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Abstract 

The main objective of a ventilation system is to provide the quality and quantity of the airflows 

throughout the mine and to ensure safe and health conditions for the workers to the level specified 

by the mining regulations.  

 

In uranium mines the planning and operation of the ventilation systems have a large impact on 

production due to the fact that the first engineered step to control radiation contamination is with 

ventilation. The techniques used to maintain good air quality in uranium mines are based on 

providing very large volumes of air, maintaining the residence time of the air at a minimum in all 

working areas, guaranteeing zero recirculation of the air and designing a highly flexible 

ventilation system. 

 

This thesis introduces a general approach that can be use in ventilation planning for uranium 

mines and outlines the importance of conducting medium and long term ventilation planning 

exercises. Case studies are presented to illustrate the use of ventilation modeling software, 

spreadsheets, scheduling software and mine design software in order to manipulate data in 

ventilation planning exercises. The results from these exercises will indicate any required 

additional infrastructure. A section of this thesis deals with simulation exercises used for 

validation of the design work. Once the new infrastructure is in place and access to reliable field 

date is available, the models are calibrated and validated to permit further refinement of the 

ventilation system. 

 



 

 

iii 

 

This work has demonstrated how one can effectively design, asses and manage underground mine 

ventilation systems with the help of ventilation modeling software, when such a tool is properly 

used through calibration and validation exercises. 

 

The methodology for the reconciliation between ventilation and production planning proposed in 

this thesis will assist the uranium mining industry in maintaining the health and safety of the 

workers underground while efficiently achieving economic production targets. 

 



 

 

iv 

 

Acknowledgements 

I would like to express my sincere thanks to my supervisor Dr. E. M. De Souza for his academic 

guidance and for his advice and assistance at the various stages during my studies. I wish to 

extend my special thanks to Dr. J. F. Archibald, Dr. P. D. Katsabanis, Dr. M. Doggett and to the 

Staff and Faculty of the Robert M. Buchan Department of Mining, Queen’s University. 

 

I would like to acknowledge the financial support of Cameco Corporation. 

 

Last but not least, I would like to thank my wife Laura for her support and patience, and my son 

Alex for that time when we could not investigate the science world. 



 

 

v 

 

Table of Contents 

Abstract ...................................................................................................................................... ii 

Acknowledgements .................................................................................................................... iv 

Table of Contents…………………………………………………………………………………..v 

List of Figures……………………………………………………………………………………viii 

List of Tables………………………………………………………………………………………x 

Chapter 1 Introduction ................................................................................................................ 1 

1.1 Objectives and Scope of the Thesis .................................................................................... 1 

1.2 Methodology ..................................................................................................................... 1 

1.3 Structure of the Thesis ....................................................................................................... 2 

Chapter 2 Literature Review ....................................................................................................... 4 

2.1 Airflow Volume Requirements .......................................................................................... 4 

2.1.1 People ........................................................................................................................ 4 

2.1.2 Gases .......................................................................................................................... 5 

2.1.3 Fumes After the Blast ............................................................................................... 13 

2.1.4 Diesel Emissions ...................................................................................................... 19 

2.1.5 Dust .......................................................................................................................... 20 

Chapter 3 Radiation .................................................................................................................. 22 

3.1 Radon and Radon Progeny .............................................................................................. 22 

Chapter 4 Ventilation Networks ................................................................................................ 37 

4.1 Ventilation Circuits ......................................................................................................... 37 

4.2 Simple Ventilation Networks ........................................................................................... 39 

4.2.1 Equivalent Resistances ............................................................................................. 39 

4.2.2 Analytical Solution ................................................................................................... 42 

4.3 Complex Ventilation Networks (Hardy - Cross Method) .................................................. 42 

4.4 Ventilation Modeling ...................................................................................................... 47 

Chapter 5 Critical Airflow Requirements .................................................................................. 51 

5.1 Eagle Point Mine – Rabbit Lake Operation ...................................................................... 51 

5.2 Eagle Point Ventilation System ....................................................................................... 54 



 

 

vi 

 

5.3 Airflow Requirements ..................................................................................................... 57 

5.3.1 Re-Entry After the Blast ........................................................................................... 57 

5.3.2 Diesel Emission Criteria ........................................................................................... 64 

5.3.3 Radiation .................................................................................................................. 65 

Chapter 6 Ventilation Planning ................................................................................................. 66 

6.1 Introduction ..................................................................................................................... 66 

6.2 Time Phases .................................................................................................................... 66 

6.3 Airflow Supply Versus Requirements .............................................................................. 68 

6.4 Production Planning 2007 – 2009 .................................................................................... 74 

6.5 2007 - Airflow Supply Versus Airflow Requirements ...................................................... 76 

6.5.1 Requirements Based on Annual Activities - 2007 ...................................................... 76 

6.5.2 Requirements Based on Monthly Activities - 2007 .................................................... 78 

6.5.3 Supply Distribution Model Simulation - 2007 ........................................................... 80 

6.5.4 Comparison Between Airflow Supply and Demand – 2007 ....................................... 83 

6.6 2008 - Airflow Supply Versus Airflow Requirements ...................................................... 84 

6.6.1 Requirements Based on Annual Activities – 2008 ..................................................... 84 

6.6.2 Requirements Based on Monthly Activities - 2008 .................................................... 86 

6.6.3 Supply Distribution Model Simulation – 2008 .......................................................... 88 

6.6.4 Comparison between airflow supply and demand – 2008 .......................................... 93 

6.7 2009 - Airflow Supply Versus Airflow Requirements ...................................................... 94 

6.7.1 Requirements Based on Annual Activities – 2009 ..................................................... 94 

6.7.2 Requirements Based on Monthly Activities - 2009 .................................................... 96 

6.7.3 Supply Distribution Model Simulation – 2009 .......................................................... 98 

6.7.4 Comparison Between Airflow Supply and Demand – 2009 ..................................... 101 

6.8 Assessment Summary .................................................................................................... 101 

Chapter 7 Flexibility, Improvements and Challenges in Eagle Point Mine Ventilation System . 103 

7.1 Airflow Volume Reduction in the Portal Access – Challenge and Flexibility ................. 103 

7.2 Backfill Raise Conversion to FAR # 5 - Improvement ................................................... 108 

7.3 FAR # 3 Blade Setting Adjustment – Improvement and Challenge ................................. 119 

7.4 EAR # 5 – Improvement ................................................................................................ 123 



 

 

vii 

 

7.4.1 EAR # 5 Calculations ............................................................................................. 124 

7.5 Winter – Summer (Summer – Winter) Ventilation – Flexibility ..................................... 135 

Chapter 8 Ventilation Management and Operation Practices .................................................... 138 

8.1 Ventilation Management Procedure ............................................................................... 138 

8.2 Radiation Code of Practice (mine only) ......................................................................... 140 

8.3 Ventilation Directives .................................................................................................... 141 

Chapter 9 Conclusions and Recommendations ........................................................................ 142 

Bibliography ........................................................................................................................... 146 

Appendix A Eagle Point Mine – Diesel Fleet and Airflows Requirements ............................... 150 

Appendix B Diesel specifications for Underground Mines ....................................................... 153 

Appendix C Ventilation Directive for Ventilation Change (Summer to Winter) ....................... 154 

Appendix D Approved Diesel Engines .................................................................................... 159 

  

 



 

 

viii 

 

List of Figures 

Figure 1 - Dust concentration versus air velocity (McPherson, 1993) ......................................... 21 

Figure 2 - Outdoor radon concentrations in Saskatchewan (Takala, 1995) ................................. 24 

Figure 3 - Radioactive decay of radon (Takala, 1995) ................................................................ 27 

Figure 4 - Radioactive decay of radon – log scale (Takala, 1995) .............................................. 27 

Figure 5 - Radon progeny activity in time (Takala, 1995) .......................................................... 31 

Figure 6 - Series circuit (McPherson, 1993) .............................................................................. 39 

Figure 7 - Parallel circuit (McPherson, 1993) ............................................................................ 41 

Figure 8 - Pressure vs airflow variation at small increments (McPherson, 1993) ........................ 44 

Figure 9 - Joy series 2000 axivane fan - manufacturer curve (Joy Axivane Fans, 1980, Catalog J-

610) .......................................................................................................................................... 49 

Figure 10 - Joy series 2000 axivane fan curve – Ventsim representation .................................... 50 

Figure 11 - Eagle Point Mine .................................................................................................... 53 

Figure 12 - Mine schematic – Nov 2009 .................................................................................... 55 

Figure 13 - Re-entry time vs airflows required for CO (0.0048 m3/kg) ....................................... 58 

Figure 14 - Re-entry time vs airflows required for CO (0.0100 m3/kg) ....................................... 59 

Figure 15 - Re-entry time vs airflows required for CO (0.0187 m3/kg) ....................................... 60 

Figure 16 - Re-entry time vs airflows required for NO2 (0.0002 m3/kg) ..................................... 61 

Figure 17 - Re-entry time vs airflows required for NO2 (0.0014 m3/kg) ..................................... 62 

Figure 18 - Re-entry time vs airflows required for NO2 (0.0026 m3/kg) ..................................... 63 

Figure 19 - Annual required airflows per mining zone (sump flows and leakages not included) . 69 

Figure 20 - Annual required airflows per mining zone (sump airflows not included) .................. 70 

Figure 21 - Annual additional airflows per mining zone ............................................................ 72 

Figure 22 - Total annual additional airflows per mining zone (leakages and additional airflows 

included) ................................................................................................................................... 73 

Figure 23 - Flow distribution for the primary ventilation system in 2007 ................................... 81 

Figure 24 - Flow distribution for the primary ventilation system in 2008 without EAR # 5 

commissioned ........................................................................................................................... 89 



 

 

ix 

 

Figure 25 - Flow distribution for the primary ventilation system in 2008 with EAR # 5 

commissioned ........................................................................................................................... 92 

Figure 26 - Flows distribution for the primary ventilation system in 2009 .................................. 99 

Figure 27 - Distribution of the gaseous diesel emissions routine samples ................................. 105 

Figure 28 - Distribution of the radon progeny samples ............................................................ 106 

Figure 29 - Distribution of the radon gas samples .................................................................... 106 

Figure 30 - Actual vs target portal flow rate ............................................................................ 107 

Figure 31 - FAR # 5 pressure/airflows vs raise size sensitivity analysis ................................... 110 

Figure 32 - FAR # 5 friction coefficient vs airflows/pressure ................................................... 111 

Figure 33 - Airflows vs friction coefficient with variation of the raise size ............................... 112 

Figure 34 - Ventilation directive to start-up FAR # 5 fans ........................................................ 113 

Figure 35 - Ventilation survey enclosed in the completion report of the ventilation directive ... 114 

Figure 36 - 16 vs 8 blades (pressure vs airflow) fans ............................................................... 122 

Figure 37 - EAR # 5 Schematic representation of the installation ............................................. 125 

Figure 38 - Ventilation management schematic ....................................................................... 140 

 



 

 

x 

 

List of Tables 

Table 1 – Physiological effects of O2 ........................................................................................... 6 

Table 2 – Physiological effects of CO ......................................................................................... 7 

Table 3 - Physiological effects of NO2......................................................................................... 8 

Table 4 - Physiological effects of CO2 ......................................................................................... 9 

Table 5 - Physiological effects of H2S ....................................................................................... 10 

Table 6 - Physiological effects of SO2 ....................................................................................... 11 

Table 7 - IME Fume Classification, 1981 .................................................................................. 15 

Table 8 – Radon species (Takala, 1995) .................................................................................... 22 

Table 9 – Outdoor radon concentrations in Canada in 1990 – 1991 (Takala 1995) ..................... 23 

Table 10 - Radon progeny – general information ....................................................................... 25 

Table 11 - Growth of radon progeny (Evans, 1969) ................................................................... 28 

Table 12 - Potential alpha energy from radon progeny (ICRP 65 – 1993) .................................. 30 

Table 13 - De Souza’s and Gillies’s models for CO (0.0048 m³/kg) ........................................... 58 

Table 14 - De Souza’s and Gillies’s models for CO (0.0100 m3/kg) ........................................... 59 

Table 15 - De Souza’s and Gillies’s models for CO (0.0187 m3/kg) ........................................... 60 

Table 16 - De Souza’s and Gillies’s models for NO2 (0.0002 m3/kg) .......................................... 61 

Table 17 - De Souza’s and Gillies’s models for NO2 (0.0014 m3/kg) ......................................... 62 

Table 18 - De Souza’s and Gillies’s models for NO2 (0.0026 m3/kg) ......................................... 63 

Table 19 - Additional flow requirements for 2007 - 2009 .......................................................... 70 

Table 20 - Total flow requirements for 2007 - 2009 ................................................................... 74 

Table 21 - Mining activities for 2007 – 2009 ............................................................................. 75 

Table 22 – Development and production activities per zone in 2007 .......................................... 76 

Table 23 – Total flow requirements in 2007 .............................................................................. 77 

Table 24 - Monthly production and development airflows (m3/s) in 2007 .................................. 78 

Table 25 - Highest months available/required airflows (m3/s) in 2007........................................ 81 

Table 26 – Percentages of excess airflows available in 2007 ...................................................... 84 

Table 27 - Development and production activities per zone in 2008 ........................................... 84 

Table 28 - Total flow requirements in 2008 ............................................................................... 86 



 

 

xi 

 

Table 29 - Monthly production and development airflows (m3/s) in 2008 .................................. 86 

Table 30 - Highest months available/required airflows (m3/s) in 2008 (EAR # 5 not 

commissioned) .......................................................................................................................... 90 

Table 31 - Highest months available/required airflows (m3/s) in 2008 (EAR # 5 commissioned) 92 

Table 32 - Percentages of excess airflows available in 2008 ...................................................... 94 

Table 33 - Development and production activities per zone in 2009 ........................................... 94 

Table 34 - Total flow requirements in 2009 ............................................................................... 96 

Table 35  - Monthly production and development airflows (m3/s) in 2009 ................................. 96 

Table 36 - Highest months available/required airflows (m3/s) in 2009........................................ 99 

Table 37 - Percentages of excess airflows available in 2009 .................................................... 101 

Table 38 – FAR # 5 sensitivity analysis ................................................................................... 109 

Table 39 – FAR # 5 friction coefficient vs airflows sensitivity analysis ................................... 110 

Table 40 – Airflows based on raise size vs friction coefficient ................................................. 111 

Table 41 – Modelled vs actual airflows reconciliation for FAR # 5 .......................................... 119 

Table 42 - Operating parameters for fan with 16 blades ........................................................... 122 

Table 43 - Operating parameters for fan with 8 blades ............................................................. 123 

Table 44 – EAR # 5 measurements before breakthrough.......................................................... 131 

Table 45 – Airflows reconciliation for seasonal ventilation change (summer to winter) ........... 137 

 



 

 

1 

 

Chapter 1 

Introduction 

1.1 Objectives and Scope of the Thesis 

The main objective of this thesis is to identify and study the implications of modeling 

underground mine ventilation systems with the help of ventilation software. The areas which 

demand special attention are: 

1. Model calibration based on field data and critical airflow requirements. 

2. Simulations considering time phases (as a result of scheduling and medium/long term 

planning). 

3. Validation of the model based on different exercises, after they have been implemented in the 

field. 

1.2 Methodology 

This thesis has achieved the objectives outlined above by following the steps presented below: 

a) Extensive bibliographical background research on the subjects: underground mine ventilation, 

re-entry after the blast, planning design, radiation, production scheduling, underground mine 

ventilation operations management. 

b) Site visit at the Eagle Point Mine – Cameco Corporation. 

c) Compilation and processing of data provided by the Eagle Point Mine: 

 - ventilation surveys; 
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 - ventilation directives; 

 - planning and scheduling outputs; 

 - mining plans; 

 - procedures and work instructions; 

 - regulatory licences; 

 - Ventsim models. 

d) Ventilation planning assessment methodology based on the ventilation models and long term 

planning presented by the mine, used to test the validity and conclusions reached in this thesis. 

The assessment was based on real data. 

1.3 Structure of the Thesis 

This thesis is organized into nine chapters.  

Chapter 1 outlines the objectives and the approach adopted. 

Chapter 2 presents background research on the critical parameters involved in mine ventilation 

design. 

Chapter 3 is specific for this thesis and presents information on radiation. Radon gas and radon 

progeny are contaminants specific for uranium mines and they have a large influence in planning 

and scheduling. A good understanding of their behaviour is mandatory in order to operate 

efficiently and keep contamination as low as possibly achievable. 

Ventilation networks for underground mines tend to be very complex due to the multitude of 

parameters involved. Chapter 4 presents the theoretical aspects of solving simple and complex 
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networks based on well known principles from electrical systems theory. A particularly important 

part of this chapter is general guidelines on building a ventilation model using real field data 

or/and planning data (geometrical parameters of airways) as well as building a fan database from 

specific fan curves supplied by the manufacturer. 

Chapter 5 outlines the ventilation system existing at the Eagle Point Mine. The second part of this 

chapter deals with critical airflow criteria used at the mine and the reasoning behind the adopted 

standards. 

Time phases are very important in ventilation planning. Chapter 6 presents ventilation exercises 

conducted in 2007 for 2007, 2008 and 2009.  These assessments outline the need for future 

infrastructures as well as the importance of a ventilation management program. 

Chapter 7 presents ventilation options that the Eagle Point Mine had considered in order to 

achieve yearly production in a safe manner and according to schedule. Some of these solutions 

have already been implemented and this thesis presents the validation results of these 

achievements. 

Uranium mines are very rigorously regulated by different regulatory bodies at the provincial and 

federal levels. Chapter 8 outlines the ventilation management system existing at the mine and its 

application in the field. 

Chapter 9 presents conclusions and recommendations for future research.  
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Chapter 2 

Literature Review 

2.1 Airflow Volume Requirements 

The regulatory requirements for underground mines are related to the quality and quantity of 

airflows in the workplace. 

The ventilation engineer must be familiar with these regulatory requirements and have a 

comprehensive understanding of the production plan at different mining milestones. Based on 

these milestones, the engineer will use the most critical criteria to estimate the maximum airflow 

requirements.  

 The criteria for establishing flow requirements are: 

- People 

- Gases 

- Fumes after the blast (explosives) 

- Diesel emissions 

- Dust 

- Radiation 

In this chapter the author presents the theoretical approach of the criteria used to establish the 

minimum critical airflows required at working places underground. 

2.1.1 People 

The main concern for this case is the presence of carbon dioxide exhaled as part of the respiratory 

process. A person at rest needs circa 8.2 x 10-5 m3/s of air (consuming approximately 4.7 x 10-6 
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m3/s of oxygen). If heavy physical work is involved, the same person will need 164 x 10-5 m3/s of 

air (and approximately 47 x 10-6 m3/s of oxygen). 

2.1.2 Gases 

Gases that can be encountered underground (besides gases from normal air) can be classified as: 

1. Asphyxiants - gases that reduce the percentage of oxygen in the air or do not allow for 

oxygen to enter the blood stream (such as carbon monoxide); 

2. Irritants – gases that result in the inflammation of tissues (such as nitrogen oxides from 

blasting fumes and hydrogen sulphide); 

3. Hallucinogens – gases that affect the nervous system (such as chloroform); 

4. Protoplasmatic – gases that can destroy cells after they are absorbed by the body (such as 

mercury fumes and lead); 

5. Explosive – gases that, in a certain mixture, will cause explosions (such as methane). 

The properties of gases that can be encountered underground are presented in the following: 

A) Air 

Air properties are listed below: 

Chemical formula:   None 

Specific gravity:   1.00  

Source:    Atmosphere 

Characteristics:   No colour, taste or odour 

Composition:   Pure dry air has: 

- Oxygen   20.94% 

- Nitrogen  78.09% 
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- Argon   0.94% 

- Carbon Dioxide  0.03% 

B) Oxygen  

Oxygen properties are listed below: 

Chemical formula:  O2 

Specific gravity:  1.105  

Source:    Atmosphere 

Characteristics: No colour, taste or odour; will not burn or explode; easy to be 

replaced causing asphyxiation 

The physiological effects of oxygen are presented in Table 1. 

Table 1 – Physiological effects of O2 

Conc % Physiological effects 

21 Normal breathing 

19.5 Minimum by regulations 

17 Breathing faster, deeper, impaired judgement 

16.25 Signs of anoxia and hypoxia 

15 Dizziness, buzzing ears, headache, blurred vision, rapid breathing 

12 to 16 Rapid breathing, rapid pulse, impaired muscular coordination 

10 to 12 Emotional upset and fatigue 

6 to 10 Nausea and vomiting, unconsciousness, inability to move 

< 6 Gasping respiration, convulsive movements, cardiac arrest 
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C) Carbon Monoxide 

Carbon monoxide properties are listed below: 

Chemical formula:  CO 

Specific gravity:  0.967  

Source: Gas developed after blasting; due to incomplete combustion of 

organic products; from diesel engines 

Characteristics: No colour, taste or odour; flammable and extremely toxic due to 

combination with haemoglobin 

Ignition temperature:  1100o C 

Explosive range:  12.5 – 74% 

TLV:    25 ppm 

TWA:    25 ppm for 8 hours 

The physiological effects of carbon monoxide are presented in Table 2. 

Table 2 – Physiological effects of CO 

Conc, ppm Physiological effects 

200 Headache, dizziness, tiredness and nausea after 2 - 3 hrs 

400 Frontal headache within 1 - 2 hrs, life threatening after 3 hrs 

800 
Dizziness, nausea and convulsion within 45 min. Unconsciousness within 2 

hours. Death in 2 - 3 hrs. 

1600 Headache, dizziness and nausea within 20 min. Death within 1 hr. 

3200 Headache, dizziness and nausea within 5 - 10 min. Death within 30 min. 

6400 Headache, dizziness and nausea within 1 - 2 min. Death within 10 - 15 min. 
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D) Nitrogen Dioxide 

Nitrogen dioxide properties are listed below: 

Chemical formula:  NO2 

Specific gravity:  1.44 

Source:    Gas developed after blasting and from diesel engines 

Characteristics: Reddish-brown with acrid odour, non-flammable and extremely 

toxic 

TLV:    2 ppm (3ppm in Canada except Saskatchewan, 2 ppm) 

TWA:    2 ppm for 8 hours (see TLV) 

The physiological effects of nitrogen dioxide are presented in Table 3. 

Table 3 - Physiological effects of NO2 

Conc, % Physiological effects 

0.006 Irritation of nose and throat 

0.01 Mild irritation of eyes, nose and upper respiratory tract 

0.01 – 0.015 Tightness in chest after 3 to 5 min. 

0.02 – 0.07 Pulmonary edema after 30 min. 

 

E) Nitrogen Oxide 

Nitrogen oxide properties are listed below: 

Chemical formula:  NO 

Specific gravity:  1.037 

Source:    Gas developed after blasting and from diesel engines 



 

 

9 

 

Characteristics:   Very poisonous 

TLV:    25 ppm 

TWA:    25 ppm for 8 hours 

Effects are similar to nitrogen dioxide. 

F) Carbon Dioxide 

Carbon dioxide properties are listed below: 

Chemical formula:  CO2 

Specific gravity:  1.53 

Source: Gas developed after blasting; due to combustion of organic 

products (timber); from diesel engines; unventilated areas; fires; 

burning plastic coating 

Characteristics:   No colour, no odour, slight acid taste, not a toxic gas 

TLV:    5000 ppm 

The physiological effects of carbon dioxide are presented in Table 4. 

Table 4 - Physiological effects of CO2 

Conc, % Physiological effects 

0.5 Deep breathing, faster 

3 Breathing rate will double 

5 Respiratory rate increases 300% 

6 Headache, palpitation 

8 - 10 Unconsciousness 

 >10 Death by asphyxiation in a few minutes 
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G) Hydrogen Sulphide 

Hydrogen sulphide properties are listed below: 

Chemical formula:  H2S 

Specific gravity:  1.17 

Source: Gas developed after blasting; pockets of air or water strata within 

ore bodies; acidic water reacting with pyrites; stagnant wet areas 

Characteristics: Rotten egg odour, no colour, acid taste, normally an irritant gas 

and can be poisonous in high concentrations 

Ignition temperature:  Does burn, does not support combustion 

Explosion range:  4 – 44% 

TLV:    10 ppm 

The physiological effects of hydrogen sulphide are presented in Table 5. 

Table 5 - Physiological effects of H2S 

Conc, % Physiological effects 

0.025 Threshold for odour 

0.01 Loss of odour sense after 15 minutes of exposure 

0.02 – 0.03 Headache, dizziness, nausea, pain, dangerous in 30 – 60 minutes 

0.07 – 0.10 Unconsciousness, death 

> 0.10 Death 

 

H) Sulphur Dioxide 

Sulphur dioxide properties are listed below: 
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Chemical formula:  SO2 

Specific gravity:  2.264 

Source: Gas developed after blasting, when using dynamite; diesel 

emissions; fires (iron pyrites) 

Characteristics: No colour, chocking smell, involved in acid rains, acid taste, 

toxic 

TLV:    2 ppm 

The physiological effects of sulphur dioxide are presented in Table 6. 

Table 6 - Physiological effects of SO2 

Conc, % Physiological effects 

0.00003 – 0.0001 Detectable by taste 

0.0003 – 0.0005 Detectable by odour 

0.002 Eyes, nose and throat irritation 

0.005 
Irritation is increased in eyes, nose and lungs and it can’t be 

tolerated in a few minutes 

0.04 – 0.05 Death 

 

I) Hydrogen 

Hydrogen properties are listed below: 

Chemical formula:  H2 

Specific gravity:  0.0696 
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Source: Underground charging battery shops; water on hot welded 

materials; acid on metals; explosives; 

Characteristics:   Odourless, tasteless, colourless and highly explosive 

Explosion range:  4 – 74% 

J) Methane 

Methane properties are listed below: 

Chemical formula:  CH4 

Specific gravity:  0.5537 

Source: Coal seams; potash; salt; limestone strata; oil shale; blasting; 

internal combustion engines 

Characteristics: Colourless, tasteless, odourless, non-toxic, highly explosive, 

does not support combustion, asphyxiant 

Explosion range: 5 – 15% with minimum 12% O2 for ignition, explosion peak at 

10% CH4, limits for work are at 10% when the production ceases 

and at 1.5% when the mine is evacuated 

K) Radon 

Radon properties are listed below: 

Chemical formula:  Rn 

Specific gravity:  7 

Source:    Strata 

Characteristics: Colourless, tasteless, odourless, cannot be detected by human 

sense alone, inert, the main hazard is due to the short-lived decay 

products (Rn progeny), encountered mostly in uranium mines. 
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In underground mine environments, there are other gases that can be encountered and which can 

pose a threat to the health and safety of workers. These gases are: aldehydes, chlorine, ammonia, 

freon, phosgene, and hydrocyanic acid. The type of gas encountered in the mine will be a 

function of the geological and production processes. The ventilation engineer must identify the 

risks associated with these gases and plan accordingly. 

2.1.3 Fumes After the Blast 

With the current available technology underground, the most economic way to break and remove 

rock in hard rock mines is by drilling and blasting. The products of blasting operations include 

toxic gases like CO, NO, NO2, SO2 and CO2. One should be aware that these gases are created in 

small amounts by any commercial explosive. They are also named fumes and should not be 

confused with smoke, as smoke is composed mainly of steam and solid products of 

detonation/combustion. 

The volume of gases released after a blast underground depends on many factors and is very 

difficult to predict. The most important factors that affect the amount of gas and the gas 

concentration from a blast are: 

- The type of explosive used and its chemical composition; 

- The type, size and position of the primer; 

- The rock temperature; 

- The explosive confinement (loading and rock geology); 

- The presence of water. 

After a blast, approximately 60% of the gases can still be trapped in the muck pile. 
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These gases also influence the period of time before workers can re-enter a workplace. In order to 

size the ventilation system to dilute these gases below regulatory limits, one needs to calculate or 

estimate their volume. 

The re-entry time has two major impacts in the mine operation. One is related to safety of the 

workers and the second is related to productivity.  

There are a number of methods used at mines to deal with re-entry times: 

- The use of shorter parallel ventilation circuits, which is however dependent on the 

geology and geometrical dimensions of the ore body (with more parallel circuits there is 

an increase in the costs); 

- The use of series ventilation circuits that offer a limitation associated with the removal 

rate of the contaminant; 

- The incorporation of better development and stope production planning (time for blasting 

chosen at the end of the shift or in areas that will not be affected by the blasting fumes); 

- Installation of real time monitoring systems. 

 

A) IME Fume Classification 

The IME (Institute of Makers Explosives) Fume Classification is a standard that has been adopted 

by many countries. These standards classify explosives based on the amount of toxic or 

poisonous gases produced (Table 7). 
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Table 7 - IME Fume Classification, 1981 

Fume 

Class 
poisonous gases per (32 x 203 mm) cartridges of explosive (litre) 

1  < 4.7 

2 4.7 to 9.6 

3 9.6  to 19.6 

 

B) Ventilation Standards 

There are three threshold limit values: 

TLV – TWA: time weighted average that represents the average time for an 8 - hour workday or a 

40 - hour workweek for which a person can be exposed day by day without any dangerous health 

effects. 

STEL: is the maximum concentration for exposures up to 15 minutes without adverse effects that 

will permanently alter the tissues or reduce the worker effectiveness of operating or assessing a 

specific situation. It is to be noted that these exposures are limited to a maximum of 4 times per 

day with a minimum 60 – minute break between exposures. 

TLV – Ceilling: is the concentration limit that must not be exceeded for any period of time. 

During the past 10 to 15 years, many mining companies have started using what is called the “fly 

in – fly out” schedule for their work-force. This schedule has influenced the time spent 

underground by mining personnel. This daily working schedule has changed from 8 hours per day 

for 5 days per week to 12 hours per day for 14 days or even longer. With these new conditions, 

the thresholds had to be re-evaluated in order to stay within the exposure limits specified by 

regulations. 
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NOSHC (2003) recommends that the equivalent exposure should be calculated using the 

following relationship: 

TWA 12hrs = [8 • (24 – h) • TWA 8hrs] / 16 • h           (1) 

where, h is the exposure per day, hrs. 

Using this relationship, the allowed exposure for CO and NO2 are 12.5 ppm and 1 ppm, 

respectively. 

After the blast, the first operator that works at the face or in the stope is the scoop operator. 

Depending on the distance he has to travel to/from the loading point, the operator’s exposure to 

fumes may be much lower than the values obtained from equation 1. Gillies et all (2004), have 

predicted the theoretical exposure for a mucking operator to CO. For a concentration of 9600 ppm 

over 12 hours (720 min), the TWA would be 13.3 ppm. This is much lower than the TLV for CO 

in Canada, which is 25 ppm, but is still above half of the TLV value. 

C)  Numerical Methods for Dilution Ventilation 

De Souza and Katsabanis Model 

One of the most frequently used dilution models was developed by De Souza et al (1993). The 

starting point of the model was the amount of the gas that will remain in the blasting area. This 

amount of gas will decrease over time as fresh air (free of contaminants) reaches the face; the 

decreasing rate will be much higher once the fan is started. The concentration will eventually 

reach the background level if no other gas is added into the system. 

The model is able to quantify the time and the volume of the air needed to reduce the level of the 

contaminants below the TLV. 

These relationships can be modelled using the following formulae: 
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t = V/(Q+Qg) • ln{[(Qg + Q • Bg) – (Q + Qg) • x₀] / [(Qg + Q • Bg) – (Q + Qg) • x]}             (2) 

Q = Qg • (1 – x) / (x – Bg)               (3) 

where: 

V - volume of the working space, m3 

T - time to reach a concentration x, sec 

Q - fresh air to dilute the gases below the TLV, m3/s 

Qg - inflow rate of gas, m3/s 

Bg - fresh air contamination concentration, decimal 

xo - concentration of impurity at time 0 at the working place, decimal 

x - TLV at the working place, decimal 

Formula (2) can be simplified if Qg is very small compared to Q and if Bg is zero. In this case, the 

relationship will be: 

t = V/Q • ln[(Qg – Q • x₀) / (Qg – Q • x)]                (4) 

This model was tested and verified for AN/FO because of the widespread use of this type of 

explosive in the mining industry. 

Since the time the model was built, the TLV values have been reduced for some of the gases (CO 

and NO2). Additionally the volumes of gases per kg of explosive for CO predicted by the model 

appear to be much smaller than the volume for a real drift development, as discussed later in this 

thesis. 

Gillies, Wu and Shines Model 

Gilles et all (2004) have conducted 17 tests on development headings in mines in Australia. Their 

paper presents the interpretation of only 7 of their tests. The approach was based on direct 
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measurements and statistical correlation of the data obtained. The final result consisted of two 

equations that, in their opinion, represent a conservative estimation of the re-entry time after the 

blast. 

 Based on the measurements, the peak CO was determined by extrapolation and the average gas 

concentration was determined by calculating the area underneath the CO curve developed by the 

authors (Gillies et all (2004)). 

Based on these parameters they have refined the volume of the working space Y’ as: 

Y ’ = VCO / x0            (5) 

where, Vco is the volume of gas liberated and x0 is the peak gas concentration. 

Using De Souza’s dilution model presented above, the authors developed the following 

relationships: 

Ta = 0.585[(Y ’/Q) • ln(x0/x) ÷ 60]1.574         (6) 

where, x is TLV for each individual gas. 

For CO the authors (Gillies et all (2004) have developed the following relationships: 

Ta = exp-(Q – 60.119)/12.924                      (7) 

and 

Ta = 2383.7 • Q -1.574            (8) 

where: 

Ta is the re-entry time (min) and Q the fresh air flow (m3/s). 

In order to extrapolate the formulas for times beyond 40 min, additional testing will be required 

using the following assumptions: minimum 8 m3/s fresh air flow, 2800 m3 as an approximation 

for Y’ and with a range of 1120 – 3000 ppm for CO peak concentration. 
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It is recommended that all values for re-entry time be used for prediction purposes only. Post-

blast access into these areas should be based only on measurements done by a competent person.  

2.1.4 Diesel Emissions 

The modernization of underground mines over the last 30 years has brought use of larger 

equipment, which has had a large impact in achieving budgeted productions. Most of this 

equipment has diesel fuelled engines that produce fumes in high concentrations. These fumes are: 

CO, CO2, NO2, NO, SO2, hydrocarbons and aldehydes. 

The quality, composition and concentration of the diesel exhaust fumes are variable and are a 

result of the engine design and maintenance, load, speed and type and quality of fuel. 

There is no worldwide generally accepted method on how airflow requirements are established to 

control diesel emissions. In Canada and the USA, the generally accepted practice is based on 

0.0633 m3/s of fresh air per kilowatt (100 cfm per brake horse power). 

When the budgeted production is known, the ventilation engineer needs to determine and audit 

the underground diesel fleet. The engineer will then issue procedures and work instructions that 

will control the use of equipment. These procedures and work instructions need to specify the 

type of equipment, location and time under which this equipment can operate. Some mines have 

built a traffic procedure that informs the operator of the availability of air in the workplace. The 

only way that these procedures and work instructions can be efficiently implemented occurs when 

there is open communication between multiple departments. 
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2.1.5 Dust 

With current technology there will always be dust in underground mines. There are many 

techniques to combat dust formation, which include use of water sprays and filtration systems. 

However, the main technique is by using the ventilation system to dilute the airborne particles. 

The airflow required to dilute a certain dust concentration can be determined using the formula: 

Q = Ed/Cd • P/3600          (9) 

where: 

Ed – emission rate of breathable dust, mg/t 

P – production rate, t/h 

Cd – allowable increase in breathable dust concentration, mg/m3 

 The calculation range for this formula is for dust particles less than 5µm diameter (breathable 

range). 

The dust found in mines is made of a wide range of particles. Dust made up of finer particles can 

be diluted by using increased volumes of air. Heavier particles tend to settle. If there is an 

intention to increase airflow in a drift it may be dangerous to uplift the particles that were already 

settled. In this case, the intended effect will be opposite and dust concentrations in the air will be 

increased. The technical literature has shown that for dust particles in the range of +10 microns to 

-5 microns, the minimum optimal dust concentration will be reached at velocities in the range of 

2 m/s (McPherson, 1993). Figure 1 presents relative dust concentrations as a function of air 

velocity. 
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Figure 1 - Dust concentration versus air velocity (McPherson, 1993) 
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Chapter 3 

Radiation 

3.1 Radon and Radon Progeny  

Most of the underground operations that have to consider radiation as criteria in their ventilation 

planning are uranium mines and waste nuclear repositories. 

The main source of radiation comes from radon. Radon has three natural species, presented in 

Table 8. 

Table 8 – Radon species (Takala, 1995) 

Radionuclide Historical name Decay Series Half Life 

radon -  222 radon uranium - 238 3.82 days 

radon - 220 thoron thorium - 232 55.6 sec 

radon - 219 actinon uranium - 235 5.96 sec 

 

From these three isotopes, Radon 222 is the only one that is considered to have a major impact to 

workers because of its half life of 3.82 days.  

Radon is a radioactive, noble gas that occurs naturally. The fact that radon occurs naturally must 

be well understood by the general population because every person has been and is normally 

exposed to radon and to radon progeny. This is illustrated by a study of radon concentrations 

found in outdoor environments with results presented in Table 9. 
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Table 9 – Outdoor radon concentrations in Canada in 1990 – 1991 (Takala 1995) 

Location Period n (samples) Rn, Bq • m-3 

Newfoundland 1990 9 13.2 

Nova Scotia 1990 5 9.3 

Prince Edward Island 1990 5 23 

New Brunswick 1990 14 14.8 

Quebec 1990 14 14 

Ontario 1990 19 11.9 

Manitoba 1990 39 59.4 

Saskatchewan 1990 11 60.7 

Alberta 1990 13 41.5 

British Columbia 1990 66 29.5 

Saskatchewan 1991 66 15.2 

Alberta 1991 55 19.2 

British Columbia 1991 67 11.4 

 

In Canada, most of the uranium deposits are located in Saskatchewan. Figure 2 presents a map of 

Saskatchewan with the measurements done outdoor for Radon 222 concentrations (in Bq/m3) in 

1991 (Geological Survey of Canada – 1991). 
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Figure 2 - Outdoor radon concentrations in Saskatchewan (Takala, 1995) 

As shown in Table 9 the normal concentration values for radon lie between 10 and 30 Bq/m3. The 

only two provinces that have concentrations much higher than this range are Manitoba and 

Saskatchewan. This is because in 1990 these provinces had a very dry summer that caused the 

soil to be drier than normal. This excessive dry soil condition eased the migration of radon in the 

atmosphere, which resulted in the higher readings. 

The Eagle Point Mine (which is part of the Rabbit Lake Operation - Cameco Corporation, 

situated in the northern Saskatchewan) has an average emission rate of 6 • 106 Bq/m3. Figure 2 

indicates that the area where the Rabbit Lake Mine is located has a natural background of 11.1 
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Bq/m3. This indicates that the emanation rate from the mine is lower than the natural background 

emissions. 

Surveys completed in homes have found typical radon concentrations between 40 and 70 Bq/m3 

(Takala, 1995). Some of the homes assessed had very high radon concentrations that reached 

values of 1000 to 4000 Bq/m3. With an equilibrium factor of 0.4, the radon progeny concentration 

will be close to 1.2 WL (a very high value).  

It is interesting to observe that even with such high levels of radon concentration the real 

radiological hazard comes from the radon progeny and not from the radon itself. Table 10 

presents information on radon progeny. 

Table 10 - Radon progeny – general information 

Radionuclide Symbol Historical Name Decay Mode Half Life 

radon - 222 222Rn radon alpha 3.82 days 

polonium - 218 218Po radium A (Ra A) alpha 3.05 min 

lead - 214 214Pb radium B (Ra B) beta 26.8 min 

bismuth - 214 214Bi radium C (Ra C) beta 19.9 min 

ponium - 214 214Po radium C' (Ra C') alpha 0.000164 sec 

 

A)  Radon Decay  

Each radioactive element has a decay constant λ that is independent of temperature, pressure, 

concentration and chemical composition. The formula to calculate the radioactive decay constant 

λ is presented: 
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λ = ln (2)/t12            (10) 

where: 

ln (2) - natural logarithm of 2 

t12 - half-life of the radionuclide 

The activity of decays per unit of time is a function of the number of atoms and can be 

determined by: 

dN/dt = - λ • N            (11) 

where: 

dN/dt – activity of that particular sample 

N – number of atoms of the radionuclide 

The minus sign in equation 11 indicates that the number of atoms that are radioactive will decay 

in time. 

By integration, equation 11 becomes: 

N (t) = N₀ • e -λ • t           (12) 

where: 

N (t) – number of atoms present at time t 

N₀ - number of atoms present at the initial stage 

Plots of radioactive decay of a sample are presented in Figures 3 and 4. 
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Figure 3 - Radioactive decay of radon (Takala, 1995) 

 

Figure 4 - Radioactive decay of radon – log scale (Takala, 1995) 
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The mathematical equations that describe radioactive decay are based upon Harry Bateman’s 

work (1910). These equations represent the growth in activities for radon A, B and C after time t, 

as shown: 

IA = IRn • (1 - e - t/264)              (13) 

IB = IRn • (1 + 0.128 • e - t/264 - 1.128 • e - t/2320)      (14) 

IC = IRn • (1 - 0.023 • e - t/264 - 4.266 • e - t/2320 + 3.289 • e - t/1706)        (15)  

where: 

IA, IB, IC – activity of radon A, B and C after time t 

IRn – activity of radon if it is assumed that radon emanates uniformly from the rock 

surface 

Table 11 represents the growth of radon progeny activities (I/IRn) over time. 

Table 11 - Growth of radon progeny (Evans, 1969) 

Time,              

s (min) 

RaA                    

I A / IRn 

RaB                    

I B / IRn 

RaC                    

I C / IRn 

0.5 0.107 0.001 0 

1 0.204 0.003 0 

2 0.366 0.01 0 

3 0.495 0.021 0.001 

4 0.598 0.035 0.002 

5 0.68 0.05 0.004 

6 0.745 0.067 0.005 

7 0.797 0.085 0.008 
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Table 11 – continued 

 

Time,              

s (min) 

RaA                    

I A / IRn 

RaB                    

I B / IRn 

RaC                    

I C / IRn 

8 0.838 0.104 0.011 

9 0.871 0.123 0.015 

10 0.898 0.143 0.019 

15 0.967 0.239 0.047 

20 0.989 0.329 0.086 

25 0.997 0.41 0.132 

30 0.999 0.482 0.184 

40 1 0.6 0.292 

50 1 0.691 0.398 

60 1 0.762 0.497 

80 1 0.858 0.66 

100 1 0.915 0.778 

120 1 0.95 0.858 

140 1 0.97 0.91 

160 1 0.982 0.944 

180 1 0.989 0.966 

 

With time, the radon gas will start to decay while the radon progeny concentration will start to 

increase. This is referred to as “air getting older”.  
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Detailed information of potential alpha energy from radon progeny is presented in Table 12 

(ICRP 65 – 1993). 

Table 12 - Potential alpha energy from radon progeny (ICRP 65 – 1993) 

Radionuclide Half Life 

Alpha 

energy per 

decay 

Potential alpha energy 

per atom per unit activity 

MeV J MeV J MeV • Bq-1 10-10 • J • Bq-1 

218Po (Ra A) 3.05 min 6.00 0.96 13.69 2.19 3615 5.79 

214Pb (Ra B) 26.8 min - - 7.69 1.23 17840 28.60 

214Bi (Ra C) 19.9 min - - 7.69 1.23 13250 21.20 

214Po (Ra C') 0.000164 sec 7.69 1.23 7.69 1.23 2 • 10-3 3 • 10-6 

Total potential alpha energy at equilibrium per Bq of 

readon 
34710 556.00 

 

Associated with Table 11 is Figure 5. In this figure, the radon progeny build up is shown as a 

function of time when the system has not received any additional radon and no radon progeny has 

been removed.  
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Figure 5 - Radon progeny activity in time (Takala, 1995) 

Figure 5 shows that, initially, the radon progeny builds up in a very short time. The distribution of 

individual decay products in the total radon progeny concentration for the first 30 minutes 

presents 218Po (Ra A) as the major contributor. The element 214Bi (Ra C) will have the lowest 

contribution for the same time period. If an underground mine contains a high radon progeny 

concentration, measurements should indicate if this is due to poor ventilation conditions or a high 

radon source. When the results of these measurements indicate that 214Bi (Ra C) concentration is 

high relative to 218Po (Ra A), this could be due to a fault of the ventilation system (low volumes 

of air or/and recirculation). On the other hand, results indicating 218Po (Ra A) concentration 

higher than 214Bi (Ra C) mean that there is a large radon source (water, uranium ore). 
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B)  Radiation Properties 

Alpha particle:  

- contains two protons and two neutrons, heavy, easily shielded by a single sheet of 

paper; 

- interact intensely with atoms from the environment that they encounter and as a 

result, they give up their energy in a very short range (only a few centimetres in 

the air); 

- with a range so short they cannot penetrate the skin and are not a hazard for 

external exposure; 

- if alpha emitters are inhaled this can present a dangerous hazard to the cells and 

tissues (lungs). 

Beta particle:  

- an electron smaller and less active than an alpha particle, tends to interact less 

with the materials that it encounters and therefore travels longer distances; 

- can be stopped by a thin layer of metal or plastic; 

- can present a radiation hazard to the skin (external exposure) and can also be  

hazardous if beta emitters are inhaled (internal exposure). 

Gamma:  

- an electromagnetic radiation emitted from the nucleus which accompanies alpha 

and beta emissions; 

- does not have a mass or charge and because of this, it does not interact with 

materials and will travel long distances; 

- the only way to shield against it is by using very dense materials (concrete, lead); 
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- an external hazard exposure to the body. 

C)  General Definitions 

Working Level (WL) – is a measure of potential alpha energy and constitutes any combination 

of radon progeny in a volume of air that has the potential to emanate 2.08 • 10-5 J • m-3 or 1.300 • 

108 MeV • m-3.  

The potential alpha energy of at mixture of radon progeny, cp, is given by: 

cp = ∑ ci • εpi / λi           (16) 

where: 

cp – potential alpha energy of a radon progeny mixture, µJ • m-3 per WL 

i – individual radon decay product 

εpi – alpha energy per decay, Mev or J 

λi – decay constant 

For a radon concentration of 3,700 Bq/m3 that is in equilibrium with its progeny and has the alpha 

energy per decay (εpi) and the decay constant (λi) values taken from Table 12, the potential alpha 

energy of the mixture can be determined by: 

cp = 3,700 Bq/m3 per WL • (3,615 + 17,840 + 13,250 + 2 • 10-3) MeV • Bq-1 

cp = 20.8 µJ • m-3 per WL 

cp = 2.08 • 10-5 J • m-3 per WL 

This result indicates that 1WL = 2.08 • 10-5 J • m-3. 

Working Level per Month (WLM) – is a measure of the exposure to which a worker will have 

for 170 hours at 1 WL. The formula to calculate Working Level per Month is: 

WLM = (WL • exposure time) / (170 • h)         (17) 

where: 
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 WLM – work level per month, mJ • h • m-3 

Equilibrium Factor (F) – is the ratio of the equilibrium equivalent concentration of the radon to 

activity concentration. It indicates the difference in equilibrium between radon and radon progeny 

based on potential alpha energy. Based on ICRP 65 – 1993 the equilibrium factor accepted for 

homes is 0.4.  

The relationship between potential alpha energy of a mixture (cp) and equilibrium equivalent 

concentration (cep) is presented in the following. It shows the equivalence in potential alpha 

energy between non-equilibrium and equilibrium mixtures of radon. 

cep / cp = 1.80 • 108 Bq/m3 per J • m-3           (18) 

Emanation Rate 

Emanation rate for a section of a mine can be measured in situ by attaching a sealed chamber to 

the wall and then measuring the radon concentration at each location. The difference will indicate 

if there is a source of radon between the two adjacent measuring locations. The method of 

determining the emanation rate is described by Thompkins and Cherry (1969). 

The mathematical formula to determine emanation rate is given by: 

J = (C₂ - C₁) • Q / (P • L)          (19) 

where: 

 J – emanation rate, Bq • m-2 • s-1 

C2, C1 - final and initial radon concentration, Bq/m3 

Q – volume of air, m3/s 

P – perimeter of the mine opening, m 

L – length between the two measuring points, m 
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Emanation rates vary with the rock porosity and some of the values are presented below: 

- high porosity (sandstones): 20 Bq • m-2 • s-1 

- intermediate porosity (shales): (2 – 5) Bq • m-2 • s-1 

- low porosity (Elliot Lake conglomerates): (0.05 – 0.0) Bq • m-2 • s-1 

- igneous rocks: (0.0002 – 0.002) Bq • m-2 • s-1 

D)  Radon Progeny Prediction 

The emanation rate can be used to predict radon progeny in underground mines. This can help 

with the design and optimization of ventilation systems. If the radon concentration is known, it is 

possible to calculate the radon progeny concentration. This can be done using the following 

formula: 

WL1 = k • Co • Tr 
0.86        (20) 

where: 

k – proportionality constant, k = 6.15 • 10-6 

Co - radon gas concentration at the time of the actual measurement, Bq/m3 

Tr – total radioactive age of the air, min 

In an underground environment radon is continuously added to the air and at the same time the 

existing radon will start to decay to radon progeny. As the air travels through the mine airway, the 

radon progeny concentration can be determined with the relationship: 

WL2 = (60 • k • J • P • tp 
1.86) / (1.86 • A)          (21) 

where: 

tp – travel time for the air, min 

k – proportionality constant, k = 6.15 • 10-6 

J – radon emanation rate, Bq • m-2 • s-1 
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P – perimeter, m 

A – area, m2 

The condition of this equation is that the travel time must be less than 41 minutes. If the travel 

time is longer than 41 minutes, the above equation must be modified. 

In general, the air that flows underground is not perfectly pure as it travels through raises and 

drifts before it reaches development and stope areas. Therefore in practice the air is considered to 

be already “aged” when it is to be used. The age of the air can be determined by: 

tr = [WL / (Co • k)]1/0.86           (22) 

where, tr is the radioactive age of the air, min. 

The general approach in the prediction of a radon progeny concentration is to calculate first the 

age of the air at the start of the drift (tr) and then the time needed for the air to flow through the 

drift (tp). Then with these two periods of time determined, the total radioactive age of the air at 

the end of the drift Ttr, (min) can be calculated. 

Ttr = tr + tp           (23) 

The total radon progeny concentration will be: 

WL = WL1 + WL2 
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Chapter 4 

Ventilation Networks 

4.1 Ventilation Circuits 

A ventilation network is very similar to an electrical diagram in which the wires are the branches 

(underground openings), nodes are the intersections and the consumers are the people, stopes and 

equipment. Once the consumers are established for a given production, the calculations that 

follow are based on Kirchhoff’s Laws. 

The first Kirchhoff’s Law is related to the mass flow and states that the mass flow that meets in a 

junction (node) is zero. The mathematical form of this law is: 

             (24) 

where: i, number of branches and M mass of air that is moved in a branch i, Kg/s. 

 If we substitute M = Q • ρ, the above formula becomes: 

            (25) 

where: 

Qi – airflow in branch i, m3/s 

ρi – air density in branch i, Kg/m3 

i – number of branches in the network 

If the variation in density along each branch is very small, the density effect can be neglected, 

therefore, 
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             (26) 

The second Kirchhoff’s Law states that the algebraic sum of the pressure drops must be zero. In 

order to apply this law the mesh must be closed so the fans and the pressure differential will move 

the air. This law can be written as: 

             (27) 

where: 

u – air velocity, m/s 

z – elevation above the reference, m 

w – work input from fan, J/Kg 

V – specific volume, m³/Kg 

P – barometric pressure, Pa 

F – work done against friction, J/Kg 

The terms ∆z and ∆u2/2 will be approaching zero as the mesh is closed. The term - ∫ V • dP is the 

natural ventilating energy. With these two changes, the new form for this law becomes: 

           (28) 

And, if we convert this in pressure units: 

          (29)  

where ρ is the standard air density, Kg/m3. 

 The final form for Kirchoff’s Second Law is: 

           (30) 
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where: 

Pi – frictional pressure drop for each branch, Pa 

Pfi – the variation in the total pressure across the fan, Pa 

NVP – natural ventilation pressure, Pa 

4.2 Simple Ventilation Networks 

4.2.1 Equivalent Resistances 

The equivalent resistance calculation for simple circuits is also similar to electrical circuits and 

applies to branches connected in series, parallel or combination (auxiliary ventilation). 

Series Circuit  

The schematic of a series circuit is presented in Figure 6. The airflow on each branch is the same 

while the frictional pressure varies.  

Q = Q1 = Q2 = … = Qb       (31) 

 

Figure 6 - Series circuit (McPherson, 1993) 

The general form for frictional pressure drop on each branch is: 

P1 = R1 • Q
n  P2 = R2 • Q

n  … Pb = Rb • Q
n     (32) 

In underground mines the flow is turbulent and therefore n = 2. The above formulas can be 

written for turbulent flows and their mathematical form will be: 
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P1 = R1 • Q
2  P2 = R2 • Q

2  … Pb = Rb • Q
2     (33) 

The total frictional pressure P is the algebraic summation of frictional pressures corresponding to 

each branch.  

     P =          (34) 

The equivalent resistance of a series circuit Rs, N • s2/m8 is given by, 

              (35) 

where: 

P1, P2, …, Pb – frictional pressure drop along each branch, Pa 

R1, R2, …, Rb – resistance on individual branch, N • s2/m8 

Q – airflow volume through the branches, m3/s 

Rs – resistance for series circuit, N • s2/m8 

b – number of branches in the circuit 

Parallel Circuit  

The schematic of a parallel circuit is presented in the Figure 7. The pressure drop is the same for 

each branch.  

P = P1 = P2 = … = Pb       (36) 

Q = Q1 + Q2 + … + Qb       (37) 
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Figure 7 - Parallel circuit (McPherson, 1993) 

The general form for frictional pressure drop on each branch is: 

P1 = R1 • Q1
n  P2 = R2 • Q2

n  … Pb = Rb • Qb
n           (38) 

Q1 = (P1/ R1)
1/n  Q2 = (P2/ R2)

1/n … Qb = (Pb/ Rb)
1/n         (39) 

In underground mines the flow is turbulent and therefore n = 2. The above formulas can be 

written for turbulent flows and their mathematical forms will be: 

Q1 = (P1/ R1)
1/2  Q2 = (P2/ R2)

1/2 … Qb = (Pb/ Rb)
1/2        (40)  

The summation of airflows from all b branches forms the total airflow in the circuit Q, m3/s. 

     Q =            (41) 

The equivalent resistance of a parallel circuit is given by: 

              (42)    

where: 

Q1, Q2, …, Qb – volume of air in each branch, m3/s 

R1, R2, …, Rb – resistance on individual branch, N • s2/m8 
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Qb – airflow volume through individual branches, m3/s 

Rp – resistance for parallel circuit, N • s2/m8 

b – number of branches in the circuit 

4.2.2 Analytical Solution 

The analytical solution for simple ventilation networks is based on Kirchhoff’s Laws and 

considers that the minimum number of meshes m needed to be selected for calculation is: 

m = b – j +1           (43) 

where: 

m – number of meshes 

b – number of branches 

j – number of nodes 

With the m number of meshes selected there will be 

j – 1 junction equations (Kirchhoff’s First Law) 

b – j + 1 mesh equations (Kirchhoff’s Second Law) 

where the final results are coming from a system of “b” equations formed for a circuit that has 

“b” branches. 

The limitation of this method is the complexity level of calculations when it is applied to a 

complex mine network. 

4.3 Complex Ventilation Networks (Hardy - Cross Method) 

When a flow Q (m3/s) passes through an airway of resistance R (N • s2/m8), the frictional pressure 

drop developed is given by,  

P = R • Qn        (44)  
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In the Hardy - Cross method of analysis, any value for the airflow Q and pressure drop P can be 

written as: 

Q = Qa + ∆Q        (45) 

P = Pa + ∆P        (46) 

where: 

Qa – initial estimation of the airflow, m³/s 

∆Q – error in the initial estimation, m³/s 

Pa – pressure drop corresponding to Qa, Pa 

∆P - error in pressure drop corresponding to ∆Q, Pa 

Figure 8 shows a flow pressure relationship applied to the Hardy - Cross analysis of networks. 

This figure indicates that the slope for the curve is ∆P / ∆Q and at the limit dP / dQ.  
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Figure 8 - Pressure vs airflow variation at small increments (McPherson, 1993) 

If one differentiates the equation P = R • Qⁿ based on Q, the following relation is arrived: 

     dP / dQ = n • R • Qn-1 

For the estimated value Qa: 

∆P / ∆Q = n • R • Qa
n-1 

From Figure 8, ∆P = P – Pa, and if we substitute the values: 

∆P = R • Qn - R • Qa
n 
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∆Q =  

∆Q =         (47) 

Equation 47 was developed for one airway. 

In the case of an underground mine there will be branches that will form a closed mesh within the 

network. In this case the error in the frictional pressure is given by: 

∆P =          (48) 

with the mean slope of the curve given by, 

           

The general form for the mesh correction factor ∆Qm can be written as, 

  ∆Qm =         (49) 

The numerator of the above formula gives, 

     Pi =  

and represents the frictional pressure drop on the branch i. 

 Kirchhoff’s Second Law states that, 

           

And, if we substitute the above relationship in equation 49 then: 

   ∆Qm =          (50) 
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The sign of these sums is very important and has to be carefully analysed. Also, in the calculation 

the frictional pressure drop is always positive in the direction of the flow. 

Mine ventilation networks have many branches and therefore the suggested rule for sign 

convention is that the clockwise direction on each mesh should be positive. 

The final relationship for ∆Qm has to consider fans and natural ventilation pressure, and is given 

by: 

∆Qm =          (51) 

where: 

Pfi – pressure of the fan that has Qia in the branch i, Pa 

Sfi - slope of the fan characteristic in branch i, Pa 

With the iteration process continuing, the mesh correction factor ∆Qm decreases in all branches. 

When its value approaches the accuracy level that is considered practical (as close to zero as 

possible) the iteration stops.  

The above formulas are characterized by the index n that is a function of the type of flow. The 

normal values for n are considered to be between 1.8 and 2.2 (with potential to be 1.0 if the flow 

is laminar). For underground mines n = 2 (turbulent flows) which gives a good estimate when 

used in equation 51. 

In the process of calculations there may be a need to fix some of the air flows (fan sizing or 

stopping calculations) on a particular branch. In these cases the flows will be removed from the 

Hardy - Cross analysis. 
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4.4 Ventilation Modeling 

The complexity of the data and the number of iterations involved in solving ventilation systems to 

the level of accuracy that will represent data in the field requires the use of ventilation simulation 

packages. There are many such packages on the market today, including, VNetPC, Ventsim and 

VUMA. 

The ventilation model is built to represent the existing mine infrastructure as well as the future 

planned extensions. Each branch represents one item of the mine’s infrastructure and carries its 

geometrical and aerodynamic parameters (cross-section area and perimeter, length, friction 

coefficient, variation in size and direction etc.). These parameters are used to calculate 

resistances, pressures and airflows. In some cases, the pressures and flows can be measured 

directly in the field and the results can be used to calculate the other missing parameters.  

A very important step in building a ventilation model is to determine the minimum airflow 

requirements for different areas of the mine. There are a few principles that will establish the 

critical path and the final result must meet quality and quantity criteria for airflows required by 

the Mining Acts and Regulations. Based on the type of commodity, each mine will have specific 

applicable criteria: uranium mines use diesel emissions in combination with radiation levels. It is 

important to understand that a mine is a very complex environment and activity is not limited to 

development and stopes. Some other important consumers are: sumps, electrical substations, 

electrical and mechanical shops, charging stations and lunch rooms. A ventilation model must 

provide enough airflow for each of these consumers to the levels required by legislation. 
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For an existing mine, it is also important to perform pressure survey measurements across 

stoppings: steel doors, regulators and bulkheads. These pressures will be helpful to calibrate the 

opening of these stoppings. 

In the end, the total flow required for the mine will include 20 – 30% added to the total volume 

calculated for all consumers. 

With the infrastructure in place and the airflow for each branch determined, the next step is to 

insert fans and stoppings.  

There are three types of ventilation systems: push, pull and push-pull. Based on the type of 

system required (or in place), the model can be forced to supply the required airflows by fixing 

the flow on a branch. This will be the branch in which a fan may be installed. The calculated 

pressure in this branch will give an operating pressure within the range of pressures that can be 

used for fan selection. For drifts that have flow through ventilation one would insert stoppings 

(regulators, bulkheads, brattices, steel doors, muck piles, parachutes, flaps, etc.) by adding a 

resistance to the branch and adjusting the resistances to balance the distribution of airflows in the 

model. 

Ventilation models use a fan database built within the software. This fan database should contain 

fans used at the mine and fans that will be used based on short, medium and long term production 

scheduling. Each fan curve input in the database is built based on the fan curve obtained from the 

manufacturer. The database can have more than one curve for the same type of fan based on the 

blade setting that is intended to be used. In Ventsim, each fan curve can be described by 10 points 

for each specific blade setting. Figure 9 is an example of a fan curve from a manufacturer with 10 

points required to build a fan curve in Ventsim 3.9.2 g database. 
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Figure 9 - Joy series 2000 axivane fan - manufacturer curve (Joy Axivane Fans, 1980, 

Catalog J-610) 

Figure 10 is the corresponding curve of Figure 9 in Ventsim. 
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Figure 10 - Joy series 2000 axivane fan curve – Ventsim representation 

In this thesis the author will present modelling interpretations obtained using Ventsim 3.9.2 g. 

This software is used extensively at the Eagle Point Mine (Cameco Corporation) for short, 

medium and long term ventilation planning. 
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Chapter 5 

Critical Airflow Requirements 

5.1 Eagle Point Mine – Rabbit Lake Operation   

The Rabbit Lake Operation, owned and operated by Cameco Corporation, is the second largest 

uranium milling operation in the world. Production activity started as an open pit operation in 

1975 and moved underground in 1994. The initial deposits that are now mined out include the 

Rabbit Lake open pit, and Collins Bay A, B and D zones. The main activity is currently in the 

underground mine.  

Due to the remote location of the mine (720 air kilometres North of Saskatoon), the work 

schedule for Cameco’s employees is one week in/one week out, while a contractors’ schedule is 

two weeks in/two weeks out. Materials are supplied through an all year round access road. 

The Eagle Point Mine is located within the Wollaston lithostructural domain of the Churchill 

Province of the Canadian Shield. The orebody exists in a metasedimentary assemblage of 

Aphebian age rocks unconformity that overlays the Archean age granitoid gneiss.  

The orebody is controlled by two major geological structures: the Collins Bay fault and the Eagle 

Point fault. The Collins Bay fault is the most prominent structure in the area and lies just above 

the Achean basement within younger Aphebian metasediments. The Eagle Point fault is located 

in the hanging wall of the Collins Bay fault. The two structures are orientated parallel in strike.  

The orebody is divided into two parts: North and South. 

The Eagle Point South deposit lies in the hanging wall of the Collins Bay fault and consists of the 

following zones: 144, Sump, 163 and 141. Mineralization occurs in the form of veins and 
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stringers dipping 45 to 60 degrees, and running parallel to the general regional foliation and 

faulting area. 144 and Sump zones are hosted in altered pegmatoids, while 141 and 163 zones are 

mainly hosted in altered pelitic gneiss. The alteration present in all zones is chlorite, kaolin, 

sericite and clay minerals. 

The Eagle Point North deposit has mineralization within the Collins Bay and Eagle Point faults. 

The deposit consists of O1, O2, O3, O2NExt and O2Next FW zones. The mineralization location 

is structurally controlled and is higher in places where the Collins Bay and Eagle Point faults 

intersect steep crossing structures. Most of the mineralization is hosted in pelitic gneiss.  

Alteration consists of chlorite, kaolin, sericite and clay minerals. The ore mineralogy of both 

deposits is similar, with pitchblends as the main mineral.deposits is similar, with pitchblends as 

the main mineral. 

Figure 11 presents a schematic of the mining zones.  The current mining method is longitudinal 

longhole retreat stopping. 
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Figure 11 - Eagle Point Mine 
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5.2 Eagle Point Ventilation System 

The Eagle Point Mine is currently ventilated by six fan installations: three intake fresh air systems 

located on surface (FAR # 1, FAR #2 and FAR # 3), two exhaust air systems located on surface 

(EAR # 1 and EAR # 2) and one intake fresh air system which has heating installation on the 

surface and fans underground (FAR # 5). FAR # 5 is a relatively recent addition to the general 

ventilation system, resulting from the conversion of a backfill raise to a ventilation raise. The 

surface exhaust fans are 2.74 m in diameter and the fresh air fans are 2.13 m in diameter. The fans 

from FAR # 5 are installed underground and are 1.37 m in diameter. The total fresh air supplied 

through these four fresh air installations is 690 m3/s, with approximately 645 m3/s exhausting 

through exhaust raises and the remaining 45 m3/s exhausting through the portal. A schematic of 

the mine’s ventilation system is presented in Figure 12. 
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Figure 12 - Mine schematic – Nov 2009 
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FAR # 1 is a combination of Alimak and raisebore raises. From surface to 180L, the raise is a 

3.05 m x 3.66 m Alimak raise equipped with steel ladders as part of the escape way system. 

Below 180L, it is a 4.3 m diameter raisebore raise. FAR # 1 supplies the North side of the mine, 

except the 150L and 270L levels, and runs from surface to 240L. The main purpose of FAR # 1 is 

to provide fresh air to the upper part of the North side of the mine (90L, 105L, 120L and 180L). 

The remaining air is transferred to FAR # 3 through a Vent Transfer Drift on 240L. The 

approximately total flow supplied by this raise is 160 m3/s. 

FAR # 2 also supplies the North side of the mine and runs from surface to 270L. Through a series 

of Alimak and raisebore raises, it supplies 200 m3/s flow. From surface to 180L it is a 3.05 m x 

3.66 m Alimak raise, and below 180L it is a raisebore raise 4.3 m in diameter. 

FAR # 3 runs from surface to 420L and provides 200 m3/s flow to the South side of the mine. The 

raise is a combination of Alimak and raisebore raises. From surface to 100L, it is a 4.0 m x 4.0 m 

Alimak raise. Between 100L and 340L it is a 4.3 m raisebore raise, and from 340L to 400L it is a 

combination of two raises (2.43 m and 3.6 m in diameters). In the last segment from 400L to 

420L it is a drop raise 4.3 m x 4.3 m. At this time the mine is flooded below 400L and 420L is 

used as a main sump. 

FAR # 5 is a combination of 2.0 m x 2.0 m Alimak and 3.0 m raisebore raises. It runs from 

surface to 140L and was used in the past as a backfill raise. 85 m3/s flow is supplied through FAR 

# 5 to the South side of the mine. After FAR # 5 was commissioned the practice to change the 

ventilation system between summer and winter seasons was no longer needed. 

EAR # 1 is the exhaust on the North side of the mine and can handle 280 – 300 m3/s flow. From 

surface to 120L, there are two Alimak raises sized at 3.05 m x 3.66 m that meet just under the 

collar. Below 120L is a 4.3 m x 4.3 m Alimak raise. 90L, 150L and 180L do not break into EAR 
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# 1. These three levels are breaking into 120L, which makes the ventilation control in this area 

extremely challenging. 

EAR # 2 is a 4.3 m diameter raisebore hole from surface to 200L. From 200L to 260L it is 4.3 m 

x 4.3 m Alimak raise, and between 260L and 320L it is a 4.3 m raisebore raise. The last portion of 

EAR # 2 below 320L is a combination of Alimak and drop raises. EAR # 2 exhausts the air from 

the South side, with an airflow capacity of 347 m3/s. The mine extends below 280L only on the 

South side and uses EAR # 2 as an exhaust airway. Therefore, any uncontrolled leakage on the 

upper level has a major impact on this area. 

Main ramps extend from 420L to surface and are a minimum 5.4 m wide by 4.4 m high. The 

distribution of airflows on the main ramp depends on the requirements from each production 

zone. 

5.3 Airflow Requirements 

5.3.1 Re-Entry After the Blast 

The Eagle Point Mine has standardized the dimensions of the drift development. These standards 

are based on productivities, rock mechanics, equipment size, ventilation and economics. The 

general sizes for the drifts are: 

- ore development – 4.3 m (W) x 4.7 m (H) 

- waste development (major capital development) – 5.2 m (W) x 4.9 m (H) 

- waste development – 4.3 m (W) x 4.7 m (H) 

The major gas contaminants from blasting are CO and NO2. 

The configuration for the worse case scenarios for a typical blast was considered to be the waste 

development with W = 5.2 m (width), H = 5.0 m (height) and L drift = 100 m (total drift length). 
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The explosives parameters considered were PF = 2.05 kg/m3 (powder factor) and M = 159.9 kg 

AN/FO (94 - 6) (total mass of explosive used). The final advancement considered on each blast 

was L advance = 3.0 m. 

Tables 13, 14, 15, 16, 17, 18 and Figures 13, 14, 15, 16, 17, 18 present the modelled conditions 

based on De Souza’s (equation 4) and Gillies’s (equation 6) models. 

Table 13 - De Souza’s and Gillies’s models for CO (0.0048 m³/kg) 

CO (0.0048 m3/kg) 

Q (m3/s) 8 10 15 20 25 30 35 40 

t(De Souza) 13.4 10.7 7.1 5.3 4.3 3.6 3.1 2.7 

t(Gillies) 34.7 24.4 12.9 8.2 5.8 4.3 3.4 2.8 

 

 

Figure 13 - Re-entry time vs airflows required for CO (0.0048 m3/kg) 
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Table 14 - De Souza’s and Gillies’s models for CO (0.0100 m3/kg) 

 

 

Figure 14 - Re-entry time vs airflows required for CO (0.0100 m3/kg) 

CO (0.0100 m3/kg) 

Q (m3/s) 8 10 15 20 25 30 35 40 

t(De Souza) 17.3 13.9 9.3 6.9 5.6 4.6 4.0 3.5 

t(Gillies) 52.2 36.7 19.4 12.3 8.7 6.5 5.1 4.1 
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Table 15 - De Souza’s and Gillies’s models for CO (0.0187 m3/kg) 

CO (0.0187 m3/kg) 

Q (m3/s) 8 10 15 20 25 30 35 40 

t(De Souza) 20.7 16.6 11.1 8.3 6.6 5.5 4.7 4.1 

t(Gillies) 69.1 48.7 25.7 16.3 11.5 8.6 6.8 5.5 

 

 

 

Figure 15 - Re-entry time vs airflows required for CO (0.0187 m3/kg) 
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Table 16 - De Souza’s and Gillies’s models for NO2 (0.0002 m3/kg) 

NO2 (0.0002 m3/kg) 

Q (m3/s) 8 10 15 20 25 30 35 40 

t(De Souza) 22.3 17.8 11.9 8.9 7.1 5.9 5.1 4.5 

t(Gillies) 77.6 54.6 28.8 18.3 12.9 9.7 7.6 6.2 

 

 

Figure 16 - Re-entry time vs airflows required for NO2 (0.0002 m3/kg) 
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Table 17 - De Souza’s and Gillies’s models for NO2 (0.0014 m3/kg) 

NO2 (0.0014 m3/kg) 

Q (m3/s) 8 10 15 20 25 30 35 40 

t(De Souza) 32.9 26.3 17.5 13.1 10.5 8.8 7.5 6.6 

t(Gillies) 142.6 100.4 53.0 33.7 23.7 17.8 14.0 11.3 

 

 

Figure 17 - Re-entry time vs airflows required for NO2 (0.0014 m3/kg) 
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Table 18 - De Souza’s and Gillies’s models for NO2 (0.0026 m3/kg) 

NO2 (0.0026 m3/kg) 

Q (m3/s) 8 10 15 20 25 30 35 40 

t(De Souza) 36.2 29.0 19.3 14.5 11.6 9.7 8.3 7.2 

t(Gillies) 166.2 117 61.8 39.3 27.7 20.8 16.3 13.2 

 

 

Figure 18 - Re-entry time vs airflows required for NO2 (0.0026 m3/kg) 
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The airflow at the face required by the Ventilation Management Procedure is 10.4 m3/s. Tables 

13, 14, 15, 16, 17, 18 and Figures 13, 14, 15, 16, 17, 18 indicate that the mine should consider re-

entry times between 30 – 40 minutes. The ventilation planning exercises use between 14.2 and 

18.8 m3/s as airflow volumes (including leakage). 

To accommodate the development blast with overall production, the practice is to blast at times 

when most mining personnel are on surface, that is at lunch time or at the end of the shift. By 

doing so, the time for re-entry is always longer than 40 minutes and fumes after the blast do not 

create any complications. 

The Eagle Point Mine bases the measurements of these mine gases on the Saskatchewan Mines 

Regulations (Saskatchewan – The Mines Regulations, 2003).  

It is important to note that the mine does a weekly ventilation survey that records airflow volumes 

and gas concentrations at the time of the survey. These numbers are analyzed before each weekly 

ventilation survey report is issued.  

The above graphs are a theoretical estimation of the re-entry times after a blast. In practice it is 

still recommended to base the re-entry time on actual measurements of gas concentrations after a 

blast by a qualified person or by real-time monitoring instruments.  

5.3.2 Diesel Emission Criteria 

The Eagle Point Mine does the estimation of airflow requirements for development and for stopes 

based on the diesel fleet involved with each operation. Appendix A presents the equipment fleet 

that is available at the mine. The equipment used underground is only diesel powered. 

The airflow requirements for each specific piece of equipment are based on the “Approved Diesel 

Engines – 2007” report issued by CANMET (Appendix D). This thesis makes recommendations 
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for the minimum airflow volumes that should be used in underground mines based on equipment 

power, equipment wear and tear and type of diesel fuel used. The Eagle Point Mine buys and uses 

only diesel fuel that has a sulphur concentration of a maximum 500 ppm or 0.05 % wt (Appendix 

B). Normal diesel fuel has less than 10 ppm sulphur concentration. 

5.3.3 Radiation 

The general approach for determining airflow requirements at the Eagle Point Mine is based on 

diesel emissions and this approach has been proven appropriate. For development the mine 

considers an airflow ranging between 14.2 - 18.9 m3/s, and for production from stopes, between 

23.6 – 37.8 m3/s. 

The Eagle Point Mine is a uranium mine, and operates under specific rules that apply to its 

ventilation practices. Development done in waste allows the mine to reuse air multiple times 

(pending on the quantity and quality of the air), and this has a major impact on production 

planning. Development done in ore does not allow air to be reused because of potentially high 

levels of radioactive contamination. The mining method used for production is longhole stoping 

in retreat and, due to the width of the veins (and economics), the drift development is done in ore. 

The air for production stoping (cable bolts drilling, shotcreting, production drilling, stope 

mucking, backfilling) cannot be reused and must be sent directly to exhaust after it passes the 

activity area. 

The mine has a very detailed ventilation management program in place that helps to keep 

exposure below that required by legislation, while still achieving the planned production. 
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Chapter 6 

Ventilation Planning 

6.1 Introduction 

Ventilation planning addresses two major phases in the life of the mine.  

The first stage is for a new mine when no actual structure is in place. At this time, the ventilation 

design will be based on the production rate, mine infrastructure (geometry) and consumers. 

The second stage occurs when the mine has been in place for a period of time and needs to be 

extended to access new ore zones, but must use the existing structure. The design will be based 

on the same parameters as the first stage. In the second stage, the existing infrastructure will have 

a major impact on the design of the new ventilation system. The new design will have to 

incorporate the old infrastructure and the limitations imposed by existing fans and stoppings. The 

air leakages must also be part of this design. 

Each of the stages will trigger planning exercises that will need to satisfy criteria imposed by the 

quality and quantity of the air flowing in the mine.  

6.2 Time Phases 

The underground mine environment is very dynamic and requires ventilation planning exercises 

for any major change in the ventilation system. These major changes include new production 

zones, old production zones that have become economical due to commodity appreciation on the 

market, or new major ventilation infrastructures (internal or external shafts, new or bigger fans, 

heaters, cooling systems). Most of these major changes are incorporated in the long term planning 
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for production and are based on the life of the mine scheduling. The life of the mine schedule will 

indicate the time sequence for these changes and the parameters that are linked to each 

infrastructure. It is very important to acknowledge that in the planning department there must be 

two-way communication between the ventilation planning group and production scheduling 

group as each will have influence over the other. Based on this correlation, there will be multiple 

solutions and the critical path will be decided based on safety and economics. The analysis could 

go as far as the entire life of the mine, however, it should only include the predictable future. 

In 2007, the Eagle Point Mine conducted an assessment of the existing ventilation system to 

accommodate new developments and production requirements towards the North and South sides 

of the mine. The experience gained showed that the mine should do these assessments frequently 

due to the dynamic environment in which it operates. 

The scheduling software used at the mine is Suretrak 3.0. The author used this software to build 

the life of mine plan based on the geology and mining plans. With this data included, the author 

started to look at production for the next three years based on stopes and drift/raise development. 

At the same time the author used Ventsim to build the mine ventilation model. The author used 

the information from mining plans to build the geometry and the parameters describing each 

airway. Once the model was built the author used the weekly ventilation survey to calibrate the 

model. Finally, with this model calibrated, the author started to conduct ventilation planning 

exercises. 

Based on the planned production and development for the following years the author started to 

adjust the ventilation model to reflect the airflow requirements. 
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The approach used to assess if requirements could be met at each production stage were the 

following: 

- Estimation of annual planned activities versus total supply capacity 

- Estimation of monthly planned activities versus total supply capacity 

- Software simulation for overall requirements versus total supply capacity 

6.3 Airflow Supply Versus Requirements 

For this assessment, the mine ventilation system had the configuration described in the following 

sections. The total airflow volume capacity ranged between 566 m3/s (winter) and 613 m3/s 

(summer) and was supplied by three fresh air raises (FAR # 1, FAR # 2 and FAR # 3), and 

exhausted via two exhaust air raises (EAR # 1 and EAR # 2) and a portal. The exhaust air raises 

could provide for a higher capacity than fresh air raises and therefore the mine fed fresh air 

through the portal in summer (downcast) and exhaust in winter (upcast). These system changes 

during each season represented an attempt to maximize production and to protect the piping 

infrastructure from freezing. The airflow capacities for the raises were: FAR # 1 – 160 m3/s, FAR 

# 2 – 189 m3/s, FAR # 3 – 221.8 m3/s, EAR # 1 – 292.6 m3/s and EAR # 2 – 188.7 to 292.6 m3/s, 

with 47.1 m3/s (downcast in summer) to 75.5 m3/s (upcast in winter) through the portal. The 

ventilation system was considered to have relatively large airways (low overall resistance). The 

fans were operating very close to their maximum capacity, which was the limitation of the 

system. 

The flow volume requirements for underground activities were based on diesel emissions: 37.8 

m3/s for stope production and 18.9 m3/s for development headings.  
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A schematic with airflow requirements for each mining zone for 2007, 2008 and 2009 is 

presented in the Figure 19. In this schematic, air leakage and additional flow requirements 

(sumps, ramp ventilation below 300L) are not included. 

 

Figure 19 - Annual required airflows per mining zone (sump flows and leakages not 

included) 

Figure 20 represents a schematic of airflow volumes required to ventilate each mining block with 

leakages included. The leakages considered were 20% for overall flow volume requirements. 

Additional flow requirements for sumps are not included. 
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Figure 20 - Annual required airflows per mining zone (sump airflows not included) 

In order to assess the total flow requirements for the mine a detailed estimation of additional 

airflows was performed for 2007, 2008 and 2009. The flow for level sumps was estimated to be 

3.8 m3/s. The results are presented in Table 19 and Figure 21. 

Table 19 - Additional flow requirements for 2007 - 2009 

Year Description Flow Requirements, m3/s 

2007 
180L URF storage 23.6 

Main ramp below 300L 23.6 

 

 

 

 



 

 

71 

 

Table 19 - continued 

2007 Description Flow Requirements, m3/s 

 

Level sumps breakthroughs (total 20 sumps) 

(O2 NExt  Deep - 4 sumps; O2NExt Upper - 5 

sumps; O2 - O3 - 2 sumps; 163 - 8 sumps; 144 

- 1 sump) 

75.5 

TOTAL 122.7 

2008 

180L URF storage 23.6 

Main ramp below 300L 23.6 

Level sumps breakthroughs (total 25 sumps) 

(O2 NExt  Deep - 4 sumps; O2NExt Upper - 6 

sumps; O2NExt FW - 3 sumps; O2 - O3 - 2 

sumps; 163 - 8 sumps; 144 - 2 sumps) 

94.4 

TOTAL 141.6 

2009 

180L URF storage 23.6 

Main ramp below 300L 23.6 

Level sumps breakthroughs (total 30 sumps) 

(O2 NExt  Deep - 5 sumps; O2NExt Upper - 7 

sumps; O2NExt FW - 7 sumps; O2 - O3 - 3 

sumps; 163 - 4 sumps; 144 - 4 sumps) 

113.3 

TOTAL 160.5 
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Figure 21 - Annual additional airflows per mining zone 

Figure 22 and Table 20 represent the overall flow volumes and flow requirements including 

additional flows for sumps, storage areas, ramp requirements and leakage. These were the 

requirements for 2007, 2008 and 2009 based on the scheduled production at the time of the study. 
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Figure 22 - Total annual additional airflows per mining zone (leakages and additional 

airflows included) 
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Table 20 - Total flow requirements for 2007 - 2009 

Year Description Flow requirements, m3/s 

2007 

Production/Development 377.5 

Leakage 75.5 

Sump/Storage/Ramp 122.6 

Total 575.6 

2008 

Production/Development 302 

Leakage 60.4 

Sump/Storage/Ramp 141.6 

Total 504 

2009 

Production/Development 188.7 

Leakage 37.8 

Sump/Storage/Ramp 160.4 

Total 386.9 

 

Figure 22 and Table 20 indicate that the mine had the overall capacity to meet existing and future 

production requirements.  

6.4 Production Planning 2007 – 2009 

The first step in the assessment of a ventilation system starts with a detailed breakdown of the 

production planning. Activities considered in the assessment are based on the schedule developed 

by the Planning Department. From this plan, the flow requirements are established per 

month/year/zone for production and development.  
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Table 21 - Mining activities for 2007 – 2009 

Mining block Year Development Production 

163 Zone 

2007 8 levels 10 stopes 

2008 1 level 22 stopes 

2009 no development 2 stopes 

144 South Zone 

2007 1 level no production 

2008 2 levels 1 stope 

2009 2 levels 2 stopes 

O2 - O3 Zone 

2007 2 levels 3 stopes 

2008 no development 2 stopes 

2009 no development 3 stopes 

O2NExt Upper Zone 

2007 2 levels 5 stopes 

2008 1 level 3 stopes 

2009 1 level 3 stopes 

O2NExt Deep Zone 

2007 4 levels 2 stopes 

2008 no development 7 stopes + sill pillar 

2009 no development mined out 

O2NExt FW Zone 

2007 1 level no production 

2008 3 level + ramp no production 

2009 5 level + ramp 6 stopes 
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6.5 2007 - Airflow Supply Versus Airflow Requirements 

6.5.1 Requirements Based on Annual Activities - 2007 

The development and production activities for 2007 per mining block are presented in Table 22. 

Table 22 – Development and production activities per zone in 2007 

 Activity per zone Activity per year 

163 Zone     

Development 
115L, 155L, 230L, 245L, 260L, 

275L, 280L  5 levels at a time 

Production 10 stopes between 115L and 140L 2 stopes at a time 

Airflow requirements, m3/s 5 x 18.9 + 2 x 37.8 = 170.1  

144 South Zone     

Development 125L 1 level at a time 

Production no production - 

Airflow requirements, m3/s 1 x 18.9 = 18.9 

O2 - O3 Zone     

Development 90L, 105L 2 levels at a time 

Production 3 stopes between 90L and 105L 1 stope at a time 

Airflow requirements, m3/s 2 x 18.9 + 1 x 37.8 = 75.6 

O2 Next Upper Zone     

Development 102L, 122L 2 levels at a time 

Production 5 stopes between 162L and 122L 1 stope at a time 
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Table 22 - continued 

 Activity per zone Activity per year  

O2 Next Upper Zone  

Airflow requirements, m3/s 2 x 18.9 + 1 x 37.8 = 75.6 

O2 Next Deep Zone     

Development 232L, 252L, 272L, 292L 2 levels at a time 

Production 2 stopes between 252L and 292L 2 levels at a time 

Airflow requirements, m3/s 2 x 18.9 + 1 x 37.8 = 75.6 

O2 Next FW     

Development 270L 1 level at a time 

Production no production - 

Airflow requirements, m3/s 1 x 37.8 = 37.8 

 

Table 23 – Total flow requirements in 2007 

  Activities Airflow requirements, m3/s 

Development 10 - 12 levels 188.8 

Production 5 stopes 188.8 

Subtotal 1   377.6 

Leakage   75.6 

Subtotal 2   453.2 

Sump/Storage/Ramp   122.7 

Total   575.9 



 

 

78 

 

Total flow requirements estimated based on the production schedule are shown in the Table 23. 

Based on the tabled data the required airflow volume was 575.8 m3/s, which was very close to the 

available airflows of 566 m3/s (winter) and 613 m3/s (summer). This observation underlined the 

importance of having a ventilation management program in place. 

6.5.2 Requirements Based on Monthly Activities - 2007 

Table 24 - Monthly production and development airflows (m3/s) in 2007 

 Mining zone Jan Feb Mar Apr May Jun 

Production 

163         75.6 75.6 

144 South           

O2 - O3           

O2 Next Upper         37.8 37.8 

O2 Next Deep             

O2 Next FW             

Total Prod           113.4 113.4 

Development 

163         56.6 56.6 

144 South         18.9 18.9 

O2 - O3             

O2 Next Upper         37.8 37.8 

O2 Next Deep         37.8 37.8 

O2 Next FW         37.8 37.8 
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Table 24 - continued 

 Mining zone Jan Feb Mar Apr May Jun 

Total Dev           188.9 188.9 

Total P + D           302.3 302.3 

Total Month           485.2 485.2 

 Mining zone Jul Aug Sep Oct Nov Dec 

Production 

163 37.8 37.8 75.6 75.6 75.6 75.6 

144 South       

O2 - O3   37.8 37.8 37.8 37.8 

O2 Next Upper 37.8 37.8 37.8 37.8 37.8 37.8 

O2 Next Deep 37.8 37.8 37.8 37.8     

O2 Next FW             

Total Prod   113.4 113.4 189 189 151.2 151.2 

Development 

163 75.6 94.4 75.6 75.6 94.4 75.6 

144 South 18.9 18.9 18.9 18.9 18.9 18.9 

O2 - O3 37.8 37.8     

O2 Next Upper 37.8 18.9 18.9 18.9 18.9 18.9 

O2 Next Deep 37.8 37.8 37.8 37.8 18.9 18.9 

O2 Next FW 37.8 37.8 37.8 37.8 37.8 37.8 

Total Dev   245.7 245.6 189 189 188.9 170.1 

Total P + D   359.1 359 378 378 340.1 321.3 

Total Month   553.1 553.1 575.8 575.8 530.5 507.8 
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The monthly estimated flows included the requirements for sumps, storage areas, ramp 

requirements and leakage. Table 24 shows that September and October airflows were 575.8 m3/s. 

This was in the available range of airflows: 566 m3/s (winter) and 613 m3/s (summer). 

6.5.3 Supply Distribution Model Simulation - 2007 

With the data from Table 24 and the scheduled production, a ventilation simulation was 

performed. The software used was Ventsim 3.9.2 g and the model was developed and calibrated 

by the ventilation engineers at the mine. 

At the time of the simulation, the mine was considering the addition of FAR # 5 (old backfill 

raise) and therefore the simulation exercises were performed with and without the raise in place. 

However, in the assessment the only option considered was with FAR # 5 operational. The 

intention to convert the old backfill raise to a ventilation raise came from the necessity to 

eliminate summer – winter cycles (with large production delays). Additionally, the location of the 

mine at the bottom of the raise would serve very well for future production and development 

targets for the 144 Zone (located on the South side of the mine).  

Figure 23 and Table 25 represent the worst case ventilation scenario for September and October. 

As shown, the flows available for development and production were above the requirements for 

all mining zones. The total available flows were 11% above the requirements. 
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Figure 23 - Flow distribution for the primary venti lation system in 2007 

Table 25 - Highest months available/required airflows (m3/s) in 2007 

 Planned activities - zone Airflow available Airflow required 

163 Zone 

Development 

155L 31.6 18.9 

230L 25.5 18.9 

245L 28.3 18.9 

275L 25.5 18.9 

Total development 110.9 75.6 

Production 2 stopes 71.3 75.6 

163 Total airflows 182.2 151.2 
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Table 25 – continued 

 Planned activities - zone Airflow available Airflow required 

144 South Zone 

Development 125L 59 18.9 

Total development 59 18.9 

144 South Total airflows 59 18.9 

O2 - O3 Zone 

Production 
90L 33.5 

37.8 
105L 33.5 

02 - 03 Total airflows 67 37.8 

O2 NExt Upper Zone 

Development 102L 37.3 18.9 

Total development 37.3 18.9 

Production 1 stope 40.6 37.8 

O2 NExt Upper Total airflows 96.3 56.7 

O2 NExt Deep Zone 

Development 
272L 41.1 18.9 

232L 20.8 18.9 

Total development 41.1 37.8 

Production 1 stope 41.1 37.8 

O2 NExt Deep Total airflows 102.9 75.6 
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Table 25 - continued 

 Planned activities - zone Airflow available Airflow required 

O2 NExt FW Zone 

Development 270L 37.8 37.8 

Total development 37.8 37.8 

O2 NExt FW Total airflows 37.8 37.8 

Total development airflows 306.8 188.8 

Total production airflows 219.9 188.8 

Mine total available airflows 649.4 575.8 

 

The ventilation simulation using Ventsim 3.9.2 g was done after the model was calibrated based 

on the most recent ventilation survey at the mine. Modeling was based on the ventilation 

management procedure that is applied on a daily basis so that the airflow volumes are properly 

controlled and managed. 

6.5.4 Comparison Between Airflow Supply and Demand – 2007 

The ventilation planning exercises presented above have shown that the system is capable of 

supplying the required airflows to all mining zones every month. 

Table 26 indicates the excess difference of available flows. The ventilation system would not 

meet the flow volume requirements in September and October. 
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Table 26 – Percentages of excess airflows available in 2007 

Excess flows available – 2007 

May Jun Jul Aug Sep Oct Nov Dec 

17 17% 2% 2% -2% -2% 7% 12% 

 

Overall the airflow volumes used in the assessment for 2007 were 566 m3/s, with the exception of 

the summer months when the supply was 613 m3/s. 

The recommendation for 2007 was that the Ventilation Department and Mining Department 

should apply the ventilation management program very rigorously in order to control the quality 

and quality of air in all mining zones. 

6.6 2008 - Airflow Supply Versus Airflow Requirements 

6.6.1 Requirements Based on Annual Activities – 2008 

The development and production activities for 2008 per mining block are presented in Table 27. 

Table 27 - Development and production activities per zone in 2008 

 Activity per zone Activity per year 

163 Zone     

Development 80L 1 level at a time 

Production 22 stopes 2 stopes at a time 

Airflow requirements, m3/s 2 x 18.9 + 2 x 37.8 = 113.4 

 

 



 

 

85 

 

Table 27 - continued 

 Activity per zone Activity per year 

144 South Zone     

Development 80L, 100L 1 level at a time 

Production 1 stope 1 stope at a time 

Airflow requirements, m3/s 1 x 18.9 + 1 x 37.8 = 56.7 

O2 - O3 Zone     

Development no development - 

Production 2 stopes 1 stope at a time 

Airflow requirements, m3/s 1 x 37.8 = 37.8 

O2 Next Upper Zone     

Development 82L 1 level at a time 

Production 3 stopes 1 stope at a time 

Airflow requirements, m3/s 1 x 18.9 + 1 x 37.8 = 56.7 

O2 Next Deep Zone     

Development no development - 

Production 7 stopes and sill pillar 1 stope at a time 

Airflow requirements, m3/s 1 x 37.8 = 37.8 

O2 Next FW     

Development 322L, 342L, 362L + ramp 3 - 4 levels at a time 

Production no production - 

Airflow requirements, m3/s 4 x 18.9 = 75.6 
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Total flow requirements estimated based on the production schedule are shown in Table 28. 

Table 28 - Total flow requirements in 2008 

  Activities Airflow requirements, m3/s 

Development 6 - 7 levels 113.3 

Production 5 stopes 188.8 

Subtotal 1   302.1 

Leakage   60.4 

Subtotal 2   362.5 

Sump/Storage/Ramp   141.6 

Total   504.1 

 

6.6.2 Requirements Based on Monthly Activities - 2008 

Monthly development and production activities for 2008 per mining block are presented in Table 

29. The monthly estimated flows included the requirements for sumps, storage areas, ramp 

requirements and leakage. The maximum available airflows were 12% higher than required (566 

m3/s - winter and 613 m3/s - summer). 

Table 29 - Monthly production and development airflows (m3/s) in 2008 

 Mining zone Jan Feb Mar  Apr  May Jun 

Production 

163 75.5 75.5 75.5 75.5 75.5 75.5 

144 South       

O2 - O3  37.8 37.8 37.8   
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Table 29 - continued 

Production Mining zone Jan Feb Mar Apr May Jun 

 

O2 Next Upper  37.8 37.8 37.8 37.8 37.8 

O2 Next Deep 37.8 37.8 37.8 37.8 37.8 37.8 

O2 Next FW       

Total Prod   113.3 188.9 188.9 188.9 151.1 151.1 

Development 

163 37.8 37.8 18.9 18.9 18.9 18.9 

144 South 37.8 37.8 37.8 37.8 37.8 37.8 

O2 - O3       

O2 Next Upper 18.9    18.9 18.9 

O2 Next Deep       

O2 Next FW 37.8 37.8 37.8 37.8 37.8 56.6 

Total Dev   132.3 113.4 94.5 94.5 113.4 132.2 

Total P + D   245.6 302.3 283.4 283.4 264.5 283.3 

Total Month   466.1 504 481.4 481.4 458.7 481.4 

 Mining zone Jul Aug Sep Oct Nov Dec 

Production 

163 75.5 75.5 75.5 75.5 75.5  

144 South 37.8 37.8     

O2 - O3       

O2 Next Upper 37.8      

O2 Next Deep 37.8 37.8 37.8 37.8 37.8 37.8 

O2 Next FW       
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Table 29 - continued 

Production Mining zone Jul Aug Sep Oct Nov Dec 

Total Prod   188.9 151.1 113.3 113.3 113.3 37.8 

Development 

163 18.9      

144 South 18.9 18.9 18.9 18.9 18.9 18.9 

O2 - O3       

O2 Next Upper 18.9 18.9 18.9 18.9 18.9 18.9 

O2 Next Deep       

O2 Next FW 56.6 75.5 75.5 75.5 75.5 75.5 

Total Dev   113.3 113.3 113.3 113.3 113.3 113.3 

Total P + D   302.2 264.4 226.6 226.6 226.6 151.1 

Total Month   504 458.7 413.4 413.4 413.4 322.8 

 

6.6.3 Supply Distribution Model Simulation – 2008 

From previous model simulation exercises completed by the ventilation engineers, it became 

clear that the extension of the mine towards the North and South would require new exhaust 

raises. The mine had already experienced the challenge when trying to ventilate a mining zone far 

beyond EAR # 1 that was entirely under Wollaston Lake. 

The simulations for 2008 were performed with and without a new exhaust raise planned for the 

North side of the mine (EAR # 5). Details on EAR # 5 are presented in Section 6.6.3.1 and 

6.6.3.2. FAR # 5 was considered commissioned and operational for 2008 production.  
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6.6.3.1 Simulation Without EAR # 5 in Place 

This case is presented in Figure 24 and Table 30. The fans on EAR # 2 were set at 22 degrees 

blade angle, while EAR # 1 had to have the setting changed from 22 degrees to 15 degrees. The 

modification on EAR # 1 indicated that the raise would not be able to accommodate an increase 

in airflow volume required for future production demands on the North. It was at this stage that 

the decision was taken to investigate the addition of a new exhaust raise. 

 

 

Figure 24 - Flow distribution for the primary venti lation system in 2008 without EAR # 5 

commissioned 
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Table 30 - Highest months available/required airflows (m3/s) in 2008 (EAR # 5 not 

commissioned) 

 Planned activities - zone Airflow available Airflow required 

163 Zone 

Development 80L 18.9 18.9 

Production 
1 stope 100L/115L block 41.5 37.8 

1 stope 245L/260L block 40.1 37.8 

163 Total airflows 100.5 94.5 

144 South Zone 

Development 80L (and later 100L only) 76.9 18.9 

Production 1 stope 100L/125L block 37.8 37.8 

144 South Total airflows 114.7 56.7 

O2 - O3 Zone - mined out in April 2008 

O2 NExt Upper Zone 

Development 82L 16 18.9 

Production 1 stope 102L/122L block 42.9 37.8 

O2 NExt Upper Total airflows 58.9 56.7 

O2 NExt Deep Zone 

Production 1 stope 252L/272L block 33.9 37.8 

O2 NExt Deep Total airflows 33.9 37.8 
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Table 30 - continued 

 Planned activities - zone Airflow available Airflow required 

O2 NExt FW Zone 

Development 
342 Ramp 16.9 18.9 

342L Access, 362 Ramp 40.1 37.8 

O2 NExt FW Total airflows 57 56.7 

Total development airflows 168.9 113.3 

Total production airflows 196.3 151 

Mine total available airflows 579.6 504 

 

Table 30 illustrates the worst case scenarios for February and July. The simulation exercise 

showed that airflows on the North side of the mine would not satisfy production and development 

requirements. For the entire mine, the volume available was 15% above requirements but in some 

zones local requirements could not be met. 

6.6.3.2 Simulation With EAR # 5 in Place 

Figure 25 and Table 31 represent the situation with EAR # 5 commissioned. In this case, the fans 

on EAR # 2 had the blade setting at 18 degrees, while the fans on EAR # 1 had the blade setting 

at 10 degrees. EAR # 5 was equipped with two 8400 VAX 3150 fans in parallel configuration on 

surface, operating at a blade setting of 10 degrees. Again, the simulation was carried out for the 

worst months (February and July) and the whole mine was under compliance. The overall 

airflows available were 29% above requirements. 
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Figure 25 - Flow distribution for the primary venti lation system in 2008 with EAR # 5 

commissioned 

Table 31 - Highest months available/required airflows (m3/s) in 2008 (EAR # 5 

commissioned) 

 Planned activities - zone Airflow available Airflow required 

163 Zone 

Development 80L 18.9 18.9 

Production 
1 stope 100L/115L block 45.8 37.8 

1 stope 245L/260L block 34.9 37.8 

163 Total airflows 99.6 94.5 

144 South Zone 

Development 80L (and later 100L only) 75.5 18.9 

Production 1 stope 100L/125L block 37.8 37.8 

144 South Total airflows 113.3 56.7 
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Table 31 - continued 

 Planned activities - zone Airflow available Airflow required 

O2 - O3 Zone - mined out in April 2008 

O2 NExt Upper Zone 

Development 82L 18.9 18.9 

Production 1 stope 102L/122L block 49.6 37.8 

O2 NExt Upper Total airflows 68.5 56.7 

O2 NExt Deep Zone 

Production 1 stope 252L/272L block 54.7 37.8 

O2 NExt Deep Total airflows 54.7 37.8 

O2 NExt FW Zone 

Development 
342 Ramp 29.7 18.9 

342L Access, 362 Ramp 57.6 37.8 

O2 NExt FW Total airflows 87.3 56.7 

Total development airflows 200.6 113.3 

Total production airflows 222.8 151 

Mine total available airflows 649.6 504 

 

6.6.4 Comparison between airflow supply and demand – 2008 

The analysis carried out in previous sections indicates that a very rigorous control of the 

ventilation system could provide enough airflow to most of the mining zones. The construction of 
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a new exhaust raise on the North side of the mine would help achieve a better distribution of the 

overall volumes of air. 

Table 32 indicates the excess difference of available flows.  

Table 32 - Percentages of excess airflows available in 2008 

Excess flows available – 2008 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

30% 12% 18% 18% 23% 18% 12% 23% 37% 37% 37% 75% 

6.7 2009 - Airflow Supply Versus Airflow Requirements 

6.7.1 Requirements Based on Annual Activities – 2009 

The development and production activities for 2009 per mining block are presented in Table 33. 

Table 33 - Development and production activities per zone in 2009 

 Activity per zone Activity per year 

163 Zone     

Development no development - 

Production mined out - 

Airflow requirements, m3/s 0 

144 South Zone     

Development 2 levels 1 level at a time 

Production 2 stopes 1 stope at a time 

Airflow requirements, m3/s 2 x 18.9 + 2 x 37.8 = 113.3 
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Table 33 - continued 

 Activity per zone Activity per year 

O2 - O3 Zone     

Development no development - 

Production 3 stopes 1 stope at a time 

Airflow requirements, m3/s 1 x 37.8 = 37.8 

O2 Next Upper Zone     

Development 82L 1 level at a time 

Production 3 stopes 1 stope at a time 

Airflow requirements, m3/s 1 x 18.9 + 1 x 37.8 = 56.6 

O2 Next Deep Zone     

Development no development - 

Production mined out 1 stope at a time 

Airflow requirements, m3/s 0 

O2 Next FW     

Development 
292L, 302L, 322L, 422L, 442L 

+ ramp 
3 levels at a time 

Production 6 stopes 1 stope at a time 

Airflow requirements, m3/s 3 x 18.9 + 1 x 37.8 = 94.5 

 

Total flow requirements estimated based on the production schedule are shown in Table 34. 
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Table 34 - Total flow requirements in 2009 

  Activities Airflow requirements, m3/s 

Development 8 levels 113.3 

Production 2 stopes 75.5 

Subtotal 1   188.8 

Leakage   37.8 

Subtotal 2   226.6 

Sump/Storage/Ramp   160.4 

Total   387 

 

6.7.2 Requirements Based on Monthly Activities - 2009 

Monthly development and production activities for 2009 per mining block are presented in Table 

35. Monthly estimated flows included the requirements for sumps, storage areas, ramp 

requirements and leakage. Overall, maximum available airflows were 52% higher than the 

requirements (566 m3/s). 

Table 35  - Monthly production and development airflows (m3/s) in 2009 

 Mining zone Jan Feb Mar  Apr  May Jun 

Production 

163       

144 South       

O2 - O3       

O2 Next Upper   37.8 37.8 37.8 37.8 
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Table 35 - continued 

 Mining zone Jan Feb Mar Apr May Jun 

Production 
O2 Next Deep 37.8      

O2 Next FW   37.8 37.8 37.8 37.8 

Total Prod   37.8 0 75.6 75.6 75.6 75.6 

Development 

163       

144 South 37.8 37.8 37.8 37.8 37.8 37.8 

O2 - O3     18.9 18.9 

O2 Next Upper 18.9 18.9     

O2 Next Deep       

O2 Next FW 18.9 37.8 37.8 37.8 56.6 113.3 

Total Dev   75.6 94.5 75.6 75.6 113.3 170 

Total P + D   113.4 94.5 151.2 151.2 188.9 245.6 

Total Month    296.4 273.7 341.7 341.7 387 387 

 Mining zone Jul Aug Sep Oct Nov Dec 

Production 

163       

144 South     75.5 75.5 

O2 - O3  37.8   37.8 37.8 

O2 Next Upper 37.8      

O2 Next Deep       

O2 Next FW 37.8 37.8 37.8 37.8 37.8 37.8 

Total Prod   75.6 75.6 37.8 37.8 151.1 151.1 
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Table 35 - continued 

 Mining zone Jul Aug Sep Oct Nov Dec 

Development 

163       

144 South       

O2 - O3 18.9 18.9 18.9    

O2 Next Upper       

O2 Next Deep       

O2 Next FW 37.8 37.8 37.8 75.5 37.8 18.9 

Total Dev   56.7 56.7 56.7 75.5 37.8 18.9 

Total P + D   132.3 132.3 94.5 113.3 188.9 170 

Total Month   319 319 273.7 296.4 387 364.3 

 

6.7.3 Supply Distribution Model Simulation – 2009 

Figure 26 and Table 36 present the situation with EAR # 5 commissioned. In this case, fans on 

EAR # 2 had the blade setting at 18 degrees, while fans on EAR # 1 had the blade setting at 8 

degrees. EAR # 5 was equipped with two 8400 VAX 3150 fans in parallel configuration on 

surface, operating at a blade setting of 10 degrees. Again, the simulation was carried out for the 

worst month (June) and the whole mine was under compliance. The overall airflows available 

were 10% above requirements. 
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Figure 26 - Flows distribution for the primary ventilation system in 2009 

 

Table 36 - Highest months available/required airflows (m3/s) in 2009 

 
Planned activities - zone 

Airflow 

available 

Airflow 

required 

163 Zone - mined out 

144 South Zone 

Development 
140L 25.9 18.9 

170L 26.4 18.9 

Production 
1 stope upper block (Nov/Dec) 96.3 37.8 

1 stope lower block (Nov/Dec) 52.4 37.8 

144 South Total airflows 201 113.4 
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Table 36 - continued 

 Planned activities - zone 
Airflow 

available 

Airflow 

required 

O2 - O3 Zone - mined out in April 2008 

Development 90L 19.8 18.9 

Production 1 stope (Aug) 40.1 37.8 

O2 - O3 Total airflows 59.9 56.7 

O2 NExt Upper Zone 

Production 1 stope 82L/102L block 45.8 37.8 

O2 NExt Upper Total airflows 45.8 37.8 

O2 NExt Deep Zone - mined out 

O2 NExt FW Zone 

Development 

422L 21.7 18.9 

442L 22.7 18.9 

322L 18.4 18.9 

Production 1 stope 342L/362L block 41.5 37.8 

O2 NExt FW Total airflows 104.3 94.5 

Total development airflows 134.9 113.3 

Total production airflows 87.3 75.5 

Mine total available airflows 427.2 387 
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6.7.4 Comparison Between Airflow Supply and Demand – 2009 

The analysis carried out in previous sections indicates that the ventilation system could provide 

enough airflow to most of the mining zones because of reduced production and development 

activities. The supply capacity used for 2009 was 566 m3/s. Table 37 indicates the excess 

difference of available flows.  

Table 37 - Percentages of excess airflows available in 2009 

Excess flows available – 2009 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

91% 107% 66% 66% 46% 46% 77% 77% 107% 91% 46% 55% 

 

6.8 Assessment Summary 

The assessment performed by the Eagle Point Mine in 2007 showed that existing conditions in 

the ventilation system were able to supply airflow volume requirements imposed by the projected 

production schedule. The only exception was the demand on the North side of the mine in 2008 

when availability was limited. Based on this assessment the author performed additional studies 

to find suitable technical solutions and proposed modifications to the ventilation system that 

could satisfy future production requirements. 

The status of the ventilation system for 2007 was considered appropriate. Commissioning FAR # 

5 was seen as a big improvement because the seasonal adjustments winter/summer and 

summer/winter (summer – winter) were no longer needed and the raise would also provide 

ventilation to the 144 Zone.  
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Year 2008 was more challenging. Overall airflow availability was achievable with the exception 

of the North side of the mine. The modeling exercise proved that the mine would need an 

additional exhaust raise on the North side in order to redirect more air required by production and 

development. The EAR # 5 addition seemed to be a good option. 

With reduced activity in 2009, the ventilation system was seen as being able to provide airflows 

to all active mining zones. 

Some other technical solutions that the author considered were the use of a half blade 

arrangement on FAR # 3 fans, electrical motor retrofitting on FAR # 3 fans, reduction of the 

portal airflows and the building of a new exhaust airway on the North side of the mine EAR # 5. 
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Chapter 7 

Flexibility, Improvements and Challenges in Eagle Point Mine 

Ventilation System 

Chapter 6 has outlined that the existing ventilation system at the Eagle Point Mine had to allow 

for very high flexibility to cope with the challenging production and with the Ventilation 

Management Procedure existing at site. 

Based on the ventilation and planning work that the author had done, the following items came 

out as potential areas for improvement of the mine ventilation system:  

- Airflow volume reduction in the portal access; 

- Backfill raise conversion to FAR # 5; 

- FAR # 3 blade setting adjustment; 

- EAR # 5; 

- Winter – Summer (Summer – Winter) ventilation. 

7.1 Airflow Volume Reduction in the Portal Access – Challenge and Flexibility 

When the Eagle Point Mine was reopened in 2001, airflow volumes in the portal required 75 

m3/s. Over time, expansions of the mine combined with the particular practice in uranium mines 

to use single pass ventilation have increased the requirements of fresh air volume. Therefore, the 

Engineering Department started to consider reducing airflow volumes exhausting in the portal. 

This would allow more air to reach the upper levels in the mine: 90L and 105L (through 120L) in 

the O2 and O3 zones, which would provide more production flexibility. 
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The goal that the author considered was to reduce the airflow volume from 75 m3/s to 40.2 m3/s. 

In order to do so, the mine had to demonstrate that a reduction of airflows in the portal would not 

increase the potential diesel gas and radiation exposure above regulatory limits. 

The ventilation model showed that, by opening stoppings and steel doors on 90L, 105L and 120L, 

the airflow in the portal will be reduced to between 40.2 m3/s and 50 m3/s. Once this information 

was available the application for airflow reduction could commence. 

The first step in the process was to request regulatory agencies to allow the mine to conduct a test 

for three months. Based on the results, the second step would have been to readjust the mine 

ventilation system to the new available airflows. 

The Eagle Point Mine conducted the test at the end of 2008 through spring 2009, and in May 

2009 the mine was granted the change in airflows through the portal to 40.2 m3/s. The sampling 

data supported the fact that the area under study did not raise any radiological concern 

attributable to the change in airflow volumes travelling through the portal between surface and 

90L. From the same data, results indicated that all diesel emission contaminants were below the 

regulatory requests specified in the Saskatchewan Occupational Health and Safety Act and were 

in the range specified by the Ventilation Management Procedure in place at the mine. 

During the testing time, there were two occurrences when airflow volumes dropped below 40.2 

m3/s. One incident occurred while mining one of the stopes in the upper levels of the mine. The 

drop in the airflow highlighted the sensitivity of the mine’s ventilation system in the portal (a fact 

also seen in the ventilation planning exercise performed with the ventilation software). The 

second incident was due to the commissioning of the FAR # 5 (in mid December 2008). 

It should be noted that there were no increased incidents in exposures to radon gas, radon progeny 

or diesel gas emissions during the test. 
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The results of gaseous diesel emission, radon progeny and radon gas measurements from routine 

samples for the study are presented in Figure 27, Figure 28 and Figure 29. 

 

 

Figure 27 - Distribution of the gaseous diesel emissions routine samples 
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Figure 28 - Distribution of the radon progeny samples 

 

Figure 29 - Distribution of the radon gas samples 
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Figure 30 represents the actual versus target airflow rates in the portal during the time of the 

study. 

 

Figure 30 - Actual vs target portal flow rate 
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7.2 Backfill Raise Conversion to FAR # 5 - Improvement 

The second option that the mine used to increase the amount of fresh airflow was to reconvert an 

unused backfill raise. This backfill raise is located on the South side of the mine and runs from 

surface to 140L. The conversion of this raise would also balance the fresh and exhaust systems 

through the mine in summer and winter, eliminating the need to adjust the fans on EAR # 2. 

FAR # 5 is a combination of a 3 m diameter raisebore raise cased with steel (17 m long) 

continued with an Alimak raise (at ~ 71 degrees). The exact size of the raise could not be 

determined because of safety considerations. 

The initial design that the author used in the modeling of the raise had the following parameters: 

- length – 140 m 

- size – 1.9 m x 1.9 m 

- friction factor - 0.02079 Kg/m3 

- resistance - 0.31445 N • s2/m8 

The design involved the installation of two Joy Series 2000 1.37 m diameter fans (54 – 26 – 1770 

Imperial) fitted with silencers, inlet bells and adapters parallel in a bulkhead at the bottom of the 

raise, while a heating installation would have been placed on surface. The reason behind this set 

up was the simplicity of the fan installation underground and the availability of this type of fan at 

the mine. Installation on surface consisted of a ninety-degree elbow sitting on the raise, connected 

to a heater house. The elbow transitioned from a square 3.0 m x 3.0 m heating house to a circular 

3.0 m raise. The heating plant capacity design was 2 - 4 MW for airflows of 63.7 - 84.9 m3/s with 

a temperature range of – 40ºC to + 5ºC.  
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The ventilation modeling exercises presented in this thesis were done with the FAR # 5 

parameters described in the following section. 

The results of these exercises have indicated that for 63.7 m3/s airflow, the pressure for the fans 

would be 1,950 Pa which represents a high value. With the new FAR # 5 in place, the airflow in 

the portal would upcast and EAR # 2 would have the blade set close to maximum values. 

Another important point is the estimation of the friction factor for the raise. Its value was chosen 

to be much higher than for a typical Alimak raise friction factor (0.01000 Kg/m3) to compensate 

for limited access from which to assess the condition of the raise. 

The unknown size of the Alimak part of the raise suggested that, by using sensitivity analysis, it 

would be possible to establish a realistic range for the airflows. Table 38 and Figure 31 are the 

representations of pressure requirements based on the flow requirements for different raise sizes. 

Table 38 – FAR # 5 sensitivity analysis 

Airflows m 3/s 
FAR # 5 size (m x m) 

1.8 x 1.8 1.9 x 1.9 1.98 x 1.98 2 x 2 

47.2 1267.82 Pa 1033.69 Pa 849.37 Pa 812 Pa 

59 1980.20 Pa 1614.05 Pa 1327.6 Pa 1270.32 Pa 

70.8 2849.50 Pa 2323.93 Pa 1910.46 Pa 1823.28 Pa 

82.6 3878.21 Pa 3163.34 Pa 2600.42 Pa 2483.35 Pa 

94.4 5066.33 Pa 4132.27 Pa 3394.99 Pa 3243.05 Pa 
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Figure 31 - FAR # 5 pressure/airflows vs raise size sensitivity analysis 

The friction coefficient used to assess the raise was 0.02079 Kg/m3. A sensitivity analysis was 

done for pressure requirements based on friction coefficients and values are indicated in Table 39 

and Figure 32. 

Table 39 – FAR # 5 friction coefficient vs airflows sensitivity analysis 

Airflows m 3/s 
FAR # 5 size (1.8 m x 1.8 m) 

0.02079 Kg/m3 0.01000 Kg/m3 

47.2 1267.82 622.7 

59 1980.20 971.42 

70.8 2849.50 1399.84 

82.6 3878.21 1905.48 

94.4 5066.33 2488.33 
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Figure 32 - FAR # 5 friction coefficient vs airflows/pressure 

Table 40 represents the airflows expected in FAR # 5 based on the size and friction factor 

sensitivity analysis. 

Table 40 – Airflows based on raise size vs friction coefficient 

Friction factor, Kg/m 3 1.8 m x 1.8 m 1.9 m x 1.9 m 1.98 m x 1.98 m 

0.02079 61.35 66.07 70.79 

0.01000 75.51 80.23 84.95 
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Figure 33 - Airflows vs friction coefficient with variation of the raise size 

In December, 2008 FAR # 5 was commissioned and the volume of air flowing through based on 

the ventilation surveys was between 82.6 and 87.3 m3/s. The power consumption measured was 

100 KWatts. 

The pressure surveys conducted at FAR # 5, combined with the data from the electrical panels 

feeding the fans, confirmed that the above mentioned airflows were accurate. 

Based on the measurements performed, the final parameters for FAR # 5 are: 

- length – 140 m 

- size – 2.0 m x 2.0 m 

- friction factor - 0.01000 Kg/m3 

- resistance - 0.15125 N • s2/m8 

The fan curves for Joy Series 2000 fans at 1.37 m diameter (54 – 26 – 1770) are presented in the 

Figure 9 and Figure 10. 
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As can be seen in Figure 34, the author issued a ventilation directive that represented the long 

term ventilation planning. This ventilation directive describes the expected changes in the 

ventilation system with the addition of FAR # 5 in 2008.  

 

Figure 34 - Ventilation directive to start-up FAR # 5 fans 

The follow-up of this ventilation directive was a ventilation survey and the results are presented 

in Figure 35.
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Figure 35 - Ventilation survey enclosed in the completion report of the ventilation directive  
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The reconciliation of airflows based on the ventilation model and field measurements can be seen 

in Table 41. 

Table 41 – Modelled vs actual airflows reconciliation for FAR # 5 

Main control/access points 

Location Model Airflows m3/s Actual Airflows m3/s 

R2 47.2 43.9 

R14 7.1 8 

125 - 1 75.5 67.5 

FAR # 5 70.8 84.9 

240 L 141.6 144.1 

 

Table 41 indicates that actual airflows in the main access points (drifts feeding main development 

and production areas) very closely match the modelled airflows. 

However, one exception is the airflow in FAR # 5 that is 20 % higher due to the conservative 

approach of the raise coefficient factor. 

7.3 FAR # 3 Blade Setting Adjustment – Improvement and Challenge 

Another opportunity that the author analysed was based on the potential increase in airflow 

volumes in the mine that may arise if any of the fresh air raises installations were upgraded. After 

measurements and calculations, the only fresh air installation that had potential was FAR # 3 (due 

to the low resistance of the raise).  
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The initial recommendation from a third party assessment (De Souza – 2005) was to upgrade the 

fan installations from 2.13 m diameter, 186.4 KW (84 – 36 – 1180) fans to larger 2.84 m diameter 

fans powered by 410.1 KW electrical motors (112 – AMF - 6100 (550hp)). The draw-back of this 

option was the requirement to upgrade the heating plant to fit new airflows that would enter the 

mine. Overall, the economical assessment has been proven to be prohibitive due to the above 

mentioned reasons and because of the production losses that would occur during the installation 

and commissioning of the raise. 

Another option was to upgrade the electrical motors from 186.4 KW to 298.3 KW. After 

consultations with the manufacturer, this option proved to be technically unattractive because of 

the challenge to fit bigger motors in smaller frames. The new motor would fit the bulkhead in the 

existing fans but custom fitting would be needed for the conduit boxes and back end steadies. The 

work to build the fans would require a tight fit to the assembly and the manufacturer would have 

needed the actual fans re-shipped to their location. 

The last option that the author analyzed was to modify the configuration of existing fans from 16 

blades to only 8. This would have had as a result an increase of airflow per fan of between 18.8 

and 28.3 m3/s. Even with the gain in airflow entering the mine, the complete solution would 

require an upgrade to the heating plant for the fans.  

The change from 16 to 8 blades, called “half blade configuration”, is based on the fact that the 

reduction in the static pressure and power is approximately proportional to the square root of the 

blade ratio when the capacity, speed, diameter and the blade angle are constant. 

The best approximation, based on the analysis of the available published performance for multi-

wing curves, is obtained from the following formulas: 

Qc = Qo            (52) 
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SPc = SPo • [(1.1 • Zc – 0.1 • Zo) / (1.2 • Zo – 0.2 • Zc)]
0.5 • 0.9        (53) 

where: 

Qo – airflow volume at the original number of blades, m3/s 

Qc – airflow volume at the reduced number of blades, m3/s 

SPo – static pressure at the original number of blades, Pa 

SPc – static pressure at the reduced number of blades, Pa 

Zo – original number of blades 

Zc – reduced number of blades 

The factor 0.9 at the end of formula (53) indicates the fact that the static pressure has the 

tendency to overestimate the value by 10%. 

Figure 36 represents the expected airflow – pressure curves for 16 and 8 blades for fans of FAR # 

3. 
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Figure 36 - 16 vs 8 blades (pressure vs airflow) fans 

Figure 36 was created based on Tables 42 and 43. Table 42 describes the operating point and 

efficiency for fans with 16 blades, while Table 43 shows the expected operating points for the 

same fans with only 8 blades. The blade setting for these fans was 23 degrees (the maximum 

allowed by the system is 27 degrees). 

Table 42 - Operating parameters for fan with 16 blades 

Point SPo(Pa) Qo(m
3/s) Efco(%) Point SPo(Pa) Qo(m

3/s) Efco(%) 

1 780 141.6 65 6 1494.6 119.9 81.75 

2 896.8 138.7 70 7 1619.2 114.2 81 

3 1058.6 134 75 8 1681.4 110.4 80.5 

4 1245.5 130.3 80 9 1830.9 103.8 79 

5 1395 125.5 81.25 10 1992.8 93.4 73 
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Table 43 - Operating parameters for fan with 8 blades 

Point SPc(Pa) Qc(m3/s) Efcc(%) Point SPc(Pa) Qc(m3/s) Efcc(%) 

1 449 141.6 65 6 860.4 119.9 81.75 

2 516.2 138.7 70 7 932.1 114.2 81 

3 609.4 134 75 8 967.9 110.4 80.5 

4 717 130.3 80 9 1053.9 103.8 79 

5 803 125.5 81.25 10 1147.1 93.4 73 

 

The mine has not proceeded with this option due to economical reasons that do not justify the 

upgrade of the heating plant to increase the volume of air. 

7.4 EAR # 5 – Improvement 

The existing ventilation system at the Eagle Point Mine was designed to have exhaust air raises at 

the far end of the ore bodies. Over time, mine exploration discovered ore far past these locations. 

In the ventilation schematic of the mine, it can be seen that both sides (North and South) of the 

mine have production activities past EAR # 1 and EAR # 2. With new ore bodies discovered on 

the North side, EAR # 1 fans and raise were not able to exhaust the required airflows and so the 

mine has studied the opportunity to construct another exhaust raise (EAR # 5).   

Fans on EAR # 1 operate at maximum capacity and cannot be upgraded to a larger size. On the 

other hand, the raise size is another “bottle-neck” in the system as the velocity of air through the 

raise is 22 m/s. In practice, the maximum optimal velocity is considered to be 20 m/s. An increase 
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in the velocity of air in the raise by increasing the size of the fans would be very inefficient as it 

would come with very expensive power consumption. 

The design of the new exhaust air raise had to consider the potential for future production from 

the North side of the mine and the aerodynamic parameters. It is well known that with the 

expansion of the mine over time, the pressure at the fans increases while airflows decrease. This 

occurs because the air gets saturated as it travels through the mine. This air is now carried through 

the raise and, as it travels up raise, the barometric pressure and the temperature of the air 

decrease. The cooling effect causes water vapour to condense forming small droplets of water. 

The size of these droplets gets larger as air travels closer to surface. When the velocity of air 

approaches 8 m/s (for water droplets of 3.0 mm size), these droplets have the tendency to stay 

suspended in the air which reduces the size of the raise. The final effect is a dramatic increase in 

the resistance in the raise. The thermodynamic effect created in the raise is very unstable and 

produces fluctuations in the resistance of the raise that, in the end, cause fan failure. Failure of the 

fans will be in the form of broken blades as the variable resistance in the raise is equivalent to 

uncontrolled loading and unloading of the blades. 

7.4.1 EAR # 5 Calculations 

After ventilation simulations the author proposed to Eagle Point Mine management the final raise 

diameter value of 4.3m. At the same time the author did the calculations for the most efficient fan 

installation structure comprising elbow, fans, split, transition cone, evasee and dumpers. The 

installation is described in the following section. It is to be noted that for this complex exercise 

the author had intense discussions with fan manufacturers and the consensus was that the 

calculations and the model give the best fit for the ventilation parameters in this case. 
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The first step is to complete the raisebore and then an elbow 4.3m in diameter will need to be 

installed. The next part of the installation will be two transition sections attached at one side of 

the elbow, and attached at the other side to 8400 VAX 3150 fans, and branched off at 15 degrees 

from one another. From the fans the installation would continue with evasees and louvers. 

The schematic is presented in Figure 37. 

 

Figure 37 - EAR # 5 Schematic representation of the installation 

From the ventilation model, the parameters at the collar of the raise are the following: 

Point A 

QA = 176.5 m3/s 

SPA = - 2,031 Pa (fans exhausting) 

AA = π • (4.27/2)2 = 14.32 m2 

vA = QB/ AA     m/s        (54) 

vA = 12.32 m/s 

VPA = 0.6007 • (vA)2    Pa        (55) 

VPA = 91.17 Pa   
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TPA = SPA + VPA    Pa        (56) 

TPA = - 1,939.83 Pa 

Point B 

VPA = VPB     Pa        (57) 

VPB = 91.17 Pa 

AA = AB     m2        (58) 

AB = 14.32 m2 

vB = QB/ AB     m/s        (59) 

vB = 12.32 m/s (air velocity does not changes from A to B) 

Shock loss in the elbow: 

HX elbow = X • VPB 

Based on Jorgensen (1999) and De Souza (2009) the following parameters can be calculated: 

r = R/D              (60) 

r = 1 

a = W/D             (61) 

a = 1 

X = [0.25 / (r2 • √a)] • (i/90)2           (62) 

for i = 90º will have, 

X = 0.25 

From tables, X = 0.22, which was the value used in calculations: 

SPB = TPB – VPB    Pa        (63) 

SPB = - 1,868.72 Pa 

HX elbow = 0.22 • 91.17 Pa 
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HX elbow = 20.06 Pa 

Due to the shock loss from A to B in the elbow, the total pressure at B will increase by the shock 

loss between A and B. 

TPB = TPB + HX elbow    Pa        (64) 

TPB = - 1,959.89 Pa 

Point C – values for one fan only 

AC = π • (2.13/2)2    m2 

AC = 3.56 m2 

vC = Qfan/ AC     m/s        (65) 

Qfan = 88.25 m3/s (only half of the volume at point B) 

vC = 24.78 m/s 

VPC = 0.6007 • (vC)2    Pa        (66) 

VPC = 368.86 Pa 

From point B the air passes through a cone, therefore the shock loss will be: 

HX taper = X1 • ∆HV    Pa        (67) 

From discussions with the fan manufacturer, the transition section at point B will have the shape 

of on ellipsoid while, at point C will be a regular circle. The ellipsoid dimensions will be: 

W1 = 4.27m – ellipsoid long axis 

W2 = 4.27m – ellipsoid short axis 

A ellipsoid B = 7.05 m2 

In order to convert the ellipsoid area to a regular circle area we can consider: 

A ellipsoid B = A eq circle    m2        (68) 

and with this we will have, 
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A eq circle = 7.05 = π • (R eq circle)
2   m2        (69) 

The equivalent radius at point B for the cone will be, 

R eq circle = 1.5 m 

At point C the radius will be RC, with the value coming from the fan diameter (Dfan = 2.13 m). 

RC = 1.065 m 

The length of the cone was considered Lcone = 7.32 m.  

The shock loss due to the cone can be determined by: 

R eq circle – RC = 0.435 m 

θ = arctg [(R eq circle – RC) /L cone]   degrees        (70) 

θ = 3.4º 

With the taper angle less than 5 degrees, the shock loss becomes, 

X cone = 0.05 

At the cone in the point B, the velocity will be, 

V B cone = Q fan/ A eq circle    m/s        (71) 

V B cone = 11.76 m/s 

The velocity pressure VP B cone will be: 

VP B cone = 0.6007 • v B cone   Pa        (72) 

VP B cone = 83.07 Pa 

From velocity pressures at point B and C it can be seen that there is an increase in pressure ∆H. 

∆HBC = 285.79 Pa 

The contraction loss in the cone from B to C will be, 

H contraction loss BC = 0.05 • ∆HBC   Pa        (73) 

H contraction loss BC = 14.29 Pa 
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From point B to C, the gradual contraction loss can be calculated by the formula: 

H gradual contraction BC = ∆H + H contraction loss BC Pa        (74) 

H gradual contraction BC = 300.08 Pa 

SPC = SPB + H gradual contraction BC   Pa        (75) 

SPC = - (1,868.7 + 300.08) Pa 

SPC = - 2,168.8 Pa 

With the above calculated pressures, the total pressure at point C can be determined by, 

TPC = SPC + VPC    Pa        (76) 

TPC = - 1,799.94 Pa 

Point E 

At the end of the evasee (point E), the static pressure will become zero. 

The diameter of the evasee on the exhaust side was chosen to be, 

D evasee = 2.69 m 

and the area at point E will become 

AE = 5.68 m2 

The velocity of the air at point E can be calculated by, 

v E = Q fan/AE      m/s        (77) 

vE = 15.53 m/s 

Velocity pressure at point E will become, 

VPE = 0.6007 • (VE)
2    Pa        (78) 

VPE = 144.88 Pa 

TPE = VPE = 144.88 Pa 

Point D 
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Area at the point D is, 

AD = π • (DD/2)²     m        (79) 

AD = 3.56 m² 

VD = Q fan/AD     m/s        (80) 

VD = 24.79 m/s 

VPD = 0.6007 • (VD)²    Pa        (81) 

VPD = 369.15 Pa 

AE/AD = 5.68/3.56 

AE/AD = 1.6 

L evasee /RD = 7.32/1.065 where the L evasee was suggested by the manufacturer. 

L evasee/RD = 6.87 

From AE/AD and L evasee /RD and from the tables η = 80. 

With this, the evasee pressure regain can be calculated by, 

P evasee regain = η • (VPD – VPE)   Pa        (82) 

P evasee regain = 183.90 Pa 

The evasee pressure loss can be determined and its value will be, 

P evasee loss = (1 – η) • (VPD – VPE)  Pa        (83) 

P evasee loss = 40.37 Pa 

The velocity pressure including losses in the evasee will be determined by, 

VP evasee = VPD – P evasee regain   Pa        (84) 

VP evasee = 185.25 Pa 

and also by, 

VP evasee = VPE + P evasee loss   Pa        (85) 
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VP evasee = 185.25 Pa 

With the pressures calculated on the inlet and outlet sides, the total and the static pressures can be 

calculated. Therefore, 

TP fan = 185.25 – (-1,799.94)    Pa 

TP fan = 1,985.19 Pa 

and the static pressure, 

SP fan = 1,985.19 – 369.15    Pa 

SP fan = 1.616,04 Pa 

The initial rated fan pressure was, 

TP rated fan = TPE – TPC    Pa        (86) 

TP rated fan = 144.88 – (-1,799.94)   Pa 

TP rated fan = 1,944.92 Pa 

The difference between the TP rated fan and TP fan is - 40.37 Pa. 

The Engineering Department at Eagle Point has conducted field measurements at the location of 

EAR # 5 (surface and underground) to estimate the direction and volume of airflows within the 

raise before the breakthrough to surface. The data is presented in Table 44. 

Table 44 – EAR # 5 measurements before breakthrough 

Station # PB traverse, kPa t dry, ºC Elevation, m PB control, kPa 

Surface 97.083 -3.83 359.3 96.932 

232L Ex 99.765 13.1 144.3 96.855 
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The parameters presented in Table 44 represent: 

- PB traverse – pressure at the traverse barometer, kPa 

- PB control – pressure at the control barometer, kPa 

- t dry – dry bulb temperature, ºC 

- elevation – station elevation, m 

Densities, w, at each station can be calculated based on the values from Table 43.  

w = PB trav / [0.287 • (273.15 + t dry)]  kg/m3        (87) 

w surface = 1.256 kg/m3 

w 232L Ex = 1.214 kg/m3 

and the mean density w mean = 1.235 kg/m3. 

The assumptions made for the raise are: 

- raise friction factor = 0.005 N • s2/m4 

- intake and exit losses are 60% of the velocity pressures 

- barometric pressures and air densities stay the same in the raise even after breakthrough 

for a limited short time 

From the measured data the theoretical pressure at 232L Ex will be: 

 P 232L Ex = w mean • g • ∆ h  Pa        (88) 

where: 

P 232L Ex – theoretical pressure at 232L Ex, Pa 

w mean – mean density between the measuring stations, kg/m3 

g – acceleration of gravity, m/s2 

∆ h – difference in elevation between the stations, m 
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P 232L Ex = 2.605,2 Pa 

It should be noted that not all the measurements could be taken at the same time. This translates 

to variations in barometric pressures in the measurements. Here the control barometer will prove 

to be very important. The corrected barometric pressure on surface station will be: 

 PB trav surf correct = PB trav surf + ∆PB control • (PB trav surf / PB control surf)       (89) 

∆PB control = PB control surf - PB control 232L Ex          (90) 

where the unit for pressures is kPa. 

PB trav surface corrected = 97.160 kPa 

and the actual pressure difference is, 

∆P = P trav 232L Ex - PB trav surf corrected  Pa         (91) 

∆P = 2.604,9 Pa 

The total static pressure loss in the raise can be calculated as: 

P loss = P 232L Ex – ∆P    Pa        (92) 

P loss = 0.3 Pa 

Total static pressure loss in the raise is the summation of friction loss, entrance loss and exit loss 

pressures. The relationship of total static pressure loss is: 

P loss = [K • P • L • v2 / A] + 2 • 0.6 • Hv  Pa       (93) 

where: 

K – friction coefficient, N • s2/m4 

P – perimeter, m 

L – raise length, m 

v – airflow velocity in the raise, m/s 

A – section area of the raise, m2 
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Hv – velocity pressure, Pa 

Hv = 0.6007 • v2     Pa       (94) 

Replacing Hv in equation 94, the value for velocity v in the raise can be calculated. 

0.3 = 1.7481 • v2 

v = 0.43 m/s 

Eagle Point Mine has decided to build EAR # 5 to be 4.26 m in diameter. 

With expected velocity in the raise at the breakthrough time of 0.43 m/s, the total airflow volume 

flowing in the raise will be: 

Q = π • R2 • v     m³/s       (95) 

Q = 6.09 m3/s 

The direction of airflow in the raise can be determined by comparing the calculated pressure with 

the measured pressure at 232L Ex. 

The pressure calculated at the bottom of the raise is, 

P232L Ex calculated = P trav surface + P 232L Ex  Pa       (96) 

P232L Ex calculated = 99.688 kPa 

The pressure measured at the bottom of the raise is presented in Table 44 and has the value of: 

PB traverse 232L Ex = 99.765 kPa 

The measured pressure is higher than the calculated pressure and therefore the expectation is that 

the airflow in the raise will slightly upcast.  

This result is very close to the ventilation simulation completed by the Engineering Department, 

which shows that the airflow in EAR # 5 will upcast at a rate of 9.9 m3/s.  
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7.5 Winter – Summer (Summer – Winter) Ventilation – Flexibility 

Eagle Point Mine’s ventilation system had the flexibility to use the excess capacity in the exhaust 

air raise to control airflow direction in the portal. The mine used this flexibility to increase the 

amount of fresh air entering the mine in summer. With very cold temperatures in winter, the mine 

had to reduce the blade setting on EAR # 2 to allow airflow to exit the portal. By doing so, the 

main water infrastructure and main haulage ways were kept from freezing. The difference 

between total airflows in the mine during summer and winter was approximately 70 to 80 m3/s. 

The airflow limitation in winter did not allow for development and production in some zones on 

the South part of the mine (144 South and 163 Zone). Therefore the schedule was carried out so 

that planned production would come from the North side. 

Using the ventilation model the author completed simulations for multiple seasonal changes and 

the accuracy in the results has reduced the downtime to only 4 to 5 hours every time. As these 

changes were perfected during the mining crew shift change the production impact was minimal. 

Currently the reduction of airflow in the portal from 75 m3/s to 40.2 m3/s and the commissioning 

of FAR # 5 do not require these changes from season to season anymore. This allows for more 

flexible production planning and scheduling. 

The planning required for a change from summer to winter condition is presented in the 

ventilation directive in Appendix C. 

The ventilation directive from Appendix C represents a medium range ventilation plan and 

addresses the steps that need to be taken to accommodate the ventilation change. To have a 

minimum impact on production, the date of execution was chosen to be during a mining crew 

change period. During the same period, maintenance was schedule for the main surface raises (ice 

clean up, greasing bearings etc). 
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The first step was related to the work that had to be completed underground. There were multiple 

regulators and brattices that needed to be closed. After the mine was evacuated, the second part of 

the ventilation directive could continue. This included the blade setting adjustment from 22 

degrees to 10 degrees on both EAR # 2 fans. During the work on the exhaust fans, the airflow 

would still be upcasting through the raise and there was potential for radiation exposure on 

surface. To accommodate this, one fresh air fan on FAR # 3 was shut down to allow air 

exhausting through EAR # 2 to be handled by only one fan at the new blade setting.  

In order to issue a ventilation directive the author had to simulate multiple scenarios to 

understand the behaviour of the ventilation system based on the ventilation management 

procedure in place. As can be seen from the above description, the lack of understanding that one 

exhaust fan adjusted at a low blade setting would not be able to pull the total amount of air 

coming through the raise could have resulted in a radiation exposure. 

The last part of the process involved mine re-entry. The last part of the ventilation directive 

indicates the expected airflows based on the ventilation model. 

Table 45 indicates the reconciliation between the modelled airflows and the actual airflows 

(based on the ventilation survey). 
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Table 45 – Airflows reconciliation for seasonal ventilation change (summer to winter) 

Airway name Actual Airflow m 3/s 
Modelled Airflow 

m3/s 

R2 41.8 40.1 

90 - 3 44.4 23.6 

120 - 3 28.7 23.6 

240 - 3 144.7 141.6 

270 - 322 43.7 35.4 

90 - 280Ls Ramps minimum 16.8 16.9 

Ramps below 280L minimum 10.4 7.3 

 

The above table shows that actual airflows were higher than modelled airflows, with the 

exception of the ramp below 280L. 
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Chapter 8 

Ventilation Management and Operation Practices 

The Rabbit Lake Mine has a very well defined ventilation management program in place. This 

plan is composed of: 

- Ventilation Management Procedure 

- Radiation Code of Practice 

- Ventilation Directives 

8.1 Ventilation Management Procedure 

The Ventilation Management Procedure is a very complex document that applies to the Eagle 

Point Mine ventilation system. Its purpose is to ensure that the quality and quantity of airflow in 

the mine meet minimum regulatory requirements based on the ALARA (As Low As Reasonable 

Achievable) principle and on generally accepted industry practices. This procedure also includes 

administrative controls and levels of responsibility within the organization. 

The general schematic of the Ventilation Management Procedure is presented in Figure 38. 

This procedure states that any work that is done at the Eagle Point Mine has to be done only after 

air quality was checked. This means that the radiation levels due to radon gas and radon progeny 

are within limits specified by the Radiation Code of Practice for each specific time, and that the 

other contaminants, diesel fumes and blasting fumes, are within TLV. In practice, the radiation 

department does check the quality of the air at each working area before any work begins and 
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also investigates any report communicated through radio or other mechanisms related to a 

(change in the colour of the prism) – expand and explain. 

Once the results are positive for work the worker can access the working area. At this stage the 

airflow volumes at that particular workplace are deemed to be good. 

Ventilation has an effect only for radon gas and radon progeny. Gamma radiation that emanates 

from ore cannot be reduced by means of ventilation. The only way to reduce gamma radiation is 

by shielding and distance (obviously related to time) that translates for uranium mines into 

shotcreting or/and keeping a safe distance from radioactive sources. 

When one of the measurements done by the radiation department comes in too high (0.1 WL) the 

first step is to analyse the ventilation system existing in place. This requires ventilation design 

analysis, filed inspection and measurements to determine if the system operates the way in which 

it was designed. If the contamination levels are due to ventilation errors an action plan is issued. 

This action plan is a ventilation directive and represents a short term ventilation plan with 

instructions needed to correct the problem. 

When the ventilation directive is complete there is another follow up done by the radiation 

department and by the ventilation department to determine if the upset condition has been solved. 

The results from investigations done after a ventilation directive is complete are part of the 

completion report (in the ventilation directive). 

 The process described above is done for any working place in the mine regardless of whether it is 

an old or new area. 
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Figure 38 - Ventilation management schematic 

8.2 Radiation Code of Practice (mine only) 

The Radiation Code of Practice describes actions that the Eagle Point Mine must take as a result 

of monitoring or radiation exposure. The main goal is to keep the effective dose for each worker 

below levels defined by ALARA, while considering social and economic implications. The code 

is divided into three sections: 

- Action Levels 

- Administrative Response Levels 

- Notes. 

The effective dose is an indicator in analyzing radiation data. This effective dose is incorporated 

in the Action Levels of the Radiation Code of Practice as a reference value. If the reference value 

specified is reached, the Radiation Code of Practice requires that certain actions be performed. 
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The Administrative Response Levels are ranges of radiation exposures under normal operating 

levels. They are used for normal routine sampling. The components of the Administrative 

Response Levels for the Eagle Point Mine are: 

- Radon Progeny 

- Gamma Radiation 

- Direct Reading Dosimeters 

- Long – Lived Radioactive Dust 

- Uranium in Urine 

- Radon Gas 

Each of these components has values that will trigger a certain reaction within the Administrative 

Level section.  

8.3 Ventilation Directives 

Ventilation Directives are documents that are issued to address any change in the auxiliary or the 

main ventilation system (new auxiliary fan installation, building of a new bulkhead, ventilation 

for stope sequence, maintenance and repair on the main fans, etc). They are considered part of 

short and medium term ventilation planning. A very important part of the ventilation directive is 

the completion report, which includes comments describing results following the work and is 

looked at as a quality control document. An example of a ventilation directive is presented in 

Appendix C. 
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Chapter 9 

Conclusions and Recommendations 

The main goal in this thesis is to outline the importance of conducting long and medium term 

ventilation planning exercises and to introduce a methodology for reconciling ventilation and 

production planning. 

In the research the author has investigated methods that can contribute to the improvement of a 

ventilation system and the practical applicability of such ideas. These methods range from 

adjusting main fan installations (blade settings, increase in electrical power in electrical motors, 

half-blade systems) and retrofitting old raises (with underground fan installations and surface 

heater installations) to recognizing the limits of an existing ventilation system capacity 

(recommending a new complete raise and fan installation). 

9.1 Achievements and Contributions 

The economical and practical implications of such ideas have had a big influence on mine 

production. 

9.1.1 Operational Achievements 

The reduction of the airflow volumes in the portal have allowed zones from the upper part of the 

mine to stay in production. 

 The conversion of an old backfill raise into a fresh airway has created an opportunity to develop 

a new mining zone in the South part of the mine that will have a dramatic impact in production in 

the next years. 
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The construction of a new exhaust air raise on the North side of the mine will allow the mine 

ventilation system to extend over much longer distances underneath the lake. 

9.1.2 Engineering Achievements 

The operational achievements mentioned were based on ventilation planning exercises. The main 

tool in conducting such exercises was the ventilation model of the mine that was built and 

extensively used by the author of this thesis. At the present time the use of this model has been 

extended to short term planning for long hole stope ventilation use and break-throughs into other 

drifts and raises. 

9.2 Limitations 

One major limitation in the applicability of ventilation software to uranium mine ventilation 

planning is the limited integration of radon gas and radon progeny in such software. There are a 

few trials and very simple integrations that try to simulate contaminant behaviour, but with 

limited results.  

The most efficient results in any modeling exercise are achieved if the data involved is measured 

in real time. Real time monitoring systems can reduce the reaction time to upset conditions that 

can be translated into a much safer work environment and higher production. Uranium mines in 

particular are very sensitive to this reaction time as integration of radon gas and radon progeny 

effects take time to be processed. Given that there are many physical devices that can fail and that 

software modeling can deviate from actual real conditions, engineering judgment must be a factor 

in the final decisions.  

A factor of safety of 1.6 was used for the airflow requirements for drifts and production to ensure 

that some of these limitations are accounted for. 
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9.3 Future Work 

9.3.1 Radiation Criteria 

The theoretical mechanism of radon gas and radon progeny decay has been known for a long time 

(Royal Commission on the Health and Safety of Workers in Mines (the Ham Report) 1976). The 

practical implementation of such element decay models in underground mines requires further 

work due to the complexity of factors involved. There is no rule of thumb generally accepted in 

the mining industry that relates volumes of air to radiation contamination reduction. This is the 

reason behind the acceptance of the diesel emission criteria in ventilation design in uranium 

mines. It is interesting to mention that the values used by the author for diesel emission mitigation 

(18.8 m3/s for development zones and 37.6 m3/s for stopes) give very good results in the field. 

These values manage to keep radiation levels below level 1 in the Administrative Levels of the 

Radiation Code of Practice for Radon Progeny, Direct Reading Dosimeters, Long-Lived 

Radioactive Dust and Radon Gas. Future work is required to establish such a connection between 

radiation contamination levels and the amount of ventilation required to maintain regulated levels 

of exposure. 

9.3.2 Effect of Blasting 

Underground mines use ventilation stoppings, such as bulkheads, regulators, brattices, etc., to 

redirect airflows. During stope blasting such stoppings can be damaged, resulting in potential 

radiation exposure in uranium mines. The author of this thesis has tried to use ventilation 

software to simulate the path that airblast waves may take after a blast based on pressure 

distribution analysis. With increased availability and implementation of Ventilation Management 

programs, the proper construction of these stoppings becomes very important and the 
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understanding of the zones and areas affected by the blast may help establish better understanding 

of re-entry times for workers. 
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Appendix A 

Eagle Point Mine – Diesel Fleet and Airflows Requirements 

Equipment 
Number Model Maker Description 

Break 
Power 
KW 

Airflow 
Requirements 
m³/s 

Trucks 

52 MT - 444 Atlas Copco Haul Truck 354.2 16.8 

64 MT - 444 Atlas Copco Haul Truck 354.2 16.8 

74 MT - 431 B Atlas Copco Haul Truck 242.5 10.4 

75 MT - 444 Atlas Copco Haul Truck 354.2 16.8 

79 MT - 444 Atlas Copco Haul Truck 354.2 16.8 

Scoops 

28   Wagner 
3.1 m³ 
scooptram 167.8 6.5 

30   EMCO 
1.5 m³ 
scooptram 58.2 3.7 

38 ST - 700 Atlas Copco 
2.7 m³ 
scooptram 134.2 6.4 

53 ST - 710 Atlas Copco 
2.7 m³ 
scooptram 156.6 6.4 

70 ST - 7.5 Z Atlas Copco 
5.4 m³ 
scooptram 242.4 10.4 

77 ST - 7.5 Z Atlas Copco 
5.4 m³ 
scooptram 242.4 10.4 

82 ST - 7.5 Z Atlas Copco 
5.4 m³ 
scooptram 242.4 10.4 

85 ST - 7.5 Z Atlas Copco 
5.4 m³ 
scooptram 242.4 10.4 

89 ST - 7.5 Z   
5.4 m³ 
scooptram 242.4 10.4 
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Eagle Point Mine – Diesel Fleet and Airflows Requirements (continued) 

Equipment 
Number Model Maker Description 

Break 
Power 
KW 

Airflow 
Requirements 
m³/s 

Drills 

43 252 
Atlas 
Copco 2 - boom jumbo drill 55.9 3.5 

49 104 
Atlas 
Copco 1 - boom jumbo drill 41.8 2.6 

76 322 
Atlas 
Copco 2 - boom jumbo drill 59.7 3.8 

Miscellaneous / Toyota trucks 

83     Cement truck 111.9 7.1 

32   HIAB Crane truck 107.4 6.8 

33     Cement truck 107.4 6.8 

51 140G CAT Grader 111.9 7.1 

40   Maclean Bolter 62.6 4 

22   Toyota Radiation 95.5 6.1 

25   Toyota Radiation 95.5 6.1 

50   Toyota Mine Department 96.9 6.2 

71   Oldenburg Mancarrier 80.5 5.1 

72   Oldenburg Mancarrier 80.5 5.1 

73   Oldenburg Lube truck 99.9 5.1 

78   Toyota Geology/Engineering 99.9 6.3 

91   Toyota Scissorlift - Surveyors 99.9 6.3 

92   Toyota GF 99.9 6.3 

93   Toyota Mine Department 99.9 6.3 

94   Toyota Mine Department 99.9 6.3 

95   Toyota Mine Department 99.9 6.3 

96   Toyota Shifter 99.9 6.3 

97   Toyota U/G Electrician 99.9 6.3 
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Eagle Point Mine – Diesel Fleet and Airflows Requirements (continued) 
 

Equipment 
Number Model Maker Description 

Break 
Power 
KW 

Airflow 
Requirements 
m³/s 

Scissor Lifts 

953115   DUX Scissor deck 59.7 3.8 

954510   Marcotte Scissor deck 46.2 2.9 

955415   Miller Scissor deck 59.7 3.8 

956515   Little/Red Scissor deck 59.7 3.8 

954715   Deutz Scissor deck 87.8 5.4 

Shotcrete 

57 JTD 415   Shotcrete truck 111.9 7.1 

59 JTD 415   Shotcrete truck 111.9 7.1 

36   Kubota Shotcrete jumbo 32 2 

37   Kubota Shotcrete jumbo 32 2 

46   Kubota Shotcrete jumbo 32 2 

60   Marcotte Shotcrete truck 111.9 7.1 
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Appendix B 

Diesel specifications for Underground Mines 

Premium mine Diesel specification 

  
CGSB/Mine 
Specs Typical 

Flash point, ºC 52.0 (min) 60.6 (guaranteed > 52) 

Kinematic viscosity @ 40ºC 
1.3 (min) - 1.6 
(max) 1.95 

API gravity @ 15.6ºC NS 35.6 
Specific gravity NS 0.847 

Distilation, 90% recovered, ºC 290 (max) 278 
**Water & sediment, % by volume 0.05 (max) < 0.05 

**Acid number, mg KOH/G 0.01 (max) < 0.01 

Suphur, ppm 500 ppm (max) 
< 10 ppm (guaranteed < 15 
ppm) 

Copper strip corrosion, 3h @ 50ºC No 1 (max) 1 (a) 

  
CGSB/Mine 
Specs Typical 

**Carbon residue on 10%, bottoms by 
mass     
a) ASTM D4530 0.10 (max) < 0.10 

b) ASTM D524 0.15 (max) < 0.15 

**Lubricity     
Scuffing load BOCLE (g) 2,800 (min) > 3,100 

HFRR (mm) 460 (max) < 460 
**Ash, % by mass 0.010 (max) < 0.10 

Ignition quality, cetane # 40.0 (min) 46.8 (guaranteed ≥ 46) 
Electrical conductivity, pS/m 25.0 (min) > 25.0 
Cloud point, ºc NS -41 

Pour point, ºc NS -49 
BTU content (BTU/L) NS 36,700 
Superior Cummins L - 10 
performance NS Yes 
Aromatics 35% (max) < 30% 

"NS" indicates there is currently no CGSB/Mine specifications 

** indicates testing completed on a random or request basis,   November, 2007 
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Appendix C 

Ventilation Directive for Ventilation Change (Summer to Winter) 
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Ventilation Directive for Ventilation Change (Summer to Winter) – 
continued 
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Ventilation Directive for Ventilation Change (Summer to Winter) – 
continued 
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Ventilation Directive for Ventilation Change (Summer to Winter) – 
continued

 



 

 

158 

 

Ventilation Directive for Ventilation Change (Summer to Winter) – 
continued 
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Appendix D 

Approved Diesel Engines 

This is the list of CANMET-MMSL approved diesel engines for use in underground mines 
and confined locations such as tunnels. 

• Caterpillar; 3176C 

• Caterpillar; 3176C (Composite Drawing # 2511077) 

• Caterpillar; 3406E (flash file # 1889073) 

• Caterpillar; 3406E (for Use in Mining Truck Model AD30) 

• Caterpillar; 3406E (for Use in LHD Model R2900G) 

• Caterpillar; 3176C ATAAC - 310 HP 

• Caterpillar; 3126B (135H Motograder) 

• Caterpillar; 3126 HEUI - 175 HP 

• Caterpillar; 3126B HEUI - 225/275 HP 

• Caterpillar; 3126B MUI  

• Caterpillar; 3056E (Curve X2316) 

• Caterpillar; 3306 DITA (R1300G LHD), PN#1471399 

• Caterpillar; C6.6 

• Caterpillar; C7 (Excavator 325D), tier3 

• Caterpillar; C7 (Motor Grader 140M), tier3 

• Caterpillar; C7, tier3 

• Caterpillar; C11 (for use in LHD) 

• Caterpillar; C13 (Loader 972H), tier3 

• Caterpillar; C11 (R1700G LHD), PN#3197502, tier3 

• Caterpillar; C15 (for use in truck model AD30) 

• Caterpillar; C15 (for use in LHD Model R2900G) 

• Caterpillar; C15 (AD30), PN#3197503, tier3 

• Caterpillar; C18 (for use in truck AD45B) 

• Caterpillar; C27 (AD55B truck), PN#3307711, tier2 

• Cummins; Engine A1700  

• Cummins; Engine QSK19-C650  

• Cummins; Engine; M11-C 

• Cummins; Engine; 4BTA3.9C 

• Cummins; QSB C240 (FR91103) 
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Approved Diesel Engines - continued 
• Cummins; QSB 155C (FR91155) 

• Cummins; QSB 4.5 (FR91487) 

• Cummins; QSB 6.7-C193 (FR91598)  

• Cummins; QSC-215C (FR1067) 

• Cummins; QSK15, tier 3 

• Cummins; QSK19-C760 (FR4389), tier1 

• Cummins; QSL9 

• Cummins; QSM11-C290 (FR20043), tier3 

• Cummins; QSM11-C335 

• Detroit Diesel; 6063-GK32 

• Detroit Diesel 6063-WK32, 11.1L Series 60 

• Detroit Diesel; DDEC 6043-GK32, 8.5L Series 50 

• Detroit Diesel; 8063-7K32, 9.05L series 92 

• Detroit Diesel; DDEC 8V-2000TA, R0837K32 

• Detroit Diesel; N063DH32 (Series 40, 175 bhp rating) 

• Detroit Diesel; N063DH32 (Series 40, 190 bhp rating) 

• Detroit Diesel; N063DH32 (Series 40, 210 bhp rating) 

• Detroit Diesel; N063DH32 (Series 40, 230 bhp rating) 

• Detroit Diesel; D704LTE 

• Detroit Diesel; D706LTE 

• Detroit Diesel; S40E 7.6LTA (Series 40E, 175 bhp rating) 

• Detroit Diesel; S40E 7.6LTA (Series 40E, 190 bhp rating) 

• Detroit Diesel; S40E 7.6LTA (Series 40E, 210 bhp rating) 

• Detroit Diesel ; S40E 7.6LTA (Series 40E, 230 bhp rating) 

• Detroit Diesel; S40E 7.6LTA (Series 40E, 250 bhp rating) 

• Detroit Diesel; 6063HK32 (Series 60, 575 bhp rating) 

• MTU Detroit Diesel 9043 MU32 

• MTU Detroit Diesel 9063 MU32 

• MTU Detroit Diesel 9063 NU32 

• Deutz; BF6M1013CP 

• Deutz; BF4M1012C 

• Deutz: F4L912W 

• Deutz; BF6M1013CP (221 bhp continuous rating)  
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Approved Diesel Engines - continued 
• Deutz BF4M1013C (150 bhp) 

• Deutz; D914 L04 Code C3CI58X 

• Deutz; TD2011 L04i Code C3UI54.7  

• Deutz; TCD2013 L04 Code C3UI120 

• Deutz; TCD2013 L06 Code C3UI173 

• Fiat Powertrain Technologies; N45MSSX00.50, tier3 

• Fiat Powertrain Technologies; N67MNTX20.00, tier3 

• Iveco; N45 MSS 

• Isuzu 6BG1-MAP/DST M150 Package 

• Komatsu SAA6D114E (tier 3)  

• Kubota Corporation; D902-E2-UV (RTV900) tier 2 

• Kubota Corporation; D1503T 

• Kubota Corporation; D1703 

• Kubota Corporation; V2203 

• Kubota Corporation; V2403-M-T, Tier 4i with EGR 

• Kubota Corporation; F2803 

• Kubota Corporation; V3300TE (with and without balancer) 

• Kubota Corporation; V3300E-CM (with and without 
balancer) 

• Kubota Corporation; V3307-DI-T, tier 4i 

• Kubota Corporation; V3800-DI-T, tier 3 

• Massey Ferguson - Isuzu; 4JB1 

• Mitsubishi 3044C-T, 804C-T, S4S-DT 

• Mitsubishi S4S-DT 

• Mitsubishi 3.4-T/804D-T/S4S-DT (tier 3)  

• Perkins 1106D-E66TA/C6.6 (2558/2200) 

• Perkins 1106D-E66TA/C6.6 (3418/2200) 

• Perkins 404D-22/C2.2 (GN51/3000) 

The approval of the engines is in accordance with the appropriate CSA standards:  

• CAN/CSA-M424.2-M90 for non-gassy underground mines, 

or  

• CAN/CSA-M424.1-88 for coal and other gassy mines.  

 



 

 

162 

 

Approved Diesel Engines - continued 

Engine exhaust emissions are determined in the same manner for both standards, 
including the effect of any after-treatment devices on emissions. Engines intended for use 

in gassy coal mines are subject to additional requirements relating to explosion protection 

issues. The standards, as approved by the Standards Council of Canada, may be obtained 
from:  

The Canadian Standards Association (CSA) 
178 Rexdale Boulevard 

Toronto, Ontario  
M9W 1R3  

 
Tel: 1-416-747-4000  

Fax: 1-416-747-4149 
Web site: www.csa.ca 

For further information related to diesel emissions ssessments or engine approvals, 
please contact us.  

Fuel Sulphur Content:  

The attached tables indicate a variation in prescribed entilation for fuel sulphur content. 

Some fuel standards specify the aximum permissible sulphur concentration to be 0.5% by 

mass. However, many mines are using low sulphur fuel (%<0.05 by mass), to avoid the 
related health impacts of SO2 and ulphuric acid acting alone and synergistically with 

diesel particulate matter (DPM). Consequently, using the comprehensive Exhaust Quality 
Index (EQI) to determine the ventilation prescription as required in the CSA Standards 

results in lower ventilation requirements than for the maximum permissible value of 

0.5%. The lower ventilation rates may be used only with approval of the appropriate 
provincial / territorial mining jurisdiction.  

Fuel Injection Rate Setting for Altitude Variations: 

Air density varies with altitude. Thus, while the fuel rate remains constant, increasing the 

altitude correspondingly decreases the air weight flow and makes the fuel/air mixture 

more fuel-rich. This potentially increases the toxicity of the emissions, invalidating the 

assessed ventilation rate at sea level. To maintain the validity of the prescribed 
ventilation rate, the fuel rate must be reduced, or the ventilation rate increased. It is 
usually easier to reduce the maximum fuel rate. The relative air density factor is the 

same as the fuel rate reduction factor. Table 1 below illustrates the possible variations. 

The maximum allowable fuel rate or the prescribed ventilation rate should be adjusted in 
accordance with the table for varying altitude.  
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Variation of Ventilation 
Factor with Altitude 

Altitude  
Fuel Rate Factor 

feet  metres 

-6,000  -1,830  1.20  

-4,000  -1,220  1.13  

-2,000  -610  1.06  

sea level sea level 1.00  

+2,000  +610  0.94  

+4,000  +1,220  0.89  

 


