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The New Level Mine Project (NLMP) is the future underground expansion of the El Teniente mines near 
Rancagua, Chile. The maximum daily production rate is expected to be between 137 and 180 ktpd. Production is 
planned to start at the end of 2020.  Construction is planned around two time phases, the initial development that 
started in 2012 and is scheduled to be completed in 2015 and a second phase from 2016 to 2020. Underground 
construction started three years ago from both surface and the current underground workings.  New intake and 
exhaust adits are being constructed to the new mining horizon that will be the basis of a new independent 
ventilation system.  These adits are scheduled for completion by the end of 2015 or early 2016.  However, to 
support the extensive construction activities, it is necessary to use a portion of the current El Teniente mine 
ventilation system. This paper presents a study that was performed to achieve the airflow necessary to support the 
development of the mine during construction, between the years 2015 to 2020. The study describes the baseline 
ventilation model and the modifications performed to achieve the initial airflow objectives. Second, a sensitivity 
analysis was performed on the new intake and exhaust adits (numbers 74 and 75, respectively) to determine the 
maximum airflow possible in these adits in the event the airflow from the existing El Teniente mine is less than 
expected. 
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1. Introduction 

In January, 2014, Mine Ventilation Services, Inc. 
(MVS) conducted a ventilation study of the proposed 
ventilation design for the construction of the 
CODELCO’s New Level Mine Project (NLMP). This 
study consisted of measuring primary fans in the El 
Teniente mine, establishing a ventilation model of the 
existing system, modifying the model to reflect the 
proposed construction ventilation system for the NLMP, 
and deriving recommendations as to how much airflow 
could be obtained through the El Teniente mine and how 
much had to be provided through the NLMP ventilation 
adits to fulfill the airflow requirements for the 
construction phase between 2015 and 2020. The 
proposed ventilation system for the NLMP during 
construction is shown on Figure 1. 

As presented in Figure 1, the NLMP is represented 
by a box, as the interest of this study is the first 
approximation to determine if the required airflow 
volumes could be achieved. As the NLMP mine is 
located at an altitude of 1800 meters above sea level, the 
main fresh and exhaust airways are inclined ramps called 
adits. In Figure 1 only Adits 74 and 75 are under 
construction and are part of the ventilation infrastructure 
of the NLMP, all the others belong to the El Teniente 
mine.    

The design was based on providing 944 m3/s 
(2,000,000 cfm) to NLMP. The initial aim was to 
achieve this flow, with 472 m3/s (1,000,000 cfm) 
intaking through Adit 75 and the same amount provided 
from existing intake Adits 62, 63 and 65. Finally, fresh 

air was also provided from the compressor station from 
Adit 61 to NLMP. 

The exhaust for the mine is through a new parallel 
fan at the 58 Adit.  Air from Reno presently going 
through 58 Adit would need to be diverted through raises 
to exhaust via Adits 51, 52 and 45. The new 58 fan 
capacity combined with Adit 74 exhaust will have a 
return capacity of 944 m3/s (2,000,000 cfm). 

During the establishment of the base model, it was 
noted that Adit 51 was not operating because of repairs 
to the airway and maintenance on the fan. The operating 
point for this fan was estimated from previous fan 
measurements taken by the El Teniente mine (historical 
data, [1] and [2]). 

A second analysis was performed to evaluate and 
maximize the airflow that could be made available for 
the NLMP that did not involve the existing El Teniente 
mine infrastructure.  This design was to increase the 74 
and 75 fan duties to achieve the maximum flow possible 
while maintaining reasonable fan pressures and air 
velocities in these strategic airways.  

 

2. Existing El Teniente mine ventilation system 
and “black box” ventilation model 

The impacted adits, and their fan systems, for the 
proposed NLMP construction ventilation system are 45, 
51, 52, 58, 61, 62, 63 and 65. Each adit had a main fan 
that was labeled per the adit number. For example the 
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main fan on Adit 45 was V45. V is the first letter for the translation of fan in Spanish “ventilador”.  Each of these 
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Fig. 1.  Schematic of proposed ventilation system using air to/from existing El Teniente mine 

 

fans was measured in the mine, for airflow and pressure 
loss across the fan, except V51, which was off for 
maintenance. During the survey it was not possible to 
collect any motor details, such as voltage, amperage, and 
power factor. During the survey it was highlighted as 
useful information in validating the fan operating point. 

 
The resistance of the adits from surface to the 

primary fans was estimated using friction factors and 
airway sizes.  The resistances were also estimated from 
the fans to the mine footprint.  From the mine footprint, 
the model assumed a “black box” approach.  Each 
branch connecting to the existing mine was assumed to 
be influenced either by a fan in that section of the mine 
or a resistance to flow.  Therefore, after a base model 
was developed to give the flows into and out of the mine 
that roughly matched the measured data, those branches 
connecting the existing mine were adjusted to a fixed 
pressure (e.g. fan) or fixed resistance branch.  In this 
way, any adjustments to the existing mine to simulate the 
changes necessary to increase the flow to the NLMP 
would somewhat reflect the expected condition from the 
existing mine [4].   

Figure 2 shows the existing El Teniente mine and 
shows the areas that were modeled with a “black box” 
and shows the fans that are impacted by the NLMP 
ventilation design. 

From the analyses performed it was observed that 
certain areas of the mine would need additional 
regulation in order to optimize the airflow to NLMP or 
to make space available for NLMP airflow. A simplified 
model was developed based on the current ventilation 
system as shown on Figure 3.  The ventilation model 
does not include details of the existing El Teniente mine, 
rather it shows primarily the intake and exhaust airways 
and the existing development of the NLMP.  The model 
assumed airflows into O/P 14 and CH O/P 12/13 from 
other levels that were not measured, but must be flowing 
into the raise since two levels were measured.  Some of 
these areas are hard to access or have no access at all, 
especially near O/P 14 raise which used to be an ore 
pass. 

The model balanced reasonably well with the 
measured airflows and fan pressures (+/- 15%).  Fan 
curves were estimated from information provided by El 
Teniente mine historical recent data. The validity and 
accuracy of these fan curves is unknown.  
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3. Model of NLMP with connections to existing 
mine 

Figure 4 shows the ventilation model reflecting the 
required new raises to support future ventilation 
demands.   To achieve the airflows shown on Figure 1, 
the primary intake fans V62, V63 and V65 were 
modeled as fixed pressure fans. Exhaust fans at V58 
were modified to include a second fan in parallel and 
modeled with a fixed pressure. The V45 fan was also 
modeled as a fixed pressure fan.  The V51 and V52 fans 

  

  
Figure 1: Schematic of El Teniente Ventilation System. 
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Fig. 2.  Schematic of El Teniente mine ventilation system. 
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Fig. 3.  VentSIM® model of existing ventilation system. 
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Fig. 4.  VentSIM® model developed for using existing El Teniente Mine to supplement airflow to NLMP 

were kept on their respective fan curves.  The fans were 
based on a fixed pressure fan after using a fixed quantity 
branch at the fan location.  This was the easiest way to 
determine the necessary fan pressure at each location.  
The operating points were compared with the fan curves 
to determine the new fan setting and ensure the fan 
would operate in a stable condition.  

New exhaust raises were included that connected the 
Adit 58 drift to Socavon Norte and Sur. This allowed 
exhaust air from the El Teniente mine to flow towards 
V51, V52 and V45.  New raises were also included in 
the model to maximize the exhaust air from the NLMP 
up to V58. Airflow was increased in O/P 14 and CH O/P 
12-13 (that was opened to the 45 Adit).  The model 
assumed clean connections from Socavon to O/P 14 and 
CH O/P 12-13 on the Socavon level, as presented in 
Figures 3 and 4.  

The objective of this modeling was to keep the 
airflows in and out of the existing mine constant while 
increasing airflow in and out of NLMP.  This was 

accomplished by trial and error with the model.  The El 
Teniente intake and exhaust fans were adjusted to give a 
new flow regimen while checking the flows in and out of 
the existing El Teniente connections.  The fans were 
adjusted in an attempt to increase airflow while 
maintaining the fan power within the current motor 
capacity. 

 

4. Model results 
Intake fans V62, V63 and V65 were adjusted to 

increase airflow in an attempt to provide 283 m3/s 
(600,000 cfm) to the NLMP. New intake raises 
connected Adit 62 and Adit 65 to the NLMP.  Booster 
fans were necessary to push air down to NLMP on these 
raises. A new duct system was modeled to take 
compressor air from Teniente Sub 6 down a ventilation 
raise to NLMP.  This intake system is challenging as the 
flow across the compressors at 85 m3/s (180,000 cfm) 
would result in a relatively high velocity in the 
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compressor room. In addition, the compressor system 
requires two fans at the bottom of the raise that will 
connect to the ducting to pass to the ventilation raise. 
Figure 5 shows the compressor air system.  

	  

Compressor	  Room	  

Duct	  System	  to	  Raise	  

Fans	  

 
Fig. 5.  Compressor room ventilation design 

There is an inherent danger in using compressor 
room air as intake.  This danger is if there is a fire in the 
room.  A fail safe system of sensors and dampers was 
considered to turn off this system in the event of a fire 
and open the exhaust to Socavon Sur (airway where the 
ducting is to be installed) to exit the mine. 

The final intake to NLMP is via the Adit 71 intake 
ramp.  An initial design value was estimated at 94.2 m3/s 
(200,000 cfm) intaking from this route. 

Exhaust from the system was modeled with raises 
connecting NLMP with Adit 58.  A second exhaust fan 
V58B was added in parallel to V58 to increase flow on 
this level [3].  In order to accommodate the air on Adit 
58, additional exhaust raises were modeled that took air 
from Adit 58 to the Socavon level.  From this point, the 
additional airflow would upcast O/P 14 and CH O/P 12-
13 and exhaust the mine via fans V51, V52 and V45.   

In reviewing the model results, the key elements 
were maintaining the airflows in and out of the existing 
El Teniente connections while keeping the existing fans 
operating within their motor capacities.  The model 
included 472 m3/s (1,000,000 cfm) intaking and 
exhausting Adit 74 and Adit 75 with new fans on these 
drives.  The NLMP mine development at the time of this 
model was estimated around the 2017 time frame.  No 
airflow controls were installed in NLMP to give a flow 
distribution, rather the connections were open to allow 
maximum flow in this area of the mine. The objective of 
this study was to determine the maximum airflow 
capacity of the El Teniente mine ventilation system that 
could be available to the NLMP and not the airflow 
distribution in NLMP. The model results are described 
as follows: 

1. The intake fans V62, V63 and V65 can be 
adjusted to give an increased flow of 270 m3/s 
(570,000 cfm);   

2. Air from the Teniente Sub 6 compressors was 
modeled at 75.5 m3/s  (160,000 cfm). This was 
limited from the design 85 m3/s (180,000 cfm) 
because of velocity concerns in the compressor 

room and losses in the duct system to the intake 
raise to NNM; 

3. The exhaust fan V58B in parallel at V58 appear 
to only be capable of 307 m3/s (650,000 cfm) 
with each fan at a fan total pressure of 1.74 kPa 
(7.0 in. w.g.).  This is a total flow through the 
two fans of 613.5 m3/s (1,300,000 cfm). This 
value was limited more on fan pressure than 
volume, and was due to using the design cross 
sectional area instead of the measured area.  
Based on the measured dimensions, the 
modeling suggests this flow could be increased 
to 708 m3/s (1,500,000 cfm);  

4. The exhaust system up O/P 14 and CH O/P 12-
13 had 293 m3/s (620,000 cfm) at 1.6 kPa (6.3 
in. w.g.) exhausting through V52, 290 m3/s 
(615,000 cfm) at 1.5 kPa (5.9 in. w.g.) 
exhausting V51 and 300 m3/s (640,000 cfm) at 
1.5 kPa (6 in. w.g.) exhausting V45.  On V45 
the existing mine connections on these level 
needed regulators in order to limit exhaust air to 
this level and to pull air up the small exhaust 
raise from Adit 51; 

5. The ramp flow downwards from Adit 71 was 
predicted to be 42 m3/s (90,000 cfm).  The ramp 
flow is a natural split of air since no fan is 
involved in this path.  If the V58 fan can be 
increased because of a larger drift dimension, 
this split of air will increase to an estimated 
70.8 to 94.4 m3/s (150,000 to 200,000 cfm); 

6. V74 fan was predicted at 0.9 kPa (3.5 in. w.g.) 
at an airflow of 472 m3/s (1,000,000 cfm) with 
the V75 fan predicted duty of 1.7 kPa (6.7 in. 
w.g.) at a matching airflow of 472 m3/s 
(1,000,000 cfm). The airflow in and out of 
V74/75 is contingent on the configuration of the 
NLMP to deliver and exhaust this airflow.  The 
current model is still remains an estimate of the 
facility when these fans will be available.  
During the study, it was not clear yet how the 
NLMP ventilation system was going to be 
configured due to recent changes in the mine 
design, mainly due to new geomechanic 
constraints. 

With this model all flows in and out of the existing 
mine were maintained reasonably close to current values.  
The limitation in total flow appears to be in what can be 
exhausted from the mine.  The intake has the capacity to 
supply additional airflow, but the exhaust is limited on 
the Adit 45 fan and in the Adit 58 parallel fans.   

The total flow to NLMP, including the 472 m3/s 
(1,000,000 cfm) from/to Adit 74 and 75 is predicted to 
be 779 m3/s (1,650,000 cfm).  This is approximately 18 
% less than the desired airflow of 944 m3/s (2,000,000 
cfm). Table 1 shows the measured against predicted 
airflows for the scenarios analyzed. 
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The modeling was based on the design cross 
sectional area of Adit 58. It appears that the adit 
dimension is larger than estimated.  If the larger area, 
partially measured in the field, is considered, then the 
airflow volume achievable increases 94.4 m3/s (200,000 
cfm) to 873 m3/s (1,850,000 cfm). This airflow is still 
7.5% lower than the desired 944 m3/s (2,000,000 cfm).  
The area of the full Adit 58 needs to be field verified. 

Adits 74 and 75 were also modeled considering a 
sampling of measured cross sectional areas that were 
larger than the design values used in the analysis. If this 
airway is larger, then modeling indicates an additional 
70.8 m3/s (150,000 cfm) may be achieved.  

As a result, modeling by MVS and the NLMP 
engineers indicated that it may be possible to achieve a 
total airflow of 944 m3/s (2,000,000 cfm).  This total 
flow is contingent on Adits 58, 74 and 75 being of a 
larger area then their respective design values.  

This study was performed in order to propose the 
new ventilation system to the Division El Teniente.  
Using air from the existing mine needs approval from 
the operators of the El Teniente ventilation system.  This 
approval is pending and there is no guarantee that the 
solution presented in this paper will be approved by the 

division.  Therefore, contingencies were planned to 
maximize the airflow through Adits 74 and 75. 

 

5. Model of increased 74 and 75 fan duties 

Models were developed increasing the airflow in 
Adits 74 and 75 without connecting to the existing mine 
(other than the existing exhaust raise and Adit 71 intake 
down the ramp).  The existing flows in the ramp were 
maintained at 94.4 m3/s (200,000 cfm).  The V74 and 
V75 fans were modeled as fixed airflow fans with the 
model predicting the required fan pressure.  The results 
of this analysis were: 

1. The intake fan maximum duty point appears to 
be 708 m3/s (1,500,000 cfm) at a fan total 
pressure of 2.4 kPa (9.7 in. w.g.); 

2. The exhaust fan maximum duty point appears 
to be 708 m3/s (1,500,000 cfm) at a fan total 
pressure of 3.3 kPa (13.3 in. w.g.). This higher 
pressure is due to twin raises that are in front of 
this fan; 

3. The velocity in the mine entries approach 15.2 
m/s (3,000 ft/min).  This is very high and it is 
not recommended to exceed this value. 

 
Table 1. Measured against predicted airflow and model results. 

(m3/s) (kcfm) (m3/s) (kcfm) (m3/s) (kcfm) (m3/s) (kcfm)
Adit	  61 212.8 451.0 226.5 480.0 236.0 500.0 80.2 170.0 Base	  model	  33	  m3/s	  (70	  kcfm)	  to	  compressor	  
Adit	  62 410.6 870.0 410.6 870.0 462.5 980.0 94.4 200.0
Adit	  63 552.2 1170.0 556.9 1180.0 648.9 1375.0 0.0 0.0
Adit	  65 422.4 895.0 411.5 872.0 549.8 1165.0 94.4 200.0
Adit	  71 129.8 275.0 136.9 290.0 136.9 290.0 42.5 90.0 Base	  model	  80.2	  m3/s	  (170	  kcfm)	  to	  NNM
Intake	  Subtotal 1727.8 3661.0 1742.4 3692.0 2034.1 4310.0 311.5 660.0

-‐19.8 -‐42.0
Adit	  45* 165.2 350.0 198.2 420.0 296.4 628.0 0.0 0.0
Adit	  51 (Flow	  to	  45	  Rse) 299.2 634.0 269.5 571.0 0.0 0.0 Base	  model	  V51	  off
Adit	  52 345.9 733.0 309.1 655.0 284.1 602.0 0.0 0.0
Adit	  58 526.2 1115.0 488.5 1035.0 594.6 1260.0 310.5 658.0 Base	  model	  80.2	  m3/s	  (170	  kcfm)	  from	  NNM
Socavon	  N/S 189.7 402.0 331.8 703.0 446.0 945.0 0.0 0.0 Predicted	  model	  188.8	  m3/s	  (400	  kcfm)	  from	  DET
DET/TTE8** 146.3 310.0 250.1 530.0 216.6 459.0 0.0 0.0
Exhaust	  Subtotal 1373.4 165.2 1876.9 3977.0 2107.2 4465.0 310.5 658.0

-‐80.2 -‐170.0
*	  Measured	  model	  raise	  51	  to	  45	  open.	  	  V51	  base	  model	  raise	  51	  to	  45	  closed.	  	  Predicted	  flow	  from	  NNM	  had	  raise	  open.
**connections	  to	  O/P	  13	  and	  CHIM	  12/13	  
Note:	  188	  m3/s	  (400	  kcfm)	  diverted	  from	  Reno	  to	  Socavon	  for	  air	  to	  enter	  Adit	  58	  from	  NNM.

Comment

Measured	  or	  
Estimated	  Flow	  

to/from	  El	  Teniente

Estimated	  Flow	  
to/from	  El	  Teniente	  

with	  V51	  Fan	  
Operational	  

Predicted	  Flow	  
After	  Modifications	  
for	  Air	  to	  NNM

Flow	  to/from	  NNM	  
Included	  in	  

Predicted	  Flow
Location

Differenct	  predicted	  less	  NNM	  less	  V51	  base	  model:

Differenct	  predicted	  less	  NNM	  less	  V51	  base	  model:
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Fig. 6.  Increased airflow through Adits V74 and V75. 

If this scenario is to be implemented, then further 
modeling is required to ascertain how these new fans 
will fit with the final ventilation design for the NLMP.  
Currently, this design effort is outside the current scope 
of work.  Figure 6 shows the results of this modeling. 

 

6. Conclusions 
The work MVS and NLMP engineers performed in 

this study involved measuring all primary fans impacted 
by proposed design changes and establishing an 
approximate ventilation model of the existing ventilation 
system.  This model is a simplification of the current El 
Teniente mine without the details of the mine airflow 
distribution.  The existing mine was modeled as a “black 
box” with airflow in and out based on the measured flow 
regime.  

The results of the modeling showed that it does not 
appear feasible to achieve an extra 472 m3/s (1,000,000 
cfm) from the existing El Teniente mine while 
maintaining existing airflows into the various mining 
zones in El Teniente. The preliminary calculations 
showed that the design could accommodate 778 m3/s 
(1,650,000 cfm). This was based on a limited capacity of 
the parallel Adit 58 fans. However, the calculations were 
based on drift dimensions of 5.5 m wide by 6.9 m high 
from the fan location into the mine. The drift dimensions 
from the portal to the fan were measured at several 
locations as 7.2 m wide by 6.9 m high. If this dimension 
carries through to the mine, then it may be possible to 
increase flow through the 58 fans from 613.5 m3/s 
(1,300,000 cfm) to 708 m3/s (1,500,000 cfm). This is an 
increase of 94.4 m3/s (200,000 cfm) thereby increasing 
the total NLMP airflow to 873 m3/s (1,850,000 cfm). 

These analyses assumed that the Adit 74 and 75 
airflow is fixed at 472 m3/s (1,000,000 cfm). The model 
showed that to achieve these flows a fan total pressures 
of 1.74 kPa (7 in. w.g.) is required for the exhaust fan 
and 0.8 kPa (3.3 in. w.g.) for the intake fan. These fan 
pressures were based models with the 74 and 75 Adits at 
a cross-sectional area of 44.2 m2. Subsequent 
measurements of actual cross-sectional area (at several 
locations) showed an average dimension of 54.2 m2. 
Using this dimension and increasing the fan airflow 
through each fan to 542.7 m3/s (1,150,000 cfm) resulted 
in fan total pressures of 1.9 kPa (7.5 in. w.g.) for the 

exhaust fan and 1.07 kPa (4.3 in. w.g.) for the intake fan. 
These values indicate that if the 74 and 75 adits are 
larger than originally modeled that the 74 and 75 fans 
should be capable of increased flow. If Adit 58 and Adits 
74 and 75 are larger in dimension, then modeling shows 
that it may be possible to achieve a total flow to NLMP 
of 944 m3/s (2,000,000 cfm) 

A supplemental analysis was conducted to 
determine the fan requirements on Adit 74 and 75 if it is 
not possible to use the existing mine ventilation system.  
This analysis showed the maximum flow through Adit 
74 and 75 would be approximately 826 m3/s (1,750,000 
cfm).  Flows higher than this would require fan pressures 
in excess of 2.5 kPa (10 in. w.g.) with velocities 
exceeding 15 m/s (3,000 ft/min). It is not recommended 
to exceed this velocity since Adits 74 and 75 will be 
travel ways. 
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