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A design criterion contains specific standards or systems required to complete a project. Some of the 
standards can also be described as constraints or minimum requirements to meet the acceptable 
ventilation engineering practice of legal requirements. That which is built will generally embody the best 
intentions of the design engineers to meet credible design guidelines.

This guideline sets forth current best ventilation engineering practice, and provides general guidance, 
with the intent that it is used by practicing ventilation and mining engineers, tasked with mine design to 
improve health and safety, by ensuring an occupational environment that meets the physical and mental 
health requirements of the worker. 

The guideline provides general mine ventilation planning guidance that should be applied with the 
appreciation that circumstances associated with specific mines and ventilation arrangements may vary 
widely, requiring mine specific information as noted in the text.

At the time of writing, the guideline meets all applicable legal requirements, however, one needs to ensure 
that it is consistent with the mandate of the Mines Health and Safety Act.  No 29 0f 1966 and all directives 
issued by the Department of Mineral Resources and Energy (DMRE).

The guideline is to be used as a tool to ensure that the correct exactitude has been exercised and that 
current novel ideas have been tested in the design to ensure the outcome is fit for purpose.

Executive  Summary
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% : Percentage
<  : Smaller than
>  : Larger than
≥ : Larger than or equal to
°C : Degrees Celsius
AUF : Air Utilisation Factor
BP : Barometric Pressure
Capex : Capital Expenditure
CO : Carbon Monoxide
CO2 : Carbon Dioxide
COP : Code of Practice
dB : Decibel
dB(A) : A-weighted decibels
dBLAeq,8h : Eight-hour equivalent of dB(A)
DMRE : Department of Minerals and Energy
DPM : Diesel Particulate Matter
EC : Elemental Carbon?
EU : European Union
f/mL : Fibres per millilitre
GPS : Global Positioning System
hr. : Hour
HV : High Voltage
Hz : Hertz
IoT : Internet of Things
km : Kilometre
km/h : Kilometre per hour
ktpm : Kilotonne per month
kW : Kilowatt
LHD : Load Haul Dump Truck
m : Metre
m/s : Metre per second
m3/s/kW : Cubic metre per second per kilowatt
m3/s/m2 : Cubic metre per second per square metre
mg/m3 : Milligram per cubic metre
MHSA : Mine Health and Safety Act
mm : Millimetre
mSv/annum : Millisievert per annum
NIHL : Noise-induced Hearing Loss
NO : Nitric Oxide
NO2 : Nitrogen Dioxide
NOx : Nitrogen Oxides
Ns2/m4 : Newton-second squared per metre to the power of 4
OEL : Occupational Exposure Limit
OEM : Original Equipment Manufacturer

Abbreviations
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OIS : Occupations Information System
Opex : Operational Expenditure
PNOC : Particulate not Otherwise Classified
ppm : Parts per million
RAW : Return Airway
RCD : Residual-Current Device
RF : Radio Frequency
ROI : Return on Investment
SABS : South African Bureau of Standards
SCADA : Supervisory control and data acquisition
SCSR : Self-contained Self-rescuer
SMS : Short Message Service
SO2 : Sulphur Dioxide
STEL : Short-term Exposure Limit
STS : Standard Shift Threshold
TC : Total Carbon
TOU : Time of Use
TRK : Tropomyosin Receptor Kinase
TWA : Time-weighted Average
ug/m3 : Microgram per cubic metre
UPS : Uninterrupted Power Supply
VOC : Volatile Organic Compound
VOD : Ventilation on Demand
VOIP : Voice over Internet Protocol
VPB : Variable Pitch Blades
VRT : Virgin Rock Temperature
VSD : Variable Speed Drive

Asset and Personnel Tracking:  The ability to track equipment/machinery and all personnel in real-
time.

Asset Management System:  This is all hardware (active/passive tags) required to manage the 
access and asset movement daily. The information is updated 
through the lamp room management system.

Cap Lamp Charging Racks:  BarNel manufactures its charging racks in various sizes and 
combinations as required by the client.

Cap Lamp Lux Test Tunnel:  This device is used to determine the light intensity of cap lamps is 
still meeting the required standard.

Cap Lamp:  The cap lamp can fit different devices into/inside the cap lamp. (I.e. 
noise temperature and gasses).

Distress Call:  The ability for all personnel to send a distress notification in real-
time to a centralized control room.

Early Warning/Messaging:  The ability to send a mine-wide or safety or evacuation message.

Gas Instruments:  BarNel has a fast range of fixed, portable, and multi-gas and 
warning devices, as the OEM the products can be tailor-made to suit 
the requirement of the client’s needs.

Heat Stress Monitor:  This is a small device that is clipped to the cap lamp cable to log and 
indicate heat stress conditions.
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Lamp Room Management System: This is a management software tool that controls and manages all the 
employees regarding different criteria.

Lamp Room Management:  This is the labour and equipment required to manage the lamp room 
daily (24/7).

Master Key Padlock:  The master key padlock is important when performing quarterly 
pressure testing of SCSR to reduce time looking for spare keys if 
available.

Pedestrian Detection System (PDS):  The ability to prevent pedestrian-to-vehicle accidents.

Re-entry Watch:  This device indicates when the centralized blasting was activated 
and when it is safe to re-enter.

Vehicle Detection System (VDS):  The ability to prevent vehicle-to-vehicle accidents.

Velocity Test Tunnel:  This device is used as a reference to determine if the Kestrel/Sky 
mate is operating at the required parameters.

Ventilation on Demand (VOD):  The ability to direct and control air in an underground mine, to the 
area that requires it, at the quantity needed for the local activities 
and ambient conditions at the time.

Voice Over Internet Protocol (VOIP):  The ability to deliver voice communications and multimedia sessions 
over Internet Protocol networks (Internet).
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SCOPE
The guideline covers a structured approach to ventilation 
engineering design and provides the general ventilation 
parameters to be used during the various design phases. 
It also allows for mine specific data to be incorporated 
as needed. This allows the ventilation engineer to specify 
specific requirements for sign-off by the client, which can 
be used in developing the ventilation component of a Mine.



11Scope

The guideline covers recommended ventilation engineering planning parameters, an introductory position 
on core optimisation opportunities and include guidance on amongst others, gas and explosions, fire 
engineering, emergency and response, digital control and environmental monitoring, and occupational 
stressors.

APPLICATION OF THIS GUIDELINE

This guideline is not an exhaustive rendition of all criterion which should be considered but gives a broad 
selection of standards and current best practice, including current novel opportunities, which may be 
incorporated into ventilation engineered design. 

The results of this guideline should be the documented roadmap of specific design criterion which has 
been selected for a specific mine ventilation system and which has been approved by the client for further 
ventilation engineering design, through interactive Vuma/VentSim modelling.

Figure 1: provides an overview of the layout of the guideline.
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Ventilation engineering has a pivotal role to play in the innovation of novel mining designs and the future 
profitability of mining operations. Mining Engineers should be able to apply their minds to an unrestricted 
mine extraction philosophy, thereby unlocking the full potential of the orebody.

As alluded to above, antiquated ventilation and engineering considerations have hampered the ability to 
really “Sweat the Asset”. Taking the idle capital deployed, and equipment efficacy over 24 hours, compels 
all mining disciplines to “step up to the plate” and design an optimised mine extraction strategy devoid of 
restrictions, where the entire mining process is honed to maximum proficiency. In any fiscal analysis and 
optimisation process, one needs to understand the same production output.

• The Capex and Opex requirement.

• Production ramp-up.

• Tail management.

• The overall return on investment (ROI).

To this end, the following six themes are put forward for consideration as the ventilation engineering 
contribution to this process:

• Mining Optimisation.

• Ventilation on Demand.

• Variable Pitch Blades and Variable Speed Drives.

• Air Leakage Factors and Low-Pressure Networks

• Introduction of Battery Machinery.

• The full-scale roll-out of the Internet of Things (IoT) with built-in analytics.

These themes are briefly discussed on the pages that follow in order the place the guideline into the 
correct context. 

1.1 MINING OPTIMISATION
The principal contributor to bottom-line mining organisation profits is to maximise the daily extraction 
ratio per block of ore reserve. To achieve this there are two main fundamental requirements, namely:

• Increase the blasting frequency.

• Implementation of a practically achievable mining cycle.

The capability of achieving the above is predominantly affected by available face time. Invariably the 
archaic ventilation systems, requiring a four-hour re-entry period after the blast has precluded mining 
engineers from designing differently due to the time taken to clear the area of noxious gasses and dust. 
This drastically reduces the available face time. In recent years, some operations have reduced this to two 
hours. This however still leaves room for improvement, and a thirty-minute re-entry period is fully feasible 
and should be the order of the day where conventional explosives are used.

This will allow for concentrated mining, where the assets are used continuously in a focused operational 
approach with improved supervision. The aim is to improve efficiency thus reducing the capital required 
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and improving the ROI. The introduction of a two or three-shift system where each shift has the capability 
of fulfilling the entire mining cycle is a requirement for an optimised future mine. The ventilation engineer 
has a crucial role to play in aiding this quest.

1.2 VENTILATION ON DEMAND (VOD)
VOD is an optimal ventilation control system that targets the “Real-Time” ventilation supply to individual 
mining areas, with the required quantities when they are needed taking full cognizance of ambient 
conditions at the time. In essence, it can cut ventilation and refrigeration costs dramatically, noting that:

• On average, ventilation accounts for up to 50 % of a mine's energy costs, and up to 15 % of a mine's 
total costs.

• The introduction of an extensive VOD system has the conservative potential of reducing the overall 

power expenditure by at least 20 %.

The introduction of a ventilation design that allows for VOD invariably supports the ability to reduce re-entry 
times and may also allow for variable shift and blasting times, as each ventilation segment is separately 
ventilated. Furthermore, it has major capital expenses (Capex) and operational expenses (Opex) benefits 
as it reduces main ventilation infrastructure and concomitant operating costs.

1.3 VARIABLE PITCH BLADES AND VARIABLE SPEED DRIVES
Ventilation designs need to incorporate fan control using Variable Speed Drives (VSD) and Variable Pitch 
Blades (VPB). This is to ensure optimum efficiency through fan total life cycle duties by matching fan 
performance with increasing system resistance.
This will allow for:

• Optimised fan utilization ensuring peak efficiency.

• Implementation of Ventilation on Demand.

• Reduced re-entry times.

• Reduced Opex.

• Energy savings relating to input power and load shifting. [Time of Use (TOU) capabilities].

1.4 AIR LEAKAGE FACTORS AND LOW-PRESSURE NETWORKS
The ventilation engineer needs to optimise leakage factors and plan for low-pressure ventilation networks, 
noting the cubic relationship between volume flow and fan power. 

Every effort needs to be taken through the entire design process to reduce the overall pressure drop by 
introducing an intelligent fit for purpose air supply which leads to a reduction of the total required airflow 
and pressure requirement within a mine. By reducing the total airflow and pressure, energy can be saved 
in disproportionately high amounts due to the cubic relationship between volume flow and fan power as 
shown with the following formula:
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P = ∆p · V‘   and   
∆p = R · V‘2   resulting in   
P = R · V‘3

Where:
P  =  Pressure 
∆p = Delta Pressure 
V‘ = Volume
V‘2    = Volume Squared
V‘3    = Volume Cubed
R = Resistance

Finally, robust ongoing management of the designed ventilation system is further required to ensure 
optimised air distribution with minimal leakages. This will further require a critical review of current 
acceptable leakage parameters, coupled with an effective fit for purpose sealing and air distribution 
methodologies.

This will allow for:

• Reduced ventilation infrastructure, main fans, shaft sizes, main intakes.

• Reduced Capex and Opex.

1.5 INTRODUCTION OF BATTERY MACHINERY
A paradigm shift regarding the replacement of underground diesel equipment with battery alternatives 
is required to comply with health and hygiene considerations by ensuring zero-emissions underground 
equipment.  

Some of the many benefits are:

• Elimination of diesel exhaust emissions, heat, and moisture associated with diesel-powered equipment 
in the underground environment, requiring less ventilation and therefore lower costs, as well as 
improved health for miners.

• The efficiency of conversion from electric energy to wheel drives is much higher than the conversion 
efficiency from diesel to wheel drive, so the amount of heat that an electric vehicle produces is much 
less. This results in reduced ventilation requirements (30 to 50% less) and lowers associated energy 
costs.

• Less noise, vibration, and heat for miners operating the equipment underground, thus assisting in 
meeting the mental and physical health requirements of the worker.

• Lower carbon footprint, with associated carbon credits.
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1.6 THE FULL-SCALE ROLL-OUT OF THE INTERNET OF THINGS  
 (IOT) WITH BUILT-IN ANALYTICS
The implementation of new technologies and monitoring regimes results in countless information 
submissions. This information needs to be collated, analyzed, and distributed from one hub. This calls for 
the introduction of an overarching IoT.

Notwithstanding the mining and engineering benefits, the associated ventilation benefits include:

• Managing the entire VOD system.

• Condition monitoring of the occupational environment.

• Real-time monitoring of critical safety systems/ components.

• Real-time alarming/messaging – Email, Instant Messaging, etc.

There is no doubt that a step-change in ventilation optimisation in mining operations is realistic, which will 
greatly assist the mining engineer in developing an unconstrained mining extraction plan. 

The available technologies need to become a focal area of optimisation where both the mining and 
ventilation engineer combine their respective skills set and challenge the current “self-inflicted” production 
limitations by “thinking out the box” and developing novel yet feasible mining plans which allow “sweating 
the asset” from tonnage build-up through to an optimised mining cycle to final tail management.

1.7 GUIDE TO DERIVE A COMPREHENSIVE VENTILATION  
 DESIGN DOCUMENT
The following is a structured pro-forma guide that can be followed by any practicing ventilation engineer 
to derive a comprehensive ventilation design document, which covers most aspects that need to be 
addressed, to ensure due diligence and achieve an optimized design.

Give a brief introduction about the mine and mining house.

Example: XXX is the mineral right holder of the YYY prospects in the Free State Goldfields. The two prospects 
are being considered together as a single entity and have been named the ZZZ Project).
The ore body target mining area depths will vary between 1 500 m and 1 900m, and it is important to note 
that the ZZZ Project extends over numerous farms and/or prospecting titles.

1.1  Study Objectives
 State the client's objectives of the study, and list specific standards or practices which 

form the basis of the study.

1.2  Project Background
 Give a brief overview of the background to the project, inter alia, type of mine, ore body reef 

types, mining layout, and life of mine.
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1.3  Site Location
 Give a brief overview of the mine location. Closest towns, global positioning system (GPS) 

coordinates.

 Example: The XXX project is located in the Southern Free State Gold Fields adjacent to the 
YYY mine in the Free State Province of South Africa, and approximately X km south of the 
town of Y. The closest major towns to X are Z, 24 km, and K 136 km. X is approximately 270 
km by national road from Johannesburg. Include figures showing:
• Site Map
• Locality map

1.4  Climate
 Give a brief overview of the climatic conditions.

 Example: Of the 24 climatic regions in South Africa, the xxx project occurs within the “dry” 
Highveld grassland” region. The climate is typical of a continental plateau with a wide 
diurnal temperature range that reaches a maximum of 190C in the dry winter months. 
Temperatures vary from 00C to 210C during the winter months and 110C to 300C in the 
summer months. Prevailing winds are predominantly northerly and north-easterly, with 
wind speeds seldom exceeding 20 km/h.

 An average of 76 days per year has recorded a maximum temperature greater than 
300C, whilst 49 days per year record a minimum temperature of 00C or less. The highest 
temperature recorded was 390C and the lowest was -80C. The most rain recorded in 
24 hours was 103mm, thunderstorms are less frequent, with an average of 39 lightning 
strikes per year. The weather variant temperature conditions associated with this climatic 
region require special cognizance when determining cooling requirements and specific 
safety precautions need to be developed due to lightning strikes and high methane content 
in workings. These aspects need to be considered in the design.
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CHAPTER 2

Design Criteria
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The purpose of this section is to outline the key constraints and design parameters to be used for the 
(State study level) ventilation engineering design and simulation. 
The following examples of constraints and design parameters are listed for use in the engineering design, 
simulations, and report. These parameters need to be reviewed and updated according to site-specific and 
legal requirements.

2.1 GENERAL MINE LAYOUT AND CONSTRAINTS
To be updated pending Mining Engineers layout. Some key information would be inter alia:

The project has the following features and design assumptions:

• Main adits ramps will be developed at X gradient.

• Mining will be on a Y hour cycle.

• Blasting of production ‘hang-ups’ will be synchronised at the end of a shift on a fixed-time system 
(Electronic detonation be used)

• All workshops, belts, and crushers are ventilated to return.

• The design must cater for a one-hour re-entry interval with two shifts per 24hr day (The minimum as 
prescribed by the Department of Mineral Resources and Energy (DMRE is 30min) Noting that the re-
entry period is calculated by the air replacement period multiplied by 8.

2.2 REFERENCE DIMENSIONS PROVIDED BY MINING [FINISHED]
Provide main ventilation infrastructure such as:

• Main material decline [adits].

• Main belt decline [adits].

• Where reasonably practical, all belts should be ventilated to return.

• Chairlift decline [adits].

• Strike drive (on reef drive).

• Return airways.

• Upcast shafts.

• Downcast shafts.

For Access Development:
• Twin or single haulage from Shaft to reef for Intake and return air design to be determined in conjunction 

with the Mining Engineer and is layout driven.
• Return Airway (RAW) requirements and design are layout driven. Where possible vertical shafts should 

be considered unless footwall development is on the reef.

Capital & Operational Cost of infrastructure from Ventilation Design such as cooling power, refrigeration, 
electrical cost, fan efficiency to be an integral part of design and adjudication.
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2.3 PRODUCTION PROFILE
The annual total production rate will be X ktpm.
Provide production profile graph.

2.4 TYPICAL DESIGN AIR VELOCITIES 
The design air velocities are shown in Table 1.

Table 1: Design Velocities

DESCRIPTION IDEAL DESIGN RANGE 

Downcast shafts – men, material, and rock [equipped] 10 – 12 m/s

Max. upcast shafts [unequipped] 22 m/s

Max. intake airways [personnel] 6 - 7m/s

Max. return airways [personnel and tramming] 6 - 7 m/

Max. dedicated return airways 12 - 14 m/s 

Min. workshops 0.3 m/s

2.5 FIRST-ORDER VENTILATION REQUIREMENTS
The primary airflow requirements are shown in Table 2.

Table 2: Primary airflow requirement (Specific site data according to Mine design required here)

AREA NUMBER AIR PER AREA TOTAL REQUIRED
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2.6 FRICTION FACTORS
Design friction factors used for modelling are listed in Table 3.

Table 3: Friction factors

FACTOR VALUE

Blasted airways [intake/return] 0.010 Ns2/m4

Corten ventilation ducting [shaft sink] 0.0025 Ns2/m4

Ventilation flexible duct 0.003 Ns2/m4

Galvanised steel ventilation duct 0.005 Ns2/m4

Raise bore holes [unequipped] 0.004 Ns2/m4

2.7 LEAKAGE
Leakage factors used for modelling are listed in Table 4.

Table 4: Leakage Factors

FACTOR VALUE

Surface leakage 5%

Primary leakage [main intake to main return airways] 10%

Secondary leakage [doors, seals, etc.] 15%

In Stope Air Utilisation Factor (AUF) – Good controls 80%

2.8 DEVELOPMENT VENTILATION
Requirements for capital development and production phases are listed in Table 5.

Table 5: Development Ventilation

FACTOR VALUE

Force quantity at face [minimum – diesel requirements will 
normally dictate] 

0.25 m3/s/m2 face

Exhaust quantity at face [minimum – diesel requirements will 
normally dictate]

0.30 m3/s/m2 face

Maximum force column distance from face [after the blast] 15m Conventional 20m Trackless

Maximum exhaust column distance from face [after the blast] 30 m

Leakage, steel duct 5% per 100 m

Leakage, plastic tube 10% per 100 m

Through ventilation between open-circuit fans 0.4 m3/s/m2 face

Re-entry After a minimum of 8 air changes
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2.9 DIESEL EQUIPMENT UTILISATION
The design factors for diesel equipment utilisation are shown in Table 6.

Table 6: Diesel Equipment Utilisation Factors

FACTOR VALUE

Air requirement for dilution of Diesel Particulate Matter (DPM) 0.12 m3/s/kW rated at point-of-use

Heat added by load haul dump trucks (LHD) 1.8 kW/kW rated power

Heat added by haul trucks 0.7 kW/kW rated power

Diesel heat load – LHD [production crosscut] 60% load for 90% of the time

Diesel heat load – trucks 60% load for 90% of the time

Diesel heat load – utility vehicles 50% load for 55% of the time

Diesel Sulphur content < 50 ppm

Notes:
1. Exhaust gas dilution accounts for DPM particulates. [Anglo American are planning to move this up to 

0.15 m3/s/kW rated at point-of-use] see additional note on DPM

2. Engine specifications [European Union (EU)-Type 4 / Tier 4 or higher], diesel sulphur content [<50 
ppm], after exhaust treatment [Catalytic Converter].  Diesel particulate filters will be investigated, and 
these specifications need to be reviewed closer to the implementation phase.

3. Heat added by haul trucks allows for vehicles operating on a ‘Level’ gradient based on historical fuel 
consumption.

The diesel vehicle fleet provided by mining is listed in Table 7.

Table 7: Diesel Fleet (Specific site data according to Mine design required here)

MACHINE TYPE SERIES RATED kW QUANTITY SWING TOTAL TOTAL kW

Drilling 

Charging 

Loading 

Trucking 

Bolting 

Cable bolting 
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2.10  MAXIMUM ALLOWABLE GAS EXPOSURE
Schedule 22.9(A) of the Mine Health and Safety Act (MHSA) lists the occupational exposure limits (OEL) for 
airborne pollutants and include gases and vapours.  Short-term exposure limits (STEL) are provided for 
toxic gases and should always be adhered to for the protection of the employee.
There are two principal situations in an underground mine where the immediate danger to persons can 
be caused:

• Deficiency of oxygen in the general atmosphere (normal level 21%). The usual causes are displacement 
by other gases or a fire.

• Presence of high levels of carbon monoxide (CO). The usual causes are fire or inadequate air to dilute 
the diesel exhaust gases.

• High levels of methane in the ore released during mining activities can result in explosions.

Other harmful gases can occur in mines, generally, if there is insufficient air to dilute and remove them, 
examples are:

• Oxides of nitrogen from diesel engines.

• Blasting fumes.

• Fumes from chemicals used on the mine (check product data sheets).

2.11  EXHAUST EMISSIONS LIMITS (DIESEL MACHINERY)
Currently, in South Africa, there are no occupational exposure limits in place for DPM.  An OEL of 3 mg/
m3 (respirable) for exposure for platinum mine dust is prescribed in Section 22.9(2) a. of the MHSA. Table 
9 provides some guidance on exposure limit values that are currently used internationally for DPM, and 
Table 9 provides information on typical exhaust emission levels but depends on the condition of the engine. 

Table 8: Exposure Levels Ambient Monitoring

REGULATOR/ AGENCY DATE SUBMITTED EXPOSURE 
GUIDELINE/LIMIT

SUBSTANCE 
MEASURED

MSHA, USA 2001 0.4 – 0.16 mg/m3 Total Carbon (TC)

Anglo Platinum (South Africa) 2010 0.30 mg/m3 Elemental Carbon (EC)

2011 0.25 mg/m3 Elemental Carbon (EC)

2013 0.15 mg/m3 Elemental Carbon (EC)

2019 160ug/m3 Total Carbon (TC)

Western Australia 2020 100 μg/m3 Elemental Carbon EC

Table 9: Typical Exhaust Emissions Limits

GAS TYPICAL EXHAUST EMISSIONS LIMITS

CO 1 200ppm

NOx 750ppm

CO2  5 000ppm
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2.12  SURFACE AMBIENT DESIGN CONDITIONS
The surface ambient design conditions are shown in Table 10.

Table 10: Surface Ambient Design Conditions (Specific site data according to Mine design required here)

FACTOR VALUE

Design wet bulb 

Maximum wet bulb

Surface density

Barometric Pressure (BP)

 

2.13  GEOTHERMAL PROPERTIES
Reference virgin rock temperature (VRT) values are given in Table 12.

Table 11: Virgin Rock Temperatures (Specific site data according to Mine design required here)

LEVEL VRT [°C]

 

2.14  THERMAL CRITERIA
The thermal criteria are provided in Table 12.

Table 12: Thermal Criteria

CRITERIA VALUE

Maximum design wet-bulb temperature 29°C

Maximum design dry-bulb temperature 37°C

Schedule 22.9 (2) (b) lists the occupational exposure limits for physical agents, included thermal stress.  
The mine should have a code of practice (COP) that was developed to comply with the requirements of 
the MHSA “Guideline for mandatory code of practice for occupational health programme (occupational 
hygiene and medical surveillance) on thermal stress”.  The ventilation design and operation should comply 
with the requirements as set out in such a COP. 

The mine operates in a warm climate with heat-generating diesel-powered vehicles. Thus, the possibility 
exists of heatstroke conditions (wet bulb temperature over 32.5°C) occurring if the ventilation is not up 
to standard or some other abnormal circumstance occurs. Instruments to measure wet and dry bulb 
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temperature, air velocity, and air humidity must be made available. As part of the Mine Standards, any 
place where the wet-bulb temperature is ≥32.5°C, persons should be withdrawn.

2.15  FIRE PREVENTION AND DETECTION
There are two guidelines issued by the DMRE that must be complied with: 

• “Guideline for the compilation of a mandatory code of practice for the prevention of flammable gas and 
coal dust explosions in collieries”; and 

• “Guideline for the compilation of a mandatory code of practice for the prevention of flammable gas 
explosions in mines other than coal mines”.  

Schedule 5 of the MHSA has requirements related to fire and explosions. “The employer, at any mine where 
the risk assessment indicates a risk of the presence of flammable gas, must ensure- that all flammable 
gas measuring instruments and flammable gas warning devices used at the mine for the detection of 
methane or hydrogen or a mixture of both, comply with the South African National Standard Specification 
SANS 151 5-1: 2006, Edition 2.1 "Gas measuring equipment primarily for use in mines: Part 1: Battery 
operated portable, flammable gas measuring instruments and warning devices".

Compliance with best practice, and any legal requirements:

• Dedicated water supply.

• Service level agreement with Original Equipment Manufacturers (OEM) taking responsibility for their 
system and or equipment (liability).

• Quarterly calibrations, checks, and verification on supervisory control and data acquisition (SCADA) 
(fail to safe blocking use of equipment if not done).

• Control room procedures inadequate, control room operators not adhering to procedures and response 
(eliminating human error, refresher training), ergonomics of Control Room – supply of fresh air, strict 
fatigue management compliance, furniture.

2.16  WORKSHOPS/TYRE BAYS/BULK LIQUID AND OIL STORES
Workshops, bulk fuel, and oil storage tanks are ventilated directly to return.  Where this is not practical, 
a permanent means of isolating the ventilation supply to the storage area will be provided.  An automatic 
foam/sprinkler system will be installed in these areas.

• Bund and separation walls between commodities.

• Exceeding flammable liquids and component quantities in the workshops.

• Additional fire-fighting equipment – fire extinguishers, hose reels.

• Compliance with workshop procedures and fire prevention measures.

• South African Bureau of Standards (SABS) compliant accessories – flashback arrestor register and 
checks, fuel refilling hoses.

• Tyre compounds and Fire Lab tests.
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2.17  VEHICLES AND MACHINERY
All vehicles and machines will be equipped with an automated approved on-board fire suppression system. 

• Automatic operator pre-use checks inter-locking preventing unauthorized use of equipment (using the 
equipment after suppression system has been activated, the system not pressurized).

• Service level agreement from OEM to take liability in case of a fire incident.

2.18  CONVEYOR SYSTEM VENTILATION
The conveyor system is not considered as the main intake airway and, as a result of fire risk, will be 
ventilated directly to return. Following a risk assessment where this is reasonable not practical additional 
precautions/mitigation practices as alluded to below should be introduced.

• Automated fire doors/barriers (uninterrupted power supply (UPS)/battery backup) interlocked with belt 
fire detection system isolating conveyor belt installation.

• Automated door installations opening to the RAW.

2.19  FLAMMABLE GAS
A code of practice (COP) must be provided in compliance with best practice, and any legal requirements.

2.20  AIRBORNE POLLUTANTS
Schedule 22.9(A) of the Mine Health and Safety Act (MHSA) lists the occupational exposure limits (OEL) for 
airborne pollutants and include gases and vapours.  All exposures to airborne pollutants to be within the 
schedule OELs.  Some OELs are specified in Table 14. 

Table 13: Summary of Airborne Pollutants OEL

POLLUTANT OEL

Silica dust, crystalline 0.1 mg/m3 Time Weighted Average [TWA]

Fibres 2 f/mL Time Weighted Average [TWA]

PNOC inhalable 10 mg/m3 and respirable 3 mg/m3

Carbon Monoxide [CO] 30 ppm [TWA] and 100 ppm [OEL-Stel]

Carbon Dioxide [CO2] 5 000 ppm [TWA] and 30 000 ppm [OEL-Stel]

Nitric oxide [NO] 25 ppm [TWA] and 35 ppm [OEL-Stel]

Nitrogen dioxide [NO2] 3 ppm [TWA] and 5 ppm [OEL-Stel]

Sulphur dioxide [SO2] 2 ppm [TWA] and 5 ppm [OEL-Stel]

Diesel Particulate Matter – Total carbon 160 μg/m3 

Diesel Particulate Matter – Elemental carbon 123 μg/m3

Flammable gas < 1.0%

Radiation < 20 mSv/annum [personal exposure]
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Note:
It is recommended that a Code of Practice [COP] is prepared according to the MHSA “Guideline for the 
compilation of a mandatory code of practice for an occupational health programme (occupational hygiene 
and medical surveillance) on personal exposure to airborne pollutants”. The COP requires that a system 
of occupational hygiene measurements on personal exposure to airborne pollutants is prepared when the 
following hazard limits prevail:

• Particulates ≥ 10% of the OEL

• Gases ≥ 50% of the OEL

The hierarchy of controls will be initiated once exposure action limits [50% of OEL] are detected, i.e. 
elimination, engineering controls, administrative controls, and/or personal protective equipment.

2.21  THERMAL STRESS
Thermal stress management is a multifaceted approach to promote worker health and safety by minimizing 
human thermal stress and the incidence of heat or cold disorders. The mine should have a code of practice 
(COP) that was developed to comply with the requirements of the “Guideline for mandatory code of practice 
for occupational health programme (occupational hygiene and medical surveillance) on thermal stress”.  
The ventilation design and operation must comply with the COP on thermal stress.

2.21.1 HEAT STRESS MANAGEMENT

A COP for an occupational health programme on personal exposure to thermal stress must be prepared, 
in compliance with this guideline, and implemented in terms of Regulation 9.2(2), which requires that a 
system of occupational hygiene measurements on personal exposure to thermal stress must be prepared 
and implemented when the results of the risk assessment conducted has identified that the following 
limits prevail: - Heat >25, 0˚C wet bulb and/or >32, 0˚C dry bulb and/or 32, 0˚C radiant temperature 
(monitoring level) – Cold.

Heat may be classified into two areas

• Heat Stress - This is the burden or load of heat that must be dissipated if the body is to remain in 
thermal equilibrium. 

• Heat Strain - is the normal physiological or abnormal pathological change resulting from heat stress. 
The physiological condition referred to as heat strain is characterised by increases in deep body 
temperature, heart rate, blood flow to the skin, and water and salt loss due to sweating. 

Most adverse effects arise from a failure of the body's cooling mechanisms or as a result of overloading of 
the system. Normally, several physical and physiological mechanisms assure the transfer of excess body 
heat to the environment. Even when the body is at rest, heat is generated by normal metabolism. With 
exercise, the heat produced by muscle activity rises rapidly. This generated heat is moved to the skin by 
the blood to transfer body heat to the environment. Heat may then be lost through convection, evaporation 
of sweat, radiation, and conduction.

To maintain the appropriate body temperature three issues are essential: 

• The metabolic heat produced must be transferred to the skin via the circulation for dissipation. 
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• The sweat glands must be able to produce the necessary amount of sweat.

• The sweat must be able to evaporate. Failure in any of these mechanisms for heat transfer may cause 
the body core temperature to rise, leading to heat strain and subsequent heat illness.

Additionally, for the successful maintenance of the thermoregulatory system, adequate fluids must be 
consumed to prevent dehydration. 

When the air temperature is above skin temperature (around 36°C), evaporation of sweat is the main 
mechanism for the body to lose heat. 

Six factors are influencing a person’s capacity for heat exchange with the environment: 

• Air temperature (dry bulb). Above 36°C the body can gain heat from the environment.

• Absolute humidity (wet bulb temperature). When the absolute humidity is high, evaporation of sweat is 
reduced, thereby reducing the body's opportunity to lose its heat. 

• Radiant heat from objects such as the sun, furnaces, and other hot surroundings. The direction of 
heat transfer depends on the absolute temperature difference between the body and the surrounding 
surfaces. It is not affected by air temperature or humidity. 

• Air movement. This can influence both convection and evaporation and can have a marked effect on 
heat exchange at the exposed skin surfaces (face, arms, and legs). Convective heating or cooling does 
depend on the air temperature. Air movement assists with the evaporation of sweat from the skin and 
hence cooling capacity.

• Muscular activity. This is the most significant as it imposes a variable heat load. Work rates may 
increase heat production up to ten times the resting level and can cause a rapid increase in body heat 
if this cannot be lost to the surroundings.

• Clothing. This can have a major effect on the amount of heat transfer from the body. Clothing may limit 
convective exchange and may interfere with the body's capacity to lose heat through the evaporation of 
sweat. 

2.21.2 COLD STRESS MANAGEMENT

Table 14 provides the maximum time of exposure. 

Table 14: Maximum Time of Exposure

TEMPERATURE RANGE EXPOSURE TIME

0ºC to -18ºC No restriction

-19ºC to -34ºC Fifty minutes per hour

-35ºC to -57ºC Two periods of 30 minutes each, after a 4-hour interval

Below -57ºC Fifty minutes during any period of 8 hours
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2.22  ERGONOMICS
The Handbook on Mine Occupational Hygiene Measurements of the Mine Health and Safety Council (MHSC) 
contains a chapter on ergonomics that can be used for guidance. 

Several concerns must be highlighted in terms of ergonomic hazards with regards to workstation design 
interface, these include:

• Body positions and movement.

• Handling loads.

It is recommended that an ergonomic survey be conducted as part of the risk assessment process.  Also, 
manufacturers of machinery demonstrate their duty of care by furnishing reports on their machinery in 
this regard.

The mine must have a COP that was developed to comply with the requirements of the “Guideline for the 
compilation of a mandatory code of practice for risk-based fatigue management at mines.  This guideline 
takes into consideration how the environmental conditions in the workplace contribute to worker fatigue.

2.23  ELIMINATION OF OCCUPATIONAL LUNG DISEASES
At the 2014 MHSC Occupational Health and Safety (OHS) Summit, several milestones were agreed upon 
between all stakeholders.  

By December 2024 95% of all exposure measurement results must be below the following limits for the 
respective respirable dust:

• 0.05 mg/m3 for silica dust

• 1.5 mg/m3 for platinum dust

• 1.5 mg/m3 for coal dust

No new cases should occur amongst previously unexposed individuals.

2.24  NOISE
2014 agreed OHS Summit milestones of the elimination of noise-induced hearing loss (NIHL) are:
1. By December 2024, the noise emitted by the equipment should not exceed 107 dB(A).
2. By December 2016, no employee standard threshold limit will exceed 25 dB from the baseline. 

Furthermore, the mine must have a COP that was developed to comply with the “Guideline for the 
compilation of a mandatory code of practice for an occupational health programme (occupational hygiene 
and medical surveillance) for noise”.

2.24.1 SILENCING OF EQUIPMENT

By December 2024, the total operational or process noise emitted by any equipment must not exceed a 
milestone sound pressure level of 107 dB (A).
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2.24.2 THE INDIVIDUAL

By December 2016, no employee’s Standard Threshold Shift (STS) will exceed 25 dB from the baseline 
when averaged at 2000, 3000, 4000 Hz in one or both ears.

Actions required to reduce noise exposure include:

• A policy of purchasing “quiet” machinery will be implemented.

• All hand-held machines will be muffled.

• All fans will be silenced.

• Issuing of hearing protection.

• No equipment will emit more noise than 107 dB (A).

All exposures to noise are to be within the OELs as specified below:

• Noise Exposure  85 dBLAeq,8h

• Peak Sound Level  105 dB[A]

A COP on personal exposures to airborne pollutants must be prepared, in compliance with DMR Guideline 
16/3/2/4-A1, and implemented in terms of the Mine Health and Safety Act Regulations.

2.25  ILLUMINATION 
Underground mine lighting is critical for the safety of miners and for the ability of miners to perform their 
tasks. Measuring luminance to determine proper illumination within an underground mine is faced with 
many challenges.  Luminance measurements are affected by the photometer accuracy, measurement 
method, and condition of the measurement surface. 
Good illumination levels and the use of energy-efficient lighting require the appropriate design and 
management to ensure the efficacy of the system deployed. The following tabulation (Table 16) gives 
indicative requirements.

Table 15: Illumination Levels

DESCRIPTION ILLUMINATION LEVEL 

Material decline 20lux

Chairlift decline 50lux

Conveyor decline 50lux

Level stations 160lux

Substations 100lux

Workshops 160lux

Battery bays 100lux

Refuge bays 20lux

Haulages and travelling ways 20lux

Tips 120lux

Conveyor loading points 120lux
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The following is a short rendition of current proven control and instrumentation technologies, about 
Lamp rooms, Collision Avoidance Systems (CAS), Safety and Communication Systems, Environmental 
and Equipment monitoring. It has been specifically included in the design criteria to increase awareness 
of the various systems available, and to foster a better understanding of these technologies to improve 
safety, productivity, and operating expenditure. In terms of the available digital technologies, the following 
systems should be investigated as to their appropriateness and cost where necessary.

3.1 LAMPROOM MANAGEMENT

3.1.1 AVAILABLE EQUIPMENT

• Intelligent Gas Detection instrumentation and systems.

• Intelligent Miners Caplamps and Chargers.

• Multi-Gas Instruments (Wireless).

• Auto Test point for Gas, Lux, Velocity, Active & Passive tags.

3.1.2 AVAILABLE LAMPROOM MANAGEMENT SYSTEM

• Access control, reports, status, tracking, management reports.

• Asset management equipment radio frequency (RF) readers, active and passive tags.

• Self-Contained Self Rescuers (SCSR).

• Gas Instruments & warning devices.

• Heat stress monitor.

3.1.3 LAMPROOM SERVICES

• Full maintenance on all equipment.

• Pressure testing of SCSR.

• Cap lamp Lux Test Tunnel.

• Velocity Test tunnel (Kestrel/Skymate/Wave).

• Re - entry watch (Real time/ Blasting/Re-entry.

3.2 ENVIRONMENTAL & EQUIPMENT MONITORING
Different sensors for different applications are used, and the panels/ sensors are designed and 
manufactured to meet in-situ requirements. Depending on the requirement the product is customized 
to alarm, detect, log, and activate control measures. All the information is live (Real-Time) on SCADA/ 
Occupations Information System (OIS)/Cloud/Wireless/ Internet of things (IoT).
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3.2.1 AVAILABLE EQUIPMENT MONITORING

• Main fans –Typical monitoring sensors include -Vibration/pressure/speed voltage and current & 
voltmeter, etc.

• Refrigeration plant –sensors (Temperature, flow, pressure, current & voltmeter) are installed at 
strategic places to monitor the efficiency.

• BAC -sensors (Temperature, flow, pressure, current & voltmeter) are installed at strategic places to 
monitor the efficiency.

• Compressor house –sensors (Temperature, flow, pressure, current & voltmeter) are installed at 
strategic places to monitor the efficiency.

• Conveyor Belts (Fire Detection & Suppression) –Fixed gas & smoke detectors, bearing sensors, 
temperature scanners, linear wire, the belt speed status, and weight can be monitored in real-time, 
starting and stopping of belts from the control room when required.

• Main power and water status –Monitoring consumption per area and section.

• Substation status –monitoring of power usage, temperature, and smoke.

• Battery bay charging status –monitoring power packs/vehicles, temperature, voltage, current in-out 
status, smoke, battery capacity, etc. 

• Production achievement status (Tons moved) -Weightometers.

• Conveyor belt status (Activity) –Motion sensor / current sensor, bearing temperatures, etc.

• Compressed air usage/status –Monitoring pressure and flow sensors.

3.2.2 AVAILABLE ENVIRONMENTAL AND PERSONNEL MONITORING AND COMMUNICATION SYSTEMS

• Air volume control –monitoring velocity and pressures to regulate volume flow by opening or closing 
flaps/ doors, etc.

• Development of end ventilation recirculating –monitoring pressure, velocity, and temperature.

• Shaft clearance –environmental controls –gas, temperature, velocity.

• Refuge bay status –measuring pressure/ differential pressure/ flow and gas/ smoke I.e.,
- Compressed air
- Water
- Communication 
- Pressurizing 
- Equipment

• Active and Passive Personnel Asset Tracking and Tagging Systems.

• Real-Time Video Monitoring and Control Systems.

• Early Warning & Distress Signaling.

• VOIP Communication.

CHAPTER 3   Implementation of Digital Control and Instrumentation
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3.2.3 ENVIRONMENTAL CONDITION MONITORING 

• Gasses

• Volatile Organic Compound 

• Noise 

• Vibration 

• Temperature 

• BP

• Velocity

• Heat stress

• DPM

• Dust

• Lab Monitoring 

• Weather station

• Lightning detection 

• Dam level 

• Water quality 

• Air quality

3.2.4 FULLY AUTOMATED SYSTEMS

• Dust suppression & extraction.

• Fire detection/suppression.

• Ventilation on demand, control of ventilation systems in real-time.

• Ventilation and Fire doors.

• Vehicle Lux verification system.

• Environmental controls i.e. activation of extractions systems.

• Waiting to place real-time information monitor.

• Fever screening with face recognition.

• Water treatment.

• Re-entry notification.

• Fatigue management –Time & attendance interface, shift durations.

CHAPTER 3   Implementation of Digital Control and Instrumentation
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The following interventions and safety precautions are included for reference and are not part of this scope 
of work. These interventions need to be reviewed during the build stage to make them site-specific.
It is however important to be aware at an early stage, of any risks so that appropriate measures can be 
instituted to effectively control, reduce, or eradicate them.  These interventions could include the following:

4.1 EMPLOYEE PROTECTION AND SAFETY EQUIPMENT
It is incumbent on the employer to ensure, as far as reasonably practicable, that the underground workings 
are designed, constructed, and equipped to provide for a safe and healthy working environment.  It is, 
therefore, important that all of the significant occupational health and safety hazards be identified timeously 
and incorporated into the risk management system. 
This section of the report discusses the high-profile risk issues that are expected to prevail in underground 
mines and is included as a reference.

4.2 OCCUPATIONAL HYGIENE
Best practice ventilation principles have been incorporated into the design for safety and health. Hygiene 
issues related to the ventilation design are discussed in the following sections.

4.3 DUST CONTROL
There must be compliance with the minimum requirements for the mine COP that was developed to 
comply with the “Guideline for the compilation of a mandatory code of practice for an occupational health 
programme (occupational hygiene and medical surveillance) on personal exposure to airborne pollutants”. 
The following minimum measures will be applied to limit or prevent dust generation:
• Wet drilling is to be conducted at all times.

• Watering down of broken rock before loading operations start.

• Atomised sprays at tipping points. Additional best practice measures are:

- Automated high-pressure water system (10 to 18Bar).
- Dosing of water with a chemical to breakdown water particles and create dust attraction.   
- Fixed ambient air dust measurement. Sensors for continuous monitoring.
- Daily checks on water nozzles for blockage (installing and maintenance program for strainers).
- Monthly maintenance – all systems, sensors, solenoids, coverage, etc.
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4.4 EMERGENCY PREPAREDNESS AND RESPONSE
Appropriate measures must be instituted to effectively control, reduce, or eradicate any risks. These 
interventions could be inclusive of the following:

4.4.1 DETECTION AND EARLY WARNING SYSTEMS

To ensure that emergencies are detected as early as practicably possible and persons are warned timeously 
of such emergency, the emergency plan will address the following issues:
• Types and position of fixed detectors/early warning systems [localised alarms, stench gas, etc.] for 

the early detection and warning of all identified possible emergencies e.g., fires, flooding/mud rushes, 
seismicity, gases, chemical/toxic/biological releases, lightning, power failures, snow inundation, etc.

• Types and quantity, including back-up units, of personalised detectors/early warning systems e.g. 
flammable gas measuring instruments, flammable gas warning devices, Carbon Monoxide detectors, 
pagers, radios, etc.

• Detailed procedures for personal issues of detectors/early warning.

• Procedures to ensure that actual settings of alarm levels remain effective.

• Frequencies of maintenance, calibration, and testing procedures.

4.4.2 COMMUNICATION SYSTEMS

An effective communication system to deal with an emergency, including arrangements for a back-up 
system will be in place.  There will be arrangements for communications from the mine to outside parties 
and the effectiveness of the communication systems will be tested regularly. 

4.4.3 EMERGENCY MEDICAL CARE

Appropriate emergency medical care and facilities will be readily available to deal with any emergency.  
The provision of emergency medical care, including the locality of facilities, provision of suitably trained 
medical persons, response times, capabilities to treat and evacuate multiple injured persons, must be 
ensured.  

4.4.4 MINE EVACUATION AND ESCAPE PROCEDURES

To ensure the safe evacuation and escape of affected persons to a place of safety in the event of an 
emergency, the mine will cover the following:
• Procedures for the escape and/or rescue of persons from e.g. single and multiple entry working places, 

surface working places, confined spaces, elevated places, etc.

• Provision of places of safety, including the locality, quantity, distance about working places, and the 
provision of life-sustaining facilities, such as food, potable water, breathable air, etc. body-worn self-
contained self-rescuers will be issued.

• The mine must also have a second means of exit from the workings and eventually to the surface 
should a portion of the main decline suffer a collapse preventing persons from exiting. (Monthly checks 
of the route by Mine, Ventilation and Rock Engineering officials needs to be done and documented.)
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4.4.5 TRAINING AND AWARENESS

To ensure that all potentially affected persons are educated, trained, and made aware of how to deal with 
emergencies, the mines training centre will address the following issues:
• The procedures and appropriate actions to be taken in the event of an emergency, including simulated 

exercises.

• The correct procedures and applications on the use of emergency equipment.

• The actions required relating to the location and description of shutdown controls/lockout devices.

• Instructions in the use of belt-worn self-contained self-rescuers.

• The locality of copies of the emergency procedures and instructions.

• Ex-leave and novices to be inducted by their supervisor from the 1st shift until found competent with 
emergency procedures (signed off induction form).

4.4.6 RESCUE AND RESPONSE CAPABILITIES

To ensure that emergencies are reacted to timeously with adequate rescue and response capabilities the 
mine will have the rescue and response capabilities in place:
• Access to sufficient rescue personnel.

• Arrangement for and access to specialised rescue equipment.

• Arrangements with a mines rescue service provider.

• Additional instrumentation and equipment are available to maintain rescue brigades, e.g. a means to 
detect carbon monoxide, carbon dioxide, flammable gas and oxygen, ancillary rescue equipment, etc.

4.4.7 MANAGEMENT OF EMERGENCIES

The following management controls will be implemented to ensure that emergencies can be managed and 
dealt with effectively: 
• Emergency manuals, contacts of neighbouring mines, contacts of emergency services, internal and 

external telephone directory.

• Emergency control centre/s including, equipment required, plans, communication, etc.

• The duties and responsibilities of persons required during an emergency.

• Procedures to deal with adverse environmental conditions, which could be encountered during an 
emergency, e.g. flooding, gases, heat, etc.

4.4.8 REPORTING AND RECORDING

To ensure that the emergency preparedness and response measures and procedures remain effective, 
there will be a procedure for the inspection, testing, and maintenance of all equipment and facilities that 
may be used in an emergency at appropriate intervals, as well as the duties of persons designated for this 
purpose.
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4.4.9 FIRES AND EXPLOSIONS 

There are two guidelines issued by the Department of Mineral Resources (DMR) that must be complied 
with: 
• “Guideline for the compilation of a mandatory code of practice for the prevention of flammable gas and 

coal dust explosions in collieries”; and 

• “Guideline for the compilation of a mandatory code of practice for the prevention of flammable gas 
explosions in mines other than coal mines”.  

The mine should conduct a risk assessment to determine the risk of fire, explosion, and/or a toxic release, 
which may endanger the safety and health of those so affected.

Fires involving rubber tyre vehicles present a considerable risk to any underground mine. If the fire is not 
quickly suppressed and spreads to the tyres, then it can only be extinguished with water. Dry powder is 
unable to extinguish a rubber tyre fire as it does not remove sufficient heat to prevent re-ignition of the 
gases emanating from the hot rubber. If the fire is not quickly extinguished with water, then it is almost 
inevitable that the vehicle will be destroyed. Dense black smoke with high levels of CO from burning rubber 
tyres will quickly circulate through the mine and for this reason, body-worn SCSR and availability of Refuge 
Bays are mandatory.

All rubber tyre vehicles should be equipped with automated on-board fire suppression and a fire extinguisher 
to control any fire quickly. Vehicle maintenance plays a vital role in ensuring no leaks of diesel fuel and no 
accumulations of oil or grease are present.

All diesel re-fuelling should be carried out by a mine standard and trucks should only be re-fuelled on the 
surface unless this is unavoidable. Also, fire suppression systems are required to be installed within all 
underground workshops, which service diesel vehicles, tyre bays, and re-fuelling stations.

An integrated escape and rescue strategy, specific to the operation under consideration, is required for 
each section of the workings and for all other places in which persons may travel.  This will ensure that 
all measures, to the extent that it is reasonably practicable, have been put in place to assist in the safe 
passage of employees in times of emergency.

As a minimum, the following life support devices and systems will be considered:
• At all working places underground, the employees so affected should have adequate warning of a 

deteriorating environmental condition.

• All underground employees in areas considered high-risk areas as determined through a risk 
assessment must be issued with body-worn self-contained self-rescuers.  

• Body-worn self-contained self-rescuer supplied to an employee must be allocated for the sole use of 
that employee for the duration of the deployment of that specific self-rescuer.

During the primary development of the production sections, it is recommended that several refuge bays be 
installed at strategic locations within the development complex.  From then on refuge bays are established 
on every level and thereafter in tunnels every 500 m to ensure personnel travel no further than 500 m from 
the furthest face/development heading.

The mine should be equipped with a set of electronic carbon monoxide and smoke detector heads, and in 
any other areas where there is a high risk of fire.  A comprehensive system covering all intakes and main 
returns should be installed.  The information is to be relayed electronically to a specific control room.
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4.4.10 FLAMMABLE GAS REGIME

Identification of flammable gas sources, occurrences, and composition
Flammable gas may be present in strata of all mines and can be very inconsistent and often of short 
duration.  As there are no defined patterns, a high level of awareness and caution must be maintained by 
all employees, at all times.  It is therefore important that employees are aware of where flammable gas 
can enter the workings:

• At faults, fissures, and dykes.

• From worked out and or abandoned workings through seals.

• At diamond drilling cover holes.

• During pilot-hole and normal shot-hole drilling.

• At fractures in strata caused by blasting and seismic events.

• With water intersections.

• With changes in barometric pressure and changes in season.

• Any workings underground where it is least expected.

The composition of gases is important as lower and upper explosive limits will vary; samples should 
therefore be analysed.

CONTROL OF GAS EMISSIONS

Control of gas emissions will include: 
• Routine tests and report emissions immediately so that necessary remedial steps can be taken.

• All working places must be adequately ventilated.

• Drilling of pilot holes and cover holes.

• Cementation/plugging of cover/geological boreholes.

• Gas emissions and high-volume water intersections to be plotted on a plan and this plan must be taken 
to planning meetings especially development planning to predict possible intersections. Ideally, this 
plan should depict geological formations such as dykes, fissures, and faults.

• Hydrogen sensors to be installed in battery bays and High Voltage (HV) substations with tripping battery 
sets.

DETECTION OF FLAMMABLE GAS

Detection of flammable gas will include the provision of flammable gas measuring instruments/warning 
devices issued to appropriate personnel, includes maintenance, calibration, and training. 

• Gas emissions and high-volume water intersections to be plotted on a plan and this plan must be taken 
to planning meetings especially development planning to predict possible intersections. Ideally, this 
plan should depict geological formations such as dykes, fissures, and faults.

• Hydrogen sensors to be installed in battery bays and HV substations with tripping battery sets.

• Flagging of sensors with alarm mode if calibration is not done as per COP.
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IGNITION SOURCES

Prevent ignition of flammable gas by ensuring proper control of:

• Contraband

• Open flame

• Electrical equipment

• Re-establishing electrical power after a power failure

• Frictional ignitions

• Static electricity.
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