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ABSTRACT  
  

This paper describes a survey conducted by Min e Ventilation Services, Inc. (MVS) of ventilation systems for 
numerous hard rock mining operations. The objective of this survey was to gather information to make a determination 
as to the general operational characteristics and industry practices regardin g metal mine ventilation systems. This 
survey was conducted prior to the implementation of new diesel regulations in the United States. The paper describes 
the potential impact of stricter rules on many mine ventilation systems. Seventeen mining operations from four 
countries responded to a survey prepared by MVS. The survey requested responses concerning type of mining 
method, number of active stopes and development headings, production rate, total diesel power, total mine airflow, 
shop airflow rates, numb er of main and booster fans, environmental design criteria, natural rock temperatures, and the 
type and amount of refrigeration used (if applicable). The mining operations were divided into categories of small and 
large mines and block cave and non-block cave mines. Data were compiled showing ratios of airflow per diesel 
equipment power, total diesel power per ton of ore produced, and ratio of ton of air to ton of ore.  For each category of 
mine, ratios were developed showing average airflow per diesel power, average ton of air to ton of ore produced, 
average airflow per ton of ore produced and average diesel power per ton of ore produced. 
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INTRODUCTION 
 

Over the past three years, Mine Ventilation Services, 
Inc. (MVS) collected data on ventilation systems at 
numerous hard rock mining operations. The objective of 
this survey was to gather data on the general 
operational characteristics and industry practices 
regarding mine ventilation systems. Seventeen mining 
operations from four countries are included in this 
study. The mining operations were divided into small, 
large and block cave and non-block cave mines. To 
ensure confidentiality, a number identifies each mine.  
Given the limited number of mines involved in the study, 
the results may not be statistically meaningful.  
However, general trends and observations were 
obtained from the results and it is hoped that the data 
can be combined with other mine information to 
continue to build a useful database for mi ne planning 
personnel. 

 
 

SURVEY DATA 
 

MVS requested the following data from various hard 
rock mining operations.  

 

1. The main mining method in use. 
2. The average rate of production. 
3. Details on the type and quantity of diesel 

equipment in use.  
4. The total airflow quantity through the mine. 
5. The total number of active stopes. 
6. The quantity of air dedicated to underground 

shops.  
7. Whether the mine uses any form of refrigeration, 

and if so what quantity.  
8. The virgin/natural rock temperature. 
9. The environmental design criteria used at the mine 

(if any). 
10. The ventilation design criteria used at the mine (if 

any). 
11. The number and size of main fans in operation. 
12. The number and size of booster fans in operation. 
13. Whether the mining/ventilation engineer feels that 

the ventilation system is adequate to support 
operational needs. 

14. Whether the mining/ventilation engineer feels that 
the existing ventilation system needs to be 
improved considerably.  



Tables 1, 2 and 3, shown at the end of this paper, give 
a summary of the data collected for the seventeen mines  
reviewed in this study. 

 
 

SUMMARY OF SURVEY RESULTS 
 

It is difficult to compare the quantities of air required 
for different mining operations, because each mine is 
unique. A deep, hot mine may require more air, however, 
if mechanical refrigeration is used then the quantity may 
be limited to that necessary to dilute diesel emissions 
and other contaminants. Similarly, mines requiring air 
heating may minimize airflow to reduce heating costs.  
Some operations use controlled recirculation, thereby 
reducing the total mine quantity.  Furthermore, greater 
quantities of air are typically required for more 
mechanized mining methods, unless use is made of all-
electric equipment. However, by grouping mines 
according to size and type it is possib le to obtain 
average values for typical ventilation criteria.   
 

The results of the survey were summarized for small, 
large, and block cave metal mines to give average values 
of 1) total mine airflow against diesel powered 
equipment, 2) a ratio of air quantity per ton of ore 
produced per day, and 3) a ratio of the mass of air per 
mass of ore produced. The mass of air was computed 
based on standard density. The survey also reviewed 
any environmental criteria used for mines with 
refrigeration.  An attempt was made to quantify the 
number of shafts for each mine. However, several 
operations were in mountainous terrain and contained 
numerous portals. Several others mines were very old 
operations with numerous openings to surface, many of 
which where not a part of the current ventilation system.  
Only three of the mines surveyed had vertical access 
through only two shafts.  Because of the wide range of 
reported mine entries, the number of shafts/adits is not 
reported in the summary tables. 
 
Airflow Requirements for Diesel Equipment 
A value of m3/s/kW (cfm/bhp) was determined for each 
of the mines that participated in the survey.  However, a 
value of m3/s/kW (cfm/bhp) can be misleading since it is 
unlikely that all of the diesel vehicles in the mine will be 
in use that the same time.  To clarify this data, the 
survey also asked what the operator used as ventilation 
design criteria for operating diesel equipment.  Some of 
the mines did use a general m3/s/kW (cfm/bhp) value for 
the planning exercises, whereas other mines designed 
the system using air quality and minimum 
airflow/velocity standards established by 
state/provincial and federal guideline and laws. 
Applying a quantity per power is a typical approach for 
evaluating mine airflow when the removal of heat or 

humid ity is not an overriding factor. The results of the 
survey indicate that a range of 0.063 to 0.080 m3/s/kW 
(100 to125 cfm/bhp) has been widely used, especially 
when there has been no reduction of horsepower to 
account for series ventilation (this rule allocates 100% of 
the bhp for the largest engine, 75% for the next largest 
engine, and 50% for all remaining engines for equipment 
in the same split of air). Due to changes in U.S. diesel 
particulate regulations, this rule is no longer 
recommended for use in the United States.   
 
Quantity Based on Production 

From the information provided, MVS evaluated an air 
quantity (both in terms of volume and mass of air) with 
respect to production. An airflow ratio was determined 
based on tons of air to tons of production (over the 
same time period), and assumes standard air density for 
each case.  Another value was evaluated for the 
quantity of air related to daily tonnage produced. Higher 
ratios indicate mines that experience one or more of the 
following factors: 
 
1. Basic ventilation design uses high airflow values. 
2. Inefficient ventilation system, which may be due to; 

extended workings, scattered stoping regions, poor 
maintenance of ventilation controls, and inadequate 
infrastructure. 

3. High contaminant levels, from such sources as 
strata gases, mechanized equipment, and natural 
radiation. 

4. High heat loads from the surrounding rock mass 
and other sources (can be offset by the use of 
cooling systems).  

5. Large numbers of multiple development headings, 
which produce little or no ore, but require 
ventilation.  

6. High number of diesel machines. Certain mines use 
electrical units, which can lower the mine airflow 
requirement, without impacting production. 

 
Certain mining methods require much less air than others 
to produce the same amount of ore.  Four of the mines in 
the survey were block cave operations, for which the 
airflow to production ratio was about 0.024 m3/s/tpd 
(45.3 cfm/short tpd) or 2.4 tons of air per ton of ore.  This 
is about 19% of that seen in a typical stoping mine. The 
small and large non-block cave metal mines averaged 
approximately 12.5 tons of air per ton of ore mined. The 
main reason for large difference between block cave 
mines and other mining methods is due to block caves 
being large ton per day operations with centralized 
mining zones and minimal remote development 
requirements. The following figures show the results of 
the study comparing the differences between small, large 
and block cave mines.  The results indicate that small 
mines tend to have a greater mass and quantity of air per 



daily production than large or block cave metal mines.  
However, small mines tend to have less air when related 
to diesel equipment, compared to large and block cave 
mines. 
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Figure 1. Ratio of Mass of Airflow to Mass of Ore 
Production for Various Types of Mines. 

 
Environmental Design Criteria  

The majority of hot mines use environmental design 
criteria to set a limit on the heat stress to which 
personnel will are exposed.  Such heat stress criteria 
vary according to the mining operation, the geographical 
location, and any applicable mining regulations. Some 
common heat stress criteria are: 
 
1. Mean skin temperature or air-cooling power.  
2. Effective temperature. 
3. Wet bulb globe temperature. 
4. Wet bulb temperature  
5. Dry bulb temperature. 
 
The resu lts of the survey showed that of the four 
operations that had air-cooling requirements, only wet 
bulb temperature and effective temperature (ET) were 
used in evaluating acceptable climates.  Wet bulb 
temperature is used because it can be measured quickly 
and requires no calculations.  However, it is important to 
note that wet bulb temperature alone may not reflect the 
actual ability of the surrounding environment to remove 
heat from mine personnel.  
 
In hot and humid mines the wet bulb temperature is the 
most powerful variable affecting body cooling, however, 
the other important variables in hot conditions are 
worker acclimation, air velocity, and personnel clothing.  
Wet bulb temperature alone does not account for the 
increase in evaporative cooling that is  encountered 
when the air velocity is raised or clothing is reduced. 
Similarly, using dry bulb temperature alone has limited 
effect on climatic acceptability, except when very high 
temperatures are encountered (greater than 43.3 °C (110 
°F)). 

 
From the survey results each mine used different limiting 
environmental criteria. These values are summarized on 
Table 4. The limited data suggests that there is a wide 
variation in the criteria used in defining an acceptable 
environment. 
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Figure 2.  Airflow Quantity per Mine Diesel Power for 
Various Types of Mines. 

 
Table 4. Environmental Criteria Results From Survey. 
Mine Wet Bulb 

Temperature 
Effective 

Temperature 
 (°C) (°F) (°C) (°F) 
2 < 26.7 < 80.0 - - 
9 < 29.4 < 85.0 - - 
13 < 23.9 < 75.0 - - 
16 - - < 26.7  < 80.0 

 
 

SUMMARY AND COMMENTS 
 
It is difficult to obtain representative industry wide 
averages from a survey of only seventeen mines. Care 
should be taken in interpreting the data. However, a 
trend appears in the results. First, there does not appear 
to be a standardized environmental criteria for the mines 
surveyed in this study.  Second, small mines tend to 
have greater airflow per mass of ore produced when 
compared to large and block cave mines.  Third, the data 
suggests that small mines have less ventilation per 
diesel power than the larger mines.  This is likely the 
result of small mines being highly mechanized for fewer 
tons produced than larger mines.  This conclusion 
would also indicate that smaller mines could have 
greater difficulty in complying with stricter diesel 
particulate matter (DPM) legislation using only 
ventilation dilution. 

 
The survey results show that many mines design 

airflow requirements based on 0.063 to 0.080 m3/s/kW 
(100 to 125 cfm/bhp).  This design value does not take 



into account the dilution of DPM. Currently there is 
increasing focus (within the US/Canada and globally) on 
establishing a threshold limit value for DPM (the U.S. 
Mine Safety and Health Administration has adopted a 
standard that will eventually be 160DPMµg/m3 for metal 
and non-metal mines).   

 
When reducing DPM levels, the options include 

cleaner operating engines, low sulphur fuels, exhaust 
after-treatment devices, and increased airflow for 
dilution. For ventilation planning it is difficult to predict 
future limitations on the use of diesel.  Mine operators 
require the mobility that diesel equipment can offer and, 
at present, it is not likely that mines will significantly 
reduce their diesel fleet.  What the required increase in 
airflow would be to control DPM is yet to be determined.  
However, from discussions with mine operators the 
airflow requirements for highly mechanized mines could 
exceed 0.16 m3/s/kW (250 cfm/bhp) with 100% of the 
power rating of all active diesel equipment regardless of 
location (series or parallel splits).  This could have a 
major impact on ventilation systems of all mines, but 
particularly at small mines where the airflow provided for 
diesel equipment is already lower than that for large and 
block cave mines.  

 
The results quantified in this paper are from 17 

specific mines and while the data will be useful for 
comparative purposes, ventilation planners should 
ensure that they adhere to the prevailing legislation for 
their country, state or province. 
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Table 1. Block Cave Metal Mine Responses. 
 

 
 

 
 
 

Category Block Cave Operations

Mine

Mining Method
metric imperial metric imperial metric imperial metric imperial metric imperial

Total # Active Stopes 10 panels 10 panels Not provided Not provided 720 Draw Pts. 720 Draw Pts. 300 Draw Pts.300 Draw Pts.

Total # Development Headings 30 30 25 25 12 12 20 20 21.75 21.75

Production (tpd) [short ton/d] 16329.2 18000 24493.9 27000 49894.9 55000 29846.2 32900 30141.1 33225

Total Diesel Power U/G (kW) [bhp] 4101.4 5500 12504.6 16769 4764.3 6389 5167.7 6930 6634.5 8897

Total Airflow Quantity (m3/s) [kcfm] 471.9 1000 802.3 1700 755.1 1600 519.1 1100 637.1 1350

Airflow Quantity Per Shop (m3/s) [kcfm] 14.2 30 2.4-4.7 5-10 23.6 50 n/a n/a 13.4-14.2 28.3-30.0

Quantity/power (m3/s/kW) [cfm/bhp]* 0.115 182 0.064 101 0.159 250 0.100 159 0.110 173.1

Ratio mass air per mass ore produced** 3.0 3.0 3.4 3.4 1.6 1.6 1.8 1.8 2.4 2.4

Quantity/tpd  (m3/s/tpd) [cfm/stpd] 0.029 55.6 0.033 63.0 0.015 29.1 0.017 33.4 0.024 45.3

Ventilation Design Criteria***

Number and Size of Main Fans 3-447.4 kW 3-600 hp 7-932.1 kW 7-1250 hp 20- fans of 37 20- fans of 7 main fans 7 main fans

2-223.7 kW 2-300 hp 8-74.6 kW 8-100 hp
5-111.9 kW 5-150 hp

Number and Size of Booster Fans 3-186.4 kW 3-250 hp 17-44.7 kW 17- 60 hp 1-149.1 kW 1-200 hp 3-74.6 kW 3-100 hp

2-111.9 kW 2-150 hp 10-37.3 kW 10-50 hp

8-29.8 kW 8-40 hp
Total Quantity of Refrigeration Used (kW) [RT] 0 0 0 0 10551 3000 0 0

Method of Refrigeration

Natural/Virgin Rock Temperature (°C) [°F]

Is Ventilation System Adequate (Yes/No)

Areas for Improvement

*Note that all the available diesel is not used at the same time, so this value may not reflect cfm/bhp active use.

**Computed at standard air density = 1.2 kg/m3 (0.075 lb/ft3)

***Series Rule - where more than one engine is operating in the same airflow split use 100% largest engine, 75% for 2nd largest, 50% all additional.

^ Uses diesel for development only.  Conveyors and electric trains are used for extraction of the ore.  Not included in averages.

Average Results

Block Cave Panel Cave Block Cave Block Cave

14 15 16 17

0.079 m3/s/kW (125 
cfm/bhp) Vel.> 0.76 m/s 

Not provided 0.079 m3/s/kW (125 
cfm/bhp) Vel.> 0.25 m/s (50 

0.25 m/s to 2.54 m/s (50 to 

500 ft/min) in travelways

50, 60, 150, 

200, 450, and 
700 hp

44.7, 111.9, 

149.1, 335.6, 
and  522.0 

700, 600 and 

400 hp

522.0, 447.4, 

and 298.3 
kW

n/a n/a Both spot and bulk cooling n/a
Environmental Design Criteria n/a Effective Temperature less 

than 26.7 °C (80 °F)
15.6 °C (60 °F) lowest level 21.1 °C (70 °F) lowest level 48.9 °C (120 °F) lowest level n/a

Better control across panels. More infrastructure for 
ventilation.

More airflow and cooling Ventilaiton circuits in new 
areas of mine are not 

pressurized.

Yes Yes Yes Yes

n/a



Table 2. Small to Midsize Metal Mine Responses. 
 

Category Small to Mid-Size Mining Operation - Non Block Cave

Mine

Mining Method
metric imperial metric imperial metric imperial metric imperial

Total # Active Stopes 4 4 8 8 4 4 35 35

Total # Development Headings 2 2 6 6 15 15 6 6
Production (tpd) [short ton/d] 680.4 750 725.7 800 1496.8 1650 1814.4 2000

Total Diesel Power U/G (kW) [bhp] 2231.1 2992 3191.6 4280 5429.4 7281 6065.5 8134

Total Airflow Quantity (m 3/s) [kcfm] 73.2 155 84.9 180 188.8 400 377.6 800

Airflow Quantity Per Shop (m 3/s) [kcfm] n/a n/a 9.4 20 23.6 50 n/a n/a

Quantity/power (m3/s/kW) [cfm/bhp]* 0.033 52 0.027 42 0.035 55 0.062 98
Ratio mass air per mass ore produced** 11.2 11.2 12.2 12.2 13.1 13.1 21.6 21.6

Quantity/tpd  (m 3/s/tpd) [cfm/stpd] 0.108 206.7 0.117 225.0 0.126 242.4 0.208 400.0

Ventilation Design Criteria***

Number and Size of Main Fans 1-671.1 kW 1-900 hp 1-559.2 kW 1-750 hp

1-186.4 kW 1-250 hp 7-111.9 kW 7-150 hp
1-149.1 kW 1-200 hp 3-93.2 kW 3-125 hp

1-111.9 kW 1-150 hp

Number and Size of Booster Fans 3-111.9 kW 3-150 hp 3-223.7 kW 3-300 hp 3-149.1 kW 3-200 hp 12 - 55.9 to 12 - 75 to
111.9 kW 150 hp

Total Quantity of Refrigeration Used (kW) [RT] 0 0 2427-3235 690-920 0 0 0 0

Method of Refrigeration

Natural/Virgin Rock Temperature (°C) [°F]
Is Ventilation System Adequate (Yes/No)

Areas for Improvement

Category Small to Mid-Size Mining Operation - Non Block Cave (Continued)

Mine

Mining Method

metric imperial metric imperial metric imperial metric imperial

Total # Active Stopes 8 8 8 8 5 5 10.3 10.3

Total # Development Headings 15 15 0 0 4 4 6.9 6.9

Production (tpd) [short ton/d] 1270.1 1400 1451.5 1600 1995.8 2200 1347.8 1485.7

Total Diesel Power U/G (kW) [bhp] 5386.2 7223 4175.9 5600 3307.2 4435 4255.3 5706.4

Total Airflow Quantity (m 3/s) [kcfm] 141.6 300 106.2 225 167.5 355 162.8 345

Airflow Quantity Per Shop (m 3/s) [kcfm] 14.2 30 n/a n/a 16.5 35 15.9 33.8

Quantity/power (m3/s/kW) [cfm/bhp]* 0.026 42 0.025 40 0.051 80 0.037 58.4

Ratio mass air per mass ore produced** 11.6 11.6 7.6 7.6 8.7 8.7 12.3 12.3

Quantity/tpd  (m 3/s/tpd) [cfm/stpd] 0.111 214.3 0.073 140.6 0.084 161.4 0.118 227.2

Ventilation Design Criteria***

Number and Size of Main Fans 2-149.1 kW 2-200 hp 2-149.1 kW 2-200 hp 1-74.6 kW 1-100 hp
1-149.1 kW 1-200 hp

Number and Size of Booster Fans 2-111.9 kW 2-150 hp none none 2-223.7 kW 2-300 hp

1-55.9 kW 1-75 hp 4-74.6 kW 4-100 hp

Total Quantity of Refrigeration Used (kW) [RT] 0 0 0 0 0 0
Method of Refrigeration

Natural/Virgin Rock Temperature (°C) [°F]

Is Ventilation System Adequate (Yes/No)
Areas for Improvement

*Note that all the available diesel is not used at the same time, so this value may not reflect cfm/bhp active use.

**Computed at standard air density = 1.2 kg/m3 (0.075 lb/ft 3)  
***Series Rule - where more than one engine is operating in the same airflow split use 100% largest engine, 75% for 2nd largest, 50% all additional.

4

Narrow Vein Cut-and-Fill

Environmental Design Criteria

Not Measured
Yes

No  

1

Drift and Fill Underhand Cut-and-Fill

2

Spot Cooling using Spraysn/a

3

Longhole Open Stope

Nameplate Guidelines - 

Series Rule

n/a

Barely

Use of raises to assist 

development of ramps

MSHA TLV's - 0.063 

m3/s/kW (100 cfm/bhp )

n/a

Not Measured

NIOSH & MSHA TLV's

2-111.9 kW 2-150 hp 3-186.4 kW 3-250 hp

Not Measured48.9 °C (120 °F) lowest level

n/a

Yes - Presently

Need to increase flow for 

mine expansion. Isolated 

areas with dust and diesel 

Environmental Design Criteria n/a Try Tw<26.7 °C (80 °F),             
Max Tw<29.4 °C (85 °F)

n/a n/a

Yes for Gas & Heat

Additional exhaust shaft, 

more throughflow ventilation, 

less auxiliary ventilation

n/a

Not Measured

Yes - for Gas Levels

Use throughflow for stopes, 
too much power used in 

auxiliary ventilation systems.

Average Results

0.063 m 3/s/kW (100 
cfm/bhp) - Series Rule 

Longhole Stope/Fill

TLV's and 0.063 m3/s/kW 

(100 cfm/bhp )

5

Mechanized Cut-and-Fill

NIOSH & MSHA TLV's

6

Room and Pillar

NIOSH & MSHA TLV's

n/a

n/a

Not Measured

Yes

Better control of air through 
rooms.

7

n/a

n/a

22.2 °C (72 °F) lowest level

Yes - needs upgrade

Control of air in ramp and 
stopes needs improvement.



Table 3. Large Non-Block Cave Metal Mine Responses. 
 

 

Category Large Mining Operations -  Non Block Cave
Mine
Mining Method

metric imperial metric imperial metric imperial metric imperial
Total # Active Stopes 13 13 55 55 4 4 18 18
Total # Development Headings up to 20 up to 20 15 15 15-17 15-17 15-20 15-20
Production (tpd) [short ton/d] 5125.6 5650 3479.9 3836 2449.4 2700 5831.4 6428
Total Diesel Power U/G (kW) [bhp] 8468.9 11357 5890.3 7899 9900.7 13277 18614.2 24962

Total Airflow Quantity (m
3
/s) [kcfm] 509.7 1080 391.7 830 401.2 850 934.4 1980

Airflow Quantity Per Shop (m3/s) [kcfm] 18.9 40 2.4-4.7 5-10 16.5-21.2 35-45 23.6-75.5 50-160

Quantity/power (m3/s/kW) [cfm/bhp]* 0.060 95 0.067 105 0.041 64 0.050 79
Ratio mass air per mass ore produced** 10.3 10.3 11.7 11.7 17.0 17.0 16.6 16.6

Quantity/tpd  (m 3/s/tpd) [cfm/stpd] 0.099 191.2 0.113 216.4 0.164 314.8 0.160 308.0
Ventilation Design Criteria***

Number and Size of Main Fans 3-223.7 kW 3-300 hp 1-2237.1 kW 1-3000 hp 2-932.1 kW 2-1250 hp No Surface No Surface
2-372.9 kW 2-500 hp 2-522.0 kW 2-700 hp 1-149.1 kW 1-200 hp Fans Fans

Number and Size of Booster Fans 2-223.7 kW 2-300hp 2-745.7 kW 2-1000 hp 1-149.1 kW 1-200 hp Over 85 fans Over 85 fans
6-55.9 kW 6-75 hp Various Sizes Various Sizes

2-93.2 kW 2-125 hp 5-74.6 kW 5-100 hp
Total Quantity of Refrigeration Used (kW) [RT] 0 0 10899.183 3099 0 0 0 0
Method of Refrigeration

Natural/Virgin Rock Temperature (°C) [°F]
Is Ventilation System Adequate (Yes/No)
Areas for Improvement

Category Large Mining Operations -  Non Block Cave (Continued)
Mine
Mining Method

metric imperial metric imperial metric imperial

Total # Active Stopes 45 45 25 25 26.7 26.7

Total # Development Headings 51 51 not provided not provided 20.2-24.6 20.2-24.6

Production (tpd) [short ton/d] 7937.8 8750 4535.9 5000 4893.3 5394.0
Total Diesel Power U/G (kW) [bhp] 21347.2 28627 10805.2 14490 12504.4 16768.7

Total Airflow Quantity (m 3/s) [kcfm] 991.1 2100 424.7 900 608.8 1290.0

Airflow Quantity Per Shop (m3/s) [kcfm] 16.5-30.7 35-65 14.2-23.6 30-50 15.6-24.1 33.1-51.1

Quantity/power (m3/s/kW) [cfm/bhp]* 0.046 73 0.039 62 0.051 79.8
Ratio mass air per mass ore produced** 13.0 13.0 9.7 9.7 13.1 13.1

Quantity/tpd  (m 3/s/tpd) [cfm/stpd] 0.125 240.0 0.094 180.0 0.126 241.7
Ventilation Design Criteria***

Number and Size of Main Fans 2-2237.1 kW 2-3000 hp 2-1677.8 kW 2-2250 hp
1-745.7 kW 1-1000 hp
1-447.4 kW 1-600 hp
2-372.9 kW 2-500 hp

Number and Size of Booster Fans 5-74.6 kW 5-100 hp 6-298.3 kW 6-400 hp
11-149.1 kW 11- 200 hp 8-55.9 kW 8-75 hp

Total Quantity of Refrigeration Used (kW) [RT] 0 0 0 0
Method of Refrigeration

Natural/Virgin Rock Temperature (°C) [°F]
Is Ventilation System Adequate (Yes/No)
Areas for Improvement

*Note that all the available diesel is not used at the same time, so this value may not reflect cfm/bhp active use.

**Computed at standard air density = 1.2 kg/m
3
 (0.075 lb/ft

3
)

***Series Rule - where more than one engine is operating in the same airflow split use 100% largest engine, 75% for 2nd largest, 50% all additional.

Environmental Design Criteria

8 9 10

Follow Mining Regulations

Average Results

Longhole Open Stope MCF/VCR/Uphole Longhole Open Stope Longhole/blasthole

Open Stope

11

12

Nameplate Guidelines 
Series Rule

0.063 m 3/s/kW                       
(100 cfm/bhp)

Nameplate Guidelines - 
Series Rule

0.063 m3/s/kW (100 
cfm/bhp) - Series Rule 

n/a

n/a

Environmental Design Criteria n/a Max Tw < 29.4 °C (85 °F) n/a n/a

n/a

n/a Both spot and bulk cooling n/a

19.4 °C (67 °F) lowest level

Yes Yes Yes Yes

Yes

Not Measured 56.1 °C (133 °F) lowest levelsNot Measured 23.9 °C (75 °F) lowest level

Effective use of air in stopes. 
Airflow on demand concept.

Additional raises to improve 
efficiency - also air quality in 
some areas can be poor.

More throughflow - Less 
auxiliary ventilation useage.

Develop push-pull system, 
add surface fans

Need to improve distribution 
and airflow control.
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VRM

0.079 m
3
/s/kW  (125 

cfm/bhp) 

Surface Strata (ice stopes)
Stope Tw < 23.9 °C (75 °F)

Yes
Increased adherence to 
single pass ventilation

43.3 °C (110 °F) lowest levels


