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ABSTRACT

INTRODUCTION

Provision of suitable work environment for the wenk is essential for achieving higher
production and productivity in both surface and engdound mines. Poor lighting and noisy
working conditions have negative effects on the k@’ morale and adversely affects their
safety, health and performance. In order to agbesstatus of illumination and noise levels in
mines, systematic illumination and noise surveysrageded to be conducted using appropriate
statutory guidelines so that effective control nueas can be taken up in mines. Keeping this in
view, this project work was undertaken to carry lumination and noise survey in few non-

coal and coal mines of Orissa.

OBJECTIVES

il Understanding of the basic concepts of illuminaaod noise.

+  To measure illuminance level of luminaries usirdjgital luxmeter in surface and
underground coal/non-coal mines.

+  To conduct noise survey in few opencast and undargl coal/non-coal mines.

il To assess the adequacy of illumination and noisgdden mines vis-a-vis Indian

standards.

ILLUMINATION AND NOISE SURVEY

lllumination survey was carried out @pencast mine of BSL Birmitrapur & Underground Coal
Mines of MCL in Orissa, using Digital Luxmeter (Metravil332).Similarly, ise survey was
carried out in opencast mine of BSL Birmitrapur &dérground Coal Mines of MCL in Orissa,
using Sound level meter (CEL 283). The resultstatlies were compared with the existing

standards and due inferences were obtained.



CONCLUSIONS

The results obtained from illumination survey inananized unit of pathpahar mines of BSL
reveal that at loading points, near crushers, rnshers & dumping yards were adequate and
are within the limits of Indian standards wherdmsriinance levels in electrical substation, store

room, rest rooms and electrical control rooms vireaelequate.

From the survey results in underground coal mifeBIGL, it was found that roadways were
comparatively narrow and is not easy to illuminat@formly because of limited height in
underground. The excessive length of roadwaysrmre below ground makes it uneconomical
to provide lamps at all places; therefore, theyamecentrated at places, which are most active
i.e. pit bottoms, loading point etc. The illuminanevel measured in inclined shafts & travelling

roadways conveyance for man riding of Hirakhand d@amines were adequate.

The illuminance level measured in inclined shaftdr&elling roadways in different levels of
Nandira colliery, Talchir were fairly satisfactorfyrom the survey it was observed that most of
the underground mines use florescent lights whidvige better light distribution, longer lives,

higher efficacy, better color concentration, argklglare potential.

Noise has become an integral part of mining enwirent. Introduction of more and more mechanization,
powerful equipment is expected to increase morsengiroblems thereby inducing noise doses with
associated physiological and psychological probleimsthe exposed populationdRepeated or

prolonged exposure to excessive noise levels ealtllto hearing impairment. Potential sources
of noise emissions include compressors, drillingcimr@es, crushers, or other mechanical
equipment used at a mine. Wherever possible, so@e rsources should be muffled with an
effective acoustic absorbing material so as to cedooise emissions to tolerable levels.
Increasing the distance between the noise soumtéhanlistener is often a practical method of
noise control. Where such noise control measuresnat possible, comfortable and practical
personal hearing protection devices, such as apgresr plugs or ear muffs, should be worn by

every person exposed to noise levels exceedind90 d



The results obtained indicated that the sound preskevels of various machineries used in
Pathpahar mines of BSL, & underground coal mineMGiL were higher than the acceptable
limits (>90dB (A)). In the mines under study, mas$tthe mine workers were exposed to SPL
(sound pressure level) beyond TLV (90dBA) due toclm@ery noise. Therefore, control
measures should be adopted in mines for machirsewyel as hearing protection aids should be
supplied to the workers in order to protect theamworkers from NIHL (Noise induced hearing

loss) & to keep the environment safe.



CONTENTS

Sl. no Title Page no.

CHAPTER-01 | INTRODUCTION 1
1.1 Objectives 3
CHAPTER- 02 | LITERATURE REVIEW 4
2.1 lllumination in Mines S
2.1.1Photometric Terminologies S

2.1.2 Effects of Lighting on Human Health and Psychology 9

2.1.3 Light and Vision Relationships 9

2.1.3.1 The Eye and its function 10

2.1.3.2 Parts of the Light Control System 10

2.1.3.3 Parts of the Receiver-Decoder System 11

2.1.4 Factors Affecting Visual Environment 11

2.1.4.1 Glare 12

2.1.4.2 Reflectance 13

2.1.4.3 Contrast 14

2.1.4.4 Visibility 14

2.1.5 Light Measuring Techniques and I nstrumentation 14

2.1.5.1 Portable Photo Electric Photometers 15

2.1.5.2 Photometric Measurements 18

2.1.5.2.1 llluminance Measurement 18

2.1.5.2.2 Luminance Measurement 19

2.1.5.2.3 Reflectance Measurement 19




2.1.5.3 Instrumentation for Measurignhinance

20

2.1.6 Assessment of World-Wide Visibility Standards 22
2.1.6.1 International Mining Legislation 22
2.1.6.2 lllumination Standards 26

2.2 Noise Survey in Mines 28

2.2.1Terminologies of Noise 28

2.2.2 Mechanism of Hearing 31
2.2.2.1 Effects of Noise on Human Health 32

2.2.3 Noise Measurement 33

2.2.3.1 Planning Noise Measurement 34
2.2.3.2 Noise Measurement Method 35
2.2.3.3 Noise Measuring Instrument 36
2.2.3.3.1 Sound Level Meter 36
2.2.3.3.2 Integrating Sound Level Meter 38
2.2.3.3.3 Noise Dosimeter 39
2. 2.4 Noise Survey 42
2.2.5 Noise Standards and Guidelines 43
2.2.5.1Ambient Noise Standards 43
2.2.5.2 Work place Noise Standards 44
2.2.6 Noise Control 44
2.2.6.1 Engineering controls 45
2.2.6.2 Administrative controls 45
2.2.6.3 Hearing protection 46




CHAPTER - ILLUMINATION AND NOISE SURVEY IN MINES:CASE 48
03 STUDIES
3.1 Illumination and Noise Survey in Pathpahar Dolomite 49
Quarry, Birmitrapur
3.1.1 Introduction 51
3.1.2 lllumination survey 52
3.1.3 Noise survey 54
3.1.4 Results and Discussion 58
3.2 Illumination and Noise survey in Hirakhand Bundia mines, 60
Orient area, Brajrajnagar
3.2.1 Introduction 60
3.2.2 lllumination survey 63
3.2.3 Noise Survey 66
3.2.4 Results and Discussion 69
3.3 lHlumination and Noise Survey in Nandira colliery, Talchir 71
3.3.1 Introduction 71
3.3.2 lllumination survey 73
3.3.3 Noise Survey 75
3.3.4 Results and Discussion 78
CHAPTER-04 | CONCLUSION 80
REFERENCES 83

Vi




LIST OF FIGURES

SI. No. Title Page Nt
Figure 2.1 llluminance 6
Figure 2.2 Luminance 6
Figure 2.3 Reflectance 7
Figure 2.4 Contrast 7
Figure 2.5 Parts of the eye 11
Figure 2.6 Major factors affecting visual enviromh& visual performance 12
Figure 2.7 Function of color correcting filter asponse of photocells 16
Figure 2.8 Diffusing cover for cosine correctiongmtometers 16
Figure 2.9 Photocell orientation for making illuratron measurements 19
Figure 2.10 | Digital Luxmeter 20
Figure 2.11 | Inter-relationship between the elemeht®ise 28
Figure 2.12 | The sound pathway 32
Figure 2.13 | Definition of sound pressure 35
Figure 2.14 | Integrating Sound level Meter 37
Figure 2.15 | Total sound exposure over eight hours 40
Figure 2.16 | Noise dosimeter 40
Figure 2.17 | Sample of noise survey map 43
Figure2.18 E-A-R’s model 100 (left) and Howard Ltgi® model LM-7H (right) 47
Figure 3.1 Location of BSL mines 50
Figure 3.2 Aerial view of Pathpahar Dolomite quaByrmitrapur 50
Figure 3.3 Location of light sources in Pathpahares 52
Figure 3.4 Location of noise sources in Pathpahiaesn 55
Figure 3.5 Measured sound pressure levels at Rahpgines 58
Figure 3.6 Location of Hirakhand Bundia mines 62
Figure 3.7 Aerial view of Hirakhand Bundia minesapajnagar 62
Figure 3.8 Location of light sources in HirakhanghBia mines 64
Figure 3.9 Location of noise sources in Hirakhamhdda mines 67

vii




Figure 3.10

Measured Sound pressure levels at krak Bundia mines 69
Figure 3.11 | Location of Nandira colliery, Talchir 72
Figure 3.12 | Aerial view of Nandira colliery, Talchir 72
Figure 3.13 | Location of light sources in Nandiddliery, Talchir 73
Figure 3.14 | Location of noise sources in Nandiiiery, Talchir 75
Figure 3.15 Measured Sound pressure levels atiNacalliery, Talchir 77

viii




LIST OF TABLES

Sl. No. Title Page Nt
Table 2.1 Parts of light control & receiver-decodgstem 10
Table 2.2 Reflectance of typical surfaces in Coaled 13
Table 2.3 Minimum standards recommended for urrdargl lighting 23
Table 2.4 Standard of illumination at certain ptace 24
Table 2.5 The minimum standards recommended fonCgst mines 25
Table 2.6 Summary of International lllumination leév(in lux) 27
Table 2.7 Guidelines for Instrument Selection 41
Table 2.8 The noise pollution (Regulation & contmalles,2000 43
Table 3.1 lllumination measurements at Pathpahaesi 53
Table 3.2 Distance of measurements from noise ssuncPathpahar Mines 56
Table 3.3 llluminance level in inclined shaft 63
Table 3.4 llluminance level in travelling roadways. 64
Table 3.5 Distance of measurements from noise &suncHirakhand mines 68
Table 3.6 llluminance level in travelling roadways 73
Table 3.7 Distance of measurements from noisecesun Nandira colliery 76




CHAPTER: 01
INTRODUCTION



CHAPTER- 01
INTRODUCTION

The provision of adequate illumination and the nieeensure a safe visual working environment
is a challenge faced by almost all mining industrigghting in mines presents special problems
because of the dark surroundings and low refleetahc opencast mines where work is being
carried out at night shifts, effective illuminatioa required to achieve production and safe
operation of various machinery at different workas. Open-cast mines cover a large area and
continually change their shape as mining proceedbting provision is mainly important in the
underground coal mining industry as there is nanahtlight, and large machines operate in a

confined, dusty and a potentially explosive envinemt.

Noise that is defined as unwanted sound has bsenrae of discontent ever since people began
living together. The problem has been further aggravated by thed rapiustrialization
consequent upon technological advancements to theetver increasing demand of industrial
products.So far as mining industry is concerned, the no@ifion is not new. The introduction
of mechanization has undoubtedly accentuated trse qwoblem. Mining by opencast methods
has become most favorable due to its high prodigtieconomic viability, better safety, higher
conservation, etc. The availability of large diaemetlrills and various types of explosives
facilitate use of hundreds of tonnes of explosicebreak the overburden rocks as well as coal.
In pit crushing system with mobile crusher and éaggpacity coal handling plants are being

installed. All these activities are major sourcéaase pollution.

The advancements in underground mining technolbmher capacity of underground projects
and mechanized shaft sinking and drilling actigitege being undertaken for exploitation of deep
seated reserves which need planning of large oumjngs with their captive mineral handling
plants, coal washeries, thermal power plants, Ntise is generated from various machineries
deployed underground for drilling, loading and sportation activities and often exceeds
permissible noise levels of 90dBA. All these geteerhigh levels of noise within the mine

premises as well as in the surrounding localitiesidential areas.



In order to assess the status of illumination armdenlevels in mines, systematic illumination and
noise surveys are needed to be conducted usingm@gie statutory guidelines so that effective
control measures can be taken up in mines. Keefhiigyin view, this project work was

undertaken to carry out illumination and noise syrin few non-coal and coal mines of Orissa.

Objectives of the Project:

+ Understanding of the basic concepts of llluminatod Noise.

+  To measure illuminance level of luminaries usirdjgital luxmeter in surface and
underground coal/non-coal mines.

+  To conduct noise survey in few opencast and undergt coal/non-coal mines.

+  To assess the adequacy of illumination and noissddén mines vis-a-vis Indian

standards.
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CHAPTER -02

LITERATURE REVIEW

2.1 ILLUMINATION IN MINES
2.1.1 PHOTOMETRIC TERMINOLOGIES

> Light Physics

Two major systems of units are currently used fog guantification of light: illumination
Engineering society (IES) and international systemhsunits (SI). The primary difference
between IES and Sl systems is that the IES systess WS standard measures for linear
dimensions .In the unit definitions while the Slstgm uses metric measures.US coal mine

lighting regulations customarily use IES units.

All standard systems of light units employ certiindamental concepts that are based on the
convenient and meaningful approaches to light gnergasurement and quantification .These

basic concepts are luminous flux, illuminationuiinance), luminous intensity, and luminance.

> Luminous flux

The luminous flux symbol is &, and the lumen (Ishjhe flux unit n used in both the IES and SI
systems. Luminous flux is the time flow rate ohliggnergy. Flux is a power quantity in the same
manner as horsepower. The unit of luminous flug,ltimen, is most frequently used to describe

the lighting power of light sources.

» Lumen (unit)

The lumen(symbol:Im) is the Sl unit of luminous flux, a measure of pherceived power of
light. Luminous flux differs from radiant flux, theeasure of the total power of light emitted,

in that luminous flux is adjusted to reflect thewag sensitivity of the human eye to different

wavelengths of light.



» llluminance
llluminance is the amount of light falling on a faae. The unit of measurement is lux (Ix) and
lumen /mirf the Sl system (or lumens per square meter = ¥®atécandles, fc). A light meter is

used to measure it. Readings are taken from seaeghds and positions.

(Source: http://www.ccohs.ca)
Figure 2.1 llluminance
» Luminance

Luminance is the amount of light reflected fromuaface. The unit of measurement is candela
per square metre (equals 0.29 foot-lamberts). limihance meter is used to measure it. Several

measurements are made and averaged. Luminancs &bleonsulted for reference values.

Luminance

(Source: http://www.ccohs.ca)
Figure 2.2: Luminance
> Reflectance:

This is the ratio of reflected luminous flux to ient luminous flux. In other words, the ratio of
light energy reflected from a surface to the amatniking it. Objects with higher levels of
reflectance will appear brighter than those of Ioweflectance under the same lighting

conditions



Luminance

Sau—

(Source: http://www.ccohs.ca)

Figure 2.3: Reflectance

» Contrast:
The relative difference in luminance between twaeeht surfaces. In other words, how bright
one surface looks compared to the other or thegvaakd against which it is being viewed.

Contrast

(Source: http://lwww.ccohs.ca)

Figure 2.4: Contrast
» Glare

There are two types of glare: disability glare aligtomfort glare .Disability glare is defined as
glare resulting in decreased visual performance \asithility. The cause is stray light which
enters the eye and scatters inside. This produeediag luminance over the retina, which has
the effect of reducing the perceived contrast & tibjects being viewed. Discomfort glare
causes fatigue and pain caused by high and nooromiflistributions of brightness in the

observer’s field of view.

» Luminaire
The complete lighting assembly, less the supp@éerably. For purposes of determining total
light output from a luminaire, lighting assembligkich include multiple unshielded or partially

shielded lamps on a single pole or standard skatbinsidered as a single unit.



» Differences between lumens and lux

The difference between the unit’s lumen and luth&t the lux takes into account the area over
which the luminous flux is spread. A flux of 100@mens, concentrated into an area of one
square metre, lights up that square metre withllaminance of 1000 lux. The same 1000

lumens, spread out over ten square meters, praddoemer illuminance of only 100 lux.

» Horizontal llluminance
The measure of brightness from a light source, llysmaeasured in foot-candles or lumens,

which is taken through a light meter's sensortatra&zontal position on a horizontal surface.

» Vertical llluminance
The measure of brightness from a light source, llysmaeasured in foot-candles or lumens,

which is taken through a light meter's sensorrtical position on a vertical surface.

» Uniformity Ratio
It describes the uniformity of light levels acr@ssarea. This may be expressed as a ratio of averag
to minimum or it may be expressed as a ratio ofimam to minimum level of illumination for a

given area.

» Direct lllumination
lllumination resulting from light emitted directfyom the lamp, off of the reflector or reflector
diffuser, or through the refractor or diffuser lenga luminaire.

» Flood or Spotlight
Any light fixture or lamp that incorporates a retier or a refractor with a diffusing glass
envelope to concentrate the light output into aded beam in a particular direction.

> Lighting Fixture
The assembly that houses the lamp or lamps anohclae all or some of the following parts:
a housing, a mounting bracket or pole socket, g l&wider, a ballast, a reflector or mirror,

and/or a refractor or lens.



> Full Cutoff Light Fixture
A luminaire light distribution where no light is éted above the horizontal, and where the

intensity at 80 degrees from nadir is no greaten thOO candela per 1000 lamp lumens.

» Height of Luminaire
The height of a luminaire shall be the verticaltalice from the ground directly below the

centerline of the luminaire to the lowest diregili-emitting part of the luminaire.

2.1.2EFFECTS OF LIGHTING ON HUMAN HEALTH AND PSYCHOLOGY

Medical research on the effects of excessive lgghthe human body suggests that a variety of
adverse health effects may be caused by light patior excessive light exposure, and some
lighting design textbooks use human health as qticgixcriterion for proper lighting. Health
effects of over-illumination or improper spectrangposition of light may include: increased
headache incidence, worker fatigue, medically @efistress, and increase in anxiety. Common
levels of fluorescent lighting in offices are saiéint to elevate blood pressure by about eight
points. Specifically within the USA, there is evide that levels of light in most office
environments lead to increased stress as wella@esased worker errors. The case against light
pollution is strengthened by a range of studiebeaith effects, suggesting that excess light may
induce loss in visual acuity, hypertension, heada@nd increased incidence of carcinoma.

2.1.3 LIGHT AND VISION RELATIONSHIPS

This section addresses the visual needs of the emonkhich are the ultimate basis for
illumination design. These needs are defined byth@&)requirements for optimal functioning of
the visual sensory system, and (2) the light ne¢dedtablish an appropriate level of visibility
necessary for safe, efficient work performance. Tidgting design process begins by carefully
determining these needs. Then practical, techneradi, economic factors are considered in
establishing an appropriate system design. It iflesntthe visual needs of coal miners and
indicates, in general terms, what can be doned¢oramodate those needs. First, the functions of
the eyes and the rest of the visual sensory syatenexamined. Then, various environmental

factors that affect the visibility of surroundings.



2.1.3.1The Eye and its Function

The eye (fig.2.bis the organ of sight. It senses the light thaeenit and acts as the first
processor of this light. It then provides this mf@tion to the brain information for
determination of the form, size, shape, color, g@si and motion of the objects in view. To
understand how light and vision interact, it ispfiel to consider the eye as a mechanism made
up of two subsystems: (1) the light control systand (2)the receiver- decoder system. The
parts of each system are outlined in the followtadaulation.

Table 2.1: Parts of light control & receiver-decode system

Light control system Receiver-decoder system
Eyelid Retina and its photoreceptors, Which are the
Cornea rods and cones
Iris-pupil.
Lens and its ciliary muscle.

(Souraeww.cdc.govnioshminingpub.9073.pdf)
2.1.3.2 Parts of the Light Control System
The light control system focuses light on the ligknsitive surface of the eye and controls the
amount of light to which the receiver decoder syste exposed. The parts of the light control
system (see figure 2.%re the- Eyelid: A flap of skin that covers andtpots the eye. Under
extreme brightness, it closesreduce the amount of light entering the eye. Cariiéa clear,
bulging, front portion of the sclera. It permitghi to be transmitted into the eye and works in
conjunction with the lens to focus light on thermat Iris-pupil: The iris is the colored portion of
the eye consisting of muscle tissue that extends ¢ive lens. The iris defines the circular
opening called the pupil (the pupil itself is natactual structure). Light passes through the pupil
to the lens. The iris automatically controls theesiof the pupil and, therefore, acts as a
diaphragm controlling the amount of light enterthg eye. Lens-ciliary muscle: The lens is a
flexible, transparent capsule surrounded by a ahgnuscle tissue, called the ciliary muscle,
directly behind the iris. The lens works in conjtioe with the cornea to focus light on the
retina. The ciliary muscle rounds or flattens the lensydhg for objects at various distances

from the eye.

10
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(Source: www.cdc.govnioshminingpub.9073.pdf)
Figure 2.5: Parts of the eye

2.1.3.3 Parts of the Receiver-Decoder System

The retina is a thin sheet of nerve tissue thatslithe back of the eye. Photoreceptors are
specialized cells of the retina. The retina corgtdimo types of photoreceptors rods and cones.
The names are based on the shapes of these ogliee(2.5). The functions of the rods and
cones differ in many ways, as will be discussec fidceiver-decoder system uses the retina and
its photoreceptors to (Jgrocess characteristics of incoming light-brighthasd color-and (2)
pass this information on to the brain for finalergretation. This basic knowledge is extremely
important to illumination designers so that theg amware of factors under their control that
could impair or enhance these various functiond,they can take appropriate measures in their

designs.

2.1.4 FACTORS AFFECTING VISUAL ENVIRONMENT

Levels of illumination are only one of the factéinat determine the quality, and hence safety, of

a visual environment. In coal mining, other facttnat have been identified as affecting the

overall quality of the visual environment are:

= inherent vision of the mine population

= |ow surface reflectance, usually less than 5%, Wiailcnost eliminates secondary reflections
and indirect lighting;

= suspended dust and water vapor cause backscattedangng apparent illuminance;

11



= mounting height restrictions and job tasks plaeeltiminaries in the worker’s direct line of
sight causing glare;
= mounting positions restrict the size, location aght distribution of the luminaries;

= Luminaries must meet the safety requirements ferimsiazardous atmospheres.

Task Variables
Size/Distance
Contrast
Surface Reflection
Mowvement
Colour

Improved Safety
F Y

Visual Perception
Ophthalmic abilities
Age
Adaptation
Depth perception

Colour vision Quality of Visual Reliable Visual
Performance ™ Performance

Lighting Variables
llluminance Level /
Light Distribution ] h 4

Colour Rendering Improved Efficiency
Glare

Workplace Variables
YWisual Field Constraints
Postural Constraints
Safety Hazards

(Source: ECSC, 1990)

Figure 2.6: Major factors influencing visual environment and visual performance

2.1.4.1 Glare
Glare is a major problem in the coal mining indysiro decrease this, it is better to have lower
powered lights with small distances between thdman tto have high powered lights far apart.
The following ways to reduce glare in the miningustry:

* Move llluminance sources out of the direct fieldvagw;

» Shielding of sources from direct view;

» Keeping differences in luminance between visilolerse and background small;

12



» Keeping background and source illuminance high;
» Position work and lighting properly;
* Avoid specular surfaces;

» Use light of the correct quality.

2.1.4.2 Reflectance

It is found that underground work environments afifsignificantly in surface luminance and
reflectance, output of luminaries and types of &ismpairment that are present. For a given
illuminance, light levels and distribution can behanced by improving the reflectance of
surfaces. Generally light colored surfaces reffactre light than dark colored surfaces. Some
typical percentages of reflectance in coal minessdown in Table 2.2:

Table 2.2Reflectance of typical surfaces in Coal Mines

Surface Reflectance
Coal 3-15%
Calcitic stone dust 59%
Dolomite Stone dust 9%

Rust 9%

Fresh whitewash 65-95%
Faded white wash 20-60%

As it can be seen from the above table, whitewashirwall can increase its light reflecting
ability considerably. Most underground mines make af whitewash as a cost effective means
of improving lighting performance, and the needvtotewash particular locations is required by
legislation in some countries.

Similarly, stone dusting as well as being a safegasure for mitigating the effect of explosions,

can also improve the reflectivity.

13



2.1.4.3 Contrast

In terms of providing a safe and efficient visuabriing environment, lighting levels do not
address the problem fully. Detecting the preserfca potential hazard is probably the most
common and also the most critical visual task imgeof ensuring safety (for example, the need
for drivers to see pedestrians or other obstrustitiee need for pedestrians to see slip, trip, fall
hazards, etc.). In such situations, it is frequetite contrast between the visual target and the
background that is most important in determining taliability of hazard detection. However,
with more light the eye can see more detail, hées® contrast is required.

2.1.4.4 Visibility

Determining what areas miners need to see in aodgerform their job efficiently and safely are
generally referred to as visual attention areas.

Poor sightlines are common to a large range of igndend mobile machinery. A study in the
United States (US Department of Labour, 1980) aated that approximately 36% of the
fatalities involving underground coal mine mobilgugoment between 1972 and 1979 were

directly or indirectly caused by improperly desigragperator compartments.

2.1.5 LIGHT MEASURING TECHNIQUES AND INSTRUMENTATIO N

Instruments are required to evaluate lighting systeand components. The field of light
measurement is called photometry, and the instrtsnased to measure lighting are called
photometers. Many types of photometers are availébl measure light energy and related
guantities, including illumination, luminance, lumous intensity, luminous flux, contrast, color

and visibility.

The photometer is one of the most important tomisliumination system design and evaluation.
Specific uses for underground mine illuminationtegs measurements are-
* Verification of compliance with illumination andriuinance specifications in the regulations;
 Evaluation of illumination system design options;
* Calculation of reflectance of mine and mine simuiaurfaces;
» Checking light distribution;

» Checking illumination reduction over time; and

14



» Evaluation of discomfort and disability glare.

In the underground mine lighting applications, gtometer is used to verify compliance with
mine safety and health administration (MHSA) ligigtiregulations and in the design and
evaluation of lighting systems.

Before taking measurements with a photometer, iwargt be taken to insure that a luminaire or

illumination system is in the proper condition &disfy the purpose of the measurements.
2.1.5.1 PORTABLE PHOTO ELECTRIC PHOTOMETERS

The portable photoelectric photometer consists phatocell that receives light and converts it
into an electrical signal that is conditioned thgbuan electrical circuit and is displayed on a
visual meter. The meter reading is proportionalthe light energy level received by the
photocell.

» Photocell Characteristics

Photocells used in portable photometers have baproved significantly in the past few years.
New design photometers that utilize silicon toleell technology have distinct advantages
when compared with selenium photocell photomet8iicon photocells are more stable and

exhibit a more uniform (linear) response in outpith a change in light level.

» Color Correction

The response of the human eye (spectral lumindugeeicy) for photopic (daylight) vision is
shown in figure 2.7, along with the response cudorea typical uncorrected selenium photocell.
The response of the cell differs significantly frohat of the eye. This difference would cause a
significant error in the measurement of visiblehtigf the cell were not color corrected. This
problem is corrected by the placement of filtergtmm surface of the photocell, which adjusts the
response of the assembly to closely match thahefhuman eye. The response of a color-

corrected photocell is also shown in figure 2.7.

* Calibration
Calibration is a method by which the response gfhatometer is set to match a working

standard. Probably the most significant source wbrein illumination measurements is
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inaccurate instrument calibration. Photometerspargicularly susceptible to loss of calibration

and should always be checked both before andaifieseries of light measurements.

e Cosine Correction

The response of a photocell changes as the angjighofalling on its surface changes. At high
angles of incidence, a greater portion of inconliglgt is reflected from the cell surface. This is
because the reflectance of most surfaces incresstse angle of incidence increases. Errors in
light measurement caused by these factors alonebwmags much as 25 pct. The problem is
corrected by placement of a diffusing cover over pimotocell. This cover adjusts the level of

light received by the cell to the correct propartfor various angles of incidence (fig 2.8).
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(Source:www.cdc.govNioshminingpubspdfsic9074.pdf)
Figure 2.7: Function of color correcting filter onresponse of photocells.
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Figure 2.8: Diffusing cover for cosine correction o photometers.
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« Temperature and Humidity Effects

Wide temperature variations effect the performan€ephotocells. Prolonged exposure of
selenium photocells at temperature above 120 “FC|®ill permanently damage them. Silicon
photocells are less susceptible to temperaturatiami when compared with selenium photocells.

» Sensitivity
lllumination and luminance levels in undergrounclcmines are very low. A meter with high
sensitivity and accuracy permits the very necesfiagy/tuning of lighting systems needed to

meet the stringent lighting regulations.

» Calibration

Calibration is a method by which the response gfhatometer is set to match a working
standard. Probably the most significant source wbrein illumination measurements is
inaccurate instrument calibration. Photometerspargicularly susceptible to loss of calibration

and should always be checked both before andafteseries of light measurements.

» Contamination

In mines, dust can rapidly accumulate on the pldetector surface and diminish measurement
accuracy. Moisture and dust can enter photometdogures and cause movement corrosion or
wear. These factors can easily affect the accuaadyuseful life of an instrument. Photometers

should be kept in a well sealed case and, to axaitmination.

* Photometer Zeroing

It is important to check photometer zeroing priotaking measurements. If an analog meter is
used, this requires setting the meter reading to wéth the photocell completely covered. It
should be verified that the meter remains correntiyped, when the photometer scale selector is

changed.
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2.1.5.2 PHOTOMETRIC MEASUREMENTS
Photometric measurements in mines are of threestyijeminance measurement, Luminance

measurement, and reflectance measurement.
2.1.5.2.1 llluminance measurement

This process measures the incident light (in edeived by a surface. Most countries specify
their lighting standard in lux, so this method isshwidely used in mine surveys .Three different

techniques can be used in mine illumination surveys

i. Direct planar measurement
ii. Separate measurements for direct and diffused light

lii. Maximum reading method

In the planar measurement method, the generaliilance level of the work place is measured
using photocell photometer. The photometer is tadthe surface and readings are taken on

points at regular intervals.

In the second method, Separate determinationseofjtiantity of light reaching the measuring
point directly from the source and the light reachihe same point after one or more reflections
from the walls and roof are made .The illuminanae tb direct light is measured by pointing the
photocell toward the lamp and masking all othehtligources. The reading obtained is then
resolved normal to the surface and the readingdnistehen corrected by using a calibration

curve.

In the maximum reading method: in this method thetpcell is pointed at the light source and
the reading is normally resolved to the plane beaingsidered. The resolved component is

assumed to be the illuminance at the point of nreasent.

18



PHOTOCELL
(FLAT AGAINST SURFACE)
~. ME ASURED

— o~ SURFACE

A- SURFACE ILLUMINANCE MEASUREMEMNT

PHOTOCELL
(POINTED TOWARDS

LU MIMNAIREY)

LIGHT

SOURCE //

=D ==

B- CAMNDLEFPFOWER MEASUREMEMNT

FPHOTOCELL

C- METHOD ALLOWED FOR STE APPROWV AL IJ

(Source:www.cdc.govNioshminingpubspdfsic9074.pdf)
Figure 2.9: Photocell orientation for making illumination measurements

2.1.5.2.2 Luminance measurement

The photometer is aimed at the surface to be medsuuminance measurements state that the
photometer shall be held approximately perpendidoldhe surface being measured. They also
require that the sensing element be at a sufficikéstance from the surface to allow the light

sensing element to receive reflected light frorreltifnot less than 3%nor more than 5%t

2.1.5.2.3 Reflectance measurement
Design of mine illumination requires a thorough Wtedge of reflectance of the rock surface in
the mine. Four different methods are employed. &laes
i.  Incident —reflected light comparison
ii.  Standard chips comparison
iii. Reflectance standard comparison

iv.  Sphere reflectometry

In the first method, a photometer is placed abolitr® from the surface and a reading of the
luminance is given off by the surface is recordgtie meter is then turn around and the incident

light is measured .The reflectance is then caledlas the ratio of reflected to incident light.
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Accurate measurements of the reflectance of swsfageh as a coal face can be a complex task
because, when a surface is not a diffuser, theatefl flux can be scattered non-uniformly.
Methods for the measurement of the reflectanceoal surfaces are briefly discussed in the
following paragraphs. No standard method has betabkshed for the measurement of coal

reflectance.

2.1.5.3 INSTRUMENTATION FOR MEASURING ILLUMINANCE

(sourcehttp://www.metravi.com/1332.html)
2.10 Digital Luxmeter
s Features

= CE Approval

=  With Lux and fc rwo units select function
=  With PEAK/DATA HOLD function

= Cosine corrected: f2 <3%

= Display with backlight

X/
L X4

Specifications

Display: 3 1/2 digit liquid display (LCD) with maxium reading of 1999
= Qver range: (OE) is displayed
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Low battery indication: th F=ljs displayed when the battery voltage drops belwav t
operating level
Measurement Range: 2.5 times per second, nominal
Operating Environment: 0°C to 50°C (32°F to 1228F% 70% relative humidity
Accuracy: Stated accuracy at 23°C £ 5°C (73°F 39 $°IF0% relative humidity
Battery: standard 9V battery (NEDA 1604, IEC 6F28B)

Battery life: 200 hours typical with carbon zindteay
Dimensions: 190mm (H) x 65.5mm (W) x 35mm (D)

Weight: 210g including battery

Photometric Formulas:

10.764 foot candles = lux (lumens /en2}

0.0929.lux = foot candles (lumensotf)

Range: 200lux, 2000lux, 20klux, 200klux, 200fc, @fa) 20kfc, 200kfc
Resolution: 0.1lux, 0.1fc
Spectral Response: Metravi photopic (The Metrawatppic curve is an international
standard for the color response of the average huaye)

Acceptance Angle: f2 < 3% cosine corrected (150°)

Total accuracy for Metravi standardntinant A(2856K) * (3% rdg + 10 dgts)
The Metravi standard illumination A can be realibgdneans of Metravi standard
source A, which is defined as : A gas-filled turgstilament lamp operating at a
correlated color temperature of 2856K
Temperature Coefficient: 0.1x (specified accurddg (<18°C or > 28°C), 0.056x
(specified accuracy) / F° (<64.4°F or 82.4° F)

Peak hold response time: > 50mS pulse light
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2.1.6 ASSESSMENT OF WORLD-WIDE VISIBILITY STANDARDS

A review of current world-wide illumination standisr and guidelines in coal mines was
undertaken to assess their applicability to thedd@mms in the coal mining industry. Where
lighting levels are specified in legislation orredards, the method of specifying actual levels of

lighting varies from country to country. The majgrspecify levels in terms of illuminance.

2.1.6.1 International Mining Legislation

» South Africa

In South African mines, the statutory requirememt ilumination and lighting is given in
Chapter 15 of the Minerals Act, 1991. Within thRegulation 15.1 states that all persons
working in non-illuminated areas shall carry a tigRegulation 15.2 states that ‘adequate’
lighting should be provided at various locationslenground, such as shaft stations and loading
areas; Regulation 15.3.1.States that the movints par certain types of machinery shall be
‘clearly visible’ and Regulation 15.3.2.Specifiesnanimum illumination requirement of 10 lux

at a distance of 20m for all self-propelled moloiachines.

» United Kingdom

The statutory regulation behind lighting in UK caalnes is still the Coal and Other Mines
(Safety Lamps and Lighting) Regulations 1956 .Witthis, Regulation 17.1 states that it is the
duty of the Manager to: - “secure the provision andintenance of suitable and sufficient

lighting at the following places below ground dttahes: -

. shaft or outlet entrances and sidings which aralagly used;
. top and bottom of inclines that are regularly used,;
. sidings, landings, pass-byes, junctions off-taklaces where vehicles are regularly

coupled or are attached to a haulage rope, an@glahere vehicles are regularly filled
mechanically;
. motor and engine houses”,
And that such arrangement must be “arranged $o m&nimise eyestrain and glare”. Section 23
of the same regulations also states particularfasarunderground where theof and walls
should be whitened. These include the shaft statitmp and bottom advery incline and every
siding, junction and pass-bye.
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» Australia

The current New South Wales Regulations in Ausgtrdlihe Coal Mines (Safety Lamps and
Lighting - Underground Mines) Regulations, 1984¢ aery similar to UK legislation. Here,
Section 31 puts duties on the Manager to providetable and sufficientfixed lighting at
specified places underground, and again statesstlwdt lighting shall be arranged to minimise

glare and eye strain.

> India

Standards of underground lighting in India
Good visibility is essential for work persons gaan any job in a safe and efficient manner

.Regulations 151 of CMR, 1957 and Reg.146 of MM8&6 llrequire adequate general lighting to
be provided at specified places both on surface ianghderground .It also requires that the
lighting provided in a mine shall as far as possii¢ so arranged as to prevent glare or eye strain
.In terms of Reg.154(2)b of CMR ,1957 ,the Diredgeneral of Mines Safety may, form time
to time by notifications in the official Gazetteegiy the standard of lighting to be provided in
any specified area or place in a mine.

Table 2.3: Minimum standards recommended for undergound lighting

Place Minimum average illumination level lux
(a) pit bottoms 15-30

(b)Main junctions 12.5

(c) Roadways 4

(d)Haulage engines, control gear and 15

haulage drum

(Source: CMR, 1957)

The roof and side should be properly white- wastied stone dusted on the floor as required
under the statue to achieve the illumination todtamdards for providing necessary visibility for
safe and efficient work at different places.

The standard of lighting in depillaring area shob&lat less 1.5 lumens/Sq.ft at the floor level

.Suitable flood lighting may be arranged by 4 oren250 W bulbs with reflector (matt surface )
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in degree | gassy mine .In degree Il and Ill gassyms a cluster of 15 to 20 cap lamps should be

placed on suitable stand in the area in additiandwidual lights.

Table: 2.4 Standard of illumination at certain plaes

Sl. no Place /Area Minimum

1. At the bottom of a sinking shaft 10 Lux Vertica

2. At the mechanized quarry face 15 Lux Horizontal

3. At coal depot where wagons arg&0 Lux Vertical
loaded 3 Lux Horizontal

4. At fully mechanized longwall face 10 Lux Vesdic

(Source: Ghatak.S (1997), A study of mine managétegislation and general safety .chapter 3,
pp-103)

Lighting standards for opencast mines

The general lighting scheme of an opencast minergéy connected to common power source.
The electric power failure may occur at any timeewtthe whole area may be plunged in
absolute darkness which may lead to an accideditvittual lights may, therefore, be provided to

individual workers in addition to the general ligigt scheme in the opencast mines.

The very high benches ,up to 45m high ,made by lidesy or other heavy earth moving
machinery (HEMM) are very difficult to keep propeilluminated .It may become difficult to
pinpoint the places require dressing ,from the waykpoints over the draglines or Shovels
.Moving flood lights, akin to the hunters searoghti on the boom of the draglines or on the
bucket of the shovels ,may be mounted and thesd fights may be rotated at will lighting up

every nook and corner of the high benches.
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Table 2.5: The minimum standards recommended for Ogncast mines:

Sl.no | Place /Areato be illuminated | Manner in whib it | Minimum Plane level in
is to be illuminated | standard of which the
illuminatio illumination
n to be provided
(Lux)
General working area as 0.2 At the level of
determined by the manager in - surface to be
writing illuminated
Il. Work place of heavy machinerySo as to cover the 5.0 Horizontal
depth and height
through which the 10.0 Vertical
machine works
[l Area where drilling rig works | So as to illuminate 10.0 Vertical
the full height of the
rig
V. Area where bulldozer or other - 10.0 At the level of
tractor mounted machine crawler tracks
works
V. Places where manual work is | To be provided at 5.0 Horizontal
done level of the surface
on which work is 10.0 Vertical
done
VI. Place where loading or - 3.0 Horizontal
unloading or transfer ,loading
of dumpers ,trucks or train is
carried on
VII. Operators cabin of machines 0iTo be provided upto 30.0 Horizontal
mechanism a height of 0.8m
from floor level
VIII. At hand picking points along | To be provided upto 50.0 On the surface

conveyor belt

a distance of not les
than 1.5m from
picker

1°2)

of conveyor
belt
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IX. Truck hauling roads To be provided at the 0.5to 3.0
level of the road Horizontal
X. Rail haulage track in the pit | To be provided at the 0.5
level of the rall Horizontal
heads
XI. Roadways and footpaths from - 3.0
bench to bench Horizontal
XIl. Permanent paths for use of - 1.0
persons employed Horizontal

(Source: Ghatak.S (1997), A study of mine managétegislation and general safety .chapter 3,
pp-104)

» United States

The US regulations are probably the most preseaptn terms of specifying illumination
requirements. Provision 75.1719-1(d) of the Codkeg-e@deral Regulations (Mine Safety &
Health Administration, 1988) states that: “The lnous intensity (surface brightness) of surfaces
that are in a miner’s normal field of vision of asein working places that are required to be
lighted shall not be less than 0.2 cd/mz [0,6 faotberts].

2.1.6.2 lllumination Standards

In order to expand or clarify legislative requirertse the Inspectorate and/or mining companies
of some countries have provided guidance or recamdegkillumination levels of different areas
and operations underground.

Good visibility is essential for work persons targaon any safe job in a safe and efficient
manner. Defining appropriate illumination levels étmderground coal mines is a complex task.
Table 2.6 demonstrates the level of variation acomsintries for each of the specified areas and
operations. In considering health and well beinde@laal (1997) states that the recommended
minimum light level for general underground worksié lux, higher than many of the values in
the Table 2.6.
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Table 2.6: Summary of International Illumination Levels (in lux)

Shafts Loading Around Haulages Headings ulg
Machines workshop
Belgium 20-50 20 25 10
Hungary 40-100 40-60 20-50 210 20-50
Canada (British Columbia) 21 21 53
Poland 30 30 10 210 515 30
UK (British Coal) 70 30 25 50-150
European Coal & Steel 40-90 15-80 5-15 10-30
Community
West Germany 3040 40 80 15
Czechoslovakia 15 20 20 5
South African Gold Mines 20-160 160 20 400

(Source ECSC, 1990; MVS, 1992; Piekorz, 1997)

27




2.2NOISE SURVEY IN MINES
2.2.1 TERMINOLOGIES OF NOISE

= Sound and Noise

Sound is what we hear. Noise is unwanted soundassua form of energy which is emitted by
a vibrating body and on reaching the ear causesasen of hearing through nerves. Sounds
produced by all vibrating bodies are not audiblee Trequency limits of audibility are from 20
HZ to 20,000 HZ.

A noise problem generally consists of three ingdated elements- the source, the receiver and
the transmission path. This transmission pathusliysthe atmosphere through which the sound

is propagated, but can include the structural medseof any building containing the receiver.

() - %
Source Path Receiver
Barrier
o Vi %
—_-_-_-_-_-_-_-_-_-_-_-_-b /
Source Path Receiver

(Source : http://discovery.bits-pilani.ac.in)

Figure2.11: Inter-relationship between the elementsf noise

Noise may be continuous or intermittent. Noise rhayof high frequency or of low frequency
which is undesired for a normal hearing. The dmoration and differentiation between sound
and noise also depends upon the habit and intefréis¢ person/species receiving it, the ambient

conditions and impact of the sound generated duhagparticular duration of time.
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= Decibel

The decibel (dB) is a logarithmic unit of measuretrtbat expresses the magnitude of a physical
guantity (usually power or intensity) relative taspecified or implied reference level. Since it
expresses a ratio of two quantities with the sanig it is a dimensionless unit. A decibel is one

tenth of a bel, a seldom-used unit.
The decibel can be expresseddexibel = 10 log (P / R) (1)
Where P = signal power (W) Prer = reference power (W)

= Sound Power Level
Sound power is the energy rate - the energy ofd@en unit of time (J/s, W in Sl-units) from a
sound source. Sound power can more practicallyxpeessed as a relation to the threshold of

hearing - 132 W - in a logarithmic scale named Sound Power Leig!
lw =10 log (N/N) (2)
Where,L,, = Sound Power Level in Decibel (dB) N = sound power (W)

« The lowest sound level that people of excellentihgacan discern has an acoustic sound
power about 1&* W, 0 dB

« The loudest sound generally encountered is thatjeff aircraft with a sound power of
10° W, 170 dB.

= Sound Intensity Level

Sound Intensity is the Acoustic or Sound Power péf)unit area. The Sl-units for Sound
Intensity are W/rh

The Sound Intensity Level can be expressedl @s:10 log (I / ke ) (3)
WhereL, = sound intensity level (dB),= sound intensity (W/R), |,e; = 10*2 - reference sound
intensity (W/nf)
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= Sound Pressure Level

Sound pressure converted to the decibel scaldlexicsound pressure level (Lp). The zero of the

decibel scale (0 dB) is the sound pressure of @P@a. This means that 0.00002 Pa is the
reference sound pressure to which all other sowesspres are compared on the dB scale. This
is the reason the decibels of sound are often atelitas dB re 0.00002 Pa. The Sl-units for the

Sound Pressure are Nfior Pa.

The Sound Pressure Level:

Lp=10log( B/ prer”) =10 log( p / et )* =20 log (p/ pr) (4)

WherelL , = sound pressure level (dB)= sound pressure (Ppgs = 2 X 10° - reference sound

pressure (Pa)
If the pressure is doubled, the sound pressuré iewgcreased with 6 dB (20 log (2)).

= A-weighted decibels

The sensitivity of the human ear to sound dependd® frequency or pitch of the sound. People
hear some frequencies better than others. If aopehgars two sounds of the same sound
pressure but different frequencies, one sound npea louder than the other. This occurs

because people hear high frequency noise muctr liedie low frequency noise.

Noise measurement readings can be adjusted tosporrd to this peculiarity of human hearing.
An A-weighting filter which is built into the insiment de-emphasizes low frequencies or
pitches. Decibels measured using this filter areeéighted and are called dB(A). Legislation on
workplace noise normally gives exposure limits B @). A-weighting serves two important

purposes:
1. Gives a single number measure of noise levahtegrating sound levels at all frequencies

2. Gives a scale for noise level as experiencertnreived by the human ear.
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» Frequency analysis

Frequency analysis is measuring noise level at #agency or pitch. Frequency analysis is not
required when the purpose of noise measurement iassess compliance with regulatory
exposure limits or to assess risk of hearing I6ss.such purposes the A-weighted noise level in
dB(A), percent noise dose or time-weighted ave(@§®A) equivalent sound level is sufficient.
The frequency analysis is usually needed only Fa& $election of appropriate engineering

control methods.

Sometimes it is necessary to determine the actequéncy distribution of the noise. A detailed
frequency analysis is called narrow band analysighis method the entire audible frequency
range is divided into frequency windows of fixeddin of a few hertz and noise level is
measured in dB units at each of these frequencgows. Narrow band analysis is normally not
needed for workplace noise. Such analysis is usedrfgineering measurements. For workplace

noise we need octave band analysis.

Octave bands are identified by their centre freqyeihe band width increases as the centre
frequency increases. The audible sound frequenayergapproximately 20 to 20,000 Hz) has
been divided into 11 octave bands for this purpdseoctave band filter set can be attached to

an SLM to measure the sound level in each octamnd.ba

2.2.2 MECHANISM OF HEARING

The ear can be divided into three parts: the omidle, and inner ear (figure 2.12). Each of
these parts plays a different part in transmitgognd to the brain. The outer ear collects sound
waves and causes the eardrum to vibrate. The mahtidas three small bones (the hammer,
anvil, and stirrup) connected to the eardrum. Aseardrum vibrates, these bones vibrate, too.
The bones transmit their vibrations to the innerwelaere they end up at a special snail-shaped
structure called the cochlea. The cochlea is adalip, tapered canal that is filled with fluid. The
vibrations cause the fluid in the cochlea to vierdiend back and forth). This in turn causes tiny
hair cells in your ear to vibrate. When the haillscbend (vibrate), it is converted into an
electrical impulse by the auditory nerve. The ingegl travel along nerves to the brain, where

they are translated into the sensation of heanirsgpond.
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The hair cells respond to noise vibrations in twsib ways:

1. Only certain hair cells bend to any particular freacy of sound. Thus, hair cells respond

only to the frequencto which they are sensitive.

2. The amount of bending the hairs undergo dependswanmuch energy (decibels) the noise

has—the greater the energy, the more bendingdkastplace (i.e., the louder the noise will

sound).
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(Source:www.nidcd.nih.gov/health/hearing/noise.asp)

Figure 2.12: The sound pathway

2.2.2.1 EFFECTS OF NOISE ON HUMAN HEALTH

How noise affects will depend upon how long we @xposed to a sound, the loudness of the

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

= Temporary threshold shift

Temporary threshold shiff TS) is a temporary loss of hearing. If we are expdseal very noisy

job, by the end of the shift we may have noticdolsa of hearing sensitivity. The greatest portion

of temporary hearing loss occurs within the fivgb thours of exposure.

The hair cells in our inner ear become exhaustat the excessive noise exposure and require
more energy (decibels) before they will bend antiseerve impulses to the brain. This effect is
“temporary” because the hair cells get a chanaegbwhile we are away from work, and by the

next morning, they have recovered their sensitiitgcovery usually begins within one or two
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hours after being removed from the exposure. Fadbvery from a TTS occurs within about 14

hours.

= Permanent threshold shift

Permanent threshold shiff a permanent hearing loss that is very similath® pattern of
temporary hearing loss, except that we do not recosome of the hair cells are physically
destroyed by the constant pounding and bendingjrigao nerve loss. The more exposure to
loud noise, the more hair cells is destroyed. Bvisntually leads to total deafness. Permanent

loss does not respond to any known treatment @. cur

» Tinnitus

Tinnitus is a ringing in the ears, similar to high-pitcheackground squealing with TVs and
computers. It may accompany temporary and permdreartng loss. Tinnitus is most noticeable
in quiet conditions (e.g., sleeping at night) anaynbe a warning signal of permanent hearing

loss.

= Non-Auditory Effects

Noise can affect more than just our hearing. Fofstll, the psychological effects of noise-
induced hearing loss can be distressing Noise @ra lmajor cause of stress, adding to
nervousness and anxiety. Noise may increase the hai@ and raise blood pressure by
constricting blood vessels. Noise exposure cadym® a permanent increase in blood pressure

leading to heart disease.

» Presbycusis

Presbycusiss a hearing loss as a result of aging. Its onseéttlhe amount of damage vary among
people. It usually begins around age 50. Some peamy never have hearing loss from
Presbycusis. Family/genetic factors influence thaerd of the loss. Presbycusis can be

accelerated by noise exposure.
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2.2.3 NOISE MEASUREMENT

2.2.3.1 Planning noise measurement

Before taking field measurements, it is importantétermine the type of information required.

While making the measurement we must understand:

. The purpose of measurement: compliance with negelations, hearing loss prevention,
community annoyance ,noise control, etc.,

. The sources of noise, and times when the soureesparating,

. Type of noise - continuous, variable, intermittempulse, and

. Locations of exposed persons.
The initial measurements are noise surveys to nhaterif

* noise problem exists and

* Further measurements are needed.

The second step is to determine personal noisesexpdevels; that is, the amounts of noise to
which individual employees are exposed. If the ywtake noise remains steady, noise survey
data can be used to determine employee exposuogguvdr, noise dosimetry is necessary if the

workplace noise levels vary throughout the dayf tie workers are fairly mobile.

Note: It is recommended that prior to starting measuramtre following check-list procedure
is followed.

CHECKLIST

* Has a site plan been produced?

» Are all sections identified?

» Are all machines/processes correctly identified lmcdted?
» Have all areas been classified for type of noise?

* |s the appropriate instrumentation available?

* |s the instrumentation in good working order?

* Are there sufficient batteries?
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* |s the calibrator functioning properly?

» Have the instruments to be used been checked librateon /response within the prescribed
period?

» Are the conditions in the workplace representabiveormal activity?

+ Have all areas with noise levels above recommefiddisd been identified.

2.2.3.2 Noise measurement method
The intensity of sound is measured in sound pressevels (SPL) and common unit of
measurement is decibel, dB. The community (ambieni3e levels are measured in the A -
weighted SPL, abbreviated dB (A). This scale redemthe audible response of human ear.
Sounds of frequencies from 800 to 3000 HZ are aw/éry the A - weighted scale. If the sound
pressure level, L1 in dB is measured at r1 metbes) the sound pressure level, L2 in dB at r2
meters is given by,

L2 =L1-201logl0 (r2/r1) (1)

If the sound levels are measured in terms of pressioen, sound pressure level, LP is given by,
LP =20 Log10 (P/Po) dB(A) 2

The Lp is measured against a standard referencsyree Po = 2 x 10-5 N/m2 which is
equivalent to zero decibels. The sound pressuilgeipressure exerted at a point due to a sound

producing source (figure. 2.13).

0)))))* SPL

(Source: http://www.minex.org.nzpdfSUR_Noise.pdf)

Fig. 2.13:Definition of sound pressure
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2.2.3.3Noise Measuring Instruments

The most common instruments used for measuringeranie the sound level meter (SLM), the
integrating sound level meter (ISLM), and the nalesimeter. It is important that we should
understand the calibration, operation and readiegiristrument when in use. Table 1 provides

some instrument selection guidelines.

2.2.3.3.1 Sound Level Meter (SLM)

A Sound level meter is the simplest instrument latée to determine noise levels. The meter
usually contains the following basic elements: &l)microphone to sense the sound-wave
pressure and convert pressure fluctuations intelectrical voltage, (2) an input amplifier to
raise the electrical signal to a usable level, d3)eighting network to modify the frequency
characteristics of the instruments,(4) an outpupldier,(5) a rectifier to determine the rms
value, and(6) an indicating instrument to displlag ineasured sound level. The response of the
meter and the characteristics of the indicatingrimsent depend significantly upon whether the
instrument is of type 1,2 , or 3.The SLM must bibecated before and after each use. With most
SLMs, the readings can be taken on either SLOWA®TFresponse. The response rate is the
time period over which the instrument averages gbend level before displaying it on the
readout. Workplace noise level measurements shibeldaken on SLOW response. Impulse

characteristics and peak-hold features are somefmmvided as special features.

To take measurements, the SLM should be held atsdength at the ear height for those
exposed to the noise. With most SLMs it does ndtenaxactly how the microphone is pointed
at the noise source. The response rate is theganied over which the instrument averages the
sound level before displaying it on the readout.rigtace noise level measurements should be

taken on SLOW response.

A Type 2 SLM is sufficiently accurate for industrizeld evaluations. The more accurate and
much more expensive Type 1 SLMs are primarily useengineering, laboratory and research
work. Any SLM that is less accurate than a Typeh@ud not be used for workplace noise

measurement.
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An A-weighting filter is generally built into all l9/s and can be switched ON or OFF. Some

Type 2 SLMs provide measurements only in dB(A), nieg that the A-weighting filter is ON
permanently.

A standard SLM takes only instantaneous noise meamnts. This is sufficient in workplaces
with continuous noise levels. But in workplaceshwitmpulse, intermittent or variable noise
levels, the SLM makes it difficult to determine ergon's average exposure to noise over a work

shift. One solution in such workplaces is a noissimheter.

(Source: www.casellausa.com)

Figure 2.14: Integrating Sound Level Meter

% Specification
Accuracy: Sound level meter: IEC 651, BS 5969 and ANSI Si.the type 2 category. DIN 45

634 Maximum RMS hold and energy average as Leq, &b Tm (3 or 6 second), 40dB
dynamic range linear scaled meter.

Ranges:30 - 70 dB, 60 - 100 dB and 90 - 130 dB Overloaticator provided.

Measuring Limits: Self-noise less than 25dB (A) or less than 40dBt(A35dB absolute

maximum.
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Microphone: 17 mm (0.67 inch) electret condenser type

Frequency Response: dBA) or Flat

Display: 47 mm (1.9 inch) meter movement covering 40 dB dymramange.

Time Weightings: Fast Slow and Impulse as per standards.

Maximum Hold: Analogue hold of maximum RMS level with a decay rate ofsléisan 1 dB/5
min at 20°C.

LEQ Calculation: By means of 10msec samples of RMS level. Minimum noneasent
duration 1 second, maximum greater than 24 hours.

Calibration: Field calibration checks by means of CEL-184 or CEL-P&®ustic Calibrators
(NB coupler type CEL-3379 necessary for X version).

Auxiliary Output: 3.5 mm jack feed of conditioned AC output at 1.0V &8D via 3k3 Ohms.
Batteries: 3 x 6 F22 (or equivalent) - 2 for sound level meted one for calibrator.
Temperature Range:10 to +50°C operational. -15 to +60°C storage.

Humidity Range: 30% to 90% for £0.5 dB

Electromagnetic Interference < MSD for 400 A/M

Vibration Interference : < 62d B (Flat) for 1 m/sec/sec

Dimensions: 235mnmx 75mm x 54mm (9.2in x 3in x 2.1in)

2.2.3.3.2 Integrating Sound Level Meter (ISLM)

The integrating sound level meter (ISLM) is simitarthe dosimeter. It determines equivalent
sound levels over a measurement period. The médferahce is that an ISLM does not provide
personal exposures because it is hand-held lik&tié, and not worn. The ISLM determines
equivalent sound levels at a particular locativmives a single reading of a given noise, even if
the actual sound level of the noise changes caatindt uses a pre-programmed exchange rate,

with a time constant that is equivalent to the SL@&kting on the SLM.
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2.2.3.3.3 Noise Dosimeter

A noise dosimeter is a small, light device that t&nclipped to a person's belt with a small
microphone that fastens to the person's collarseclto an ear. It stores the noise level
information and carries out an averaging process.

A noise dosimeter requires the following settings:

(a) Criterion Level: exposure limit for 8 hours per day five days peetu Criterion level is 90
dB(A) for many jurisdictions, 85 dB(A) for some arl/ dB(A) for Canadian federal

jurisdictions.

(b) Exchange rate:3 dB or 5 dB as specified in the noise regulation.

(c) Threshold: noise level limit below which the dosimeter does amcumulate noise dose data.

Wearing the dosimeter over a complete work shifegithe average noise exposure or noise
dose for that person. This is usually expressed g@ercentage of the maximum permitted
exposure. If a person has received a noise do4€@%o over a work shift, this means that the
average noise exposure is at the maximum permi@edexample, with a criterion level of 90
dB(A) and an exchange rate of 3 dB(A), an eightrhexgposure to 90 dB(A) gives a 100% dose.
A four-hour exposure to 93 dB(A) is also a 100%ejoshereas an eight-hour exposure to 93
dB(A) is a noise dose of 200%.

Dosimeters also give an equivalent sound or nasel. This is the average exposure level for
noise over the time dosimeter was on. It has theegatal sound energy as the actual, variable
sound levels to which a person is exposed overstrae time period. Scientific evidence
suggests that hearing loss is affected by the tuise energy exposure. If a person is exposed
over an eight-hour work shift to varying noise lisyat is possible to calculate an equivalent
sound level which would equal the same total seemetgy exposure. This would have the same

effect on the person's hearing as the variablesxpaactually received (Figure 2.15).
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EQUIVALENT SOUND LEVEL
FOR A SOUND WHOSE LOUDNESS VYARIES WITH TIME

Sound (Noise) ﬂ/’\ /\V\'\A Equivalent
Level, dB{A) \J u »,urk Sound Level

Actwal Sound

o =

4
Time {hours)

(Source: http://www.ccohs.ca/oshanswers/phys_afpenée measurement.html)

Figure 2.15: The shaded area under the line that®ws how the sound level changes over
time (the "curve") represents the total sound expaogre over eight hours.

(Sourcewww.niehs.nih.govhealthdocshearing-man.pdf)

Figure 2.16: Noise Dosimeter
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Table 2.7: Guidelines for Instrument Selection

Type of Appropriate Result Comments
Measurement| Instruments
(in order of
preference)
Personal nois¢ 1) Dosimeter Dose or Most accurate for personal noise exposures
exposure equivalent
sound level

2) ISLM* Equivalent | If the worker is mobile, it may be difficult to
determine a personal exposure, unless work

sound level | pe easily divided into defined activities.

3) SLM** dB(A) If noise levels vary considerably, it is difficult
to determine average exposure. Only useful
when work can be easily divided into defineo
activities and noise levels are relatively stable
all the time.

Noise levels | 1) SLM** dB(A) Measurement should be taken 1 to 3 metres
generated by a from source (not directly at the source).
particular
source 2) ISLM** Equivalent | Particularly useful if noise is highly variable;
sound level | can measure equivalent sound level over a S
dB(A) period of time (1 minute).
Noise survey 1)SLM dB(A) To produce noise map of an area, take
measurements on a grid pattern.
2) ISLM Equivalent | For highly variable noise.
sound level
dB(A)
Impulse noise| 1) Impulse| Peak pressur¢ To measure the peak of each impulse.
SLM dB(A)

* SLM stands for Sound Level Meter
** |SLM stands for Integrating Sound Level Meter

(Source: http://www.ccohs.ca/oshanswers/phys_agents/noisasanement.html)
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2.2.4 NOISE SURVEY

Many machines do not operate constantly or at @taoh noise level. Exposure to noise varies
due to mobility of workers, mobility of noise soes; variations in noise levels or a combination
of these factors. Noise measurements should inchade and min, SPLs produced in dB(A) in

any survey & all noise levels less than 80 db(Alyrba ignored. If the survey indicates that

worker is exposed to noise >115db(A) then he shbaldrovided with hearing protection.

A noise survey takes noise measurements througtmoemtire mines or section to identify noisy

areas. Noise surveys provide very useful infornmatibiich enables us to identify:

Areas where employees are likely to be exposedatontul levels of noise and personal

dosimetry may be needed,

Machines and equipment which produce harmful legklwise,

Employees who might be exposed to unacceptable moigls, and

Noise control options to reduce noise exposure.

Noise survey is conducted in areas where noisesexpds likely to be hazardous. Noise level
refers to the level of sound. A noise survey ineslyneasuring noise level at selected locations
throughout an entire mines or sections to identdisy areas. This is usually done with a sound
level meter (SLM). A reasonably accurate sketchnshg the locations of workers and noisy
machines is drawn. Noise level measurements aen taka suitable number of positions around
the area and are marked on the sketch. The morsune@aents are taken, the more accurate the
survey. A noise map can be produced by drawing lme the sketch between points of equal
sound level. Noise survey maps, like that in FigRreél provide very useful information by
clearly identifying areas where there are noisealds The SLM must be calibrated before and

after each use.
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SAMPLE MODISE SURVEY MAP

(85)

(80)

[ = points of measurement |

(Source:http://www.ccohs.ca/oshanswers/phys_agenss/ measurement)

Figure 2.17 Sample of noise survey map

2.2.5 NOISE STANDARDS/ GUIDELINES

2.2.5.1 Ambient Noise Standards

Noise (ambient standards) published in the Gaigites43 dt 26.12.89, succeeded by The Noise
pollution (Regulation and Control) rules, 2000 (& of India, vide SO123(E), dated

14.2.2000 and subsequent amended vide SO 1046ids), @2.11.2000).

Table 2.8: The Noise pollution (Regulation and Comol) rules, 2000

Limits in dB (A) Leq
Area Code Category of Area . - .
Day Time Night Time
A Industrial area 75 70
B Commercial area 65 55
C Residential area 55 45
D Silence zone 50 40

(Sourcenttp://www.cpcb.nic.in/divisionsofheadoffice/pci®ise _rules_2000)

Note-1: Day time reckoned in between 6.00 am tOR10

Note 2: Night time reckoned in between 9.00p.n6.GMam

Note 3: Silence zone is defined as areas up tom@@r around such premises as Hospitals,
Educational institutes, and Courts. The Silenceegoare to be declared by the competent
authority.
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Note 4. Mixed categories of areas should be detlar® "one of the four above mentioned

categories" by the Competent Authority and the esponding standards shall be applied.

2.2.5.2 Work Place Noise Standards

DGMS Circular No.18 (Tech), 1975 A warning limit&5-dB (A) may be set as the level below
which very little risk to an unprotected ear of heg@ impairment exists for an eight-hour
exposure.

* The danger limit value shall be 90-dB (A) abovkieh the danger of hearing impairment and
deafness may result from an unprotected ear.

* A worker should not be allowed to enter, with@propriate ear protection, an area in which
the noise level is 115-dB (A) or more.

* Personal protective equipment shall be wornh#éré are single isolated outbursts of noise,
which can go above 130-dB (A) "Impulse”, or 120-@9 "Fast". © No worker shall be allowed

to enter an area where noise level exceeds 14@&jB (

2.2.6 NOISE CONTROL

A. Generation, Transmission and Reception.

Before steps are taken to develop noise contratisols, the problem should be analyzed in terms of;
the source of the noise, the pathway of transmmsaial the receivers being exposed.

B. Identify the Source - Frequently, a single piece of mining equipmenit eombine several
individual sources of noise.

C. Determine the Transmission Pathways Sound can be propagated over long distances
through structures and noise from individual sosiro®y reach the receiver through different
pathways.

D. Consider the Receivers Consider options on the amount of exposure to thisenrather
than the noise itself

E. Distance Considerations -Sound, which propagates from a point source in fee
attenuates (reduces by) 6 dB for each doubling hef distance from the source. Sound
propagating in an enclosed space is attenuatedHassthis value, because of contributions to

the sound level brought about by reflection fronllsvand ceilings.
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F. Addition of Noise from Several Sources Noises from different sources combine to produce
a sound level higher than that from any individs@alrce. Two equally intense sources operating
together produce a sound level that is 3 dB highan one alone. Note that decibels cannot be
directly added, as they are logarithmic values.

G. Sound Insulation - When a sound meets a wall or partition, only alsmproportion of the
sound energy passes through as most is reflected.

H. Sound Absorption - Sound energy is absorbed whenever it meets aipamaterial. Porous
materials that are intended to absorb sound aledcsbund absorbents and they absorb between

50 to 90% of the incident sound energy.

2.2.6.1 NOISE CONTROL - ADMINISTRATIVE CONTROLS

A. Administrative controls may include the following:

a. Avoiding purchasing hazards by adopting a "buigtyj policy, there is a growing demand for
quieter plant and manufacturers are respondinigi$o t

b. Establishment of job procedures that will redecgloyee exposure e.g. Job Rotation.
c. Planned plant maintenance specifically for noisatrol.

d. Setting targets for noise levels in existing kvareas.

e. Cover off noise management in employee inducrmhtraining.

f. Cover off noise control in work agreements watintractors.

g. Protection of visitors on site.

h. Monitoring employees by initial audiogram andufar repeats.

i. The use of warning signs.

J. The use of hearing protection related to desiph@earing protection areas.

2.2.6.2 NOISE CONTROL — ENGINEERING CONTROLS

A. When attempting to attenuate noise, it shoulddredin mind that noise radiates from most
machinery as both airborne and as structure-bamedsat the same time.

B. Enclosure of MachinesWhere it is not possible to prevent or reduce thiseat its source, it
may be necessary to enclose the entire machinelafively simple sealed enclosure can reduce
noise by 15 to 20 dB(A).
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C. Attenuation of Structure-Borne SoundPreventing transmission of vibration from machines
to the load-bearing structure can considerablyceditructure-borne sound:

a. Large heavy machines should be mounted on fouwntsativhich are completely separated
from buildings or other structures

b. Place other machines on a stable foundation amtenypossible use an elastic separation such
as rubber blocks or steel springs.

D. Severely vibrating machines may require sepa@@dations and isolation joints between
floor slabs to prevent propagation of structurerleanoise.

E. Attenuation by Using AbsorbentsHard surfaces on the ceiling, floor and walls of an
enclosed processing plant or workshop will refleatk nearly all the sound reaching them.

F. Sound Insulated Rooms - Cabins should be consttuof materials with good sound
attenuation properties and ideally will have:

a. Double glazed windows - (two 6 mm glass pands B0 mm air space can give 10 dB(A)
attenuation).

b. Ventilation openings with attenuators such asiatic louvers.

d. An adequate air conditioning system, to avoidrddoeing left open.

2.2.6.3 NOISE CONTROL — HEARING PROTECTION

A. Hearing protection is not an acceptable altéveato noise control — but there are
circumstances where this is likely to be the orptian.

B. As part of a hearing protection programme, erygr® 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 heprotgctors;

f. Training and education of people wearing heaprajectors.
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Ear Muffs

Ear muffs for construction look like stereo headmpd® (Figure 2.12). They have soft plastic
cushions that are filled with foam or liquid. Theseshions provide a seal around the entire ear.
Attenuation is less likely to vary with ear muffisah with ear plugs. Ear muffs have better
attenuation at lower frequencies than most plugs.riuffs and plugs can be worn together for
extra protection if noise is high enough (>105 dBitenuation will not be doubled, but will

increase by about 5 to 10 dB.

p Y
|| ./
' (
y

(Source: www.niehs.nih.govhealthdocshearing-ma.pdf

Figure 2.18: The examples of ear muffs are the E-R's Model 100 (left) and Howard
Leight® Model LM-7H (right)
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CHAPTER: 03

ILLUMINATION AND NOISE SURVEY
IN MINES: CASE STUDIES
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3.1 ILLUMINATION AND NOISE SURVEY IN PATHPAHAR DOLO MITE
QUARRY: CASE STUDY

3.1.1INTRODUCTION

Location:-The Pathpahar Dolomite quarry of Bisra Stone Linoen@any Limited is situated

at Birmitrapur District-Sundargarh Orissa on NH-23d towards North of Rourkela at a
distance of 30 KM and it is well connected by eddo. The lease hold area is 1961.93 Acres
or 793.966 Hectors falls between®2%’ N to 22-30'N latitude and 8%30'E to 84-45' E
longitude in the SOI Topo-Sheet No.73/B/16.

Brief history:- The Company started mining and operation of Lim#n Kt Birmitrapur in
1922. In the year 1962 after closing the limektlswitched over to the production of flux
grade limestone and dolomite to full fill the reguments of steel plants of eastern India. The
company came under the Administrative Control o&ament of India, Ministry of Steel,
in the year 1980.

Geology: - The rocks of this area belong to the Birmitrapiage of the Gangpur series of
middle Dharwarian age. All the rocks of this ser@e meta-sedimentary in nature. In the

lease hold proper Limestone overlies Dolomitethe.limestone is younger than dolomite.

Mining Plan:- For convenience of mining, the deposit has beenlelivinto four mines, viz.

Kaplas East, Kaplas West, Gurpahar and PatpahareTare very low grade stones in
between the limestone and dolomite bands which nmeimmg has to be carried out in a
selective manner. The estimated reserves of limesémd dolomites are 375 MT and 265

MT respectively.

Limestone winning and transportation:-Total limestone production is done by drilling &
blasting with dumper loading and transportatiortesys Blasted coal is loaded by loaders on
to dumpers and transported to the apron feedeeexfer breaker. Part of sizing in done on
the mine site manually so as to obtain the apreddefeed size. Further crushing is done in
the crusher from which various product of differeites are obtained and are then directly
transported to the railway sidings and from therthe customers.
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Figure 3.2: Aerial view of Pathpahar Dolomite quarty
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3.1.2 lllumination Survey

An illumination survey in the Pathpahar mines wasducted on 17.02.2010. Survey work was
carried out at mechanized unit of Pathpahar cruplat. The light sources used in Pathpahar
crusher plant was generally Metal halide, high fwes sodium vapor lamps (HPSV) &
Fluorescent tube lights (FTLs). The Approximate inamce of metal halide light is 3a0°
cd/nf that of fluorescent type of light is 5¥%@x1Ccd/n? (clear bulb).The color retention of

metal halide is good and excellent for Fluorestight.

The lights were installed mainly near working aréee near crushers, mini crushers, weigh
bridge room, bunkers, dumping yard where the omeratof transportation works are active at
night time. The lights installed in the Pathpahasber plant were of single sided arrangement &

with irregular spacing.

The measurement employed in illuminance measuresuney was direct planar measurement.
In this method, the general illuminance level o thorkplace is measured using a photocell
photometer. The photometer was laid on the sudiadereadings were taken on points at regular
intervals. It was carried out through using anrunstent called digital Luxmeter (Metravi 1332).
The results of illuminance level of light sources/é been given in Table 3.1
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Table: 3.1 lllumination measurements at Pathpahar

Measurement Pole | Light source | Make | llluminance level Remarks
Areas no.s (lux)
Near mini crusher 1 100 W Philips 34.7 lux at 5m | Satisfactory
No. of luminaries:3 HPSV distance
Ht. of poles:5m (horizontal)
2 100W HPSV| Philips 24.3 lux Satisfactory
3 2x36 W Bajaj 26.9 lux at 5m | Satisfactory
FTLs distance
Near main Crusher 2x36 W Bajaj 11.7 lux at 10m | Satisfactory
No. of poles:1 4 FTLs distance (vertical
Ht.of pole:10m
Near Bunker 5 70W HPSV Bajaj 25.6 lux Satisfactory
Ht of luminaire:5m
Dumping yard 6 100 W Bajaj 20.4 lux (vertical)  Satisfactory
No. of luminaries;2 HPSV
Ht. of poles: 10m 7 100 W Bajaj | 23.6 lux (vertical )  Satisfactory
HPSV
Loading point 8 | 400 W Metal| Philips | 38.4 lux (vertical)] Satisfactory
No. of luminaries:1 halide
Ht. of poles:10m
Near weigh bridge 9 36 W FTLs Bajaj | 42.6 lux(vertical) Satisfactory
No. of luminaries: 1
Ht of poles:3m
Electrical substation 40 W FTLs Bajaj 67.8 lux(vertical)  Unsatisfactg
room 11kv/433 V SCH
4
No. of luminaries:2
Rest room 36 W FTLs Philips| 54.6 lux(vertical
No .of luminaries: 2 Unsatisfactory
Ht of luminaries:3m
Store room 36 W FTLs| Philips| 52.6 lux (vertical)
No. of luminaries: 3
Electrical control room 40 W FTLs Philips| 36.6 lux (vertical)
(SCH 5) Unsatisfactory
Room no.1
No. of luminaries. 4
Ht.of luminaries:5m
Electrical control 40W FTLs | Philips| 55.2 lux (vertical)) Unsatisfactg
room (SCH 5)
Room no.2
No. of luminaries: 4
Ht.of luminaries:5m
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3.1.3NOISE SURVEY
> Description of the field experiments

The field experiments were carried out at mechahizat of Pathpahar dolomite quarry. The
main noise sources at the projects were as folleWwsvel, drill, main crushers, mini crushers,
DTH, loader, belt conveyer, jack hammer drillinglasompressor. The sound pressure levels of
noise sources were taken at different distancemtefval 1m from the source. In order to
understand the noise effects on the workers’ looati management buildings and the areas in
the vicinity of the mining and industrial plantseasuring of noise levels were carried out in
Pathpahar dolomite quarry.

The distances between the sources and the receivet$ locations were changed during the
fieldwork. The noise level was measured at a healit6 m from ground level, 1 m from walls
and 2 m from crossing to avoid the earth reflectoérthe sound waves. An averages of five
values of noise level of each source were takenléMhe sound pressure level was measured at

different distances from the noise sources.

» Instrumentations

The instrument used was a standard CEL -283 iniegranpulse sound Level meter (U.K) .It
measured noise levels produced both near the sanctéhe operator’s level covering a range of
40 -120 dB(A) and had a selectable A/ Flat freqyetitaracteristics .Fast slow time constants
and impulsive response. Workplace noise level nreasents were taken on SLOW response.

The A-network was used in the present work, whighraximates the human response
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Figure 3.4: Location of noise sources in Pathpahanines
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Table 3.2: Distance of Measurements from Noise Satgs in Pathpahar Mines

Noise Source Distance | Sound Pressure Level, dB(A)
(SCH 4) CRUSHER im 117
2m 117
3m 116
am 115
5m 114
Mini Crusher Im 116
2m 114
3m 113
4m 112
5m 111
JCB 3D Loader Im 111
Bucket capacityd.8 nt om 11
Power:50 hp
3m 110
am 108
5m 107
JCB Loader Im 111
Bucket capacity: 0.8 ™ om 110
P :50 h
ower:50 hp 3m 109
4m 107
5m 106
Loader 2021 Im 109
Make :Hindustan machines om 108
Bucket capacity: 1.7 ™n
Power : 124 HP 3m 107
4m 106
5m 105
Shovel PC 300 Im 109
Make : L& T Komatsu 2m 108
Bucket capacity:1.4
3m 108
am 107
5m 106
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Noise sources Distance Sound Pressure Level, dB(A)
Jack Hammer Drill Im 120
Make :Mine drilling Service
Penetration rate:425mm/min 2m 119
RPM: 215
Impact/min :2000 3m 118
Air requirement(at 6 Bar m3/min-
2.4) 4m 116
5m 113
DTH Drill Im 117
2m 116
3m 114
am 113
5m 111
Compressor Im 105
Make :Ingersoll rand H450 2m 104
Cfm,100 Psi 3m 103
4m 100
5m 98
Belt conveyor im 90
2m 87
3m 84
4m 82
5m 80
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Figure 3.5: Measured sound Pressure Levels at Pgthhar Mines

3.1.4 RESULTS AND DISCUSSION
(A) [lllumination Survey

The results of illuminance levels of Pathpahar nareegiven in Table: 3.1.it can be seen that the
illuminance level near loading points, bunkers, gunrg yards, near mini crushers illuminance
level were adequate & are within the standards@scribed by regulations.

llluminance measurement done in electrical sulistatontrol room, rest room, store room and
office were inadequate covering a range of 30-%0According to Indian lighting standards the
illuminance level in electrical substation, controbms, rest rooms, and store rooms should be
of 100-200 lux.

In opencast minemounting height of pole is very important in orderachieve all the required
lighting standards nearer to loading or unloadimnys, bunkers & work place of heavy

machinery. With low-wattage of HPSV & FTLs lampse tpole height should be kept lowered to
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achieve the necessary lighting standards in transients. HPSV lamps, in general, possess
better illumination where loading & unloading wask carried on. Mounting height should be
higher for high-wattage HPSV lamps for better perfance.

(B) Noise Survey

Results of sound pressure levels at Pathpahar del@uarry are presented in given Table 3.3
and in figure.3.5. The maximum sound pressure lexs found at jack hammer drill of 120 dB
(A) & Down the hole drill (DTH) of 117dB (A). Thiss due to the jackhammer & DTH dealing
with hard ore drilling rock, as face dressing casting. During the field study it was observed
that the workers engaged in drilling operationsemaot equipped with ear plugs and ear muffs
which can lead to hearing loss. So implementatiohearing protectors aid should be provided

to the mine workers when exposed to harmful levelaise.

The minimum sound pressure level was found at cesymr of small horsepower, when
compared with other sources. From figure, &%s found that, the sound pressure level due to
crushers was higher. This is due to the high hawep and the friction between the crusher

material and the ore.

The sound pressure level from belt conveyers wasdoto be lower than that from other

sources, where it was located in an enclosed campat. Also, it can be seen that, the sound
pressure levels were greater than that acceptabdd (90 dBA).The measured noise level at the
management building and the workshop area in Ph#rperusher plant was higher than the

acceptable level.

Measurements of noise levels in Pathpahar dologuigery prove that the workers are suffering

from high noise levels more than the acceptablel$ev
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3.2 ILLUMINATION AND NOISE SURVEY IN HIRAKHAND BUND IA
MINES: CASE STUDY

3.2.1 INTRODUCTION OF THE MINES

= Location
Hirakhand Bundia U/G Mine is located in Orient acddb Valley coalfield. It falls within the
latitude 2& 48’ 45" & 21° 48’ 30” N and longitude 8354’ 00” & 83°56' 00" E.

= Communication

The area can be approached by rail as well as fdagnearest town is Brajrajnagar. The state
highway passes at a distance of 10 km from theeptojThe nearest rail head on Howrah-
Mumbai main line of South Eastern Railways is Bapjagar which is about 4 km from the

block. Jharsuguda — the district headquarter isuahé km. away from the area and is well

connected by all season motorable road. Sambaline head quarter of Mahanadi Coalfield is
about 70 km. away from the block and is well cotneédy rail and road (NH 200 & NH-10).

= Topography & drainage

The area is characterized by undulating topograpily general slope towards Ib River which
flows from north to south. The average elevatiothefarea is about 30 m from mean sea level.
Lilari nullah flows in the south. The drainage gystof the area is mainly controlled by Ib River

which flows from north to south towards the easfaart of the block
* Project boundary

North: Himgir-Rampur colliery and Unit-2 of Brajrajnadées in the northern side of the mine.
East: V.S.S. Nagar and Telen Kacchar basti are localpgstment to eastern boundary.
South: Ainlapali, Kantatikira and Budhihali villages ava southern side of area.

West: Samaleswari OCP and Chingriguda village are onexmeside of the mine.
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= Geology

There are three seams viz. Lajkura, Rampur ance#ims. Rampur seam (4 sections) and Ib
seam (middle section) are being extracted in thieemrhe grade of coal is ‘D’. The mineable
reserves are 28.245 Mt for HR seam and 6.310 MbftMiddle seam.

= Mining Technology
Coal is exploited by mechanized board and pillathm@ using LHD with roof stitching and
bolting. However, there is proposal for deploymehtcontinuous minor for the incremental

production.

= Coal winning and transportation

Coal from the face is loaded by LHDs on the ponly d@nveyor which transfers coal to the gate
belt conveyor. The gate belt conveyor transportd oat of the district and loads on to the trunk
belt conveyor in 1 DN in the main dip. Incline Np®&here it transfers coal to main belt
conveyor installed in the incline. The main beltriess coal to the surface bunker (2 x 75 tons)
for truck loading. The coal from the surface bunisetoaded into 16 tons capacity trucks and

transported to railway siding which is at a dis@o€8 km.

= Life of the Mine: The balance life of the mine has been estimatde 26 years.

» Coal handling & dispatch arrangement
The blasted coal is loaded into belt conveyor byDLHhe gate belt feeds to trunk belt installed
in main dip up to surface bunker. Coal is loaddd the trucks of 16 t capacity from bunker and

transported to Orient railway siding by double Iéheck topped road.
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Hirakhand Bundia Mines

(Source :http://wikimapia.org/)

Figure 3.7: Aerial view of Hirakhand Bundia Mines.
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3.2.2 lllumination Survey

lllumination survey was conducted in Hirakhand msifieom 26/03/2010 to 27/03/10. From the
field observation it was observed that travellimpdway was illuminated with 20 W CFL’s
(Compact florescent lamp) mounted at 2.5 m height#ach goal post of a travelling roadway.
Walls of coal surface were white washed to havetéeb reflectivity. Most underground mines
make use of whitewash as a cost effective meamsmbving lighting performance. A total of
55 lamps were used at travelling roadway of a niding at regular spacing of 15 m. There was
no overhang i.e. the lamps were vertical aboverdlae edge. While measuring illuminance of
light sources grids were marked along the lengtthefroads. lllumination levels was measured
at each corner of square grid (1x1m) using a digitaneter. A measurement of 25 lamps was
taken, out of which 3 lamps found defected, Tabi & 3.4 highlights the existing lighting

installations in incline and average illuminancecleof luminaries.

Table 3.3: llluminance level in inclined shaft

Ht. of llluminance level (lux) at different Positions
Source luminaire
Im 2m 3m 4m 5m
1. 20W CFL| 3m 20.4 16.3 11.7 7.6 4.4
2. 20WCFL| 3m 18.6 17.1 12.4 8.3 5.4
3. 20 WCFL | 3m 21.7 17.8 13.2 9.4 4.7
4. 20 WCFL | 3m 20.7 16.4 12.8 7.9 5.3
5. 20W CFL| 3m 19.3 15.3 114 8.6 5.1
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Figure 3.8: Location of light sources in HirakhandBundia mines
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Table 3.4: llluminance levels in travelling roadway

Pole no.s Illuminance level (Lux) Average
llluminance
Level(Lux)
L1 L2 L3 L4

Goal post 1 34.2 33.6 30.6 31.7 32.52

Goal post 2 32.6 314 29.8 28.6 30.6

Goal post 3 335 324 30.1 29.7 31.42

Goal post 4 31.8 31.6 29.4 28.5 30.32

Goal post 5 e Defente

Goal post 6 334 32.6 31.3 29.1 31.6
Goal post 7 324 33.1 27.4 29.6 30.62
Goal post 8 31.3 30.6 29.4 29.7 30.25
Goal post 9 31.4 29.8 27.5 28.3 29.25
Goal post 10 30.6 314 28.1 27.6 29.42
Goalpostl1ll | - - Defective----------

Goal post 12 33.8 32.3 29.1 30.7 31.47
Goal post 13 33.2 29.4 315 28.4 30.62
Goal post 14 30.2 31.3 28.4 30.1 30.02
Goal post 15 31.9 32.1 30.2 29.7 30.97
Goal post 16 30.6 29.2 29.3 28.4 29.37
Goal post 17 335 29.7 26.4 28.2 29.45
Goal post 18 33.7 32.3 25.1 30.2 30.32
Goal post 19 315 29.5 27.7 28.3 29.5
Goal post 20 324 31.0 29.2 29.4 30.5
Goal post 21 29.7 30.2 29.6 28.4 29.47
Goal post 22 e Defeate ----------------------
Goal post 23 30.8 28.6 28.3 28.7 29.1
Goal post 24 31.6 29.7 28.4 27.6 29.35
Goal post 25 32.0 315 29.2 26.2 29.72
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3.2.3 NOISE SURVEY

» Description of the Field Experiments

The field experiment was carried out at Hirakhanohda mines from 26/03/2010 to 27/03/10.
The main noise sources at the projects were aswisllLHD, coal drill, auxiliary fan, and main
fan, belt conveyers in underground & surface. Ttnend pressure levels of noise sources were
taken at different distances from the sources.

The distances between the sources and the receaivvex$ locations were changed during the
fieldwork. The noise level was measured at a hedfjlit.6 m from ground level. Five values of
noise level from each source were recorded. Whtie,sound pressure level was measured at

different distances from the noise sources.

» Instrumentation

The instruments used was a standard CEL -283 atiagrimpulse sound Level meter (U.K) .1t
measured noise levels produced both near the saanctéhe operator’s level covering a range of
40 -120 dB(A) and had a selectable A/ Flat freqyetitaracteristics .Fast slow time constants
and impulsive response . The A-network was usdtienpresent work, which approximates the

human response

> Results

Results of the noise study are given in Table 3.5
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Figure 3.9: Location of noise sources in Hirakhandundia mines
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Table 3.5:Distance of measurements from noise sources in Hkhand Bundia Mines

Noise source Distance | Sound pressure level, dB(A)
LHD B 14A Im 108
Make :Emco-Elcon (Gujarat) 2m 107
Bucket capacity:1.25 ¥n 3m 105
4m 104
S5m 103
LHD B 7 im 110
Make :Emco -Elcon (Gujarat) om 109
Bucket capacity: 1.25
3m 108
4m 106
5m 104
LHD B2 2m 106
Mak_e : Emco-Elcon 3m 104
(Gujarat)
Bucket capacity:1.25 4m 103
5m 101
6m 99
Auxiliary fan Im 117
2m 117
3m 116
4m 115
5m 114
Coal drill Im 116
2m 116
3m 115
4m 114
5m 113
Main fan in surface im 111
Model : VF 2000/2 stage 3m 108
Maximum : HP 250 KW
Type :axial flow adjustable Sm 105
blade, belt drivgn . 10m 94
Mfd.by :Voltas limited
Blade angles:33.5 15m 81
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Figure 3.10: Measured sound pressure levels at Hikihand Bundia mines
3.2.4 RESULTS & DISCUSSION
(A) Hlumination Survey

From the field survey, it was observed that themlinance level measured in inclined shafts &
travelling roadways conveyance for man riding ofakhand Bundia mines were adequate of
average illuminance 30 lux of each light sourciaoatr level.

Taking into account Indian lighting standards igpect of undergroundining travellingroadway
lighting should be based on a minimum light levied & lux, an average light level of 4.0 lux.
The roofs and sides were properly white washedsémie dusted on the floor as required under
the regulations to achieve illumination to the dtaals for providing necessary visibility for safe
and efficient work at different work places.

Travelling roadways were well illuminated with CRtompact florescent lamps). The Mine
personnel tried to compensate for the effect of leght pole by increasing the tilt angle, but
this caused the light resulting in glare problemmsthe mine workers as the lamp came in his
vision.
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(B) Noise Survey

Results of sound pressure levels at Hirakhand Bumiines are presented in given Table 3.5 and
in figure 3.10 An average of five values of noise level of eagirse was taken. The maximum
sound pressure level was found at auxiliary fanusugally suspended in junctions close to ear
level. The noise stems from the motor and from tarbulence, mainly at the intake end.
Vibration transmitted from the fan housing to thectdand the suspension system radiates as
noise. control measures should be adopted likimi@kes may be fitted with silencers containing

synthetic fiber sound absorption material nois@a®ynuch as 11 dB(A).

Also, it can be seen from the figure 3.10 the maximsound pressure level was found at the
LHD B7. This is due to the LHD B7 dealing with hawde moving loaded and unloaded. The
major sources of noise in LHDs are the engineanteke and exhaust, the cooling fan for the
engine and the drive train. Control measures shbal@dopted like controlling engine speed,;

vibration isolation mounts between transmission stnactures.

Exhaust fans on surface are the major source @enai underground mining. Axial flow fans
with discharge capacity 2 laki¥/fnin of air with fan static pressure ranging upLfcm of water
gauge or more. Moving these large air volumes reguarge power input which are ultimately
converted to noise because of inefficiencies inftei@ any mechanical system. Control
measures like provision of inlet and dischargensies, noise absorbing splitters, replacing worn
out parts and planned maintenance should be adapteduce the noise levels.

Almost all machineries & equipments in this mineguced higher level of noise (>90dB (A))
than the acceptable noise. According to DGMS CancMo.18 (Tech), 1975 a worker should not
be allowed to enter, without appropriate ear ptotac an area in which the noise level is 115-
dB (A) or more.
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3.3. ILLUMINATION AND NOISE SURVEY IN NANDIRA COLLI ERY,
TALCHER: CASE STUDY

3.3.1 INTRODUCTION
The project report of Nandira colliery was approbgdBoard of directors, CDL in I5feb, 1962
and mine was opened in Dec, 1962.The mine wasalds&n in 1964 on account of sluggish
demand of coal and restarted in the year 1970derdo feed coal to FCI, Talcher. This mine is
located in village badajorada of Talchir subdivisiti is 12 kms from Talchir town.
= Geo mining parameters:The total area of the mine: 672 Ha
= Seam details:Thickness Top section: 25t055m
Batisection: 1.0to 2.5 m
= Gradient: 1in 20to 40
* RMR: 35 to 40,
= Grade of coal: Grade C
= Method of work: Board and pillar

= No. of Districts: 2

= Mechanization: Loading by SDLs, transport by Belt conveyors
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Figure3.11: location of Nandira colliery, Talchir

(Source : http://wikimapia.org/)
Figure 3.12: Aerial view of Nandira colliery, Talchr
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3.3.2 ILLUMINATION SURVEY

lllumination survey was conducted at Nandira cofli’om 02/04/10 to 03/04/10. The lighting
system was provided by florescent tubes suspenaed the roof. Walls of coal surface were
white washed to have a better reflectivity. Mainlyderground mines make use of whitewash as
a cost effective means of improving lighting penfiance. Incline & Travelling roadway was
illuminated with 40 Wattage florescent tube lamps.survey was done for measuring the
illuminance level of luminaries to determine howahulluminance level is given of by the light
source. Grids were marked along the length of thes. Vertical illumination levels were
measured at each corner of square grid (3x3m) wsitigital luxmeter. Table3.6 highlights the
existing lighting installations in inclines, tralieh roads and average illuminance level

luminaries in the mines.

Figure 3.13: Location of light sources in Nandira olliery, Talchir
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Table 3.6: Illuminance level in travelling roadway

Measurement No. of Minimum illuminance level | Average
areas lights (Lux) illuminance
installed level (Lux)
L1 L2 L3 L4
Incline 5 1 224 | 23.2| 18.1 19.6 20.82
2 23.8 | 24.2| 19.2| 18.% 21.05
3 24.3 | 23.2| 18.6 17.3 20.85
4 23.6 | 22.8| 17.6 18.1 20.52
5 245 | 23.1| 203 19.4 21.82
3" level 3 1 222 | 245| 248  25.4 24.27
2 23.4 | 22.1| 238/ 244 23.47
3 255 | 23.4| 244, 20.1 23.35
4" level 2 1 26.1| 24.2| 238 24.% 24.65
2 248 | 23.2| 23.6/ 250 24.15
5" level 3 1 258 | 24.3| 26.1] 25.3 25.37
2 26.4 | 23.4| 25.0/ 25.% 25.12
3 246 | 25.9| 235 224 24.15
6™ level 4 1 23.4| 245 20.6] 231 23.0
2 245 | 22.8| 23.7| 22.4 23.4
3 223 | 21.4| 231 2115 22.07
4 23.8 | 225| 21.3| 224 22.7
8" level 3 1 22.4| 235 227 22f 22.77
2 23.6| 223 215 22.7 22.52
3 245 24.7| 223 20.2 23.1
14" level 4 1 24.6| 234 234 21.p 23.22
2 23.8| 224 23.1 20.Y 22.5
3 24.3| 22.8| 220 23.4 23.12
4 245| 23.6| 21.2 20.4 22.42
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3.3.3 NOISE SURVEY

» Description of the field experiments

The field experiment was carried out at Nandirdi@gl, Talcher. The main noise sources at the
projects were as follows: SDL (Side Dump loadenalcdrill, auxiliary fans, main fan, belt
conveyers in surface & underground. The sound predgvels of noise sources were taken at
different distances from the sourc@se distances between the sources and the recaivatk
locations were changed during the fieldwork. Thes@devel was measured at a height of 1.6 m
from ground level. An average of five values ofswievel of each source was taken. While, the

sound pressure level was measured at differeraraies from the noise sources.

» Instrumentation

The instrument used was a standard CEL -283 iniegranpulse sound Level meter (U.K) .It
measured noise levels produced both near the saactéhe operator’s level covering a range of
40 -120 dB(A) and had a selectable A/ Flat freqyetitaracteristics .Fast slow time constants
and impulsive response. Workplace noise level nreasents were taken on SLOW response.

The A-network was used in the present work, whighraximates the human response
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Figure 3.14: Location of Noise sources in Nandiraatliery, Talchir
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Table 3.7: Distance of measurements from noise sa@s in Nandira colliery

Noise source Distance | Sound pressurelevel, dB(A)
SDL(Side Dump loader) Im 107
Model no :1200 2m 106
Make :TRF 3m 104
Bucket capacity :1.25 ™n am 103
5m 102
SDL(Side Dump loader) im 110
Model no: 1226 2m 108
Make : TRF 3m 107
Bucket capacity : 1.25mMm am 105
5m 103
SDL(Side Dump loader) im 109
Model no: 6227 om 108
Make : EMCO
Bucket capacity : 1.5M 3m 107
4m 106
5m 104
SDL(Side Dump loader) im 112
Make :EMCO ’m 111
Model no:6269
Bucket capacity :1.5 3m 110
4m 108
5m 106
Auxiliary fan no.1 Im 118
Make :Crompton greaves 2m 118
Type :FLP
RPM:2900 3m 117
Power/kw:15 4m 117
Discharge (cum/sec) :4.5 5m 116
Auxiliary fan no.2 Im 119
Make :Crompton greaves 2m 119
Type :FLP 3am 118
RPM:2900
Power/kw:15 4m 117
Discharge (cum/sec) :4.5 5m 116
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Sound pressure level dB(A)

Noise source Distance Sound pressure level, dB(A)
Main mechanical ventilator 2m 116
fan 3m 115
Voltas make :PV 200 4m 114
discharge capacity: 2 lakh 5m 113
ft3/min 6m 111
Conveyor belt U/G 1m 100
2m 98
3m 97
am 96
om 94
Conveyor belt S/F 1m 98
3m 96
4m 93
5m 90
6m 88
Coal drill 1m 115
2m 115
3m 114
am 113
5m 112
120
110
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Figure 3.15: Measured Sound pressure levels at Naimd Colliery, Talchir
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3.3.4 RESULTS AND DISCUSSION
(A) Hlumination Survey

Results of illumination survey are given in Tablé.3rhe light sources installed in inclined shaft
& travelling roadways of different levels were lted with irregular spacing. Indian lighting
standards have specified only minimum light leWidle average light level is important aspect in
proper lighting designd.aking into account Indian lighting standards ispect of underground
mining travelling roadway lighting should be based on a minimumtligivel of 0.5 lux, an
average light level of 4.0 lux.

llluminance measurements done in inclined shaftéraelling roadways were adequate of
average light level 20.0 to 24.0 lux of verticdimhinance within 3x3m grid.

Dark areas with light levels much less than theddads recommended were noted; these are a

result of the irregular pole spacing and also, geshtheir low height.

The roofs and sides were properly white washedsémite dusted on the floor as required under
the regulations to achieve illumination to the daals for providing necessary visibility for safe

and efficient work at different work places.

(B) Noise Survey

Results of sound pressure levels at Nandira cglirenes are presented in given Table (3.8) and
in figure 3.15.From the survey results it was foulnat almost all machineries produced higher
levels of noise (>90dB (A)).

Main fans on surface are the major source of nmisenderground mining. Axial flow fans
discharge capacity 400,000 to 700,000 cfm of aihvian static pressure ranging upto 15 cm of
water gauge or more. Moving these large air volumeegiires large power input which are
ultimately converted to noise because of inefficies inherent in any mechanical system. The
noise in a fan system contains components fronouarsources, including aero dynamic noise
from the fan blade, casing noise, unbalance bearige, motor noise and gear noise. Control
measures like provision of inlet and dischargensis, noise absorbing splittemnd speed

control can be adopted.
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As it can be seen that auxiliary fans produced drigevels of noise. The noise stems from the
motor and from air turbulence, mainly at the inta. Vibration transmitted from the fan

housing to the duct and the suspension systemteadas noise. control measures should be
adopted like air intakes may be fitted with silerlsceontaining synthetic fiber sound absorption

material noise by as much as 11 dB(A).

During the field study it was observed that SDL rapars were not equipped with hearing
protectors which can lead to temporary or permaheating loss. Therefore, control measures
should be adopted in mines for machinery noise atolu as well as hearing protection aids
should be supplied to the workers in order to mtotee mine workers from NIHL (Noise

induced hearing loss).
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CHAPTER: 04
CONCLUSION

Provision of suitable work environment for the wenk is essential for achieving higher
production and productivity in both surface and engdound mines. Poor lighting and noisy
working conditions have negative effects on thekems’ morale and adversely affects their
safety, health and performance. In order to agbesstatus of illumination and noise levels in
mines, systematic illumination and noise surveysraeded to be conducted using appropriate
statutory guidelines so that effective control nueas can be taken up in mines. Keeping this in
view, this project work was undertaken to carry lumination and noise survey in few non-

coal and coal mines of Orissa.

The results obtained from illumination survey inananized unit of Pathpahar mines of BSL
reveal that at near loading points, near crushensi, crushers & dumping yards were adequate
and are within the limits of Indian standards whsrdluminance levels in electrical substation,

store room, rest rooms and electrical control roarege inadequate.

From the survey results in underground coal mifeBIGL, it was found that roadways were
comparatively narrow and is not easy to illuminat@formly because of limited height in
underground. The excessive length of roadwaysrmre below ground makes it uneconomical
to provide lamps at all places; therefore, theyamecentrated at places, which are most active
i.e. pit bottoms, loading point etc. The illuminarevel measured in inclined shafts & travelling
roadways conveyance for man riding of Hirakhand dammines were adequate with average

illuminance 30 lux.

The illuminance level measured in inclined shaftdr&elling roadways in different levels of

Nandira colliery, Talchir were adequate with averdlyminance level 24 lux. From the survey
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it was observed that most of the underground musesflorescent lights which provide better

light distribution, longer lives, higher efficacetber color concentration, and less glare potential

Noise has become an integral part of mining enwvirent. Introduction of more and more mechanization,
powerful equipment is expected to increase morsengiroblems thereby inducing noise doses with
associated physiological and psychological probleimsthe exposed populationdRepeated or
prolonged exposure to excessive noise levels ealtllto hearing impairment. Potential sources
of noise emissions include compressors, drillingcim@es, crushers, auxiliary fans or other
mechanical equipment used at a mine. Whereverlgessuch noise sources should be muffled
with an effective acoustic absorbing material sot@seduce noise emissions to acceptable
levels. Increasing the distance between the naisece and the listener is often a convenient
method of noise control. Where such noise contreasares are not possible, comfortable and
practical personal hearing protection devices, sischpproved ear plugs or ear muffs, should be

worn by every person exposed to noise levels exag&d dB(A).

The results obtained indicated that the sound prestevels of various machineries used in
Pathpahar mines of BSL, & underground coal mineMGIL were higher than the acceptable
limits (>90dB (A)). In the mines under study, mas$tthe mine workers were exposed to SPL
(sound pressure level) beyond TLV (90dBA) due tochi@ery noise. Therefore, control
measures should be adopted in mines for machirsewedl as hearing protection aids should be
supplied to the workers in order to protect theaniorkers from NIHL (Noise induced hearing

loss) & to keep the environment safe.
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