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GBOST AT J. STI CAL INVESTIGATIONS QP 
ROCK MASSES. THE SIERRA DEL MEDIO 

CASE (ARGENTINA)

Matar*, J.A.; Sarquio, M.A.; Girardl, <T.P. and Tabbia, G.H.

ABSTRACT

The geostatlstical techniqu.es applied for the selection of a minimum- 
fracturatlon volume In Sierra del Medio allow to quantify and qualify the 
variability of rnechanic characteristics and denslty of fractures and also 
the level of rellabllity in estimations.

The role of geostatistics i:i discussed in this work so as to select míni­
mum fracturation blocks as a very important site selection step..

The only variable used is the "jointing density" so as to detect the 
principal fracture systems affecting the rocky massif. It was used on 
the semlvariograms corresponding to the previously mentioned regionalized 
variables.

The different resulta of fracturation are compared with the deep and sha- 
llow geological surveys to obtain two and three dimensional models. The 
range of the geostatistical techniques to detect local geological pheno- 
mena such as faults is discussed.

The variability model obtain2d from the borehole data computations is in- 
vestigated taking as basis ':he vertical Columnar Model of Discontinuity 
(fractures) hypothesis derived from geological studies about spatial be- 
haviour of the joint systems and from geoestatistical interpretation.

RESUME

Les techniques géostatistiques utilisées pour selectionner un volume de 
minime fracturation dans Sierra del Medio ont permis caractériser cuanti- 
tatlvement et cualitatlvemeit la variabllité des propriétés mécaniques, 
de la denslté des fractures et aussi du nivel d'exactitude de l’estima- 
tion.

La géostatistique employée pour détérminer des blocs de minime fissure 
c'est une tres importante étape dans la selection d'une place.

On a utilisé seulement une 'ariable pour connaitro les systémes de fissu­
re principaux afectant la masse rocheuse. Cette variable denominée 
"densité de diaclase" fut usée dans les sem.l-/ -riogra-nes concemants les 
variables regionalisées qu'on a mentionné avrsnt.



Aprés on a comparé les re: ultats de fissure avec les études géologlques 
de surface et de sous-sol pour obten!r des modeles en deux et en trois 
dimenslons et aussi on a .-inalysé le trascendence des technlques géosta- 
tlstiques pour connaítre les phénomenes géologlques .locaux par exemple 
failies.

Le modéle de variabllité obtenu pour le traítement en ordinateur, des 
données des sondages fut Investigué avec l'appui du modéle de colonne 
vertical de l’hypothése de discontlnuité (fractures), celle-cl a été pri- 
se d'une part des étudles géologlques sur la conduite spatlale des systé- 
mes de diaclases et d'autre part de l'interprétation géostatistique.

1. INTRODUCTION

It Is known that foundation road engineerlng is also supported by geo- 
logy. All geologlcal data used to inventory, analize and sinthesize na­
tural phenomena are backgrounds on which an englneer can design, plan and 
build :ln a secure and harmonious way In accordance with the natural envi- 
ronment.

One of the most signlficant parameters provided by foundation engineerlng 
Is rock structural features, especlally gpological discontinuities, such 
as: faults, fractures, beddlng planes, cleavage, joints, dikes and so on. 
Discontinuities have a grea t influence on rock mechanical behaviour be- 
cause they usually increase the rocky rrass strain and decrease its resis- 
tivity. These two events are responsible for most of the faults occurred 
under static or dynamic charge conditions.

In order to obtain trend, dlp, spaclng, length, fill, wrinkle and density 
data, a complete discontinuity geologlcal rmpplng of the rocky massif ba- 
sed on a planned study is required. Then lt is possible to assess the 
number of joint families present, their distribution, slgnificance, in- 
tact rock natural blocks etc;., in quantitative and qualitatlve terms.

Geostatlstics is another approach use for accomplish these objetives.

2. METHODOLOGY USED

The general rnethodology emp Loyed in the determination of the least frac- 
tured area of a rocky massi ‘ was as follows: Collection of data to defi­
ne the final grid and its s unpling.

Twenty eight approxiinatel, ’ isodistanced stations supplled valúes of 
"Number of joints" (N) and ;helr "Spaclng" along 10 m lines normal to the 
strike of the two main syst ;rns of joints that affect the rock mass. Then 
"samples" of the definitiva grid (188 stations) were obtained together 
with the geology and survey of the area.

Rock quality was evaluated, from the mechanical point of view, through 
the N/L and RQDS parameters, the latter being defined as the summation of 
spaclng lengths (more than 10 cm long) per linear rteter. N/L and RQDS 
valúes were estimated taking these primary data as basis.

DflrERMINATION OF THE 13EFINITÍVE GRID

Different forrns and mesh de^sifications were proposed once the required 
accuracy in the knowledge of the variable had been established. This 
analysis was carried out only ’̂ith the N/L parameter.



HISTOGRAPHY OF N/L AND RQDS

The distr'ibution pattern to which the sampling of N/L and RQDS obey, was 
used in selecting the type cf semivariography to be estimated from them.

The chi-square criterion allDwed to define the adjustment of the N/L his- 
tography to the corresponding distribution.

The correlatlon between the N/L and RQDS parameters Is shown at this 
point (Figure N°1).

SEMI-VARIOGRAPHY OF N/L AND ^QDS

To carry out the geostatisti;al representatlon of the variables employed, 
the model of variability from the corresponding experimental seraivario- 
graphies were obtained. The se were estimated considering N-S, NE-SW, E-W 
and NW-SE strikes (Figure N°2).

To check the realiability of the N/L semivariography to be used in the 
krigeage operator, the Re-Use method was applied.

DErERMINATION OF 'ME MINIMUM FRACTURATION AREA

It was based on the kriging estimation of the mean valúes of the varia­
bles corresponding to each airea in which the sampled surface was assumed 
to be divided in.

At the same time, the geologlc data were analysed in detall which allowed 
to establish the reliability of the gsos tatistical model of the investi- 
gated area (Figure N°3).

3. DATA ON DEPTH

Once the mínimum fracturation area had been selected and in order to be- 
gin with the study in depth, the locatlon of 4 deep core drillings (450 
to 750 m) was proposed. Such core drilling could be of the incllned or 
vertical type. Several 4 core drilling - configuration were proposed in 
the area taking into account the surface fracturation semivariography mo- 
del. The rnesh that becsune to be related with the least typical deviation 
of kriging was that once eloigated east-west with a side ratio of 5/3.

It should be mentioned th; ; at this stage of the planning, three core 
drillings between 200 m an< 300 m deep had already been performed; thus 
some fracturation character 3tic data were available.

Four deep core drillings w re made - PP1; PP2; PP3 and PP4 - and from 
them the one called PP1 lia.» a 60°south dip on punióse, to detect the in- 
fluence of some geológica! tructues.

All this work yielded data on the number of fractures per linear meter 
N/L from 3.05 m deep cores.

The N valué comprises all fractures and it is independants of their cha- 
racteristics. The L valué is referred to the core run.

The N/L mean valúes, corresponding to the bearing resulting from inter- 
sectlng the drillings with the horizontal bench model derived from the 
highest point in Sierra del Medio - i.e. Chivas Hill, some 1.350 m



a.s.l., to be used In the U  -ee-dlmendional model calculations, were com- 
puted. The benches were a sumed to be 25 m high, this valué resulting 
from stadylng the semivario; ?aphy of N/L valúes for core lengths of 3.05 
m.

Slnce he ranges determined for the vertical drillings are conslstent 
with the bench height, inclusión of short range variabilites is avolded 
Ln this first stage of the work.. Figure N°4 shows, schematlcally, the 
bench model proposed.

GONGUJSIONS

This study has allowed to determine the location of a mínimum fractura- 
tion area of about 600 x 1000 meters in Sierra del Medio. Geostatistical 
techniques were applied to the parameters "Number of joints per linear 
meter (N/L)" and "Index of surface rock quality (RQDS)".

To accornplish the prevlousl;/ mentioned determination, N/L was employed 
because it is the most representative para/neter of the surface structural 
characteristics of the rock nass.

The minlrnum fracturatlon area has máximum valúes of 5 joints permeter and 
25 % typical deviation (this error■ affecting the former in 1 disconti- 
nuity at the most).

The rellability of this area location was coroborated not only by the 
good correlation existing with data resulting from the Geology in detail, 
but also by the 200 m deep boreholes in the sampling zone.

It is noteworthy that the application of Geostatistics to this type of 
problems is associated with a time shorter than that required for the ap­
plication of traditional exploration techniques.

A three dimensional model using the N/L surface mean valúes and the depth 
ones is being carried out at presente.
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FIGURE 1 -  NLM Histogram-
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FIGURE 2  - NLM Experimental sem ivanograms-



o
o
oCNJ

Lü
_l
O
X
LU
QC
0  
00

01 
Lü 
lü 
Q
e
O
to

<
>

y

FI
GU

RE
 

3 
- 

G
eo

st
iti

ca
l 

m
od

el
 

of 
the

 
in

ve
st

ig
at

ed
 

ar
ea



REP0-01 Beninson, D.; Migliori de Beninson, A.
"Radiological impact of radioactive waste management"

REPÜ-02 Lucero Michai.it, H.
"Aplicación de la geoestadística a la resolución de problemas 

estructurales en macizos rocosos homogéneos"

REP0-03 Ventura, M . ; Ferreri, J.C.
"Evolución temporal de un macizo granítico bajo cargas térmi­
cas generadas por productos de fisión"

REP0-04 Ventura, M.; Ferreri, J.C.
"Evolución temporal de un macizo granítico bajo cargas térmicas 
generadas por productos de fisión (estudio paramétrico)"

REP0-05 Beninson, D.
"Radioactive emissions and radiation exposures resulting from 
nuclear power production"

REP0-06 Beninson,D.; Lindell, B.
"Application of ICRP recommendations to radioactive waste isola- 
tion"

REP0-07 Migliori de Beninson, A.; Cancio, D.
"Impacto radiológico de la gestión de residuos radiactivos del 
Programa Nuclear Argentino"

REP0-08 Migliori de Beninson, A.; Palacios, E.
"Política en materia de gestión de desechos y su aplicación 
en Argentina"

REP0-09 Palacios, E.; et al.
"Bases conceptuales para la construcción de un repositorio en 

la Argentina".

REP0-10 Palacios, E.; et al.
"Estudios para la selección del emplazamiento de un repositorio 
en Argentina"

REPO-11 Matar, J.A.; Girardi, J.P.; Matar de SarquTs, M.
"Aplicación de técnicas geoestadísticas al estudio de una 
formación granítica destinada a la construcción de un 
repositorio"

REPO-12 Ferreri, J.C.; VENTURA, M.
"Numerical aspects of the study of the regional thermal impact 
of a radioactive waste repository"

REPO-13 Ferreri, J.C.; Caballero, C.H.
"Difusión de calor a partir de una fuente plana rectangular 
finita"

REPO-14 Beninson, D.; González, A.J.
"Radiological protection criteria for radioactive waste re- 

positories"

REPO-15 Palacios, E.; Ferreri, J.C.
"Marco conceptual para el desarrollo de los modelos de predic­
ción de los efectos locales de un repositorio de residuos ra­
diactivos de alta actividad"



REPO-16 Ferreri, J.C.; Ventura, M.
"Aspectos numérios del modelado de los efectos locales de 
un repositorio de residuos radiactivos de alta actividad"

REPO-17 Beninson, D.
"Criterios de radioprotección en el caso de eventos disruptivos 
probabilísticos"

REPO-18 Ferreri, J.C.; Grandi, G.
"Models for the study of the local effects produced by a high- 
level radioactive waste repository"

REPO-19 Beninson, D.J.; et al.
"The argentine radioactive waste repository: basic criteria, 
preliminary siting and design conceptual basis"

REP0-20 De Micheli, S.M. de; et al.
"Uso del plomo en contenedores de residuos radiactivos de alta 
actividad: estudio de resistencia a la corrosión"

REPO-21 Peruca, J.C.; et al.
"Investigaciones geológicas e hidrológicas con procesamiento 
geoestadfstico en la preselecciÓn del emplazamiento de un 
repositorio subterráneo para los residuos radiactivos de alta 
actividad del Programa Nuclear Argentino"

REPO-22 Varani, J.L.; et al.

"Analysis of different vitreous matrices of the borosilicatype"

REPO-23 Varani, J.L.; Petraitis, E.J.; Vázquez, A.
"Vitrificación de residuos radiactivos líquidos de alta activi­
dad"

REPO-24 Varani, J.L.; Petraitis, E.J.; Pasquali, R.C.
"Evaluación de matrices vitreas para inclusión de residuos 
radiactivos"

RF.PO-25 Russo, D.; Messi de Bernasconi, N.; Audero, M.
"Fijación de residuos de alta actividad en matriz vitrea 
sinteri zada"

REPO-26 Wetten, C.; Grassi, J.I.
"Hydrogeological features of a rocky massif to be used as a 
nuclear repository"

REPO-27 Girardi, J.P.; Matar de Sarquís, M.
"Selection of a minimum fracturation area by means of geostatis- 
tic for emplacement of subsurface civil works of a nuclear re­
pository in crystalline rock"

REPÜ-28 Matar, J.A.; et al.
"Geostatistical investigations of rock masses. The Sierra del 
Medio case (Argentina)"

REPO-29 Perucca, J.C.; et al.
"Geological and geophysical investigations at Sierra del Medio 
Massif - Argentina"



REP0-30 Russo, 0.0.; Messi de Bernasconi, N.; Audero, M.A.
"Inmovi1 izaci6n de residuos de alta actividad en vidrios 
sinterizados: 1) Proceso de prensado en caliente"

REP0-31 Bevilacqüa, A.M.; et al.

"Inmovilización de residuos de alta actividad en vidrios 
sinterizados: II) Proceso de prensado a temperatura ambiente"

REP0-32 Ventura, M.
"Predicción de la migración de radionucleídos en un medio 
rocoso. Parte I"

REPO-33 Ventura, M.
"Predicción en la migración de radionucletdos en un medio roc£ 
so. Parte II-Caso bidimensional"

REPO-34 Palacios, E.

"Política argentina para la eliminación de residuos 
radiactivos"

REPO-35 Pahisa, M . ; et al.
"Primeros ensayos vinculados a la vitrificación de residuos 
líquidos de alta actividad".



COMISION NACIONAL DE ENERGIA ATOMICA 
Gerencia Protección Radiológica y Seguridad

Domicilio Postal 
Postal Address

Télex Facsímil Teléfono

Sede Central 
(Main Headquarters)

Av. Libertador 8250 
1429-Buenos Aires 
Argentina

21388 
PREAT AR

701 - 2431 
(int.
(ext. 248>

701 - 2431

Centro Atómico Ezeiza 
Ezeiza Atomic Center

Casilla de Correo 40 
1802-Aeropuerto Ezeiza 
Argentina

23462 
CAE PRS AR

620 - 0480 620 - 0160


