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1.0 Introduction 

The mining process involves activities like drilling, blasting, excavation, hauling, 

jigging, crushing, transportation which may result in accident like rock fall, fire, 

explosion, fall from height, mobile equipment accidents, entrapment and electrocution. 

All these activities involve operators who are susceptible to accidents if proper safety 

precautions are not taken and the equipments are not maintained properly. The 

working personnel in the mine area are also exposed to occupational health hazard 

conditions which emanate due to dust emissions, ergonomic problems, exposure to 

sun, stagnant water in mine pits, etc; whereas the safety hazards have immediate 

ramifications resulting in simple injuries like bruises to fatal injuries like disablement 

and death, the health hazards manifest after long years sometimes ranging from 10-15 

years. The impact on human health and the mitigation measures are dealt in the 

following paragraphs.   

  Occupational Health Hazards and Mitigation Measures: 

Project proponent has concern and will take full responsibility for the protection of 

the workers against sickness, disease and injury arising out of their employment and 

have adopted certain principles with regard to occupational health services, like 

establishing and maintaining a safe and healthy working environment which will 

facilitate optimal physical and mental health in relation to work. Project proponent will 

also adopt following occupational health measures;  

(a) Identification and assessment of the risks from health hazards in the workplace;  

(b) Surveillance of the factors in the working environment and working practices 

which may affect worker’s health, including sanitary installations, canteens and 

housing; and  

(c) Advice on planning and organization of work, including the design of workplaces, 

on the choice, maintenance & condition of machinery and other equipment and 

on substances used in work.  

Safety Hazards and Mitigation Measures:  

Occupational health and safety is very closely related to productivity and good 

employer-employee relationship. The main factors of occupational health in mines are 

fugitive dust, noise, vibration and ergonomic problem. Safety of employees and 

maintenance of mining equipment is to be taken care of as per the Mine Regulations, 

1961 and Circulars of DGMS. To avoid any adverse effects on the health of workers due 

to dust, heat, noise and vibration, sufficient measures have been proposed in the EMP.  
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These include:  

 Provision of rest shelters for mine workers with amenities like drinking water,  

toilets, etc.;  

 Provision of personnel protection devices for the workers;  

 Rotation of workers exposed to high noise areas;  

 First-aid facilities.  

Occupational Health Survey of the employees will be carried out at regular intervals 

as per the directives of Director General Mine Safety 

1.1  Identification Health Hazards and Mitigation Measures: 

The mining environment and the stress experienced by the work man can spell 

following health effects. Further, the black stone mines pose additional health problem 

as black stone quarrying may be associated with emission of crystalline silica above 

particular limit in both air and water which may affect human health. The health 

effects of crystalline silica are separately dealt with.  

Table No. 1: Occupational Health Hazards and Project Specific Mitigation 

Measures 

Sl. 

No. 

Hazard 

Category 

Nature of 

Hazard 

Cause Mitigation Measures 

1.  Physical  Traumatic 

Injury 

Rock fall, fire, 

explosion, mobile 

equipment, 

accidents, fall from 

height, entrapment 

and electrocution. 

 Risk analysis would be done 

and necessary preventive 

action would be taken. 

 The directives of Director 

General Mines’ Safety would 

be followed. 

 Safety appliances like safety 

belts, safety helmets, 

goggles, face masks, 

respirators wherever 

necessary would be used. 

Related to 

higher levels 

of noise – 

hearing 

Noise is almost 

ubiquitous in 

mining. It is 

generated by 

 Miners will be provided with 

earmuffs /earplugs as 

personnel protective 

equipment. 
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impairment drilling, blasting, 

cutting, materials 

handling, 

ventilation, crushing, 

conveying and ore 

processing. 

Controlling noise has 

proven difficult in 

mining and noise-

induced hearing loss 

and remains 

common in all type 

of mining activity.   

 Wherever possible the noise 

generating equipment / 

machinery like crushers, 

conveyor belts will be having 

enclosures to arrest noise 

level propagation.  

 The noise exposure limit of 

90(dBA) should be adhered 

to. 

Whole body 

vibration- 

Exacerbate 

pre-

existing 

spinal 

disorders 

/generate 

spinal 

disorders   

Whole body vibration 

is commonly 

experienced whilst 

operating mobile 

equipment, such as 

load-haul-dump 

units, trucks, scrapers 

and diggers. This can 

cause or exacerbate 

pre-existing spinal 

disorders. Poorly 

maintained roads & 

vehicles contribute to 

the problem also.  

 Machines like diggers, 

scrapers, excavators, trucks 

would be maintained 

properly.  

 Haul roads inside the mine 

would be maintained 

properly. 

 Viding Risk factors as 

detailed below.  

Hand Arm 

Vibration- 

Calpal 

hand 

syndrom. 

 

Hand–arm vibration 

syndrome is 

encountered with the 

use of vibrating tools 

such as air leg rock 

drills, pneumatic 

hammers. Hand arm 

vibration can be the 

cause of Calpal hand 

Concerted maintenance of 

machines and reduction of 

exposure time will mitigate this 

problem. Use of anti-vibration 

tools and anti-vibration gloves, 

safe work practice and 

employee education will be 

helpful. 
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syndrome. 

Fatal heat 

stroke 

/heat 

exhaustion 

Miners in open caste 

mines in tropical 

locations as the 

present case are 

subjected heat and 

humid conditions 

which may lead to 

heat stroke /heat 

exhaustion. 

Based on the weather 

conditions the exposure time of 

a miner may be reduced so as 

to prevent this situation. 

Solar 

Ultraviolet 

exposures  

Such exposures are 

experienced in 

surface mining 

operations and are 

likely to contribute to 

the occurrence of 

squamous cell & basal 

cell carcinomas. 

Job planning would be done so 

that outdoor exposures of 

individual are reduced.  

2.  Chemical  Respiratory 

diseases / 

diseases of 

the lungs  

It is the crystalline 

silica in the dust that 

can cause much of 

health hazardous. 

Crystalline silica in 

the particulate 

matter has long been 

a serious hazard in 

mining, with the risk 

of silicosis at its 

worst during dry 

drilling days. 

Silicosis has been 

subject to 

considerable 

investigation.   

To prevent emission of dust 

and reduce dust exposure level, 

Axial water-fed rock drills, wet 

techniques, ventilation, 

enclosed cabins and 

respiratory protection by way 

of dust masks /respirators 

would be implemented.   
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3.  Biological  Tropical 

diseases 

The risk of tropical 

diseases such as 

malaria and dengue 

fever is substantial at 

mining locations in 

India. 

Regular microbiological 

analysis of water would be 

done to detect Lagionella 

contamination or high 

concentrations of other 

heterotrophic microorganisms.  

4.  Ergonomic  Cumulative 

trauma 

disorders 

In spite of 

mechanized mining 

still some manual 

handling is involved 

which contribute to 

the trauma disorders 

and resulting 

prolonged disability.  

Fatigue in relation to 

shift work has been 

subjected to 

considerable 

investigation. Sleep 

deficits, which might 

be expected in hot 

locations, have been 

shown to cause 

impairments of 

cognitive and motor 

performance among 

drivers. 

The miners would be advised 

not be stressed ergonomically 

and have to relax in between.  

5.  Psycho-

logical 

Drug and 

alcohol 

abuse 

Due to mental stress 

and the situations 

they face in the 

mines atmosphere 

detailed below, the 

miners are subjected 

to psychological 

hazard. 

 Medical check –up to be done 

to establish the level of blood 

alcohol, urinary drug 

metabolites, breath, etc to 

ascertain addiction. 
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 Mines are 

normally at 

remote locations. 

As a result there 

has been a trend 

towards fly-in-fly 

–out operations 

with mine 

employees 

separated from 

their families & 

communities 

during the work 

period. 

 Fatal & severe 

traumatic injuries 

that take place in 

the mine cast a 

psychological 

stress. 

Source: Prepared by CEMC Pvt. Ltd. services based on in-depth reviews on 

Occupational Health Hazards in Mining. 

The above table gives in brief the hazard that a miner is exposed while exercising his 

duty and preventive measures that the mine manager need to take to overcome the 

problem. The hazards and accompanied health problems and mitigation measures are 

dealt in detail below. 

1.1.1 PHYSICAL HAZARD: HEALTH IMPACTS AND MITIGATION MEASURES 

i) Traumatic Injury: 

This type of health hazard is due to unsafe acts or unsafe conditions at workplace. 

Disregard to safety aspects results in accidents due to fire and explosion, fall from 

height, rock fall, mobile equipment accidents, entrapment electrocution etc. 

Mitigation Measures 

Mine safety should be given utmost importance. Director General Mine Safety issues 

circulars time and again to ensure safety of workmen. Same circulars should be 
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implemented in letter & spirit. The safety officer should be conversant with safe 

working procedures and safe maintenance practices so as to ensure safety in work 

place. 

ii) Noise Induced Health Hazards: 

How noise affects will depend upon how long we are exposed to a sound, the loudness 

of the sound, and the ability of our body to recover after that exposure. 

Temporary Threshold Shift 

Temporary Threshold Shift (TTS) is a temporary loss of hearing. If we are exposed to 

a very noisy job, by the end of the shift we may have noticed a loss of hearing 

sensitivity. The greatest portion of temporary hearing loss occurs within the first two 

hours of exposure. 

The hair cells in our inner ear become exhausted from the excessive noise exposure 

and require more energy (decibels) before they will bend and send nerve impulses to 

the brain. This effect is “temporary” because the hair cells get a chance to rest while we 

are away from work, and by the next morning, they have recovered their sensitivity. 

Recovery usually begins within one or two hours after being removed from the 

exposure. Full recovery from a TTS occurs within about 14 hours. 

Permanent Threshold Shift 

Permanent threshold shift is a permanent hearing loss that is very similar to the 

pattern of temporary hearing loss, except that we do not recover. Some of the hair cells 

are physically destroyed by the constant pounding and bending, leading to nerve loss. 

The more exposure to loud noise, the more hair cells is destroyed. This eventually leads 

to total deafness. Permanent loss does not respond to any known treatment or cure. 

Tinnitus 

Tinnitus is a ringing in the ears, similar to high-pitched background squealing with 

TVs and computers. It may accompany temporary and permanent hearing loss. 

Tinnitus is most noticeable in quiet conditions (e.g., sleeping at night) and may be a 

warning signal of permanent hearing loss. 

Non-Auditory Effects 

Noise can affect more than just our hearing. First of all, the psychological effects of 

noise induced hearing loss can be distressing. Noise can be a major cause of stress, 

adding to nervousness and anxiety. Noise may increase the heart rate and raise blood 
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pressure by constricting blood vessels. Noise exposure can produce a permanent 

increase in blood pressure leading to heart disease. 

Presbycusis 

Presbycusis is a hearing loss as a result of aging. Its onset and the amount of damage 

vary among people. It usually begins around age 50. Some people may never have 

hearing loss from Presbycusis. Family /genetic factors influence the extent of the loss. 

Presbycusis can be accelerated by noise exposure. 

Noise Standards/ Guidelines 

 Ambient Noise Standards 

Noise (ambient standards) published in the Gazette No. 643 dt 26.12.89, succeeded 

by The Noise Pollution (Regulation and Control) Rules, 2000 (Gazette of India, vide SO 

123(E), dated 14.2.2000 and subsequent amended vide SO 1046(E) dated, 22.11.2000. 

 

Table No. 2: The Noise Pollution (Regulation and Control) Rules, 2000 

Area 

Code  

 Category of Area Limits in dB (A) Leq 

Day Time Night Time 

A Industrial Area 75 70 

B Commercial Area 65 55 

C Residential Area 55 45 

D Silence Zone 50 40 

(Source: http://www.cpcb.nic.in/divisionsofheadoffice/pci2/noise_rules_2000) 

Note-1: Day time reckoned in between 6.00 am to 9.00p.m 

Note 2: Night time reckoned in between 9.00p.m. to 6.00am 

Note 3: Silence zone is defined as areas up to 100 meter around such premises as 

Hospitals, Educational institutes and Courts. The Silence zones are to be 

declared by the competent authority. 

Note 4: Mixed categories of areas should be declared as "one of the four above 

mentioned categories" by the Competent Authority and the corresponding 

standards shall be applied. 
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 Work Place Noise Standards 

DGMS Circular No.18 (Tech), 1975 A warning limit of 85-dB (A) may be set as the 

level below which very little risk to an unprotected ear of hearing impairment exists for 

an eight-hour exposure. 

* The danger limit value shall be 90-dB (A) above which the danger of hearing 

impairment and deafness may result from an unprotected ear. 

* A worker should not be allowed to enter, without appropriate ear protection, an 

area in which the noise level is 115-dB (A) or more. 

* Personal protective equipment shall be worn, if there are single isolated outbursts of 

noise, which can go above 130-dB (A) "Impulse", or 120-dB (A) "Fast". ¨ No worker 

shall be allowed to enter an area where noise level exceeds 140-dB (A). 

Identification of Noise Sources: 

Following noise sources have been identified in a workplace situation in a stone 

quarry which is mentioned here for comprehension of noise level in an open caste 

mine: 

Table No. 3: Typical Noise Sources in Quarrying Operation & Noise Level 

Experienced 

Noise Source  Distance(m) Sound Pressure Level 

(dBA) 

Crusher 1m  117 

3m  116 

5m  114 

JCB Loader Bucket 

capacity: 0.8 m3 

Power: 50 hp 

1m 111 

3m 109 

5m 106 

Loader 

Bucket capacity: 1.7 m3 

Power : 124 HP 

1m  109 

3m  107 

5m  105 

Shovel Bucket capacity: 

1.4 m3 

1m  109 

3m  108 

5m  106 

Jack Hammer Drill 

RPM: 215 

1m  120 

3m  118 
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Impact /min : 2000 5m  113 

DTH Drill 1m  117 

3m  114 

5m  111 

Compressor 

450 Cfm,100 Psi 

1m  105 

3m  103 

5m  98 

Conveyor 1m  90 

3m  84 

5m  80 

Mitigation Measures: 

 Noise Control - Administrative Controls 

A. Administrative controls will include the following: 

a. Establishment of job procedures that will reduce employee exposure e.g. Job Rotation. 

b. Planned plant maintenance specifically for noise control. 

c. Setting targets for noise levels in existing work areas. 

d. Cover off noise management in employee induction and training. 

e. Cover off noise control in work agreements with contractors. 

f. Protection of visitors on site. 

g. Monitoring employees by initial audiogram and regular repeats. 

h. The use of warning signs. 

i. The use of hearing protection related to designated hearing protection areas. 

 Noise Control – Engineering Controls 

A. When attempting to attenuate noise, it should be borne in mind that noise radiates 

from most machinery as both airborne & as structure-borne sound at the same time. 

B. Enclosure of Machines - Where it is not possible to prevent or reduce the noise at its 

source, it may be necessary to enclose the entire machine. A relatively simple sealed 

enclosure can reduce noise by 15 to 20 dB(A). 

C. Attenuation of Structure-Borne Sound - Preventing transmission of vibration from 

machines to the load-bearing structure can considerably reduce structure-borne 

sound: 
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a. Large heavy machines should be mounted on foundations which are completely 

separated from buildings or other structures 

b. Place other machines on a stable foundation and where possible use an elastic 

separation such as rubber blocks or steel springs. 

D. Severely vibrating machines may require separate foundations and isolation joints 

between floor slabs to prevent propagation of structure-borne noise. 

E. Attenuation by using Absorbents - Hard surfaces on the ceiling, floor and walls of an 

enclosed processing plant /workshop will reflect back nearly all the sound reaching 

them. 

F. Sound Insulated Rooms - Cabins should be constructed of materials with good sound 

attenuation properties and ideally will have: 

a. Double glazed windows - two 6 mm glass panes with 50 mm air space can give 10 

dB(A) attenuation. 

b. Ventilation openings with attenuators such as acoustic louvers. 

d. An adequate air conditioning system, to avoid doors being left open. 

 Noise Control – Hearing Protection 

A. Hearing protection is not an acceptable alternative to noise control – but there are 

circumstances where this is likely to be the only option. 

B. As part of a hearing protection programme, employers need to consider: 

a. The need for hearing protectors; 

b. Defining hearing protector areas; 

c. Selection of hearing protectors 

d. Issuing of hearing protection to individuals; 

e. Cleaning, maintenance and replacement of hearing protectors; 

f. Training and education of people wearing hearing protectors. 

 

 

Ear Muffs 

Ear muffs for construction look like stereo headphones. They have soft plastic 

cushions that are filled with foam or liquid. These cushions provide a seal around the 

entire ear. 

Attenuation is less likely to vary with ear muffs than with ear plugs. Ear muffs have 

better attenuation at lower frequencies than most plugs. Ear muffs and plugs can be 
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worn together for extra protection if noise is high enough (>105 dB). Attenuation will 

not be doubled, but will increase by about 5 to 10 dB. 

iii) Vibration Induced Health Hazards: 

Impacts of Vibration: 

In mining industry, exposure to vibration may result due to handling of tools by the 

operators in course of discharge of their duties or due to vibration of ground or 

resulting from blasting operations. While the former is a concern of occupational heath 

the later poses occupational health and societal problem.  

Vibrations causing Health impacts  

The human responses to vibration depend on the part of the body that is exposed. 

There are two broad types of vibrations that workers are exposed to: 

a) Hand Arm Vibration: Vibration applied to a part of the body, i.e., segmental 

vibration. When vibration is applied to the hand, it is termed as ‘Hand-Arm 

Vibration’ or HAV. 

b) Whole Body Vibration: Vibration transmitted to the whole body (whole-body 

vibration or WBV) through a supporting surface, for example, the feet of a standing 

person or the buttocks of a seated person.  

Whole-body vibration and segmental vibration need to be studied separately 

because they are measured and evaluated using different standards. They also 

require different control measures and have differing effects on the human body. 

a) Hand Arm Vibration: 

 Health Impacts of HAV 

The earliest literature available on health impact of vibration chiefly refers to the 

miners. The widespread use of jackhammers in the mining industry is a potential 

source of hazardous vibration affecting limbs in the human body. Jackhammers are 

used both in opencast and underground mines; and the operators, popularly known as 

drillers, are regularly exposed to hand-arm vibration (HAV). Vibrating hand tools like 

hand drills, chipping machine, riveting guns; control systems of modern large drill 

machines, locomotive handles; and hand-held grinders, scrapers, etc., are other 

sources of HAV exposure in mines.  

Regular exposure to vibration causes both vascular & neural disorders. Involvement 

of arms manifest as vibration-induced white finger (VWF) or hand-arm vibration 

syndrome (HAVS). In 1911 Giovanni Loriga of Italy first reported HAVS among stone 

cutters using pneumatic hammers on marble and stone blocks.
 
They suffered from 
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finger-blanching attacks similar to the digital vasospastic response to cold or emotional 

distress, described by Raynaud
 
in 1862. Later in the U.S, it was found to result from 

daily use of vibrating pneumatic hand tools (air-hammers) by workers in limestone 

quarries of Indiana.
 
Pelmear and Wasserman

 
summarized the clinical symptoms. 

These are: 

1. Tingling and/or numbness in the finger(s) initially - similar to but not same as 

Carpel Tunnel Syndrome.  

2. As the exposure continues, the appearance of a single white or blanched fingertip 

occurs - usually, but not always - in the presence of cold.  

3. With further exposure, these attacks increase in number, intensity and duration, 

especially in cold conditions. In the later stages, HAVS attack will occur in all 

seasons. Simultaneous combination of vibration, cold and nicotine (from smoking) 

are particularly harsh since all three tend to act as synergistic vasoconstrictors. Later 

stages of HAVS are generally irreversible.  

4. In extreme and rare cases, the loss of blood supply to the fingers can lead to 

gangrene, which may require amputation.  

The existence of sensory and vascular components in HAVS led to the adoption of the 

Stockholm grading based on the subjective history supported by the results of clinical 

tests to classify the severity Table No. 4. 

Prevalence of HAVS in India is hardly documented. Dasgupta and Harrison studied 

66 drillers and 35 blasters as control subjects from limestone mines. They reported a 

significantly higher prevalence of tingling, numbness, paresthesiae (18.2%); pain in 

finger, wrists, arms, etc. (31.7%); stiffness in hand (13.6%); and hyperhydrosis (48.5%) 

among drillers as compared to blasters. The prevalence of ulnar neuropathy and soft 

tissue wasting in hands was also significantly higher among the drillers. They 

concluded that complaints of neurological symptoms in the hands of drillers were 

significantly more prevalent than in a matched group of blasters. The combined use of 

nerve conduction studies to measure motor conduction velocities and the finger 

circumference test suggested a right median nerve pathology or carpel tunnel 

syndrome in the right hand; and in the left hand, a greater degree of musculoskeletal 

system involvement along with a left ulnar nerve lesion at the elbow. Dupuytren’s 

contracture, a disease of the palmar fascia resulting in thickening and contracture of 

fibrous bands on the palmar surface of the hands and fingers, is reported to be 

associated with hand-arm vibration. 
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Table No. 4: Stockholm Workshop Scale for classification of Hand-Arm 

Vibration Scale 

Stag

e  

Grade Description 

Cold Induced Raynault’s Phenomenon 

0 - No attack 

1 Mild Occasional attacks affecting only the tips of one or two fingers 

2 Moderate Occasional attacks affecting the distal or middle (rarely also 

proximal) phalanges of one or fingers 

3 Severe Frequently attacks all phalanges or most fingers 

4 Very 

severe 

As in stage 3 with tropic changes in the finger tips 

Sensoryneural effects 

1 -- Exposed to vibration but no effects 

2 -- Intermittent numbness with or without tingling 

3 -- Intermittent or persistent numbness, reduced sensory 

perception 

4 -- Intermittent or persistent numbness, reduced tactile 

discrimination and/or manipulative dexterity. 

HAV studies indicate that the personal exposure is not just the vibration level from 

the tool but the combination of the tool and the work piece and the length of time of 

use. The exposure for the individual also depends on how effectively the vibration is 

transmitted from the tool handle into the body. Some workers always have a firm tight 

grip which encourages effective transmission while other may hold the same tool only 

as tightly as is necessary to control the action. The design of some tools/tasks may 

necessitate a firm grip – an engraver is an example. Some studies show that it is not 

just the big powerful tools that can produce the high HAV exposure for the operator, 

other factors like grip also contributes to HAB. 

Mitigation Measures for HAV- Methods of controlling Hand Arm 

Vibration 

A) Anti-Vibration Tools 
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Tools can be designed or mounted in ways that help reduce the vibration level. For 

example, using anti-vibration chain saws reduces acceleration levels by a factor of 

about 10. These types of chain saws must be well maintained. Maintenance must 

include periodic replacement of shock absorbers. Some pneumatic tool companies 

manufacture anti-vibration tools such as anti-vibration pneumatic chipping hammers, 

pavement breakers and vibration-damped pneumatic riveting guns. 

B) Anti-Vibration Gloves 

Conventional protective gloves (e.g., cotton, leather), commonly used by workers, do 

not reduce the vibration that is transferred to workers' hands when they are using 

vibrating tools or equipment. Anti-vibration gloves are made using a layer of 

viscoelastic material. Actual measurements have shown that such gloves have limited 

effectiveness in absorbing low-frequency vibration, the major contributor to vibration-

related disorders. Therefore, they offer little protection against developing vibration-

induced white finger syndrome. However, gloves do provide protection from typical 

industrial hazards (e.g., cuts, abrasions) and from cold temperatures that, in turn, may 

reduce the initial sensation of white finger attacks. 

C) Safe Work Practices 

Along with using anti-vibration tools and gloves, workers can reduce the risk of hand-

arm vibration syndrome (HAVS) by following work practices: 

 Employ a minimum hand grip consistent with safe operation of the tool or process. 

 Wear sufficient clothing, including gloves, to keep warm. 

 Avoid continuous exposure by taking rest periods. 

 Rest the tool on the work piece whenever practical. 

 Refrain from using faulty tools. 

 Maintain properly sharpened cutting tools. 

 Consult a doctor at the first sign of vibration disease and ask about the possibility of 

changing to a job with less exposure. 

D) Employee Education 

Training programs are an effective means of heightening the awareness of HAVS in 

the workplace. Training should include proper use and maintain vibrating tools to 

avoid unnecessary exposure to vibration. Vibrating machines and equipment often 

produce loud noise as well. Therefore, training and education in controlling vibration 

should also address concerns about noise control. 
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b) Whole Body Vibration: 

Vibration transmitted to the body through the supporting surfaces such as feet, 

buttocks or back is known as whole-body vibration (WBV). There are various sources of 

WBV in the mining industry, such as the seat-transmitted vibrations from dumper, 

dozer, shovel, backhoes, load-haul-dump vehicles (LHD), road graders, etc.; WBV 

transmitted through feet while standing on or moving near vibrating machines like 

various types of crushers, vibrating screen or while operating certain types of loaders.  

Vibration levels of various mobile mining equipments were measured by a study 

group in Ontario, Canada. They found that the vibration levels of LHD vehicles, dozers 

and graders were above the 4-hour exposure guidelines of ISO 26311:1997.
 
Vibration 

test results of measurements conducted at eight underground mine sites in another 

study on 16 different LHD vehicle models indicated that LHD operators were at risk to 

injury from whole-body vibrations.
 
Track dozers in opencast mines were studied in 

Australia. It was observed that the operators were at health risk if they worked 6 hours 

per day.
  

Health Impacts of Whole Body Vibration (WBV) 

There is strong epidemiological evidence that occupational exposure to WBV is 

associated with an increased risk of lower back pain, sciatic pain and degenerative 

changes in the spinal system, including lumbar intervertebral disc disorders. Which 

parts of the body are most likely to be injured during exposure to whole-body vibration 

depends on the magnitude of vibration, distribution of the motion within the body, 

body postures and the vibration frequency, direction and duration. Further, human 

body does not respond equally to all frequencies. Different parts of the body have their 

own resonant frequency [Table No. 3] and certain frequencies have no practical 

relevance as regard to human response.  

When the organs are subjected to vibration at their specific resonance frequencies, 

the energy transfer from the source to the exposed part will be the maximum and 

adverse effects will be more.  

 There is a shortage of conclusive evidence to establish 1) the probability and extent 

of vibration-induced injury and 2) a definite dose-response relationship between 

whole-body vibration and injury or health damage. Results from epidemiological 

studies, subjective data, biodynamic models and knowledge of the physical 

properties of the body reveal ill effects of WBV. These constitute:  
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 Diseases of spinal column: These are very common and associated with long-term 

exposure to whole-body vibration. The back is especially sensitive to the 4-8 Hz 

vibration range. WBV exposure has been linked to severe lower back pain (lumbar 

spine) and degeneration, bucking/ slipping of the lumbar discs. Chronic exposure to 

WBV takes some time before lower back problems develop. Poorly designed vehicle 

seats, awkward postures and manual cargo handling in addition to WBV exposure 

tend to aggravate lower back pain symptoms. There is a higher risk of varicose 

veins, menstrual disorders, proneness to abortion and hyperemesis gravidum in 

women exposed to WBV. Further, there is a distinct increase in blood volume 

during the phases of ovulation and menstruation. 

 Digestive system diseases are often observed in persons exposed to whole-body 

vibration over a long period of time. This is due to resonance movement of the 

stomach at frequencies between 4 and 5 Hz. 

 Prolonged exposure to whole-body vibration at frequencies below 20 Hz affects 

cardiovascular system and results in hyperventilation, increase in heart rate, oxygen 

intake, pulmonary ventilation and respiratory rate. 

   Table No. 5: Principal resonance frequencies of human body 

Posture Part  Resonance Frequency 

(Hz) 

Standing  

 

Whole Body 4-7  

Head and Shoulder  1-2  

Lower Arm 15-30 

Hand 30-150 

Legs 2-20 

Knees 1-3 

Sitting Foot 16-31 

Knees, Abdomen and Chest 4-8 

Eye Balls 20-25 

Skull 50-70 

Risk Factors that contribute to WBV 

The risk factors in the workplace that may contribute to WBV include: 

 Poor design of controls, making it difficult for the driver to operate the machine or 

vehicle easily or to see properly without twisting or stretching; 
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 Incorrect adjustment by the driver of the seat position and hand & foot controls, so 

that it is necessary to continually twist, bend, lean & stretch to operate the machine; 

 Sitting for long periods without being able to change position; 

 Poor driver posture; 

 Repeated manual handling and lifting of loads by the driver;  

 Excessive exposure to whole-body vibration, particularly to shocks and jolts; and 

repeatedly climbing into or jumping down from a high cab or one which is difficult 

to access [HSE, 2011b]. 

Findings of National Institute of Miners’ Health, Nagpur: 

National Institute of Miners’ Health, Nagpur, conducted vibration surveys in various 

mines of the country. It was found that in opencast mines, operators of heavy earth 

moving machineries were at greater health risk from occupational exposure to 

vibration. Records of two metal mines were examined to determine the percentage of 

mining population regularly exposed to occupational vibration. An average of 18% 

employees was found to be exposed to vibration at work. 

International standards and regulations are based on the research work done in 

developed countries, where working conditions are different and susceptibility of an 

individual to external stimuli may considerably vary because of ethnic, racial and 

climactic factors. In a warm environment like India, the prevalence of symptom 

complexes for HAV is suggestive of the existence of peripheral neuropathy and 

musculoskeletal abnormalities rather than any peripheral circulatory disorders.
 
The 

biodynamic response of Indian workers to vibration energy requires detailed studies. 

The regulations should be framed in consonance with this data. 

In the absence of Indian data, certain information available across internationally are 

presented below regarding WBV. 

WBV Vibration Exposure in Mining 

From European data it is clear that the risks for excessive WBV vibration exposure 

are high in mining and construction. As summarised in “Bad Vibrations” [McPhee et 

al, 2009] and the key components to WHV are rough roads, vehicle activity and 

engine vibration. Foster has undertaken a number of exposure measurements across 

mining sites since the 1990s. 

The design of the mobile plant has improved considerably so that more modern well 

designed plant has reduced the transmission of vibration from the engine to the cabin. 
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Similarly a well designed and properly adjusted seat can reduce the vibration 

transmission to the driver. The main remaining variables that unfortunately still lead 

to excessive WBV exposure form jolts and jars are the surface of the road and the 

speed which the driver uses. 

Figure 1 shows the exposures for a range of dozers, loaders, dump trucks etc that 

could be moving around a mine site. Both the caution zones from the Australian 

Standard and the limits from the EU Directive are superimposed and it is clear that 

the exposures for many are well above the caution or action levels. The items are 

ordered in Figure 1a terms of the r.m.s. value and Figure 1b presents the data for 

the same items but in terms of the VDV measured data. It can be seen that not only 

has the rank ordering been changed but more items are above the action level for this 

metric, which has a greater sensitivity to jolts and jars. As well as the high levels 

experienced by these workers, their long work shifts and long work weeks mean that 

their body has less time to recover – thus increasing the risk of long term injury. 

The great variability in the vibration exposure during the day on a mining site can be 

seen from Figure 1 which identifies the different activities over an hour and 

compares the peak vibration with the r.m.s vibration. This detailed analysis can assist 

with developing appropriate site specific mitigation measures. 

The mitigation measures for WBV include keeping the vehicles well maintained, 

keeping the road ways as smooth as possible, keeping the seat suspension system 

properly adjusted, training the drivers not to use high speed that will increase the 

incidence of jolts and jars.   
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Mitigation Measures: 

The following precautions help to reduce whole-body vibration exposure: 

 Limit the time spent by workers on a vibrating surface. 

 Mechanically isolate the vibrating source or surface to reduce exposure. 

 Ensure that equipment is well maintained to avoid excessive vibration. 

 Install vibration damping seats. 

The vibration control design is an intricate engineering problem and must be set up 

by qualified professionals. Many factors specific to the individual work station govern 

the choice of the vibration isolation material and the machine mounting methods. 

Legislation and Standards: Vibration is an important physical phenomenon in 

mining industry which pose serious occupational health hazard. Yet, there has been no 

strict legislative control is India. In India, DGMS issued a circular under Metalliferous 

Mines Regulations, 1961, almost three decades ago. It reads as follows: 

Vibration limits (Indian Scenario): As for the vibration limits, aim should be to 

take appropriate steps that will ensure desirable degree of comfort and protection 

required specially against:  

a) Vibration affecting the hands and arms (vibrating tools) and 

Figure No: 1 (a) Figure No: 1 (b) 
 

Figure 1: Whole Body Vibration Levels, in terms of r.m.s. (a) and VDV (b) for 

a range of mobile plant used in mining and construction site 
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b) Whole-body vibration transmitted through the supporting surface.  

No specific vibration limits are indicated because available scientific data is 

inadequate. However, for a continuous exposure, maximum permissible levels of 

vibration, depending on daily exposure, should be laid down in the light of current 

scientific knowledge, technical progress and possibilities of prevention.’
 
 

Countries like U.S.A, U.K, Canada and Australia have enforced specific regulations for 

evaluation and control of workplace vibration based on certain standards, which are 

tabulated in Table below.  

1. ISO 5349:1986
 
for HAV and ISO 2631:1997

 
for WBV are two most important 

standards that are widely used for evaluation of vibration exposure. 

The standards and guidelines concerning whole-body vibration are designed to 

reduce vibration to a level where most workers can perform job tasks without 

discomfort. The most widely used document on this topic is Guide for the Evaluation of 

Human Exposure to Whole Body Vibration (ISO 2631). These exposure guidelines 

have been adopted as ACGIH TLVs. The ISO standard gives three different types of 

exposure limits: 

 A reduced-comfort boundary: The reduced-comfort boundary is for the comfort 

of people travelling in airplanes, boats, and trains. Exceeding these exposure 

limits makes it difficult for passengers to eat, read or write when travelling. 

 The fatigue-decreased proficiency boundary: The fatigue-decreased proficiency 

boundary is a limit for time-dependent effects that impair performance. For 

example, fatigue impairs performance in flying, driving and operating heavy 

vehicles. 

 An exposure limit: The exposure limit is used to assess the maximum possible 

exposure allowed for whole-body vibration. 

A separate set of "severe discomfort boundaries" is given for 8-hour, 2-hour and 30-

minute exposures to whole body vibration in the 0.1 Hz to 0.63 Hz range. As with all 

standards, it is important to read and understand all the information before applying it 

in the workplace. These exposure limits are given as acceleration for one third octave 

band frequencies and three directions of exposure - longitudinal (head <-> toe) and 

transverse (back <-> chest and side <-> side). The exposure limit is the lowest for 

frequencies between 4-8 Hz as the human body is most sensitive to whole-body 

vibrations at these frequencies. 
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It is important to remember that people vary in their susceptibility to effects of 

exposure to vibration so the "exposure limits" should be considered as guides in 

controlling exposure: they should not be considered as an upper "safe" limit of 

exposure or a boundary between safe and harmful levels. The management of the 

proposed blacks tone mine will take note of the available literature on vibration and 

suitable action at work situation involving the equipment and the operator. 

Table No. 4: HAV and WBV Standards of other countries of World: 

United States of 

America (USA) 

HAV: ANSI S3.34, ACGIH-HAV standard, and NIOSH 

#89-106WBV: ANSI S3.18 and ACGIH-WBV standard. 

United Kingdom (UK) European Union Directive 2002/44/EC for HAV and 

WBV. 

Canada ACGIH, ANSI and ISO standards 

Australia Australian standards AS 2670 for WBV and (AS 2763) 

1988 for HAV 
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2.  Exposure limits values and action values from EU Vibration Directive 

Table No. 5: Exposure Limit Values & Action Values from EU Vibration 

Directive 

Vibration  Exposure Action Value Exposure Limit Value 

Hand-arm 

vibration 

2.5 m/s2 (A8) 5 m/s2 (A8) 

Whole-body 

vibration 

0.5 m/s2 (A8) 1.15 m/s2 (A8) 

9.1 m/s1.75 VDV 21 m/s1.75 VDV 

Exposure Action Value is a daily value spreading over 8 hours of work that 

represents a clear risk requiring management control; and 

Exposure Limit value is the daily value spreading over 8 hours of work in m/s2  that 

represents a high risk above which employees should not be exposed.  

Exposure limit values in the EU vibration directive are shown in Table No.  5 

where m/s2 A(8) is the daily exposure value normalised to an eight-hour reference 

period A(8), expressed as the square root of the sum of the squares (r.m.s.) (total value) 

of the frequency-weighted acceleration values and 

VDV is the vibration dose value based on 4th power of the acceleration signal and the 

units are m/s 1.75. The option for the metric for the WBV as VDV is based on research 

that showed a 4th power relationship between vibration magnitude and discomfort. 

The VDV has an important role by providing a better indication of those rides with a 

high proportion of shock or “jolts and jars”. However the UK regulations [2005] have 

adopted only the r.m.s. metric for WBV exposure limits and have not included VDV 

limits in their regulations. 

Knowledge of standards requires measures to reduce the risks from vibration to the 

lowest level reasonably practicable and to reduce exposure to as low as is reasonably 

practicable if it is above the EAV. One must not allow exposures to exceed the ELV. If 

you comply with the Vibration Regulations you will prevent disability from HAVS and 

vibration-related CTS. Some people will develop early signs and symptoms of HAVS or 

CTS even at low exposures (for example, if they are susceptible to vibration injury and 

are regularly exposed to vibration at around the exposure action value, usually for some 

years). Your health surveillance should identify any harm early on, so appropriate 

action by you at this point will prevent disability.  
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BIS Standard: The Bureau of Indian Standards has adopted vibration standards that 

are identical to corresponding ISO standards. However, use of these standards is not 

binding on the mine management. 

iv) Fatal Heat Stroke/Heat Exhaustion 

Miners in open caste mines in tropical locations as the present case are subjected to 

heat and humid conditions which may lead to heat stroke/heat exhaustion. 

Mitigation Measures 

To prevent emission of dust and reduce dust exposure level, Axial water-fed rock drills, 

wet techniques, ventilation, enclosed cabins and respiratory protection by way of dust 

masks / respirators would be implemented.   

v) Solar Ultra Violet Exposure  

Such exposures are experienced in surface mining operations and or likely to 

contribute to the occurrence of squamous cell and basal cell carcinomas.  

Mitigation Measures 

Job planning would be done so that outdoor exposures of individual are reduced. 

1.1.2 CHEMICAL HAZARDS: HEALTH IMPACTS AND MITIGATION 

MEASURES 

i) Respiratory Diseases: 

The proposal is for a black stone mine. The black stone which is basalt origin is 

known to contain upto 5% of crystalline silica. Crystalline silica in the particulate 

matter has long been a serious hazard in mining, with the risk of silicosis at its worst 

during dry drilling days. Silicosis has been subject of considerable investigation. In the 

following paragraphs attempt has been made to highlight some aspects of crystalline 

silica, control measures for crystalline silica emission, disease prevention, etc.  

Health Hazards of Respirable Crystalline Silica and Mitigation Measures  

What is Silica? Silica is the name of a group of minerals that contain silicon and 

oxygen in a chemical combination and have the general formula SiO2. Silica may be 

free, in which case only SiO2 is present, or combined, in which the SiO2 is combined 

chemically to some other atom or molecule. This difference is important to recognize, 

since the silica problem exists only with free silica. 

Free silica may occur as amorphous free silica, of which there are many forms, and 

crystalline free silica, of which there are five principal forms. Certain materials contain 

both amorphous and crystalline free silica. Silica-related diseases are associated only 

with crystalline free silica. The most common examples of crystalline free silica are 
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beach or bank sands. A third form of free silica is fused silica, which is produced by 

heating either the amorphous or crystalline forms. Dusts containing more than 1% 

crystalline free silica by weight are considered to pose a potential exposure hazard. 

ii) Health Hazards of Respirable Crystalline Silica (RCS): 

By breathing in RCS, one could develop the following lung diseases:  

Silicosis: Silicosis makes breathing more difficult and increases the risk of lung 

infections. Silicosis usually follows exposure to RCS over many years, but extremely 

high exposures can lead rapidly to ill health. In a study conducted in 1995 in stone open 

caste mines which involved 416 persons, 41 cases have been found who were suffering 

from silicosis. So all possible measures would be taken by the proponents of the black 

stone mine to avoid this menace.   

Chronic Obstructive Pulmonary Disease (COPD): COPD is a group of lung 

diseases, including bronchitis and emphysema, resulting in severe breathlessness, 

prolonged coughing and chronic disability. It may be caused by breathing in any fine 

dusts, including RCS. It can be very disabling and is a leading cause of death. Cigarette 

smoking can make it worse.  

Lung cancer: Heavy and prolonged exposure to RCS can cause lung cancer. When 

someone already has silicosis, there is an increased risk of lung cancer. The health risks 

from RCS are insignificant when exposure to dust is adequately controlled – you do not 

need to become ill through work activities. 

Factors influencing development of Silicosis due to Exposure to RCS- 

Exposure to silica can cause silicosis which is, in fact, the most significant lung disease 

caused by breathing mineral dusts. Development of silicosis is influenced by several 

factors, which include: 

 Amount and kind of dust inhaled 

 Content of crystalline free silica in the dust 

 Form of the silica 

 Relative size of the inhaled particles 

 Length of exposure 

 Individual resistance 

 Smoking habits\disease status 

 Age of worker  

Silicosis is the result of the body’s response to the presence of silica dust in the lung. 

The respirable fraction of the dust, particles generally considered to be smaller than 
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5μm (millionth of a metre), can penetrate to the innermost reaches of the respiratory 

tract. These are the alveoli or air sacs where exchange of oxygen and carbon dioxide 

occurs. Dust particles, which land on these surfaces, are removed by white blood cells 

known as macrophages. Particles of free crystalline silica cause the macrophages to 

break open. The result is the formation of a scar like patch on the surface of the 

alveolus. Formation of large numbers of “scars” following prolonged exposure causes 

the alveolar surface to become less elastic. This reduces the transfer of gases. This is 

noticed as shortness of breath following exertion. Symptoms seldom develop in less 

than five years and in many cases may take more than 20 years to become disabling. 

There are three major types of silicosis: acute, chronic and accelerated. 

Acute Silicosis: Acute silicosis develops from inhaling large amounts of silica dust 

over a few days or months. Signs of the disease include shortness of breath, fever, 

cough and weight loss. Generally, people with acute silicosis have stable health, 

however for some it may lead quickly to death. 

Chronic Silicosis: Chronic silicosis is the most common type and occurs after many 

years of contact with low levels of silica dust in the air. There are two forms of chronic 

silicosis: simple or complicated. With simple silicosis, small solid or unclear nodules 

can be detected on a chest x-ray, however, individuals are asymptomatic. Long-term 

exposure to silica dust may lead to complicated silicosis. 

With complicated silicosis, also called progressive massive fibrosis (PMF), larger 

nodules can be detected on a chest x-ray. Some individuals may still be asymptomatic 

or initial symptoms may include shortness of breath with exercise, wheezing or sputum 

that causes coughing. Other lung diseases can aggravate the condition and severe 

complicated silicosis can result in heart disease with lung disease, called corculmonale. 

Accelerated Silicosis: Accelerated silicosis is similar to the chronic type, however it 

forms more quickly. The lung scars can be detected sooner & nodules appear on a chest 

x-ray five years after the first exposure to silica dust. This type of silicosis occurs from 

exposure to large amounts of silica dust over a short time period & can progress quickly. 

Areas of Exposure to Crystalline Free Silica: 

Hard rock mining, granite quarrying, aggregate quarrying & quarrying of semi-

precious stones are some of the instances that a miner is exposed to crystalline free 

silica. In case of Black stone mining in open caste mine as in the present case the miner 

is likely to be exposed to crystalline free silica for which mitigation measures need to b 

taken. 
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Activities that generate in quarrying operation include drilling, blasting, cutting, 

materials handling, crushing, conveying and ore processing. Controlling dust emission 

in each of these vantage points is somewhat difficult in mining and should be done 

systematically. Out of various steps mentioned here, the crushing of bigger size stones 

to aggregates and screening to make different size aggregates are steps where 

maximum dust emission would take place. 

Mitigation Measures – Control measures for emission of Silica dust: 

Maximum Exposure Limit of Crystalline Respirable Silica 

Maximum Exposure Limit (MEL) of Respirable silica in air emission for different 

countries have been fixed at different levels. As per DGMS circular No. 01 dated 21st 

January 2011 the MEL is 3 mg/m3 for eight hours time weighted average provided the 

concentration of silica in the respirable dust remains less than 5%. In case the % of 

Silica content in the respirable dust exceeds 5, the MEL is calculated to be 15 divided by 

the % of Silica content in the respirable dust. It is, therefore essential to determine the 

concentration of silica in the respirable dust in order to define the threshold limit 

(MEL) of the concentration of respirable dust at any work place. Regulation 123 of the 

Coal Mines Regulations, 1957 as well as Regulation 124 of the Metalliferous Mines 

Regulations, 1961 clearly specify provisions there for. The work place emission should 

be contained within limit so calculated so as to limit silica emission and ultimately to 

avoid silicosis. Concentration limits specified by some international standards are as 

follows. 

Table No. 6: Maximum Exposure Limit to Crystalline Silica in mg/m3 

Standard Concentration Limit 

USA (OSHA PEL) 2 mg/m3 for eight hour exposure if silica 

concentration in dust is less than 5% or the MEL 

to be found by the formula 10/% of silica in the 

dust. 

India 3 mg/m3 for eight hour exposure if silica 

concentration in dust is less than 5% or the MEL 

to be found by the formula 15/% of silica in the 

dust. 

ACGIH TLV TWA 0.025 mg/ m3   

British Columbia and some 

other states in Canada 

0.025 mg/m3  

Ireland, Italy, Finland and 0.05 mg/m3 
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Portugal 

The Netherlands – 0.075 mg/m3 

Britain 0.1 mg/m3 

Poland 0.3 mg/m3 

OSHA has revised the PEL in April 2017 to 0.05 mg/ m3 effective from 23rd June 2016.  

Silica: Assessment and Control 

Assessment: The presence of crystalline free silica in workplace air can be detected 

and measured using sophisticated techniques. These are often needed when the 

potential for dust production exists. Generally, if dust containing crystalline free silica 

can be seen, an exposure problem is likely to exist. (It should be remembered that 

respirable dust, which is only a portion of the total dust, cannot actually be seen by the 

unaided eye. If airborne dust can be seen, however, a problem is likely to exist). The 

procedures for monitoring, sampling and determining the concentrations of airborne 

silica in the workplace and a worker’s exposure to airborne silica must be in accordance 

with standard methods for workplace air sampling and analysis. The assessment 

should establish a comprehensive picture of the following aspects of the operation: 

 Source of exposure  

 Cause of exposure 

 Number of workers exposed to each source 

 Length of exposure per day 

 Frequency of exposure 

 Concentration of respirable crystalline silica in the air 

 Effectiveness of existing control strategies and workplace practices 

 Performance capabilities of existing dust controls 

 Existing use of personal protective equipment 

 Methods and procedures used presently or to be used in future 

 Measures and procedures necessary to control exposure 

The employer will take adequate care in maintaining record above parameters and 

take suitable corrective action to contain RCS within limit.  

Exposure Control of RCS in Work Place: 

A control program would be necessary where the assessment shows that “a worker is 

likely to inhale silica and that the health of a worker may be affected.” The employer 

will chalk out suitable control measures based on the assessment. The control 

measures should preferably include the following: 
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A. Engineering Controls 

Engineering controls are most effective in workplaces in which the production of dust 

is presently uncontrolled. These often produce the most dramatic results when used 

properly and installed correctly. Engineering controls are selected to control emissions 

at their source. These may include any or all of the following: 

1. Process Selection/Workplace Design 

Process selection and layout can significantly affect the production of silica-

containing dusts. Attention to the mechanics of silica handling can lead to the selection 

of processes least likely to generate dust, and of workplace layouts which minimize the 

spread of dust. These considerations are best addressed during the design stages. 

Mechanization often offers the advantage of increased production and improved 

protection of workers. 

2. Equipment Selection 

The ideal time to address engineering controls is during the selection of new or 

replacement equipment. Equipment selected for silica handling or in which silica-

containing dust is generated, should enclose the process and contain venting points 

capable of being connected to local exhaust ventilation. Manufacturers’ specifications 

should be examined to ensure that these capabilities are included. Performance 

specifications with expected warranty should be proposed by the purchaser and 

submitted as part of the purchasing requirement. Ensuring that the specifications are 

met at the time of start-up is essential to future performance and maintenance. 

B. Work Practices and Procedures 

The practices and procedures employed in the workplace are critical to the control of 

contaminants such as crystalline free silica. Installed engineering controls are only as 

effective as the practices and procedures built around them. 

1. Work Procedures 

Procedures must ensure the safe handling, use and disposal of materials containing 

crystalline free silica. In order to ensure consistency when training new employees, all 

procedures should be documented in writing. When preparing written procedures, the 

task should be examined to ensure that the methods to be included will minimize 

exposure when properly carried out. Workplace procedures should address normal 

operating conditions as well as situations arising from accidental release of material 

into the workplace air. 
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2. Maintenance 

Dust control equipment is only as good as the maintenance that it receives. 

Performance deteriorates as equipment: 

 ages  

 is damaged 

 is improperly serviced 

 is altered in a manner not intended in its original design 

The continued control of silica emissions over time depends upon maintaining 

performance standards. The simplest, least expensive means to achieve this objective is 

a program of regularly scheduled maintenance. 

A maintenance program should include documented procedures and the maintaining 

of performance records. This permits diagnosis of problems occurring in equipment 

prior to breakdown. Servicing dust control equipment, for example, involves 

potentially significant exposures since ducts and the dust collector are likely to become 

covered by fine, easily resuspended particulate materials. This activity may require 

isolating the affected area from the remainder of the building in order to limit the 

spread of airborne dust. Use of personal protective equipment is likely to be necessary. 

Some examples of activities that are often best carried out during off-shifts include: 

 duct cleaning 

 replacing filter bags 

 fan repair 

 altering the layout of the existing ventilation system 

C. Personal Hygiene Facilities and Practices 

Particulate materials possibly containing silica adhere to both clothing and exposed 

skin as a result of daily activities. While inhalation is the only plausible route of 

exposure to crystalline free silica, dust adhering to clothing can cause exposure due to 

resuspension. 

1. Clothing 

Dust-laden clothing is likely to be a source of continuing exposure following motions 

which cause the dust to become resuspended. Loose dust can be easily removed from 

clothing or skin by use of a vacuum cleaning system. The use of compressed air to blow 

dust from skin or clothing must be prohibited. A policy regarding removal of work 

clothing from the workplace must be considered in light of the potential presence of 

other toxic materials in the dust. 
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2. Washing Facilities 

Skin contamination by dusts containing crystalline free silica is not considered to 

pose a serious route of exposure. Washing facilities must be provided and used in 

consideration of other toxic materials which may be present in dusts which 

contaminate the skin. Employees should be encouraged to wash their hands and arms 

before eating, drinking, smoking or leaving the workplace. In some cases, employees 

may be required to shower before leaving the workplace. 

3. Eating Facilities 

Consumption of food and beverages and smoking in the working area should be 

prohibited. The severity of response to exposure to crystalline free silica is affected by 

smoking. While ingestion is not considered a credible route of exposure, ingestion may 

be an important consideration in exposure to other toxic agents, which may be present 

in the dust. Eating, drinking or smoking when one is exposed to toxic materials can 

provide an important route of exposure. Specially designated eating and drinking 

areas, remote from the workplace, should be provided. 

D. Air Monitoring 

The control program must include planned air monitoring of worker exposure. 

Results must be posted in a conspicuous place within the plant and provided to the 

joint health and safety committee. In addition, records of individual exposure, which 

include calculated 40-hour time weighted averages, must be retained. These should be 

representative of actual exposure. 

These results provide a profile of actual worker exposure prior to and following 

establishment of the control program. The air monitoring strategy should be designed 

to obtain results from all workers who are exposed to silica. 

E. Medical Surveillance and Examinations 

The only means available to determine the effects of exposure to crystalline free silica 

is a medical surveillance program. The objective of a medical surveillance program is to 

protect the health of workers by: 

a) Identifying workers with conditions that may be aggravated by exposure to silica 

and establishing baseline measures for determining changes in health 

b) Evaluating the effect of silica on workers 

c) Enabling corrective action to be taken when necessary 

d) Providing health education 

The medical surveillance program must consist of the following: 
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a) Pre-employment and pre-placement medical examinations 

b) Periodic medical examinations 

c) Clinical tests 

d) Health education 

e) Record keeping 

Medical Examinations must include the following: 

1. History 

The initial medical and occupational history must cover previous exposure to silica, 

personal habits (e.g., smoking) and history of present or past respiratory disorders 

(particularly tuberculosis). At each periodic examination, the history must be updated 

to include: 

a) History of frequency & duration of exposure to silica since the last examination; and 

b) Any signs and symptoms of respiratory disease (e.g., difficulty breathing, cough, 

sputum, wheezing and chest pain) 

2. Physical Examination 

The physical examination is directed primarily at the respiratory system. The 

frequency of the periodic examination will depend on the intensity and length of 

exposure to silica and must be decided by the examining doctor. It need not be the 

same for all workers, but it must be done at least once every two years.  

3. Clinical Tests 

Clinical tests aid in the assessment of a worker’s fitness for continued exposure to 

silica. The main clinical tests are chest X-rays and pulmonary function tests. The 

requirements for each are specified in the Code for Medical Surveillance of Silica 

Exposed Workers. Where respiratory equipment is required, the physician should also 

assess whether the worker is fit to use this equipment. 

4. Health Education 

At pre-placement and periodic examinations, all workers must be advised of the 

hazard from silica and smoking, and their examination results must be discussed. If a 

worker leaves his or her employer, the worker must be advised to inform his or her 

doctor of previous silica exposure. 

5. Record Keeping 

Under the provisions of the Silica Regulation, the examining doctor must maintain 

health records for each worker examined (s.7 of R.R.O. 1990, Reg. 845). The Code for 
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Medical Surveillance of Silica Exposed Workers specifies what information must be 

recorded and how long those records must be kept on file by the doctor.  

In respect of medical surveillance the Circular No. 1 of 2011, dt. 21 January 

2011 and Circular No. 5 of 2011 should be adhered to. The Circulars are 

enclosed at Annexure-I and Annexure-II. 

In Respect of Silicosis Disease DGMS Circular No: DGMS (Tech.) (S&T) 

Circular No.01 Dhanbad, Dated 21st January 2010 is very much relevant and must be 

adhered to. The circular is attached at Annexure-III. 

F. Education and Training 

One of the most important and potentially most productive parts of the control 

program involves education and training. The ultimate success or failure of the control 

program rests in providing workers with appropriate information and instruction on 

the hazards posed by crystalline free silica, measures needed to reduce or control 

exposures to acceptable levels, and the need for worker co-operation in seeing that the 

controls are put into action effectively. 

The following topics should be addressed: 

 Health hazards of exposure to crystalline free silica 

 Hazards involved in use, handling and disposal of silica-containing products 

 Elements of the program to control silica exposure 

 Legal consequences of failure to comply with the control program 

 Use of control equipment 

 Use, fit, care and limitations of personal protective equipment 

 Housekeeping procedures 

 Procedures to minimize dust generation 

Training should be an on-going process of updating and re-evaluation. This is a 

necessity to ensure continued success of the control program.  

G. Personal Protective Equipment 

Some operations involving exposure to crystalline free silica cannot be controlled 

adequately by any of the preceding strategies. Often the reason is one (or more) of the 

following: 

 An emergency situation 

 Lack of control technology 

 Equipment breakdown 
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 Infrequency of operation 

These are the only situations in which the use of respiratory protection is permitted to 

reduce worker exposure. Selection of the appropriate equipment depends on many 

factors, some of which include: 

 Nature of the task 

 Duration of exposure 

 Frequency of exposure 

 Presence of toxic chemical agents other than crystalline free silica for which 

respiratory protection is also required 

 Concentration of respirable crystalline silica: 

The preceding factors must be considered during the process of selection. Additional 

requirements are stated in the Code for Respiratory Equipment for Silica contained in 

the Silica Regulation. In addition to respiratory protection, workers exposed to 

crystalline free silica may be required to wear protective outer clothing. The fabrics 

used are often very tightly woven or sealed by resins. 

Use of personal protective equipment carries a cost to the user. Among the factors, 

which must be recognized, are the following: 

 Reduced vision 

 Reduced performance due to increased difficulty in breathing 

 Reduced manual dexterity 

 Increased frequency of accidents 

 Possible hyperventilation syndrome  

 Increased susceptibility to heat stress 

For the preceding reasons the use of personal protective equipment, such as outlined 

here, should be considered only as the last line of defense rather than the first. 

Putting the Control Program into Effect 

The control program should be a joint effort of the management and worker 

representatives of the health and safety committee, starting with proposals by 

management about options for controls, which are technically and economically 

feasible, followed by comment and counterproposals from worker representatives. 

Eventual consensus of both groups is essential to ensure satisfactory implementation of 

the program. The Regulation respecting Silica requires that the control program be 
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communicated to all workers affected. The depth of management commitment must be 

communicated in order to secure the initial and continued co-operation of employees. 

1.1.3. BIOLOGICAL HAZARD 

Spread of Diseases like Malaria, Dengue, etc 

In tropical/sub-tropical mine locations in India the miners suffer from diseases like 

Malaria and Dengue as the accumulated water in mine pits become breeding points of 

mosquitoes which are carriers of these diseases. 

Mitigation Measures 

 The mines manager would take preventive action to prevent accumulation of water 

and also carry on regular microbiological analysis of water would be done to detect 

Lagionella contamination or high concentrations of other heterotrophic 

microorganisms. 

 Antibacterial insecticides need be sprayed on accumulated water in borrow pits 

during rainy season. 

 The project proponent shall undertake various awareness programme by organizing 

different camps where awareness on prevention & control of various diseases such as 

Malaria, Dengue, Cholera, Gastroenteritis, STD, AIDS, Cancer, etc. shall be focused.  

 A detailed water quality monitoring programme be designed and implemented. In 

areas showing incidence of water-borne diseases, intensive water quality 

monitoring need to be done. 

  Drinking water must be regularly tested for the following tests; 

 Orthotolodine tests for chlorine 

 Lead Acetate paper test for bacterial infection. 

 Proper development of sanitation facilities in the project area will be given due 

attention. 

1.1.4. ERGONOMIC HAZARDS:  

i) Musculoskeletal Disorders (MSD) 

Many mining jobs being partially or fully mechanized, much more time is spent 

operating machinery and driving vehicles (McPhee, 2004). These machines are 

referred to as Heavy Earth Moving Machineries (HEMMs) and include Dumpers, 

Dozers, Loaders, Excavators etc. Neglecting ergonomic consideration in the workplace 

contributes heavily to the incidence of musculoskeletal disorders. Some major 

ergonomic issues in mining can be easily addressed using established principles. These 
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disorders are considered to be work-related when the work environment and the 

performance at work contribute significantly to the causation (WHO, 1985). 

Repetitiveness of work, prolonged work activity and remaining in static posture for a 

long period of time may be regarded as the causative factors in the occurrence of MSD 

(Gangopadhyay et al., 2003). Epidemiological studies show a strong evidence of work 

posture on the development of MSD in neck and low back region. The risk of 

manifestation of MSD increases with exposure (NIOSH, 1997) 

Causes: 

The physical job features that are frequently cited as risk factors for MSDs, based on 

both experimental science and epidemiologic investigations, include 

 Rapid work pace and repetitive motion patterns;  

 Insufficient recovery time; 

 Heavy lifting and forceful manual exertions;  

 Non-neutral body postures (either dynamic or static);  

 Mechanical pressure concentrations;  

 Segmental or whole-body vibration;  

 Local or whole-body exposure to cold; and 

 Any of these in combination with each other or with undesirable features of the 

psychosocial work environment like high demands and low degree of control over 

one’s own work (Punnett and Wegman, 2004). 

Mine management will adhere to the instructions of DGMS for control of MSD. 

Mitigation Measures and DGMS guidelines  

In the Xth as well as XIth Conferences on Safety in Mines, DGMS has recommended 

use of ergonomic assessment of working postures. This was undoubtedly due to the 

importance attached by the regulatory authority to the incidences of MSDs in mining 

occupation. The recommendations of DGMS are attached at Annexure-IV and 

Annexure V. Salient points relating to ergonomic assessment are mentioned below. 

Ergonomical assessment of all latest machines, before their introduction into mining 

operation as per ISO standards. Ergonomical assessment should include: 

* Assessment of work process. 

* Assessment of working Aids/tools 

* Assessment of working posture 
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Since cause of MSD has a multifactor origin the ergonomist has to identify the 

ergonomic methods that can be adopted to address the problems depending on the 

nature of task being performed or the machinery in use. Over the last forty years, many 

observational methods have been developed to assess the risk factors of work related 

musculoskeletal disorders (WMSD). These methods are capable of assigning a 

numerical value to the various work postures as well as an overall comprehensive 

indicator for the severity of the postural risk thus enabling the designers or decision 

makers to formulate changes in the work process or machine and workspace design.  

Observational Methods To Assess Risk Factors Related To Work Related 

MSD. 

 Ovako Working Posture Analysis System (OWAS),  

 Rapid Upper Limb Assessment, Quick Exposure Checklist, and 

 Rapid Entire Body Assessment (REBA) is few notable observational methods for 

assessing the working posture. Among these OWAS and REBA is whole body 

posture analysis. 

1.1.5 PSYCHOLOGICAL HAZARD: 

i) Drug and alcohol abuse 

Due to mental stress and the situations they face in the mines atmosphere detailed 

below, the miners are subjected to psychological hazard. 

 Mines are normally at remote locations. As a result there has been a trend towards 

fly-in-fly –out operations with mine employees separated from their families and 

communities during the work period. 

Fatal & severe traumatic injuries that take place in the mine cast a psychological 

stress. 

Mitigation Measures: 

Medical check –up to be done to establish the level of blood alcohol, urinary drug 

metabolites, breath etc to ascertain addiction 

1.2 MANGEMENT PLAN FOR HEALTH IMPACT ASSESSMENT & MITIGATION 

MEASURES 

Table No. 7: Questionnaire for Health Impacts and Mitigating Measures 

How would the health impact 

assessment undertaken?  

Health Impact Assessment shall be 

conducted as per directives set by The 

DGMS vide Circular No: 01, dated 21st 

January 2010 (Annexure I). This health 
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check-up shall be done once in a year in 

presence of the representative of DGMS. 

Additionally following health camps would 

be conducted. 

1. Regular Health check up camps  

2. Eye Check up camps  

3. Sr. Citizen Camps  

4. Dental Camps 

5. Cardiac & Diabetic camps  

6. Respirable dust survey  

Does project provide for hiring a 

person with established 

credentials to be able to undertake 

such activities?  

Doctors conversant with Occupational 

health diseases will be engaged for the 

purpose and would examine the persons as 

per provision of DGMS circular No. 01 dated 

21st January 2011; annexed herewith. 

Would a safety committee be 

constituted?  

Yes  

Who will be the members of the 

safety committee?  

Employees from all the activities including 

workers and supervisory level staffs.  

What will be the function of the 

safety committee and who will 

head it.  

To discuss the safety health and 

environment issues and awareness, the 

Manager (mines) will be the chairmen of the 

safety committee.  

Will there be a provision for 

induction training for workers on 

health and safety?  

Yes  

How workplace exposures will be 

assessed and how these will be 

communicated and explained to 

workers? 

The Workplace exposure control will be 

assessed through various health survey, 

noise survey, tools inspection,safety rounds 

and safety inspections, tool box talk as has 

been discussed earlier in this chapter.The 

findings will be communicated trough safety 

committee meetings, training programmes 

on safety etc.  
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Adequate administrative control, 

engineering control, use of suitable tools and 

equipments, concerted maitainance of tools 

and equipments, work rotation, good 

housekeeping organising training and sots 

(safety observations tours),,etc will  reduce 

work induced occupational health problems.  

Who will conduct training & 

education in occupational health 

and safety?  

OH & S department  and external agency  

Where will health surveillance be 

undertaken which includes 

specialist tests, e.g. X-rays, 

pulmonary function tests and tests 

for hearing & identifying 

Tuberculosis?  

For specialised checkups other agencies will 

be involved whose names will be confirmed 

in safety committee meeting.  

What occupational illnesses are 

anticipated in view of the 

hazardous exposures?  

1. Noise induced hearing loss,  

2. Diseases due to hand arm vibration like 

Carpel Tunnel Syndrome,  

3. Diseases due to whole body vibration like 

lower back ache, sciatica etc.,  

4. Pulmonary dieses like Silicosis, TB, 

Chronic Bronchitis, Asthma etc,  

5. Skin Disorders, 

6. Digestive disorder. 

Does project provide for hiring a 

person with established credentials 

to be able to undertake such 

activities?  

Doctors working in the assigned hospital are 

well experienced to carry out such activity  

Would a safety committee be 

constituted?  

Yes  

Who will be the members of the 

safety committee?  

Employees from all the activities including 

workers and supervisory level staffs.  

What will be the function of the To discuss the safety health and 
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safety committee and who will 

head it.  

environment issues and awareness, the 

Manager (mines) will be the chairmen of the 

safety committee.  

What measures are to be undertaken for following:-  

Preventing Heat stress  1. Provision of cool drinking water  

2. Ventilation,  

3. Showers,  

4. Rest Shelters / Sheds,  

5. Insulation of Heat emitting areas 

(Thermal barriers)  

Preventing Noise exposure  1. Engineering control like providing noise  

barriers 

2. Administrative control like rotating the 

staff on duty in noise prone areas. 

3. Providing hearing protection like Ear 

plugs and Ear muffs  

4. Noise level survey & corrective measures. 

5. Safe Work Practice 

Preventing injuries 1. Training & Education, 2. SOP, 3. 

Awareness, 4. Correction of unsafe 

conditions, 5. SOT, 6. PPE's  

Providing ergonomic support  1.Ergonomical assessment of all latest 

machines, before their introduction into 

mining operation as per  DGMS directive in 

this regard which should include: 

* Assessment of work process. 

* Assessment of working Aids/tools 

* Assessment of working posture 

1. Design safety improvement  

2. Optimal layout of work space  

Who will undertake 

administration of personal 

protective equipments?  

OH & S Department  

What, if any, action is proposed 

when the project ends, workers 

Upon thorough investigation and finding the 

case to be true, Employer will bear the 
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become exposed & have a latent 

disease which may appear in 

future? 

expenses.  

What Facility will be provided at 

the mine site to for Health & 

Safety of workers. 

 

1.2.1 Pre-Placement Medical Examinations & Periodical Medical Examination 

Schedules 

The Mines Rules 1955 under clause 29B specifies that initial Medical examination of 

person employed shall be done within 5years of the date notified by the Central 

Government which is at present the date of joining. Subsequent Medical Examinations 

shall be carried out at an interval of 5 years. The medical examination will record the 

findings of various health parameter in Form O Which is enclosed herewith. See 

Annexure-VI.  

DGMS has issued number of directives on several dates and has emphasized the 

importance of Health survey in mines. In this context it is relevant to mention the 

provisions made for health check up in 

DGMS circular no. 01 Dhanbad, Dated 21st January 2010, Circular Ref No: 01 dated 

Dhanbad 21st January 2011 and Circular Ref No 05 dated Dhanbad, the 4th April 2011; 

extracts of which are given below.  

Extracts of DGMS circular no. 01 Dhanbad, Dated 21st January 2010 

“In spite of the all the best efforts and system put in place in the mine, it has been 

found that the persons working at places prone to generate airborne dust are exposed 

to respirable dust beyond permissible limits. Such persons or Group of persons are 

more likely to get affected with the diseases caused due to airborne dust i. e. silicosis 

and pneumoconiosis. The cases of such affected persons are detected only at the time 

of medical examinations which are conducted an interval of five years or on complaints 

of ailments reported in the hospitals. In view of the potential danger of dust prone 

disease existing at the work places/ processes in the mine, it is recommended that -  

(a) The Medical Examination of Identified persons or Group of persons working at 

places or operations/processes prone to generate airborne dust should be conducted 

once in every year and the Results of such medical examinations should be 

correlated with the dust exposure profiles of that place(s) and or process(s).  



 

ANNEXURE-I 

  
 

Annexure I-Page 42 of 56 
 

 

(b) During the conduct of Medical Examination of such select persons or group of 

persons, an Officer of Occupational Health Wing from this Directorate should also 

be called as an external member.  

(c) In case of any person found suspected for contacting disease due to airborne dust, 

the case may be reported to this Directorate immediately in the prescribed format 

(Form V).  

(d) Apart from the above, an independent team of Medical Experts on Pneumoconiosis 

and Silicosis may be formed by selecting doctors from outside the companies and 

such team should be entrusted with the work of medical examinations at least once 

in every year for the above purpose independently.  

(e) The Reports of medical examinations of such independent team should be 

submitted to this Directorate at the end of every year.  

(f) In case, a person is found to be affected with pneumoconiosis or silicosis, the details 

regarding his work profile, degree of disability, medical history and expenses, 

compensation and the status of health and rehabilitation measures taken by the 

company etc. should be sent to this Directorate immediately in the prescribed Form-

VA.  

(g) Suitable Training Module for imparting training to Medical Officers engaged in 

conducting medical examinations for identification of Silicosis/ Pneumoconiosis as 

per the ILO Classification of Chest Radiograph shall be prepared and conducted 

once in every year so that the Medical Officers are adequately trained and equipped 

to identify the cases of Silicosis/Pneumoconiosis without any doubts or ambiguity.  

It is, therefore requested to all concerned that a concerted and integrated efforts in 

line with the above recommendations be made at all levels to ensure that the incidence 

of diseases due to respirable dust is eliminated from the mining industry.” 

In view of the letter of Secretary General Human Rights commission, The 

DGMS (Tech) and (ST) has again issued circular Ref No: 01 dated Dhanbad 

21st January 2011 relating to health check main provisions for which are as 

below. 

(A) The medical Examination of Identified persons or Group of persons working at 

places or operations/process prone to generate airborne dust should be conducted 

once in every six months. It is advised that the health assessment for workers 

exposed to silica dust should include the following: 



 

ANNEXURE-I 

  
 

Annexure I-Page 43 of 56 
 

 

i) A history should be taken covering: 

a. The workers occupational exposure to dust containing silica; 

b. Any past or present medical diagnosis of respiratory disease; and  

c. The workers smoking history. 

ii) A clinical examination should be carried out on the respiratory tract system. 

A spirogram (Pulmonary Function Test) should be carried out including 

determinations of forced vital capacity (FVC) and forced expiratory volume 

at 1 second (FEV1). 

(B) Sputum examination for tuberculosis once in every year. 

(C) A single posterior-anterior chest X-ray should be done every 5 years on workers 

without signs of silicosis or other pneumoconiosis every 3 year on workers who do 

have X-ray changes. All chest radiographs should be classified according to 

International Labour Office (ILO) Classification of Radiographs of the 

Pneumoconiosis, 2000. 

(D)Initial medical examination should be conducted for all mining workers whether 

permanent, temporary or contractual, before they are engaged in any mining job. 

This include a single posterior- anteriorchest X-ray and A spirogram (Pulmonary 

Function Test) should be carried out including determinations of forced vital 

capacity (FVC) and forced expiratory volume at 1 second (FEV1). 

(E) In any person employed in a mines contract any notifiable diseases, the case shall 

be reported to this Directorate immediately in the prescribed format Form-V 

(Regulation 10 MMR, 1961/CMR, 1957). 

(F) In case, a person is found to be affected with pneumoconiosis or silicosis, the details 

regarding his work profile, degree of disability, medical history expenses, 

compensation and status of health and rehabilitation measures taken by the 

company etc. should be sent to this Directorate immediately in enclosed format. 

(G) It is, therefore requested to all concerned that an integrated efforts in line with the 

above guidelines be made at all levels to ensure that the incidence of diseases due to 

respirable dust is detected in the mining industry. 

The provisions as described above categorically outline various occupational health 

checks for different diseases /exposure which would be abided by the mine management. 

 Pre-Placement Medical Examination shall be conducted for individual employee 

within 6 months of Joining 

 Periodical Medical Examination shall be conducted once in every six months with 

due intimation to the office of DGMS so that a representative may be present on 
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the dates of Occupational Health check up. The health parameters that may be 

checked in various formats are given in Annexure VI. 

The perusal of circulars reveal that periodicity of health check up will be 6 monthly. 

The time period of First check up has not been mentioned in these circulars. However, 

the periodicity being 6 monthly the mine owner would complete the first check up 

within 6 months of first employment. All statutory provisions in respect of 

occupational health in mines will be abide by the mine owner. With the proposed 

mitigating steps, the impacts can be minimized and the occupational health impacts 

can be insignificant.    

1.3.   Statutory Regulation:  

Mine management will be abided by Statutory Regulations as mentioned below & also 

the new regulation that may come in future so as to maintain favorable work 

environment. 

 All safety measures prescribed under mining laws will be followed strictly. All 

workers will be medically examined in pre placement phase.  

 Medical exam for fitness before employment as per standards in Form P-1 of Mines 

Rules 1955.  

 Periodical medical examination as per Mines Rule 1955- will be done every 5 years 

as per standards laid down in Form P.  

 The persons working in dusty environment will be examined every six months as 

per the DGMS circular No. 01 of 21.01.2011.  

 All employees will undergo medical examination as per the recommendation of 10th 

and 11th National conference of safety in mines.  

Besides that to avoid any adverse effect on the health of workers due to various 

pollutants, sufficient measures relating to safety and health will also be practiced:  

 Provision of rest shelters for mine workers with amenities like drinking water etc.  

 All safety measures like use of safety appliances, such as dust masks, helmets, 

shoes, safety awareness programs, awards, posters, slogans related to safety etc.  

 Training of employees for use of safety appliances & first aid in vocational training 

center. 

 Regular maintenance and testing of all equipment as per manufacturers’ guidelines.  

 Periodical Medical Examination (PME) of all workers by a medical officer.  

 First Aid facility is provided at the mine site.  
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 Close surveillance of the factors in working environment and work practices which 

may affect environment and worker’s health.  

Public Health Implication  

Black stone mining is involves air emissions which is likely to contain respirable 

crystalline silica. The mine management will take adequate measures to restrict the 

emission below prescribed limit. However, as discussed earlier long term exposure to 

respirable crystalline silica would cause silicosis. Silicosis is an occupational health 

hazard. Hence, the mine owner must monitor the health of the employees on regular 

basis and take measures as identified the same, to protect the mine workers from any 

health disaster. The residents of adjoining areas may be affected by emissions which 

may seldom become a health issue. 

Mitigation Measures for Public Health Issues 

The major health issues which will be anticipated are mainly due to air borne stone 

dust. So, to minimize the health impact dust emitted from various activities will not be 

allowed to be air borne for which following mitigation measures will be taken during 

the operation period.  

 Regular water sprinkling on haul roads & loading points will be carried out.  

 Development of green belt/plantation around the lease boundary, along the quarry 

boundary, roads, reclaimed area etc would be taken up. 

 Crusher and screens of the plant will have suitable collection hoods at dust emission 

points and would be connected to bag filters and stack of suitable height.  

 Conveyors carrying crushed materials would be covered. 

 Transportation of materials would be done by trucks which would have proper 

covers. 

 Ambient Air Quality Monitoring will be conducted on regularly basis to assess the 

quality of ambient air.  

The complete mining operation will be carried out under the management control 

and direction of a qualified mine manager holding a First Class Manager’s Certificate of 

competency granted by the Directorate General of Mines Safety (DGMS), Dhanbad. 

The DGMS have been regularly issuing standing orders, model standing orders and 

circulars to be followed by the mine management in case of disaster, if any. Moreover, 

mining staff will be sent to refresher courses from time to time to keep them alert. 

However, following natural/industrial hazards may occur during normal operation. 
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2.0  Safety Hazard and Mitigation Measures 

Occupational health and safety is very closely related to productivity and good 

employer-employee relationship. The Occupational Health Aspects in open caste 

mining systems has been dealt in detail as above. 

Safety of employees and maintenance of mining equipment is to be taken care of as 

per the Mine Regulations, 1961 and Circulars of DGMS.   

Accidents take place due to unsafe acts or unsafe conditions. The unsafe acts can be 

avoided by imparting proper training to workmen & by circulating SOP and SMP 

among them where as unsafe conditions can avoided by proper designing of work 

place, proper selection of equipment, proper maintenance of equipment, proper 

housekeeping etc. Following mitigation measures are to be taken in general to avoid 

Accidents in Mines. 

2.1  Issues Related to Mine Safety: 

Mine Safety is of paramount importance in conducting the mining activity in a safe 

and favourable atmosphere. The safety of working in the mines is endangered both due 

to natural phenomena as well as due to unsafe conditions/unsafe practices. The Black 

Stone Mine project which is the subject of study comes under Metalliferous Mine Rule 

1961framed under Mines Act 1955. The Rule has made detailed guiding provisions for 

safe work practice. However, certain aspects of mine safety are highlighted below.  

2.1.1 Natural Phenomena leading to Disaster: 

The possibilities of occurrence of the natural phenomena in the Hatgacha-Jethia 

Black Stone mines which might leads to disasters and mitigating measures to be taken 

for their management is discussed below; 

i. Land Slides: The topography of the mines under consideration is although 

undulating, it is almost plain land and therefore there is no steep rise of elevation to 

cause landslide or avalanches due to heavy rain, which may warrant contingency plan 

for their management. 

ii. Subsidence: The mine is not in the sea coast, which may be susceptible for 

subsidence due to effect of continental drift or effect of plate tectonic phenomena. The 

mine is also not an underground mine which could cause subsidence if the evacuated 

mine area is not filled properly. 
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iii. Flood and Inundation: The Hatgachia-Jethia Black Stone Mines in Birbhum 

district of West Bengal is not in the delta region of any river and hence there is remote 

possibility of the area getting flooded due to heavy rain in its catchment. 

But there is possibility of flash flood in the stream running in the mines, which may be 

a temporary feature, which does not interface with human habitation or 

communication. Therefore there is no need for making any contingency plan to meet 

the situation. 

iv. Cyclone: The target area under consideration is not in cyclone or super cyclone 

zone and hence not prone to cyclone. 

v. Fire: There may be misfire etc in the camp /office etc for which fire extinguishers 

are provided and minimum fire fighting instrument like water spraying is to be 

provided in the mines to meet the exigencies. 

vi. Earthquake: The seismic map of India indicates that the state of Orissa is in 

Seismic zone I., II, III, but hardly any ominous tremor has been felt in the State or in 

target area any time before. Therefore the target area is not prone to earthquake for 

which contingency plan will be required to meet the emergency. 

vii. Volcanic Eruption: The target area is not in the seismic activities zone which is 

prone for volcanic eruptions that warrant emergency management planning. 

viii. Tsunami: The target area is not in the sea coast or near a port so that it could be 

affected by Tsunami and for that matter contingency plan for its management. 

2.1.2 Man made Phenomena which can lead to Disaster: 

(i) Open Cast Bench Slope Failure 

(ii) Dump Slope Failure 

(iii) Fly Rock Fragments and Vibration due to Blasting 

(iv) Surface Fire 

(v) Danger due to storage of explosives: 

(vi) Anticipated damages during discontinuance of mining and Care and Maintenance 

during temporary Discontinuance of Mining Activity. 

(a) Open Cast Bench Slope Failure, Dump Slope Failure & Verification of Slope 

Stability: 

In India number of opencast mines, whether large or small, are now days reaching to 

deeper mining depths due to economic considerations. As a result analysis of stability 

of operating slopes and ultimate pit slope design are becoming a major concern. Slope 

failures cause loss of production, extra stripping cost for recovery and handling of 



 

ANNEXURE-I 

  
 

Annexure I-Page 48 of 56 
 

 

failed material, dewatering the pits and sometimes lead to mine 

abandonment/premature closure. The design of slope angle, bench width and height 

has been done as per current engineering practice and the same is specified as below; 

 Overall quarry slope (Angle between the line joining the toe of the bottom bench 

and crest of the top bench) is limited to 600. 

 The bench height and width will be maintained at 6m each. 

 The dump will have maximum slope of 370 and overall slope of dump shall not 

exceed 220. 

The design features of quarry are well within the norms of the DGMS & ensure mine 

safety. 

D.G.M.S. RULES FOR SLOPE AND HEIGHT OF THE BENCHES:  

In alluvial soil, morum, gravel, clay, or other similar soft ground, the sides shall be-  

(i) Sloped at an angle of safety, not exceeding 45 degree from the horizontal, or such 

other angle as the regional inspector may permit by an order in writing, and subject 

to such conditions as he may specify there in; or  

(ii) Kept benched, and the height of any bench shall not exceed 1.5m, and the breadth 

there of shall not be less than the height.  

However, in coal mines, the regional inspector, and in metalliferous mines, the chief 

inspector, may, by an order in writing, and subject to such conditions as he may specify 

there in, exempt from the above provisions, any working in the case of which special 

difficulty exist which, in his opinion, make compliance with the provisions not 

reasonably practicable. To bring uniformity, the regional inspector should have this 

power in metalliferous mines also.  

In metalliferous mines, where float ores or other mineral is worked by manual means 

on a sloping face the face shall be benched and the sides shall be sloped at an angle of 

not more than 60 degree from the horizontal. The height of any bench shall not exceed 

6m, and the breadth thereof shall be not be less than the height. Wherever, however 

the type of ore body consist of comparatively hard and compact rock, the regional 

inspector may by an order in writing and subject to such conditions as he may specify 

there in, permit the height of the bench to be increased up to 7.5m, while its width is 

not less than 6m. In any excavation in any hard and compact rock, or in prospecting 

trenches and pits, the sides shall be adequately benched, sloped or secured so as to 



 

ANNEXURE-I 

  
 

Annexure I-Page 49 of 56 
 

 

prevent danger from the falls of the sides. In coal the sides shall be either kept sloped at 

an angle of safety, not exceeding 45degree from the horizontal, or the sides shall be 

kept benched, the height of each bench not exceeding 3m, and the width thereof being 

not less than the height.  

The chief inspector may, by an order in writing and subject to such conditions as he 

may specify there in, exempt from the above provisions, any working where special 

condition exists which, in his opinion make compliance with the above provisions not 

reasonably practicable. Such special conditions may be;  

(a) Surface features  

(b) Geological disturbances  

(c) Mine boundaries etc.  

When determining the slope of any pit or quarry face, consideration should be given 

to the nature of material excavated, the extent to which the material is cemented or 

consolidated, the height of the face, the type and size of the equipment being used, and 

the amount of the protection this equipment gives to the operator and other employees. 

Table No. 8 gives the maximum permissible bench slope and bench heights. 

The regulations are not sufficient to cover all geological conditions e.g. faults, folds, 

wash-outs, strata surcharged with water under pressure, etc. The following factors 

responsible for slope stability are considered carefully in arriving at suitable bench 

dimension; 

(a) Nature of rock forming bench  

(b) Wetness of the pit  

(c) Presence of planes of weakness  

(d) Irregularity of mineralsation  

 

Table No. 8: Maximum Permissible Bench Slope and Bench Heights 

Sl. 

No

.  

Type of rock or mineral  Maximum slope from horizontal and 

maximum bench height permitted  

1.  Sand  26 degree slope and no limit of bench 

height  

2.  

 

Kankar, loose soil, morum, 

gravel, marl, shingle, clays, 

and other dump materials  

33 degree slope and 3m bench height  
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3.  Slate, Shell, Laterite  45 degree slope and 6m height 

4.  Coal  75 degree slope and 6m height  

5.  Lime Stone Or Sand Stone  75 degree slope and 10m height  

For ensuring safety, the bench slopes are to be monitored regularly by sensitive 

instruments at precise level at regular intervals to check for any possible ground 

movement. A well-developed drainage system over the leasehold area is to be ensured 

to check the storm water flow out of the lease area. 

In opencast mining operation of Hatgacha-Jethia Black Stone mines, the failure of 

slopes could be on two counts; 

(i) Failure of slope in the pit.  

(ii) Failure of slope in the waste dump. 

In order to mitigate danger due to opencast slope failure, in a pit, the slope stability 

estimation is essential. The mine has been designed and benches are formed based on 

factor of safety of slopes to eliminate any possibility of slope failure, circular failure, 

planner failure and wedge failure. These are to be monitored on regular intervals to 

check possible failure. It is envisaged to pursue well planned drainage system in the 

benches so that storm water does not affect the benches by building hydrostatic 

pressure to cause slope failure. Similarly the drainage system in the leasehold has to be 

managed efficiently in the rainy season, which ensures that storm water does not 

accumulate & inundate to build up hydrostatic pressure to affect benches for slope 

failure. 

In regard to failure of slope of waste dump, the ultimate dump slope would be 

maintained at below 220 with individual terrace slopes not exceeding 370. As discussed 

earlier the slope has to be terraced followed by plantation, which will cause binding of 

the soil preventing any slope failure. It has  been planned to construct retaining walls 

all around the external dump having weep holes for passage of storm water to join 

garland drain driven all along retaining wall and as a result could not cause slope 

failure in the waste dump. 

(b) Fly Rock Fragments and Vibration due to Blasting and Safety Measures: 

i) Risk of Fly Rock Fragments and Safety Measures 

In order to avoid the effect of fly rock fragments and vibration during blasting 

operation, as per statute a safety zone of 500 meters are maintained in the mines. The 

nearest rest shelter is also away from the blasting operation. It is planned for blasting 

only in day time on a particular hour, where the movements of the people are restricted 

and minimal. The nearest habitats are also far away to get affected by fly rock or for 
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that matter by vibration. (Control measures for vibration and fly rock generation has 

been dealt at length in Chapter 9, section 9.4.1 of EIA /EMP Report) 

ii) Risk of Blast induced ground vibration: 

Blasting is a regular activity at mining site. A large number of mechanised open caste 

mines have come into operation. Some of these opencast workings are located near 

surface structures near like residential buildings, schools, commercial shops, hutments 

with large number of inhabitants etc. Whenever blasting is done in these opencast 

mines ground vibrations are generated outwark d from the blast area and cause 

damage to surrounding surface structures. The vibrations resulting from blast holes 

while passing through surface structures, induce vibrations on the structures causing 

resonance. The components of ground motion can affect the structures through 

compression and tension and also through vertical and horizontal shearing effects. 

Blast induced ground vibrations cause socio-economic problems for mine 

managements as well as to the people residing in vicinity of these mines .As only 20-

30% of energy of commercial explosives used in the mines is utilised for fragmenting 

the rock, the rest of energy is transmitted through the earth in the form of ground 

vibrations resulting in damage to the surrounding structures. 

The Director General of Mines Safety has issued circular in connection with blast 

induced ground vibration to prevent occurrence of damage resulting from such blasting 

vide reference No. DGMS(Tech)/(S&T)Circular No. 7 of 1997 dated. 29/08/1997.The 

relevant portions of the circular are presented below. 

2.0 Damage Criteria: 

The peak particle velocity has so far been considered as the best citation for 

evaluating blast vibrations in terms of its potential to cause damage. The extensive 

studies on the problems have established that the frequency of the waves is equally 

important factor to consider the extent of damage. The blasting damage is generally 

classified into the following four categories. 

Table No. 9: Damage Criteria of Ground Vibration 

SL. 
No. 

Category Description of damage 

1. No appreciable 

damage 

No formation of noticeable cracks 

2. Threshold damage Formation of fine cracks, fall of plaster, opening 

and lengthening of old cracks, opening of joints, 
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dislodging of loose objects etc. 

3. Minor damage Superficial not affecting the strength of 

structure(s). Hair line cracks in masonary around 

openings near partitions, broken windows. Fall of 

looser mortars etc. 

4. Major damage Formation of several large cracks, serious 

weakening of structures, shifting of foundation, fall 

of masonary, ruptures  of vaults, etc. 

1. DGMS prescribed permissible limit of ground vibration (INDIA) 

Table No. 10: Permissible Peak Particle velocity at the foundation level of 

structures in mining areas in mm/s 

Type of structures Dominant Excitation 

Frequency, Hz 

< 8Hz 8-25Hz >25Hz 

(A) Buildings/structures not belong to the owner 

1. Domestic houses /structures 

(Kuchcha, Bricks & Cement) 

5 10 

 

15 

 

2. Industrial building 10 20 25 

3. Objects of historical importance & 

sensitive Structures 

2 5 10 

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

1. Domestic houses/structures 10 15 20 

2. Industrial buildings 15 25 50 

Peak Particle Velocity: 

As the seismic waves travel through the rock, there are movements of the particles. 

This is commonly referred to as vibration. The motion of the ground particles 

(vibration) occurs in three dimensions which are vertical, radial and transverse. When 

there is vibration each particle has a velocity and the maximum velocity is referred to 

as the peak particle velocity. This motion is usually captured by the use of a 

seismograph and the maximum velocities of all three directions are given. The practice 

by most is to use the reading of the peak particle velocity as the standard for measuring 

the intensity of ground vibration. In reporting the maximum of any three components 

is used rather than the resultant vector of all three components combined. In most 
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cases the PPV is closely linked to the potential to damage structures rather than the 

acceleration or displacement of the rock.  A standard unit is used to this peak vibration; 

it is either inches per second or millimetres per second. (1 ips=25.4mm/s). 

 Formula for Determination of PPV:     PPV=KXSD-1.6 

Where, PPV =Peak particle velocity y [in/s] 

 K =Ground transmission constant [K=160 if no other seismic data are available] 

 S = Scaled distance factor 

 Site Specific Ground Transmission Factor:     K=PPVXSD1.6 

The DGMS Circular has mentioned the procedure and instrument that need to be 

used for measuring vibration level. The ground level vibration would be of particular 

interest if there are structures within the danger zone. For black stone mine at 

Hathgacha-Jethia, there are no structures in the vicinity of 10 km radius. As such the 

ground level vibration will not pose risk to any structure. 

(c) Surface Fire and Safety Measures 

The surface fire in the mining project could precipitate at two points of the mining 

project as follows; 

(i) There are risks of surface fire which may be caused due to spillage of HSD stored 

in the warehouse. 

(ii) There are also risks of spontaneous fire caused from Electrical substation and 

transformers installed in the mines. 

It is planned to have number of fire extinguishers and minimum fire fighting 

instruments for water spraying, and stationed at strategic locations to take care oil in 

case any spontaneous fire crops up in the mines due to spillage of HSD. Similarly, there 

is chance of fire in the Electrical substation and transformer in the mines. These points 

are to be provided with dry and foam type fire extinguishers to control the fire. 

As soon the fire is reported the mines in-charge shall assume the role of disaster 

controller. In case of serious fire and depending on the gravity of the situation the 

Mines manager will be summoned to assume the charge of Disaster controller. 

Personnel trained with fire control will e summoned. The hospital will be immediately 

informed to handle casualties. The fire area will be cordoned to till the fire is fully 

extinguished and remain so until the wreckage is cleared away. 
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(d)  Danger Due to Storage of Explosives and Safety Measures 

An explosive magazine shall be constructed in the mine with adequate safety zone as 

per statutory requirements while locating the magazine. The magazine shall be 

constructed as per plan approved by Department of Explosives. The following factors 

shall be looked in to for while designing the magazine. 

 All dry vegetation within 15m radius shall be cleared. 

 Lightening arrester shall be installed on the magazine roof. 

 A safety zone around the magazine shall be created. 

 In summer the temperature inside the magazine shall be monitored to guard 

against spontaneous fire. 

 The manufacturing dates all explosives stored in the magazine shall be carefully 

recorded so that no explosive whose shelf life ha expired is kept in stock. 

(e) Accidents due to Machinery (Transport & Non-Transport) & Safety 

Measures 

Machineries used in transport and Non-Transport activities can be a cause of 

accidents if awareness is not created among the employees. Mentioned below are some 

of the likely causes and safety measures. 

 All transportation within the main working area should be carried out under the 

direct supervision and control of the management;  

 The vehicles must be maintained in good repairs & checked thoroughly at least once 

a week by a competent person authorized for this purpose by the management;  

 Broad signs should be provided at each and every turning point specially for the 

guidance of the drivers at night;  

 Overloading the vehicle can be a cause of mishaps and should be avoided. 

 Use of sub-standard equipments or machinery parts can result in accidents or 

breakdown. Standard machinery with authorized spare pars must be used. 

 Driving vehicles in intoxicated state should be prohibited. 

 Un-authorized driving mostly by helpers must be avoided. 

 Awareness should be created to discourage any attempt to board a moving vehicle. 

 Protection guards of some moving parts must be in place and should not be 

removed when the machine is running.  

 To avoid dangers while reversing the trackless vehicles, especially at the 

embankment and tripping points, all areas for reversing of lorries should, as far as 

possible, be made man free, and there should be a light and sound device to 

indicate reversing of trucks; and  
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 A statutory provision of the fence, constant education, training etc. will go a long 

way in reducing the incidence of such accidents. 

(f) Anticipated damages during discontinuance of mining and Care & 

Maintenance during temporary Discontinuance of Mining Activity 

Following measures would be taken to deal with the unforeseen circumstances that 

may arise due to temporary discontinuance of the mine especially during rainy season 

 All heavy machinery engaged in the mining and crushing operation would be 

withdrawn and brought to safe place so that these do not get buried due to bench 

collapse, if any, and get damaged during the period of discontinuance. 

 At the entrance and strategic point, sentries/watchmen will be posted to guard the 

mine areas and the explosive magazine. They will be provided with mobile 

phones/walky-talkies to contact the mine authorities/police for help during 

emergency. 

 The mine area will be kept illuminated during night time, after State Electricity 

Board restores power supply. Audible warning sirens would established at the 

mine office to be used during emergency so that prompt help can be received from 

proper sources. 

 Mangerial, supervisory and competent persons of the mine would be engaged for 

supervising machinery maintenance and housekeeping of the mine areas as per 

need. 

2.2 General Preventive Measures to be taken to avoid Accidents in Mine 

 All safety precautions and provisions of Mine Act,1955, Metalliferrous Mines 

Regulation, 1961 and Mines Rules,1955 will be strictly followed during all mining 

operations;  

 Entry of unauthorized persons will be prohibited;  

 Fire fighting and first-aid provisions in the mines office complex and mining area;  

 Provisions of all the safety appliances such as safety boot, helmets, goggles etc. will 

be made available to the employees and regular check for their use will be 

conduced;  

 Training and refresher courses for all the employees working in hazardous 

premises; Under Mines rules all employees of mines shall have to undergo the 

training at a regular interval;  

 Working of mine, as per approved plans and regularly updating the mine plans;  
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 Cleaning of mine faces will be regularly done;  

 Regular maintenance and testing of all mining equipment as per manufacturer’s 

guidelines will be done;  

 Suppression of dust on the haulage roads;  

 Increasing the awareness of safety and disaster through competitions, posters and 

other similar drives. 
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1.   Introduction: 

Out of various area of dust emission in mining activity the major source is the 

crusher and screening area. The fugitive emissions resulting from crushing and 

screening activity should therefore need meticulous design of pollution control 

system. Main source of emission and the control measures adopted at the Black 

stone mine at Hatgacha – Jethia is described in the following paragraphs. 

1.1  Principal Dust Emission Points 

1.1.1 Emission during Crushing Operation 

During crushing operation, generation of particulate emissions is inherent and the 

emissions are most apparent at crusher feed and discharge points. The greater the 

reduction in size during subsequent crushing stages from primary, secondary to 

tertiary crushing, the higher the emissions. Primary jaw crushers produce more dust 

than comparable gyratory crushers. 

The crusher system in Hatgacha – Jethia Black Stone mine would include primary 

Jaw Crushers to get various grades of products.  

1.1.2 Emissions during Screening  

In the screening section, the mixture of stones is classified and separated 

according to size. Generally the screening efficiency is considered to be in the range 

of 60 to 75%. The screening equipments commonly used include grizzlies, shaking 

screens, vibrating screens and revolving screens. Although screening may be 

performed wet or dry, dry screening is the most common where the fines have 

market value. Dust is emitted from screening operations as a result of the agitation 

of dry stone. The screening of fines produces higher emissions than the screening of 

coarse sizes. Also screens agitated at large amplitudes and high frequency emit more 

dust than those operated at small amplitudes and low frequencies. 

The Hatgacha – Jethia Black Stone Mine would use vibratory screens for 

separation to different grades. 

1.1.3 Emissions during Material Handling  

In the material handling section, various handling devices like feeders, belt 

conveyors, bucket elevators and screw conveyors are used to transport crushed 

materials from one point to another. In Hatgacha – Jethia Blackstone mine only 

feeders and belt conveyors will be used. Particulates may be emitted from any of the 

material handling operations. Most of the emissions occur at transfer points. Since 

transport of material on the conveyor causes little disturbance of air and emissions 

that occur due to the wind are judged to be minimum. The transfer points include 

transfers from a conveyor on to another, into a hopper and finally on to a storage 

pile. The amount of uncontrolled emissions depends on the size distribution of the 

material handled, the belt speed and the free fall distance. 
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1.2   Types of Dust Control System 

Various types of dust control systems are adopted for abatement of dust in crusher 

area. These are; 

1 .Wet Dust Control System 

2. Dry Dust Control System 

3. A Combination of Wet and Dry Control Systems 

In view of the fact that the dust is a product which has market value in the area, 

the proponent plans to install Dry Dust Control System. The system is described by 

the following flow diagram. 

1.3   Description of the Crushing and Screening unit: 

The ROM mine material at 1000mm top size will be fed to the dump hopper. Underneath 

the dump hopper is the Grizzly feeder which scalps the feed and the scalped material gets 

discharged on the belt conveyor 13 and rest of the material get fed into primary crusher 

i.e. Jaw Crusher of 175 tph capacity. Normally the reduction ratio achieved by Jaw 

crusher is about 3-5 and here 3 has been assumed accordingly the product is of 350mm. 

The crushed product from Primary crusher then move to Surge bin via BC-1 and BC-2.  

The capacity of surge bin is about 50T. Surge bin with the help of vibro feeder discharge 

the material on BC-3 which will feed the material to Secondary Crusher i.e. Cone 

Crusher. The capacity of Cone crusher is about 175tph. Cone Crusher shall generate the 

product of 65mm NTS. The product from Cone crusher shall get discharged on BC4 

which in-turn discharge material on BC-5 to feed the triple deck screen.  

The both the crusher area will have facility of dust extraction as this is dry method 

therefore dust suppression is not recommended. Dust extraction is important to avoid 

suspended particle to go in the atmosphere. 

Vibrating Screen will have dimension as 4x1.2 meter with top deck as 63 mm, middle 

deck as 40mm and bottom deck as 28mm. The over size from the screen will be fed to the 

cone crusher and two products viz -63+40mm and -40+28mm will be stockpiled using 

cantilever conveyor BC-7 and BC-8 respectively.  

Undersize from the screen will go for the next stage of screening in a 4-deck screen to 

generate other fractions. The dimension of the screen considered is 4.5x1.2m. The decks 

of the screen considered are 20mm, 10mm, 6mm and 3 mm to generate products of -

28+20mm, -20+10mm, -10+6mm, -6+3mm and -3mm via conveyor BC-14,BC-12, BC-11, 

BC-10 and BC -15 respectively. BC-15 is a small conveyor which discharge material on 

BC-9 to create a product stockpile of the finest material i.e. -3mm.  

The stock pile area need to be properly graded to avoid the percolation of fine into the 

ground. As this is a dry operation the company will not use any underground water for 

the operation.  
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A list of the equipment, List of Conveyor and List of Structures for the above-mentioned 

system is given in table – 1, 2 and 3: 

Table – 1 – List of Equipment 

Sl. 
No. Description Parameter Specifications 

1 Grizzley Feeder 

Feed ~ 1000 mm Stone 

Length 4.0 m 

Width 1.0 m 

Capacity  175 TPH 

2 Jaw Crusher 

Feed ~1000 mm 

Product (-) 350 mm 

Capacity  175 TPH 

3 Vibrating Feeder Feed Rate 175 TPH 

4 Cone Crusher 

Capacity  175 TPH 

Feed (-) 350 mm 

Product 0-65 mm 

5 
Vibrating Screen 
3D 

Capacity  175 TPH 

No. of Products 3 

Size  4.0m x 1.2 m 

6 Metal Detector Type Underslung Type 

7 
Vibrating Screen 
4D 

Capacity  100 TPH 

No. of Products 4 

Size  4.5m x 1.2 m 

 

Table – 2 – List of Conveyors 

Sl. 
No. Conv. From To TPH 

Width 
(m) 

Length 
(m) 

1 BC-1 Jaw Crusher BC-2 175 1.0 8.0 

2 BC-2 BC-1 Surge Hopper 175 0.8 18.0 

3 BC-3 Surge Hopper Cone Crusher 175 0.8 18.0 

4 BC-4 Cone Crusher BC-5 175 0.8 18.0 

5 BC-5 BC-4 Vibrating Screen 3D 175 0.8 18.0 

6 BC-6 Vibrating Screen 3D Vibrating Screen 4D 100 0.8 22.8 

7 BC-7 Vibrating Screen 3D Ground Dump 40 0.5 15.0 
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8 BC-8 Vibrating Screen 3D Ground Dump 40 0.5 15.0 

9 BC-9 BC-15 Ground Dump 25 0.5 15.0 

10 BC-10 Vibrating Screen 4D Ground Dump 25 0.5 15.0 

11 BC-11 Vibrating Screen 4D Ground Dump 25 0.5 15.0 

12 BC-12 Vibrating Screen 4D Ground Dump 25 0.5 15.0 

13 BC-13 Grizzly Feeder Ground Dump 25 0.5 15.0 

14 BC-14 Vibrating Screen 4D Ground Dump 25 0.5 15.0 

15 BC-15 Vibrating Screen 4D BC-9 25 0.5 18.0 

 

Table – 3 –List of Structures 

Sl. 
No. Name Size MOC 

1 Ramp & Retaining Wall 7.2 m Height MS with RCC Fdn. 

2 Dump Hopper Building 4.5mx4.5mx6m Ht. MS with RCC Fdn. 

3 Surge Hopper Building 4.5mx4.5mx6m Ht. MS with RCC Fdn. 

4 Screen & Cone Cr. Bldg. 4.5mx4.5mx4m Ht. MS with RCC Fdn. 

5 4D Screen Bldg. 6.0mx4.0mx3.5m Ht. MS with RCC Fdn. 

6 Control Room 6.5mx5.5mx3.5m Ht. RCC with Brickwork 

 

A plant GA has been developed which covers the total area 6000 sqm and the total power 

requirement will be about 500 KW.  
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Fig. No. 1: Schematic Diagram of Crushing & Screening System 

 

Fig. No. 2: Schematic Diagram of Pollution Control System 

 

The dry type dust control system comprises of adequate Enclosure at key locations 

with hooding arrangement for extraction of the dust, arrangement of Cyclone or 

Settling Chamber to collect the coarser portion of the dust and a Bag-filter house to 

capture the finer portion of the emission not captured by Cyclone or Settling 

Chamber etc. The sufficient capacity of extraction and pressure drop across the 
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system would be required to be provided by installing an induced draft fan of 

sufficient capacity. The details of the systems component are briefly described 

below. 

1.3.2 Adequate Enclosure and Hooding Arrangement for Key Locations  

a) Discharge from Crusher to Belt 

The area where crushed stones fall over the belt conveyor needs to be adequately 

enclosed from all sides and the airborne dust emissions will to be sucked from the 

front and rear end. Such enclosures would be required for all the Crusher 

discharges. 

b) Transfer Points 

The areas where crushed material is discharged/transferred either from one belt 

to another or belt to hopper is required to be adequately enclosed from all sides. 

Flexible rubber flap arrangement needs to be provided at the opening around the 

belt conveyor to minimize the gap as less as 2 inches. Wind breaking walls 

arrangement for partially enclosing stock piles would be constructed to reduce wind 

blowing of dust. 

c) Vibratory Screen 

The vibratory screen should be adequately enclosed from all sides and extracted to 

the control system. The enclosure should be provided such that the vibratory 

motion of the screen is not obstructed. The gap between the enclosure and the 

screen would be kept as minimum as possible and could be joined using flexible 

cloth type material. Smaller the dimension of the enclosure, lesser would be the 

extraction volume and vice-versa. But with the smaller enclosures, there should be 

provision to dismantle the enclosure easily during maintenance of the screen and it 

should be ensured that it is refitted to its original shape and size after maintenance. 

1.3.3 Hooding and Extraction System Arrangement 

All the above enclosed locations need to be provided with hooding arrangement 

and it has to be extracted via a network of steel ducts. The duct sizing should be 

such that the velocity of the air remains in a desired range of 15-20 m/s, lower 

velocity would lead to settling of dust particles inside the ducts which eventually 

cause partial choking of the ducts; higher velocities can cause greater erosion of the 

pipes and more friction losses thereby requiring more fan power. The layout of the 

duct network should be balanced for flow and pressure so as to provide desired 

extraction capacity at each location.  

Typically a large capacity crusher would need to extract a gas flow volume of about 

46000 m3/hr and for a medium crusher of about 50 TPH capacity, the gas volume 

would be 11500 m3/hr. Considering about 250 mm static pressure requirement, the 

ID fan required works out to about 80HP. 
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1.3.4 Coarse Dust Control Arrangement as Pre Collector  

The dust extracted from various points contains some percentage of coarse dust 

and some percentage of fine dust. The coarse dust can be economically controlled in 

equipments like a simple settling chamber or a cyclone. A settling chamber is 

nothing but a room enclosed from all sides with one incoming opening and another 

outgoing opening. The air velocity is reduced in the range of 1-2 m/s by sudden 

expansion from the duct cross section to a big area that of the room cross- section. 

Due to drop in velocity, the coarse dust particles get dropped to the ground and are 

settled. A Cyclone is a cylindrical vessel with a conical bottom with one tangential 

entry and a central exit pipe from the top. The dust is made to rotate a few times 

inside the cyclone and due to centrifugal force the heavier coarser particles get 

thrown to the shell side and are collected at the bottom. The collected dust is taken 

out from the cyclone periodically or continuously by installing a rotary air lock type 

valve.  

1.3.5 Bag filter type final dust collector  

The above discussed settling chamber or cyclone type dust collectors are only 

adequate as pre-collector and a back filter type final dust control system is required 

to be installed to capture the finer dust particles escaping the pre-collector.  

In case the pre-collector not to be installed, it would increase the dust load on the 

bag-filter house and would call for either more number of filter bags or more 

frequent cleaning of the filter bags and it is therefore the pre-collectors are 

recommended to reduce dust load on the bag filter. In the developed countries like 

USA bag filter along with cyclone type pre collectors are commonly installed. The 

bag filters generally employ cotton satin type filter bags which are the cheapest 

along with a manual shaking type bag cleaning arrangement even in USA.  

In some units even pulse jet cleaning type are also installed. In Indian applications 

a manual shaking type bag filter using cotton bags need to be installed as final 

collectors. 

1.3.6 Induced Draft (ID) fan 

An induced draft fan is required to be installed to provide desired capacity in 

terms of flow rate to be extracted and to overcome the system pressure drop. The 

fan is a centrifugal type with single central inlet and vertical side discharge outlet. 

The fan is driven by an electric motor through V-belt pulley arrangement. A fan rpm 

about 1200 –1400 are recommended handling stone dust applications. 

In addition to the dust pollution control measures depicted above, the 

management will also carry out water sprinkling at unloading and loading locations 

by stationary water sprinklers and on the haul roads by mobile water sprinklers. 
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1.0  Introduction 

Hazard identification and Risk Assessment is a formal process involving the study of 

work activities, carried out as to:  

a. Identifying hazards, which are the potential causes of harm.  

A hazard is defined as “means a source of or exposure to danger”. When assessing all 

hazards employers would be required to assess all tasks performed or machines / 

equipment used;  

b. Assessing the risks for each tasks evaluated.  

Risk is defined as “means the probability that injury or damage will occur”. When 

assessing the risk associated with the task performed the Risk Rating Sheet could be 

used.  

c. Deciding on suitable measures to eliminate or control measures to be 

implemented.  

The Occupational Health and Safety Act, 1993 and incorporated Regulations regard the 

issuing of personal protective equipment as the last resort. Employers should therefore 

first attempt to mitigate the hazards identified;  

d. Recording the information.  

Without any record of HIRA’s conducted the employer would not be able to prove 

compliance. The format of the Risk assessment report is not prescribed. 

e. Implementing control measures as to ensure that the workplace is as safe 

as what would be reasonable practicable.  

Reasonably Practicable is defined as” means practicable having regard to:  

i. The severity and scope of the hazard or risk concerned;  

ii. The state of knowledge reasonably available concerning that hazard or risk and of 

any means of removing or mitigating that hazard or risk;  

iii. The availability & suitability of means to remove or mitigate that hazard or risk; 

and  

iv. The cost of removing or mitigating that hazard or risk in relation to the benefits 

deriving there from.  

 

 

 



ANNEXURE-IV 

 

 

Annexure IV-Page 2 of 14 

 

1.1  Hazard Identification: 

Hazard analysis involves the identification of hazards at a facility and evaluating 

possible scenarios leading to unwanted consequences. The hazard analysis stage is a 

very important part of the risk management process, as no action can be made to avoid, 

or reduce, the effects of unidentified hazards. The hazard analysis stage also has the 

largest potential for error with little or no feedback of those errors. 

 

There are several hazard identification techniques. Out of available techniques we have 

selected Preliminary Hazard Analysis to identify the hazards in this mining process. 

Major Hazards identified would include the following; 

 

 Fly-rocks during blasting  

 Toppling of heavy equipment  

 Explosion in magazine (explosive storage)  

 Fire in fuel (HSD) storage /handling  

 Waste dump failure  

 Fire in mine equipment  

 Landslide (Slope failure)  

 Electrical Fire 

 Hanging of unsupported rock mass on the working face of the mine.  

 Blasting is not done by an authorised person.  

Apart from the above there are other hazards which can have serious impacts on the 

health of workmen. They include the following. 

 Exposure to dust, chemicals and hazardous substances 

 Hazards due to gravitational energies acting on unsafe stockpiles, structures, 

excavated pits etc. 

 Hazards due to unsafe handling /driving or failure of mobile mechanical 

equipment. 

 Hazards due to fixed mechanical equipment due to unsafe acts or conditions. 

 Hazards posed due to unsafe work environment like higher noise level, slips /tripe, 

vibration etc. 

The risk analysis mentioned below has included all these hazards systematically. 

1.2 Risk Assessment 

1.2.1 Types of Risk Assessments  

Risk assessments to be conducted can be divided into the following three types;  
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a). Baseline Risk Assessments – A Baseline Risk Assessment would be conducted if 

no previous Risk Assessment has been conducted. This Risk Assessment report should 

reflect information on:  

i. All workplaces;  

ii. All activities or tasks performed; and  

iii. All machinery or tools used.  

The frequency at which these Risk Assessment reports should be reviewed is not 

prescribed. It is however common that annual reviews are required;  

b). Issue Based Risk Assessments – These Risk Assessments are typically 

conducted:  

i. After a new machine was purchased - The purpose of this assessment is to determine 

if the machine is safe and in compliance with legal and other requirements;  

ii. After an incident - During the incident investigation process, weaknesses with internal 

policies or procedures could have been identified. The incident investigation may 

also show additional precautionary measures are required to prevent a re-occurrence; 

and   

iii. When new legislation was promulgated - New legislation may prescribe 

requirements which are currently not being complied with. Assessing the contents of 

the legislation will show these non-conformances and will allow employers to ensure 

compliance;  

c). Continuous Based Risk Assessments – Regular inspections conducted on 

equipment or machinery such as daily inspection of mobile plant could be regarded as 

continues based risk assessments. The purpose of conducting continuous Hazard 

Identification and Risk Analysis is to:  

 Identify Operational health and safety hazards with the purpose of immediately 

treating significant risks  

 Gather information to feed back to issue-based Hazard Identification & Risk 

Analysis  

 Gather information to feed back to baseline Hazard Identification & Risk Analysis. 

1.3  Objective of Risk Analysis 

 Risk analysis is done for  

  Forecasting any unwanted situation  

  Estimating damage potential of such situation  

  Decision making to control such situation  

  Evaluating effectiveness of control measures  
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1.3.1 Acceptable Risk 

Risk that is acceptable to regulatory agency and also to the public is called acceptable 

risk. There are no formally recognized regulatory criteria for risk to personnel in the 

mining industry. Individual organizations have developed criteria for employee risk & 

the concepts originally arising from chemical process industries and oil & gas 

industries. 

Because of the uncertainties linked with probabilistic risk analysis used for 

quantification of the risk levels the general guiding principle is that the risk be 

reduced to a level considered As Low as Reasonably Practicable (ALARP). The risk 

acceptability criteria are illustrated in Figure No. 1. It can be seen that there are three 

tiers: 

  

a. A tolerable region where risk has been shown to be negligible and comparable with 

everyday risks such as travel to work.  

b. A middle level where it is shown the risk has been reduced to As Low As 

Reasonably Practicable Level (ALARP) and that further risk reduction is either 

impracticable or the cost is grossly disproportionate to the improvement gained. 

This is referred as the ALARP region.  

c. An intolerable region where risk cannot be justified on any grounds. The ALARP 

region is kept sufficiently extensive to allow for flexibility in decision making & allow 

for the positive management initiatives which may not be quantifiable in terms of 

risk reduction. 

• Intolerable Region: Risk unacceptance and must be reduced. The actions may 

include equipments and people or procedural measures. If risk cannot be reduced to 

ALARP level, operating philosophy must be fundamentally reviewed by the 

management. 

• ALARP Region: Efforts must be made to reduce risk further and to as low as 

reasonably practicable, without expenditure that is grossly disproportionate to the 

benefit gained.  

• Tolerable Region: Risk level is so low as to not require actions to reduce its 

magnitude further.  
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Figure No. 1: The Risk Acceptability Criteria 

1.4   Methodologies for Risk Analysis –Qualitative Vs Quantitative 

The objective of risk analysis is to produce outputs that can be used to evaluate the 

nature and distribution of risk and to develop appropriate strategies to manage risk. 

Events or issues with more significant consequences and likelihood are identified as 

“higher risk‟ & are selected for higher priority mitigation actions to lower the 

likelihood of the event happening and reduce the consequences if the event were to 

occur.  

Qualitative methods use descriptive terms to identify and record consequences and 

likelihoods of the events and resultant risk. Quantitative methods identify likelihoods 

as frequencies or probabilities. They identify consequences in terms of relative scale 

(orders of magnitude) or in terms of specific values (for example estimate of cost, 

number of fatalities or number of individuals lost from a rare species).  

The main difference between qualitative and quantitative risk analysis is that the 

former uses a relative or descriptive scale to measure the probability of occurrence 

whereas quantitative analysis uses a numerical scale. For example, a qualitative 

analysis would use a scale of "Low, Medium, High" to indicate the likelihood of a risk 

event occurring. 
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A quantitative analysis will determine the probability of each risk event occurring. For 

example, Risk #1 has an 80% chance of occurring; Risk #2 has a 27% chance of 

occurring, and so on. 

For both qualitative and quantitative methods it is important to invest time in 

developing appropriate rating scales for likelihood, consequence and resultant risk. 

The full range of risk situations likely to be encountered within the scope of the exercise 

should be considered when developing rating scales.  

The Black Stone Open caste mine is at the stage of EIA assessment. As such base line 

risk assessment is required for the mining project. Detailed information required for 

the Semi Quantitative and Quantitative Risk Analysis Methods are not available. As 

such attempt has been made here to conducting a qualitative risk assessment   

1.4.1 Qualitative Methods  

Qualitative approaches to risk assessment are the most commonly applied. Qualitative 

risk assessment methods are quick and relatively easy to use as broad consequences 

and likelihoods can be identified and they can provide a general understanding of 

comparative risk between risk events, and the risk matrix can be used to separate risk 

events into risk classes (ratings).  

A logical systematic process is usually followed during a qualitative risk assessment to 

identify the key risk events and to assess the consequences of the events occurring and 

the likelihood of their occurrence. 

 

Fig. No. 2: Qualitative Method for Classification of Risks 
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Table No. 1: Likely hood and consequence Table for Qualitative Risk 

Analysis 

 

Qualitative approaches are best used as a quick first-pass exercise where there are 

many complex risk issues and low-risk issues need to be screened out for practical 

purposes. Qualitative approaches have some shortcomings compared with more 

quantitative approaches. Key criticisms are that qualitative methods are imprecise it is 

difficult to compare events on a common basis as there is rarely clear justification of 

weightings placed on severity of consequences and the use of emotive labels makes it 

difficult for risk communicators to openly present risk assessment findings. 

1.5 Hazard Identification & Risk Assessment of Black Stone Mine at Hatgacha-

Jethia 

The Black Stone Mine is located in Hatgacha and Jethia villages in Birbhum District of 

West Benga,India. Mining operations are to be carried out in a series of 6 meter high 

benches; 110mm diameter holes are deep drilled and blasted with explosives; the stone 

is then shovelled and trucked. The mine has facility for crushing and screening of the 

stone in a crusher plant of 200 TPD capacity to prepare different grades of aggregates. 

The total lease area of the mine is 71.20 ha and the lease was obtained on 16/12/2010. 

The lease area does not have any forest cover. The black stone mine aims to produce   a 

maximum aggregates of 0.8 million TPA and +12mm sizes. To have risk assessment of 

the mining process the following information is recorded: 

 Topographic data,  

 Geological data  

 Location data  
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 Mining methodology 

 Machineries deployed 

 Topography Data – it is an essential component as it gives an idea about the 

surrounding environment of the deposit. At Black Stone Mine the entire area is 

having a flat topography and the general slope of land is towards north. There is no 

river flowing through this area; however a perennial nala flows from south to north 

in the western part of the mine lease area with one of its tributaries. 

 Geological Data – it gives an idea of the kind of the deposit that is available and 

the nature of OB on the area and also faults or discontinuities if present any. In the 

black stone mine represent a vast spread of basalt of Rajmahal Volcanic. The 

sevolcanic rocks are believed to be of middle Jurassic to lower Cretaceous age. 

Rajamahal volcanic rocks include thick sequence of basalt and intertrapen 

sediments. The maximum thickness of the Rajmahal volcanic site is of the order of 

330m. However, it shows a decrease in thickness towards south near the eastern 

periphery of Raniganj coal field where it attains a thickness of 100m. The 

intertrapen horizon varies in thickness from 1m to 26m and even greater thickness 

has been recorded. 

Geological survey of the study area reveals the following sequence of formations; 

1st Layer - Soil/Aluvium 

2nd Layer - Basalts 

3rd Layer – Intertrapean 

4th Layer - Massive Basalts 

However, the thicknesses of these layers vary from location to location. The thickness 

of top layer i.e. alluvium vary from  5m-8m,2nd layer from 80m-130m, the third layer 

i.e. Intertrapean from 26m-70m.This is followed by massive basalt. 

1.5.2 Mining Method  

In the black stone open cast mine semi-mechanized method of mining would be 

adopted. Since the deposit is sub-horizontal or almost flat as per evidence of nearby 

mines /quarries haul road of about 6m width with 3m height shall have to be made 

from the ground level to the bottom of the pit. Thos haul road has been designed 1:16 

or even less gradient for a total length of 1300m and width at last three times the width 

of the dumper so that two dumpers may move up and down simultaneously from the 

pit bottom to ground surface carrying black stoneor waste/overburden/top soil etc.  

The mining operations are achieved with the help of shovel dumper combination. The 

bench height of 6m is kept and drilling is done by 110 mm diameter drills with 10% 
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sub-grade drilling. Blasting is done by using mostly SME (Site Mixed Emulsion 

Explosives) with the Nonel system of initiation so as to minimize adverse effect on 

environment such as ground vibration, noise and fly rock. The blasted material is 

loaded by shovels of different capacities into 28 tons tippers.  

The Black stone from mine faces is carried to weigh bridge and then unloaded at Stock 

yard for crushing to different sizes in the crushing plant. During crushing of black 

stone there will be generation of dust which shall be admixed with OB material/soil for 

dumping in the construction of earthen embankment in the west of the lease area.   

Machinery Deployed  

The detail of the HEMMs used at black stone mine are given below. Dumpers of 28T 

capacity would be used. The drills used are electrically operated whereas the shovels 

are diesel operated.  

Table No. 2: Machinery Deployed in the Blackstone Mine 

Machinery Capacity of Each 

Unit 

Number of 

Units 

Drill with Compressor – Wet 

drill accessories 

4” dia or 110mm dia 2 nos. 

Hydraulic Excavator /Backhoe 2.5 cum 2 nos. 

Hydraulic excavator /Backhoe 2.0 cum 1 no. 

Front End Loader 2.0 cum 1 no. 

Rock Breaker -- 1 no. 

Bull Dozer  180 HP 1 no. 

Tippers 28 Tonnes 18 nos. 

DG Set 500 KVA 1 no. 

Jeep  -- 2 nos. 

Risk Analysis and Risk Management  

The steps we would be following for risk assessment and risk management in the black 

stone open caste mines are as follows:-  

 Hazards identification  

 Ranking of hazards as per their probability and consequence  

 Management of hazards as per their ranking  

Major risks that were identified were related to  

 Fly-rocks during blasting  
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 Toppling of heavy equipment  

 Explosion in magazine (explosive storage)  

 Fire in fuel (HSD) storage /handling  

 Waste dump failure  

 Fire in mine equipment  

 Landslide (Slope failure)  

 Electrical Fire  

As per the risk analysis carried out in black stone mine, few major risks as per the 

ranking are;  

 Hanging of unsupported rock mass on the working face of the mine.  

 Blasting is done by an unauthorized person.  

Risk Rating 

Table No. 3: Dust, Chemicals and Hazardous Substances 

Hazard Type  Likelihoo

d Level  

Maximum 

Consequenc

e  

Risk 

Rating  

Dusts that can effect health such as silica L4  C3  17  

Other dusts that can effect operations  L4  C3  17  

Chemical such as petrol, diesel, oils, 

degreasers, solvents  

L4  C4  21  

Chemical fumes such as from welding/ 

cutting, grinding, etc 

L3  C5  22  

Gases such as H2S, CO, CO2 NOX  L4  C5  24  

Fines or build-up of combustible 

particles  

L4  C5  24  

 

Table No. 4: Explosives 

Hazard Type  Likeliho

od Level  

Maximum 

Consequen

ce  

Risk 

Rating  

Unauthorised person firing shot  L3  C1  4  

Handling Explosives  L4  C1  7  

Explosives – general (Fly rock 

occurrences, noise & vibrations, in 

L4  C1  7  
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neighbourhood)  

Explosives Storage -including detonators  L5  C1  11  

 

Table No. 5: Gravitational Energies 

Hazard Type Likelihoo

d Level 

Maximum 

Consequen

ce 

Risk 

Rating  

High wall / pit wall / stockpiles / berms L3 C1 4  

Fall and dislodgement of earth and rock L4 C1 7  

Instability of the excavation & adjoining 

structures 

L4 C1 7  

Floor L4 C3 17  

Mine road design and construction L4 C3 17  

Objects / structures falling on people L4 C3 17  

Fall of things such as components, tools, 

structures 

L5 C3 20  

Air blasts / wind L3 C5 22 

 

Table No. 6: Mechanical Energies  

Equipment such as earth moving 

machinery (trucks, loaders, dozers, 

etc.), rail, winders, mining equipment 

such as drills, shovels, excavator, other 

Hazard Type  

Likeliho

od Level  

Maximum 

Consequenc

e  

Risk 

Ratin

g  

Inappropriate exposure to moving machinery  L4  C2  12  

Mechanical failure (including critical 

systems)  

L3  C3  13  

Loss of control of a vehicle or other 

machinery at the mine  

L4  C3  17  

Road traffic in and out issues  L4  C3  17  

Interaction between mobile plant & 

pedestrians  

L4  C3  17  

Unintentional fire or explosion  L4  C3  17  



ANNEXURE-IV 

 

 

Annexure IV-Page 12 of 14 

 

Contact of mobile plant with overhead 

structures  

L5  C3  20  

 

Table No. 7: Fixed Mechanical Equipment such as Conveyor, Crusher, 

Screens, Others 

HAZARD TYPE  Likelihoo

d Level  

Maximum 

Consequenc

e  

Risk 

Rating  

Means of prevention, detection and 

suppression of fires  

L4  C1  7  

Inappropriate access to operating 

machinery (e.g. Guards missing)  

L4  C2  12  

Mechanical failure (including critical 

systems) 

L3  C3  13  

Conditions under which plant is use  L4  C3  17  

Safe access/procedures  L4  C4  21  

Blockages and spillage  L4  C5 24 

 

Table No. 8:  Pressure (Fluids/Gases)  

HAZARD TYPE  Likelihoo

d Level  

Maximum 

Consequen

ce  

Risk 

Rating  

1. Unusual rain event  L3  C3  13  

2. Inrush into/flood intrusion of mine 

(directly or indirectly)  

L5  C3  20  

3. Road drainage  L4  C5  24  

 

Table No. 9:  Work Environment  

HAZARD TYPE  Likelihoo

d Level  

Maximum 

Consequen

ce  

Risk 

Rating  

Noise  L4  C2  12  

Manual handling hazards  L4  C3  17  
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Wildlife such as snakes, spiders, insects  L4  C3  17  

Biological, such as exposure to work 

related diseases  

L4  C3  17  

Slip/trip hazards  L4  C4  21  

Vibration  L4  C4  21  

Building maintenance / cleaning  L3  C5  22  

Effects of Ventilation  L5  C4  23  

Condition of Buildings / Structures  L4  C5  24  

Sufficient Hygiene Facilities  L4  C5  24  

 

Table No. 10:  Others  

HAZARD TYPE  Likelihoo

d Level  

Maximum 

Consequen

ce  

Risk 

Rating  

1. Use of PPE  L5  C1  11  

2. No dust suppression after blasting  L1  C4  10  

Risk Treatment  

 All safety precautions and provisions of Metalliferous Mine Regulations (MMR) 

1961 shall be strictly followed during all mining operations. 

 Entry of any unauthorized person into mine and plant areas shall be completely 

prohibited. 

 Arrangements for fire fighting and first-aid provisions in the mine’s office 

complex and mining area. 

 Provision of all the safety appliances such as safety boot, helmets, goggles, ear 

plugs etc. shall be made available for the employees.  

 Mining will be undertaken in coexistence with the requirements of the Mining 

Plan which shall be updated from time to time. 

 Mine faces shall be regularly cleaned so as to ensure that the same is safe to work  

 Handling of explosives, charging and blasting shall be undertaken only by a 

competent person. 

 Adequate safety equipment shall be provided at the explosive magazine. 

 All the mining equipment shall be maintained as per the guidelines of the 

manufacturer. 
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 Haul roads shall be water sprinkled in order to suppress dust and other fugitive 

emission. 

 Elevating the awareness of employees, contract workers and public as a whole by 

celebrating Annual Safety Week which includes various competitions like posters, 

essay, slogan, quiz etc.  

 

 








































