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ABSTRACT: The CODELCO El Teniente mine is one of the largest underground copper mines in the world.  
Present production exceeds 130,000 tpd.  CODELCO is planning a major expansion at the mine where the panel 
caving systems will move to a single level below the existing workings. This paper describes the ventilation 
design of this planned new mine. Production is expected to be 137,000 tpd with an option to expand to 180,000 
tpd. Multiple options were considered in the design for production and haulage level ventilation, including 
multiple intake and exhaust fans for each ventilation segment, area booster fans and regulators, and portal fan 
installations. Particular challenges included identifying the ramp up of the ventilation system required to support 
the early stages of production in conjunction with the full ventilation system.  In addition to ventilation modeling 
over the life of the mine, underground mine fire modeling was performed to help engineers understand evacuation 
and refuge station design. The basic design criteria used for the planning is also discussed. 
 
 
1 Introduction 

CODELCO Chile is planning to extend the life of the El 
Teniente mine by developing a second, single lift for this 
block cave mine. The project is called the New Level Mine 
(NNM in Spanish). The mine is located approximately 80 
kilometers (50 miles) south of Santiago near the town of 
Rancagua, Chile. The mine is at an elevation between 
1880-m and 1780-m AMSL. Mine production is designed 
to be 137,000 tpd with an option to increase it to 180,000 
tpd. Currently, the El Teniente mines is the largest 
underground copper mine in the world at a production rate 
of approximately 105,000 tpd. This paper describes the 
pre-feasibility engineering analyses performed to support 
the ventilation design for this project.  

Ventilation models were developed in order to 
determine the size and duty of the main fans and secondary 
fans, required infrastructure such as regulators, doors and 
other controls, in addition to evaluating airway dimensions.  
The design was driven by velocity considerations, control 
of dust, and to dilute diesel contaminants from the 
extensive diesel fleet. A total of four models were 
developed to predict the fan duties and airflow 
requirements during pre and post production. An 
approximate mine layout is shown on Figure 1. The mine 
is shaped something like a horseshoe.  The eastern side of 
the mine, termed the Andes side of the orebody, consists of 
a primary mining block designed to be caved on two 
horizons. The primary horizon is shown on the figure with 
the center section being lower with the undercut level the 

same elevation as the primary extraction level. This lower 
level was engineered to account for geotechnical issues.  
The western side of the orebody is termed Pacifico. Block 
caving is to be initiated in the primary Andes block and 
then in the primary Pacifico block. With the Andes 
multilevel configuration and mining proceeding both north 
and south mining on the Pacifico side there would be up to 
seven advancing cave fronts at one time.  This results in a 
significant airflow requirement to support mining and 
construction activities 

 

 
Figure 1: Layout of NNM (with expanded vertical scale) 
 
       Ventilation to the mine will be through multiple intake 
and exhaust adits. The design of the adits was such to 
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minimize the exhaust portal air from being re-entrained to 
the intakes. This required most of the intake portals to be to 
the south of the exhaust portals and around a mountain 
Ridge, called Quebrada Diablo. Although this resulted in 
greater mining lengths it results in better air quality and 
minimizes the risk of re-entraining the exhaust air. The 
exhaust portals will be located at Quebrada Teniente just 
below the existing access portals as shown on Figure 2  
 
2 Description of Mine Ventilation System 

The ventilation system will need to support the undercut, 
production (or extraction) level, truck haulage, crushers, 
conveyors, and drainage levels.  This will be achieved with 
dedicated ventilation intake and exhaust airways. The 
ventilation level will be connected to each level with 
ventilation raises. For the production level, two types of 
localized ventilation controls were considered. One system 
used large booster fans on strategic ventilation intake and 
exhaust airways with regulators on the raises to the various 
levels. The regulators would be adjusted to give the 
appropriate airflow distribution. The second system was to 
install small fans on each ventilation raise. This is the 
ventilation design for the current El Teniente mine. For the 
Pacifico side of the deposit only small fans on each 
ventilation raise were considered because of its location to 
the main ventilation portals. The following figures show 
the primary airways in the mine. The challenge in most 
block cave mine ventilation systems is controlling the 
airflow to the areas of mining and construction.  For the 
NNM, the proposed strategy is to either open or close 
regulators as needed (for the scenario with district booster 
fans) or to turn on or off the small fans on each ventilation 
raise.

 

3 Airflow Requirements 

The airflow requirements through the NNM were 
determined by control of diesel exhaust, dust and minimum 
velocity considerations. Table 1 shows the air velocity 
limits used for the design. 
 
Table 1: Design Velocities 

Airway 
Air Velocity (m/s) 

Minimum Maximum 
Conveyor drifts 
  - Homotropal (airflow and 
mineral in same direction) 
  - Antitropal (airflow 
against mineral movement) 

 
0.8 

 
0.8 

 
4.0 

 
2.0 

Truck haulage drifts 0.8 6.0 
Primary ventilation intake 
and exhaust drifts 

0.8 10.0 

Large ventilation shafts and 
raises (+4 m) 

0.8 20.0 

Typical ALIMAK 
ventilation raise 

0.8 20.0 

Drop ventilation raise 0.8 20.0 
Minimum velocity in any 
drift (without equipment) 

0.4 N/A 

 
The ventilation distribution was based on information 

provided by SKM showing the size and location of primary 
diesel equipment and fixed facility layouts. The following 
criterion was used in the design.  
 Ventilation for single segment extraction drift is set 

with a minimum velocity of 1 m/s for dust 
considerations which equals 18.9 m3/s which also 
equals the 7.6 m3, 298 kW LHD. Diesel dilution was 
based on based on 0.063 m3/s/kW to give 18.9 m3/s 
per active panel. 

Figure 2: Proposed portal configuration for the New Level Mine 
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 Ventilation for a single haulage drift is set by an air 
velocity of 1 m/s (for dust considerations) which 
equates to 23.6 m3/s. CODELCO has selected 80 ton 
haul truck with a 317 kW (425 hp) diesel engines. At 
0.063 m3/s per kW this equates to 20.1 m3/s. The 
value of 23.6 m3/s was used in the modeling of this 
level. 

 Haulage Level ore bin truck dump – 70.8 m3/s per 
truck dump (two dumps per crusher) 

 Intermediate crusher levels – 62.5 m3/s per crusher 
 Base of crusher (conveyors) – 47.2 m3/s per crusher 

A total of 24 active extraction panels will be in 
operation when production reaches 137,000 tpd.  Each of 
the 7 mining areas will have an additional 2 actively 
ventilated extraction panels to account for some 
development activity and to allow for more flexibility in 
the production schedule. In addition to the diesel LHDs 
operating in each panel, each advancing cave front will 
also require a fleet of construction equipment to develop 
additional extraction panels. This equipment will include 
jumbos, LHDs and other ancillary equipment. The 
extraction level construction is also based on providing 
airflow for development of draw points which includes 
concrete mixers and other support equipment. The airflow 
to each of the construction areas was estimated at 60 m3/s.  

CODELCO performed a tradeoff study for the haulage 
level to determine if rail, diesel trucks or electric trucks 
will be optimal and selected 80-ton, diesel haul trucks. 
This puts a significant ventilation requirement on this 
level. In full production 31 trucks will be operating 
simultaneously.  In addition to the applying airflow for the 
production fleet, additional airflow is necessary to support 
the construction of additional truck haulage loops. The 
ventilation design is to use single pass ventilation over 
loading points to control dust at these locations. In 
addition, significant air is used at the truck dump and 
crusher locations. The design is to ensure airflow is 
maintained from a fresh air side, across the dump location, 
to an exhaust raise to minimize any dust where operators 
may be working. Furthermore, the design uses air to pass 
across the crusher feeder belts and orebins to ensure dust 
laden air is removed from the circuit thus minimizing the 
dust impact to the work force. Figure 3 shows the concept 
of using air to control dust at these locations.  Water sprays 
at strategic locations will also be used to control dust at all 
rock handling locations. Further discussion on dust control 
is given in a subsequent section. 

The undercut level is usually the most challenging area 
to ventilate at a block cave mine because of accessing the 
level and the numerous single end heading drifts. For the 
El Teniente New Level Mine, this area was ventilated with 
discrete intake and exhaust raises connected to the 
ventilation levels. With eight cave fronts possible, the 
amount of air on this level is estimated at 450 m3/s. 
Underground offices, shops, warehouses, fuel bays, and 
other fixed facilities were designed to have intake and 
exhaust raises strategically located to provide sufficient 
airflow  to these areas.   The  ventilation strategy  was to  

provide discrete intake and exhaust raises for areas with 
potential fire risks and/or to dilute pollutants such as diesel 
exhaust and welding fumes in shops. Three primary 
shop/office areas are designed with an airflow of 100 m3/s 
each.   

Two tunnels connect the mine from lower on the 
mountain near the processing plant. One tunnel is a 
conveyor with the second tunnel being for men and 
material access. Both tunnels are approximately 9,000 m in 
length to near the mine level. At this location the conveyor 
tunnel will diverge to the 1678 m level (below the crusher 
level) while the service tunnel will slope upwards to the 
1835 production level in the center pipe.  These tunnels 
will be mined conventionally through multiple 
intermediate accesses and are designed to have their own 
ventilation systems. The access tunnel is designed for two 
way traffic. A fire risk assessment was performed on these 
tunnels. A total flow through both the conveyor and access 
tunnels is approximately 125 m3/s in each of three 
segmented sections. 

All of the flows given above are for the scenario when 
full 137,000 tpd production is achieved. The airflow 
requirement during pre-production through to full 
production was also investigated. The airflow ramp-up is 
described in a later section. 

 
4 Fan Systems 

The primary intake and exhaust fans were evaluated for 
various configurations of intake and exhaust fans while 
also varying the number of intake and exhaust adits.  
Through this analysis it was determined that a system with 
eight intake and nine exhaust fans would result in an 
optimal configuration. Due to the steep terrain surrounding 
the mine portals, there is a risk of landslides. Because of 
this the primary fans will be installed underground on the 
lower level of the main adits. At this location, maintenance 
personnel can access the fans from the mine interior. In 
addition, power to the fan can also be from the mine 
interior reducing the risk of outside power lines being 
impacted by landslides or severe weather. The current 

Figure 3: Crusher Dust Extraction System 
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primary fans will either be large vane axial fans or mixed-
flow fans. MVS did not recommend VFDs to be installed 
with the primary fans; however, the fans will be equipped 
with soft-starters. The project has not finalized this 
decision at this time.   

Two secondary systems were designed for the New 
Level Mine, large booster fans and secondary raise fans. 
Either system will work to give the required airflow to the 
mine. The large booster fan option will reduce the required 
quantity of infrastructure, fans, and electrical power 
transformers and distribution. These fans will be located 
between the Andes and Pacifico mining areas. The large 
booster fan option is beneficial because it will minimize 
the quantity of fans; twenty-two booster fans plus fifty-one 
secondary raise fans for the Pacifico mining side. The large 
booster fans will provide control to multiple sections where 
active mining is present rather than individual panels and 
may reduce the risk of airflow recirculation.   

The use of secondary raise fans was simulated on the 
ventilation level in the New Level Mine and is feasible for 
installation. The benefit of this system configuration is the 
familiarity because it is currently utilized by the El 
Teniente mine. The system will require approximately two-
hundred eighty fans to be installed for full production. The 
decision was made by CODELCO to use the secondary 
raise fans technique for airflow distribution control. 

 
5 Airway Dimensions 

In the development of the ventilation models, various 
dimensions for ventilation infrastructure were evaluated.  
Based on the analyses, the primary intake and exhaust adits 
will be arched excavations at 7.0-m × 7.0-m (based on a 
maximum velocity of 10 m/s) with each of the ventilation 
raises excavated at 5.0-m in diameter. On the ventilation 
level, the drifts were modeled at three varying dimensions; 
7.0-m × 7.0-m, 5.7-m × 5.7-m, and 4.5-m × 4.5-m. The 
airways were sized according to the volume of air 
predicted.   

Included in each ventilation model is a central 
ventilation drift that will be excavated at 7.0-m × 7.0-m.  
The central ventilation drift provides a manifold for 
ventilating the Andes and Pacifico sides of the orebody 
with reasonable fan pressures and air velocities. Without 
this airway, the fan pressures are predicted to increase by 
between 2 and 3 kPa and velocities would approach 19 m/s 
through the mine life.   

Other airways in the mine were excavated to fit 
equipment profiles and not ventilation requirements. 
Extraction level drifts will be mined at 4.5 m x 4.5 m with 
undercut airways mined at approximately 4 m x 4 m. 
Internal ventilation raises to/from the ventilation levels to 
the extraction, haulage, undercut, and crushers are bored at 
2.1-m, 2.5-m, 3.0-m, and 3.5-m, respectively. 
6 Dust Considerations 

Dust dilution is one of the primary ventilation drivers at the 
New Level Mine. The ore being mined is expected to 
contain between 10 and 20 percent silica. This would pose 
a serious health hazard to the workers if the dust is not 

properly controlled. The primary dust sources are the 
mucking on production level, transporting ore on the 
haulage level, dumping the ore into the surge bins on the 
haulage level, feeding ore into the crusher and transfer 
points at the crusher discharge to the conveyor belt. 
Engineering controls include exhaust ventilation, water 
applications, administrative controls, and localized dust 
controls.   

Significant airflow quantities will be necessary to 
provide make up air and general dilution air requirements 
for the surge bins, crushers and conveyor belt transfer 
points. The airflow quantity supplied to control diesel 
emissions should be sufficient to provide airflow for 
localized dust collection systems on the production and 
haulage levels. Localized dust controls and general 
ventilation will also be needed in the conveyor belt tunnel 
and in the access tunnel. 

Certain mining activities create large amounts of dust 
for a short time, administrative controls, such as allowing 
sufficient time after blasting activities before allowing 
employees back to the active areas of the mine will be 
essential. The use of remote-operated equipment may also 
be investigated for use in areas with high potential to 
produce dust. In addition, acquiring equipment with 
enclosed cabs and installing control rooms with 
pressurized, filtered air will be considered in some areas.   

While a premium is placed on mine-water, the use of 
proper water sprays application will reduce the total 
airflow requirements for the mine. Because of the 
complexity of the ventilation and dust control systems, 
dust monitors and engineering control monitors are being 
considered to supplement and verify the normal system 
manual dust monitoring program. Table 2 shows the 
recommended airflow requirements for dust considerations 
at various locations in the New Level Mine.   
 
Table 2: Airflow Summary for Dust Control 

Location 
Exhaust System 
Airflow(m3/s) 

General 
Dilution 

Airflow (m3/s) 

Surge Bin 

75 at each dump 
point 
150 for each 
crusher system 

7 at each dump 
point 

Crusher Cavern 

300 at each 
crusher (includes 
truck haulage level 
exhaust) 

83 at each 
crusher 

Crusher Transfer 
Points 

6 at each transfer 
point 
38 for each 
crusher. 

52 at crusher 
discharge 

Production Level 18 for each loader 
Haulage Level 
Airflow 

23 for each truck 

 
Water usage being considered for dust suppression 

includes: 
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 Providing 4 to 8 l/s at each underground crusher. 
 Water sprays at ore draw points, top of ore passes, 

surge bin inlets, crusher inlets and transfer points 
to the conveyor belts. 

 Spray nozzles designs being considered are rated 
at 0.06 l/s at a water pressure of 700 kPa. 

 Roadways, conveyor entries and equipment 
tunnels will be watered as necessary to prevent 
dust entrainment.   

The global dust control system or strategy being 
considered contains both dilution and dispersion controls, 
however, several additional considerations will be included 
in the dust control strategy. These include: 

 Training workers in the hazards associated with 
exposure to silica dust and the importance of 
maintaining dust control systems and establishing 
a formal respiratory protection program including 
respirator selection, maintenance, training, fitting, 
supervision, and cleaning. 

 Equipping mobile equipment with environmental 
cabs. 

 Installing filtered, pressurized control rooms and 
operator booths. 

 Monitoring pressure at fans, dust collectors, duct 
inlets and near water discharge points. 

 Install continuous dust monitors near the surge bin 
dumps, the top of the crushers and the bottom of 
the crushers. 

 Install a dust collection system at the top of each 
ore pass. 
 

7 Ventilation Design 

The total mine airflow requirements were determined from 
ventilation models developed for the years 2014 
(preproduction), 2017, 2021, 2026, 2031 and 2041. Full 
137,000 tpd production is expected in 2031. As the mine 
grows, there will be increased leakage rates and greater 
mine airflows. The design calls for sealing mined out  
extraction panels in order to limit leakage and minimize 
inadvertent access to these unventilated areas. Figure 4 
shows the mine layout for the full production year of 
2041with 7 mining areas. 

Table 3 shows the locations of the active mining panels 
from pre-production to full production. In addition to each 
active mining panel, it was assumed that two adjacent 
panels would be open in each mining area. Although not 
all diesel equipment is detailed in the calculation, the 
models represent an estimate of the airflow required for the 
main ventilation fans. This airflow was used to develop a 
ventilation model of the intake and exhaust levels of the 
mine.   

 
8 Main Intake and Exhaust Fans 

A trade off study comparing the required number of access 
adits and primary fans resulted in a base case configuration 
of eight intake fans (for eight intake drifts) and nine 
exhaust fans (for nine exhaust drifts). Table 4 summarizes 

the predicted fan operating points for the main fans at a 
maximum production rate of 137,000 tpd. 

 

 
Figure 4 Full Production Mine Plan (2041) 
 
Table 3: Production Areas for Ventilation Models 

1 2 3 4 5 6 7 8 9 10 11
Pre-Prod. 0 0 0 0 0 0 0 0 0 0 0 0 0

2017 1 0 0 0 1 0 0 0 0 0 0 0 1
2021 44 0 0 0 3 2 0 2 2 0 0 0 8
2026 124 4 0 4 0 4 0 4 4 2 0 0 22
2031 137 4 3 4 0 4 1 4 4 0 0 0 24
2041 137 2 2 0 0 4 3 4 4 0 3 4 25

Year TOTAL

MINING AREA
Mining 
Rate 

(ktpd)

 
 
Table 4: Primary Fan Duties at Full Production 

Static 
Pressure 

(kPa)

Airflow 

(m3/s)
Power1 

(kW)

Static 
Pressure 

(kPa)

Airflow 

(m3/s)
Power 
(kW)

2.4 383 1226 2.4 480 1550
2.2 419 1228 2.4 491 1583
2.2 419 1230 2.4 491 1585
2.1 427 1197 2.4 477 1527
2.0 442 1177 2.4 497 1491
2.0 434 1159 2.4 480 1537
1.9 487 1234 2.4 480 1535
1.9 494 1252 2.4 493 1577
2.1 444 1242

TOTAL 3949 10945 3889 12385

Principal Exhaust Fans Principal Intake Fans

1fan/motor efficiency of 75% and air density of 0.85  
 

For costing estimates the primary intake fans were 
sized at approximately 490 m3/s at 2.4 kPa (1600 kW) with 
the primary exhaust fans sized at 445 m3/s at 2.0 kPa (1250 
kW). The primary fan duties are plotted on Figure 5.  

From this figure it is noted there is a significant range 
in airflow quantities for the exhaust fans. The 
discrepancies arise from several factors; the location of the  

51



mining areas and their proximity to the main fans, as well 
as the differences in the individual ventilation drifts (older, 
existing drifts being used in certain locations). In detailed 
design the individual fan specifications will be used for 
procuring the fans. 

The ramp up and scheduling of when fans are required 
to match the expected production schedule was examined. 
The fan requirements are identified by a number, then a fan 
designator (2-I means 2 intake fans). The main fan 
schedule is shown on Figure 6 with the airflow demand per 
mining area shown on Figure 7. The schedule is based on 
fans being available when the full airflow demand is 
required; however, based on this scheduling it is expected 
there will be times when the mine airflow demand exceeds 
the available capacity.   

 

4- I 
4-E 

3 -I 
3-E 

7 -I 
8-E 

8- I 
9-E 

6- I 
6-E 

5 -I 
5-E 

2-I 
2-E 

1- I 
1-E 

6- I 
5-E 

6- I 
7-E 

Basic Fan Trend 

Basic Airflow Demand 

 
Figure 6: Total Intake Fan Airflow with Fan Schedule 
 
9 Booster fans and Secondary Fans 

Two scenarios were investigated for providing airflow to 
each working area. Scenario one was to use primary 
booster fan installations with regulators while scenario two 
uses small raise fans. 

 
Figure 7 Airflow distributions between the levels 
 
9.1 Booster Fan Scenario 

For the booster fan scenario, the fans will be located on the 
intake and exhaust ventilation level. These fans are not 
standardized because of the variable airflow required 
depending on the location of the ventilation intake and 
exhaust. Some of these ventilation access drifts ventilate 
fixed facilities, multiple extraction panels and other areas, 
while others may only ventilate a shorter section of an 
extraction panel. In this configuration, regulators were 
placed at each ventilation raise for control through the 
Andes side. Fans were calculated to be at approximately 
240 m3/s at 2.3 kPa (in parallel installations), but in certain 
areas are predicted to have a duty of 415 m3/s at 0.9 kPa. 
Twenty-two (22) large booster fans will be required for 
this configuration in full production. The Pacifico mining 
area and Central Area Crusher will require the use of 
smaller booster fans installed on each raise regardless of 
how the Andes mining area is ventilated. A basic listing of 
the fans required for the Pacifico mining area and 
Central/Crusher area is shown in Table 5. Table 6 gives the 
booster fan duties for this scenario. 
 
Table 5: Listing of Pacifico fans 

Airflow Pressure Power

(m3/s) (kPa) (kW)1

Truck Dump Fan 50 0.7 35 6
Crusher Exhaust 97 0.65 60 3
Electrical Substation 25 0.65 15 1
Central Shops 150 0.6 70 1
Central Shops 100 0.6 55 2
Exhaust Fan 24 0.9 22 4
Intake Fan (2 x exhaust fan) 50 0.5 20 2
Intake Fan 35 0.6 20 2
Exhaust Fan 50 0.8 40 1
Production Fans Intake and Exhaust 23.9 0.8 20 29
1 75% efficiency assumed at an air density of 0.85 m3/kg.`

Location Quantity

 

9.2 Small Raise Fan Scenario 

The second alternative using raise booster fans throughout 
the Pacifico and Andes areas of the mine required 
approximately 280 fans  at  full production.  This  system 

Figure 5: Main intake and exhaust fan operating points 
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Table 6: Large Booster Fan Predicted Duties 

Pressure Airflow Power

(kPa) (m
3
/s) (kW)

1

1 0.9 827 992
2 0.8 673 718
3 0.8 524 558
4 1.0 279 372
5 1.8 338 812
6 1.4 353 659
7 1.8 460 1104
8 1.9 65 165
9 2.0 404 1054
10 1.0 481 609
11 2.3 482 1477
12 0.5 361 240
13 1.8 193 463
14 1.5 200 399
15 1.6 255 544

  Total : 10,165
1
 75% efficiency is assumed

Installation #

Total Fan Requirement

 
requires various fan sizes and with fan powers for this 
configuration ranging between 45 kW to 155 kW. Table 7 
lists the approximate quantities of secondary raise fans 
required based on year evaluated. The fans are specified at 
actual mine density of 0.85 kg/m3. Also, listed in the table 
are the locations for the secondary raise fans and predicted 
fan operating points with power. 
 
Table 7: Large Booster Fan Predicted Duties 

Airflow Pressure Power 2021 2026 2031

(m3/s) (kPa) (kW)1 44 ktpd 124 ktpd 137 ktpd

Production 1 24 0.9 29 87 106 96
Production 2 24 1.4 45 34 78 90
Undercut 1 35 0.9 42 13 20 13
Undercut 2 70 1.2 112 2 4 4
Truck Haulage 50 1.1 73 15 25 32
Crusher 97 1.2 155 1 2 3

Total No. of Fans: 152 235 238
Power (MW): 5636 7022 11023

Year

1 75% efficiency assumed at 

an air density of 0.85 m3/kg

Number of Fans

Ventilation Level

 
 

The small fan scenario will require an additional 1 MW 
of power when compared to the booster fan scenario. The 
elimination of all booster fans from the system and only 
having primary intake and exhaust fans to supply the 
necessary mine pressure resulted in intake and exhaust fan 
pressures averaging 4.5 kPa at an airflow of 4,390 m3/s. 
The increase in airflow over the base case is due to 
significant increases in air leakage in the mine. Using four 
strategic booster fans reduces the average intake and 
exhaust fan pressure to 3.5 kPa with a volume of 4,220 
m3/s. Summing the total fan power required for the three 
scenarios presented shows that the base case of primary 
booster fans uses significantly less total installed fan power 
than either of the alternatives where only primary fans are 
used with and without select booster fans.  

 
10 Impact on Ventilation System if Production is 

Increased to 180,000 tpd 

If the production rate is increased to the 180 ktpd then the 
ventilation system will have to operate at a higher capacity 
to accommodate the increased equipment and dust 
liberation. To achieve this production, CODELCO plans 
on increasing the mining rate of the Pacifico side of the 
orebody. Therefore, from a ventilation perspective, it will 
be necessary to mine parallel bypass ventilation drifts 
through this zone. These allow for the ventilation of the 
increased number of mining areas with a slight increase in 
the fan pressures. The ventilation system in support of the 
higher production rate can be achieved with the existing 
number of main intake and exhaust drifts and fans with the 
principal fans operating at a slightly higher pressure and 
airflow. The fan motors will need to have a higher capacity 
(the total power requirement increases by 2800 kW for the 
180 ktpd production rate). CODELCO will decide on the 
primary fan selection to either match the 137 or 180 ktpd 
operation in the next phase of the study. Figure 8 shows the 
primary ventilation changes to achieve 180 ktpd. 

 
Intake airway extended to 
the north of the mining area 
to provide parallel airway 

Parallel intake 
and exhaust 
airways required 
for main 
ventilation 
manifold 

Parallel intake and return 
distribution airways added 
throughout the Pacifico 
Panel 

 
Figure 8: Ventilation System Modifications for 180 ktpd. 

 
11 Automation of Ventilation System 

Automating a ventilation system is a developing 
technology that has the potential to provide an economical 
and operational benefit. For a mine the size of the New 
Level, the initial capital cost will be significant because of 
the large number of sensors and control mechanism (e.g. 
fans or regulators) required. For this project, a costing 
study was performed to identify the number of airflow and 
gas sensors required in addition to controls on regulators 
and fans.  In addition, costs were included for maintenance 
and operation of the system. MVS recommended that the 
booster and secondary fans be equipped with variable 
frequency drives. This would allow optimization of flow 
and pressure for strategic areas of the mine. In addition, 
automating regulators will also allow for remote 
adjustment of airflows. VFDs are not recommended for the 
large primary intake and exhaust fans since there is built in 
variability with the number of fans in parallel. 
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12  Fire Modeling 

Multiple fire scenarios identified as potential hazards for 
the New Level Mine to estimate the impacts a fire may 
have on the ventilation system were analyzed. The 
scenarios modeled were used to identify areas in the mine 
which could be affected by a fire and if mitigation should 
be implemented to reduce the risk associated with fume 
propagation. The fires simulated assumed an oxygen rich 
fire with a relatively quick build up in the “non-steady 
state” phase of the fire. The fire models were developed 
using the El Teniente New Level Mine ventilation model 
established for year 2031 at 137,000 tpd. The modeling 
included a light vehicle fire in the main intake ramp 
(central core of the mine), a fuel bay fire on the truck 
haulage level, a shop fire on the production level, a mid-
section and bottom area crusher fire, and LHD fires on 
varying extraction panel locations. 

The modeling was performed using the MineFire 
simulation package. The results showed the fume front 
propagation for the assumed fires and the time predicted 
for contaminated air to reach various areas of the mine.  
For example, a vehicle fire simulation in the central ramp 
system showed the fume front reaching the extraction 
level, undercut level, and Crusher #3 location within 10 
minutes. In addition, the fume front is predicted to 
contaminate the majority of the central ramp system.  
Significant portions of the mine, with the exception of the 
truck haulage level and shops, may be contaminated within 
30 minutes. The results of this analysis showed that escape 
planning will be critical should a fire occur in this area.  
Mine personnel will require egress through the truck 
haulage level or secondary intake portal escape way and 
not through the core area (which is the primary escape 
route).   

The fire analyses showed the importance of fire doors 
at strategic locations to contain fumes in fuel bays, shops, 
crusher areas, and conveyors.  The modeling resulted in 
determining where the fire doors should be located and the 
consequence of not having these doors in operation. The 
LHD fires on the extraction panels, one located in the 
Andes and the second in the Pacifico mining areas showed 
that a fire on the Pacifico area could reverse the airflow 
and introduce recirculation of the fumes. However, an 
equipment fire on the Andes side was quickly pulled down 
the exhaust raise and out of the mine. No mitigation was 
implemented for these fires due to their locations and it 
was recommended that the miners be trained that should a 
fire occur in an extraction panel, they evacuate to the 
central ramp system, central shops, or truck haulage level.   

For all fires analyzed, it is recommended that the main 
and secondary fans, if on, should remain operating and 
should not be turned off unless CODELCO personnel 
know that the results of turning a fan off will be beneficial.  
Through these analyses, the main and secondary fans were 
simulated as operational and are not recommended to be 
turned off in the event of a fire. By leaving the fans 
operating, the system will exhaust the fumes.  

Additionally, personnel should be familiar with the 
direction of airflow in known areas of the mine, which will 
not confuse their travel to safety.  By turning fans off, the 
airflow directions may change which may disorient 
personnel and hinder their egress. In addition to fire door 
location determination, the fire analyses assisted in 
determining the location of permanent and portable refuge 
stations.   
 
13 Summary 

This paper describes a comprehensive study to quantify the 
ventilation system for the CODELCO El Teniente New 
Level Mine.  A series of ventilation analyses were 
performed to predict fan duties from pre-production to a 
full 137,000 tpd production rate of this large block cave 
mine.  The design needed to consider the significant diesel 
equipment fleet, particularly on the truck haulage level, 
and the potential for silica dust.  This resulted in a full 
production airflow of nearly 4,500 m3/s.  This airflow will 
support a challenging mining system that can have up to 
eight active caving zones in addition to the numerous 
shops, warehouses, fuel stations, lunch rooms, crusher 
stations, and conveyor drifts.  The resulting ventilation 
system consisted of eight, large intake fans and nine large 
exhaust fans.  In addition, the system will use up to 280 
smaller raise fans to control airflow locally within the 
mining block.  A second study on the ventilation system 
was performed to determine the airflow requirements 
should production be increase to 180,000 tpd.  The results 
of this study showed additional airways being required on 
the Pacifico side of the orebody and a slight increase in 
primary intake and exhaust fan duties. 

The comprehensive study also investigated a series of 
fire scenarios that resulted in determining the location of 
fire doors, escapeways, and refuge station throughout the 
mine. This analysis was valuable in understanding the 
impact of equipment or conveyor fires on the overall 
ventilation system.   

The results of the ventilation study showed that a 
feasible staged ventilation plan was developed for the New 
Level mine. 
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