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In the high central part of the Andes,  
Valparaiso Region V, 50 km north-
east of Santiago, at Codelco’s Andean 
Division (DAND)’s installations in Chile, 
or, to be more specific, in two sections 
of the Andean Division; the Mountain 
Section, 2,765 metres above sea level, 
and the Node 3500-Level 11 Section, 
more than 3,500 metres above sea 
level, we are working on the  New 
Mine-Plant Transfer System, which 
is intended to secure the processing 
of ore from the mine until 2050. The 
object of the Project is to replace the 
existing transfer system, consisting of 
shafts that converge on the Don Luis 

primary crushing plant, which will 
be affected by the expansion of the 
pit, with a system consisting of a new 
primary crushing plant (at Node 3500), 
horizontal underground development 
and surface infrastructure, and thus 
to be able to maintain the current 

levels of ore processing.  To that 
end, it is proposed to receive the 
ore from the open-cast mine (Node 
3500 area), reduce it in size (Primary 
Crushing Chamber) and then transport 
it (Haulage III) to the Mountain 
Plant (currently in operation). The 
Consortium formed by the Companies 

OSSA and Acciona  has taken on the 
underground work in the heart of the 
mountain. 
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1.- Introduction
This report describes the distinctive characteristics of the work 

carried out on the New DAND Transfer System, in which the 

difficulty inherent in projects of this kind is combined with the 

complexity of the geographical situation, while maintaining their 

synergy with the mining operations. 

The work has consisted of excavation by drilling and blasting of the 

new installations:

• Haulage III Tunnel. A 4,781 m main tunnel with a free longitudi-

nal section of 7.5 x 6.0. Constructed between 3,025 and 3,450 

metres above sea level.

• Access tunnels. Ancillary underground works amounting to

a total of 4,750 m with various sections, mainly 6 x 5. Located

between 2,765 and 3,500 metres above sea level.

• Crushing Chamber and Caverns: These consist of the new

crushing chamber, measuring  30.0 x 20.2 x 48.6 m, and the

regenerating chamber, measuring 19.0 x 24.2 x 18.6 m, making 

a total volume of  58,038 m³. Installations in the immediate vici-

nity of the open-cast mine at 3,500 metres above sea level.

• Widened areas for vehicles to pass one another and recesses for  

Haulage III Tunnel operating equipment 

• Installation of Geomechanical Monitoring System.

2.- Geological description of the zone

 2.1  Lithological units 
Almost all the work on the Transfer Project has been carried out in 

two main lithological units: 

• Río Blanco Granodiorite (GDRB): This unit consists of intrusive

rock composed of amphibolic-biotitic granodiorite, of an equigra-

nular medium to coarse texture. This unit is generally presented 

in a fresh state, with little or no geotechnical degradation, high

persistence of structures, presence of soft filling between joints 

and formation of occasionally unstable blocks.  Approximately

75% of the Haulage III tunnel has been constructed in this unit,

together with other excavation work in the Mountain Area.

• Rhyolitic Chimney Unit (CHRIOL): This unit consists of sub-

volcanic rock of rhyolitic composition and represents the filling 

of a volcanic caldera, hence its cylindrical shape, located in the

southern section of the area. The Rhyolitic Chimney is geotech-

nically highly degraded, which affects its resistance parameters, 

it absorbs moisture easily, sometimes causing flaking of the crust 

and the formation of slabs. Because it is volcanic rock, the. varia-

tion in the proportion and size of the clasts causes different types 

of geotechnical behaviour; in general, the greater the quantity 

and size of the slabs, the more resistant the rock will be. 25% of 

the Haulage III tunnel has been constructed in this unit, as have 

the level 11 works and all the caverns (Crushing and Regeneration 

Chambers). In addition to these lithological units, during the 

excavation of Haulage III a third volcanic fault appeared.

Location of the project

3D close-up of structures erected in Node 3500 area 

Ground plan of project with lithological units
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• Volcanic Fault: During the construction of Haulage III, in the sec-

tion approximately between KPs 1+500 and 1+580 to be specific, 

a different type of material appeared twice, loose and unstable,

with clasts of various sizes on a coarse-grained bed with little or 

no adhesion. This was a volcanic fault, intruding into the surroun-

ding rock (GDRB) through an area of weakness associated with

magmatic-hydrothermal processes.  From the geotechnical point 

of view this represented the lowest-quality material excavated,

with values of Q < 0.1 over a small section, which has been defi-

ned as type V rock.

In addition to the geological-geotechnical risks inherent in under-

ground works, the execution of the work has been affected by 

certain geological-geotechnical peculiarities.

2.2.- Geological-geomechanical peculiarities
During the excavations for the works, the on- site geological team 

conducted surveys of the front, defining the type of rock, the final 

reinforcements and the advance shoring to be applied, and also 

made observations concerning mechanised and manual wedging,  

structural data and geomechanical faults observed.

We also, however, encountered a number of unfavourable 

geotechnical peculiarities which had not been foreseen and 

which we were able to deal with safely thanks to excellent 

coordination bet-ween all the parties involved. These were:

• Cerro Negro Tunnel low layer area: Between KPs 761 and 778

in the Cerro Negro Access Tunnel, we passed through a low-layer 

zone with a slab of approximately 10 to 14 m to the surface. This 

area was subjected to constant sounding by probes inserted at an 

angle of 75°. It presented a high degree of slab formation, especia-

lly in the ceiling, which we were able to control by mechanical and 

manual wedging and then reinforcing it all the way to the front.

• Haulage III multiple fault zone: A number of unfavourable fault 

systems lying sub-parallel to the axis and sub-vertical dips appea-

red between KPs 3+390 and 3+339. These systems created

wedges of a decimetre up to a metre, resulting in further excava-

tions to a maximum of approximately 3 m at the key arch and to a 

lesser extent at the lateral walls.

• Highly fractured rock at start of Crushing Chamber: At the early 

stages of excavation of the Crushing Chamber we met with highly 

fractured rock which made progress and engineering geometry

particularly difficult. This high degree of fracturing was due to 

the natural fracturing of the rock plus that added by the damage 

caused by massive blasting during the construction of the Node 

3500 platform.

• Volcanic Fault Zone:  as previously indicated, in Haulage III (KPs 

1+500 to 1+580) we twice worked through loose granular mate-

rial of varying dimensions which was identified as a volcanic fault. 

This material and its area of influence have been classified as type 

3 to type 5 rock. 

In addition, there were two areas that were initially classified as 

complicated sectors from a geomechanical point of view but finally 

presented no major problems. These were:

• CHRIOL-GDRB lithological change: We worked through this

lithological change zone at approximately KP 1+020 in Haulage

III. This zone had presented itself as a gradual change between

the two lithological areas, maintaining good geotechnical condi-

tions at all times.

• Haulage Fault: One of the areas which was expected to be highly 

complex was where we crossed the Haulage fault. According

to the information we obtained from our sounding near the

Chivato, where the fault was identified as being 260 m deep and 

1.0 m thick, the Haulage fault did not present any geomechanical 

problems.

Construction of Regeneration Cavern

Excavation work on the Crushing Chamber Node 3500 Area
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3.- Winter periods
The winter period in the Andes chain begins in mid-April and lasts 

until the start of October. During the execution of the Project we 

experienced numerous climatic events over the three years we 

worked on it. Although all the areas are considered to be situated 

in the high mountains, we would especially mention the excavation 

work for the Primary Crushing Chamber and the Regeneration 

Chamber, which took place at Node 3500, both on the surface and 

underground. As their name indicates, these are located at 3,500 

metres above sea level. At that height, in addition to the good 

physical condition required to be able to carry out the work, the 

intense cold in the winter period, and at night in any season, must 

also be taken into account.

The tables and graphs that follow summarise the minimum tempe-

rature figures recorded by the Lagunitas Winter Weather Centre 

(located at Latitude S 33° 04' 48", Longitude W 70° 15' 04", Level 

2765.5 metres above sea level, belonging to Codelco Chile, Andean 

Division) during the 2015-2016 winter period.

In addition to low temperatures, we had to deal with heavy 

snowfalls. We summarise below in graph form the winter snowfalls 

in 2015 and 2016. 

2015 MINIMUM TEMPERATURE AVERAGE MINIMUM

May -2,4 6,7

June -5,9 4,8

July -11,4 0,5

August -7,8 1,0

September -8,3 1,2

2015 MINIMUM TEMPERATURE AVERAGE MINIMUM

April -7,1 2,3

May -4,6 2,2

June -9,1 -1,4

July -7,0 -3,8

2015 minimum temperature summary

2016 minimum temperature summary

2015 precipitation summary

2016 precipitation summary

As a result of adverse climatic events, a further difficulty was 

presented by the road restrictions caused by avalanches, fog and 

flooding, which often made it hard to reach the work fronts. 
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Work on the Crushing Chamber halted owing to heavy snowfall 

Excavation and reinforcement of the Crushing Chamber

Stage 1 entry to the regeneration cavern

Stage 2 Crushing Chamber arrives in the cavern

On numerous occasions, when heavy snowfalls cut off the access 

roads, it was necessary to shut the workers inside the mine to 

enable us to go on working.

Sudden changes in climate, the occurrence of electrical storms, 

rain and hail, and also less frequent but highly dangerous pheno-

mena such as the "viento blanco" [white wind], made this project 

and the achievement of it even more difficult.

Even so, the difficulties were overcome and we were able to exca-

vate the Regeneration Chamber and the Crushing Chamber within 

the intended time limits. To do so we designed a method whereby 

both areas were attacked simultaneously.  

At the first stage, a team entered through the upper part of the 

Regeneration Chamber via the internal mine, while a second team 

attacked the Crushing Chamber from the surface.

Clearing the snow on the access road to the Crushing Chamber

Level 11 entry gateway

When they arrived, team 2 reached the level of the cavern, and 

excavation then proceeded in both caverns at the same time.

Nevertheless, in case the winter conditions prevented us from 

meeting in both areas on the expected dates, we had considered 

a plan B. This consisted of leaving a 7m high pillar in the Crushing 

Chamber  and carrying out all the excavation from below (in the 

end this was not necessary.
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Syy stresses (kN/m²) in longitudinal section (final stage)

Jumbo boring

N° Machine N° Machine

3 DX300LCA hammer excavator 1 Atlas Copco ECM 585 Drill

2 D6T Bulldozer 2 M2C Double-Arm Jumbo

3 Meyco Versa Roboshot 2 E2C Double-Arm Jumbo

5 Manitou MRT 1030 4 ST1030 Scoop 

3 Manitou MRTX 1440 2 CAT 950H Front Loader

8 CAT-730 Dumper 1 LTM 1300 (300 ton) Crane

6 MT 2010 Dumper 4 Crane Truck

1 Atlas Copco PowerRoc T35 Drill 2 Tanker Lorry

It was not by chance that the Project was successful. It is thanks to 

the efforts and professionalism of the whole team that our objec-

tives were achieved and the Project was completed without any 

serious or fatal accidents.)•

General view of the 

construction work




