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VENTILATION 
 

1.1.  GENERAL 
 

l.l.l. The primary objective should be to reduce emissions of contaminants at source and 

hence reduce the need for ventilation. 
 

l.l.2. Where atmospheric contaminants remain, a purpose-built forcing, exhausting or 

circulation ventilation system should be employed, depending on the contaminants 

which have to be rendered harmless. 
 

l.l.3. The concentration of oxygen, dust, toxic or potentially explosive fumes or harmful 

gases in the tunnel atmosphere should be routinely monitored and steps taken as 

necessary to ensure contaminant levels do not exceed those laid down by national 

legislation or guidance. Where a specific work activity known to generate significant 

contamination, such as shotcreting or welding, is being carried out, local monitoring 

with additional ventilation as necessary should be undertaken. 
 

l.l.4. In the absence of national legislation or guidance, legislation or guidance from 

another nation giving contaminant exposure levels should be selected as the base 

standard. Records of all routine monitoring should be maintained. 
 

l.l.5. As a guide, the quantity of air supplied or extracted from the face should be such that 

the average flow in the full cross section of the tunnel or shaft should be between 0,3 

m/s and 2m/s at all times. 
 

l.l.6. Minimum quantity of air for personnel to be l,5m3 per minute per man and 4m3 per 

minute per kW rated power for diesel machines. Additional air may be required for 

cooling purposes. 
 

l.l.7. Ventilation air entering a tunnel should be free from dust, smoke or other impurity. 
 

l.l.8. Ventilation should be such that in every underground working area, safe and healthy 

conditions exist and fumes or gases shall be diluted to the extent that they are 

rendered harmless. A minimum oxygen concentration of l9% should be  maintained 

at all times when persons are at work underground. No-one should remain 

underground when the ventilation system is not operating. 
 

l.l.9. The wet globe bulb temperature (WBGT) should not exceed 28o C. Ventilation can 

be used as a means of removing excess heat from the workings. 
 

l.l.l0. To minimise dust generation, wet drilling techniques should be used in a tunnel in 

preference to drilling machines fitted with appropriate dust collection equipment. 
 

l.l.ll. Dust generated during shotcrete spraying should be minimised as part of the mix 

design process. Other machines and processes creating dust should be fitted with 

appropriate dust suppression and collection equipment. 
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l.l.l2. Diesel-driven internal combustion machines should be fitted with particulate filters. 

These machines should be kept in good order and should not be left idling in the 

tunnel. 
 

l.l.l3. In a tunnel with a risk of a potentially explosive atmosphere occurring, safety critical 

equipment such as firefighting equipment, pumping equipment, ventilation 

equipment, communications and atmospheric monitoring equipment should be 

explosion protected as necessary so that it remains operational even when potentially 

explosive gases are present. 
 

l.l.l4.   For guidance on selection of duct material see ITA Report # 8 

 

 

 
1.2. VENTILATION LAYOUT 

 

l.2.l. The layout of the ventilation should be as clear and straightforward as possible. 
 

l.2.2. Ventilation ducts should be kept as tight and straight as possible to reduce air losses 

and friction resistance. 
 

l.2.3. Reductions or obstructions of ventilation ducts should be avoided. 

 

 
l.2.4. Booster fans in the ventilation duct should be avoided. 

 

l.2.5. High pressure in ventilation ducts (above 300 Pa) should be avoided to reduce power 

consumption, air losses, repair issues and induction of heat. 
 

l.2.6. The air velocity at the end of the vent duct should be around l5 m/s to allow the 

airflow to reach the tunnel front. 
 

l.2.7. A minimal free space of 0,2 m in between vent ducts and loaded vehicles should be 

considered. 
 

l.2.8. The position of the fresh air intake should avoid the recirculation of contaminants 

and smoke. 
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1.3. CONTROL OF CONTAMINATION 
 

l.3.l. The air in tunnels should be continuously tested for oxygen concentration and the 

presence of toxic gases. Tests for dust levels should be conducted at regular intervals 

whilst work is in progress. 
 

l.3.2. Dust levels in working areas should be maintained within national limiting values of 

acceptable dust concentrations. In the absence of national limits those from another 

country should be adopted. 
 

l.3.3. Dates, locations, conditions and results of tests should be recorded in a register. 
 

1.4. OXYGEN DEFICIENCY 
 

l.4.l. Accidents have occurred when workers have entered unventilated tunnels and been 

overcome by a lack of oxygen in the air. 
 

l.4.2. It is imperative when entering underground works which have not been ventilated, to 

keep this risk in mind. When the oxygen content falls below l9% the works  should 

be evacuated until ventilation is installed to restore the oxygen  concentration to 

above 20%. 
 

l.4.3. If the old workings still have forced ventilation equipment, it is essential to 

adequately ventilate the works and test the return air flow before entering. No one 

should enter the works without being equipped with both CO and CO2 detectors and 

also an oxygen monitor 
 

l.4.4. During freezing operations where liquid nitrogen is being used, it is essential to 

continuously monitor the oxygen concentration in the air as the fracturing of a 

freezing pipe can increase the nitrogen content of the air and result in oxygen 

deficiency. 
 

1.5. POTENTIALLY EXPLOSIVE ATMOSPHERES 
 

l.5.l. Checks using electronic atmospheric monitoring equipment should always be made 

to ensure that methane or other potentially explosive gas (e.g. hydrocarbon gases or 

hydrogen) is not present in the ground to be traversed. Tests for potentially explosive 

gas should be specifically carried out before charging a face and after blasting. 
 

l.5.2. Where water (in which gas such as methane can be dissolved) or gas is expected, and 

probe boreholes have been drilled, tests should be carried out to identify and quantify 

any gas emission from the probe holes. 
 

l.5.3. It is strongly recommended that ventilation should be used to maintain the 

concentration of methane or other potentially explosive gas below l0% of the lower 

explosive limit. 
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l.5.4. If potentially explosive gas is detected further precautions including the use of 

explosion protected equipment, the use of special explosives, specific training for 

operators and supervisors etc. should be considered essential. 
 

l.5.5. In potentially explosive atmospheric conditions, water cooled engines should be 

preferred because of lower surface temperatures than encountered in air cooled 

engines. 
 

l.5.6. If more than 20% of the lower explosive limit of the gas is detected in the tunnel 

atmosphere, all persons must be withdrawn, and all non-explosion protected electric 

and mechanical power switched off until a competent person has supervised the 

venting of the gas. 
 

1.6. MONITORING OF THE TUNNEL ATMOSPHERE 
 

l.6.l. A summary of the most commonly encountered atmospheric contaminants and their 

properties is given below. This should be used as a guide when controlling the risks 

from these hazards. 
 

l.6.2. In the absence of national statutory limits on exposure to harmful substances, the 

national limits from an adjacent country should be adopted. 
 

l.6.3. Monitoring for oxygen concentration should be carried out routinely by the use of 

electronic atmospheric monitoring equipment. Where the presence of gaseous 

contaminants is foreseeable, continuous monitoring by electronic equipment should 

likewise be carried out. 
 

l.6.4. Further guidance on the basic principles for a clean and healthy tunnel atmosphere is 

set out in Section ll.6 of this document. 
 

l.6.5. A range of gases including methane, hydrogen sulphide and radon dissolved in 

ground water may enter the tunnel. 
 

l.6.6. Ventilation should be used to dilute contaminants and to prevent the build-up of an 

irrespirable atmosphere. 
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1.7. SUMMARY OF THE MOST COMMONLY ENCOUNTERED 

ATMOSPHERIC CONTAMINANTS 
 

 

GAS HAZARD PRINCIPAL SOURCES 

Carbon monoxide Toxic and potentially 

explosive 

Internal combustion 

engines and explosives 

Carbon dioxide Asphyxiant Occurs naturally, 

explosives, welding and 

internal combustion 

engines 

Nitrogen monoxide 

Nitrogen dioxide 

Toxic 

Toxic 

Internal combustion 

engines, explosives and 

welding 

Ammonia Toxic and potentially 

explosive 

Explosive emulsions 

Hydrogen sulphide Toxic and potentially 

explosive 

Occurs naturally and may 

occur where sewage is 

present 

Sulphur dioxide Toxic Combustion, Diesel fuel 

Methane Potentially explosive (and 

asphyxiant) 

Occurs naturally; 

Groundwater, decay of 

organic matter, urban 

domestic gas supplies, 

Carboniferous rocks 

Propane 

Butane 

Acetylen

e 

Potentially explosive (and 

asphyxiant) 

Leakage from 

compressed gas cylinders 

Do 

Oxygen deficiency Asphyxiant Natural/induced 

Undersaturated ground 

water 

Oxygen enrichment Increased fire risk Leaks from cylinders 

Petrol/diesel vapour Potentially explosive Spillage 

Ozone Toxic Welding 

Radon Radioactive Ground 
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General information 
 

 

 

 

A ventilation tube is designed 

to give a certain amount of 

fresh air to the people working 

in the mine or tunnel. A 

properly designed ventilation 

system has taken in to account 

the smaller damage that could 

occur due to the machinery 

operating in the mine or tunnel. 

This damage has to be repair 

when they become to big or to 

many otherwise there will not 

be sufficient air in the tunnel 

for the people working there. 
 

 

 

 

 

Example: A ventilation tube has a diameter of l000 mm and a pressure of 3000 Pa. 

If there is a l0 cm long damage the leakage will be 0,5 m3  of air per second. 
 

If the damage instead is 30 cm long the leakage will be 5 m3 of air per second, (l0 time 

more). 

 

It is important to continually maintain the ventilation tube and repair as soon as there is 

damage. The cost of repair is minimal compare to the increase of energy used for the fan to 

maintain the airflow. A l0% increase of the fan capacity will increase the energy consumption 

22%. 
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Mounting instruction JP Flexible Ducting System 

Mounting of the wire. 
Starting position; New galvanised steel wire rope is to be mounted. 
At a distance of 30–50 meter from the end of the previously mounted wire rope an Expander 

bolt is mounted at a “low” point in the tunnel ceiling. Secure the wire rope at each end to the 

Expander bolt using wire rope clips. Tighten the wire rope using a wire rope tightener. 

 

After the new wire rope is installed, place at a distance of 4-5 meter Expander bolts along the 

wire rope. Use a 2-3 mm galvanized steel wire between the Expander bolts and the horizontal 

steel wire rope without changing the horizontal position of the wire rope. NB! Do not force 

the wire rope upwards trying to get the wire rope trough the Expander. 

 

 

 

 

Mounting of the Flexible Ducting 
Suspend the Flexible Ducting to the wire rope using the suspension hooks welded to the 

ducting. 

 

 

The galvanized steel hooks are always assembled on the 

ducting at delivery; ready to hang up. The hooks are to be 

hooked on the horizontal steel wire (photo). The suspension 

is constructed in such way, that if there would be an 

extraordinary force on the ducting, the steel hooks will break 

open and leave the reinforcements without damage. Steel 

hooks are available as spare parts and can easily be 

reassembled on the ducting. 
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Connecting of the Flexible Ducting 

 

 

Flexible ventilation ducting can be connected in different ways. 

 

Steel coupling; 
A steel ring is welded in one end of each tube. The tubes are then 

connected to each other by mounting the tube end without steel ring 

over the tube with steel ring. Then a steel connecting ring is mounted 

over the two tubes and tithed. 

A connection system with one inner steel ring a lose tube end gives 

flexibility and different tube length can be connected to each other. 

 

 

 

 

 

Zip connection; 
Zip connection has been used since the beginning of the 

eighties. Zip connection is used when having long tubes and 

for large diameters. Zip connection is often used in TBM 

projects. The zip is mounted on the tube and is easily 

connected to the next tube. 

 

 

 

 

 

Velcro connection; 
The Velcro connection can be used for larger diameter to 

make handling and connecting easier. The Velcro connection 

is mounted on the tube and is easily connected to the next 

tube. It is strong and will not be damaged and can be used for 

many years. 
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Inspection and maintenance 

 

When a tunnel is driven it will continually be longer and procure in the ventilation tube will 

increase. Small damage on the ducting due to handling and the operation of equipment will 

occur. Because of all this it is of importance to regularly inspect the ventilation system. 

 

Things to be inspected and action to be taken; 

∉ All damage has to be repaired. 

∉ Dents and un-strait ducting has to be straitened. 

∉ Defect or damage couplings have to be changed. 

∉ Defect suspensions have to be changed or repaired. 

∉ Suspension hanging against a Expander bolt have to be moved. 

∉ Lose Expander bolts have to be tithed. 

∉ Slack wire rope has to be tithed. 

∉ Control of the fan and all other equipment. 

During the inspection the air speed, pressure in the ducting and the energy consumption of the 

fan should be measured and registered. 
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How to repair holes/tears on a mounted Flexible Duct. 

 

Necessary Equipment 

• One hand held hot air welding machine type Leister. 

• One press roller. 

 

 

Preparation 
Clean the damaged area from dirt oil/grease and cut the area clean if there 

is lose treads, make sure the duct is under pressure. If the damage is large, 

decrease the hole using needle and thread. When you sew, use double 

thread and choose distance between each thread depended on damage. For 

better results, sew “up and down”. Cut a piece of fabric which covers the 

hole/tear with min 50mm overlap. Arrange 220V AC to the place where 

the repair is to be done. Before starting the vulcanization, make some test 

on a piece of fabric to make sure that correct heat is adjusted on the 

welding machine. 

 

Procedure 
Place the piece of fabric over the damage so that it overlaps the 

damage min 50mm. Press the piece of fabric towards the duct 

using the press roller. Bring the outflow part of the welding 

machine between the piece of fabric and the duct (photo). 

Let the hot air stream melt the surfaces of the piece of fabric and 

the duct at the same time as the press roller is pressed and moved 

with short movements over the part of the piece of fabric which 

the hot air stream just has melted. Try to avoid that the outflow 

part of the welding machine touches fabric or it will soon be covered with melted PVC. 

 

The result gives optimal durability of a repaired damage and no leakage. When using hot air 

gun, always have something direct under the area you are repairing! It is very hot, be careful 

when using it and protect yourself! During welding there will be some welding smoke. Do not 

inhale this smoke! 

 

JP Repair kit 
l pcs Hand held hot air welding machine type Leister. 

l pcs Press roller. 

l roll Repair fabric 0,2 x l00 m 

l roll Repair fabric 0,6 x 4 m 
3 lit PVC-glue 

5 pcs Glue brush 

2 pcs Glue spatula 

l roll Cleaning 

5 pcs Sewing needles 

l pcs Spoole á l00 m thread 
20 pcs Suspension hooks 
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Dismantling 

Before taking down the Flexible Ventilation Ducting the ducting should be classified. 

Class l: Ducting with no damage. 

Class 2: Ducting with damage that has to be repaired. 
Class 3: Ducting with large damage that has to be throne away. 

 

Due to working environment regulation, all tubes that should be used again should be cleaned. 

This is easiest dune before the ducting is taken done. 

 

All pallets have to be clearly marked with quality, dimension, how many tubes and their 

length and the class. 

 

The ducting is taken done one by one and packed together, sorted after class and placed on 

pallets that are then classified. 

 

 

Storage 
 

The ducting should always be stored on pallets that are well tied together. The ducting could 

be stored outdoors but should then be covered from dust, heat and the sunlight. 
 

 
 

 


