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About this book

The Explosive Handler is responsible for storing, transporting and handling explosives used for blasting
in mines. The individual on the job should be well organised, follow extensive safety precautions, feel
comfortable working in dangerous situations and be accustomed to handling and being around chemicals
and explosives at the mining site. Among others, the individual must have a very diligent attitude towards
safety and decent communication skills. The trainee will enhance his/her knowledge under the trainer’s
guidance in the following skills:
•

Knowledge and understanding: Adequate operational knowledge and understanding to perform the
required task
• Performance criteria: Achieve the required skills via hands-on training and perform the necessary
operations within the specified standards
• Professional skills: Ability to make operational decisions related to the area of work
The handbook incorporates well-defined responsibilities of an Explosive Handler.
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1. Introduction
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Unit 1.2 - The Role of Explosives Handler in the Mining
Industry
Unit 1.3 - Explosive Handling Basics
Unit 1.4 - Mining Regulations
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Describe the general discipline in the classroom
2. Summarise the role of explosives handler in the mining industry
3. Apply the basics of benching in quarries, dressing of overhangs, undercuts, fencing, first aid and
hygiene
4. Demonstrate an awareness of the standing orders in force at the mines
5. Execute safety practices in the vicinity of machinery
6. Demonstrate the practice of following shot-firing and safety regulations
7. Explain how to locate the place to take shelter at the time of blasting
8. Apply basic communication skills at the mines
9. Demonstrate basic reading capabilities to enable reading of signs, notices and/or cautions at
the site
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UNIT 1.1: The General Discipline in the Classroom
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the general behavioural ethics to be followed in the classroom
2. Identify the behaviour not to be practised in the classroom

1.1.1 Dos and Don’ts of Classroom Behaviour
Students studying this course must ensure and comply with the below disciplinary norms:
Dos
•
•
•
•
•
•

Enter the class at least 15 minutes before to settle down and recap the topics done in last sessions
Wear ID cards while inside the classroom and within the institute's/centre's premises
Raise hands before speaking in the class
Help batch mates in learning, whenever needed
Raise doubts and ask questions to learn better
Listen to the trainer’s instructions carefully and work on the feedback provided by him/her

Don’ts
•
•
•
•
•
•

Skip classes, activities, and practical sessions because each of these would contribute significantly
to the training outcomes
Loiter unnecessarily outside the classroom
Ridicule or scorn batch mates if they fail to answer accurately or participate in an activity
Adopt unfair means while attempting tests and examinations
Ask the trainer or batch mates questions about their religious preferences, gender-orientation,
political alignments, economic background, etc.
Participate or encourage ragging and bullying inside the classroom or within the institute’s/centre’s
premises
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UNIT 1.2: The Role of Explosives Handler in the Mining
Industry
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain the basic concept of mining
Identify various electrical gears used in mines
Analyse various human resource policies as per the Mines Act
Explain the responsibilities performed by explosives handler
Illustrate the career progression chart of explosives handler

1.2.1 Mining in India
The process of extraction of valuable and useful minerals from the crust of the earth is mining. The
metallurgical and mineral industries constitute the bedrock of industrial development as they provide
the basic raw materials for most industries. India produces as many as 84 minerals comprising 4 fuels,
11 metallic, and 49 non-metallic industrial and 20 minor minerals.
The mining industry is a significant economic activity in India, and the industry is the backbone of
the manufacturing and infrastructure sectors of the economy. The mining industry provides basic raw
materials to several significant industries, including Thermal, Iron & Steel, Petroleum & Natural gas,
Electrical & Electronic equipment, and Cement manufacture.
India's mining wealth is concentrated in Odisha, Andhra Pradesh, Rajasthan, Chhattisgarh, Jharkhand,
Madhya Pradesh and Karnataka.
•
•
•
•
•

Iron ore reserves are predominantly found in the states of Odisha, Jharkhand, Chhattisgarh,
Maharashtra, Goa and Karnataka
Maharashtra, Madhya Pradesh, Odisha, Andhra Pradesh and Karnataka are major areas for
manganese reserves
Copper reserves are available in Rajasthan, Madhya Pradesh and Jharkhand
Zinc reserves are predominantly found in Rajasthan, Andhra Pradesh, Madhya Pradesh, Bihar and
Maharashtra
Chromite ore reserves are available in Odisha, Manipur, Nagaland, Karnataka, Jharkhand,
Maharashtra, Tamil Nadu and Andhra Pradesh
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Fig. 1.2.1: Mineral map of India

1.2.2 Various Electrical and Non-electrical Gears Used
in Mining
Tramways and siding
Sidings are mainly used for loading and unloading of material by the equipment. Common sidings store
stationary rolling stock, especially for loading and unloading.
Tramways are lightly laid railways. The tramways may include wagon or carriages which can be moved
without locomotives. Tramways within the mines are prepared for carrying of lightweight materials. It is
not meant to carry the weight as carried by standard railway equipment; therefore, the materials used
in preparing the track on which the tramways operate are made of sub-standard quality. Tramways can
also be operated by just laying tracks on the ground to transport material in the mines or quarry. The
opencast mines do not require tramways. Due to availability of space; tyre mounted equipment is used
in opencast mines for transportation of material. Generally, the tramways are used in underground
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mines where there is a constraint of space. In most of the quarries or mines, the use of narrow-gauge
railway technology is preferred. Previously, animals (horses) were used for pulling the train. Due to
tracks, it is possible to push it by hand or cable hauled by a stationary engine. Nowadays, the use of
light locomotives is considered the best feasible option. It reduces time consumption.
Winding Engine
As per the Mines Regulations, suitable arrangements shall be made for persons to descend and ascend
by shafts or outlets. The shaft is vertical and more than 60 metres in depth, and such arrangements shall
be have proper winding engine. Every such winding machine shall be installed and maintained so that it
is constantly available for use. An appointment of winding enginemen is required. The appointment of
winding enginemen should be done in case of an electric winding engine of 75 horsepower or more or
of steam or compressed air winding engine which has cylinders exceeding 30 centimetres of diameter,
the person must hold a First-Class Engine Driver's Certificate and in any other case a Second-Class
Engine Driver's Certificate. The winding enginemen shall comply with all the duties mentioned in the
mining regulations.
Boilers
A closed vessel in which fluid such as water is heating is called Boiler.
Fluid in the boiler doesn't need to boil. The vapours of the fluid
come out of the boiler and are used in other various processes. The
boiler is used in processing plants of minerals.
Fig. 1.2.2: A Boiler

There are mainly two types of boiler
•
•

Water tube boiler – In this boiler, the water is heated inside tubes, and hot gases surround them.
Fire-tube boiler – in this boiler, there are one or more tubes through which hot gases are passed,
and water surrounds these tubes.
The primary purpose of the boiler is to heat and generate steam. The steam produced by the boiler can
be used for various purposes.
Electrical Gears
The mining industry is equally dependent on electrical equipment
and diesel-oriented equipment. Underground mining methods
involve more electrical equipment than surface mining methods.
Opencast mining is dependent heavily on mobile diesel equipment.
But there is electrical equipment, which is used in opencast mines.
For example, the belt conveyors are operated on electrical sources. Fig. 1.2.3: Belt conveyor used in mines
The belt conveyors used in mines are required for the transportation
of material. In opencast mines, diesel-powered equipment is
being replaced by electrical powered belt conveyors because of its
savings. Diesel operated equipment require diesel fuel, which is an
expensive option as compared to electrical equipment.
Other equipment such as Dragline and electrical shovels and
dumpers are also used in opencast mining.
Fig. 1.2.4: Dragline used in mines
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Electrical equipment which are used in underground mines are generally the electrical lamps, the roof
bolting devices, the shafts, the winding engine.
Nowadays there is a high probability that the cost of electricity will remain low as compared to diesel,
and this justifies the investment in electrical equipment for mining.

1.2.3 Human Resource Policies
Duties of workers as per the Mines Act
Any person employed in mines should undergo an initial medical examination and periodical medical
examination after five years of working. No person should work under the influence of drugs or alcohol
in the mines. All the incidents or accidents should be reported to the officials by any person working in
mines. Any person working in mines should follow the standard operating procedures of the work he is
authorized to do. No person shall misuse or damage the Personal Protective Equipment (PPE) provided.
Any person should always use the required job-specific PPE. Any person working in mines should not
enter any unauthorized area like the magazine or blasting site. All the safety procedures and rules shall
be followed by every person working in mines. No person below 18 years of age should work in any
mines. No person shall produce any false documents.
Provision of wages as per the Mines Act
Any person working in mines must be paid wages as per the Mines Act. Mines act has defined "ordinary
rate of wages" as the basic wages plus dearness allowance and underground allowance. As per the act,
if the Chief Inspector discontinues any part of the mines or the entire mines, then every person whose
employment is prohibited will be entitled to payment of full wages. The owner or manager may provide
alternate employment to the persons.
Mines act also has the clause for payment of extra wages for overtime. Overtime is defined as "any
person working in the above ground for more than 9 hours in any day and working in the underground
for more than 8 hours in a day or more than 48 hours in a week". Any person doing overtime will be
entitled to wages at the rate of twice his ordinary wage rate for the period of overtime.
Any person employed in mines is entitled to annual leave and wages during the leave period.

1.2.4 Knowing Explosives Handlers
Largely, the entire mining industry is dependent on blasting. In simple terms, blasting operation is
the backbone of the mining industry. Blasting operations are carried out with the help of permitted
explosives in the mining industry.
A person responsible for storing, transporting, handling of explosives and being an essential part of
blasting operations in mining is called an Explosives handler. An explosives handler conducts blasting
operations in mines by charging adequate amounts of explosives in drilled holes. Explosives are
highly sensitive materials and need to be correctly stored, transported, and used. The Explosives Act
and Explosive Rules have been laid down in India to regulate the storage, transportation, and use of
explosives. The explosives handler must comply with all the rules of this act.
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1.2.5 Role of Explosives Handler
Here is an account of the primary responsibilities that
define the role of explosives handlers.
•
•
•
•
•
•
•
•
•
•
•
•

Examining the drill holes after drilling is complete
Maintaining a record of storing explosives and
cartridges
Maintaining cases and explosives containers in
operating condition
Selecting and verifying shot holes for charging and
Fig. 1.2.5: Drilling holes at blasting face
firing
Maintaining shot firing tools in appropriate
condition
Selecting explosives depending on the weather conditions,
hole conditions, etc.
Assisting the firing of shot holes
Maintaining safe distance while taking shelter at the time of
firing
Complying with all pre and post blasting guidelines
Adhering to the duties and responsibilities of a blaster as per Fig. 1.2.6: Explosive cartridge
the Metalliferous Mines Regulations (MMR) 1961
Avoiding mishandling of explosives
Ensuring safety in all the stages of blasting procedure

Fig. 1.2.7: Explosive handler

1.2.6 Career Progression of Explosives Handler
Any explosives handler can obtain a Blaster’s Certificate after completing two years of experience and
being certified as a blasting helper. Furthermore, while working as a blaster in the Indian mining industry,
he can obtain Mining Mate Certificate from the Directorate General of Mines Safety by qualifying the
oral examination. He will, then, be recognised as Mining Mate Cum Blaster.
Additionally, there are options to appear for the Foreman Examination conducted by the Directorate
General of Mines Safety (DGMS).
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UNIT 1.3: Explosive Handling Basics
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.

Summarise the benefits of benching and fencing
Illustrate the steps of benching
Demonstrate the methods of dressing overhangs
Identify the risks associated with undercuts
Demonstrate an awareness of the mining regulations related to fencing
Demonstrate basic first-aid treatment for various types of accidents in a mine
Analyze a material safety data sheet

1.3.1 Benching in Quarries
A quarry is operated by creating steps (like a ladder) and extracting the mineral from a high wall, which
keeps moving and creating space on the surface. These step-like formations in a quarry are called
“Benches”.
Bench in mines includes:
•
•
•

Bench floor – The surface beside the high wall where all the equipment is plied.
Crest of the bench – The topmost part of the high wall is the crest.
Toe of the bench (Footwall) – The bottom of the bench is Toe.

Crest

Bench
Width

Toe

Bench Height (H)

α

Crest

Toe
Bank width

Face angle
Bench Height (H)

Bench ﬂoor

Fig. 1.3.1: Benching design

1.3.2 Importance of Benching in Quarries
Supervising all ongoing operations in the quarry will be feasible if proper benching is done and
maintained. Here are the benefits of benching in quarries:
•
•
•
•
•

The floor of the bench provides all equipment with an ease of movement
Large-scale blasting becomes easy due to benching in quarries
Placement of loading equipment becomes handy
Multiple operations can be carried out simultaneously on different benches, thus increasing the
production and productivity of quarries
Multiple grades of ore can be parallelly excavated from different benches
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Fig. 1.3.2: Benches in an opencast mine

Fig. 1.3.3: Bench floor

Fig. 1.3.4: Equipment working in mines on different benches

1.3.3 Steps of Benching in Quarries
Step 1. During the mining plan preparation, it is essential to
mention the details of equipment utilized for mining, such
as the loading-hauling combination, the hole diameter
of the drilling machine. The bench height is decided by
considering the hole diameter and the boom length of
the loading equipment. The hole diameter is important to
ensure that the required products will be achieved from
the mines.

Shovel
Length

Truck

Truck Width

Shovel

Berm width

Example: If a Komatsu PC 1250 is planned to be used to
extract the mineral, then the boom length of the equipment
Truck
Turning
plays an important role in deciding the height of the bench.
radius
The boom length of PC 1250 is around 10 meters; hence, Fig. 1.3.5: Calculating bench height and width
the bench's height, in this case, should be a maximum of
10 meters.
Step 2. Once the height of the bench is decided, a basic
rule provided by the Mining regulation is that the width
of the bench should not be, in any case, less than the
height of the bench, or it should be more than twice the
width of the largest equipment plying in the mines.

HAUL
ROAD
BERM
WIDTH

BENCH
HEIGHT

BENCH
SLOPE

OVERALL

INTERAMP
ANGLE

ANGLE
ANGLE
Step 3. The total number of benches to be created in
the mines is decided based on the reserve of the target
mineral present below the surface. If the required mineral Fig. 1.3.6: Bench width and bench height
is present to a deeper extent and if it is economically
feasible to extract the mineral from that extent, then further benches are created.
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1.3.4 Dressing of Overhangs
Definition of Overhangs
Any boulder or material hanging at the crest or
lying at the bench's extreme edge is an Overhang.
As shown in the above image, the material is
hanging without any support. Sometimes there
can be a boulder in place of ore hanging at the
edge of the bench.

Fig. 1.3.7: Overhang in a mine

Importance of dressing overhangs in mines
Overhangs are considered hazards in the mining industry. Any hanging material or boulder may roll
down and hit any equipment parked or person standing on the bench floor, causing property damage
or Loss Time Injury (LTI). Therefore, it is important to remove any overhangs in mines.
Process of dressing overhangs
Excavators can remove overhangs. A backhoe can pull the hanging material and let it fall on the bench
floor after ensuring that no equipment or person is standing on the bench floor. Dozers can also remove
overhangs by pushing the hanging material.

1.3.5 Undercuts
Definition of Undercut
During the excavation of ore from the bench, sometimes
the material from the bottom or middle part is extracted,
but the material from the top of the bench remains
unexcavated. Such a condition is called Undercut. While
standing on the top of the bench, it may seem normal;
however, the floor's strength is reduced as there is no
material beneath it for support.
Fig. 1.3.8: In undercut, the hanging material may fall
anytime due to less support or base

Importance of filling/dressing of Undercut

Undercuts can be rectified by removing the unexcavated top material. The vertical bench should be
levelled. Undercuts are hazardous and mainly found in dumps and ore benches.

1.3.6 Fencing
The mine boundaries, the mine entrance, and the area
within the mining lease should be fenced securely.
A physical barrier prepared to avoid entrance of any
unwanted person or animals within the mining lease area
is called fencing.

Fig. 1.3.9: Fencing in a mine
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Importance of Fencing
Fencing •
•
•
•
•

prevents the entry of any unauthorized person within the mining premises
prevents the entrance of animals which may act as a hazard after entering the mining area
demarcates the working area in mines
reduces the danger to the public staying close to the mining lease area
separates a mine's boundary from the neighbouring mines

Steps of Fencing
•
•

Every mining lease is provided with a boundary. The boundary is marked using GPS. Once the mining
surveyor confirms the boundary, pillars are installed, which are called boundary pillars.
Once pillars are installed, all the pillars are connected using wires. The entire circumference of the
boundary is covered via fencing.

Fig. 1.3.10: Boundary pillars

Mining regulations related to fencing
In India, mines are mainly of two types - Opencast and Underground.
As per mining regulations, fencing should be erected at the top of
every opencast mine. Opencast mines are the ones in which the
minerals are found at the sub-surface level and can be extracted
without removing much-unwanted material (Overburden). However,
many minerals are deep below the surface, and to extract such
minerals, a vast amount of soil or overburden need to be removed
before extracting the target mineral. It is not economically feasible to Fig. 1.3.11: Opencast Mines
extract such minerals. In such cases, the underground mining method
is preferred. Such mines are called underground mines. Fencing, on
the surface of such underground mines, needs to be done wherever
applicable.
If any excavation is carried out within 15 metres from a public road
or building, fences have to be erected and maintained around the
excavation area. Sumps, the entrance of shafts, or any hazardous
Fig. 1.3.12: Underground Mines
place has to be fenced.
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1.3.7 First Aid Basics for Explosives Handler
Hazards associated with explosives
•
•
•
•

The role of explosives handler is exposed to hazards like:
Severe burns due to accidental blasts
Inhalation of explosives
Skin and eye contact with explosives

Fig. 1.3.13: Burn due to accidental blast Fig. 1.3.14: Eye injury due to contact
with explosives

Fig. 1.3.15: Inhalation of explosives

Material Safety Data Sheet for explosives
Material Safety Data Sheet for explosives should be attached wherever explosives are stored. Any
person dealing with explosives should be aware of the hazards associated with explosives. Explosives
can be harmful to health. The physical and chemical composition should be known to the explosive’s
handler, and he must follow all the safety guidelines related to the use of explosives. All the required
job-specific Personal Protective Equipment should be used while dealing with explosives.
Material Safety Data Sheet
9. PHYSICAL AND CHEMICAL PROPERTIES
Physical state:
Emulsion. Freshly prepared bulk explosive is hot (60-70°C)
Colour:
Grey to Cream mixture
Odour:
Negligible
Solubility:
Insoluble in water
Specific Gravity:
N Avail
Flash Point (°C):
Not applicable
10. STABILITY AND REACTIVITY
Explosive material. Avoid ignition sources, static electricity discharge and friction.
Chemical stability:
Detonation may occur from heavy impact or excessive heating, particularly under
confinement.
Avoid exposure to heat, sources of ignition and open flame. Avoid contact with
Conditions to avoid:
other chemicals. Avoid build-up of static electricity.
Incompatible with strong alkalis. Incompatible with strong acids. Incompatible
with combustible materials, Incompatible with nitrites, chlorates, chlorides and
Incompatible materials:
permanganates. Ammonium nitrate is a powerful oxidising agent. It is incompatible
with tetranitromethane, dichloroisocyanuric acid, trichloroisocyanurate, any
inorganic nitrite, and metal poweders.
Oxidse of nitrogen. Oxidse of carbon. When heated to decomposition (unconfirmed)
ammonium nitrate produces nitrous oxide, white ammonium nitrate fumes and
Hazardous decomposition
water. When mixed with strong acids, and occasionally during blasting, it produces
products:
an irritating toxic brown gas, mostly of nitrogen dioxide. When molten may
decompose violent due to shock or pressure.
Explosive material. Detonation may occur from heavy impact or excessive heating,
Hazardous reactions:
particularly under confinement. Hazardous polymerisation will not occur.

Fig. 1.3.16: Sample Material Safety Data Sheet (Source – MSDS provided by ORICA)
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As mentioned in the image above, MSDS shares all the relevant data, which gives an idea to the person
dealing with explosives about how to deal with such material and what precautions should be taken
care of.
First-Aid basics
Severe burns – A person may get accidental burns while
handling explosives. Such burns may get fatal if not treated
correctly and promptly.
First Aid for minor (1st degree) burns:
•
•
•

Clean the affected area gently and cool the wound
carefully with lukewarm water
Remove jewellery that may cause abrasions or swelling
Fig. 1.3.17: First aid for minor burns
Apply antibiotic ointment/solution to treat the burn

First Aid for severe (2nd and 3rd degree) burns:
•
•
•
•
•

Remove the victim from the source of the explosion
Remove any burning material from the victim's body
Gently wrap the injured areas with a clean sheet
Treat the victim for shock by keeping him or her focused
on conversation
Summon the medical emergency team as soon as possible Fig. 1.3.18: Seek medical help in case of severe
burns

Inhalation of explosives - A person may accidentally inhale
explosive, which may cause difficulty in breathing and reduce the oxygen level in the body.
Precaution – To avoid inhalation, a person dealing with explosive should always use nose mask.
First Aid – If a person inhales explosive follow the below steps •
•
•
•
•

Remove victim from the area of exposure
Allow the person to assume the most comfortable position and keep warm and keep at rest until
fully recovered
If a patient finds breathing difficult, ensure that airways are clear of any obstruction and get a
qualified person to apply oxygen through a face mask
Apply artificial respiration if the patient is not breathing
Seek immediate medical advice if the condition persists

Skin Contact with Explosives: - While dealing with explosives, there is a probability that a person gets
allergic to explosives.
Precaution – Always use hand gloves and full sleeves clothes while dealing with explosives.
First Aid – If skin contact occurs, follow the below steps •
•
•

Remove contaminated clothing and wash skin with running water.
If irritation occurs, seek medical advice.
The clothes, once used, should be cleaned before reuse.
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Eye Contact with Explosives: - The eyes may get affected while dealing with explosives.
Precaution – Safety goggles to be used while in contact with explosives
First Aid – If eye contact occurs, follow the below steps •
•

Wash out immediately with normal water.
Seek medical attention in case of eye contamination.
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UNIT 1.4: Mining Regulations
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain various standing orders in force at a mine
Compare the dos and don’ts of safety guidelines in the vicinity of Machinery
Explain the dos and don’ts of shot firing
Identify an appropriate place to take shelter at the time of blasting
Develop basic communication skills and reading capabilities as required by the job role

1.4.1 Standing Orders in force at the Mine
Metalliferous Mines Regulations (MMR) and Coal Mines Regulations (CMR) have been formed to
regulate the safety of the persons working in the mining industry. Metalliferous Mines Regulations are
extended to Metal Mines in India, for both Opencast and Underground Mines. Similarly, the Coal Mines
Regulations are extended to Coal Mines for both Opencast and Underground Mines. Mines Act and
Mines Rules have been formed to ensure the safety of all the persons working in the mining industry.
Mining is a hazardous profession; therefore, extra precautions are required while working in the mining
industry. Any mine that is getting operated in India has to follow the Mines Act 1952 and adhere to the
MMR or the CMR regulations.
From obtaining a mining lease to its operation and closure, mainly five government bodies are involved.
•

State Government: - The mining lease is applied to the state government of the state in which the
lease exists.
• IBM (Indian Bureau of Mines):- The main motive of IBM is to conserve minerals and utilise all the
minerals extracted from the mines. IBM ensures that no mineral gets wasted or under-utilised.
• DGMS (Directorate General of Mines Safety):- The vision of DGMS is to ensure the safety of any
person working in the mining industry.
• PESO (Petroleum and Explosives Safety Organization):- This organisation ensures proper storage,
usage, and transportation of explosives and diesel.
• MOEF (Ministry of Environment and Forest):- This government body ensures that the environment
and forests are least affected by mining activities.
Thus, the Indian mining industry needs to deal regularly with government bodies. These organisations
ensure mines' proper functioning in their respective fields through the monthly, quarterly and yearly
returns filed by mining companies.

1.4.2 Safety Guidelines in the Vicinity of Machinery
Mining activities, in general, involve the use of various machines that are associated with hazards and
risks, if not handled appropriately. Here are a few guidelines for the safe handling of such machinery.
Do’s
•
•

Use all PPE properly with chin strap helmet while approaching machinery
Maintain a safe distance from machinery
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•
•

Always maintain eye contact with the machine operator, if required, while reaching the machinery
Wait for the operator to turn off running machinery before approaching the same

Don’ts
•
•
•
•

Shouldn’t approach running machinery
Shouldn’t go near the swing area of machinery
Shouldn’t try to approach the machinery without obtaining prior information from the operator
Shouldn’t use mobile phones while approaching machinery

1.4.3 Shot Firing Regulations
The charging and stemming of holes shall be carried out by a competent person, called the Blaster or
Shot firer. As per the regulations, the person should have a valid certificate issued by the Directorate
General of Mines Safety.
Do’s
•
•
•
•
•

Always follow the manufacturer’s warning and instructions while dealing with explosives
Always fire detonators with the equipment and procedures recommended by the manufacturer
Always verify the integrity of the detonator system before initiation of a blast
Always protect electronic detonator wires, connectors, coupling devices, and shock-tube or other
components from mechanical abuse and damage
Always ensure that the blaster in charge has control over the blasting site

Don’ts
•
•
•
•
•

Shouldn’t misuse the explosives
Shouldn’t use a mobile phone while at the blasting site
Shouldn’t smoke or bring any matches or lighter near the blasting site
Shouldn’t overcharge the drill holes
Shouldn’t allow any unauthorised person at the blasting site

1.4.4 How to Decide Where to Take Shelter at the Time
of Blasting
"While blasting was in progress in a limestone quarry, a non-employee
entered the danger zone and was struck on the head by a flying piece of
stone which was projected some 230 metres from the site of holes." (DGMS
Circular). As per the guidelines of DGMS, any person should not be present
within the danger zone of blasting, which is 300 metres.
"While blasting was being done in an iron-ore quarry, an office-boy taking
shelter at a distance of 460 metres from the site of blasting was hit by a flying
fragment about 8 cm cube in size causing injuries which proved fatal shortly
thereafter." (DGMS Circular). Considering the above case, DGMS has further Fig. 1.4.1: A blasting shelter
increased the danger zone from 300 metres to 500 metres. Any person should near the blast area
not be present within 500 metres of the radius of the blasting site.

17

Participant Handbook

It is not possible to fire the holes from 500 meters distance; therefore, proper guidelines have been
formed to use Blasting Shelter, which should be at least 100 metres away from the blasting site. The
shot firer should take shelter inside the blasting shelter, which should be made of iron and the door of
the blasting shelter shall open outwards. The shot firer should properly close the door of the blasting
before firing the shots.

Fig. 1.4.2: A blasting shelter

1.4.5 Basic Communication Skills of Explosives Handlers
The explosives handler should have working fluency in both verbal and nonverbal (written, email,
talking on the phone, communication via signals and body language, etc.) modes of communication. He
should have the ability to deal with communication barriers. Safety-related communication should be
clear to everyone involved in the blasting operation to avoid accidents. The explosives handler should
have command over the language understood by the employees involved in the blasting operation.
The blasting operation being the most hazardous task in the mining industry, clear and accurate
communication of all messages to every person present in the mines is important. Verbal communication
and all information related to safety during the blasting operation should be communicated to all
persons present within the mining premises. For example, a siren needs to be operated before and
after the blasting operations. This siren is a way of communicating with all persons within the mine that
the blasting operation will be initiated or completed.
The storage of explosives and the blasting operation involves the presence of a large number of persons.
Therefore, verbal communication skills are most important for an explosives handler. Clear instructions
during mixing, charging, and the connection of holes should be taken care of. Other than verbal
communication, active listening skills are essential for an explosives handler. Any information provided
by any person should be clear to the explosives handler to avoid mishaps. Wrong understanding of
instructions due to poor listening skills can have grave consequences at the mine.

Fig. 1.4.3: Effective communication is essential with colleagues and superiors
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1.4.6 Basic Reading Capabilities of Explosives Handlers
The explosives handler should understand English language and also the local language to understand
the precautions/instructions on the explosives provided by the manufacturer. Reading abilities are
required to interpret the material safety data sheet for explosives. The explosives handlers should
understand signs, symbols, etc. (for example, the danger sign and the inflammable material sign-on
explosives, etc.). He should be able to interpret the hazards associated with explosives by looking at the
precautions, symbols, and signs.

EXPLOSIVE
1

FLAMMABLE
SOLID

4

TOXIC
6

FLAMMABLE
GAS

NON-FLAMMABLE
NON-TOXIC GAS

2

TOXIC GAS
2

SPONTANEOUSLY
COMBUSTIBLE

DANGEROUS
WHEN WET

OXIDIZING
AGENT

INFECTIOUS
SUBSTANCE

RADIOACTIVE

CORROSIVE
8

2

4

6

1

7

5.1

FLAMMABLE
LIQUID

3

ORGANIC
PEROXIDE

5.2

MISCELLANEOUS
DANGEROUS
GOODS

9

Fig. 1.4.4: Basic symbols related to mines and explosives

Summary
•
•
•

The role of explosives handler in the mining industry
Explosive handling basics
Mining regulations

Exercise
Answer the following questions by choosing the correct option:
1. Which of the following is not a responsibility of an explosives handler?
a. Examining the drill holes after drilling is complete
b. Selecting and verifying shot holes
c. Transporting large volumes of loose materials to the designated place
d. Discharging the load of the dumping operator
2. The _____ has/have been laid down in India to regulate the storage, transportation, and use of
explosives.
a. The IBM Rules					

b. The MMR Act

c. Explosives Act and Explosive Rules 		

d. The Environment Protection Act, 1986
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3. What is the Crest of the bench?
a. The surface beside the high wall where all the equipment is plied
b. The topmost part of the high wall
c. The bottom of the bench
d. Either side of the bench
4. Which of the following statements is false about benching?
a. Large-scale blasting becomes easy due to benching in quarries
b. Multiple grades of ore can be parallelly excavated from different benches
c. The floor of the bench provides all equipment with ease of movement
d. Benching reduces the strength of the floor
5. Which of the following does not help in deciding the bench height?
a. Floor perimeter
b. Hole radius
c. Hole diameter
d. Boom length of the loading equipment
6. Which of the following is false about benches?
a. The width of the bench should be less than the height of the bench
b. The width of the bench should be less than twice the width of the largest equipment plying in
the mines
c. The total number of benches to be created in the mines is decided on the profits the target
mineral is forecasted to fetch
d. All of these
7. Which of the following organisations ensures proper storage, usage, and transportation of explosives
and diesel?
a. IBM		

b. MMR			

c. PESO			

d. MOEF

8. What is the first aid treatment given in case of skin contact with explosives?
a. Remove contaminated clothing and wash with running water
b. Apply artificial respiration if the patient is not breathing
c. Gently wrap the injured areas with a clean sheet
d. All of these
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.

Identify different types of explosives and explain their uses
Identify various types of detonators and their uses
Diagnose defects and deterioration in explosives via various gauges and equipment
Inspect shot holes and test firing circuits
Develop quality deficiency reports
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UNIT 2.1: Explosives
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.

Explain the basic concepts of explosives
Identify high, low, primary, and secondary explosives
Demonstrate various firing and charging techniques
Demonstrate the steps of firing high explosives
Calculate the burning speed of explosives
Compare various blasting patterns
Explain various safety guidelines in handling explosives

2.1.1 Definition of Explosive
Explosive can be defined as a material which has a huge amount of potential energy (stored energy),
and when it is released suddenly, it releases a huge amount of gases with high temperatures. These
gases need space (volume) to move out of their confined space; this process is called an explosion.

Fig. 2.1.1: Explosion in mining

2.1.2 Purpose of Explosives
In general, explosives is used in the mining industry,
engineering, construction, and military applications.
Minerals (which usually are rocks) are present in the earth's
crust in the in-situ (natural) form. These minerals are too
hard to remove with machinery or the workforce due to their
hardness. To break and shatter these minerals, explosives
are required.

Fig. 2.1.2: Breaking and Shattering effect

As mentioned above, explosives hold a huge amount of
potential energy. This potential energy is utilized in breaking the hard rocks/minerals. At some places
where the explosion is not possible, rock breaker equipment is also used; however, they consume a lot
of time, and the desired product is not achieved. Hence, as of now, explosives are the best option in
the mining industry.

23

Participant Handbook

In this competitive world, the mining industry plays a vital role in any country’s economic growth. The
mining industry is hugely dependent on explosives for extraction of minerals. Coal mining is the largest
consumer of industrial explosives followed by metal mining.

Fig. 2.1.3: Coal Mines				

Fig. 2.1.4: Metal Mines

2.1.3 The General Parts of an Explosive
In general, there are four basic characteristics of explosives.
•
•
•
•

Explosives are chemical compounds. These chemical compounds are mainly ignited by shock.
Once the ignition is done, it breaks down further into detonation. Detonation is a type of combustion.
This detonation causes the release of heat and a huge amount of gases, which needs a larger
volume.
The energy released by the detonation of explosives causes breaking of rocks or displacement of
rocks accompanied by ground vibration.

2.1.4 Types of Explosives with Composition
Explosives can be classified into two categories•
•

The explosives that have the detonation velocity between 1800 meter per second to 8000 meters
per second are referred to as “High Explosives”.
The explosives that have less detonation velocity, which ranges between 170 to 700 meters per
second are referred to as “Low Explosives”

Fig. 2.1.5: Dynamite is used as High Explosive		

•

Fig. 2.1.6: Potassium Nitrate is used as a Low Explosive

The explosive mixture consisting of fuel and oxidizer is called as “Blasting Agent”. Blasting agents
are used for blasting purpose, but they cannot be referred as explosives.
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In simple terms, it can be stated that a product that reacts faster than the speed of sound is a high
explosive, and a product that reacts slower than the speed of sound is low explosive.

EXPLOSIVES
Low Explosives

High Explosives

Black Powder
Smokeless Powder
Flash Powder

Primary High
Explosives

Secondary High
Explosives

Lead Azide
Lead Styphnate
Mercury Fulminate
DDNP
Tetrazene

Boosters
PETN
RDX

Main Charge
Dynamite
Binary Explosives
Water Gels
Emulsions
TNT
ANFO

Fig. 2.1.7: Types of explosives

High Explosives can further be classified into primary high explosives and secondary high explosives.
Primary high explosives are very sensitive to mechanical shock. On the contrary, secondary high
explosives are relatively insensitive to mechanical shock.

2.1.5 Differences between High and Low Explosives
High Explosive

Low Explosive

It detonates. (Explodes)

It deflagrates. (Burns)

Detonation Velocity – 1800 to 8000 m/s

Detonation Velocity – 170 to 700 m/s

Reaction faster than the speed of sound

Reaction slower than the speed of sound

It can be detonated directly by a detonator

It cannot be detonated directly by a detonator

Called as Cap Sensitive

Called as Non-Cap Sensitive

Table 2.1.1: Differences between High and Low Explosives

2.1.6 Use of Explosives
Explosives

Use

Black Powder or Gun powder
Used as Ignition Charge.
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Use

Water Gels or Slurry Explosive
Used as Cartridge explosive. Useful in wet holes. Excellent water
resistance property.

Emulsion Explosives

Used as the main charge. Useful in wet holes. Excellent water
resistance property.

Ammonium Nitrate Fuel Oil
ANFO
Used as the main charge in holes.
Low cost and easy to use.

Boosters or Cast Primer

Boosters are high power explosives. Used in the initiation of
blasting agents.

Table 2.1.2: Different explosives, their images and use

2.1.7 Various Firing Techniques
An exploder does the firing of shot holes. The main charge provided to the first detonator connected is
given by the exploder, which is carried by the blaster and initiated from the blasting shelter.
The firing of holes depends mainly on the free face of the blasting face. The free face can be defined
as the area where the material will fall after blasting. The free face is selected considering the safety of
the nearby places. The better the free face, the better the fragmentation.
Let us consider the image below –
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The free area in front of the high wall is the free
face area. Once the blast is initiated the first
row should have free space to fall. This space
is a free face. Firing techniques also depend on
the type of fragmentation desired.
If we have enough free face, then the firing can
be initiated from any side of the drill pattern
of the first row. It may be the 1st hole in the
first row from the left or right or centre. The
connection of the other holes to be made in the
same way. As can be seen in the above image,
firing can be initiated in any pattern as desired. Fig. 2.1.8: Blasting area
SIMPLIFIED TUNNEL DRILLING ROUND

FIVE HOLE
BURN CUT
CENTRE
“AIR”
HOLE NOT
CHARGED
DRAIN

Fig. 2.1.9: Simplified tunnel drilling (round)

As shown in the above image, the firing of shot holes is initiated in the centre of the pattern. It is
because of the desired fragmentation. This type of firing is done generally in tunnel or construction
area where there are limitations of the free face.
In this case, the requirement is just to shake the area so that it can be extracted easily with machinery.

2.1.8 Steps of Firing High Explosives
High explosives in blasting cannot be fired directly. A considerable amount of energy is required to
initiate a high explosive. In blasting, high explosives are initiated by a detonator.
Steps for firing are shown below –
1. Preparation of drilling face.
2. After the drilling face is ready, the blasting schedule is prepared; for example, the time of blasting
to be done.
3. Once all the safety precautions are taken, like clearance of the area, the charging process needs to
be started.
4. While charging of hole, the first thing that goes down the hole is High Explosives, as shown in the
image. High explosives are connected with detonators. High explosives are the base charge which
provides a shock to the main charge or priming charge.
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Fig. 2.1.10: Drilling for explosive

Fig. 2.1.11: Charging of holes
Priming
Charge

Base
Charge

Fig. 2.1.12: Setting of charges

2.1.10 Steps of Charging and Firing Shots
Charging of holes is a very important part of blasting. The outcome of the blast depends on the charging
of the holes. The ground vibrations, fragmentation depends on the number of explosives charged in a
hole.
Steps of charging and firing shots
1. Once the drilling face is ready and all the safety precautions are taken care of on the blasting day,
the charging process starts.
2. First, the boosters or base charging is done in the hole. The boosters provide enough shock to the
main charge to initiate it.
3. Charging of explosives is done in the ratio of 70:30. This means, 70 per cent of the hole is charged by
explosives, and the rest 30 per cent is the stemming part. As per the requirement of fragmentation,
sometimes the charging is also done in the ratio of 50:50. It means 50 per cent charging and 50 per
cent stemming.
4. After charging of explosives, the stemming part is done. Stemming means filling the hole with soil,
drilling cuts, stone chips to avoid loss of energy or release of gas from the top of the hole. Stemming
of the hole also avoids fly rocks.
5. Once the stemming is completed, the connection of the holes with each other is made. Holes are
connected through detonating cords, trunk line delay, and harness. These are called Connecting
Wires.
6. After the connection is complete, firing is done with the use of an exploder. The exploder is the
source of generating electric current to fire the detonator, which further triggers the explosives.
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Shock tube

Stemming column
(1.8m)
Blast hole
(102mm)

Explosive column
(5.7m)

Primer charge

Fig. 2.1.13: Handling explosives

Fig. 2.1.14: Stemming material

Fig. 2.1.15: Mining Exploder

2.1.11 Electric Shot Firing
Electric Shot firing consists of electric detonators. These detonators are connected in series, in parallel,
also sometimes combined. The main principle of Electric shot firing is the blasting circuit consisting of
electric detonators wired by connecting wires to the lead, which is connected to the exploder.
Components of Electric Shot Firing •
•
•
•
•

An electric detonator: - It consists of high explosives, which further initiates
the main charge or explosive.
Leg wires: - These wires extend from the electric detonators and are
connected to the blasting circuit.
A lead line: - These are insulated copper wires used to connect detonators
to the exploder.
Connecting wires: - These are insulated copper wires used to connect each
hole within them, completing the circuit.
Exploder: - This machine provides the required current to the detonator to
initiate the explosive.

Fig. 2.1.16: Components
of electric detonators

Electronic System of firing is being used nowadays considering its safety features;
however, it is costly. In electric detonators, the minimum firing current required is 0.25 amperes.

Electric shot firing can be hazardous if blasting is carried out in areas affected with thundering. They
can be initiated due to the lighting strikes. Hence Electric Shot firing should not be conducted in areas
of heavy rain or thundering.
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2.1.12 Burning Speed of Explosives
Burning speed of explosives can be technically called Detonation velocity, which means the speed at
which the detonation front moves through a column of explosives. It ranges from about 1600 to 700
meters per second. A high detonation velocity gives the shattering action or explosion, which is required
for difficult blasting conditions. Low detonation velocity products are used where the shattering effect
is not required, generally at construction sites or confined areas.
The explosives with a detonation velocity of more than 1000 meters per second are high explosives.
The explosives with a detonation velocity of fewer than 1000 meters per second are low explosives.
Blasting Agents and Ammonium Nitrate Fuel Oil – The detonation velocity ranges of ANFO and blasting
agents range between 2500 to 4500 meters per second.

2.1.13 Different Blasting Patterns and their Applications
There are three main blasting patterns that are commonly used.
•
•
•

Square Pattern: - The drill pattern which has equal spacing and equal burden can be called a Square
pattern. The top view of the pattern resembles a Square.
Rectangular Pattern: - The drill pattern with larger spacing than a burden is called a Rectangular
Pattern. The top view of the pattern resembles a Rectangle.
Staggered Pattern: - The pattern in which the holes in each row are marked in the middle of the
spacing of the holes in the preceding row.

Square

Rectangular

Staggered

Fig. 2.1.17: Different Blasting Patterns

As it can be seen in the above image, the holes in the square and rectangular pattern are marked
precisely behind each other, and in the staggered pattern, the holes are marked in between the holes
of the previous row. This is the major difference between the patterns.
Square pattern and rectangular pattern are used for firing V-Cut. The image shows the V-Cut firing.
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Fig. 2.1.18: Square and rectangular pattern
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The staggered pattern is used where the holes of one row are fired before the holes in the row
immediately behind them as shown in the image. This is also called a row on row firing.

1

1
B

3

1

1

B

S
2

2

2

3

3

3

QUARRY, ROW-BY-ROW

Fig. 2.1.19: Staggered pattern

2.1.14 Permitted and Banned Explosives
As per the Explosive Rules 2008, "permitted explosive" means authorised explosive that the Directorate
General of Mines Safety (DGMS) has permitted to use in mines. For permitted explosives, a test report
and field trial report from Central Mining Research Institute (CMRI) and Central Mine Planning and
Design Institute (CMPDI) are required to be submitted.
To regulate the manufacture, use, and possession of explosives, a government body was formed called
PESO. It stands for Petroleum and Explosives Safety Organization. Regular guidelines are issued by PESO
for permitted explosives. Other than the authorized explosives by PESO, all other explosives are banned
for use in India.
An explosive has to pass two tests conducted by DGMS and CMRI to be approved as permitted explosive:
•
•

Coal dust test
Gas test

Classification of explosive by DGMS:
Permitted explosive
•
•
•
•
•

P1- Unsheathed explosive
ᴑ Monodyne, Godyne, Indocoal 1, Permaflo 1, Prachand 1
P2- Sheathed explosive
P3 - Equivalent sheathed explosive
ᴑ Unisax G, Permadyne, Unigel, Pentagel
P4 - Ultra safe explosive
ᴑ Nobel explosive 1235
P5 - Explosive for solid blasting
ᴑ Pentadyne, Soligex, Solimax
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2.1.15 Explosives – Safety and Maintenance
The danger associated with explosives
Explosives are sensitive and very hazardous material. Many dangers are associated with the handling
and use of explosives.
•
•
•
•
•
•
•
•

Inhalation of explosive
Skin Contact with Explosives
Eye Contact with Explosives
Toxic gases released by detonating explosives
Fly Rock Accidents can be caused during detonating explosives
The unwanted detonation of explosives due to lightning
Ground vibrations causing damage to structures
Chances of accidents at the storage place of explosives (Magazine)

The danger of blasting in the vicinity of villages, roads, and other structures
Blasting near villages, roads, and other structures has always been very crucial. Considering the
accidents caused by blasting, DGMS (Directorate General of Mines Safety) has already extended the
danger zone from 300 meters to 500 meters. Special permission must be taken from DGMS to conduct
blasting near villages, roads, and other structures. One of the best examples can be – In 2018, DGMS
of Hyderabad Region allowed blasting within the danger limit of 500 meters but not within 150 meters
of temple, tomb, PWD road.
Dangers involved in blasting near villages, roads, and other structures •
•
•

There is always a danger of fly rock hitting any person or object while blasting near villages, roads,
and other structures.
Ground Vibrations – There have been instances that vibrations caused cracks in the nearby
structures or houses in the villages.
Sound during blasting – Detonation of explosives creates sounds that are harmful to people residing
near the blasting area.

Case studies and accidents occurred due to improper blasting
Accidents due to fly rocks from blasting had been a major source of an accident in the mining industry.
There had been several instances where fly rocks generated in blasting had ejected not only within
but also beyond the danger Zone, resulting in serious and even fatal accidents. DGMS records such
instances and circulars are prepared to avoid such accidents. One of the accidents shared by DGMS is
mentioned below •

•
•

“An accident in opencast mines - The fly rock ejected due to blasting travelled for about 412
m in the reverse direction away from the free face and hit a mechanical supervisor. On further
investigation, it was found that the supervisor had taken proper shelter in a blasting shelter, but he
came out of the blasting shelter immediately on hearing the sound of the blast. He was hit by the
fly rock as soon as he stepped out, causing fatality".
“One fatal accident was caused in Bhurkunda - ‘Á’ Colliery of Central Coalfields Limited (CCL). On
investigation, it was found that the fly rock travelled up to 280 m from the blasting source and hit
the person causing the accidental death”.
“One fatal and five injured persons- This incident took place at West Modidih open cast mine of
Bharat Coking Coal Limited (BCCL). The workers were engaged in laying detonators for blasting
persons. On investigation, it was found that the Standard Operating Procedure for blasting was not
followed”.
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Care and safety guidelines in handling explosives
Safety guidelines provided by PESO for the handling of explosives:
•
•

•
•
•
•

•
•

•
•
•
•
•

Only persons authorized by Mines Manager should deal with the
explosives
Persons entering the magazine should not carry mobile phones,
wireless instruments, cigarettes, matches, lighters, knives, or any
Fig. 2.1.20: Warning for handling
other substance of flammable nature
explosive
No smoking should be allowed within 15 meters of the radius of
Explosives Magazine
Use of shoes with exposed nails should not be allowed
inside the magazine.
Only two persons at a time should be allowed at the
time of inspection in the magazine.
Explosives release gases, before entering the magazine
the doors and windows should be kept open, and
magazine should be allowed to ventilate for at least 10
Fig. 2.1.21: Proper handling of explosive
minutes
Detonators should not be stored with explosives
The packages containing the explosives should be passed hand
to hand carefully; they should not be thrown or pulled, or rolled
down
The magazine should not be accessed during the thundering
One should enter the magazine only during the daytime before
sunset and after sunrise
The magazine should be kept clean, dry, and empty packages Fig. 2.1.22: Portable magazine for
storing explosive
should not be kept
Dry grass or waste material should not be present outside the
magazine in the nearby area
All safety signs should be present outside the magazine area

Clearing the fumes produced during shot-firing
Fumes generated in open cast mines are not a big concern as the fumes will move away in the open air.
However, precautions should be taken that the person going for the post-blast inspection should reach
the blasting site after at least 15 minutes. The fumes in opencast consist of hazards that may be harmful
to the human body when inhaled.

Fig. 2.1.23: Fumes in opencast mines

Fig. 2.1.24: Fumes in underground mines
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Proper use of explosives and blasting agents is also very important in minimizing toxic fumes production.
Extra precautions are required in underground mines during blasting.
•
•
•

Quantity of toxic fumes produced should be minimized.
Proper ventilation should be done until the CO level reduces below hazardous concentration.
Monitoring of the air near the workers should be done if fumes appear.

2.1.16 Vibration Analysis
During blasting, only 20%–30% of the explosives' energy is utilized for fragmentation and displacement
of the rock. The explosive's remaining energy is wasted in the form of ground vibrations, noise, and fly
rock. It is important to measure the ground vibrations to ensure that levels of vibration do not cause
damage to the nearby structures, roads, or villages.
Seismographs are used to measure the ground vibrations. Ground vibrations are measured in terms of
Peak Particle Velocity (PPV), and the unit of PPV is mm per second.
PPV is the maximum velocity of a particle at a point during a given time interval. As discussed earlier,
the ground vibrations cause damage to the structures, causing cracks. Considering this, DGMS has set
some permissible limits for ground vibrations.
Type of structure

Dominant excitation Frequency, Hz
<8Hz

8-25 Hz

>25Hz

(i) Domestic houses/structures
(kuchha brick & cement)

5 Hz

10 Hz

15 Hz

(ii) Industrial Buildings (RCC & Framed structures)

10 Hz

20 Hz

25 Hz

(iii) Objects of historical importance & sensitive structures

2 Hz

5 Hz

10 Hz

(i) Domestic houses structures
(kuchha, brick & cement)

10 Hz

15 Hz

25 Hz

(ii) Industrial Buildings (RCC & Framed structures)

15 Hz

25 Hz

50 Hz

(A) Buildings/structures not belong to the owner

(B) Buildings belonging to owner with limited span of life

Table 2.1.3: The permissible limit of Peak Particle Velocity at the foundation level of structures in mining areas. The unit is
mm/s. (Source – DGMS Circular)

2.1.17 Tools and Equipment for Measuring Vibration
As per DGMS, the seismograph selected for monitoring ground vibration should be simple, light,
compact, easily portable, battery-operated, digital output. Triaxial transducers for recording blast
vibrations shall have a linear frequency range from 2 Hz to 250 Hz and capable of recording particle
velocity up to 250 mm/s.
The most commonly used tool for ground vibrations due to
blasting is Mini Mate, Blast Mate.
The mini mate is efficient in recording the noise created due to
blasting. It has a digital output, and all the data can be stored
for reference.
Fig. 2.1.25: Minimate
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2.1.18 Steps of Measuring Vibration
Ground vibrations are measured at the time of firing. The steps are as follows 1. Once the charging of explosives is done and all the safety precautions are taken, the blaster is ready
to do the firing.
2. Before the firing, a person needs to install the tool for ground vibration in the direction of the free
face at around 100 meters from the blasting face.
3. The device to measure the sound is also installed at the same time.
4. Care should be taken that after installation, the device is turned on.
5. Once turned on, the person should move to a safe distance from the blasting face.
6. While moving away from the installed device, a person should not run or jump as the device may
record the vibration created due to his movement.
7. After the blasting is completed and safety clearance is given, the person can turn off the device and
dismantle it. Further, the recordings can be downloaded in the system.

Fig. 2.1.26: Installed Mini Mate
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UNIT 2.2: Storage, Issue, and Return of Explosives
Unit Objectives
At the end of this unit, you will be able to:
1. Explain appropriate storage techniques of explosives (on and below the surface) and magazines
2. Explain the process of explosive issuance
3. Describe the importance of returning unused explosives

2.2.1 Storage of Explosives on the Surface and Below Ground
As stated in the Metalliferous Mines Regulations 1961 and the Coal Mines Regulations 2017, Explosives
shall not be taken into or kept in any building except a magazine duly approved by the Licencing
Authority under the Indian Explosives Act, 1884.
As per the Petroleum and Explosives Safety Organization, Magazine means a building specially
constructed in accordance with a design approved by the Chief Controller and intended for storage
of more than 5 kg of explosives. The PESO should approve any magazine before constructing it in any
mines.
The regulations also state that explosives shall not be stored belowground in a mine except with the
approval in writing of the Chief Inspector and subject to such conditions as he may specify therein
and such storage shall be done only in a magazine or magazines duly licensed in accordance with the
provisions of rules made under the provisions of the Explosives Act, 1884 (4 of 1884).

2.2.2 Storage of Magazines
The magazine can be categorised as Portable Magazine and Constructed Magazine.
The portable magazine is a metallic container specially constructed in accordance with the design
approved by Chief Controller of Explosives, Nagpur and intended for storage of explosives with
maximum 500 Kgs of High Explosives, or 44,000 Nos. Ordinary Detonators or 12,000 Nos. of Electric
Detonators or 10,000 s of Detonating Fuse.
The constructed magazine shall be made of brick, stone or concrete building which is closed and secured
to prevent an unauthorized person from having access. The capacity of the constructed magazine
depends on the requirement of the mine and approval is required from Chief Controller of Explosives
before construction.

2.2.3 Issuance of Explosives
The Petroleum and Explosives Safety Organisation (PESO) has created an online system for issuance,
indent, or return of explosives to have avoided any misuse of explosives.
For purchase of explosives, the consignee has to login to PESO website and submit the details of
required explosives through the RE-11 form.
For the use of explosives, the licensee has to login to PESO website and submit the details of required
explosives through RE-5 form.
A quarterly return of all the explosives used should be submitted to PESO online, before 10th day of
the next quarter.
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2.2.4 Returning Unused Explosives
Any unused explosive shall be returned through RE-5 form online through the Explosives Return System
maintained by PESO. The unused explosive should be returned before sunset on the same day to the
magazine. It should be recorded in the register maintained at the magazine.
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UNIT 2.3: Examination and Inspection
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Demonstrate techniques for examining highly specialized items
Identify defects and deterioration in explosive materials
Identify errors in shot holes and firing circuits
Demonstrate the steps of examining shot holes and test firing circuits
Prepare quality deficiency reports

2.3.1 Techniques and Equipment for Examining Highly
Specialized Items
Blasting galvanometer - An electrical resistance instrument designed specifically for
testing electric detonators and circuits containing them. It is used to check electrical
continuity.
During blasting, the blasters check the continuity of their circuits with a blasting
galvanometer. The blasting galvanometer is also called blasting ohmmeter or blaster's
multimeter. These devices are designed for the testing of electric detonators and
blasting circuits. They may be powered by either a silver chloride cell or a dry cell with
special current limiting circuitry so that the test current is below specified limits. The
benefit of this device is that it is versatile, and it is a multipurpose test instrument
Fig. 2.3.1: Blasting
designed to measure resistance and voltage in electric blasting operations. These galvanometer
devices can also be used for measuring stray current.

2.3.2 Defects and Deterioration in Explosive Materials
Explosives are selected on the basis of their properties. The selection also
depends on where the explosives will be used. For example, slurry explosives
will be used when there are watery holes. So, the areas which are prone to
rain will choose explosives that have water-resistant properties. One of the
properties of explosives is Stability.
Stability is the ability of the explosives to hold its properties. With time
and age, the chemical stability and performance of explosives can change.
Therefore, it is recommended by PESO to always use the old explosives first.
Another property of explosives is water resistance. Some explosives are
sensitive to water. They get damaged when in contact with water. The
2.3.2: Ammonium
best example would be Ammonium Nitrate Fuel Oil (ANFO). ANFO when in Fig.
Nitrate Fuel Oil (ANFO)
contact with water, it dissolves and losses all its properties. Another property
of explosives is Sensitivity. It is related to safety aspects of the explosive. It
means the ease at which an explosive can be detonated. If any of the property of explosives is lost, the
explosive material would not able to achieve the desired results.
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Sometimes, during transit of explosives, the packaging of the explosive
may get damage-causing defects in the explosives. There are chances
of misfires when defective explosives are used in blasting. After
charging of holes, during the firing, it is possible that some of the holes
do not detonate. In such cases, there are chances that the explosive or
the detonator is defective.

Fig. 2.3.3: Damaged explosives

2.3.3 Using a Variety of Gauges and Equipment for Detecting
Defects and Deterioration
An explosive's water resistance is a measure of its ability to
withstand exposure to water without deteriorating or losing
sensitivity. Sensitivity is the ease with which an explosive
detonates. Explosives that are sensitive to the water gets
deteriorated when comes in contact to water. For example,
the Ammonium Nitrate. When ANFO gets in contact with
water, it loses the power to detonate.

Fig. 2.3.4: Electronic detonators

Electronic Detonators are the modern type of detonators
that are used in blasting nowadays. Electronic Detonating
System has a component called as Field Tester or Circuit Tester. When an electronic detonator charges
all the holes, the device is connected to the first detonator. The device checks the entire circuit, and
the actual number of holes and the actual number of detonators are crosschecked. If any connection
or detonator is not proper, the device will detect the same, and the exact number of holes is also
detected. The explosives also have the date of expiry; therefore, the old explosives should be used
first. Sometimes it has been observed that the packaging of the explosives is damaged, such explosives
should be returned through proper channel.

2.3.4 Errors in Shot Holes and Firing Circuits
With the use of an electronic detonator, the errors in shot holes can be easily
discovered. The electronic detonators can log the precise delay timings and the
same checked for each row. Once all the rows are connected, the field tester device
can check the entire circuit. The device checks the circuit and detects any error in
the circuit. The shot holes should be checked before charging the explosives, like
the depth of the hole, the burden of the face. It has been observed that sometimes
some holes are filled due to the filling of rocks and the charging of explosives is not
possible completely. In some strata, the holes have a cavity. In such cases, while
charging, the explosives go into the cavity, and the hole is not charged. It causes
waste of explosives, and a lot of stem is required. This causes bad fragmentation Fig. 2.3.5: Electronic
of the entire blast as all the holes are interlinked with each other. It has been Field Tester
observed that some holes get cut during excavation by the excavator. The depth of
the hole reduces. All these parameters should be checked before charging of explosives.
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2.3.5 How to Examine Shot Holes and Test Firing Circuits
1. Once the drilling face is completed, before starting the blasting operation, the condition of the
drilling face must be checked.
2. The depth of each drill hole should be checked.
3. The whole diameter should be checked. The opening of the hole should be proper.
4. It should be ensured that any rock does not choke the hole.
5. Once the charging process is completed, the firing circuit should be checked.
6. The field tester should be used to check any discontinuity among the shot holes.
7. The cable used in blasting should be checked by the blasting multimeter before firing.

2.3.6 How to Prepare Quality Deficiency Reports
To prepare the quality deficiency reports, first, the parameters of the explosives and detonators should
be decided. Once the quality is checked, then the reports can be prepared. The sample of the reports
is mentioned below.
Sl.
No.

Type of
Explosive

No. of
samples
checked

Parameters of the Explosives
Results of Air Gap
Sensitivity (AGS)

Results of Velocity
of Detonation
(VOD)

Results of Density

1

P1 Slurry

6

5 Samples: Passed
1 Sample: Failed

5 Samples: Passed
1 Sample: Failed

6 Samples: Passed

2

P5 Slurry

14

11 Samples: Passed
3 Samples: Failed

6 Samples: Passed
8 Samples: Failed

12 Samples: Passed
2 Samples: Failed

3

P1 Emulsion

10

8 Samples: Passed
1 Sample: Failed

5 Samples: Passed
5 Samples: Failed

10 Samples: Passed

4

P5 Emulsion

7

6 Samples: Passed
1 Sample: Failed

7 Samples: Passed

7 Samples: Passed

Table 2.3.1: Sample quality deficiency report of explosives

Type of
permitted
detonators

No. of
samples
checked

1

Instantaneous
Copper Electric
Detonators
(CED)

2

3

Sl.
No.

Parameters of the Explosives
Electrical
resistance

No fire
current

Series
firing
current

Delay
timing

Drop

Snatch

Strength

16

16: Passed

16: Passed

16: Passed

N.A.

16: Passed

16: Passed

16: Passed
(All B.1
Class)

Permitted/Coal
Delay Detonator
(CDD No. 0)

17

17: Passed

17: Passed

15: Passed
2: Failed

N.A.

17: Passed

17: Passed

17: Passed
(All B.1
Class)

Permitted/Coal
Delay Detonator
(CDD No. 1-6)

65

65: Passed

65: Passed

60: Passed
5: Failed

21: Passed
44: Failed

65: Passed

64: Passed
1: Failed

65: Passed
(All B.1
Class)

Table 2.3.2: Sample quality deficiency report of detonators (sample)
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UNIT 2.4: Detonators
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Describe the basic concepts of detonators
Compare various detonators and their uses
Measure the velocity of detonation
Demonstrate how to record vibration and detonation velocity at the blasting site

2.4.1 Definition of Detonators
Detonators can be defined as a capsule or tubular device that contains a charge which can be used to
trigger explosives. Detonators can be initiated by an outside energy source.

Fig. 2.4.1: Detonators

Firing low explosives
•
•
•

Low explosives do not detonate. It deflagrates or burns. Low explosives
are seldom used in blasting today
Low explosives being non-cap sensitive, it can be initiated directly
without any detonator.
Fig. 2.4.2: Potassium Per
Low explosives can be easily deflagrated by outer source or heat.
chlorate are used as Low
Explosive

2.4.2 Purpose of Detonators
Detonators are the devices which are used to detonate high explosives. In the mining industry detonators
are mainly used for the blasting purpose. As studied earlier, high explosives are cap sensitive; therefore,
they need initiation to detonate. The detonators provide this initiation to the high explosives.
Different explosives require a different amount of energy to detonate. These explosives are made safe
to handle so that they will not explode if dropped accidentally or exposed to fire. These explosives
require a small initiation explosion. A detonator provides this initiation.
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2.4.3 The General Parts of a Detonator
A detonator contains an easy-to-ignite primary explosive that provides the initial activation energy
to start the detonation in the main charge. Explosives commonly used in detonators include mercury
fulminate, lead azide, and lead styphnate.

Fig. 2.4.3: Parts of the detonator

2.4.4 Types of Detonators
Detonators can be classified into four types:
1. Ordinary Detonators - Comprises an aluminium shell filled with an explosive charge. It is initiated
by safety fuse which is inserted in the open end of the ordinary detonator & held there by crimping
it. The fire conveyed by safety fuse initiates the explosive charge inside the shell.
2. Electrical Detonators – There are three types of electrical detonators: Instantaneous electric
detonators, Short delay detonators, long delay detonators. Electric detonators do not operate with
safety fuse. These detonators are much safe to use as compared to ordinary detonators. It includes
electrical wire through which electrical charge is provided to the explosives to initiate.
3. Non-Electric Detonators – It is a shock tube detonator. Instead of electrical wire, it has a plastic tube
that consists of an explosive compound. It includes three layered plastic tubes, and the innermost
layer consists of the explosive compound.
4. Electronic Detonators – It is the most advanced and modern detonator. These detonators are
programmable and high strength detonators. These detonators are too costly as compared to other
detonators.
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2.4.5 Use of Detonators
Detonator

Use

Electric Detonator

Used to detonate detonating cord, and other
explosives

Non-Electric Detonator
Used to initiate explosives; much safer as
compared to the electric detonator.

Electronic Detonator

Used to initiate explosives; précised and
accurate delay timings. Automatic safety checks
before blasting.

Table 2.4.1: Use of detonators

2.4.6 Free Face
The most important principle in the blasting of rocks is the
requirement of a free face. Blasting would not be possible without a
free face. For example, if a hole is drilled in the middle of a large rock,
the rock will not break. To break rock, the explosive charge must lie as
close as possible in parallel to the free face and close enough for its
energy to break the rock in between. The distance between the first
row and the free face is called the burden and the distance between
adjacent holes in the same row is called spacing.
The free face is created by excavating the rock from the benches or
excavating the previous blast's muck pile.
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2.4.7 Velocity of Detonation
Detonation velocity measures the speed at which the detonation wave travels through a column of
explosive within a drill hole. During the selection of explosives velocity of detonation is one of the
major properties considered. Depending on the rock hardness, the selection of explosive is made.

2.4.8 Tools and Equipment for Measuring the Detonation
Velocity
Dautriche method is most commonly used for measuring the detonation velocity. This technique of
VOD measurement is one of the easiest, cost-effective and accurate methods. It uses an instrument
giving a direct reading of VOD.
Discrete resistors continuous-type sensor is a new technique for VOD measurement.
m
Booster

Conﬁnement tube
Explosive
Blas�ng caps

Detonator

Lead plate
Cord

a
Cord
Center

Notch found
a�er ﬁring

Fig. 2.4.5: Dautriche method

2.4.9 Steps of Measuring Detonation Velocity
1. When a blast hole is detonated, the ingredients of the explosive are converted into gaseous products
at very high pressure and temperature.
2. The chemical reaction travels along the explosive column generally at a speed of 3000-6000 m/s,
which is called the velocity of detonation (VOD)
3. The term detonation indicates that the chemical reaction is moving through the explosive at a
faster rate than the velocity of the unreacted explosive. This creates a shock condition
4. The speed of the shock wave is called as the "Velocity of Detonation". The detonation zone is thin
and is bounded at the rear by the Chapman-Jouget (CJ) plane and at the front by the shock wave
5. In ideal detonation, it is assumed that all the potential energy of the explosive is liberated almost
instantly in the thin detonation zone. Behind the CJ plane are the stable detonation products,
which are mainly gases at high temperatures and extreme pressures. This zone is referred to as the
explosion state.
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2.4.10 Required Limits of Vibration and Detonation
Velocity at the Blasting Site
Peak particle velocity is the best parameter for evaluating blast vibrations in their potential to cause
damage. As per DGMS, the underground mines' damage due to blasting is generally classified into four
categories.
1. No appreciable damage – No visible damage.
2. Threshold damage - Formation of cracks in pillars, roof, and other below-ground structures.
3. Minor damage - Detachment of loosened chips from roof or pillars, lengthening of old cracks,
loosening of joints.
4. Major damage - Fall of rock/coal blocks from roof or pillars, weakening of below ground structures.
DGMS sets the limits of vibrations for underground mines for different RMR. RMR is a rock mass rating
which is a geomechanical classification system of rocks. To better understand RMR –
RMR

Rock quality

0-20

Very poor

21-40

Poor

41-60

Fair

61-80

Good

81-100

Very good

Table 2.4.2: Quality of the rock (RMR) (Source - Wikipedia)

Threshold values of vibration for the safety of the roof in the belowground workings for different RMR
RMR of roof
rock

Threshold values of vibration in peak particle
velocity (mm/s)

20-30

50

30-40

50-70

40-50

70-100

50-60

100-120

60-80

120

Table 2.4.3: Threshold values of vibration for the safety of the roof

Threshold values of vibration for the safety of pillar in the belowground workings for different RMR
RMR of roof
rock

Threshold values of vibration in peak particle
velocity (mm/s)

20-30

20

30-40

20-30

40-50

30-40

45

Participant Handbook

RMR of roof
rock

Threshold values of vibration in peak particle
velocity (mm/s)

50-60

40-50

60-80

50

Table 2.4.4: Threshold values of vibration for the safety of pillar

For structures on the surface, DGMS has set permissible limits of vibrations –
Dominant excitation Frequency, Hz

Type of structure

<8Hz

8-25 Hz

>25Hz

(i) Domestic houses/structures
(kuchha brick & cement)

5 Hz

10 Hz

15 Hz

(ii) Industrial Buildings (RCC & Framed structures)

10 Hz

20 Hz

25 Hz

(iii) Objects of historical importance & sensitive structures

2 Hz

5 Hz

10 Hz

(i) Domestic houses structures
(kuchha, brick & cement)

10 Hz

15 Hz

25 Hz

(ii) Industrial Buildings (RCC & Framed structures)

15 Hz

25 Hz

50 Hz

(A) Buildings/structures not belonging to the owner

(B) Buildings belonging to the owner with a limited span of life

Table 2.4.5: Permissible limits of vibrations for structures on the surface

46

Explosives Handler

UNIT 2.5: Organisational Knowledge and Processes
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Identify the risks and impact of not following defined procedures/work instructions
Discuss the importance of various process costs
Evaluate the impact of mining activities on the environment
Apply precautionary measures while handling explosives

2.5.1 Risks and Impact of not Following Defined Procedures/
Work Instructions
Mining is a hazardous job. It requires precautions to be taken for completion of any activity. Where
there is a hazard, the risk is equally present. To reduce the risks in mining activities, some procedures
are followed, which is called as Standard Operating Procedure.
There are many activities carried out in mining like the operation of machinery, charging and handling
of explosives, blasting operation. All the operations need to be carried out through a proper procedure.
Each of these activities has its own Standard Operating Procedure (SOP). If SOPs are not followed
during these activities, there is a high probability of accidents. These accidents can be a fatal or serious
bodily injury. All the mining activities are interlinked with each other, for example, drilling, charging of
explosives, firing, blasting. If proper procedures are not followed, the impact can be seen on the entire
mining activity.
As studied earlier, there have been instances where not following of proper procedure has resulted in
fatal accidents.

2.5.2 Knowledge of Process Costs
Cost (direct/indirect) of accidents for the company
Mining being a hazardous industry, it is prone to accidents. Many mining companies do have a goal
to achieve zero harm; however, sometimes, accidents do happen. An accident is an unplanned event
which may result in damage to a person or equipment.
Direct costs of an accident include the compensation to be paid to the workmen, cost involved in the
treatment of workmen, damage to equipment etc.
The indirect costs of accidents can be even greater than the direct costs. On average, it can be considered
that indirect costs are three times than the direct costs. There have been cases where the indirect costs
are 4 to 10 times the direct costs.
Indirect costs include lost productivity due to the absence of the injured worker, company’s public
image is at stake due to accident, overtime costs paid to the worker, cost involved in the hiring of new
workforce etc.
For example – In an organization, a person died by falling in the boiler. The company had to pay
compensation to the worker and his family, which was the direct cost involved. The unit had to be shut
down for two days causing loss of productivity which was the indirect cost involved.
To avoid such huge losses due to accidents, companies focus on safety. Companies make limitless
investments for safety to avoid such losses.
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2.5.3 Mine Organisation
Mining is the extraction of minerals from earth’s crust which involves usage of heavy earthmoving
machinery. Heavy workforce and labour are required to carry out mining operations. There are hazards
and risks involved at many stages in mining activities; hence it is important to operate the mines in
an organized manner. Organized manner means to comply with all the rules, regulations of mining,
follow all the safety procedures. Hazard identification and Risk assessment of all the tasks and sub-tasks
involved in mining should be made before starting any job. Other than safety, the impacts of mining
on the environment should be reduced. Plantation of trees should be done regularly, and the survival
rate of plants should be monitored. The standard of living of nearby villages should be given priority.

2.5.4 Working hours as per the Mines Act
The manager of every mine shall post a notice outside the office of the mines showing the time of
commencement and end of working of the mine. Any person employed in mines is entitled with a
weekly day of rest which should be a period of 24 hours. If any person had to work on his weekly day of
rest, he is entitled to a compensatory day of rest. Any person employed in mines should be given rest
after 4.5 hours of working. Rest shelter should be available in the mines for persons employed in mines.

2.5.5 Accident compensation as per the Mines Act
Any person employed in mines is entitled to compensation due to an accident causing disability.
He is entitled to disability allowance and compensation for occupational disease. As per the Mines
Rules, the person is also entitled to compensation for industrial disease mentioned in the Workmen’s
Compensation Act.

2.5.6 Outcome of Violation of Safe Procedures
As per Mines Act penalty will be laid on the persons who violate any safety procedures. As mentioned
in the Mines Act if any person contravenes with any provision of the act, regulation, or rules shall be
punishable with imprisonment for a term which may extend to 3 months or fine which may extend to
1000 Rupees or both. If any person who has been convicted previously, is convicted again within two
years of the previous conviction, the punishment will be doubled.

2.5.7 Attending Refresher training as per the fourth
schedule MVTR (1966)
Wherever a person returns to employment on the surface or in opencast mines or underground mines
after absence period of 1 year he should undergo refresher training as per the fourth schedule of the
Mines Vocational Training Rules 1966. This training should be done within one month of his joining
duty. The training should include 1. Three safety lectures and demonstration in case of a person working on the surface or opencast
mines.
2. Six safety lectures and demonstration in addition to the above training in case of a person working
in underground non-gassy mines.
3. Six further safety lectures and demonstration about the danger of inflammable gas in addition to
the above two training sessions in case of a person working in underground gassy mines.
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The refresher training should be arranged in such a manner that the person who will be undergoing in
training shall be able to attend the training before or after the normal working hours.

Exercise
Answer the following questions by choosing the correct option:
1. High Explosives are _______
a. Non-Cap Sensitive			
c. Both					
2. Low Explosives ______
a. Detonate					
c. Deflagrate.				

b. Cap Sensitive
d. None of the above

b. Do not fire
d. None of the above.

3. Burden is ______
a. The distance between the first row and the free face
b. Distance between adjacent holes
c. Diagonal distance between holes
d. None of the above
4. In general, how much stemming should be done in a hole?
a. 80%					
b. 40%
c. 100%					

d. 30%

5. Which form should be submitted for the use of explosives in PESO?
a. RE-11					b. RE-12
c. RE-5 					

d. RE-7
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3. Receipt, Storage,
Packing, Issue, and
Transportation of
Explosives
Unit 3.1 - Proper Storage of Explosives
Unit 3.2 - Receipt and Issuance of Explosive Material
Unit 3.3 - Safe Transportation of Explosives
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.

Apply recommended packaging techniques for storing unserviceable explosives
Perform damage-in-transit examination of the received explosives
Explain how to prepare transit slips for each issue and return transaction
Inspect all explosives for proper packaging, marking, and labelling as per norms
Inspect the vehicles’ suitability for transporting hazardous materials before loading
Explain proper route plans, fire-fighting procedures, and safety concerns prior to the release of
the vehicle
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UNIT 3.1: Proper Storage of Explosives
Unit Objectives
At the end of this unit, you will be able to:
1. Summarise the importance of storing explosives appropriately
2. Identify the dangers associated with wastage or pilferage in mines
3. Explain the regulations on storing, marking, and labelling of unserviceable explosives

3.1.1 Importance of Proper Storage of Explosives
As studied earlier, PESO has set guidelines for proper storage of
explosives. It is important to follow the guidelines as it may cause severe
problems if explosives are not stored properly.
Quality deterioration of explosives - Blasting agent like Ammonium
Nitrate, which is sensitive to water, will lose its power of detonation
if in contact with water. The detonation energy of ANFO mixtures has
been observed much better in dry holes than that of watery holes. Same
way, if the Ammonium Nitrate is not stored in a proper manner, the
detonation power will be affected, causing an effect on fragmentation Fig. 3.1.1: Ammonium Nitrate
during blasting.
stored in waterproof bags to avoid
contact with moisture

Extremely low temperatures and extremely high temperatures also affect the properties of explosives.
Explosives should not be stored for a long time because the chemical stability and performance of
explosives change with age.
Violation of PESO Guidelines – PESO and DGMS officers regularly conduct inspections in the mines
focusing on the storage of explosives. Not following the guidelines may attract violations. The rules and
regulations have been set up considering the consequences of explosives not stored properly. Hence,
every mines and official of the mine must follow the provided rules.

3.1.2 Storage Physical Security Requirements for Hazardous
Materials
As studied earlier, explosives are hazardous material. The immense hazard involved with explosives is
a mass explosion. Many mines have storage of explosives in large quantity. Storing of explosives itself
possess the hazard of mass explosion. Explosives when in contact with any person involve the hazard
of injury to the skin, eye, etc. Other hazardous materials used in the mining industry like fuel oil also
involves hazard to the human body and fire hazard. Therefore, the explosives require proper storage
arrangements to eliminate the risks involved in hazardous material.
PESO has set the following guidelines for storage of explosives 1. It should be stored in a licensed magazine, and the magazine should be maintained in good
condition.
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2. A gangway of a minimum of 60 cm should be maintained
between the explosive boxes and the magazine wall.
3. Fencing should be provided at 15 meters distance from
the magazine, and the fenced area should be free of
vegetation.
4. A security guard should be present round the clock at
the magazine.
5. The security guards shelter should be at 30 meters
from the magazine.
Fig. 3.1.2: Security guard shelter at the entrance
of a mine

As per the Mines Regulations, there have been duties assigned to the magazine in-charge to ensure
proper storing of explosives –
1. Magazine in-charge is the person who will be responsible for the proper storage, receiving, and
issue of explosive from the magazine.
2. The In-charge should not issue explosive to any person who is not authorized. The only competent
person should be allowed to access and carry the explosives.
3. The magazine in-charge should ensure that the explosives are not stored in any other place other
than the magazine.
4. The Magazine in-charge should ensure the housekeeping of the magazine area.
Any hazardous material used in mines should be stored at an isolated place not to be accessed easily
by any unauthorized person working in mines. Proper procedure of storing such materials should be
followed. No hazardous material should be stored haphazardly.

3.1.3 Dangers of Wastage or Pilferage
1. Explosives are delicate and sensitive material which can be misused by any person. As we have
studied, explosives can cause huge damage due to the enormous power of the gases released during
blasting. Hence, explosives should not fall into the wrong hands. To enhance the safety related
to explosives storage and usage, government bodies like DGMS, PESO has set some guidelines.
Explosives should be used and stored as per the guidelines. There can be severe consequences and
high probability of accidents if usage and storage guidelines are not followed.
2. No explosives should be stored in any building other than the licensed magazine building. It should
not be stored outside of the building or any other place. No unused explosive should be left in the
mine at the blasting face. The detonators and the explosive should not be stored or carried in the
same container. The detonator should not be left at the blasting site. Any person engaged in the
blasting activity shall ensure that all the explosives required to be used in the blasting operation
should be completely used without any intention of saving the explosive. As per the regulation, the
security guard should be present at the magazine round the clock, and a shelter for the security
should be provided at a distance of 30 meters from the magazine. This regulation has been enforced
mainly to avoid any stealing of explosive. A page bound register must be maintained and kept with
the security personnel. Any person accessing the magazine should enter his details in the register
before entering the magazine. Any person engaged in the handling of explosives should not steal or
carry explosive outside the magazine area.
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3. Burning of explosive causes pollution. Explosives are
generally wasted in mines when the shot holes are
overcharged of explosive in the shot hole caused ground
vibrations. If more than required quantity of explosive is
charged in a hole then, it is the wastage of the explosive.
The blasting operation causes air pollution, and wastage
of explosive in this manner adds extra unwanted oxides
in the atmosphere. Improper waste management has Fig. 3.1.3: Detonators and explosive are stored in
different containers
several negative impacts. As discussed, many hazardous
materials are used in the mining industry, like explosives
and oil. Wastage of these materials result in contamination of soil, air, and water. Many times,
contamination due to these materials are not visible, but it’s there. Explosives contain chemicals
that contaminate the soil, and when mixed with water, it deteriorates the quality of water.

3.1.4 Characteristics of Unserviceable Explosives
Petroleum Explosives and Safety Organization has defined a set of rules for unserviceable explosives.
The Explosives Act has mentioned that split explosives to be destroyed. Split explosives mean the
unserviceable explosives.
1. If any explosive escapes from the package in which it is contained, or is split, such explosive shall
immediately be carefully collected and destroyed in a safe manner as provided in the rules.
2. All spillage of ANFO explosive shall be collected and destroyed at a safe place away from the licensed
premises under the supervision of an experienced person.
3. If the Chief Controller or Controller has found that any of the provisions of the Act or the rules have
been contravened or any explosive material which is not fit for use, storage, or transport, he may
order to destroy such explosive at a safe place under the supervision of an experienced person.
4. All spillages of explosives shall be collected and destroyed at a safe place, and the effluents shall be
discharged after proper treatment.
5. At the Ammonium Nitrate storage house, if spillage of nitrate occurs, the area is cleaned by water
as Ammonium Nitrate loses its property when mixed with water.

3.1.5 Directives and Regulations on Storing, Marking and
Labelling of Unserviceable Explosives
General precautions regarding explosives.

1. No person, whilst handling explosives or engaged or assisting in the preparation of charges or in
the charging of holes, shall smoke or carry or use a light other than an enclosed light, electric torch
or lamp.
2. No person shall take any light other than an enclosed light, electric torch or lamp into an explosive
magazine or store or premises.
3. No person shall have explosives in his possession other than the required quantity.
4. Any person finding any explosives in or about a mine shall deposit the same in the magazine or
store or premises. Any such instances should be immediately reported to the Mines Manager.
5. Any area or the magazine or the mixing area (where explosives are mixed) should be cleaned at the
end of each shift. Any waste explosive should be appropriately collected and stored in a safe place
and safely disposed of.
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6. Proper facilities for the safe destruction of waste explosives should be provided, and it should
be done under the supervision of a competent person and at a place approved by the licensing
authority in the licensed premises. The site should be safe and away from any structure or public
area.

3.1.6 How to Ensure Proper Package, Marking and Labelling
of Unserviceable Explosives for Storage

As per the mining regulations, certain guidelines have been provided by the explosive rules. It should
be ensured that the explosive package has the following parameters 1. The outer package shall be marked in conspicuous indelible character, by means of stamping,
embossing or painting with—
a. The word “EXPLOSIVES.”
b. The name of authorised explosive
c. The number, if any, of the Class and the Division including sub-division to which it belongs
d. The safety distance category of explosive
e. The name of the manufacturer
f. Identification number of the package
g. The net weight of explosives
h. Gross weight of the package
i. Date of manufacture and batch number
j. A paper slip containing the above details shall be kept inside the package
The explosive handler and the magazine in-charge must ensure that all the points are mentioned on the
package. If any consignment does not comply with the guidelines, it should be immediately informed to
the Mines Manager and the explosives should be returned through proper channel.
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UNIT 3.2: Receipt and Issuance of Explosive Material
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Explain the steps for receiving explosive materials as per recommended guidelines
Demonstrate the steps of returning explosives during appropriate situations
Explain how to prepare transit slips for each issue and return transaction
Demonstrate the use of protective clothing and gear in mines

3.2.1 Receipt of Explosive Material
1. Any import or export of explosives should be done as per the conditions of the license granted
under the Explosives Rules.
2. The receiver should receive only authorized explosives.
3. Any explosive received should be received only from a licensed issuer who holds a valid license.
4. The licensee should only receive the permitted quantity of explosives.
5. Any receipt of explosives should be done in FORM RE-3.
FORM RE-3
(See rule 24 of the Explosives Rules, 2008)
Form of account to be maintained by a licence
Accounts of receipt of explosives (other than fireworks)
Note- This record should be kept up to-date. Entries should be made daily and as and when explosives are received.
Licence number ....................... in Form ....................... of Explosives Rules, 2008
Date

Description of explosives

Opening
balance

Explosives
received by
licensee

Quantity

Name

Class

Division

1

2

3

4

5

6

7

Batch No.

Name, address
and licence
number of
supplier

Mode of
transport
and road van
licence number
if transported
by road

Pass No.

Closing balance

Remarks

Signature
of licensee
or person in
charge

8

9

10

11

12

13

14

Fig. 3.2.1: FORM RE-3 (Source – Indian Explosive Rules)

6. This record should be kept up-to-date. Entries should be made daily and as and when explosives
are received.
7. Quarterly returns of the received explosives should be submitted through the online portal of PESO.
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3.2.2 Scenarios when Received Explosives can be Returned
1. Any explosive whenever received should be thoroughly checked.
2. All the labels and markings should be available on the packets as per the Explosive Rules. The
details of the markings have been discussed earlier.
3. If the markings or labels are not present as per provided guidelines, the licensee can return the
explosives along with all the documents received.
4. The date of manufacture and the batch number should be checked before receiving the explosives.
5. Any explosive packet if found in damaged condition can be returned.

3.2.3 Steps of Preparing Transit Slips for each Issue and
Return Transaction
Consigners issue passes or transit slips as per the Explosives Rules in the FORM RE-12. Passes shall be
generated only against the indents of the explosives received online. However, provisions are available
to generate manual indents. The indent received online should be displayed in all the licenses of the
consignor. The consignor has the option to supply explosive or deny. The consignor may process the
indent to sale explosives, and if the consignor does not want to supply explosives, he may reject the
indent after giving reasons. The consignor may also return the indent of explosives from a magazine. It
means that multiple passes may be made against the same indent.
FORM RE-12
(See rules 47 and 50 of the Explosives Rules, 2008)
Pass issued by the consignor for the transport of a consignment of explosives.
1. No. ................................................
2. This pass covers packages containing the following explosives:
Name and description

Class

Division if any

Quantity

(i)
(ii)
(iii)
(iv)
(v)
While in transit from .............................................. to ..............................................
3. The explosives are being transported by rail or road van number ...................
.................................. having licence number ...................................... till ............
.......................... or lorry number ...................................... other on mechanically
propelled vehicle
4. Name and address of consignee ...........................................................................
5. Number and Form of Consignee's licence ............................................................
6. Consignee's order number and date and quantity of each
explosives ordered ................................................................................................
7. Consignee's letter number and date intimating
readiness to receive explosives ............................................................................
8. Date of dispatch of consignment ........................................................................
9. Approximate date on which consignment
should reach destination ..................................................................................
Signature of the consignor
Licence number..........................
Licence form..............................
Fig. 3.2.2: FORM RE-12 (Source – Indian Explosive Rules)
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3.2.4 Dos and Don’ts of Transit Slip Maintenance
The transit slip or the passes shall be generated after doing the following checks –
1. License of the Supplier or consignee should be valid.
2. Quarterly returns of explosives should be uploaded online.
3. Explosive Van license should be valid.
4. Brands of explosives and its quantity to be sold are available in consignor’s stock.
5. Quantity of explosives being sold shall not exceed the intended quantity.
6. Quantity of explosives being sold shall not exceed the capacity of the explosive van.
7. Detonators should not be transported with other explosives.
8. Quantity to be supplied should not exceed the monthly purchase limit of the consignee.
All the above conditions should be fulfilled before generating the pass. The transit slip should be
present with the person in charge of the consignment. One copy should also be available along with
the vehicle’s driver. One copy should also be submitted to the receiver of the explosive.

3.2.5 Significance of Wearing Protective Clothing and Gear
1. All the required job-specific Personal Protective Equipment should be used whenever dealing with
explosives.
2. Suitable working clothes without any pockets should be used while dealing with explosives.
3. Suitable Safety Shoes should be used while dealing with explosives.
4. NO substance like matches, flammable material should be carried near to the explosives.
Proper protective clothing and equipment should be used during dealing with explosives to avoid any
chances of an accident because explosives are hazardous material and possess severe risk, which may
lead to huge losses due to accidents.
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UNIT 3.3: Safe Transportation of Explosives
Unit Objectives
At the end of this unit, you will be able to:
1. Perform safe and apt transportation of explosives
2. Inspect the vehicles’ suitability for transporting hazardous materials before loading

3.3.1 Need for Safe Transportation of Explosives
To ensure the safe transportation of explosives, the Mining Regulations and the PESO has ensured
some guidelines to be set.
Restriction on transport —
1. Any explosive or detonator or any other explosive containing its means of ignition or initiation
should not be transported in the same carriage or stored in the same container.
2. No person shall transport explosives along with detonators.
3. Explosives should be delivered only to the persons who hold the license to possess explosives.
4. No person should deliver explosives to any person who does not have a valid license.
5. The explosives delivered should not exceed the permitted quantity in any case.
6. The person who is receiving the explosives should not receive explosives from any person who does
not have a valid license as per the explosives rules.
7. No person should receive explosives or transfer explosives for temporary storage.
Mainly the rules have been framed to avoid explosives being misused. Explosives possess the hazard
of causing severe damage to people, property. As discussed, explosives have properties that may get
deteriorated when exposed to high or low temperatures or when in contact with water. To avoid any
quality deterioration of explosives, it should be stored at designated places only. Violation of PESO
guidelines or the mining regulations may attract penalties, and the holding person's license may get
cancelled.

3.3.2 Process of Transportation of Explosives
Transportation of explosives should be done as per the guidelines provided by the Explosives Rules
framed by Petroleum Explosives and Safety Organization. Steps to be followed for transportation of
explosives 1. Every consignment of explosives transported under licence shall be accompanied by a pass issued
by the consignor in Form RE-12 under Part 5 of Schedule V.
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FORM RE-12
(See rules 47 and 50 of the Explosives Rules, 2008)
Pass issued by the consignor for transport of a consignment of explosives.
1. No. ................................................
2. This pass covers ………………. packages containing following explosives:
Name and description

Class

Division if any

Quantity

Number of
packages

Batch number and
date

(i)
(ii)
(iii)
(iv)
(v)
While in transit from .............................................. to ..............................................
3. The explosives are being transported by rail or road van number ...................
.................................. having licence number ...................................... till ............
.......................... or lorry number ...................................... other on mechanically
propelled vehicle
4. Name and address of consignee ...........................................................................
5. Number and Form of Consignee's licence ............................................................
6. Consignee's order number and date and quantity of each
explosives ordered ................................................................................................
7. Consignee's letter number and date intimating
readiness to receive explosives ............................................................................
8. Date of dispatch of consignment ........................................................................
9. Approximate date on which consignment
should reach destination ..................................................................................
Signature of the consignor
Licence number..........................
Licence form..............................
Fig. 3.3.1: Sample of FORM RE-12

2. The pass which is accompanied along with the consignment should be attached to the waybill,
invoice or dispatch
3. A copy of every pass issued along with the consignment should be sent by the consignor to the
licensing authority who issue the licence of the consignor. One copy should be sent to the Controller
and the District Superintendent of Police of the place from where the consignment is dispatched.
Also, one copy of the pass should be sent to the Controller and the District Superintendent of Police
of the place where the consignment will be received.
4. All the documents required during the transportation should be carried along with the consignment.
5. The operator of a vehicle used for the transport should ensure that the driver or any attendant
holds the following documents during transport: —
a. copy of indent in form RE-11 under Part 5 of Schedule V, issued by the consignee.
b. copy of transport passes in form RE-12 under Part 5 of Schedule V issued by the consignor.
c. copy of road van licence.
d. original copy of the bill of explosives being transported.
5. Any document, whenever demanded by an authorized person, should be produced.
No person shall transport or cause to transport any explosives on any road within the limits of a
municipality or cantonment where such a road is specifically prohibited for plying vehicles carrying
explosives.
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3.3.3 Examining vehicles before loading to determine its
suitability
The person in charge of loading explosives into a vehicle should ensure that explosives are stored in a
proper manner.
1. Explosives should be loaded in such a manner that they will not move during transportation, and
they should be protected against friction and bumping.
2. In case, if it becomes necessary to unload the explosives, the remaining explosives can be restored
with as little disturbance as possible.
3. While the loading of explosives, first it should be ensured that the van should have a proper license
of carrying explosives.
4. Before starting the loading operation of explosives, it should be ensured that wheel choke and hand
brakes are applied, and the vehicle is parked in a proper manner.
5. Specifications of the vehicle should meet all the conditions as mentioned in the Explosives Rules.
6. It should be ensured that Fire fighting equipment is installed in the vehicle before loading explosives.
Explosives should be loaded only after checking that all the above conditions are complied with.

3.3.4 Damage-in-transit Examination of the Received
Explosives
Importance of damage-in-transit examination of the received explosives
Delay in transit to be avoided. —The person or persons in charge of carrying explosives should not
stop or delay at any place for a longer time than reasonably necessary. There are chances that while
transportation of explosives; the vehicle may get involved in an accident which may lead to damage of
the explosives. The damage to the explosives may cause deterioration in the quality of the explosives.
Any such explosives should be returned to the consignor by proper procedure through the online ERS
portal. If any package is received damaged, it should be handled with care and kept separate. It can be
destroyed at a safe place by an authorized person.
Steps of damage-in-transit examination of the received explosives
Before receiving any explosives, all the packages should be checked properly. There is a probability
that damage is caused to the explosives during transit. Rules have been framed regarding the storage
of explosives while loading in the road van to avoid any damage-in-transit to the explosives. All the
documents required during the transit should be available. Once all the documents are verified, the
batch number of the package and the condition of the package should be checked. The labelling
required on the package should also be visible and available.

3.3.5 Guidelines for Drivers
1. The driver of the vehicle carrying explosive should not stop unnecessarily at any place.
2. The driver should not stop for a longer period unless it is reasonably required and should not stop
at places where public safety is in danger.
3. In case, if it becomes necessary or unavoidable to park the vehicle overnight, no substance which
might cause fire, or any substance like matches should be used in the premises where the vehicle
is parked
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4. If the vehicle loaded with explosives is parked at any place, it should be away from any habitation
of any godown containing articles of a flammable nature or other hazardous goods; however,
in avoidable conditions, the nearest police station should be informed about the location and
temporary parking of the van.
5. The driver or operator of any vehicle carrying or containing explosive shall not drive or conduct the
same dangerously or recklessly.
6. In case of a breakdown of the vehicle, the driver of the vehicle should repair or allow to repair if the
damage is minor and the repairs can be made safely.
7. If the vehicle requires major repairs, such repairs should not be done until the explosives are
transferred to another vehicle or are removed from the vehicle and stored under proper security at
a safe distance from the highway and at least three hundred metres from any inhabited premises.
8. The vehicle driver should also inform the licensee giving full details of the explosives and the
circumstances attending the breakdown. The licensee should further inform the same to the Chief
Controller and the Controller in whose jurisdiction the vehicle is broken down.
Proper route plans
1. The driver of a vehicle should always follow the safest route
during the transportation of explosives.
2. The driver should avoid routes passing through centres of dense
habitation as far as possible.
3. A vehicle while transporting explosives shall always be
attended by two armed guards at the licensee's expense. If the
consignment of explosives is likely to pass through sensitive areas
notified by the Ministry of Home Affairs, it should be escorted
by armed police escort or guard, provided by the District Police Fig. 3.3.2: Densely populated should be
Administration
avoided while planning the route
4. When there is a convoy of two or more vehicles transporting
explosives, where applicable, a space of at least 300 metres shall be maintained between each
such vehicle.
5. The driver of the vehicle, while transporting explosives, should completely stop the vehicle before
crossing any unmanned railway crossing or before crossing any main highway. The driver should
proceed only when the way is safe and clear.
6. Where a road van carrying explosives is stationary on a public road at night, the driver should
keep the parking lights on throughout the stay and if necessary shall also provide reflectors or use
blinking lights in such position as to convey an effective warning of the presence of the vehicle to
the drivers of other vehicles.
Fire-fighting procedures
To ensure precautionary action related to fire safety, the explosives
have the following rules 1. Every road van should be provided with two fire extinguishers of
a minimum of two kilograms capacity.
2. One of the extinguishers should have the capacity of dealing
with fire involving electric circuits and the other, with other
Fig. 3.3.3: Road van installed with fire
inflammable components.
extinguisher
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3. The fire extinguishers should always be kept in good working condition.
4. The fire extinguishers should be located at a convenient place and ready
for immediate use.
5. The fire extinguishers should be examined and recharged according to the
manufacturer's recommendations.
6. All the specification for a road van for the carriage of explosives should be
available in the van.
7. Two chemical fire extinguishers should be present in the road van.
Fig. 3.3.4: Class-C type
fire extinguisher are used
to deal with fire involving
electric circuits

Safety concerns before vehicle release

1. Explosives shall not be conveyed in any vehicle with any other materials,
tools other than that required for blasting.
2. Documents related to the explosives should be present
in the vehicle before releasing the vehicle.
3. No person shall transport explosives in any towed
vehicle or tow any vehicle transporting explosives.
4. The vehicle shall be maintained in a safe working
condition suitable for the transport of explosives.
5. The original licence for van granted under these rules or
attested copy of the same shall always be carried in the
vehicle.
Fig. 3.3.5: Fire extinguisher installed inside
6. Fire fighting equipment should be installed in the vehicle dumper truck
before releasing the vehicle.

Exercise
Answer the following questions by choosing the correct option:
1. How many fire extinguishers should be present in the road van carrying explosives?
a. 1			b. 2			c. 3			d. 4
2. What should be the capacity of fire extinguishers present in the road van?
a. 5 Kgs		
b. 10 Kgs		
c. 2 Kgs			
d. 1 Kg
3. What is ERS?
a. Explosive Return System				

b. Explosive Receive System
d. None of the above.

c. Explosive Required System			

4. In which form is the quarterly return of explosives submitted?
a. FORM RE-3
b. FORM RE-7		
c. FORM RE-5		
5. Explosive and few detonators can be carried in the same van?
b. False
a. True 		
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d. FORM RE-11

4. Carry Out
Documentation and
Reporting
Unit 4.1 - Routine Logging, Recording, and Documentation
Unit 4.2 - Reporting of Problems and Incidents
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.

Identify and report problems/incidents in a timely manner
Elaborate reporting procedures as prescribed by the employer
Identify documentation to be completed in one’s role
Record details accurately using the appropriate format
Demonstrate the documentation process within stipulated time
Explain how to ensure availability of documents to appropriate authorities to inspect
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UNIT 4.1: Routine Logging, Recording, and Documentation
Unit Objectives
At the end of this unit, you will be able to:
1. Summarise the benefits of routine documentation
2. Complete documents as per appropriate formats

4.1.1 Identifying Documents to be Completed and
Maintained by Explosives Handler
The explosive handler should maintain all the forms as mentioned in the Explosive Rules.
•
•
•
•
•

FORM RE-3 – Account of receipt of explosives.
FORM RE-5 – Account of explosives used.
FORM RE-6 – Records of explosives transported by road van.
FORM RE-7 – Return of Explosives
FORM RE-11 – Form of Indent for explosives.

All the above forms should be filled and logged online through the PESO website. Data related to the
stock of explosives should be mentioned in the magazine on the board. All the transit slips, and bills of
explosives should be filed and stored properly in the mines office.

4.1.2 Importance of Complete and Accurate Documentation
Documents related to explosives should be stored properly and should be submitted online through
the PESO portal. It is important to send all the details related to explosives to ensure that no explosives
are being misused or wasted in the mines. If explosives get into wrong hands, it may cause a threat to
people and property. To ensure that no explosive have been stolen or taken out of the premises, the
documentation of explosives is important.
Also, the details mentioned in the documents should be 100% accurate. All the data and figures related
to explosives received, consumed, and returned should be checked thoroughly and documented. In
case of any mismatch is observed in the documents related to explosives, it should be immediately
informed to the Mines Manager.
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4.1.3 Recording Details Accurately
As discussed above, there are statutory documents that need to be filled related to explosives usage
and storage.
•

FORM RE-3: All the details required in the FORM needs to be filled and get it signed by the person incharge. It requires the opening balance of explosives and the received explosives. Also, it is required
to enter the batch no. of the explosive package along with pass number and closing balance.

FORM RE-3
(See rule 24 of the Explosives Rules, 2008)
Form of account to be maintained by a licence
Accounts of receipt of explosives (other than fireworks)
Note- This record should be kept up to-date. Entries should be made daily and as and when explosives are
received.
Licence number ....................... in Form ....................... of Explosives Rules, 2008
Date

Description of explosives

Opening
balance

Explosives
received by
licensee

Quantity

Name

Class

Division

1

2

3

4

5

6

7

Batch No.

Name,
address
and licence
number of
supplier

Mode of
transport
and road
van licence
number if
transported
by road

Pass No.

Closing
balance

Remarks

Signature
of licensee
or person in
charge

8

9

10

11

12

13

14

Fig. 4.1.1: Fore RE-3
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•

FORM RE-5: This form needs to be filled showing the details of the explosives used. It includes the
name of the shot firer, the number of explosives issued, the total number of holes fired, and the
type of explosives. If an explosive is required to be returned to the magazine, the same must be
mentioned in the FORM RE-5.
FORM RE-5
(See rule 24 of the Explosives Rules, 2008)
Form of account to be maintained by a licence
Accounts of receipt of explosives (other than fireworks)

Note- This record should be kept up to-date. The entries should be made daily and as soon as explosives are
issued for use or unused explosives are returned.
Licence number ....................... in Form ....................... of Explosives Rules, 2008
Date

Shot Firers name
and permit number

Name

Class

Division

1

2

3

4

5

Quantity issued

Number of holes
fired

Name

Class

Division

7

8

9

10

6

Description of explosives

Description of explosives

Quantity used
11

Description of explosives
Name

Class

Division

12

13

14

Quantity returned
15

Description of explosives
Name

Class

Division

16

17

18

Fig. 4.1.2: Form RE-5
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1. FORM RE-6: This form is required to be filled to maintain the records of explosive transported by
road van. The place of loading and unloading of explosives and the description of explosives need
to be mentioned in the form.
FORM RE-6

(See rule 61(2) of the Explosives Rules, 2008)
Form of records to be maintained by a licensee
Records of explosives transported by road van
Note - This record should be kept up to date.
Licence number.............................. in Form.............................. of Explosives Rules, 2008
Date

Name, address and licence number of the consignor

Place of loading

1

2

3

Description of explosives
Name

Class

Division

Batch number and
date of manufacture

4

5

6

7

Pass number

Signature of the
consignor

Name, address and licence number of the
consignee

Place of unloading

9

10

11

12

Date of unloading of explosives

Signature of
consignee

Remarks

13

14

15

Fig. 4.1.3: Form RE-6
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•

FORM RE- 7: This FORM is the quarterly returns of explosives which should be submitted online
regularly through the ERS portal of PESO website before 10th day of the next quarter. This includes
the detail of explosives purchased, sold, used, destroyed, stolen, and short received.

FORM RE-7
(See rule 24 of the Explosives Rules, 2008)
Return of explosives
Received, used, sold, destroyed and stolen during the month of…………………………..
in respect of the explosives magazine or store house of…………………………..
situated at. ………………………….. District.. ………………………….. State. …………………………..
Name of Explosives, Class and Division Quantity
1. Licence number………………………….. in Form..………………………….. of Explosives Rules, 2008
2. Opening balance on the 1st day of the quarter:
3. Account of explosives:
Date

Name of explosives

Class and Division

Quantity

1

2

3

4

1.
2.
3.
4.
Particulars of explosives received
Name of
explosive

Class and
Division

Quantity

Name, address and licence
number of suppliers from whom
explosives were received

Pass no

Road van
licence
number

5

6

7

8

9

10

Date

Particulars of explosives used or sold
Name of explosive

Class and Division

Quantity

12

13

14

11

Sold
Name of
explosive

Class and
Division

Quantity

Name, address and licence
number of person to whom
explosives were sold

Pass no

Road van
licence
number

15

16

17

18

19

20

Fig. 4.1.4: Form RE-7
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•

FORM RE-11: This FORM is required to be submitted for indent of explosives. It is raised by the user
department through the ERS system online on the PESO website.
FORM RE-11
(See rules 50 and 77 of the Explosives Rules, 2008)
Form of indent for explosive:
Place ..................................
Date ...................................

To,
..................................
..................................
..................................
Dear Sir,
Kindly supply the following quantities of explosives to me/us:SL No.

Name

Class and Division

Quantity

1.
2.
3.
4.
5.
I/We hold a licence number……………………………… in Form……………………………… of Explosives Rules, 2008 for
possession for sale or use of following quantities of explosives:
SL No.

Name

Class and Division

Quantity

1.
2.
3.
4.
5.
The above mentioned licence is valid till.………………………………
*The licence is sent herewith for necessary endorsement as required under rule.... of Explosive Rules, 2008.
The licence may be returned with a fee after the endorsement.
Fig. 4.1.5: Form RE-11

4.1.4 Tips for Completing all Documentation within the
Stipulated Time
1. Explosive handlers generally work in shifts, and the job of explosive handlers may sometimes
be tiring, considering the weather conditions. Some places where there are hot temperatures
during summers, it becomes tiring and irritating for the explosive handler to complete the blasting
procedure in the open sky. It becomes difficult to unload the received explosives after completing
the blasting process. However, in no case, the unloading of explosives should be postponed.
2. The explosive handler should not send anyone in his place to do the tasks related to explosives.
3. The explosives should be unloaded the same day when the explosives are received before sunset.
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4. All the explosives should be checked, counted, and properly stored in the magazine.
5. No haphazard storing of explosives should be done to complete the task fast and save time.
Other than the official documentation, the explosive handler should maintain his own excel sheet with
all the details of explosives for his records which can be helpful if any mismatch is found during the
audit. Any documentation should not be postponed or preponed. All the explosive details should be
noted at the time of using, storing, or returning explosives.

4.1.5 Company-recommended Schedule for Filling up the
Documents
All the documents filed related to explosives should be kept in the Mines Manager’s office. Any changes
in the data of the explosives or any new entry should be informed to mines manager. The Mines
Manager should countersign all the bills of explosives registers maintained for explosives. Though it is
not mentioned in the mining regulations, the documents filed for explosives should be shown to the
Mines Manager every week. Audit of the magazine should be done by the Magazine in-charge as many
times as possible.
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UNIT 4.2: Reporting of Problems and Incidents
Unit Objectives
At the end of this unit, you will be able to:
1. Evaluate the severity of an incident or problem
2. Identify the concerned persons/authorities for escalating incidents and problems in mines
3. Use the recommended templates for reporting incidents and problems to the concerned persons/
authorities

4.2.1 Differences between Reporting and Documentation
Documentation can be defined as “Anything that is written or printed as a proof or for future reference”.
For example, as we studied the usage and storage details of the explosives must be filed and submitted
online. These details are recorded as a proof and for reference that a mine has X amount of explosive.
It is a record which is written and stored for information.
Reporting can be defined as “Providing information about any concerning issues whether good or bad
to the authorities”. For example, as we studied any stolen or lost explosive needs to be reported to the
Mine Manager immediately. Any information related to explosive which might be of concern should be
reported to the Mine Manager. It can also be a document. Some information is provided through the
written report but generally reporting is for providing necessary information.

4.2.2 Importance of Reporting Problems/Incidents Promptly
As per the mining regulations, there are strict rules related to explosives which must be followed.
Any information related to explosives should be informed to the authorized person immediately. The
authorized person must have all the information related to the explosives. All the data needs to be
provided to the PESO, or else there may be a violation which may lead to cancellation of license of
the magazine. If the explosive is stolen or missing from the magazine, and proper information is not
provided to the authorized person, it will be a violation of the mining regulations. In case of incidents,
immediate information to the authorized person is important as it may delay or make it difficult to
investigate the incident.

4.2.3 Reporting Procedures
Petroleum and Explosives Safety Organization has developed a web-based module to do an online
transaction of explosive through PESO’s online ‘Explosive Return System (ERS), available at the official
PESO website. This software will enforce the users to stick to the rules.
New facilities such as the issue of online pass for the use of explosive, to receive explosives online,
alerts for non-receipt of a consignment of explosives, notice for renewal of a license, real-time stock
position of the magazine etc. have been added to the Online Explosive Return System.
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4.2.4 Making Documents Available to Appropriate
Authorities to Inspect
As per chapter 9 of the Explosive Rules 2008, officers have been given powers to demand the license
or pass from the license holders.
1. Every person holding or acting under a licence granted under the explosive rules must produce the
required documents to the authority at such time and place as directed by the officer.
2. Every person in charge of a consignment of explosives in transit under cover of a pass issued under
these rules shall produce it when called upon to do so by any authority.
3. The explosive rules have also provided the officers with powers of search and seizure. Under this
power, the officer may a. Enter, inspect and examine any place or any mode of transport in which an explosive is being
manufactured, possessed, used, sold, transported, exported or imported under a licence
granted under these rules
b. Search for explosives or ingredients thereof
c. Take samples of any explosive or ingredients found therein.
d. Seize, detain and remove any explosive or ingredients of which he has reason to believe that
any of the provisions of the Act or these rules have been contravened.
4. Whenever any explosives are seized, they shall be stored up in an isolated place under adequate
guard until examination by the Chief Controller or Controller and receipt of instructions from him
as to their disposal.
5. Authorized officers should carry out an inspection of the magazine located in their jurisdiction
every six months to ensure there is no violation of the rules or the act.
Every mine should ensure that all the documents are readily available at the time of inspection, which
should be properly signed and countersigned by authorized person.

4.2.5 Guidelines for Reporting Incidents
Dealing with explosives can be hazardous.To ensure the avoidance of any incident standard operating
procedures are prepared for all the activities and sub-activities related to explosives.
As discussed, explosives can be dangerous to humans when in contact. If standard operating procedures
are not followed, the risk of getting affected due to the explosive increases. For example, the activity of
charging of holes has its standard operating procedure, and the activity of mixing of explosives has its
standard operating procedure. If the SOP is not followed while mixing of Ammonium Nitrate and Fuel
Oil, it may result in improper effectiveness of the explosive.
Standard operating procedures are also prepared to complete any task safely. Noncompliance with the
SOP may result in incidents which may harm humans. Such incidents should be reported immediately
to the Mine Manager and other authorized officers. If any workmen or supervisor observes any near
miss, it should be immediately reported. No person should try to hide any incident.
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Exercise
Answer the following questions by choosing the correct option:
1. What should be the distance of the security guard’s shelter from the magazine?
a. 10 m		
b. 20 m			
c. 30 m			
d. 40 m
2. At what distance should the fencing be provided from the magazine?
a. 20 m		
b. 15 m			
c. 30 m			
d. 45 m
3. When is FORM RE-3 required to be submitted?
a. Account of receipt of explosives			
c. Transport of explosives.				

b. Indent of explosives.
d. Account of explosives used.

4. When is FORM RE-5 required to be submitted?
a. Account of receipt of explosives			
c. Transport of explosives.				

b. Indent of explosives.
d. Account of explosives used.

5. A gangway of minimum ______ should be maintained between the explosive boxes and the wall of
the magazine.
a. 1 meter		
b. 20 cm		
c. 50 cm		
d. 60 cm
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Unit 5.6 - Health: Protective Clothing
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Unit 5.9 - Handling Emergency
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.

Explain about health and safety measures critical in opencast mines
Explain health and safety measures critical for personnel working in opencast mines
Elaborate the occupational health and safety regulations adopted by the employer
Explain mining operations procedures with respect to materials handling and accidents
Explain safety guidelines specified by Directorate General of Mines Safety (DGMS)
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UNIT 5.1: Mine Safety and Legislation
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

Explain occupational health and safety regulations adopted by the employer.
Explain mining operations procedures with respect to materials handling and accidents
Describe the correct safety steps in case of accident or major failure
Explain how to deal with misfires as per statutory requirement
Identify characteristics of post-blast fumes and take necessary precautions,
Demonstrate wearing safety gear such as a hard hat, respiratory protection, eye protection, ear
protection
7. Explain the manufacturer’s instructions for care and safe operation of the equipment.

5.1.1 Mines Act
In earlier years, when mining activities were modest in scale, safety problems too were simple. With the
progress in the exploitation of minerals, the safety of persons employed became a matter of concern. In
1895, the Government of India initiated steps to frame legislative measures for the safety of workers.
In 1897 first major disaster in mining hit the Kolar Goldfields killing 52 persons, to be soon followed by
the Khost Coal Mine disaster in Baluchistan (now in Pakistan), killing 47 persons. The disaster hastened
the formulation of safety laws, and the first Mines Act was enacted in 1901.
With further experience, this Act was superseded by the Indian Mines Act, 1923, which the present
Mines Act, 1952 again replaced. This Act came into force on the 1st July 1952. Major changes were
incorporated in this Act in the years 1959 and 1983. The Mines Act, 1952 applies to mines of all minerals
within the country except the State of Sikkim, including the offshore mines within territorial water
limits.
For administering the provisions of the Indian Mines Act, 1901, the Government of India set up a
"Bureau of Mines Inspection" on the 7th January 1902 with headquarters at Calcutta. The organisation's
name was changed to Department of Mines in 1904 and its headquarters shifted to Dhanbad in 1908.
On 1.1.1960, the organization was renamed "Office of the Chief Inspector of Mines". Since 1.5.1967,
the office has been re-designated as Directorate-General of Mines Safety (DGMS in short). In view
of the mining industry's recent development, various Mines Act, 1952, Coal Mines Regulations, 195
Metalliferous Mines Regulations, 1961 and Oil Mines Regulations, 1984 are under process. It is expected
to complete the amendment job shortly. It has also been proposed to extend the jurisdiction of the
Mines Act's enforcement up to 200 nautical miles of territorial water in the sea by which offshore oil
mines will also come under its purview.
Various acts, guidelines and rules govern the safety and health matters in mining industry, which
include:
•
•
•
•
•
•

Constitution of India
Mines Act, 1952
Coal Mines Regulations, 1957
Metalliferous Mines Regulations, 1961
V Oil Mines Regulations, 1984
Mines Rules, 1955
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•
•
•
•
•
•
•

Mines VT Rules, 1966
Mines Creche Rules, 1986
Indian Electricity Rules, 1956
Mines Rescue Rules, 1985
DGMS Circulars
Various Notifications
Minerals (Evidence of Mineral Contents) Rules, 2015

80

Explosives Handler

UNIT 5.2: Environmental Impact of Mining
Unit Objectives
At the end of this unit, you will be able to:
1. Illustrate the environmental impact of mining
2. Explain the steps to minimise dust, noise and vibration in mines

5.2.1 How Mining Affects the Environment
The mining industry has been one of the oldest and important industry for the survival of human
beings. Mining is involved in the extraction of minerals like silver, gold, coal, zinc, etc. These minerals
are required in our day to day life for survival. Hence as of now, there is no alternative for mining.
Mining projects need to be executed for the extraction of minerals. Upon extracting minerals, mining
has its own negative impacts on the environment.
Effect of mining on land –
In order to start mining excavation, removal of
overburden is required which can be done by cutting
of trees or burning of vegetation. Opencast mining
involves deforestation and the removal of vegetated
areas. As we all know, trees maintain the eco-balance
of the environment. By deforestation, the environment
is impacted adversely. Erosion of soil is one of the major
concern which is caused by mining activities. Most
mining companies do not hesitate to destroy an entire
forest to access mineral wealth. The land is not only Fig. 5.2.1: Deforestation in mining
affected during mining operations, but it is also affected
after the mining operations are completed, and mines are abandoned. The storage of overburden and
waste dumps covers a lot of lands hence making the acquired land useless. After completion of mining
projects, backfilling of the pit needs to be done, which is expensive. Most of the mining companies are
not interested in the backfilling of the mines. Improper backfilling of the mines causes subsidence.
Mining causes direct and indirect damage to wildlife. The animals and birds are completely dependent
on forests, and because of deforestation, these animals and birds must migrate for habitat. Wildlife
species live in communities that depend on each other. These species' survival can depend on soil
conditions, local climate, altitude, and other features of the local habitat. Due to disturbance in the
local conditions, the wildlife is severely affected.
Effect of mining on water resources Acid mine drainage – Metals such as gold, copper, silver and
molybdenum, are often found in rock with sulphide minerals.
When the sulphides in the rock are excavated and exposed to
water and air during mining, they form sulphuric acid. The
water released from the mining areas may runoff into rivers or
penetrate the ground and mix with groundwater. This is called
Acid Mine Drainage. It is considered one of mining’s most Fig. 5.2.2: Impact of gold mining on water
resources
serious threats to water resources.
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Another severe effect of mining is related to groundwater. When mining operations reach deeper areas
of the ground, the groundwater table is affected. In many mines, the groundwater is discharged into
the mining pits causing scarcity of water in the nearby wells, streams, lakes etc. Other than the scarcity
problem, the water used in mining gets polluted due to mixing with minerals, oil, grease etc., which
when released to the groundwater or rivers, results in degradation of the water quality. The erosion
also depletes water resources of underground soil and mine wastes which run off into surface water
and creates pollution.
Due to acid mine drainage, aquatic life is affected. The impacts of aquatic life include the killing of
fishes, affecting their growth or the ability to reproduce. The water released from mining operations
or mineral processing dissolves toxic metals. Even in very small quantity, the metals can be harmful to
aquatic life.
Effects of mining activities on air –
It is required to handle a large amount of overburden mineral during mining operations. These large
piles contain small particles which are easily carried away by and mix with the atmosphere. Mining
operations are required to use heavy earthmoving machinery which causes pollution. The largest
source of air pollution in mining operations can be 1. Suspended particulate matter which is transported by wind. These particulate matters are formed
due to excavation, transportation of minerals or waste, dust generated due to operation of a tyre
mounted heavy machinery.
2. The heavy machinery used in mining emit gases due to the combustion of fuel. These harmful gases
mix into the atmosphere causing air pollution.
3. The blasting operation in mining releases Sulphur Oxides and Nitrogen Oxides along with Carbon
Oxides. These gases mix with the environment in the form of smoke. Other than the gases huge
amount of dust is generated during the blasting operation.
4. Air pollution is caused during mining operations as well as during mineral processing. After the
excavation of minerals, the processing of minerals is required to prepare the desired product from
the minerals, which further creates air pollution.

Fig. 5.2.3: Air pollution due to
blasting operation

Fig. 5.2.4: Air pollution due to excavation

Noise pollution due to mining activities –
Mining activities involve the use of heavy machinery. Such machinery when in operation, create
noise. Noise is mainly generated from vehicle engines, loading and unloading of rock into dumpers,
chutes, diesel generators. Impact of excavator operation, rock breaker operation creates noise that
impacts nearby residents and wildlife. Other than machinery, the crushing unit and conveyors used to
transport material create huge noise which is harmful to the manpower involved in working. Blasting is
considered as the major source of noise. The sound of detonators and sometimes the air blast create
noise impacting the nearby residents and workers involved in the mining operations.
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5.2.2 Sources of Dust, Noise, and Vibration in a Mine
Dust is generated in mines due to the utilization of machinery, loading
and unloading of material in dumpers, hauling dumpers on haul roads,
and excavating by an excavator. The major source of dust is blasting in
mines. Blasting includes the process of drilling. While drilling the small
particles are generated, which mix with the atmosphere. While blasting,
as we have studied earlier, a huge amount of dust is generated. Other
sources of dust can be exposed Overburden dumps, railway sidings,
unloading of overburden (OB) in dumps.
Noise – One of the major sources of noise is blasting in mines. Heavy
machinery utilized in mining is the source of noise generation. The Fig. 5.2.5: Dust generated while
drilling in mines
drilling machine, the excavators, the rock breakers, the dumpers are the
major sources of noise. Other than the mining machinery, mechanical
units such as crusher, conveyor belts are also a source of noise.
Vibration – It is caused generally due to blasting, which affects the nearby structures. The main source
of vibration during blasting is the detonation of explosives. The gases released during blasting move
in different directions, causing vibration. Other than the blast-induced vibrations, there are sources of
vibration caused due to movement of heavy machinery; however, it does not impact at a large extent,
but it does affect the stability of the materials dumped in the surrounding.
Ergonomics of the operators involved in the operation of machinery is important. Vibration generated
due to movement of machinery while loading, unloading, or breaking of the material affects the health
of operators operating the machine.

5.2.3 How to Minimise Dust, Noise, and Vibration in a Mine
The best way to minimise dust is to suppress dust generation at the source.
For example, while drilling dust is generated; however, this dust can be
suppressed during generation to avoid its mixing in the environment.
The drilling machines have the option of wet drilling to suppress dust.
Dust is generated during transportation of material by dumpers. If water
sprinkling arrangements are made before commencing the transportation
of materials, dust generation will be minimal. Few mines have been in the
practice of using water rain gun attached with water tankers on the blasting
face before blasting to minimize the dust generation after the blast.
Fig. 5.2.6: Rain gun
Noise has been a problem in the mining industry for many years. Due to the
utilization of heavy equipment in mining, there has been noise pollution
at its peak in the mining industry. Sometimes it is not possible to reduce the noise created from the
machinery; it may be possible to avoid the noise reaching to people working in mines. Hence, sound
barriers should be used in all the rooms or offices near the working areas. As the noise from machinery
cannot be reduced, the exposure of workers should be reduced near the machines. Any person engaged
near machinery should be provided with earplugs to avoid hearing impact.
Vibration is generally created due to blasting in mining operation. Ground vibrations can be reduced
by • Reduce the charge per delay in the holes.
• If the burden and spacing are reduced
• Sub drilling should be reduced; however, sub drilling is required to avoid toe generation.
• Delay time provided between holes should be proper.
• Minimized number of blast holes at a time.
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UNIT 5.3 - Precautions while Handling Explosives
Unit Objectives
At the end of this unit, you will be able to:
1. Handle explosive with safety
2. Demonstrate the use of conducting footwear

5.3.1 Dos and Don’ts of Handling Explosive
Do’s
•
•
•
•
•
•
•
•
•

Always store explosives only in the licensed magazine.
Always maintain magazine in good condition.
Regularly get the lightning conductors on magazine tested for resistance.
Always return unused explosives after day’s work to the magazine before sunset.
Blasting operations should be suspended during thunderstorms.
Security guards should always be provided near the magazine.
Always maintain stock of explosives within licensed capacity.
Always employ certified blaster for blasting operations.
Allow only authorized person to enter the magazine or blasting site.

Don’ts
•
•
•
•
•
•
•
•
•

Do not misuse the explosives.
Do not store explosives outside the magazine.
Do not change the description of explosives.
Do not use misfired explosives.
Do not use mobile phones or any electronic device near the place of storage and use of explosives.
Do not use any battery-operated devices like watches, remotes near the place of storage and use
of explosives.
Do not operate radio devices or walkie talkie at the place of storage and use of explosives.
Do not use synthetic clothes in the magazine.
Do not smoke or carry lighters, matchbox near the magazine or blasting site.

5.3.2 Using only Conducting Footwear
As per MMR 1961, no person can go in underground or opencast mines without protective footwear as
approved by DGMS. The protective footwear shall be provided by the owner, agent, or manager free of
cost. The footwear should be provided at an interval of every six months. The footwear as per Indian
standard 11225-1985 and duly approved by DGMS. No nails should be present in the shoe, and the sole
of the shoe should be made of leather. The front part of the shoe should be hard to avoid injury due
to falling of tools on the shoe. The below mentioned variety of footwear requires approval of DGMS.
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•
•
•
•
•
•

Safety rubber canvas boots
Protective boots for oilfield workmen
Leather safety footwear having directly moulded soles
Miners' safety boots with leather soles
Rubber knee boots
Leather safety shoes for women workers in mines and steel plants

Fig. 5.3.1: Safety boots
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UNIT 5.4: Avoid Accidents
Unit Objectives
At the end of this unit, you will be able to:
1. Identify threats at the workplace
2. Explain how to avoid accidents at the workplace

5.4.1 Accidents
Too many mineworkers are injured or killed in accidents that could be described as "struck by" or
Caught between" accidents. These accidents occur far too often in workplaces, especially considering
how these incidents are so avoidable.
We would like to share some advice on how proper training of workers can avoid these common
incidents.
Types of "struck by" accidents
•
•
•

There are two main types of "struck by accidents:
Those caused by moving vehicles, such as construction vehicles or forklifts, in industrial workplaces,
and
Those caused by falling objects, such as tools falling from workers on upper levels or by improperly
stacked materials or unstable shelving.

Train operators of moving vehicles in your workplace to:
•
•
•
•
•
•

Inspect vehicles before each shift to ensure their safe operating condition.
Take particular care on steep grades or ramps that might cause a tip over.
Never drive a vehicle in reverse gear with an obstructed rear view unless it has an audible reverse
alarm or another worker signals that it is safe.
Set parking brakes when vehicles and equipment are parked, and chock the wheels if the vehicle is
on an incline.
Never exceed a vehicle's rated load or lift capacity.
Do not carry personnel unless there is a passenger seat and the rider is using a seat belt.

Alertness required when not operating vehicles
•
•
•
•
•

Workers who don't operate moving vehicles can protect themselves by being alert at all times. They
also need to:
Watch out for moving vehicles, especially at intersections or blind corners.
Never assume that the driver has seen you-in a collision with a moving vehicle, the pedestrian will
always be the loser.
Before working near a door, post a warning sign or prop the door open. This is especially important
if working from a ladder.
Do not push a door open rapidly or forcefully. Someone may be on the other side.
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Threat of Falling Objects
•
•
•
•
•

To prevent accidents caused by falling objects, train workers to:
Stack materials carefully to prevent sliding, falling, or collapsing.
Secure tools and materials to prevent them from falling on people below.
Obey signs requiring hard hats even if you don't see signs of activity.
Wear hard hats if there is any danger of something falling even if there are no warning signs posted.

Safety for workers operating Machinery
•
•
•
•
•
•

Machine workers also face these types of accidents. Train them to protect themselves by following
these safety procedures:
Never operate machinery without all guards in place.
Know the danger areas of the machine, including the point of operation and the power transmission
apparatus that can grab and injure body parts.
Use proper lockout/tag out procedures when repairs or preventive maintenance is being performed.
When walking near machinery, obey any posted warnings and stay clear of moving parts.
Beware of being caught between moving parts of equipment like conveyors, scissor lifts, or back
hoes.
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UNIT 5.5: Injury Education
Unit Objectives
At the end of this unit, you will be able to:
1. Identify potential risks at the workplace
2. Explain how to safeguard the body parts at risk
3. Explain how to avoid injuries at the workplace

5.5.1 Injuries Occur when loads Exceed Tissue Tolerances
Injury due to Excessive Force
This type of injury occurs from a single event, where the loads or forces
are so great they exceed tissue tolerances and cause an immediate
injury. This type of injury is more common with trips and falls.
Example - a worker falling over on their ankle and spraining it.
Injury due to Excessive Repetition
This type of injury occurs from repeated loading weakening tissue to the
point of failure. It progresses slowly to the point where a sub-failure load
can cause an injury. This type of injury is more common with repetitive
tasks.
Example - a worker pulling lumber off a chain developing a herniated
disc.
Injury due to Excessive Repetition
This type of injury occurs from constant loading weakening tissue
to the point of failure. This type of injury is more common with tasks
that require workers to adopt static or awkward postures for extended
periods.
Example - a Grader developing neck tension.
Fig. 5.5.1: Injury due to load

5.5.2 Body Parts at Risk
The previous topic on injury education explains how injuries can occur. The Injury Education section of
this Work Manual expands on these principles, relating them to the specific body parts at risk of being
injured.
After all of the appropriate information is collected during the investigation of the Explosive Handler
job (i.e., injury statistics, discomfort surveys, results from the Identification Checklist), the next steps
are to:
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1. Match the body parts of concern from your investigation to those described in this section of the
Work Manual.
2. Note the direct risk factors associated with each body part of concern.
3. Read the information on the page and try to understand why a body part, in combination with each
of the direct risk factors, is of concern.
4. Discover which indirect risk factors are associated with a particular body part problem and the
headings under which they are found in the Injury Prevention section of the Work Manual.
5. Note the consequences of the direct risk factor relative to a body part.
6. Note where the potential solutions can be found within the Injury Prevention section of the Work
Manual. In addition, for many of the body parts, a reference may be provided to refer to specific
sections of the Body Manual.
At the end of the Body Parts at Risk Section, there is a summary page of all the body parts of concern
for the Explosives Handler. In addition, a reference table, with a summary of the direct and indirect risk
factors by body part, is provided.
In the last section on Injury Prevention, the Work Manual discusses specific solution options for each
of the body parts at risk.

5.5.3 Major Risk Identification
Industrial Musculo-Skeletal Injury Reduction Program (IMIRP) ergonomists have assessed the Explosives
Handler position and found that the neck, shoulder, and lower back are the body parts of major concern
while performing the duties. Focussing on solutions that target the areas of major concern will likely
reduce the greatest risks associated with this job.
Neck: Major risks include awkward and repetitive motions of the neck when twisting to look behind
while driving or looking backwards
Shoulder: Major risks include repetitive, awkward, and static postures of the shoulder. The amount of
force required to manipulate the controls can also contribute to the risk of discomfort or injury.
Lower Back: Major risk includes awkward and forceful movements, awkward, static postures and
exposure.
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UNIT 5.6: Health: Protective Clothing
Unit Objectives
At the end of this unit, you will be able to:
1. Identify various protective gears and equipment for greater mining safety
2. Demonstrate the usages of various protective gears and equipment during mining activity

5.6.1 Personal Protective Equipment
Many injuries can be prevented by wearing the correct
protective clothing/ gear. In this section we would like to
discuss the correct clothing and gear required to perform
many different mining activities.
What is the purpose of protective gear?
Improved Visibility- Be Visible Be Seen is not a slogan only
to be used in road safety initiatives. Higher-visibility gear Fig. 5.6.1: PPE Representation
is also important at the mine and especially when dealing
with traffic at the mining site. Bright colours and retro
reflective strips are common on quality equipment and make workers more visible to others such as
motorists, truck drivers and even pedestrians.
Abrasion Resistance- Thick, tough leather provides the most abrasion resistance in crashes, but fabrics
such as Cordura, Kevlar and ballistic nylon provide significant protection too. In addition, fabrics are
generally cheaper, easier to maintain, waterproof, and more comfortable in hot weather. Thick leather,
which affords the most abrasion resistance, can be uncomfortable in high temperatures, may cause
heat stress & loss of control with insufficient fluid replacement. Some gear is constructed of fabrics
made into a 'mesh' that provides cooling and a stable surface for the attachment of padding.
Padding- Quality jackets and pants provide significant extra padding in the vulnerable joint regions.
This can take the form of simple foam padding, or dual-density foam that stiffens when compressed,
sometimes with plastic or carbon fiber outer-shells that distribute the impact across the pad. Integrated
pieces can be found in some jackets.
Weather Protection- an important aspect of protective clothing is protection from the elements.
Extreme weather can sometimes make working conditions unbearable or dangerous. Gear needs to
provide protection from wind, rain and cold.

5.6.2 What is the Protective Gear Required for Greater
Mining Safety?
The best answer to this question is to approach the safety experts from different mines. Safety officers
are exposed to all the daily risks on their mines and have experienced accidents, near accidents, falls
and hazards in all weather conditions.
•
•

Protective gear should conform to anatomy and not slide around.
Vulnerable areas are the head, hands, knees, elbows, shoulders and hips.
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•

Gear should be bought for the protective qualities and not as a fashion statement.

Specific items of gear include:
•
•

•
•
•
•
•
•

Full-face helmet: A full-face helmet provides the most protection. Thirty-five percent of all road
crashes experienced by bikers show major impact on the chin-bar area.
Gloves - Pavement and ground will mangle unprotected hands. Gloves should be specifically
designed for the mining activity performed. Commonly made of leather, cordura, or kevlar, or some
combination. Some include carbon fiber knuckle protection or other forms of rigid padding. Some
gloves also provide protection to the wrist.
Jackets - generally made from leather, ballistic nylon, cordura, kevlar or other synthetics. Most
jackets include special padding on elbows, spine and shoulders.
Pants - Made of the same material as jackets, usually including special protection for the knees and
hips. Some people prefer cotton denim jeans with kevlar reinforcement.
Boots - especially designed for the mining activity undertaken and could include reinforcement and
plastic caps on the ankles, and toe area.
Goggles or Helmet Visor - Eye protection is of utmost importance - kicked-up pebbles or pieces of
metal in the eye at speed has enough momentum to cause significant damage.
Ear plugs - Ear plugs help protect against hearing damage, and even reduce fatigue.
Vests - made with high-visibility colours and retro reflective materials, vests can be worn over
jackets to increase the chance of being seen. This becomes even more important especially in
adverse conditions of dark and wet.

Other gear might be required in special circumstances:
Plastic armour is often used to protect against injury. This type of armour typically covers the back,
chest, and sometimes the extremities. It is increasingly common for gloves, jackets, pants, and boots to
be outfitted with hard plastics on probable contact areas.
The above items are not a complete list and might differ according to specific hazards experienced or
the activity undertaken. There are other items to be considered such as knee guards, back protectors
etc. They are important components to be budgeted for by the safety conscious mining company.
Good gear does not protect you if you don't wear it! For increased safety it is of the utmost importance
to maintain the best possible wearing rates of protective clothing/ gear at all times!!
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UNIT 5.7: Health: Eye Protection
Unit Objectives
At the end of this unit, you will be able to:
1. Identify potential eye hazards
2. Explain how to protect eyes during mining activity

5.7.1 Eye Hazards
Depending on your workplace and the kind of tasks employees perform, eye hazards will vary, of course.
But these are the usual suspects:
•

•

•
•
•

Impact from flying objects such as large chips, fragments, particles, sand, and dirt from tasks such
as chipping, grinding, machining, masonry work, wood working, sawing, drilling, chiseling, powered
fastening, riveting, and sanding.
Chemicals in the form of splashes, fumes, vapors, and irritating mists from tasks such as acid and
chemical handling, degreasing, plating, and so forth. Harmful dust getting in the eyes from tasks
such as woodworking, buffing, and general dusty conditions.
Radiant energy, glare, and intense light from tasks such as welding, torch-cutting, brazing, soldering,
and laser work.
Heat from anything emitting extreme heat from tasks such as furnace operations, pouring, casting,
hot dipping, and welding.
Blood and infectious material splashes that could allow blood borne pathogens to enter the body
through the eyes.

5.7.2 Protecting Eyes: Recommendations
•
•

Provide the highest-quality eye protection, such as that found in polycarbonate lenses.
Make sure protective eyewear can be customized and is adjustable. Gear that cannot be fit to an
employee's face is more likely to be removed than gear that fits well.
• Inspect goggles periodically for cracks, breaks, and loose frames. Train employees to regularly look
for and report these problems.
• Regularly assess to determine if current eye protection measures are adequate, especially when
new procedures or materials are introduced.
Additionally, employees should be trained to recognize eye hazards, select the proper protection for
different kinds of hazards, and care for protective eyewear properly.
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UNIT 5.8: Preventing Hand Injury
Unit Objectives
At the end of this unit, you will be able to:
1. Identify potential sources of harm to your hands and fingers
2. Explain how to avoid hand injuries during mining activities

5.8.1 How important are your hands?
•
•
•
•
•
•

The hand is one of the most complex parts of your body - the movement of the tendons, bones,
tissues and nerves allows you to grip and do a wide variety of complex jobs
Without your hands it would be extremely difficult to do routine simple tasks, such as opening
doors, using a fork, or tying your shoes
Your hands make you a skilled, valuable worker
The improper use or misuse of hand tools cause minor to serious hand injuries
Hand injuries are likely when the wrong tool is used or the right tool is used improperly
Your hands and fingers are your most valuable tools - look after them

5.8.2 Hand Injuries
Hand injuries can be associated with working with machinery or equipment. The materials being used
or the job process might be hazardous. Hand tools or powered hand tools may be faulty or improperly
used.
The most common causes of hand injuries are:
• Carelessness
• Lack of awareness
• Boredom
• Disregard for safety procedures
• Distractions
• Using incorrect or homemade tools
• Not doing a safety analysis before work start
Hand injuries are difficult to repair because of the complexity of the hand. After a hand injury, the hand
may not function as it did before the injury due to loss of:
• Motion
• Dexterity
• Grip
• Ability to complete the simplest of tasks
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To avoid hand injuries:
• Know the hazards and dangers in the job to be done
• Be aware of pinch points
• Be aware of hot areas
• Be aware of rotating or moving surfaces
• Automated machinery may be controlled by remote control, or delayed timing devices that cause
the machine to start automatically
• Loose clothing and jewellery may be caught up in moving machinery
• Never remove machine safeguards or operate machinery with safeguards removed
• Use the correct tools
• Look for pinch points - keep your hands away
• Never put your bands near rotating or moving machinery
• Wear the correct gloves for the task
Hand injuries are the most common injuries referred for surgery. People often underestimate the
importance of hands and fingers... imagine what it would be like to lift a drink without fingers, or not
being able to hold hands with a loved one.
Ensure that you look for potential sources of harm to your hands and fingers, and keep your hands
away. Use your imagination, and consider what might go wrong in your workplace.
Lines of Defense
• Awareness of Hazards and Prevention Measures
• Personal Protective Equipment (PPE)
• Good Hygiene and First Aid
• Stop unsafe work
• Isolate and lock out
• Use proper tools
Screwdrivers
• When using screwdrivers, place the object on a flat surface or in a bench vise. Don't hold it in your
hand!
• Don't use screwdrivers as chisels or pry bars
• Use the correct size driver for the screw
• Don't use screwdrivers with chipped tips
Knives
• Use safety knives whenever possible
• Keep knife blades sharp
• Cutaway from your body
• Do not use knife blades as screwdrivers
• Avoid working on the same object when a co-worker is using a knife
• Use safety approved knives only
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Hammers
• Never use a hammer with a splintered, cracked, or loose handle
• Don't use hammers with rounded striking faces
• Use the correct hammer for the job
• Don't strike a hammer face with another hammer
• Don't use nail hammer claws as a pry bar
• Use softer material hammer on hardened steel
Hand Saws
• Use moderate pressure on hack saws to prevent blade failure
• Spray saw blades lightly with lubricant prior to use
• Keep blades sharp
Chisels
• When possible use a safety chisel
• Don't use chisels with mushroomed heads
• Use the correct chisel for the job
• Don't use chisels as pry bars
Wrenches
• Use the correct sized wrench for the job
• Don't use pliers with worn grooves or crescent wrenches with worn or sprung jaws
• Don't use pliers or crescent wrenches on over-tight bolts and nuts
• Pull on wrenches rather than pushing them
• Never use a cheater bar on a wrench
Portable Power Tools
• Disconnect power tools when not in use and before changing bits, blades, and other accessories
• If a power tool binds STOP! and reassess the job
• Wear anti-vibration gloves when using power tools that vibrate excessively
• Never remove guards!
• Ground power tools unless double insulated
• Don't wear gloves if they can get caught on
• rotating parts
• Secure work in a bench vice or on a bench - Don't hold it in your hand!
• Use power tools without activating switch locking mechanisms
Shop Tools
• Use a push stick to cut small pieces
• Unplug or Lockout tools before changing blades
• Keep tools sharp
• Never remove guards
• Use a drill press vise when drilling- Don't hold parts with your hands!
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Bench Grinders
• Don't wear gloves when operating bench grinders
• Never remove guards!
• Maintain proper clearances on tool rests and tongue guards
• Use vice grips when grinding small parts
• Don't use grinders on aluminium unless the wheel is specifically intended for use with aluminium
Extreme Temperatures
Use tongs or high-temperature gloves to handle hot or cold parts and equipment
Bites and Stings
• Use caution when moving debris piles or equipment which has been sitting for a long time
• Don't stick your hands in holes, crevasses and other secluded places, including work boots which
have been sitting for a while
• Avoid areas where insects nest or congregate (garbage cans, stagnant pools of water, uncovered
foods and areas where flowers are blooming)
• Avoid dressing in clothing with bright colours
• Don't use scented soaps, perfumes or hair sprays
Sharps Disposal
Never dispose of used razor blades, broken glass, or other sharp objects in regular trash cans! Keep a
metal can specifically for the disposal of sharp objects.
Equipment Handling
• Use tag lines
• Wear leather gloves
• Never place your hand on top of the load or between the load and a fixed object
• Inspect hooks and chain slings before use
• Never hang load from the hook tip, unless it is designed for that
• Assess the job before starting, communicate with team members
Jewelry
• Remove jewelry before using power tools or working on machines
• Keep sleeves buttoned
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UNIT 5.9: Handling Emergency
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain how to handle emergencies
Explain how to assist the Injured
Perform Basic Steps in Accident Scene Safety
Perform CPR
Identify potential emergency situations

5.9.1 How to Handle an Emergency!
Information on what to do in a roadside emergency provides important insights to our mines' safety
personnel. We would like to share the advice provided by the Arrive Alive Road Safety website. This
could assist our mineworkers operating vehicles on public roads - and from this starting point we could
continue to discuss other emergencies on the yard and in the mine!
Coming across an accident while out on the road can be a frightening and stressful experience. Not only
is it a dangerous environment to disembark from your vehicle but the sight of injured, bleeding people
or children can induce panic in the toughest of people.
Paramedics at ER24 deal with such incidents on a daily basis and are specifically trained and equipped
to cope with and treat patients on such scenes. But what happens if you are the first person to come
across the accident? What do you do if you actually see the accident happen in front of you? Whom do
you call and what do you do first while you wait for the emergency personnel to arrive?
The following segment comprises a few important principles and pieces of advice to help you to calmly,
safely and carefully look after yourself, the patients and the accident scene while waiting for the
emergency services.
What to do first
Pull your vehicle over
• Park in a safe position off the road.
• Turn on your hazard lights and headlights. (Any and all lighting that may help other motorists see
that there has been an accident and slow down is necessary. Don't put your bright lights on as this
may temporarily blind oncoming motorists)
• If the accident is on a blind rise or bend, parking your vehicle back from the accident in a fend off'
position so vehicles see the accident scene may help prevent further accidents.
• Put out your warning triangles if you have them
What to do next
Phone emergency services
On emergency line of your company request the following information:
• Your telephone number (to be in contact with you and avoid isolation)
• Your location (street name and nearest cross road)
• The details of what has happened, how many people are injured, whether there is a fire, etc.
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This will allow the dispatcher to send the correct personnel from the closest area. Besides, the call
takers are able to give you telephonic advice as to what to do to help the injured on the accident scene.
Assisting the Injured
If you have a First Aid kit, take it out of your vehicle. Put on the rubber gloves that are inside the first
aid kit.
Calm and reassure the people that have been involved in the accident. Make them aware you have
called the emergency services and that help is on the way. This may be the only thing and the most
important thing you can do to help someone involved in an accident.
The most important principles when helping an accident victim are the following:
•

•
•

•
•
•
•
•

Safety- Do not attempt heroics that may potentially jeopardize your own safety. Your safety comes
first, before that of the injured. You are of no use to anyone if you become injured while attempting
to help others.
If there is any fire/ flames and you have a fire extinguisher, use it and direct the foam/ water at the
base of the flames.
Do NOT move the patient or attempt to remove them from the vehicle UNLESS there is an immediate
threat to life (e.g. the car is on fire and you are unable to extinguish it). There may be an underlying
injury to the neck or spine and unnecessary movement could make this worse.
If the person is unconscious, open the mouth of the person and check if there is anything inside
causing obstruction.
Check if the person is breathing.
If the patient is breathing leave them in the position you find them and monitor them regularly.
If the patient is NOT breathing and you have been trained to do so, you may begin CPR and rescue
breathing as necessary.
If a person is bleeding heavily from a wound, take any available material e.g. a t-shirt/ gauze from
the first aid kit/ a towel/ a blanket/ etc, and place it over the open bleeding wound. Then press
tightly applying direct pressure to the wound. Maintain that pressure until the emergency services
arrive. Do not stop pressing to check if there is continued bleeding or to look at the wound. This
procedure may save a person's life.

Being a bystander at an accident scene is invariably a stressful event. However if you remain calm, keep
your head and follow the above principles, you could be instrumental in assisting, reassuring and even
saving the lives of the accident victims. Ultimately we would all like to 'Arrive Alive'.
Accident scene safety
An accident scene can be a hectic place with
a lot of things going on at once. Accident
scenes are often chaotic and difficult to
secure with so many people coming and
going. No two accident scenes are alike,
but they share the same goal - everybody
should get home safe and sound. In this
section we will focus on accident scenes
after road accidents.
Fig. 5.9.1: Representative Image
Incident Management is a term used to
describe the process whereby a set of coordinated activities are initiated when an incident occurs on a
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road network, in order to minimize the direct and secondary effects of the incident, as well as to restore
traffic to normal operating conditions.
Awareness is the key to safety at accident scenes. Knowing the hazards and how to work around them
will ensure the safety of everyone. As first responders, it might seem obvious that police and traffic
officers are in a unique position to help accident victims deal with the impact of their ordeal, to help
restore a sense of safety and control to an otherwise fearful and overwhelming situation. These officers
can also make a big difference in how a subsequent criminal or other investigation is handled.
Many officers however feel uncomfortable dealing with accident scenes. In this section we would
like to provide information and some guidelines to effective accident scene safety/ incident scene
management.
Why do we need to secure accident scenes?
•
•

•
•

•

•

•
•
•

•

When an accident occurs the most important objectives are the safety of accident victims,
emergency personnel and other road users.
The first hour after an accident is called the Golden Hour- physicians say seriously injured car crash
victims need to reach comprehensive medical care within 60 minutes to ensure a good chance of
survival. At the accident scene, this scenario leaves about 12 minutes for rescuers to extricate the
wounded and speed them toward the hospital.
It is priority that the accident scene be secured and pre-warning of traffic takes place. This is
undertaken with the patrol vehicles, blue rotating lights, headlamps and hazards etc.
In some instances, more than one pre-warning vehicle will be required with the officers kitted in
their reflective jackets and the red flags used for motorist's immediate attention. Sign trailers must
be erected with the appropriate messages displaying distance from the collision so that motorists
adjust and reduce speed simultaneously.
Incident Management System is the process to efficiently manage road accidents and to restore
traffic flow to normal as quickly as possible. IMS is also used to establish an agreed set of formalized
alternative routes to be used in a road closure event.
In the event of heavy motor vehicles having been stacked, and a route diversion initiated for light
vehicles, restoration to the flow of heavy motor vehicles will be given priority when lanes become
available.
We need to prevent material evidence from being removed or relocated in any way. This is especially
true if the accident is a fatal injury that might trigger an accident investigation.
Learning from past accidents can prevent accidents from happening again.
Persons having direct authority must preserve and mark for identification, materials, tools or
equipment necessary to the proper investigation of an accident, so it's important that material
evidence does not "walk off" the scene.
Sensitive, competent handling of victims in the immediate aftermath of the accident can have a
tremendous impact on both the victim's subsequent psychological recovery and on law enforcement
efforts to solve the case.

Basic Steps in Accident Scene Safety
•
•
•

Size-up and assess the scene from all angles - Take notice of the layout of the accident scene and
how it may affect your ability to deal with the scene safely.
Look at the flow of traffic at the scene. Does it pose a danger to you or others, including the casualty?
If so, can the traffic flow be safely controlled by bystanders or should it be stopped altogether?
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•
•
•
•

•

•

•
•
•
•
•
•
•
•
•
•
•

Before you stop the traffic, consider the effects this will have on emergency vehicles trying to get
to the scene.
Get someone available up and down the road to wave at the ongoing traffic. This is especially
important in tight turns where they may not have time to stop after seeing the accident site.
If the accident occurred at night, turn on hazard lights and ignite flares to warn oncoming motorists
of the danger.
Think about the positioning of any vehicles involved in the incident and what possible risks they
may pose (such as rolling forwards/ backwards etc). Think about safety continuously re-assess the
safety of the scene, particularly if relying on others to keep you safe.
Turn off all vehicles involved in the crash. There is no way to know the kind of damage the cars have
sustained and if there is any kind of puncture in the gas tank, the slightest spark from the engine
could ignite a fire, thus increasing the danger posed to passengers, drivers and passers-by.
Take care to note any hazards or additional damage away from the initial approach. People and
vehicles will slip on hazardous material spills such as petrol, oil, brake fluid etc. If ambulance
personnel slip on oil while carrying the victim, it could be fatal. Either clean it off the road or indicate
to everyone where it is.
Establish a few people around the immediate accident scene to help direct traffic, point out fluid
spills, and warn people who may want to light up.
Control access to the scene - Keep foot traffic through the scene to a minimum. Allow only necessary
personnel into the perimeter.
Do not allow more people than is necessary into the crime scene. They can leave hair fibers, clothing
fibers, footprints or other deposits that can interfere with any evidence at the scene .
People who smoke tend to light up under stress. Ask these people to either extinguish their smokes
or move away from the flammable materials and/or bikes.
Do not adjust or modify the scene (Exception: Removal of victims) of a vehicle involved in accident
The first priority is to assess the condition of all patients. Be aware that patients may have been
ejected from the vehicle.
Stabilize the vehicle - trapped victims are in direct contact with the vehicle structure, so the
substructure must be blocked and supported so there's no movement during rescue operations.
Check for injured persons and perform first aid, if necessary, within the limits of your training and
experience. Arrange for medical assistance .
Never move an injured person unless you absolutely have to for their own safety or to perform
CPR. They could have broken bones or internal injuries that could be made worse from movement.
Never go near an accident scene or try to help a victim if there are downed power lines. You could
risk your life by doing so.
Never touch blood with your bare hands as it can risk transferring disease.

Accident Scene Safety and Accident Investigation
•
•
•
•
•
•

A prime objective of accident investigation is prevention. By finding the causes of an accident and
taking steps to control or eliminate them, we can prevent similar accidents.
Investigators are aware that effective accident investigation means fact-finding, not fault- finding.
Information on events before, during, and after the accident must be collected.
Facts and events preceding an accident explain why and how the accident happened.
Investigators can determine accident conditions by examining physical evidence, interviewing
witnesses and securing the accident scene.
Once the injured have been attended to and the threat of further damage is eliminated, the accident
scene must be secured and witnesses identified.
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•
•
•
•
•

The area should be secured until the initial investigation is completed
Gathering facts will be easier if the accident scene is not altered.
It is expected from emergency crews, if possible, to leave material where they found it.
They should only move and remove what is absolutely necessary- this will reduce guesswork for
investigators.
The best would be to physically isolate the area by locking up or fencing in. This allows investigators
to go back to the scene and assess what may have been missed or overlooked.

Driving near Accidents
An accident scene is more likely to be a distraction for a driver. Many accidents occur next to accidents
scenes where motorists are not attentive to the road ahead and only focused on the emergency
activities at the scene .
The following advice is provided to motorists driving near accident scenes:
•
•
•
•
•
•
•
•
•
•
•
•
•

Slow down when you see an accident scene - and if necessary-Stop!
Look for changes in the traffic pattern around the accident
Look for personnel directing traffic
Stop when directed to stop and do so immediately. Do not keep moving slowly.
Proceed through the scene slowly when directed to do so
Look for signs indicating what you should do
Watch out for emergency services personnel walking around the scene
Watch out for emergency vehicles arriving and departing the scene
Do not stare at the accident scene or flashing lights while your vehicle is in motion
Do not honk your horn. Rest assured, it will not get you through any faster!
Do not make sudden movements
Do not assume anything. Do only as directed by the police or officials directing traffic
Do not disregard the directions of the personnel directing traffic.

5.9.2 CPR and Mining Safety
What is CPR?
Definition: An emergency procedure
consisting of external cardiac massage and
artificial respiration; the first treatment
for a person who has collapsed and has no
pulse and has stopped breathing; attempts
to restore circulation of the blood and
prevent death or brain damage due to lack
of oxygen
Fig. 5.9.2: CPR Representative Image
CPR {Cardio Pulmonary Resuscitation) is a
life saving emergency response technique. Performing CPR pumps oxygen-rich blood into the heart and
brain. It can prevent brain damage and may save a life.
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Few road users however know this technique and have only seen this administered, often incorrectly
on television and the movies.
How can I learn to perform lifesaving CPR?
The best way to learn CPR is to attend a CPR class presented by an accredited medical institution or
emergency response provider. CPR is a skill both to be learnt, practised and regularly updated.
What are the Basic Steps of CPR?
The Basic Steps are easy to remember - When you get to a scene and you find an emergency situation,
follow these 3 basic steps: CHECK, CALL, and CARE
Step 1: Check: First, you should check the scene, for safety and then later on you'll check the victim.
When you check the scene, you want to make sure that it's safe for both you and the victim. Do not put
your own life in danger and become a victim yourself!
What do you need to check for?
When you are assessing the scene, also make a note of the following:
•
•
•

Possible safety risks
Check for the number of victims. How many victims do you have?
Check for clues about what could have happened or bystanders able to provide more information
or render assistance in stopping traffic.
Now you can check the victim. Find out if they are unconscious. The best way to find out if the victim
is conscious is to talk to them. Tap them on their shoulder and shout and see if they respond to you.
Step 2: Call: If they are unconscious or under any other life threatening conditions, you should
automatically call one of the Emergency response numbers
Step 3: Care: It is most important to remember the ABC of Care
•
•
•

A is for airway
B is for breathing
C is for circulation.

Step 4: A for Airway: To open the airway, tilt the head back, lift the chin
and look, listen, and feel for up to ten seconds. This way you can tell if a Fig. 5.9.3: CPR Representative
person is breathing.
Image
Step 5: B for Breathing: If there is no breathing, go to the "B" step, which involves administering two
rescue breaths into the person's mouth. Tilt the head back, pinch the nose, lift the chin and give two
breaths ensuring that a tight seal is made around their mouth with yours. Those breaths are about 1
second long.
If the breaths go in, look towards the victim's chest while administering the rescue breaths, you will
notice the chest rise, that tells you that there is no blockage. Look over the victim's body and see if
there's any bleeding, and if so you need to put pressure on the site so as to stop the bleed. If there is a
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second rescuer or bystander, get them to hold a sturdy amount
of pressure on the wound. Then, begin CPR.
If the breaths did not go in try again, you may not have
maintained a good seal the first time, if the breaths still do not
go in, the victim's airway is obstructed. Follow the steps for
Unconscious Choking.
Step 6: Check Pulse: Pulse check is no longer done for adults.
However, one should check the pulse of children and infants. Fig. 5.9.4: CPR Representative Image
For children, check the pulse on the side of the neck. For
infants, check the pulse on the middle of the inside of the arm, between the elbow and the shoulder.
Step 7: C For Circulation: Check the pulse and breathing, and act accordingly. If there is a pulse and
breathing, place them on their side in the recovery position.
Step 8: Rescue Breathing: If there is a pulse but no breathing, breathe for the victim. They do not
require compressions - only breaths. So do what is called "rescue breathing".
Give one breath every 5 seconds, and give 24 breaths in about 2 minutes. At the end of two minutes,
stop to re-check the pulse and breathing again, and decide how to proceed.
Step 9: CPR: If the victim had no pulse/ no breathing, perform
CPR.
CPR is a combination of compressions and breaths and it
serves to let oxygenated blood throughout the entire body.
It keeps the brain and other vital organs alive, until advanced
emergency personnel can take over.
When we do CPR, we're going to do 30 compressions and 2
breaths and we're going to do them five times every 2 minutes.

Fig. 5.9.5: CPR Representative Image

For CPR of a child, you can use two hands, but if you're dealing
with a very small child, you probably want to do a one-handed technique. The one-handed technique
involves putting one hand on the chest's centre and the other on the forehead. Keep that airway open,
put your shoulders directly over the victim's chest, and keep your arms straight. Compress down one or
one and a half inches as you do your compressions. Count out loud while doing the compressions: one
and two and three and four... Ensuring that you compress the victim's chest at least 2/3 of the width
of the chest.
Remember to keep your hands placed on the victim's chest on the breastbone at the level of the
nipples.
Step 10: Stopping CPR: Once you begin CPR, do not stop to recheck. Continue with the CPR process
until you can detect signs of life or a trained person takes over using a defibrillator.
Step 11: Recovery: If the victim shows signs of life, recheck their airway and breathing, and if they are
breathing, place them in the recovery position with the stomach to the ground and the head to the
side, resting on their arm.
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5.9.3 Post-Traumatic Stress After an Accident
If you've been in an accident, you might have had many different feelings at the time of the accident
and in the days following it. Some of these feelings might have included the following:
•
•
•
•
•
•

Shock
Trouble believing it really happened
Anger
Nervousness or worry
Fear or uneasiness
Guilt

In addition, you might keep going over the accident in your mind. You might feel like you can't stop
thinking about it.
Most people who have been in an accident have some (or all) of these feelings. Sometimes, though,
these feelings can be so strong that they keep you from living a normal life after the accident.
What's the difference between normal feelings after an accident and feelings that are too strong? For
most people who are in a traffic accident, their feelings go away over time. However, some people's
feelings don't go away or become stronger, changing how people think and act. Strong emotions that
stay with a person for a long time and start to get in the way of everyday life are signs of a condition
called post-traumatic stress. If you have post-traumatic stress, you may have some of the following
problems:
•
•
•
•
•
•
•

An ongoing, general feeling of uneasiness
Problems driving or riding in vehicles
Not wanting to have medical tests or procedures done
Irritability, or excessive worry or anger
Nightmares or trouble sleeping
A feeling that you're not connected to other events or people
Ongoing memories of the accident that you can't stop

How can I cope with the feelings I have after my accident?
•
•
•
•

•

Talk to your friends and relatives about the details of the accident and how you thought, felt and
acted at the time of the accident and in the days after it.
Stay active. Exercise and take part in activities (anything that doesn't bother your injuries). Your
family doctor can help you figure out how much you can do safely.
Follow up with your family doctor. He or she can give you referrals to other health care providers
you may need, watch over your recovery and prescribe any medicine you need.
Try to get back to your daily activities and routines. Traffic accidents make some people limit what
they do. It's important to try to get back to your usual activities, even if you're uncomfortable or
scared at first.
Learn to be a defensive driver. Driving or riding in cars might be hard after the accident. You can
lower your risk of future accidents or injuries by driving carefully, wearing your seat belt at all times
and avoiding distractions while you're driving. Never drive when you're tired. Don't drive if you've
had alcohol or medicines that affect your judgment.
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5.9.4 Trapped Miner Locators

Fig. 5.9.6: Mine Locator

Events such as explosions or rock falls inside a mine can be catastrophic as it is not possible to detect
the time to pinpoint the location of trapped miners. Their chances of survival may dramatically increase
with the knowledge of their location and number. The locator system is used for the detection of
trapped underground mine workers and allows the rescue team to reach the trapped workers much
more quickly than the normal process of random sea reaching.

5.9.5 How the Detection System Works
The transmitter unit is located at the mine workers' cap lamp batteries and emits a low frequency radio
wave. The transmitter is capable of transmitting through rock and other debris. The receiver unit which
is carried by the rescue team is to catch the transmission. The rescue team turns the antenna in the
direction of the maximum signal strength. The rescue members then move towards the direction of the
signal during the rescue operation.

5.9.6 Different Types of Tags
Active tagging: This type of tag contains its own power source. It's used in a trapped miner location. A
dynamic radio tag consists typically of a radio transmitter attached to a cap lamp battery that radiates
Electromagnetic energy as a beacon. The operational life of this active radio tag is limited to 30-50
hours.
Passive tagging: This type of tag does not contain its own power source. A passive receiver accumulates
energy over time which is received from a search receiver and uses this energy to transmit a location
signal. The operation life is indefinite, but its location distance is limited by the power and duration of
the search receiver's transmission cycle.
Combined Method: This method combines a passive or active receiver with an active transmitter which
increases the detection range. This method provides an accurate location of trapped miners in respect
of position, distance and direction.
Methods to increase detection distance:
• Selection of operational frequency which provides the lowest channel (through rock)
• Increase radiated power on a tag
• Increase the searching receiver sensitivity
• Increase antenna efficiency.
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Every day we read in the newspapers about tragedies having occurred because there was not enough
equipment, materials or people to do something which would reduce the losses/prevent the injuries.
Every day we go about our daily routines
expecting all will be normal. Yet, we do not
go out into the world unprepared. We take
our raincoats if a storm is threatening. We
take sunscreen when we go to the beach.
We take along an extra person when we
have heavy work to do. In other words, we
anticipate and prepare for the demands
of daily living. We look at the probable
occurrences that could take place during Fig. 5.9.7: Fire Representative Image
the day as indicated by our sources of
information, newspapers, radio and television, and then make informed decisions on the materials,
equipment, personnel needed to reduce our loss chances.
Industries and countries do likewise. However, their preparations take on a grander scale as the
magnitude of their losses far exceeds any we might experience. With this more significant loss potential,
it drives the industry to be better informed and better prepared. Indeed, regulators are now demanding
those industries meet minimum, specific emergency preparedness requirements.
Pre-Incident Planning
Identify Emergency Scenarios - This activity requires a group effort to ensure all possible emergencies
are considered. Engineers, environmentalists, operators, maintenance, office staff, managers, and
janitors all play in this process. Each member of the group brings a unique perspective to bear on the
potential emergencies at the plant. Using a questionnaire that stimulates consideration of what might
happen can make identifying these scenarios easier.

5.9.7 Basic Requirements of Emergency Planning
•
•
•
•
•
•
•
•
•
•
•
•
•

Communicate the plan to all employees
Review company operations and identify probable emergency scenarios.
Assign a probability of occurrence and a potential severity to the outcome.
Assess the risk, (the product of the probability and severity mentioned above).
Determine the regulations regarding planning for these incidents.
Determine the regulations regarding response capabilities.
Determine the local response time.
Prepare for response by dealing with the highest risks.
Develop your plan .
Select and train your response team(s).
Conduct drills and exercise your plan and your team(s).
Implement recovery and re-start operations
Evaluate your effectiveness and improve your plan.

Your incident history can provide insight into the frequency and severity of the type of emergencies
likely to occur at your site. Industry experience, if available, can also provide valuable information.
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Identification of potential emergency situations
Procedures to identify potential emergency situations should consider emergencies that can be
associated with specific activities, equipment or workplaces. Examples of possible emergencies, which
vary in scale, can include:
•
•
•
•
•
•
•
•
•
•
•
•
•

Incidents leading to serious injuries or ill health,
Fires and explosions,
Fall of ground
Release of hazardous materials/gases,
Explosives and explosions
Natural disasters, bad weather,
Loss of utility supply (e.g. Loss of electric power),
Pandemics/epidemics/outbreaks of communicable disease,
Civil disturbance, terrorism, sabotage, workplace violence,
Failure of critical equipment,
Theft critical equipment
Criminal activity
Traffic interaction and accidents.

When identifying potential emergencies, consideration should be given to emergencies that can
occur during both normal operations and abnormal conditions (e.g. operation start-up or shutdown,
construction or demolition activities).
Emergency planning should also be reviewed as a part of the ongoing management of change.
Changes in operations can introduce new potential emergencies or necessitate that changes be made
to emergency response procedures. For example, changes in facility layout can impact emergency
evacuation routes.
The company should determine and assess how emergency situations will impact all persons within
and/or in the immediate vicinity of workplaces controlled by the company. Consideration should be
given to those with special needs, e.g. people with limited mobility, vision and hearing. This could
include employees, temporary workers, contract employees, visitors, neighbours or other members of
the public.
The company should also consider potential impacts on emergency services personnel while at
the workplace (e.g. fire fighters). Information that should be considered while identifying potential
emergencies has to be readily available.
Establishing and implementing emergency response procedures
Emergency response should focus on preventing ill health and injury and minimising the adverse Health
and Safety consequences to a person(s) exposed to an emergency.
A procedure(s) for responding to emergencies should be developed and consider applicable legal and
other requirements.
The emergency procedure(s) should be clear and concise to facilitate their use in emergencies. They
should also be readily available for use by emergency services. Emergency procedure(s) stored on a
computer or by other electronic means might not be readily available in the event of a power failure,
so paper copies of emergencies procedure(s) ought to be maintained in readily accessible locations.
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Consideration should be given to the existence and/or capability of the following, in developing
emergency response procedure(s):
•
•
•
•
•
•
•
•

Inventory and location of hazardous materials storage, numbers and locations of people,
Detection and emergency control measures, medical equipment, first aid kits, etc.,
Control systems, and any supporting secondary or parallel/ multiple control systems,
Monitoring systems for hazardous materials,
Fire detection and suppression systems,
Availability of local emergency services and details of any emergency response arrangements
currently in place,
Legal and other requirements,
Previous emergency response experience.
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UNIT 5.10: Emergency First Aid
Unit Objectives
At the end of this unit, you will be able to:
1. Identify various injuries
2. Explain how to provide first aid

5.10.1 Emergency First Aid
Read Me First: The guide is designed to help you and your colleagues administer life-saving first-aid
until trained help is at hand. Do not wait until you are faced with an emergency. Read the guide/
catalogue often. Find out who is the nominated first-aider or appointed person within your workplace.
If there is a procedure in force for calling out an ambulance, find out in your workplace.
Danger
• Electricity
• Fumes/ Gases
• Moving Machinery
• Falling Debris
• Fire
Whenever you approach an incident, always ensure that the environment is safe for you to administer
first-aid and secondly that the casualty is safe. If the situation is not safe, you must neutralize or control
any hazards. You must only move your casualty as a last resort,
Example: Building on Fire
Action:
•
•
•
•

Ensure that you are aware of the number of casualties involved.
Find out if anyone has any first aid knowledge.
Utilise the bystanders to: Call the Emergency; Comfort the Casualty(s).
Above all stay CALM

Response: To give the casualty optimum chances of survival, you must quickly assess the levels of
response. A rapid assessment will allow effective treatment to be administered and will also allow for
accurate information to be passed on to the ambulance service.
Check whether the Casualty is Conscious:
•
•
•
•

Ask "Hello, can you hear me and call their name if you know it.
Ask in both the casualty's ears to open their eyes.
Pinch an ear lobe or gently tap the shoulders.
Shout for HELP. Do not move the casualty unless the environment or situation is dangerous.
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Getting Help: Call 102 for Ambulance and 108 for Disaster Management Services. DO NOT leave the
casualty but go on to assess the airway and breathing.
Be Prepared To
• Confirm your telephone number.
• Give an accurate description of the incident and casualty(s) condition.
• Give your exact location.
Assist the ambulance crew by arranging for a colleague to meet them outside your place of work.
Airway: For an unresponsive casualty, open the airway
•
•
•

Look in the mouth to ensure there is no obvious obstruction.
Open the airway by lifting the chin and tilting the head back. This will loosen the tongue and let
open the mouth.
If neck/ spinal injury is suspected, put one hand on the stomach to feel if it rises and falls. This
indicates normal breathing.

Breathing: Assess for breathing
•
•
•
•

LOOK for the rise and fall of the chest.
LISTEN for sounds of breathing.
FEEL for air on your cheek.
Carry this out for up to 10 seconds.

Breathing Normally: If breathing is present, go straight to the unconscious section.
Not Breathing: If the casualty is not breathing normally, commence full Cardio Pulmonary Resuscitation
(CPR),
Circulation: To commence CPR for an unresponsive casualty
•
•
•
•
•
•
•
•
•
•

Ensure the casualty on a firm, flat surface.
Place your hands one on top of other in the centre of casualty's chest.
Compress the chest (max 4 to 5 inch) 30 times at a rate of 100 compressions per minute. The
compressions and releases should take an equal amount of time.
After 30 compressions, open the airway again using head tilt/ chin lift.
Seal the nostrils with your thumb and forefinger.
Blow steadily into the mouth until you see the chest rise, take about a second to make the chest
rise.
Remove your mouth to the side and let chest fall, inhale some fresh air, when breathing for the
casualty,
Repeat so you have given 2 rescue breaths in total,
If chest does not rise after the second breath, go back to 30 compressions then try again with 2
breaths.
Return your hands to the correct position on the chest and give a further 30 chest compressions.
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Continue with CPR until
• The casualty shows signs of recovery.
• Emergency service arrives.
• You become exhausted and unable to continue.
The situation changes and you are now in immediate danger.
Unconscious: If the casualty is breathing normally, turn into the recovery position
•
•
•
•
•
•
•
•
•
•
•

Check for any other obvious injuries.
Remove sharp objects from pockets.
Turn the casualty into the recovery position.
Place the nearest arm at a right angle to the body.
Draw the furthest arm across the chest and place the back of the hand across the chest.
Keep arms across the chest there whilst you raise the furthest leg by grasping the top of the knee.
Gently put arms on the top of the knee so that the casualty pivots over onto their side facing you
The casualty should be fully recovered and stable
Re-check the airway. Breathing and circulation.
Draw up the leg at 90 degrees angle.
Check for continued breathing.

Send someone to call Ambulance {102) again.
Bleeding:
•
•
•
•
•
•
•
•

Put on your gloves.
Examine the injury - if any foreign objects are present, leave them in place and dress around.
Open a dressing and place it firmly over the injury.
Apply firm pressure.
Secure the dressing.
Apply one dressing at a time up to a maximum of 2. If blood seeps through both the dressings,
remove them and apply a new dressing.
If dealing with a limb, keep the affected part elevated.
If your casualty has lost a considerable amount of blood, that may start to exhibit signs of shock.

Fractures:
•
•
•
•
•
•
•

Instruct the casualty to remain still.
Do not attempt to move the affected part.
Examine the injury for any blood loss - treat this first.
If any bone protrudes from the injury, do not touch it. If the blood loss is evident, build your
dressings up around it rather than over it.
The casualty will find the most comfortable position and will be keen to have the injury touched.
If the casualty cannot maintain the stable condition for themselves, you may assist or stabilise the
injury with your hands.
Call the Ambulance {102).
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Burns
•
•
•
•
•

Ensure the situation presents no hazards. If it does, contain or neutralize the hazard.
If dealing with a chemical burn, wash the affected area with a plenty of water.
Non-chemical burns should be should be immersed in cold water for a minimum of 10 minutes.
Once cooled, the burn should be covered with a sterile dressing.
Refer to medical aid.

Do Not
•
•
•

Apply tight fluffy dressings.
Apply lotions, ointments or creams.
Remove damaged skin.
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