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ABSTRACT: The División Andina of Codelco Chile owns the Río Blanco and Sur-Sur mines, two porphyry cooper-molybdenum de
posits located in the Rio Blanco Valley, at elevations between 3150 and 4200 m a.s.l. in the Andes o f Central Chile. This valley is 
deep and narrow with steep glaciated hillsides. Winter conditions are severe, and snow accumulation may be more than 10 m thick, 
with frequent snow avalanches affecting surface mine facilities and access roads. The Don Luis Primary Crusher and the SAG Mill 
caverns, some o f the largest underground mine openings in South America, are part o f the Expansion Project recently undertaken by 
División Andina to increase production and to allow continuous operation during winter. This paper describes the geologic- 
geotechnical context, the structural/stability analysis, the corresponding geometric design and rock support, and construction method
ology for these caverns.

RÉSUMÉ: La Division Andina Codelco est la propriétaire des mines Rio Blanco et Sur-Sur, deux gisements du type cuivre proches 
du Rio Blanco, situés entre les altitudes de 3.150 et 4.200 m par rapport au niveau de la mer, dans la cordillère des Andes du Chili 
Central. Cet vallée montre une topographie très tourmentée, avec une section transversale étroite entourée de pendes glacières très rai
des. La saison hivernale est rigoureuse, avec une épaisseur accumulée de neige atteignant les 10 mètres, ce qui implique des incidents 
d'avalanches fréquents lesquels affectent les installations minières construites en surfaces et les chemins d'accès, ainsi que les caver
nes SAG de Molienda et le broyeur primaire Don Luis, lesquels font partie de cet article au titre des excavations minières souterrai
nes les plus importantes d'Amérique du Sud, et s'inscrivent dans le cadre des récents travaux d'expansion réalisés par la Division An
dina dans le but d'augmenter la production et de permettre l'opération/explotation minière continue, même pendant l'hiver. Ce travail a 
pour but de décrire le contexte géologique géotechnique, les analyses de structures et de stabilités réalisés, le projet géométrique 
correspondant, la définition des soutènements et la méthodologie mise en oeuvre pour construire les dites cavernes.

1 INTRODUCTION

The Río Blanco-Los Bronces porphyry cooper-molybdenum 
mine deposit, composed o f the Los Bronces, Rio Blanco and 
Sur-Sur mines, is located in the Río Blanco-Río San Francisco 
Valley watersheds, approximately 60 km northeast o f Santiago at 
elevations between 3,150 and 4,200 m a.s.l. in the Andes of Cen
tral Chile. The Rio Blanco and Sur-Sur ore deposits are under 
current exploitation by División Andina o f Codelco Chile; Los 
Bronces by Compañía Minera Disputada de las Condes S. A.

Figure 1. L o c a tio n  M a p

The Blanco River valley is a deep, narrow, glaciated, U- 
shaped valley with steep and rocky hillsides. Winter conditions 
are very severe, and snow accumulation may be more than 10 m 
thick, thus allowing frequent avalanches to occur, which affect 
the surface mine facilities and access roads.

The Rio Blanco mine is being developed by underground 
block caving, while the Sur-Sur mine is a surface open pit. Due 
to the topography and weather conditions, most o f the mine and 
processing facilities are underground to allow continuous opera
tion, even during the winter. The underground mine arrangement 
is composed o f various caverns and shafts with an approximately 
20 km long tunnel system to connect the facilities.

During the last ten years, División Andina carried out an ex
pansion project to increase its copper/molybdenum production. 
As part o f this project, two large rock underground openings, the 
Don Luis Primary Crusher and the SAG Mill caverns, were de
signed and constructed. The Don Luis Primary Crusher cavem, 
which is 16 m wide and 32 m long with a maximum height of 
44 m, is located at the Rio Blanco mine area. The SAG Mill cav
em, which is 28 m wide and 118m  long with a maximum height 
o f 37 m, is the largest cavem in South America and is located 
approximately 5.5 km downstream o f the Rio Blanco mine area, 
outside the mineralized environment. A 55 m2 cross section ore 
conveyor belt and access tunnel was constructed to join these 
two cavems.

Minmetal S.A. and Geotècnica Consultores S.A. designed and 
supervised construction o f these cavems. The work included a 
review o f existing data, geologic and geotechnical investigations, 
structural rock mass stability analysis, engineering design and 
support definitions using the N.G.I./“Q” System, preparation of 
technical specifications, definition of a construction sequence

2797



and construction supervision. These caverns were constructed 
from 1997 to 1999.

2 GEOLOGIC-GEOTECHNICAL CONTEXT

At the Rio Blanco-Los Bronces mine deposit, the following 
lithological units, listed from older to more recent rocks, are pre
sent (Serrano L. et al, 1998), see Figure 2:
a) Lower Tertiary to Miocene Host Rocks:

• Abanico/Farellones Formation: andesites, andesitic 
breccias and andesitic piroclastic rocks.

• Río Blanco-San Francisco Pluton: granodiorites and 
quartz-monzonites.

b) Lower Pliocene Mineralized Rocks o f Rio Blanco-Los 
Bronces Deposit:
•  Biotite rich Breccias (Rio Blanco mine).
•  Chloriyte-Anhydrite and Rock-Fluor rich Breccias 

(Los Bronces mine).
• Tourmaline rich Breccias (Los Bronces and Sur-Sur 

mines).
c) Pliocene Post-Mineralization Rio Blanco Subvolcanic 

Complex:
•  La Copa Volcanic Complex and Dacite Plug.
•  Don Luis Dacitic Porphyry.

Legend
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F ig u r e  2 . G e o lo g ic  a n d  C a v e r n s  L o c a t io n  M a p .

The Don Luis Primary Crusher, which has a base level elevation 
o f 3185 m a.s.l, and 425 m o f overburden, was excavated in the 
Dacitic Porphyry Don Luis, see Figure 3. This cavern is entirely 
excavated in the marginal primary mineralized environment. As 
anticipated, this rock is strong to very strong, sound and dense 
and slightly to moderately fractured. The representative geotech- 
nical parameters are shown in Table 1.

2.1 Primary Crusher in the Dacitic Porphyry Don Luis

Table 1. Geotechnical Parameter o f  Don Luis Cavem.

Parameter Unit Representative value

Density gr/cm3 2.59

Porosity % 1.55

Uniaxial compres MPa 230

sive resistance

Young modulus kg/cm2 522,941

Poisson ratio - 0.15

Fractures frequency Fract./m 3 - 7

RQD (average) % 86

Fractures condition Moderately rough, slightly 

weathered and less than 

1 mm walls separation.

Fracture orientation - Generally favorable.

v/s cavem axis.

Groundwater - Walls slightly humid.

The main preferential fracture sets are oriented 
EW/subvertical, NE-SW/70°-90°NW and also 50°-80°SE, NW- 
SE/65°-85°NE with at least two subhorizontal sets. As predicted 
by previous studies, no faults were observed during the construc
tion. According to the Laubscher and NG1 or “Q” index geome
chanical classification systems, this rock mass presents a good to 
locally very good geotechnical quality (Geotècnica, 1996).

F ig u r e  3 . P la n  a n d  P r o f i l e  o f  D o n  L u is  P r im a r y  C r u s h e r  C a v e m .
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2,2 SAG Mill cavern in the Río Blanco-San Francisco 
Granodioritic Pluton

The SAG Mill cavem, which has a base level elevation o f 2907.5 
m.a.s.l., and 150 m o f overburden, was excavated in the Rio 
Blanco-San Francisco Granodioritic Pluton. This cavem is situa
ted out of the mineralized environment, 5.5 km downstream of 
the Don Luis Primary Crusher cavern, see Figure 4. As pre
dicted, the rock is strong to very strong, sound and dense, 
slightly to moderately fractured. The representative geotechnical 
parameters are shown in Table 2.

Table 2. Geotechnical Parameter o f SAG Mill Cavem.

Parameters Unit Representative value

Density gr/cm3 2.60

Porosity % 1.55

Uniaxial compres MPa 200

sive resistance

Young modulus kg/cm2 >400,000

Poisson ratio - 0 .1 5 -0 .1 7

Fractures frequency frac./m 1 - 7

RQD % 7 0 - 9 0

Fractures condition - Rough, slightly weathered, less 
than 1 mm walls separation.

Fractures orientation - Generally favorable.

v/s cavem axis.

Groundwater Walls slightly humid, except at a 
fault crossing, where some grea

ter leakages were encountered.

Cross Section

■e

Figure 4. Plan and Profile o f  SAG Mill Cavem

The main preferential fracture sets are oriented 
EW/subvertical, N S/sub vertical with at least two subhorizontal 
sets. According to Laubscher and NGI or “Q” Systems o f rock 
mass geomechanical classification, this rock mass presents in 
general a good geotechnical quality, except at the fault crossing, 
where it is more deteriorated (Geotècnica, 1996).

For the SAG Mill cavem, the in-situ stress situation and the in
teraction effect with adjacent pre-existing underground openings 
were studied using a finite element model specifically developed 
for this case. Results o f main in-situ stress from overcoring test
ing carried out in the area o f the Rio Blanco mine were examined 
as part o f this analysis (Geotècnica, 1996). This study concluded 
that there was no significant interaction between the existing un
derground openings and the projected cavem.

A similar analysis was carried out for the Don Luis Primary 
Crusher cavem, which has no existing nearby underground open
ings, and no major stability problem were anticipated.

In addition, a rock wedge stability analysis was carried out 
with UNWEDGE software. The preferential joint and fault 
orientations mentioned above in Section 2 were considered 
together with the different alternatives o f the main axis o f the 
cavem, in order to optimize its orientation. For this analysis, the 
fracture shear parameters for both cavem type of rocks shown in 
Table 3 were used.

3 STABILITY AND STRUCTURAL ANALYSIS

Table 3. Fracture Shear Parameters.

Fracture Cohesion (Kpa) Internal friction angle (°)

Joints 45-50 30-39

Faults 25-30 20-25

The wedge analysis was used to determine the optimal cavem 
orientations, which are shown on Figures 3 and 4, and to confirm 
or modify the N.G.I. or “Q” System rock support recommenda
tions for the crown and the walls. Maximum credible wedges ob
tained from this analysis were no more than 3-4 m (deep) x 5 m 
(wide) x 8m (long or high), with an approximate weight o f no 
more than 130 tons (Geotècnica, 1996).

4 ROCK SUPPORT DEFINITION BY USING THE N.G.I.
O R “Q” SYSTEM

The rock mass geomechanical parameters, presented above, were 
applied to estimate the respective geotechnical rock mass qual
ity, according to the N. G. I. or “Q” Classification System Chart 
(Barton et. al., 1974 and 1993). The rock o f both caverns exhib
its a good to locally very good geotechnical quality.

The N. G. I. or “Q” Classification System Chart was also 
used to estimate the corresponding rock support requirements for 
the crown and the walls o f these caverns, taking into account 
their dimensions. A ESR (Excavation Support Ratio) o f 1.0 was 
applied, as these caverns are critical to mine operations.

This rock support estimation was complemented with the 
wedge analysis already mentioned. Final recommendations for 
rock support are shown in Table 4 and on Figures 3 ,4  and 5.

Table 4. Recommended Rock Mass Support

Cavem area Shotcrete(l) Rockbolts(2) Steel Mesh(3)

Crown of 50 mm. 5 to 6 m long, 22 Yes, type

both caverns. mm diameter, 1 “chicken

every 2.25 mJ. yard” .

Walls o f  the None. 6 m long, 22 mm Yes, type

SAG Mill diameter, 1 every “chicken

cavem. 4 mJ. yard”.

Walls o f the None. 5 m long, 22 mm Yes, type

Don Luis diameter, 1 every “chicken

Primary Cru 4 m1. yard” .

sher cavem.

(1) Shotcrete compressive strength 25 MPa and 100 t/m2 shear strength.

(2) Rockbolts tensioned to 6 t and fully filled with resin. Steel type is fy 
4200 kg/cm2; They also include a 200x200x4 mm steel plate, nut 
and female screw.

(3) Steel mesh 100x100x4.2 mm type “chicken yard”.

Unmineralized
environment

TENSIONED ROCK BOLT
Tension : 6 t
Length : 6 m
Oiometer : 22 mm
Steel quality : fy =4200 kq/Jm2
Spacing ; I every 4rrt

TENSIONED ROCK BOLT
Tension 
Length 
Diameter 
Steel quality 
Spacing
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Figure 5. Detailed Rock Support o f  the Crown Caverns.

5 CONSTRUCTION METHODOLOGY

The excavation o f both caverns was executed from the crown or 
roof to their respective base level. Pilot tunnels at the top and at 
the base level were excavated to connect with existing tunnels 
and allow for muck extraction. The four stages o f excavation for 
the SAG Mill cavem are described in the following sections and 
shown on Figure 6.

5.1 Stage I: Excavation and Rock Support of the Crown.

Three parallel longitudinal pilot tunnels and some shorter lateral 
tunnels o f different cross-sectional areas were excavated. The 
crown was then enlarged to full size by successive blasting from 
the pilot tunnels. Once this excavation was completed the final 
crown contour was supported. This operation was executed from 
elevation 27 m to 35 m, measured with respect to the cavem base 
level. At the same time, a 8 m x 8 m lower central pilot tunnel 
was excavated at the base level o f the cavem.

5.2 Stage 2: Excavation of Central Ditch through Main Axis.

An 11 m wide and 100 m long central ditch was excavated by 
successive 10 m long benches, starting from the center o f the 
crown floor, from elevation 27 m to 8 m, thus allowing the con
nection with the top o f the lower central pilot tunnel excavated 
during Stage 1.

5.3 Stage 3 Phase I of Cavern Down Benching.

This stage included the excavation o f two 4 m high benching 
levels, by blasting 8 m wide and 10 m long benches, using as 
“free open headings” the benches generated by the central ditch 
excavated during Stage 2. This operation was carried out from 
elevation 19 m to 27 m and corresponding rock support at the fi
nal cavem walls was installed.

5.4 Stage 4: Phase II o f Cavern Down Benching.

This stage included the excavation o f three 6 m high benching 
levels, by blasting 8 m wide and 10 m long benches using as 
“free open headings”, the benches generated by the central ditch 
excavated during Stage 2. This operation was executed from ele
vation 19 m down to the cavem floor, and corresponding rock 
support at the final cavem walls was installed.

Due to the complex geometry of the Don Luis Primary 
Crusher Cavem and its lateral feeders, the construction method 
was somewhat modified. Since beginning normal operation at 
the end o f 1999, these caverns have shown no stability problems.

7 8

Figure 6. Construction Sequence o f  SAG Mill Cavem
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