to reqard the a n i s o t r o p y  anq le  o f  ranqe o f  the N/L s e m iv a r io -  
qraphy (a =45°) as accept.ab le.

b) To c o r r o b ó r a t e  the r e s u l t  of  app ly inq  the p rev ious  methodo loqy , d i f f e ­
ren t  forms of the same 1000 x 500 m q r i d  dens i  f  i cat. i on were proposed, 
qe t. t inq the  co r re spond ínq  o< fo r  each o f  them (F iqu re  N°4).

! t. nía y be observed tha t  the minimun o< i s  ob ta ined  f o r  q r i d  B, densi f i c a -  
ted in a Nor th -South  d i r e c t i o n .  Th is  show tha t  in such d i r e c t i o n  the va­
r i a b i l  i t y  i s  q ro a t e r  than a lonq the o t h e r s ,  s in c e  the  assumed 
densi  f i c a t . i o n  docroases in  a major p r o p o r t i o n  the ok va lué  co r respond í  nq 
to the pr imary  mesh (F iqu re  N°3).  As the v a r i a b i l i t y  i s  g re a t e r  in the 
N-S, the ranqe i s  ma.jor in  the same d i r e c t i o n  ( F iq u r e  N°2),  and a n i s o ­
t ropy  anqle o f  ranqe u -- f)°was ob ta in ed .



The anq les  o f  a n i s o t r o p y  of  ranges ob ta ined  a =45  ̂ 15°and 0°, a l lowed  to 
a s s i q n  to the d e n s i f i e d  mesh the ang le  a =0̂  keeping  in  t h i s  way the 
o r i e n t a t i o n  o f  the  pr imary  g r i d .

In c o n c l u s i ó n ,  a mesh o f  500 x 175 m was proposed,  a c co rd ing  to  the 
Nor th -Sou th  and East -West  d i r e c t i o n ,  r e s p e c t i v e l y .

3 .2 .  STATISTICAL ANALYSIS OF THE N/L AND RQDS VARIABLES.

To dete rm ine  the type of  d i s t r i b u t i o n  to  wich the N/L and RQDS sampl ings 
obey, they were c l a s s i f i e d  by means of  the co r re spond ing  h i s t o g r a p h ie s  
( F ig u r e  N°5). The mean of both u n i t s  o f  l eng th  va lúes  was taken f o r  the 
above ment ioned paramete rs .  Onl.y the va lúes  r e s u l t i n g  from the 100 s t a -  
t i o n s  a v a i l a b l e  in t h i s  stage of  the work were employed.

The N/L d i s t r i b u t i o n  seems to  be in accordance w i th  a lognormal p a t t e rn  
( F ig u r e  N°5).  The presence o f  h igh f r e q u en c ie s  in  the RQDS h i s t o g rap h y ,  
f o r  va lúes  below 50%, i s  p a r t l y  due to  t h e i r  r e d u c t io n  caused by those 
spac ings  among the d i s c o n t i n u i t i e s  o f  l e s s  than 10 cm lo ng ,  which are not 
c on s id e red  in  the RQDS computat. ion. R e s id e s ,  o the r  f r a c t i o n s  of  u n i t  
l eng th  are  d i s c a rd ed  because o f  the  w id th  of  d i s c o n t i n u i t i e s  (some of 
them are  a f f e c t e d  by f a c t o r s  such as e r o s i o n ) .  A lognormal d i s t r i b u t i o n  
revo lved  a cco rd ing  to  a v e r t i c a l  a x i s  has been superposed onto the RQDS 
h is tog ram  in  F igu re  N°5.

LOGNORMALITY SI GNIFICANCE INDEX

The a p p l i c a t i o n  of the c h i - s q u a re  c r i t e r i o n  t o  the  va lúes  of accumulated 
r e l a t i v e  f requency  o f  N/L, a l l owed  t o  e s t im a te  t h e i r  f i t n e s s  to a l o g n o r ­
mal law. Those va lúes  were drawn on a l o g a r i t h m i c - p r o b a b i l i s t i c  g r a p h i c ,  
in  which the  lognormal d i s t r i b u t i o n  i s  rep resen ted  by means of  a s t r a i g h t  
l i n e .  In a f  i r s t  a t tempt ,  as i t  i s  observed in  F ig u re  N°5, a group o f  
p o i n t s  w ith  a poor f i t t i n g  to a s t r a i g h t  l i n e  r e s u l t e d .  For t h i s  reason ,  
and in  orden to  improwe i t ,  a t h i r d  parameter was added to  the d i s t r i b u ­
t i o n  ( the a dd i t  on o f  a cons tan t  to  the  N/L v a r i a b l e )  (3 ) .

Two a l t e r n a t i v e s  were t e s t e d ,  and the cons tan t  "5" which led  to a good 
ad jus tment  to a s t r a i g h t  l i n e ,  was s e l e c t e d .  Then, t h i s  f i t t i n g  w ith  the 
c h i - s q u a r e  c r i t e r i o n  was e va lu a ted .  The s e p a r a t i o n  o f  the exper imenta l  
p o i n t s  w ith  re spe c t  to the s t r a i g h t  l i n e  t ha t  r e p re sen t s  them, was d e t e r -  
mined by l e a s t  squares .  Thus, an index of  s i g n i f i c a n c e  of the 97% was 
ob ta i  ned.

In accordance w ith  t h i s  r e s u l t ,  the  N/L sampl ing s u p p l i e d  a v a l i d  p ropo r -  
t i o n a l  e f f e c t .

C0RRELATI0N fíETWEEN THE N/L AND RQDS PARAMETERS

F i n a l l y ,  the c o r r e l a t i o n  e x i s t i n g  between the 122 N/L and RQDS va lúes  i s  
shown (F igu re  N°6). From i t ,  a c e r t a i n  dependence between both parame­
t e r s  is  deduced, and an ex tens ión  o f  the  c o r r e l a t i o n  diagram to the N/L 
and RQDS high va lúes  i s  observed.  Th is  i s  o r i g i n a t e d  because o f  the de- 
f i n i t i o n  of  the RQDS parameter (See 3 .2 ) .

3.3 L0CATI0N 0F THE AREA 0F MINIMUM FRACTURATI0N

The l o c a t i o n  of  the  area o f  minimum j o i n t i n g  was c a r r i e d  out w i th  al 1 the 
e x i s t i n g  data r e s u l t i n g  from the 122 s t a t i o n s  samp l ing .  The N/L and RQDS



parameters  were con s id e re d .  The mean o f  both T iñe va lúes  was taken fo r  
the  above mentioned v a r i a b l e s .  I t  was accepted th a t  the  va lúes  are  p l a ­
ced in  a same h o r i z o n t a l  p lañe ,  a l thouqh  t h e r e  i s  a d i f f e r e n c e  among 
t h e i r  e l e v a t i o n s ,  due to the N/L f i t n e s s  t o  a un ique law o f  the lognormal 
t yp e .

N/L AND RQDS SEMIVARIOGRAPHIES

The c a l c u l u s  o f  the exper imenta l  N/L and RQDS sem iva r io g r aph ie s  was ob- 
t a i n e d  a cco rd ing  to  the  s t r i k e s  N-S, NE-SW, E-W and NW-SE. The N/L va­
r i a b l e  was used in s t ead  o f  the N/L—5 (see 2 .? .), in  s p i t e  o f  the 
1 ognormal i t y  c h a r a c t e r i  s t i c s  of  the l a s t  one. I t  was due to  the f a c t  
th a t  the cons tan t  s u b s t r a c t i o n  reduced remarkab ly  the data to be used and 
consequent i n c onven ie n t s  emerge in  order  to  e s t a b l i s h  the  co r respond ing  
s em iva r iog raphy .

The exper imenta l  N/L and RQDS semivar iograms are shown in  F igu re s  N°7 and 
N°8 toge the r  w ith  the co r re spond inq  e l l i p s e s  o f  range and t o t a l  t r a n s i -  
t i o n .  The r e l a t i v e  l o c a l  type ones were cons ide red  because o f  the  accep-  
t a b l e  f i t  of  the N/L parameter to  a lognormal d i s t r i b u t i o n  and the 
e x i s t i n g  c o r r e l a t i o n  between N/L and RQDS. (See 3 .2 ) .

The sem iva r iog raphy  data was in t roduced  in  the k r i q i n g  ope ra to r  by means 
o f  a l i n e a r  type model .

y(h) = Co + (C/a) . h f o r  h < a 
= Co + C f o r  h > a

There was a f i r s t  attemps to a s s ign  through k r i g i n g ,  the  N/L mean va lúes  
to the  area u n i t s  assumed ( r e c t a n q l e s  o f  150 x 50 m) (see 3 .1 ) ,  some ne- 
g a t i v e  va lúes  were ob ta ined  f o r  the e s t im a t i o n s  and/or  t y p i c a l  d e v i a t i o n s  
o f  k r i g i n g ,  f o r  the  smal l v a lú e s .

The o r i g i n  o f  these  in c on ven ie n t s  was assumed to  be the high r a t e  between 
the e l l i p s e  semiaxes co r re spond ing  to the t o t a l  t r a n s i t i o n .  Th is  ra te  
was descreased ( t a b l e  1) c o r r e c t i n q  the above mentioned problem.

Range e l l i p s e  (meters) a = 1,980 b = 825 a = 23.2°
Total  t r a n s i t i o n  e l l i p s e  a = 0.228 x 0 .9  = 0.205

b = 0.070 x 1.1 = 0.077 
a = 29.1° 
r  = a/h = 2.66

TABLF 1: M o d i f i e d  sem iva r iog raphy  o f  N/L.  Nuqget e f f e c t  Co = 0 .112.

The same problem mentioned fo r  N/L appeared fo r  RQDS. I t  was so lved  w ith  
the s em iva r iog raphy  shown in  t a b l e  2.

Range e l l i p s e  (meters) a = 2,025 b = 900 a = 21.8°

Tota l  t r a n s i t i o n  e l l i p s e  a = 0.675 x 0 .8  = 0.540 b = 0.185 x 1.2 = 0.540
a = 26.6° r  = a/b = 2.43

TABLE 2: Mod i f i e d  sem iva r iog raphy  o f  RQDS. Nugget e f f e c t  Co = 0.116.



VALIDITY OF THE SERMIVARIOGRAPHIES (Re-IJse Method) .

Re fo re  us ing  the s em iva r io q raph ie s  iri the s e l e c t i o n  o f  the  area o f  m ín i ­
mum j o i n t i n g ,  they  were checked to determ ine the r e l i a b i l i t y  o f  t h e i r  r e -  
p r e s e n t a t i v i e s .

Th is  was performed app ly inq  the Re-Use Method, which a l l o w s  to get 
s t a t i s t i c a l  data about the d i f f e r e n c e s  amonq the sampl inq va lúes  and the 
co r re spond ínq  e s t im a t i o n s  w ith  k r i q i n q  (see t a b l e  3).

Sempl i ng __R = a / o i c  Asymmetry F l a t n e s s _______Numher of  samples

N/L 1.68 - 1.17 4 .58 120
RQDS 2.49 0.102 - 0.34 116

Di = E s t im a t i o n  o f  v a r i a b l e  va lué  by means o f  k r i q i n q  at  the sample 
p o i n t ,  mirius the rea l  co r re spond ínq  va lué

o = Typ ic a l  d e v i a t i o n  o f  Di

ok = Mean t y p i c a l  d e v i a t i o n  o f  k r i q i n q

. Frorn t a b l e  3 it. is  deduced tha t  the R va lué  o f  N/L i s  neare r  1 than 
th a t  one co r re spond ínq  to RQDS (the R va lué  nea re s t  t o  1 show a b e t t e r  
r e p r e s e n t a t i  vi t y  of  the  sarnpl inq v a r i a b i l i t y  by the semi v a r i  ography 
mode l).

. N/L shows a c e r t a i n  asymmetry as a consequence o f  having used tha t  pa- 
rameter w i thou t  s u b s t r a c t i n g  the cons tan t  5 (see 3 .2 ) .

. N/L produces a f l a t n e s s  (de f ined  as -3) h ighe r  than t h a t  o f  the RQDS.

TABLE 3: S t a t i s t i c a l  parameters o f  the Re-Use Method a p p l i c a t i o n  to  the 
N/L and RQDS sampl inq v a lú e s .  The very  smal l  ones were .d i s ca r -  
ded .

S e l e c t i o n  of  the a rea .

The mean va lúes  frorn N/L and RQDS k r i q i n q  e s t im a t i o n  w i th  t h e i r  c o r r e s -  
ponding t y p i c a l  d e v i a t i o n s  were assessed  f o r  the  assumed u n i t s  c f  area 
(see 3 .1 ) .

Frorn the e s t im a t i o n  and t y p i c a l  d e v i a t i o n  i s o v a lu e  cu rves  a n a l y s i s ,  the 
minimum N/L and máximum RQDS were de te rm ined ,  w ith  the l e a s t  e r r o r  of  e s ­
t im a t i o n .

The i s o v a lu e  curves  co r respond í  ng to  5 j o i n t s  per meter and 55% o f  RQDS 
are  show in  F i g u r e  N°9, w i th  máximum e r r o r s  of 25% and 30% r e s p e c t i v e l y .

The q e o s t a t i s t i c a l  r e p r e s e n t a t i o n  ob ta ined  w i th  the  N/L parameter was 
used f o r  the f i n a l  s e l e c t i o n  o f  the minimum f r a c t u r a t i o n  a rea ,  due to  the 
fací, t h a t  the mencioned parameter p ro v id e s  a b e t t e r  r e p r e s e n t a t i o n  o f  the 
c h a r a c t e r i s t i  es of  the so i 1.

. The RQDS h i s t oq raphy  shows va lúes  o f  f requeney  abnorma l ly  h iah below 
50% (see 3 .2 ) .

. The N/L parameter rep re sen ts  the f r a c t u r a t i o n  r h a r a c t e r i s t i c s  more p ro -  
per l .y ,  e s p e c i a l l y  in  the area o f  f a u l t s  (see 3 , :;).



. Thf N/L parameter g ive s  o r i g i r i  t o  a b e t t e r  f i t t i n g  of  the sampl ing va­
l u é ;  in Míe Re~l)se Method ( see t ah la  5).

. In F igu ro  N° 9 i t  can he seen tha t  the N/L parameter leads  to a most 
r e l i a b l e  r e p r e s e n ta t i o n  o f  the  rock q u a l i t y  ( f o r  i n s t an ce  ,t.he zone s i  - 
tua ted  to the No r th -No r theas t  of  the Las Ch ivas  M i l i ,  a sheared one 
w i th  hiqh N/L and RQDS v a lu e s ) .

F i q u r e  N° 10 show the i s o v a lu e  curve o f  5 /joint.s per meter ,  bounded by an 
e r r o r  of 25%. These l i m i t s  of  e s t im a t i o n  and e r r o r  were chosen s in c e  such 
e r r o r  a f f e c t s  the mean va lues  in 1 d i s c o n t i n u i t y  per meter at the most. 
In t h i s  way an area w i th  the requ i red  d imens ions  o f  600 x 100 meter r e -  
s u l t e d ,  w ith  a qood rock q u a l i t y .

It, i s  worthy to note the e x i s t i n q  correspondence between the N/L geos ta -  
t i s t i c a l  model and the p e t r o g r ap h i c  c h a r a c t e r i s t i c s .

The di f f e r e n t  l i t h o l o g i e s  e x i s t i n g  in S i e r r a  del Medio are a c cep tab ly  
r e f l e c t e d  by such a r e p r e s e n t a t i o n .

It. was a l s o  ob ta ined  a c l o a r  c o r r e l a t i o n  between the mean va lues  of 
j o i n t s  per meter and the d i s c o n t i n u i t y  c h a r a c t e r i s t i e s  r e s u l t i n g  from the 
d r i l l i n g  (200 meters) c a r r i e d  out. a d i f f e r e n t  p o in t s  of  the sampl ing 
a r e a .
4. REC0MMENDATI0NS l'OR TUL GLOLSTAFISTICAL STIJDY 0F THE V0LUME 0F 

INTEREST

Once the area o f  minimum f r a c t u r a t i o n  was s e l e c t e d  m the main purpose of 
t h i s  work, some recomendat ions  were g iven  f o r  the s tudy  o f  the body of  
i n t e r e s t ,  s u p e r f i c i a l  1 y l im i t e d  by the mentioned area and o f  about 600 m 
deep .

A s e r i e s  o f  con f igu ra t . io n s  of  4 d r i l l i n g s  w i t h in  t h i s  area were proposed. 
The q r i d  t h a t r  q ive s  o r i q i n  t i  the ininor k r i q i n q  t y p i c a l  d e v i a t i o n  i s  
e longated  a cco rd inq  to the ininor k r i q i n q  t y p i c a l  d e v i a t i o n  i s  e longated 
a c co rd in g  to the East-West d i r e c t i o n ,  w ith  a r e l a t i o n  major s i  de to  mi ñor 
s id e  of  5/3 ( F ig u re  N° 10).

The c a r r y i n g  out o f  a c e n t r a l  d r i l l i n g  was proposed in order  to c o n s id e r  
to  a c e r t a i n  e x t e n t ,  the i n f l u e n c e  of  the  p o s s i b l i  s t r u c t u r a l  f e a t u r e s .

F i n a l l y ,  i t  i s  recommended to i n v e s t i g a t e  the b e h a v i o iu r  o f  the N/L oa ra -  
rneter deep ly  and the v a r i a b i l i t . y  a s s o c i a t e d  w i th  i t .  I f  the constanc.y o f  
the N/L r e l a t i v e  v a r i a b i l i t y  can be a ccep ted ,  i t  wi 11 a l l ow  to have the 
suppor t  of  the s u r fa ce  r e l a t i v e  s e m iv a r io g r ap h ie s  o f  the above mentioned 
parameter.

5. C0NCIJJS10MS

This study hasa l lowed to  determ ine the l o c a t i o n  of  a minimum f r a c t u r a ­
t i o n  area of about 600 x 1000 meters in  the S i e r r a  del Medio.  
G e o s t a t i s t i c a l  t echn iques  were a p p l i e d  to the parameters "The number of 
j o i r i t s  per l i n e a r  meter (N/L)"  and "Index o f  the  rock q u a l i t y  in the s u r -  
fa ce  (RQDS)" .

For the p r e v i o i s l y  mentioned det.ermi nat i o n , N/L was employed because i t  
i s  the most r e p r e s e n t a t i v e  one of  the s u r f a c e  s t r u c t u r a l  c h a r a c t e r i s t i e s  
o f  the rock mass.



The minimum f r a c t u r a t i o n  area ob ta in e s  has va lúes  o f  at  most 5 j o i n t s  per 
mete r ,  wi.th a máximum t y p i c a l  d e v i a t i o n  o f  25% ( t h i s  e r r o r  a f f e c t s  them 
at  most in  1 d i s c o n t i n u i t y ).

The r e l i a b i l i t y  o f  t h i s  area l o c a t i o n  was e s t a b l i s h e d  not on ly  because o f  
the  good c o r r e l a t i o n  e x i s t i n g  w ith  data r e s u l t i n g  from the Geology in  de- 
t a i l ,  but a l s o  o f  the d r i l l i n g s  o f  200 m in  the  sampl ing zone.

I t  i s  worthy to  note t h a t  the a p p l i c a t i o n  o f  G e o s t a t i s t i c s  in  t h i s  type 
o f  problems i s  a s so c i a t e d  w i th  a s i g n i f i c a n t l y  t ime s h o r t e r  than t h a t  r e -  
q u i r e d  f o r  the a p p l i c a t i o n  o f  t r a d i t i o n a l  t e chn iques  of  e x p l o r a t i o n .

F i n a l l y ,  some recommendat ions were given f o r  the  p r o s p e c t i v e  s tudy ,  in 
dep th ,  o f  the volumen o f  i n t e r e s t .
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"Mode ls f o r  the  study o f  the l o c a l  e f f e c t s  produced by a h igh -
l e v e l  r a d i o a c t i v e  waste r e p o s i t o r y "

Ben in son ,  D . J . ; et  a l .
"The a rg e n t in e  r a d i o a c t i v e  waste r e p o s i t o r y :  b a s i c  c r i t e r i a ,  
p r e l im i n a r y  s i t i n g  and des ign concep tua l  b a s i s "

De M i c h e l i ,  S.M. de; e t  a l .
“ Uso del plomo en contenedores  de r e s i d u o s  r a d i a c t i v o s  de a l t a  
a c t i v i d a d :  e s t u d i o  de r e s i s t e n c i a  a l a  c o r r o s i ó n "

P e ru c a , J . C . ; et al .
" I n v e s t i g a c i o n e s  g e o ló g i c a s  e h i d r o l ó g i c a s  con p rocesamiento  
g e o e s t a d T s t i c o  en l a  p r e s e l e c c i ó n  del emplazamiento de un 
r e p o s i t o r i o  sub te r ráneo  para lo s  r e s i d uo s  r a d i a c t i v o s  de a l t a  
a c t i v i d a d  del Programa Nuc lea r  A rgen t ino "

Varan i , J . L . ; et  a l .
" A n a l y s i s  o f  d i f f e r e n t  v i t r e o u s  m a t r i c e s  o f  the  b o r o s i l i c a t y p e "  

Varan i  , J . L . ;  P e t r a i t i s ,  E . J . ;  Vázquez , A.
" V i t r i f i c a c i ó n  de r e s i d u o s  r a d i a c t i v o s  l í q u i d o s  de a l t a  a c t i v i ­
d a d "

V a r a n i ,  J . L . ; P e t r a i t i s ,  E . J . ;  P a s q u a l i ,  R.C.
" E v a l u a c ió n  de m a t r i c e s  v i t r e a s  para i n c l u s i ó n  de re s i d uo s  

r a d i a c t i  vos"

Russo, D . ; Messi de B e r n a s c o n i , N . ; Audero, M.
" F i j a c i ó n  de r e s i d u o s  de a l t a  a c t i v i d a d  en m a t r i z  v i t r e a  
s i  n t e r i  zada"

Wetten, C . ;  G r a s s i , J . I .
"H yd rogeo lo g ic a l  f e a t u r e s  o f  a rocky  m a s s i f  to  be used as a 
n u c l e a r  r e p o s i t o r y "

G i r a r d i ,  J . P . ;  Matar de S a r q u í s ,  M.
" S e l e c t i o n  o f  a minimum f r a c t u r a t i o n  area by means of  g e o s t a t i s -  
t i c  f o r  emplacement o f  subsu r fa ce  c i v i l  works o f  a nu c le a r  r e ­
p o s i t o r y  in  c r y s t a l l i n e  rock"

Mata r ,  . J .A . ; e t  a l .
" G e o s t a t i s t i c a l  i n v e s t i g a t i o n s  o f  rock masses.  The S i e r r a  del 
Medio case ( A rg e n t in a ) "

P e ru c c a , J . C . ; e t  a l .
"G e o l o g i c a l  and geophys i ca l  i n v e s t i g a t i o n s  at S i e r r a  del Medio 
Mass i  f  - A rg en t in a "



REPU-30 Russo , D .Ü . ;  Messl  de Bernascon i  , N.;  Audero , M.A.
" I n m o v i l i z a c i ó n  de re s id uo s  de a l t a  a c t i v i d a d  en v i d r i o s  
s i n t e r i z a d o s : 1) Proceso de prensado en c a l i e n t e "

REPO-31 B e v i l a c q u a ,  A .M .;  e t  a l .
" I n m o v i l i z a c i ó n  de r e s i d u o s  de a l t a  a c t i v i d a d  en v i d r i o s  
s i n t e r i z a d o s :  I I )  Proceso de prensado a temperatura  ambiente"

REPO-32 Ven tu ra ,  M.
" P r e d i c c i ó n  de l a  m ig ra c ió n  de r ad ionu c l  e ído s  en un medio 
ro co so .  Pa r te  I"

REPO-33 Ven tu ra ,  M.
" P r e d i c c i ó n  en l a  m ig ra c ión  de r a d i o n u c l e í d o s  en un medio ro c£  
so .  Pa r te  I I -Ca so  b i d im e n s i o n a l "

REPO-34 P a l a c i o s ,  E.
" P o l í t i c a  a rg en t in a  para l a  e l im i n a c i ó n  de re s iduo s  

rad i  a c t i  vos"

REPO-35 P ah i s a ,  M . ; e t  a l .
"P r ime ros  ensayos v in c u la d o s  a l a  v i t r i f i c a c i ó n  de re s i d uo s  
l í q u i d o s  de a l t a  a c t i v i d a d " .
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