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1. What is Air Pollution ?

e Air pollution is the presence of undesirable
substances (solid, liquid or gaseous) in the
atmosphere in such concentration and for
such duration as to be injurious to human
beings, other living organisms, materials
and the environment.

“Any change in the physical, chemical or
biological characteristics of air that
adversely affects life or property”

2. Air Pollutant

o A substance present in air in concentration
higher than the natural level and causes

harmful affects.

3. Classification of Air Pollutants

Air Pollutants
|

TN , -

Primary Pollutants ' Secondary Pollutants
(Emitted directly i (Formed in the atmosphere
into atmosphere) | | due to chemical reactions)
o Particulate matter (PM) | o 05 (Ozone)
* 50, ® PAN (Peroxyacetyl nitrate)
* NO ® H,S0, (Sulphuric acid)
5 Egz o HNO, (Nitric acid)
o Hydrcarbors () | 3 e, s
o VOCs 9
e NH;

4. Common Air Pollutants and Their Effects
. Pollatant | Sources (Mining related) | Major Effects

hPﬂ_l'ﬁCuhf_e Drilling, blasting, Respiratory pmblerns,_
Matter (PM,,PM.) Crushing, hauling ! dust diseases

Diesel machinery,

| Acid rain, respiratory |

S0, blasting (sulphur irritation |
| in explosives§ : .

Diesel engines, | Respiratory problems,

NGx (HO, NG, ' blasting photochemical smog
| co Incomplete combustion | Reduces oxygen |
l | | carrying capacity of blood,
¢, Combustion of fuels | Greenhouse effect |

| (climate change)

Hydrocarbons | Fuel evaporation, Smog formation,
(VOCs) | incomplete combustion | carcinogenic eFFectsJ

Numericals
MCQs

5. Major Sources of Air Pollution in Mining

Drilling Blasting Excavation Transportation
l Wi 1 and Loading (Haul Roads)
it rf: e }1% { .

: o \
- 1:)
Crushi & Other Sources:
Scree:?ng ﬂ’v];rburden e Material handling
It oars o Conveyors and transfer points
o Stockpiles
¢ Wind erosion from dumps
o Mine ventilation exhaust
2, o Mine fires (spontaneous)

6. Characteristics of Particulate Matter

Size range : 0.1 pm to 100 pm

PMy, : particles with diameter < 10 um (respirable)
PM,s : particles with diameter < 2.5 pm (more harmful)
Causes : drilling, blasting, hauling, wind erosion

Effects : respiratory and cardiovascular diseases

7. GATE Focus Points

v’ Primary pollutants are emitted directly.

| v Secondary pollutants are formed by chemical reactions in air.
v Particulate matter is the major pollutant in mining.

' ¢ S0, and NOy are important gaseous pollutants.
v’ Mining activities = mainly increase particulate matter (dust).

| v Secondary pollutants like ozone and PAN are formed by
photochemical reactions.
v’ Know the effect of each pollutant and typical sources.

8. GATE Level MCQs
1. Which of the following is a secondary | 3.

Which of the following is NOT a

pollutant? ! typical source of air pollution in
(A) SO, (B) NO open cast mining?
(C) 04 (D) Co (A) Drilling

(B) Crushing and screening
(C) Overburden dumps

during dn’lling and bia.sting in mines is
(D) Smelting

(A) SO, (B) NO,

I
I
I
I
2. The major air pollutant generated |
|
(C) Particulate matter (D) CO, |

9. Quick Revision
() Air pollution = harmful change in air composition
() Primary vs Secondary pollutants
() Particulate matter is the key pollutant in mining
@ Know sources, effects and control (next class)

“Control Dust
Today,

Breathe Better
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1. Air Quality Parameters

o Concentration of pollutants in air is used
to assess air quality.

e Expressed in pg/m* or mg/m?.

e Important parameters :

e m—

e Particulate Matter (PM,o, PM,5)

NO, (NO, NO,) |
co .
05 |
Lead (Pb)

Total Suspended Particulates (TSP) |
Volatile Organic Compounds (VOCs) )

Quality Parameters | Standards | Dispersion Mechanisms

2 Amb:ent Air Quality Standards (NAAQS - CPCB)
Time Weighted | Standard Concentration
 Pollatant ‘ hbage | Luge)
PM,O | 24 hours | 100 o
~ PMys | 24 hours 60
S0, i 24 hours 80_
NO, 1 24 hours 80
| 5 (rg/m)
co 8 hours 2000 (= 2 ma/i?)
0, . 8 hours 1100
Pb | Annual 05

Note: Standards may be upda.ted by CPCB Always refer
to latest notifications for GATE.

3. Emission Standards (Mining — Typical)

Particulate Emission Limit
5 Source o (mngm"'}
Drills A 100 - 150
Crushers ~ 50-100
Screening units 50 - 100
! Conveyors (transfer puints) 50 - 100
| Thermal power plants ( for mines) 50

Note: Values are typical and indicate the order of magnitude.

4. Units and Conversions

e 1 mg/m* = 1000 pg/m?*

o 1 ppm (at 25°C, 1atm) = 1.88 mg/m* (approx)
o 1 pg/m*=10" g/m*

® Nm® - volume at 0°C and 1atm (standard conditions).

5. Dispersion of Air Pollutants

o After release, pollutants get diluted and dispersed in
atmosphere due to wind and turbulence.

o Dispersion depends on :
o Wind speed and direction
o Atmospheric stability
* Mixing helght
e Terrain and surface roughness
e Source characteristics %helght emission rate)
e Physical and chemical properties of pollutant

6. Gaussian Plume Model (Most Common)

For a continuous point source, the ground level concentration
on centrelme (y=0,2=0) is

- Q H?
C(x,0,0) = ——— exp | — —
‘ (2muoy ;) 202
Where,

e il= pollutant concentration at downwind distance x (g/’m")
* Q = emission rate (g9/s)
e u = mean wind speed (m/s)
o H = effective stack height (m)
* 0y = horizontal dlspersmn coefficient (m)
e 0, = vertical dispersion coefficient (m)

‘Gaussian Plume Dispersion Pollutant

Concentration

AT T Profile
Wind AL e N
> M- =103 == ==~ 3
—_— T
— S e e
C
T e

e '—x(Downwl;tddlst;mce) &

7. Atmospheric Stability (Pasquill-Gifford) | 8. Dispersion Coefficients (ay, 0;)

Class A | Very unstable ® Depend on downwind distance (x)
Class B | Unstable and stability class.
Class C | Slightly unstable ® Generally increase with distance.
Class D | Neutral ® Values are available in standard
Class E | Slightly stable tables (Turner, Pasquill-Gifford).
Class F | Stable

9. GATE Level MCQs 4 10. Quick Revision

| v Know air quality parameters.

1 Which o th follwing most 2. The sabity clsi
: owing Y and units

influences the gn:md level \e‘h:d:hpsm

concentration in Gaussian i is minimum is v CPCB ambient standards
plume model? | (A) A | v Basic emission limits
(A) Stack diameter 1' (B) B | v Gaussian plume equation
(B) Emission rate LD | v Effect of wind and stability
(C) Wind speed ‘i ) F v 0y and 0, increase with x

(D) Gas molecular weight | | v Use lotest standards for GATE

| - ———————
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1. What is Water Pollution ?

o Water pollution is the undesirable
change in the physical, chemical or
biological characteristics of water
due to addition of pollutants, making
it harmful for life and unfit for use.

“Clean Water Supports Life, )

Polluted Water Destroys It”
2. Sources of Water Pollution

Mine drainage (acid mine drainage)
Runoff from overburden dumps

Leachate from waste rock and tailings
Sediment from excavation and haul roads
Spillage of fuels, oils and lubricants
Explosives and chemicals (nitrates)
Domestic sewage from mining colonies
Industrial effluents from processing plants
Surface runoff during rains (erosion)

3 Major Pollutants (Mining Related)

Suspended solids (silt, clay, fine particles) |
Dlssolved solids (TDS)

Acidic drainage (low pH, high sulphates)
Heavy metals (Fe, Mn, Pb, Cd, As, Hg)
Nitrates (from explosives)

Oils and grease (from machinery)

|
“

Water-Quality Parameters
Parameter | Symbol/Unit

' S@lf: cance
pH -

_ Turbldity ' NTU

| Total Dissolved Solids| TDS (mg/L)

| Total Suspended Solids TSS (mg/L)

4

I Dissolved salts

!

. Sediment load

Bio:.:mical Oxygen | pop (mg/L) | Organic pollution
gz;n;cgl Oxygen | cop (mg/L) | E:?tle Exidizable

__ Dissolved Oxygen DO (mg/L) | Aquatic life support |
Hardness | mg/L (as CaC0,) ; Ca®, Mg?* salts

| Heavy metals i mg/L } Toxicity

Process chemicals (e.q., cyanide in gold mining)

i
Acidity/ alkahmty i
Suspended particles

|

I

Numericals
MCQs

5. Pathways of Mining Contamination
Mine / Overburden

Dump

Rainfall
(Infittration)

\ Surface Runoff

0, (with sediments)

Mining activities
can affect both
surface water and
groundwater

River / Stream / Lake
(surface water)

6. Acnd Mine Dramaqe (Important)

o Generated due to oxidation of sulphide minerals (e.g., pyrite).
o Results in low pH and high sulphate concentration.

e Dissolves heavy metals — toxic to aquatic life.

2FeS, + 70, + 2H,0 — 2Fe** + 450%™ + 4H*
Effects of Water Pollution

Kills aquatic life (fish, plants, microorgansims).
Makes water unfit for drinking and irrigation.
Causes bioaccumulation of heavy metals.

Affects human health (e.g., lead, arsenic).
Damages soil fertility (when used for irrigation).

GATE Level MCQs

1. Acid mine drainage is mainly : 2. Which parameter indicates
due to oxidation of : the amount of biodegradable
(A} Limestore organic matter in water ?

Yy

8.

i
|
(B) Pyrite i (A ) DO
(C) Quartz ; E $gg
D) Bauxit !
_(_)_m_uﬂ ‘ | ( ) Turbidity

9. Quick Revision

v’ Know sources and typical pollutants in mining.

v/ Remember important water-quality parameters and units.
v Acid mine drainage — low pH, high sulphates, heavy metals.
v Mining can contaminate both surface water and groundwater.
v/ Water pollution affects aquatic life, agriculture and human health.
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1. Contamination Pathways

e Surface runoff from mine dumps and
exposed areas.

Leachate through waste rock and tailings.
Seepage to groundwater.

Acid mine drainage (AMD).
Sediment transport to streams and rivers.

-3 >3 Rainfall

A

Surface Runoff

(with sediments) River/
\a

Stream

2 Control Stratequ (Hlerarchv)

Prevent at Source }

(Better mining and waste management)

Contain
(Liners, drainage, collection systems)
¥
Treat
(Physical, chemical, biological methods)
) 2

Monitor
(Water quality, compliance with standards)

g reatment / Control Methods

Spillage during handling, transport and storage.

Contamination Pathways | Treatment Methods | GATE Problems

| Method | Application

Numericals
MCQs

4. Acid Mine Drainage (AMD) Control

o Caused by oxidation of sulphide minerals (e.g., pyrite).
o Generates acidic water with high sulphate and dissolved metals.
e Control methods:

Prevent exposure of sulphides (proper waste dump design).
Use of impermeable liners and covers.

Diversion of surface water.

Collection and treatment (lime neutralization, active/passive
treatment systems).

e Use of alkaline materials (limestone drains).

o Revegetation and proper mine closure.

5. Important Formulas

(a) Lime requirement for neutralization :

‘L 50xAxQ (kg/day) ’

ac:|d|ty (m ?/L as CaC0;)

= flow rate (m*/day)
(b) Removal efficiency :
C e Where,
‘ N = n__ot 100 ‘ C;, = influent concentration
Cin C,. = effluent concentration
(c) Dilution in receiving water : Whefe.
C: 0, Cq = concentration after mixing
Cq = T4 C, = source concentration
. J Q. = source flow rate
Q, = river/stream flow rate

6. GATE Level Numerical
A mine dmmage with an acidity of 300 mg/L (as CaCO,) is flowing

at 2000 m*/day. Calculate the daily lime requirement for
neutralization.
Solution : L=50xAxQ

= 50 x 300 x 2000 Answer :

= 30,000 tonnes/day
7. GATE Level MCQs

1. The most commonly used reagent for i
neutralization of acid mine drainage is : :
(A) Sulphuric acid i

(B) Lime (Ca(OH),) i

|
|
I
I

2. In a mixing zone, a pollutant source
with concentration 50 mg/L and flow
rate 2 m*/s mixes with a river having
flow rate 8 m*/s with no pollutant.

A
v

| Sedimentation | Removal of suspended solds (silt, clay) (C) Sodium chloride The resulting concentration (mg/L) is :
| Filtration _ Polishing of suspended solids (D) Activated carbon (A) 5 (B) 10
Netrtralization %ncre.a.se pH of acidic )rmne drainage (€) 20 (0) 50
. . (using lime/limestone . AL
- Precipitation Removal of heavy metals (as hydroxides) 8. Quick Revision _
. Ad. : oo I w e TS o | | & Mine activities can contaminate surface and groundwater.
e ey s [P0 R s oy e
' I : - P ' Neutralization, sedimentation, filtration and biological methods are common.
iologi Degradation of th d J ' 9
: oy tmtment. eﬁgﬁegﬁéﬂ";ﬁzﬁﬁ ot (ifenns/ _I v/ Follow standards and continuous monitoring for sustainable mining.
| Constructed wetlands Polishing and nutrient removal ' Protect
| Lining and drainage = Prevent leachate from tailings/dumps Water Life
' : o Lndbel Stud
S AR TUTORIAL ACADEMY — HYDERABAD | GATE 2027 | Mining Engineering (MN) = n o
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1. What is Soil Pollution ?

e Presence of harmful substances (solid, liquid or
gaseous) in soil in quantities that adversely
affect soil quality, living organisms, plants,
water bodies and human health.

“Polluted Soil Reduces Productivity
and Harms Ecosystems”

Sources of Soil Pollution (Mining Related)

Overburden dumps and waste rock dumps
Spillage of fuels, oils and lubricants

Mine tailings and processing wastes

Acid mine drainage (AMD)

Use of explosives and chemicals

Dust deposition from drilling, blasting and hauling
Improper disposal of solid and hazardous wastes
Leakage from fuel storage tanks and workshops

3. Major Contaminants

N EEEEE R

Type of Contaminant  Examples |
Heavy metals Fe, Mn, Pb, Cd, As, Hg, Cr, Ni |
Metalloids As, Se :

Nutrients (excess)
Petroleum hydrocarbons
Process chemicals
Acidic/alkaline wastes
Radioactive elements
Solid wastes

Diesel, Oils, Grease, PAHs

Cyanide, Flotation reagents |
Acid mine drainage (sulphates) ;
U, Th (in some mines)
Tailings, Slag, Fly ash

Nitrates, Phosphates _ ll
|

Dispersion / Migration in Soil

Through leaching with rainfall (downward movement)
Surface runoff and erosion (horizontal movement)
Capillary rise (upward movement)

Adsorption and ion exchange with soil particles
Complexation and precipitation (reduces mobility)
Depends on soil texture, pH, organic matter and redox
conditions.

 Pathways of Soil Contamination

Rainfall

......,‘h

River/
Stream

Surface Runoff
(with sediments)

N 2 e e S0
¥ === st (in groundwater) - ETE- S

Sources | Contaminants | Dispersion | Effects | Control

5. Effects of Soil Pollution

Reduces soil fertility and crop productivity Hea[thy Soil
Toxicity to plants, microorganisms and animals Healthy Life
Accumulation of heavy metals in food chain

Contaminates surface water and groundwater
Affects soil structure and biodiversity

Long-term ecological damage and land degradation
Human health risks (through food and water) ¢

6. Important Relationships / Formulas

(a) Contaminant concentration in soil :

M Wgere__: concentration (mg/kg)
C= v M = mass of contaminant (mg)
v = mass of soil (kg)
(b) Soil adsorption (Freundlich isotherm) :
- KC" Wgereé amount adsorbed (mg/kg)
g = Kf ¢ = equilibrium concentration (mg/L)

K¢, n = empirical constants
7. Control and Remediation Methods
Method Description

Source control Proper waste management, lined dumps, "
| | spill_prevention l

Soil stabilization Use of lime, cement, fly ash to immobilize metals |
Use of plants to absorb or stabilize contaminants 1

. Ph;tore_n{ediaticn
| Soil washing
| Containment

 Removal of contaminants using water/chemicals |
Impermeable liners, covers and barriers |
| Bioremediation Use of microorganisms to degrade organics |
‘ Topsoil management | Separate storage and reuse during reclamation |
L

Proper land reclamation | Revegetation and monitoring

J

8. GATE Level Numerical

A soil sample of 5 kg contains 250 mg of lead (Pb).
Calculate the concentration of lead in the soil (mg/kg).

Solution : C=%=25ﬂ Answer :
= 50 mg/kg 50 mﬂ/ kg

9. GATE Level MCQs

1. Which of the following is a major
cause of soil pollution in mining areas ?
(A) Acid mine drainage
(B) Combustion of natural gas
(C) Nuclear power generation
(D) Domestic sewage only

10. Quick Revision_
v Know sources, contaminants and their effects.
v Understand dispersion/migration mechanisms.
+/ Remember control and remediation methods.
v/ Soil pollution affects agriculture, water and human health.
v/ Important for mine closure and sustainable development.

2. The downward movement of
contaminants through soil due
to rainfall is called :

(A) Erosion
(B) Leaching
(C) Adsorption
(D) Evaporation

Clean
Soil

Greener
Tomorrow
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1. What is Noise Pollution ?

e Unwanted or unpleasant sound which
causes discomfort or harmful effects
on human beings and the environment.

e Measured in decibel (dB).

e Common in mining due to heavy machinery,
blasting, material handling etc.

“Control Noise, Ensure Safe and
Healthy Working Environment”

2. Sources of Noise in Mining

e Drilling and blasting
e Crushers and screening plants
e Excavators, dozers and lioaders
| ® Haulage trucks and dumpers
®
®
L]

Conveyors and material transfer points
Generators, compressors and fans
Workshop and processing plants

Drilling

3. Noise Level and Decibel Scale

e Sound intensity (I) is measured in W/m?.
o Sound level in decibel (dB) is a logarithmic scale.

’ L = 10logy, (1) (@8) |

I = sound intensity (W/m?)

I, = reference intensity = 107 W/m?

® Increase of 10 dB — 10 times increase in intensity.
® Increase of 3 dB — approximately 2 times increase
in intensity.

4. Addition of Noise Levels

e For two noise sources with levels L, and L, :

Ly = 10log,, 1079 + 10¢)

-

’ Bla.stmé 5 Haulage

& Screening

Where,

o If the difference between two levels > 10 dB,
higher level dominates (lower can be neglected).
e For n identical sources :

‘ L; = L + 10 log,,(n) |

5. Typical Noise Levels (Mining)

Source / Equipment | Typical Noise Level (dB{ﬁU
Normal conversation } 50 - 60 ]
Drilling | 90 - 110 { Prolonged
Blusting (ﬁt 100 m:l l 100 E 120 exposure aboye
Excavator / Loader ' 85 - 105 |(  85dB can
Haul truck (moving) | 85 - 100 | { cause hgarjng
Crusher / Screening plant | 90 - 110 | loss.
Conveyor [ 80 - 95 |
Generators / Compressors | 85 - 100 |
Mine ventilation fans | 85 - 105 |

Effects of Noise; Pollution

6.
® Hearing impairment (temporary or permanent)
e Stress, fatigue and irritabflitgr

® Reduced concentration and efficiency
]

°

@

.

Interference with communication - -
Sleep disturbance (near rninirlgI areas) Noise Hurts |
Adverse effects on wildlife and local communities | protect Your Ears |

Control Techniques

[ Method Description ~ Examples
[ At source | Modify equipment, Acoustic enclosures,
! | use low-noise machines silencers, maintenance
Along path | Reduce noise transmission Noise barriers, berms,
| through barriers | green belts, building design
At receiver Protect exposed persons Ear plugs, ear muffs,

| limit exposure time
Avoid exposure during

| high noise periods
Locate noisy units away

| from habitations

Administrative Wt)rk. scheduling,
| rotation of workers

Proper mine layout,

| zone separation

Plan-ning

8. GATE Level Numerical

Two machines produce noise levels of 90 dB and 85 dB.
What is the combined noise level?

. = Qﬂw ﬂj.lu

Solution : Lr=10 l°9:o(10 + 10 ) :

' = 10 log,, ( 10° + 10°%) Answer :
= 10 log,, (10° + 3.16 x 10°) 91.2 dB
= 10 log,, (1.316 x 10°)

= 10 (9.12) = 912 dB
9. GATE Level MCQs

1. An increase in noise level from 70 dB
to 80 dB means the sound intensity

| 2. Which of the following is NOT an
effective method for noise control

|
|
increased fi f : I in mines ?
?f} '“ZC ) E';t;)"sﬂ I (E Ewusti;e Eencloswe
t
(€) 10 (D) 100 i el
I

C; Worker rotation

(D) Increasing blasting charge

10. Quick Revision

v Noise level : L = 10 logm(%n) dB.

v/ Increase of 10 dB — 10 times intensity.

v Main sources: drilling, blasting, crushers, haulage, fans.
v/ Control: at source, along path, at receiver, planning.
v’ Prolonged exposure > 85 dB is harmful.

Silence

Today

Safer
Tomorrow
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1. What is Land Reclamati =
; eclamation ? ine-land Restorati : : %
= ° Process _of restoring disturbed land to a stable > LMm-e*IMd_hu_mtlmﬂngLsm—mnSl Overburden
T (2=
- & Aim_s to _hr_ing the land as close as possible
to its original or a better use.
s * B e M
mprovement.
- | “Disturbed Land Today
- Productive Land Tomorrow”
o 2 2. Objectives of Reclamation
| e Ensure land stability and safety
== | : (éon:rol erolsmn ctmd sedimentation
, estore soil quality and fertilit - -2
= | | : ;{e-establish vegetgtion and eco%ystem 6. --MethOdS of Land Recla.matton
_ mprove aesthetics and social Method | / Exa g
-4 : social acceptance - Description / Exam
L | ® Enable alternative and sustainable Emd use gacl-ﬂlmg l Filling of voids W'f:f’“"b"fdeﬂ fP[:aste
. - ' egrading Reshaping land to stab
3. Sequence of Reclamation Activities Topsoil_management SGP”ETES Szﬂf‘ﬂae :"d[estflﬁn:d OfrTourlelcmtm
- ! |
= Mine Closure Plannin > aWsndegen; | Adtion of organic matter, lime fer’zllzers
(Concurrent et % Revegetation l Planting of grasses, shrubs :md}trees
;- | Drainage control f Surface and sub-surface drainage systems
: Backfillin g an d Regr dﬂllﬂg Erosion control | Terracng contour bunds, mulching, silt fences
(Restore orlglnu{ ; ontours) Creation of alternative land use | Agnculture forestry, water reservoir, recreation
-4 Topsml Management 1 Immﬂmt Points
= | (Separate, preserve and rEPlnce) ® Topssil is o valubble Fescurce - preserve. if. -
3 : gsetfaft growing, native and hardy species. Rﬁstore
' ontrol erosion until veget euse
| A Soil Ame.ndment e Acidic/alkaline soils lm::gne:;'i:ecllimeeﬁalzllﬂ‘ef Sustain
rganic matter, nutrients, pH correction) e Monitor soil, water and vegeta e/ggpsum).
egetation for several yea
| ¥ / ° Rgc[c_limed lgnd can be used for agriculture, Fo?‘esi:ig
L Rev? ctation / Aff 3 wildlife habitat, recreation or industrial use. :
rasses, shrubs, trees) 8. GATE Level MCQ
S
L 2 X 1. The first ste
4 Monitorin? and Maintenance . Ze":"““; e ! & I;gl'i:";f:slzi fgrh?r:g 3 o [ ?
= | (Ensure long-term stability) g‘;g EOPT;*':[ application | (A) Contour bunds i
_ ackfilling i (B) Mulchin
=8 4. Reclamation Principles ﬁﬁ% E;::g;{*;";; planning | (C) Terracin
- . :‘tﬁ" Ifeclun"lution 5 e design ey 9. ORI i (D) Deep mining of adjacent area
e Minimize .d|sturbance and conserve topsoil. - e L
- ° Re-estallahsh nat.ural drainage and stable slopes. V' Reclamation = physical + biological + aesthetic improvement.
® Use native species for plantation. v/ Sequence: plan — backfill + topsoil — soil treatment — vegetation — monitori
=3 e Ensure long-term monitoring and maintenance. B e e ks
o Integrate with regional land-use planning. :: gse i e
=M o Follow legal and regulatory requirements. it Lk it SN, Oty U Sosly gﬁ:
Bright
= s Fulures
= | S 0R|A}l,. ACADEMY — HYDERABAD | GATE 2027 ‘ Mining Engineering (MN) | Study
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“Assess Impacts
Act Responsibly

g

MINING ENGINEERING (MN) Sﬂﬁ Learn
_SURFACE ENVIRONMENT | 9L\ I%

Prepare
_Achieve

EIA + Complete Revision

HYDERABAD [ GATE Foc

Sustain Tomorrow”  EIA Process | Mining Case Study | MCQs | Key Points :ﬁ'm
What is EIA ? 4. Important Environmental Components in Mining EIA
e Environmental Impact Assessment (EIA) is a Component | _ Key Aspects ' | Responsible
systematic process to identifg, predict, evaluate Air Environment | Dust, gaseous emissions ( (NOx, 501}_, air quality | Mpizin
and mitigate the environmental impacts of @ || Water Environment | Surface & ?rmndwnter, mine drainage, TS, pH, |} Syctainable
proposed project before implementation. _ | heavy metals L& Eit
Soil / Land Soil erosion, land use change, contamination uture

e Helps in decision making for sustainable

2
i
e
\

L L]

3

development.

“Assess Impacts Today
for a Better Tomorrow”

Objectives of EIA

e Identlfy and assess potential environmental

impacts.

Suggest mitigation and management measures. |

Ensure sustainable and environmentally
acceptable development.

o Integrate environmental concerns in project

planning and design.

Enhance transparency and public partlmpataun

Steps in EIA Process
( Project Pro
(Conce;t and cﬂ tails)

Screenmg
(Is EIA required?)
¥

Scoping
R Vi Al o S

&
Baseline Data Collection

(Environmental status)

_ rewc TETwTE
( Impact Identification & Prediction

(Assess significance)
L 2

Mitigation Measures
(Avoid, Minimize, Restore, Compensate)

L 2
Environmental Management Plan (EMP)

|

(Monitoring and implementation)
L 2

{ Public Consultation y

(Stakeholder involvement)

2
l Appraisal and Decision

(Approval with conditions)
¥

(Compliance and audit)

[ Post-Project Monitoring ‘

Noise & Vibration Machinery, blasting
Ecology & Biodiversity | Flora, fauna, habitat loss

| Secio-economic ' Population, health, employment, resettlement
| Visual / Aesthetic | Landscape, mine voids, dumps
| Risk Assessment Accidents, tailings dam failure, mine fires

[ Cumulative Impacts Combined effect with nearby projects

5. Mining EIA Case Study (Example)

A proposed opencast coal mine of 5 MTPA is located near a village.
Major issues: dust, noise, land degradation and groundwater
contamination. Suggest key mitigation measures.

Suggested Mitigation Measures :
@ Wiater sprinkling on haul roads, use use of covered trucks (dust control). G
® Proper blasting design and restricted blasting hours (noise/vibration). 58]
® Topsoil preservation and progressive reclamation (land degredation). =%
@ (Garland drains, siltation ponds and proper mine drainage management 2
(water quality).
@ (Green belt development and afforestation. .
@ Health monitoring and community development programs. ¢

6 GATE Level MCQs

. Which of the following is NOT a

HINING TODAY
== GREENER TOMORROW

I 2. In mining EIA, cumulative impact refers to ::

step in the EIA process ? I (A) Impact of a single mine only
(A) Screening (B) Scoping (B) Combined impact of multiple projects
(C) Blasting (D) Appraisal I (C) Impact during mine closure only

i (D) Impact on workers only

3. Which is an effective measure for dust
control in mines ?

(A) Increasing haul speed

4. EIA is primarily intended to :
(A) Maximize production

(B) Water sprinkling on haul roads (B) Minimize environmental impacts

(C) Open dumping of overburden | (C) Replace mining lease

(D) Higher blasting charge | (D) Increase blasting frequency
7. Mixed GATE Revision (Fill in the Blanks)
1. Environmental Impact Assessment helps in development. Plan
2. +and___ are commonly used for dust control in mines. Protect
3. Topsoil should be before miningand ___ during reclamation. { Reclaim
4. Cumulative impacts consider the effect of projects. Sustain
5. Post-project monitoring ensures of environmental conditions.

8. Key Takeaways

v/ EIA integrates environment with development.

" Follow the stepwise EIA process.

+/ Focus on air, water, soil, noise, ecology and socio-economic impacts.
/" Mitigation, monitoring and public consultation are essential.

v/ Sustainable mining ensures long-term benefits.

Sﬁ TUTORIAL ACADEMY — HYDERABAD | GATE 2027 | Mining Engineerng (MN) | 5244
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MINING ENGINEERING (MN)

[ MINE VENTILATION |

“Breathe Safe

' Underground Atmosphere |

Mine Safe
Mine Better”

1. What is Underground Atmosphere ?

® Air present in underground mines is called
mine air or underground atmosphere.

o It differs from normal atmospheric air due
to presence of various gases, dust and vapours.

® Quality of mine air directly affects the health,
safety and productivity of miners.

“Good Ventilation Dilutes Contaminants |
and Provides Fresh Air for Safe Mining”

2 Compomhon of Air (by volume)

B Normal Air | Mine Air

Component _l (%) (%)
Nitrogen (N,) | 7808 | =78
Oxygen (0,) [ 2085 7 Usually lower
Argon (Ar) ! 0.93 = 1
Carbon dlox[de (CO,) | 0.014 ngher
Other gases (Ne, He, CH, etc)|  0.01 Variable
Water vapour (H0) J -4 HEhEr_(_hﬂid)

3 Important Gases in Mmes

e e ——————

Mine air | Composition | Contaminants | Permissible Limits

4. Permissible Limits (Typical)

Learn
s Prepare
Achreve
TUTORIAL ACADEMY “—
HYDERABAD

 Gos | Formula | Sowce in Mines | Effect
Methane | CHy | PO seme | Explosive (5-15%)
Carbon o Respiration, Asphyxiant
dioxide 2 | blasting, oxidation | (headache) |
Carbon co Incomplete Toxic (binds
monoxide | combustion with Hb)
Oxygen ' DrsPlacement b -

| de cglencg 0. other gases ? | Asphyiation

| Hydrogen | Decomposition d

s phige H,S o orggnics Toxic, foul smell
Oxides of | g Blasting, diesel | Irritation, lung
| nitrogen 5 equipment damage

ﬁth_er qases | (H,, S0, etc.) fsi::csfiofrrse mical Toxiff irritant

- | e Follow statutory regulations and best practices.

Fresh Air §

Gas / Parameter | Permissible Limit Remarks
Oxygen (0) Not less than 19.5% | Below 16% dangerous
Carbon dioxide (C0,) | < 0.5% (5000 ppm) | Higher causes headache
Carbon monoxide (CO) | < 25 ppm Toxic
Methane (CH,) < 1% Explosive (5-15%)
Hydrogen sulphide (H,S) | < 10 ppm Toxic, eye irritation
Oxides of nitrogen (NO,) | < 5 ppm Irritant
Respirable dust As per statutory limits | Varies (country specific)
Temperature < 30 °C (DBT) Higher temp causes strain
Relative humidity < 70% For comfort

Note : Permissible limits may vary as per DGMS / national regulations.
Always follow statutory limits.

5. Sources of Contaminants

® Respiration of workers

e Blasting operations (CO, NO, fumes)

e Diesel/mobile equipment (CO, NO,, particulates)
o Coal/strata (CH,, CO,)

® Spontaneous heating and fires (CO, CO,, smoke)
® Use of explosives and chemicals

e Decomposition of organic matter (H,S)

@ Dust from drilling, loading and haulage

e Lack of proper ventilation

6. Effects on Human Health

Identif?

Contro
Monitor

Stay Safe

® Oxygen deficiency — headache, dizziness, unconsciousness Clean Air
® Carbon monoxide — reduces blood's oxygen carrying capacity :

® Carbon dioxide — headache, breathing difficulty Hﬂﬂlthy Miners
e Methane — explosive hazard Higher

® Hydrogen sulphide — eye irritation, respiratory failure Productivity

® Dust — lung diseases (pneumoconiosis
o High temperature & humidity — heat stress, fatique

7. Ventilation Principle

o Supply sufficient fresh air to dilute and remove contaminants.
© Maintain oxygen above 19.5%.
@ Keep harmful gases, dust and temperature within permissible limits.
o Ensure continuous monitoring.

Ventilate

Monitor

Protect
Productivity

= Safe Mines
: Sustainable Mining
Contaminated Air ( Stronger Tomorrow
~ (Return)
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__MINE VENTILATION |

“Control Heat

‘Heat Load & Thermal Environment
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= TUTORIAL ACADEMY “—
HYDERABAD

Control Climate

1. Why Thermal Environment is Important ?

e Underground mines are generally hotter than surface
due to geothermal heat, lack o’rg solar radiation loss

and heat generated by mining activities.

® High temperature and humidity cause heat stress,

reduce productivity and may lead to heat stroke.

® Proper ventilation and cooling are essential to
maintain safe and cumfortabﬂ: working conditions.

“Manage Heat, Improve Comfort,
Increase Productivity”

2. ._Sour_ces__of_ Heat in Mines

Ensure Safety” Sources of Heat | Temperature | Humidity | Psychrometric Concepts

e | Relative
L P PSR b Conthilliion
i il
Geothermal heat 'l:i:;ﬂ" j{l?;asurmundmg | High (in deeper mines)
. .| Compression of air in | e
Auto-compression dnercast hilfts ?lgmﬁcant
Mughinerg and | Diesel engines, electric Significant
equipment motors, conveyors, etc.
Blasting Heat from explosives Moderate
Oxidation Oxidation of coo.l/:ore Moderate
(spontaneous heating)
 Human beings Body heat from workers | Small (but local)
| Lighting and :
| d ectric?ll s Power consumption Moderate
| Friction BEH:_ conveyors, mechanical Moderate
. equipment _ _ P
Other sources Hot water inflow, chemical \arnble |
reactions ' |

3. Heat Transfer in Mines

e Conduction — from hot strata to air
e Convection - due to movement of air
® Radiation ~ from hot surfaces and equipment

® Auto-compression — raises air temperature in downcast shafts
® Heat from services ~ machines, lights, humans etc.

% " Heat from strata ;‘_'-'-?.‘I:-‘-":-_"

e

7 :

" Heat from - - Heat from == o=
. machines -_-."c workers < = blasting <Z°
[ Multiple Heat Sources Increase Mine Temperature J

4. Important Temperature Terms

F ~ Term | Symbol | _hie_ur;fn_g___\‘
Dry Bulb Temperature = DBT | Actual air temperature (°C) :
e b s | WA | s nictedbg e
 Dow Pt Tempesture | DPT | perbe T R

i O Tahees ' £ Engﬁtﬁdﬁ;&t of temperature
Globe Temperature GT Indicates radiant heat effect
Relative Humidity I oy Tl o
Absolute Humidity A Tﬁi;ﬁfﬁnﬁ? ;gpg;*;;ger unit
Specific Humidity S [y et

5. Humidity Relationships
® Relative humidity (RH) :

AP nooasJ

WS

Higher

Tem

P, = partial pressure of water vapour
P = Saturation vapour pressure
(%)

+
RH = Higher Humidity

Heat TStress

o Absolute humidity (AH) :

m m, = mass of water vapour (kg)
AH = - V = volume of moist air (m®)
v (kg/m*)
® Specific humidity (SH) :
m m, = mass of water vapour (kg)
‘ SH = L my, = mass of dry air (kg)
Mda (kg/kg of dry air)

6. Psychrometric Concepts (Basics)

® Psychrometric chart shows the relation between DBT, WET,
RH, humidity ratio and enthalpy.

Used to analyse air cooling, heating, humidification and

dehumidification. bric
Cm Essential

Key processes :
Sensible heating / cooling (horizontal line) for Mine Air
Humidification ?upward / right) Cooling Analysis

Dehumidification (downward / left)

~

Saturation Curve
(RH =100%)

——

Humidity Ratio
(kg/kg dry air)

—_——

Dry Bulb Temperature (°C)
8. Quick Revision

Ariomact s il
g >

Your Success is Our Mission

7. GATE Level Question V/ lion thsakes of i oL s Cool Mines
If the dry bulb temperature is 35 °C and the wet bulb :: H:e mt::m:i;f:; [:;QP:'SORIE:’ A:Iu;:fici?' Fiblis SFr;tMmm
temperature is 28 °C, the relative humidity is approximately : d Highfjﬁm ""d"‘mf!lm;!m w;&m' A Bright Future
(A) 30% (B) 50% (C) 70% (D) 90% v/ Proper ventilation and cooling are essential for safe mining.

TUTORIAL ACADEMY — HYDERABAD l GATE 2027 | Mining Engineering (MN) lgf':wtd%ce

@ sartutorialacademy.org | Succeed



fl-. Types of Mine Cooling Systems

[ Twe | Douplen | Aslitn
Surface Refrigeration plant at surface, | Large and deep
refrigeration | chilled water pumped mines

. | underground i
Underground | Refrigeration units installed
refrigeration | underground | mines

' Chilled water

' Direct air | Cooled air suﬂplied through " Local cooling
. cooling | air coolers / heat exchangers

Evaporative | : Limited use
cooling | Uses water evaporation (high humidity) ]

GATE 2027

“Cool Mines

| Air Cooling

MINING ENGINEERING (MN) = Leam
[ MINE VENTILATION | SR - FE:
| ' ' i HYDERABAD

GATE Focus

Safe Miners

Productive Mines” Cooling Requirements | Refrigeration | Cooling Capacity & Numericals

‘i

Why Air Cooling is Needed ?

Underground mines are hotter due to geothermal
heat and heat from mining activities.

High temperature reduces productivity, causes
heat stress and safty hazards.

Cooling maintains comfortable working conditions
and improves efficiency.

“Control Heat - Improve Comfort
Increase Productivity”

2. Sources of Heat Load (recap)

Geothermal heat from strata B
Auto-compression of air in downcast shafts i
Diesel engines, electric motors and machinery
Blasting and chemical reactions

Friction in belts, conveyors and equipment

Human metabolism

Lighting and electrical systems

Hot water inflow from strata

3. Cooling Requirements

® Maintain dry bulb temperature within permissible limits
(= 26-28 °C at workplaces).

Maintain relative humidity at comfortable levels (50-70%).
Remove both sensible heat (temperature) and latent heat
(moisture).

Provide adequate air quantity and proper distribution.
Design buseg on total heat load and required underground
temperature.

-

Chilled water circulated

C thod
through pipes, air coolers |

\|

| !

Medium size ‘

|

system |
|

|

Cooling is an Investment
in People, Productivity
and Mine Life.

Concepts
Numericals

MCQs
5. Basic Refrigeration Cycle (Vapour Compression)
(high P, high T vapour) ) i
Refrigeration
removes heat
fr?im mine air
and rejects it
(ﬂb;mﬁm to atmosphere
mine air) é Condenser
(rejects heat s
; : % Heat out
coﬂurlniﬂr:ler 1 Expansion valve L surroundmgs}to atmosphere
(reduces pressure)
6. Important Formulas

Q, = sensible heat (kW)

Sensible heat : m, = mass flow rate of air (kg/s)
Q.=m, C_ (T.-T C, = specific heat (= 1.005 kJ/kg-°C)
: 5 ( l z) T1F: T, = initial and final temperature (°C)
( ) Q, = latent heat (kW)
Latent heat : h;g = latent heat of vaporization

(= 2500 k/kg)

Ql =m h (llJ - w
a ''fg ] 2) Wy, W, = J"Il.ll'l'lldlty' ratio (kgfkg dry uir}

Total heat load : Q = total heat load (kW)
Q = Qs i Q[
: TR TR = refrigeration capacity (Tons of
Coclig capac:tg Y Refrigeration)
R =357 1 TR = 3517 kW
Coefficient of Performance (COP) : Q
COP = Refrigeratian effect COP = WL

Work input

7. Example Numerial = 1 (Sensible Heat)

A mine requires 200 m*/s of air to be cooled from 35 °C to 25 °C.
Air denﬂ = 12 kg/m?, CP = 1.005 kJ/kg-°C. Find the sensible heat load.

|| | Solution : | m, = pxQ = 12x200 = 240 kg/s

Q, = m,C, (T,~T,) = 240x 1005 x (35-25)
Q, = 240 x 1005 x 10 = 2412 kW (= 2.41 MW)

8. Example Numerical - 2 (Cooling Capacity)

Total heat load of a mine is 3500 kW. Find the refrigeration capacity
in TR.

Solution : TR =
B— Sl 3517

9. Key Takeaways

v dentify all sources of heat before design.
v Calculate sensible and latent heat separately.
v/ Select appropriate cooling system based on mine size and depth.
v/ Provide sufficient cooling capacity with margin.

v Regular monitoring and maintenance ensure effective cooling.

(995.7 TR (=996 TR) |

Cool Air
Safe Work
High Productivity
Sustainable Mining
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GATE 2027 MINING ENGINEERING (MN) SM Learn

r___MlN_E _VE_NTILATION ] TUTORIAL ACADEMY E::e;'“g.:z
fopd Mechanics of Airflow | — roerasap

Ventilation
Builds Safer Mines” Pressure | Velocity | Continuity | Energy Relationships | Resistance

1 What is Mechanics of Airflow ? 6. Energy Relationships (Bernoulli’s Equation)

® Study of movement of air through mine openings | For airflow through mine openings (incompressible flow) :

and its behaviour. : P= pres;ureltE‘Pc(l) )
i i i P = air dens m
° He(lfsr:; sfjﬁi;mme air quantity, pressure loss }; ; g_1 o % : ‘;’_2 oz J f Vfgg fy (n /sg
® Essential for proper ventilation design and 9 g ; - g.Blt:;sgm}
plannlng ® In horizontal mine workings (z, = z,) :
e Basis for distribution of air in mine networks. : 1 J Increase in velocity
“Understand Airflow, | P+ = pV =P, + 7 PV, J _lea;its ;EO decrease
Design Better Ventilation” ) : g
7. Airway Resistance
2. Key Properties of Mine AII‘ ® Resistance is the opposition offered by the airway to the flow of air.
y p ppo Yy ay

—_—— - B

——— | @ For turbulent flow in mines (commonly used) :

Property ‘ Symbol ‘ 1'!-HP“"11""'5‘1“9("t 20°C, 1atm) 2 P = pressure loss (Pa or mm WG)
1.2 kg/m? { P=R Q ] R = airway resistance (Pa/(m/s)?)

| Density [ p . , A
| Viscosity | b | 18x10%Pas | o Straight airway resistance : P i
Compressibilit = Nearly incompressible L Lonael aita
{ ¢ y | | (ﬂt low Vel.ocities:] ‘ R = k re ’ or sg'aller aréua
k = friction factor (depends on shape and ro hness) > higher
3. Continuity Eq_tlon [ = oot st e il resistance
e For steady flow of air : A = cross-sectional area (m?)
Q = quantity of air (m*/s)
Q = A V ’ A = cross-sectional area (m?) 8 Factors Aﬂ:'ECtmq Resistance [Rekrtwe ngi'nessfl'yplmlkmlues ]
V = average velocity (m/s) | e Length of airway (L) \ Surface | k (approx.)
e For variable area : e Cross-sectional area (A) | Smooth concrete | 0.003 - 0.005
® Shape of airway (circular < arched < rectangular) | ' e '
AV, = AV, = Q ’ e Surface roughness | iouE: = : I ggig 3 ggig '
@ Obstructions (doors, requlators, bends, etc.) "t“ rng | — £ |
4. Pressure in Mine Ventilation g R defe i) e Dt Pl
® Air flows from high fi:ressure to low pressure. 9. Shock Losses (Minor Losses) Bendsl doirs
® Pressure is measure : r 1 uncti
o Posil (Pcl} kPa 1 mm WG Losses due to sudden c.hange in area, bends, junctions, doors, etc. un‘ Junctions
o s wate;' gauge (mm WG) ~ 981 Pa = loss coefficient (depends on fitting) increase
; ~ 0,001 kPa =K .L = air velocity (m/s) pressure loss
o kg/m g p = air density (kg/m?)
5. Velocity 10. GATE Level Questions - Eﬂcge |
TR orm
o Ave.mge. velocity 5 v Q/A : Q1 An airway 4 m? in area carries 12 m*/s of air. What is the SAN <
@ In irregular openings, velocity is non-uniform. . bocit of gir? v Q
@ For accurate measurement, use traverse method il i R v AV, = AV,
with anemometer. (A)2m/s (B)3m/s (C)4m/s (D)6m/s v P=RQ
Q2. A mine airway of length 500 m and area 6 m” has a resistance JR=|(LI;§.3
of 0.02 Pa/(m¥/s)?. If the quantity of air is 20 m%/s, the pressure v P =KpV?¥/2
loss will be : v Bernoulli egn.

(A)4Pa (B)8Pa (C)12Pa (D) 16 Pa

LT o e
e i Pt

Practice
irl*{illm“'f I Nwm(.lis:jspts
in Mine m ce
Alrwo.y Egve re Higher

ractice
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1. What is Airflow Distribution ?

® Distribution of air in a mine is the division of
total air quantity among different workings
based on their resistances.

® Air always takes the path of least resistance.

@ Proper distribution ensures adequate air at all
working places and improves saﬁig and productivity.

“Right Quantity of Air to the Right Place
at the Right Time"

2. Airway Resistance

® Resistance is the opposition offered by the airway
to the flow of air.

® |t depends on length, area, shape and surface roughness.

® (General relationship :

| P=RQ?

L

P = pressure loss (Pa)
R = airway resistance (Pa/ (m®/s)?
Q = quantity of air (m*/s)

3 Factors Affecting Resistance

Pressure loss
increases with
length and

roughness

e |

 Factor | EffectonResistance
_ Length (L) o R x L (longer length - hlgher R)
Cross-sectional area (A) ‘ R e —, (smaller area — higher R)

Shape | Circular < Arched < Rect-:mgu[ar
Raugh surFace - hlgher R
Doors, bends, regulators — higher R

| Higher density — higher R

- Sur“Face mughness
[ Obstructlons
Air density

UIIIIHHIHHHIHHIIFFF?W

=8 4 Pressure Losses in Airways

Frictional losses ~ due to wall friction (major)
Shock losses — due to sudden changes in area
(minor losses)

Losses at bends, junctions, doors, regulators, etc.

Total pressure loss in a circuit is the sum of
all imﬁviduol losses.

{ Put = . R; Q2 (for series) ‘

Sustainable Mining” Airway Resistance | Pressure Losses | Regulators | Air Quantity Distribution

| 9. Key Takeaways

GATE 2027  MINING ENGINEERING (MN) m Lo
__MINE VENTILATION | mém \R e
i Airflow Distribution g

5. Air Quantity Distribution

® Air divides itself in different branches according to resistance.
® In series airways — same quantity flows through all.

® In parallel atrwa sﬂ:’ﬁssure loss is same, quantities are inverse
to __to square root o resi b e
[ Series Airways } Parallel ﬁurwags )
Ri Ra —F
— f—>-l}—> —'P-<
Q=Q=Q
Ptoul:(Rj'l'Rz)Qz =P _J_
Qz R1
Same quantity flows, Q=Q+Q
pressures add. Same pressure loss,
- & quantities divide inversely
as

6. _Regulators
® Regulators are used to control and distribute the required

quantity of air.

Types: (i P i) Door regulator (ii) Orifice regulator (iii) Vane regulator

Used to increase resistance in low resistance airways.

LDOW Rea_ulﬂtorj

[ Orifice Regulator |

w'tlﬁ;:ilui;'eslstm;e |
U.S-I.I'Ig an orince P
VA Examp[e Numencal - 1 (Parallel Airways)

Two parallel airways have resistances Ry = 0.04 and Rz = 0.09 Pa/(m*/s)>.
The total quantity of air is 30 m*/s, Find the quantity in each airway.

Solution j Q1 ‘/R_z , 0. 0 Air follows
Ry

the path of
01 = 15Q; least resistance
Q=0Q,+Q=25Q, =30
Q=12m%s , Q =18m*/s

8. Example Numerical — 2 (Series Airways)

Two airways in series have resistances Ry = 0.05 and Rz = 0.08 Pa/(m*/s)%.

If quantity of air is 20 m*/s, find the total pressure loss.

Solution : | Pi = (R + R2) Q7 = (0.05 + 0.08) x (20)?
a = 0.13 x 400 = 52 Pa

Sim
but im ple

rtant
GATE level
concept

v Air distribution depends on relative resistances.

Your Success is Our Mission

Reduce Losses v Use regulators to control excess air Well
= Bett&r " Minimize pressure losses for efficient ventilation. Distributed Air
Dl_s,t ';l-m;mn v Ensure adequate air quantity at all working places. Safer Mines
Produ(l:gi\ﬁiy +/ Solve series and parallel airway problems for GATE. | Higher Output
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1. Introduction

® \entilation in mines can be achieved by
natural means or by mechanical means.

® Natural ventilation occurs due to natural
pressure differences (temperature, density,
wind).

@ Mechanical ventilation uses fans to create
and maintain required airflow.

® Both are important for safe, healthy and
productive mining operations.

“Use Nature when Possible,
Use Machines when Necessary”

Natural Ventilation

Movement of air in mines due to natural forces

without using mechanical equipment.

® Driven by temperature difference, density

difference, wind action and atmospheric pressure.

® More effective in shallow mines and during
favourable climatic conditions.

3.

Natural Ventilation Pressure
® Driven Izg stack effect (temperature difference)

and wind effect.

| Po = gH (Pt - i) |

P, = natural ventilation pressure (Pa) rises —
g = 9.81 m/s? creates
H = vertical height between inlet and outlet (m) upward flow
Dot = density of outside air (kg/m )
p,n = density of mine air (kg,/m %)

® | Density relation : |

Hot air
is lighter —

P = atmospheric pressure (Pa)
p = T R = 287 J/kg-K (for air)
T = absolute temperature (K)
4. Wind Effect

® Wind blowing across the mine openings creates

a positive pressure on windward side and negative
pressure on leeward side.

® This pressure difference also helps in natural
ventilation.

Wind
(Positive Pressure)

_GATE 2027 MIN_'_N_G ENGLNEER[NG (MN) R ,lsﬁear:re
EM'NE VENTILATION7 TUTORL ADEMY ’_A_chf:_e_vg_,

g R, T Natural & Mechanical Ventilation =~ H'PERASAP

?S:ltﬁr# abT;";itum Natural Ventilation Pressure | Mechanical Ventilation Principles

5. Limitations of Natural Ventilation

® Depends on climatic conditions (temperature, wind).
@ Not reliable in deep mines.

e Air quantity cannot be accurately controlled.

® May be insufficient for gaseous and dusty mines.
® Direction of airflow may change with season.

6. Mechanical Ventilation

Unreliable
for deep mines
— Mechanical
ventilation
required

® Use of fans, ducts and auxiliary equipment to Mechanical
create and control airflow in mines. Ventilation
® Provides adequate air quantity, pressure and gives
direction. Control,
® Essential for deep mines, high heat, gas and dust ~ Consistency
conditions. and Safety

Can be designed for intake and exhaust systems.

Basic Components

Fans - create pressure difference

Airways - deliver air to working places

Requlators — control and distribute air quantity
Auxiliary fans - used for local ventilation

Ducts - guide air to specific locations

Monitoring systems - measure air quantity, pressure,
temperature and gas levels

8. Working Principle

® Fan creates a pressure difference (AP) between inlet
and outlet.

® Air flows from high pressure to low pressure.

® Total resistance of mine airways must be overcome by

the fan.
‘ Fan Preare AP = RO

oo 0000 | o

AP = fan pressure (Pa)
R = total resistance (Pa/(m®/s)?)
Q = air quantity (m (m 3f5}

9. Types of Mechanical Ventilation Systems

2. Exhaust System
Fan (Surface)

A ——

1. Intake System

L Fresh air is pushed mto the mine

10. Key Takeaways

 Natural ventilation is economical but unreliable in deep mines.

' Natural ventilation pressure is due to temperature and wind effects.
' Mechanical ventilation ensures required air quantity and safety.
v Selection of ventilation system depends on mine depth, heat, gas and dust.
' Proper design and control of ventilation improves safety, health and productivity.

“EHHIHIIIIIIIHIIIIIIIHIIIIIHIIIIHHU
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e Mine Fans & Usage MR

Safer Mines

Fan Types | Characteristics | Pressure-Quantity Curves | Fan Laws

5. Fan Laws (Affinity Laws)

When the speed (N) or diameter (D) of a fan changes,
the performance changes according to fan laws.

Brighter Future”

1. Role of Fans in Mines

® Fans provide the driving force for mine ventilation
by creating a pressure difference.

Quantity, Q (m*/s)

' Proper fan selection improves safety, air quality and energy efficiency.

SIR
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me
- , Used for intake, exhaust or auxiliary ventilation. ("1 Effect of So _eﬁ_(N_)— (2 Effect of Diameter '(I'))_‘
= ° Help to supply fresh air, dilute harmful gases, - : e
remove dust and control temperature. N, D\
=@ © Proper selection and operation of fans ensures Q = Q (N—) Q, = Q (D_)
safety, productivity and energy eFﬁciencg{ d L >
“D: - - N D
= RighEiFan, Rkt VAo, ap = ap (2] || ap = ap (22
- Right Environment for a Safer Mine” & | :
N | D,
=8 2. Types of Mine Fans & eas (m) Las (Dl)
pu (Sl it Fan | Moed Pow Fan || ="~
o / _, 0 - AP = total pressure (Pa) Smgll;ﬁn&i:nc:ﬁeed
' A P = power (kW) significantly affect
- | | ? g ¥ ::"" jfeedet(rPE")) an performance
; N = fan diameter (m (power o N°)
= | @ E)r fgoas pqmilel ® »(ﬂurtﬂna-.:ds} radially | ® Eﬂﬁ-giligﬁggp ;:laxjal 6. Fan Selection Guidelines
sSnart axis outwi ru
— ® High quantity, | ® Moderate quantity, | ® Moderate quantity v’ Determine required air quantity (Q) and pressure (AP).
low pressure high pressure and pressure v Consider mine resistance (R).
= ; o Used where both || ¥ Select fan type based on pressure and quantity needs.
® Used for main ® Used for underground A ' g :
-y | ventilation (surface|  and auxiliary high quantity and || ¥ Check efficiency, power requirement and cost.
| and large mines) |  ventilation moderate pressure || v/ Ensure reliable operation, easy maintenance and durability.
- | are required || ¥ Provide suitable control (dampers, regulators, VFD).
=g 3. _Fan Characteristics 7. Numerical Example
® Total Pressure {ﬂ?) developed [;U the fan (Pa) A fan delivers 50 m*/s at 600 rpm and develops 800 Pa.
=l o Quantity of air delivered (Q) (m*/s) Fall Find the new quantity, pressure and power if the speed is
- ® Power required (kW) seléttion increased to 750 rpm. (Assume power at 600 rpm is 40 kW)
o Efficiency (n) depends on
= | e Noise l.evel and durability mélr':ﬁ iilme | Solution } ‘N, = 600 rpm N, = 750 rpm %2— = %g—g =1.25
€ ® Operating speed (N) (rpm) At oatit Q, = 50 x 1.25 = 62.5 m¥/s
3 AP, = 800 x (1.25)* = 800 x 1.5625 = 1250 Pa
- 4 Pressure - Quantity (P-Q) Curves P, = 40 x (1.25)° = 40 x 1.953 = 78.1 kW
1 ——— (entrifugal Fan
- 5 —— Miced Flow Fan | 8. Key Takeaways Efficient Fans
’ : = Axial Flow Fan v Fans create pressure difference to move air in mines. Smiﬁ:rs
< o o) |7 Pl hih qanty, v pesre Higher Productivity
B =t o I;? : v Centrifugal — high pressure, low quantity.
@ Centrifugal > Low @, { | ¥ Performance changes follow fan laws (Q N, AP N, P o< N°).
o & High P v Select and operate fans based on mine resistance and ventilation needs.
=
=
-
=
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insufficient.
® Supplied by auxiliary fans through ducting.
Essential for safe working, removal of fumes,
dust and heat.

“Auxiliary Ventilation Brings
‘ Fresh Air to Every Working P?ac

Auxiliary Fans

® Smaller capacity fans used to ventilate specific
areas such as headings, stopes and short workings.
Types: Axial flow, Centrifugal flow, Portable fans.
Selected based on required air quantity, pressure
and ease of handling

e High quantity

® Ducts carry fresh or return air to and from the
working place.
® Made of flexible canvas, PVC or metal.
® Accessories: couplings, bends, branches, hangers,
airtight joints.
® Proper installation reduces pressure losses and
improves efficiency.
Couplmg Use smooth,
} airtight ducts to

minimize pressure
 losses

® Moderate quantity | ® Compact, easy
Low pressure High pressure ~ || to move
| @ Light weight @ Used for long ducts| ® Used for short
® Commonly used | or higher resistance |  duration / small
in_headings | | workings
b ] % e e ol
3. Ducts and Accessories

GATE 2027 MINING ENGINEERING (MN) m Leam
SAT=5 " MINE VENTILATION | S By i B
o e
“Good
Vortilatio Auxiliary Ventilation Sakass
gau:f;jnh:g[t:s&m“ Auxiliary Fans | Ducts | Forcing / Exhausting Systems | Development Headings n%?mls 2
1. What is Auxiliary Ventilation ? 4. Forcing and Exhausting Systems
® \Ventilation provided to specific areas such as [ Forcing System i Exhausting
develolfln;nent headings, stopes, dead ends and | (Blowing) (Suction
workplaces away from the_mmn WO, e Fan pushes fresh air e Fan sucks polluted air from
® Used when natural or main ventilation is

through duct to the heading.
e Positive pressure at the fan. | e
e Used when clean fresh airis| e
required at the face.
e Common in development ®
headings.

the heading through duct.
Negative pressure at the fan.
Used to remove fumes, dust
and harmful gases.

Common in short headings
and hazardous conditions.

5. Appllcatlon in Development Headings

Auxiliary ventilation is mainly used in:

v Tunnels, cross-cuts and drive headings
v Stopes and raises

v’ Dead end workings

v’ Construction sites and maintenance areas
v Locations with diesel equipment or blasting fumes

Essential in
development
wnrkmgs where

main ventilation
does not reach

6. Development of Auxiliary Ventllatlon
Steps for proper design and operation:

€9 Determine air quantity (Q) required at the face. ‘
€) Estimate total resistance (R) of duct + fittings + heading.

Proper
design ensures
sufficient air,
\_removes hazards
and improves
productivity

Seler:t sulteb[e fan (based on Q and pressure, P RQ’)
a_ Choose duct size and type, ensure airtight installation,
B Provide regulators (dampers) if branching is required.
@ Monitor airflow, adjust and maintain reqularly.

7. Key Takeaways T
v Awiliary fans are used for local ventilation. | At Every Face
" Ducts must be properly installed and airtight. Means

o Forcing and exhausting systems are chosen based on site conditions. | ' Safe Miners
v/ Ausliary ventation is esentil. fo devlopment headigs and dead ens. | And. Higher |

o Corect design and regular monitoring ensure safety and efficint operation. | Productivity

MTUTORIAL ACADEMY — HYDERABAD | GATE 2027 | Mining Engineering (MN)

Your Success is Our Mission

Study
Practice

@ sartutorialacademy.org | Succeed




GATE 2027 MINING ENGINEERING (MN) m Learn

_ MINE VENTILATION | mémmnm Achieve
ke Ventllatlon Survey & Planning ~ "oERasa> k7
Fe e Tomorrow Quartity/Pressure Measurement | Instruments | Survey Procedure | Planring | Namericats |
1. Importance of Ventilation Survey | 4. Instruments Used in Ventilation Survey
® Determines the actual air quantity, pressure Manometer ] Flow Nozzle

and air quality in the mine.

° Heflfs identify leakages, high resistance zones
nd dead ends.

® Provides data for design, improvement and
safety planning.

® Regular surveys ensure adequate ventilation
and compliance with statutory limits.

( “You Cannot Manage

What You Do Not Measure”
2. Measurement of Air Quantity (Q)

e Air quantity is measured to determine the
volume of air flowing through an airway.
® Expressed in m*/s (SI) or m*/min.
e Common methods:
€@ Anemometer method (velocity x area)
@ Pitot tube method
€ Vane anemometer
@ Orifice meter / Flow nozzle

Q=AxV

Accurate

measurement
0 < it () is the Foundatlon
A = cross-sectional area (m?) F il
V = average air veloc'rl:g (m/ 5) v;n{anmr:;n

3. Measurement of Pressure (AP)

® Pressure measurement helps to find resistance,
leakages and fan performance.

® Measures

® Measures

® Measures

® Measures

j i velocity from ressure air quarti
® uDJiriE?fi:faﬂ ”Elﬂciugmurq ifferece (4P) (Q)q ;
m?,e ty " o Usedin lorge || ® U-tube/inclined | ® Used in main
airways | type airways
4 Slmgg ey e High accuracy | @ Simple and ® Provides
e ‘ reliable permanent
measurement |

5 Ventllatlon Surveu Procedure
Step 1 Plcm the survey - prepare mine vertilation map and select survey

stations.

SE 2 | Measure air quantity — using anemometer / pitot tube at each station.

Step 3 | Measure - across key airways, requlators and auxiliaries.

otep 9 pressure Y cirwais, reg

Step 4 | Record environmental data - temperature, humidity, gas concentration.

Step 5 | Identify problems - , high resistance, dead ends, inadequate air.

un S U4 9 eq

Step 6 | Analyze results — compare with design values and statutory limits.

ep ¢ Y pa g Y

Step7 | S improvements — additional fans, sealing, regulators, ducting.
9 reg ng

Steé 8 | Prepare survey report - with data, observations and recommendations.

6. Ventilation Planning

@ (Objective: to provide required quantity and quuhtg of air P[Gﬂnoﬂﬁ-,g
at all working places economically fmﬂ safely Ensures
® Based on: mine layout, du:tmn rate, heut as, dust,
equipment and flnftﬂre dgﬁo;:ment : S, Hﬁal thy

® Involves: selection of ventilation system, fans, ducts,
requlators and control devices.

® Allows for future expansion and changing mining conditions.

® Use of simulation software (e.g., Ventsim) is common in

modern plunnm. "

Proiuctm

® Measured using manometers or electronic v g
pressure gauges. o| v/ Analyse
® Expressed in Pa, kPa or mm WG (water gauge). : :’; El:; e
® Types: = S v/ Operate Safely
€ U-tube manometer AP = P1'Pz J K — - m——r
@ Inclined manometer . EEY G.W:.:S o Measure
Digital pressure gauge Even small ¥ ey o gy % peplitapl Assess
€ MQ Pm 9]2]”9[ resSeh, diifaiced v/ Use proper instruments and standard procedures,
9 iCroman r (for low are important in v Regular surveys help identify ventilation problems early. Pla"
pressures) ik b v/ Scertific planning ensures safe, halthy and productive mives. | Ventilate
o Survey daa s the basi for desgn, improvement and fidure expanson. | Grow Safely
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Safer Mines - : . : Numeri
Brighter Future® Series/Parallel Networks | Network Analysis | Numericals | Mixed GATE MCas

1 Ventilation Network 5. Numerical Example — 1 (Series Network)

A ventilation network is a system of interconnected Three airways in series have resistances 0.02, 0.03 and 0.05
airways through which air flows in a mine. Pa/(m3/s)?. If 15 m*/s of air flows through the network, find

° ?ressure differences are created by main or auxiliary the total pressure drop.

ans ———
® Air distributes itself based on resistance of different l Solution : l Riota r 8028 0'33 +005 = 0.10

routes. AP = Q°R,,, = (15)" x 0.10 =225 x 0.10 = 22.5 Pa
® Network analysis helps to find air quantities, pressures 002 003 0.05

and identify problem areas (low air, high resistance, A In seri
short circuts etc.). o ™ g ™ g ™ . 8 s:al::
AP adds

Q=15mY all
“Analyse the Network - | s fome £ 2L drese)

Ensure Proper Air Distribution” 6 e ;Pmm;(l:..'i Pal )
umeric ple - arallel Network
2_ Series and Parallel Networks e Salli R 6 St t0 bRt

"F_‘\

._S- eries Network r Parallel Netwo_rk—l P.:l/(m’/s)2 The total quantity of air is 30 m*/s. Find the quantity
| [ - R .

in each curwag and the common pressure drop.

P it it il Bl ——lﬁ+0—5—9=25+11.11=36.11
. L-U.OZ??

me
Rital =

{ x 0.0277 =900 x 0.0277 = 24.93 Pa
| Qe through all branches | I AP, * R =

, across all branches (_
i same I Q = ﬂP 24 93 = 24. 93 I’I‘I/ In para”gl
thl = R‘l + RZ + R3 L 5 1 1 1 |

o A i AP same
' || Rea Ry Ry Ry | 24.93 3
_ # | l_ = l = 1664 m Q adds
!ﬂPtaf.ui—Q(RN’Rz"'Ral_l Quia = Q + Q, + Qs | R, 0.09 “ i
Same quantity flows, Same pressure drop, | | Check : Qi +Q, = 24.93 + 1664 = 30 m%/s v/
pressures add. Il ' quantities add. l R=004  Q,=2493
; e
30m? =
3 Network Analysis Methods " < R,=0.09 _-:>-‘ o Ll
€ Hardy Cross Method (most common) =t Q, - 1664
® Assume initial air quantities.
® Calculate pressure drops. 7. Mixed GATE Practice Question
® Apply corrections and repeat until balance. T — o e e Think
. ) branches. airways in
9 Kirchhoff’s Laws (Node & Loop method) series each of resistance 0,03 Pa/(m?/s)?. Branch 2 has a single airway
® 2Qatanode =0 of resitance 0.08 Po/(m/s)”. Ttal quantty is 40 m/s. id the quantty
® AP around a closed loop = 0 in each branch and the total pressure drop. Succeed
€ Simulation Software (Ventsim, etc.) o
® Used for large and complex networks. 8. Master Revision - I(eg Takeawags
. : Quick and uccurul:e results. " Understand series and parallel network behaviour. Plan
@ Trial and Error (simple problems) v Use Hardy Cross method for network analyss. Analyse
® Used for small networks. : " Be comfortable with numericals (R, Q, AP calculations). Solve
4' _lﬂportaﬂt Formulue Resistance o v Know important formulae and assumptions. Revise

Length
~and
inversely o

Area

" Interpret results for real mine ventilation problems.

Pressure drop in an airway : AP = R Q* : : j
" Practice previous GATE questions and mock tests. Crack GATE

L ]

® Quantity : Q = AxV

® Resistance : R = Kx [;:] (Atkinson's equation)
L = length(m)

A = cross-sectional area (m?)
K = resistance factor (depends on shape, roughness)

® Total quantity : Quy =3 Q;

SmTUTORlAL ACADEMY — HYDERABAD | AT 2027 | Mining Enginering (M) | Sy
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“Safe Mines i =
Healthy Miners Mine Gases

Fundamentals

1. Mine Atmosphere

® Air in underground mines is a mixture of gases,
water vapour and dust.

® Normal air at surface: 78% N,, 21% 0,, 0.04% CO,
+ trace gases.

® In mines, composition changes due to respiration,
blasting, oxidation, spontaneous heating, fires
and other sources.

@ Main concerns: oxygen deficiency, presence of
harmful and explosive gases.

@ Good ventilation maintains safe and breathable

atmosphere.

“Clean Air is a Basic Right
for Every Miner”

2. _Classification of Mine Gases
!As per Effect | As per Origin kpu‘ﬂmurrm As per Behaviour |

IIIIIIIIIIIIIFFF

® et ges |0Nutuml gases || ® Major gases | @ Lighter than air

““"*“‘P”"““)‘ (oo i) (N, 0, C0,) | (CHy Hy)
® Toxic gases \ .
| (hﬂ!nlﬁiltﬂheuﬂh}|.Gmmtsdgm .Mmgrgﬂses '@ Heavier than ar

l- @ Asphyxiant guses (mining activities (CH,, O, H,S etc) (C0,)
| red 4 lasti
Uf!igeﬂ ‘l g:?d;m Fms @ Trace gases ® Same as air

3. Sources of Mine Gases

® Methane from coal seams and surrounding strata.
¢

®

Carbon dioxide from respiration, oxidation, blasting and fires.
Carbon monoxide from incomplete combustion (diesel,
fires, blasting).

@ Hydrogen sulphide from sulphide minerals and stagnant water.

® Nitrogen oxides from explosives and diesel engines.

® Hydrogen from chemical reactions and batteries.

® Reduction of oxygen due to respiration, fires and oxidation.

=

~Major Sources

Diesel Engine Spontaneous ~ Water
(CH,)  (CO, NO,) (CO, NO,) Heating / Fire (H,S)
(Co, Co,)

| Methane ‘ CH.;

lNitmgen : N,

Learn

Pre
Ac hﬁ
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Bright Future”  Mine Atmosphere | Classification of Gases | Sources | Properties | Physiological Effects | Numericals

MCQs

4. Important Mine Gases and Their Praperties

. . sion
Gas  Symbol  Major Properties r 't'f) Lim rts (an o

r {Colnurless odourles; |
expl.cswe lighter

‘ than air

Carba il Colourless, odourless, |
Monoxide = CO | very toxic, same

l | density as air

| Carbon Colourless, odourless,

) co non-combustible,
Dioxide 2| heavier than air

I | Colourless, odourless,
Oxygen 0 | sup l];l;s combustion
ife

Colnurless, odourless,
inert, dilutes oxygen

' Colourless, rotten |
Hm" H,S | smell, very toxic, ke

heavier than air

Colourless, odourless, I
gdrogm H, | very light, explosive

~in air)

LEL 5

0.55 UEL 15
LEL 125

3L | el A

1.52 Not combustible

| Supports fire
110 | (not combustible)

097 | Not combustible

LEL 43

M9 yeL 46
[ LEL4

0.07 UEL 75

5, Phgsmloglca[ Effects on Human Bodq

Gas Effect on Human Body  Typical Limits / Remarks

e Essential for life

0)(8 en [* 19.5% - unsafe

( % ® < 16% ~ impaired judgment
' @ < 10% - unconsciousness
| ® < 6% — death

Carbon | ® Binds with haemoglobin, reduces '

Monoxide oxygen supply in blood
(co)  * Causes headache, dizziness,

unconsciousness, death

Cgrlgan o Causes headache, breathlessness

[E{(%djg e High concentration — drowning
2

Methane @ Does not directly affect health
(CH,) (simple asphyxiant), but explosive

Hgd.rogen e Irritates eyes and respiratory tract -
Suh:h e High concentration -
2S) | loss of smell - collapse — death |

(N N o Simple asphysiant, displaces oxygen

6. _Ketj Takeaways

v Mine atmosphere composition changes continuously.
v Identify gases based on properties, origin and effects.
" Methane is explosive; CO and H,S are highly toxic.

v Maintain adequate ventilation to ensure safe oxygen level.
v Regular monitoring and gas detection are essential.

v Know permissible limits and commen sources for GATE.

Normal: 20.9%
Safe: 19.5 - 23.5%

Permissible: 25 ppm
Dangerous: > 200 ppm

" Normal: 0.04%

Permissible: 0.5%
Dangerous: > 3%
LEL: 5%
UEL: 15%

Permissible: 10 ppm
Dangerous: > 100 ppm

H"Eh concentration
uces oxygen level

-
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+ Srﬁﬁmw* 0, Deficiency | CH, | CO | €O, | H,S | NOx | Detection | Sampling | Monitoring | Permissible Limits m
1. Importance of Gas Detection & Control | 5. Gas Detection Instruments
® Helps in early identification of hazardous conditions. ic Bead Infrared (NDIR)  Muti-Gas Detector
® Prevents explosions, fires, poisoning and suffocation. Gas Analyzer
® Ensures safe working environment and compliance

with statutory limits.
Regular monitoring is essential in underground mines.

“Detect Early - Control Timely - Save Lives” |

—

2. Major Mine Gases and Their Hazards

| G Syl | Man Hazard | Soure in Mies

'L . Chon .| Consumed
. 01995"' J. 0, _Mmgﬁ HIH:DCBilDﬂ. respiration, fires || |
W ethre  CH,  Explosie Coal searms,

\ | _ | strata, goaf
Sl Cobon Toxic (binding with | Incomplete

Monoxide = CO hﬁ’;‘,;o(gl,;"bm)g B combustion (diesel,
-} | | fires, blasting)
. | S D, jASPh!JXLant | ﬁﬁﬁhﬂ; mfgares

‘ ' Highly toxic, rotten TSulphIde minerals, (

= | ?ﬁﬁl | HaS J egg iumell | stagnant water

Ni NO, : for Blasting, diesel
B S | o g B e

= 3. Permissible Concentrations (Typlcal)

B o Symbol Permissble Limt  Remarks

Bl Ouyen | 0, | 195-235% ' < 19.5% unsafe

o (s
IC I

b | Monwide | €0 | <Z5ppm(Bhe) | > 200 pom dgers |

= Crbon 00, | < 05% (5000 ppm) | > 3% hazrdos

-m H,S | <10 ppm > 100 ppm dangerous

® Detects methane | @ Measures % LEL | @ Used for CO, | @ Detects multiple |

® Flame height changes| ~ (methane) (and some gases) | gases (0,, CH, CO,
with CH, concentration| @ Quick response | @ Non-dispersive | .5 NO,)

® Simple and relible | ® Widely used infrared ® Used for persond |

| ® Accurate & stable | | mFetg munli'.onng

6. Gas Smﬁpling Methods ¢ Sample from

® (rab sampling - single sample at a point in time. {_ ﬂ" Q‘;’&h‘;hffﬁ j
® Continuous sampling - real-time monitoring. \accurate results
® Sampling locations - intakes, returns, workings, goaf areas, near-__,_ , .~/

diesel equipment and blastmg sites.
Use of gas sampling bags, evacuated bottles or electronic sensors.

7. Control Measures for Mine Gases

v/ Proper ventilation and adequate air quantity. [ Cﬂﬂhd- at Source
' Pre-drainage of methane from coal seams. | Monitor Regularly
v Control of diesel emissions (use low-emission engines). | Maintain Ventilation

v Regular monitoring using multi-gas detectors.
' Use of ventilation sealing, inertisation and stone dusting (for explosions).
v Removal of stagnant water (to prevent H,S).

v Adequate maintenance of equipment and avoidance of incomplete combustion.
+ Training, awareness and strict compliance with safety procedures.

8. Numerical Example

A mine atmosphere contains 0.8% CH,, 0.1% CO, and 19.8% O,.
Check if the atmosphere is safe with respect to penmsslble limits.

Solution: ) CH, = 08% (<1%) -Safev | Al pammet;.rs
€0, =0.1% (< 05%) - Safe v rmm&ble limits.
0, = 19.8% (= 195%) - Safe v/ tmosphere s safe. ‘
9. Practice MCQs (GATE Style)
Q1. Which gas is resgmsiblefor Q3. The ive of methane in air is
axplus;gns in mmes (a) ﬂ(:i e (b) 5-15%
(a) CO (b) CO, (c) 10-20%  (4) 15-25%
(c) CH, (d) NO, Ans: (b)
Ars: (c) Q4. 0, concentration below which
Q2. Permissible limit of CO in mines is unconsciousness mag 0CCUr is
(a) 10 ppm (b) 25 ppm (a) 18%
(c) 100 ppm  (d) 500 ppm (C 10% Pmcttce Mnre
(d) 6%
Ans: (b)
Ans: (b) and Prevtcus
Year Questions

Smwmkm ACADEMY — HYDERABAD | GATE 2027 | Mining Engineering (MN)
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: [ l Vo 1
-{m | N021<3ppm wmtaﬁmatmmJ
- | Nitric Oxide . NO <25ppm \FormsNOzinqu
= | /_/FQ_FTI'IISSIHE limits m ght }

leFerenI: regulatlons D /gMS A

0, Defiiency - Effects
o . Normal 0, in air = 20.9% (= 21%) Check 0,

® < 19.5% - unsafe for continuous work before entry
- ® 16 - 19% — impaired judgment in any

® 10 - 16% - nausea, dizziness, unconsciousness confined
= ® 6 -10% — collapse, death work area

® < (6% = death within minutes |
-
- |
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‘ e Done before mining.
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s Jranhas Methane Drainage "o [ GE o el -
Enable Safe Mining”  Methane Soures | Drinage Prnciples | Pre-drainage | Post-drinage | Boreholes | Dainage Systems | Moitorig w

1. Why Methane Drainage ?
® Methane (CH,) is explosive (5 - 15% in air).
® Draining methane reduces explosion risk,

improves ventilation and increases pmductlon
Essential in high-gas and outburst-prone seams.
Helps in safe, mechanized and high-production
mining.
“Drain Methane Before it Enters
the Working Place”

Sources of Methane in Mines

Desorption from coal seams (main source).
Surrounding strata (roof, floor, goaf).

Old workings and sealed areas.

Fractures, faults and weak zones.
Decomposition of organic matter.

Methane liberation due to mining-induced
stress relief.

Principles of Methane Drainage
Create low pressure to extract methane from seams.
Intercept methane before it reaches working areas.

Use boreholes and drainage system connected to vacuum.
Continuous monitoring and control.

Combine with proper ventilation and goaf management.
More effective when done in advance (pre-drainage).

Pre-drainage vs Post-drainage
Pre-dratmge (Advance) ~ Post-drainage

e Done after mining
(e.g., from goaf).

o000 OOoe O

e Boreholes from surface
or underground. & Boreholes into goaf or

@ Reduces gas content in seam. | from adjacent seams.

e Improves safety and | @ Removes residual methane.
production rate. '

e Controls goaf gas emissions.

6. Wettole ROl jer inteil

(" Maintain low pressure 4\
( in boreholes to

! continuously extract
. Mmethane

S

7. Methane Momf:ormg

® Measure methane concentration in boreholes, galleries, goaf and retum air.|  Monitor |
® Instruments: methane sensors, multi-gas detectnrs, gas chromatographs.  Megsure |
® Continuous monitoring with data logging and alarms. ' Analyse '
@ Monitor vacuum pressure and gas flow rate. ool |
®  Analysis of desorption and gas content for planning drainage. | Stay Safe |
® Helps in assessing effectiveness and adjusting system. tay

8. Important Formulae

Q = gas flow rate (m*/:
o Gas flow rate (Q) Q=AxV A= gr?{fss s&c‘tﬁnal(;euﬂof pipe (m?)
V= veloutg of gas (m/s)
Gas quantity drained Q drained (m*)
9 ] Qi = A x fmhcm rate %ﬂsafs;m
' t = time (s)
€ Methane concentration C(%) x 100 Vou = voume of methane

Viotal = total air/gas volume

V G = gas content (m*/tonne)
G=—= Vgas = volume of gas (m®)
Meoal Mool = mass of coal (tonne)

QGuscmtentUFmalseam

9. _Numerical Example

" A drainage borehole produces methane at a rate of 120 m*/h with a concentration
[ of 60%dCH4 Calculate ( ) methane flow rate (m*/h) (b) methane volume drained
in 10 days.

Your Success is Our Mission

‘ o Especially useful in high-gas | @ Used in longwall and Given: (@) Methane flow rate | (b) Methane volume in 10 days
und authurst—pmne seams. retreating mining. 0 = 120 m¥/h Qe = Q% C Ve, = 72 x 240
C = 60% = 0.60 = 120 x 0.60 = 17280 m*
‘5. _Boreholes For Methane Drainage t =10 s = 240 = 12/ .
e : E F . Answer: (a) 72 m*/h
Q * (b) 17,280 m*
10. Key Takeaways
TN
o Methane drainage reduces explosion risk and improves productivity. Plan Well
 Pre-drainage is more effective than post-drainage. 3
V" Use appropriate borehole design and drainage system. Drain Early
L cal e h tgljb Le ", " Regulor monitoring ensures efficiency and safety. M{:‘I.lfﬂr Regularly
‘H’ertl inclined or horizontal boreholes. formulae and ical skills for GATE. ine Sm‘elg
Diameter: 50 mm - 150 mm (typical). A i Kk
Length: up to several hundred meters.
Can' be from surface or underground galleries.
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Tomorrow”

1. Importance of Studying Mine Fires

® Mine fires endanger lives, damage equipment
and stop p r:gon Feiy

Release toxu: gases (CO, CO,), smoke and heat.
Difficult to control once established.
Understanding causes and behaviour helps

in prevention and early detection.

Important for GATE, PSUs and mining safety.

Better than Fire Fighting”

Causes of Mine Fires

Spontaneous heating of coal/organic matter
Electrical equipment (short circuit, overloading)
Frictional heating (conveyor belts, machinery)
Blasting operations

Open flames and hot surfaces (welding, cutting)
o Methane and coal dust explosions

3 C[ussu"" cation of Mine Fires
Type | Cause / Source Typical Features

g

I_IIIIIIII'III'IIIFFF

(Internal) | of coal and other mass, slow development,

- Caused by outside . Quick development,
= | m sources (electrical,  visible ﬂumepeusy to
blas{:qulchon, identify source

-§ open
Surface Fires | On surface installations, May spread to ,
-] L | coal stockpiles mﬂerground workings |

' Underground In coal seams, goaf . Difficult to detect
- areas, roudwags U.nd control

- 4, Spontaneous Heating of Coal
® Slow oxidation of coal with oxygen at low temperature.
Heat is generated due to exothermic oxidation reactions.

°
® |[f heat is not dissipated, temperature rises leading to
spontaneous combugtagn :

® Affected by rank of coal, moisture, particle size,

surface area and ventllafton

® Typical temperature stages: L
@ Below 50°C - Slow oxidation (no visible effect) (  coals are

@) 50 - 70°C - Noticeable heating s
9 70 - 100°C - Rapid oxidation, gas formation i

> 100°C - Spontaneous combustion (ignition)

“Fire Prevention is Always |

Spontaneous heating | Starts within the coal |
‘ orgamc matter no exl:emul flame initially

GATE 2027 MINING ENGINEERING (MN) m
onoERGRoUND HazaRos| SR
et RS Mine Fires - Fundamentals HYDERABAR

Ensure a Safer  (gyqec | Classification | Spontaneous Heating | Ignition Sources | Fire Triangle

Learn

Prepare
Achtewe

GATE Focus
Concepts
Numericals
MCQs

5. Factors Affecting Spontaneous Heating

Rank and composition of coal (low rank - more reactive)

Moisture content (moderate moisture increases risk)

Particle size (finer size - larger surface
Surface area and porosity
Ventilation (limited air flow increases risk)

Presence of pyrites and other minerals (catalytic effect)

Temperature and pressure
Ignition Sources in Mines

Electrical sparks and short circuits
Blasting and shot holes

area)

Hot surfaces (diesel engines, exhaust systems)

Open flames (welding, cutting, heating
Methane and coal dust e:;Plosmns

Spontaneous heating (self-ignition)

Finer coal
ot
More oxygen

Higher risk

it S
m&ggm

Remove Heat
Stay Safe

Fire Triangle

HEAT

Remove

one
glneyment
to stop

fire

y RE\, "299
Triangle —
FUEL OXYGEN
(Coal) (Air)

8. Stages of Fire Deve[opment

@
»
[ ]
®
&
]
[ ]
6
® Frictional heat (machinery, conveyors, bearings)
o
L]
@
®
®
[ ]
7

Key

v Fuel + Oxygen + Heat
are required for fire.
v’ In mines, fuel = codl,
oxygen =
? = from oxidation
or external sources.

v Fire can be prevented
by removing or

controlling any one

hea

element.

Points

mine air,

-b{mt&gas-b Hh m-ﬂumfj
Ign[tlm)l generation) lg or oxygen)

Important Fire Gases

i

Nib'lgﬂi (rides | NO, . | High temperature

10. Key Takeawaqs

v Mine fires may be endogenous or exogenous.

Effect

lCurbon Monoride | Co Incomplete combustion l Hi/r?hlil toxic, binds

aemeglobin

' Carbon Dioxide L 0P | Complete combustion | Asphyxiant at

| | | | high concentration |
 Methane CH, | From coal seams Exploswe

Smoke - Incomplete combustion Reduces visibllity

| IrrLtahon to lungs

v Spontaneous heating is a major cause in coal mines.

" Fire triangle explains fire requirement (fuel + oxygen + heat).
" Early detection, monitoring and proper ventilation help in prevertion
" Understand causes, classification and behaviour for GATE.

Detect Early
Control Risk
Save Lives

Your Success is Our Mission
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1. Importance of Fire Detection & Control

® C[arly detection prevents spread and reduces damage.
® Controls toxic gases (CO, CO,), heat and smoke.

® Protects lives, equipment and production.

® Helps in safe and economical mining.

® CEssential for statutory compliance and mine safety.

( “Detect Early - Control Effectively l

- Save Lives and Mines”

2. Fire Detection Methods

® Temperature monitoring (thermocouples, sensors)

® Gas monitoring (CO, CO,, CH,, hydrocarbon gases)

® Smoke detection

® Infrared (thermal) imaging Early

& Spontmuia:ous heca:ling indicators Dete:tmn
t;:;;geerincoﬂfnegﬁof!ﬁﬂ evolution) \_Low Damage

® Regular inspection of return air, goaf areas and
sealed zones

3. Prevention of Mine Fires

v’ Proper ventilation and control of air leakage.

v Avoid accumulation of coal dust and combustible materials.
v Use of intrinsically safe electrical equipment.

v Control of frictional heating (conveyors, bearings).

v Regular maintenance of machinery.

v Removal of hot spots and monitoring of goaf areas.

v Haulage, storage and handling of combustible materials

as per safety norms.

4., _Firefighting Methods in Mines

 Method ~ Working - Applcation
: : Initial fires, surface
Water Cooling and blanketing instalatons
| Oil/flammable liquid
Foam Smothers fire, cuts oxygen | fires, limited use
| | | underground |
Inert Reduces oxygen
(N,, €0,) | conc mm Sealed areas, goaf fires
' Tnert material, absorbs heat, | Coal dust firs, ‘
Stone dust prevents flame propagation | explosion prevention
. Small fires, surface
| Sand/earth | Smothers fire ' stockpies
Ehﬁ’;“.:“l Interrupts chain reaction Specific applications
- In underground mines,
Inertisation + Sealing is the most effective method
for large fires.

GATE 2027 MINING ENGINEERING (MN) 78y Leam
[UNDERGROUND HAZARDQ y U§Rmm Ehig!
Pinin Mine Fires — Detection & Control ~ HYPERABAD | GATE Focus
mtsf:?:tsy” Fire Detection | Prevention | Firefighting | Fire Seals | Inertisation | Isolation | Fire Risk Assessment :uéq"irm

® Built to isolate fire area from rest of the mine.  f&
® Made of brick, concrete or other non-combustible
materials.

® Should be airtight and strong.

® Provide monitoring pipes for gas sampling

and pressure measurement.

6. | Inertisation
@ Replacing oxygen with inert gases (N,, C0,).
°

Reduces oxygen concentration below the
limiting level (usually < 8-10%).

® Used in sealed goaf areas and fire-affected zones.
® Can be done by injection of N,/CO, from surface
or by combustion of methane f-:ontrolled.).
® Helps in cooling and preventing re-ignition.
7. Fire Risk Assessment Use Risk Matrix
® ldentify fire hazards (hot spots, faulty equipment, dust, etc.). | ]denhfy
® Assess likelihood and potential consequences. v Assess
® Use risk matrix (probability vs mrlbﬂ[}]_ « Control
® Implement coni:mFmensures and monitor reqularly, v Monitor
@ Update risk assessment based on inspection and v Review
8. Numerical Example (GATE Style)
Q. A sealed area of 10,000 m* contains air with 21% oxygen. /fter inertisation
the oxygen concentration is reduced to 8%. Calculate the volume of nitrogen

to be injected (at the same temperature and pressure) assuming perfect mixing.
Solution : Initial O, volume = 0.21 x 10,000 = 2100 m?
Final 0, volume = 0.08 x (10,000 + Vi)
Since 0, amount remains same (no consumption):
0.21 x 10,000 = 0.08 x (10,000 + Vi,)
2100 = 800 + 0.08Vy,

0.08 Vi, = 1300
Vi = 1300/0.08 = 16,250 m* Answer: 16,250 m’

9. Practice MCQ
Q. Which of the following is the most effective method for controlling a

large underground c
(a) Water spraying
(c) Inertisation with nitrogen

10. Key Takeaways
v Early detection and continuous monitoring are essential.
v Prefer prevention over firefighting.
v Sealing and inertisation are most effective for large fires.
v Use stone dust to prevent explosion propagation.
" Regular fire risk assessment and inspection save lives and assets.

fire in a sealed area?
(b) Foam application
(d) Increased ventilation ~ Answer: (c)
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(UNDERGROUND HAZARDS| SR I3
oo rlcsiey Mine Explosions HYDERABAD  ("GATE Focus

1. What is a Mine Explosion ?

® Can cause loss of
and long-term disruption.

Main types: Methane (gas) explosions and
Coal-dust explosions.

disperses coal dust — secondary explosion).

Build a Safer Tomorrow”  Methane Exposions | Coal-dust Explsions | Explosion Propagation | lgntion Source | Prevertion & Suppression ey

® A rapid combustion of flammable gases, dust or
vapours in confined underground space, producing
high temperature, Er‘essure and destructive forces.
ife, severe damage to workings

® Often both act together (initial methane explosion

“One Small Ignition can Cause
a Big Disaster”

Methane Explosions

eN )

within a certain range (5 - 15% by volume).
Produces front and high pressure.

disperse coal dust Ead'mg to a more severe
secondary explosion.

Main products: CO,, H,0, heat and pressure.
Coal-dust Explosions

Finely divided coal dust is explosive when

electrical spark, methane explosion).
More severe than methane explosion.

C AL § W e

roadways and galleries.

propagation.

Methane (CH,) mixed with air becomes explosive
Minimum ignition energy is very low (= 0.28 mJ).
Often the initial explosion which can raise and

suspended in air (typically > 50 - 100 g/m’).

Requires an ignition source (flame, hot surface,

Explosion can propagate long distances through
Inert stone dust (rock dust) is used to prevent

4. Explosion Limits (Typical Values)

Methare (CH,) 5% 5% | m.E"P‘“uh_ e range |
L | .
. ds on
Coal dust 3 , | Depen
tupical) | ~50-100g/m> | ~1,000g/m> | coal
{ . } | | patticle sze
_ I-{yirn‘c]_e.n(Ha)1 4% | 5% T\r‘a'gwidemnge_
Carbon ' j
| i R T Y |
Pnpum(caHs)‘ 21% 95% | (For reference) |

Methane + Coal Dust = Deadly Combination
Control One, Control Both

Numericals
[/

5. | Explosion Mechanism
1 lgution 2. Flame Propagation 3. Dust Dispersion 4. Secondary Explsion

v

[

o
Ignition source | Flame travels through | Initial explosion Suspended coal dust
electrical spark, | methane-air mixture disturbsexpand raises | ignites, causing a
friction, hot surfoce)| creating high pressure | coal dust from floor, | more severe and -
ignites methane. | and turbulence. walls and roof. longer lasting explosion.|

6. Sources of Ignition

Electrical sparks (wiring, machinery, shot-firing).
Frictional heat (conveyors, bearings, machinery).
Hot surfaces (diesel engines, exhausts, welding).
Blosting and explosives.

Open ﬂqnmes and smoking.

Spontaneous heating of coal.

Static electricity.

Lightning (rare but possible in shallow mines).

7. _Prevention and Suppression Methods

Prevention Suppression / Mitigation
v Maintain methane concentration below LEL (proper | « Stone dusting (inertisation) to
ventilation and methane drainage). prevent dust explosion propagation.
v/ Control coal dust (regulr clmning, stoe dusting). | v/ Water spraying to knock down
' Use of flameproof / intrinsically safe electrical equipment.|  dust and absorb heat.
' Avoid hot. surfaces and open flames. JEprm?,bumm;r{s(mckdust
v’Pmpeerfmgpmrhoesunddalngssstsms v Autamaticmsr.tppr:;sai@!ﬁ{ systems
v metn‘mgfmdeaﬂgdetectu?ofmeﬂmmﬂdmt (water/chemicol).
v Regular maintenance of machinery and conveyors. | o [solation of affected area.
| ¢ Use of non-combustible materials

F in
8. | Numerical Example
Q. A gallery of volume 2,000 m* contains methane at 8% by volume.
(i) Is the mixture explosive ?
(it) If air contains 21% axygen, calculate the volume of methane and oxygen present.

[ Solution ;:[ (i) Explosive range of methane = 5 - 15%
AT (V) = 2000 m® Given 8% — within range — Explosive v/

CH, concentration = 8% (i) Volume of CH, = 0.08 x 2000 = 160 m*
_ 0, concentration in air = 21% Volume of 0, = 0.21 x 2,000 = 420 m®

9. Practice MCQs (GATE Style)
Q1. The minimum ignition energy of methane is | Q2. Rock dust is primarily used in mines to:
?Pﬁxém?ly: (b) 0.28 mJ Eﬁﬂ g3 vggalﬁhdtgtl explosio
©) 28 mJ (d) 280 mJ b iy “
Ans: (b) (d) reduce frictional heat  Aps: (b)

10. Key Takeaways
o Methane explosions usually initiate, coal-dust explosions are more severe.
v Control methane, dust and ignition sources. ‘
v’ Stone dusting and water spraying are effective mitigation methods. Productive Mines
v Regulor monitoring, safe equipment and good ventilation save lives.
' Understand explosion mechanism and limits for GATE.
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~a GATE 2027 MINING ENGINEERING (MN) Learn
h DAav-7)  |UNDERGROUND HAZARDS | SHR [Fe
“C"B [ha Mine Dust Hazards g m
= Mine Longer”  Mine Dust | Respirable Dust | Dust Generation | Dispersion | Sampling | Prevention & Suppression ﬂgg@'ﬁ
1. Introduction to Mine Dust 5. Dust Sampling and Measurement oo Bl
® Mine dust consists of finely dided sl paricles | @ istrunents: personl dust sarpl, graineic sl | ) @ Psoral
enerated durin bl loading, ) Dust Sampler |
cuc Cmvey%ng Vgl e - Mm'mg bl S ol ey | [ @ Cydone Sarplr |
® Major types: coal dust, ka , sllica dust, etc. | o Raspmhh:dustcollﬂied cgc[one or ﬁiter i f E ® Real-time Mondor|
® Respirable dust (very fine) is most. hazardous. ® E Lﬂf ® Fitter |
@ Dustuf?ectsw_s.tblhég uipment ife and health. | ® mmmgmmm s of ot s (Groinatri) |
® Impor’mntjor GATE, PSUs and mine safety. 6 Occupahonal Exposure and Health Effects
Invisible Particles, Dissase / Effct | Man Cuse | Synploms Remars
Visible Problems™ Preunocanioss | Long-tem ihdoton | Bentlescess, | o
2. Types of Mine Dust m [ mm a |
Mnorocagoatm
Tpe SeeRmge  Sore | Howd | Premomiss (04P) € 4 m@ | d .i
|| | siicosis Slica dust (rock) | Severe g damage, |y e
All Nuisance, reduced || | l shortness of b
Total dust | <100 pm operﬂ;m msd:ﬂlrfg - | Cotton-lke dust | : " Not common in mines |
T gt | 022 | | (i tol, refernce)| P2 BRETESS | (i o n ecams) |
| <5 n ttation e, nose,
i RN | e

Calde <oy (ol “onil Dt Ty - Pk s Fror®
| Rock drillng, | Slcoss (wry || 7. Dust Control Methods

l'!II:____I”IIIIIIl"_.'l.!'_""l"'

Silica dust = <5 pm
| ]ﬁjm [ hucdas) | RS T i/ Rk On Surfaces |
. m | Iritation in Wet and wet fluids Adequate ventilation ular stone
Rock dust ‘Im”m'hﬁwupmimg 1 ijm@%ﬁhﬁﬁmmjw&mwfm :Eﬁwl;emﬁmgmi
g | v Fogging systems Tace w '
3. Dust Gerdion i M| | ¥ A |V R |V R
@ Drilling, blasting and excavation. ' Proper maintenance of machinery Sppression chemicals | ¥ Mininize re-entrimert
@ Loading, hﬂuimg conveying and transfer points. { e i | v Good housekeeping
el b R el e g AT 8. Important Values / Limits (Typical)
® Deposition and re-enfrainment from roadways. o Valse (Tipical) T
® Impact, abrasion and breakage of coal/rock Pernisle it (Ttal dust) | 10 mg/m® (o pr DGMS, may )
® Higher speed and larger material size increase dust. Penmss ble It ( dust) Tl | e ol |
4. Dust Dispersion and Behaviour | Slin (resirabe) P DL Eﬂ;ﬂ“‘ﬂﬁ |
® Dust particles remain s in air for long time Png . I ¥ SUTP )
(pm‘ﬁgulur[g fine and lighE particles). : Pt sz (reprbe) | <5pm | Reooes ok
@ Affeqted by air velocity, mrhulmce humidity and particle size. 9 Numerical Examp[e
S ﬁﬁﬂm thf‘glﬁmd # ”‘fjﬁ‘”ﬁ;ﬁw L A dust sampler collcts 36 mg of respirable dist in 2 hours, If the o
o Setting velocity i with particle size ;:ﬂnpllzglbﬁ lu::aut G/Fménmgl;u;ln }:]"18 concentration in mg/m?. Is it within the
i i Solution : | Total air volume = 12 x 60 x 2 = 144 m? 0025 mg/m*
g Concentration = 36 / 144 = 0,025 mg/m? < 3 mg/m*
e v Safe
| 10. | Practice MCQ (GATE Style) . —
QL. Which method s MOST effcive fr cotroling dust | K€Y Takeaways
?)ﬂwmmmm v Control dust at source.
a) Increasing ver v Respirable dust is most hozardous.
Eg Eﬂ{ﬁﬁnem v/ Ventation diltes bt does not remove dust
, (d) Use of dast masks / gl iy il
But Control at Source is the Best Solution Ars: (c) o/ Dtartd improes eyt ot ity
- TUTORIAL ACADEMY — HYDERABAD | GATE 2027 | Mining Engineering (MN) Studg
- = . 5 ¥ Practice
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Important for GATE, PSUs and mine safety.
“Water does not give a Second Warning” ]

: [ ozl

Ra GATE 2027 MINING ENGINEERING (MN) ﬁ i
B “(Dav-s) | UNDERGROUND HAZARDS| SHAR
4 A"fﬂPﬂtBF !hw“s’hm‘-” Inundation & Water Hazards HYDERABAD [ GATE Focus
: ine Safely”  Sources of Water | Sudden Invush | Water Barrirs | Boreholes | Pobing | Drinage | Prevention | Emergeny Response W
1. Introduction to Inundation 5. Water Barriers and Safety Distance | .
h ® Tundation is the unwanted inflow of water into | ® mﬁgm&(ﬁm pilrs) are left between vorkings and (%
- underground workh}gs. ® Width on geologal conditions, water pressure and mine depth
® Can cause loss of life, dﬂm?igeto equipment, ® No universal value ~ determined by , regulations and risk assessment.
- d}?smpﬁon of production and permanent closure ® REH“W "“"“l""”g ond probing are m :
of mine = -
- ® F1agteoccur ggduaﬂy seepage) or suddenly
- water inrus
= |
: 2. Sources of Water in Mines
 Swe Description / Examples
. Surface water Rainfall, rivers, lakes, streams,
, ponds reservoirs
- . Groundwater Aqutfers water table, seepage
- | Old. workings Abandoned. mines, flooded galleries
Fcull:ts fractures Act as water channels
o o |
- Goc[F areas : Accumulated water in goaf

Inundo.ted workings in nearby mines
Natmulmterbodlas . Underground lakes, wa]:erbew'mgstmta

3. _Types of Inundation

[ Type | i 1
9 i el
B Suiden st | High ot weectd, vry dangerous
g | o o vk Comton i e e i
Theough fauks/frackures | Due 40 qolg. disurbces
. From surface Mgfﬂavgmufaﬂaaufaceibadam

- Emm-hmnrgdmn Penetration of aquifers

- | 4. Sudden Inrush - Causes and Indicators

- Causes Warning Indicators

@ Breach of water-filled old \/Inmsemmterseqmg
.lnl:erse:iimoffautl:sfﬁ'uw.m v Change in water quali

@ Penetration of strata | (furbidity, tmnpemture

@ Falure of naturol or artifical barriers | ¥ Damp spots and wet ground
® Heavy rainfull and surface subsidence | v’RmnngwndoFmter

.menmdumgmlhngmushrg U Drop in groundwater pressure

M@mﬂwubﬁéﬂs
o Pl et i o

eeoeese -] & sese O

| (Soldion:) p - POQH

[10.  Key Takeaways

Drill probe holes ahead of face, in floor, roof and sides.
Used to detect water-filled voids, oldwnrkmgsnraqmﬁars.
Small diameter holes at closer spacing.
If water is encountered, measure pressure, water quality
and flow rate. [Er
Use of onguel and inined borehoes for adbace detecion.  Driling Ahead of Fuce
Drainage of Mine Water | Types of Pumps |
Pmlpingisthemﬂmrmﬂmdtormwewuier ® Centrifugal I
Use sumps, and stages of pumping for daq:rmnes ™ Subma‘s?ble%
Provide pumps umiemergemd power supply. . Turbine
Regular maintenance of pumps and ° Pos;Lb.ue pmﬁmmﬂi
Design drainage capacity for peak in conditions. L
8. | Important Formulae ~ 3
: ter pressure
Hydrostatic pressure density of water (= 1000 b/’
o P=pgh E 98 M )
height. of water column (m)
: Water inflow h a crack/joint Q= scharge (m’/s)
e (Damgslmuﬂ“:mlgphﬁed} Q= _k_A_[ﬁ_h A_Fﬂ': mtg(mm
Ah = head difference (m)
L = length (m)
. P = power (W)
© Pump power pa POAH | e )
m H = total head (m)
1 = overall efficiency

'19. | Numerical Example

Q. A mine has a water seepage of 0.02 m*/s from a fracture. If the water
hnstobepumpeﬂfnahelgtafﬁﬁmmlwlntethemqwmdpower(n 70%).
1000 x 9.81 x 0.02 x &0
0.70

Answer: 16.8 kW

= 16 817 W =168 kW

v ldentify potentinl sources before starting mining.
v Use boreholes and probing to detect water hazards.

Be Alert

o Mairtain cdequte water barriers Be Pre
v Provde suffcient. and reloble droinage capacty Control Water
v Have an emergency response plan for sudden inrush. Ensure Safety

v Regular monitoring saves lives and assets.
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h (DAY-9] _UNDERGROUND HAZARDS
“Trained Rescuers HYDERABAD | GATE Focus
e
- i Mine Rescue Apparatus & Practices Cone
Mines Run Safer”  Rescue Organization | Rescue Teams | Breathing Apparatus | Self-Rescuers | Rescue Procedures | Emergency Communication w
=8 1. Importance of Mine Rescue
h ® To save lives, control emergencies and
restore normal operations.
- ® Deals with fires, explosions, inundation,
roof falls, toxic gases and other hazards,
- ® Well trained rescue teams and proper equipment
reduce loss of life and damage.
- ® Essential for statutory compliance and mine safety.
- “Rescue is not a Choice,
- It is a Preparedness”
- 2' M[ﬂe Rescue Org lon? ® Air from cylinder is supplied on demand. | ® Exhaled CO, is absorbed by chemical
® At National level: CSIR-Central Institute of ® Used in non-oxygen and toxic atmosphere. (KOH) and oxygen is recyc
Mining and Fuel Research (CIMFR), Dhanbad ® Duration: 30 - 60 minutes (depends on ofinder). | ® Longer duration (3 - 4 hours).
- @ Stationed mine rescue teams at strategic locations. | @ Lightweight and widely used. ' N os bubble -~ silent operation.
® Trained rescue teams with specialized equipment. N L ml"”geg b fPetite
. ® Conducts training, mock drills and research. Used for entry info toxic, smoky or SuTtablzz :;rcﬁe:ﬁm;mzd long duration
- ® Provides assistance to mines during major incidents. oxygen-deficient areas. P
— 3. Rescue Teams - Structure 7. _Other Important Rescue Apparatus = |
Detector Rescue Line & First Aid & Medical Kit
4 [ Mine Rescue Organization | gl Communication Set |
v —_—
Commandant /
o= ¥ - S e ng@ O, 0, | @ Usewc.ie[iio T oGuui'e i e, | @ For inmefict
Rescue Team A Rescue Team B| | Technical & | |Communication | Uk P €€ Wac, pef ors i) |
Used for safe Lightweight, W mmcatm ° Includes en
B (egun) | (Sppr) | Mol Sopot | & ogtis | ® o0 ooty o lgibuegt, 0 “‘”"? i s
M8 4 Types of Mine Rescue Teams 8. Mine Rescue Procedures
| ' Role A gGefmFumuiimabmiﬂmWident(hmﬂmmﬂn,mmba'onamuJ. Plan
' ! AT ! Assess the hazard and plan the rescue operation. Communicate
- T3 M , : .
- Tfmmiﬁ Initial action locally bﬂgi gfl?:lzenst € Wear appropriate breathing apparatus and safety gear. Rescue
Pt e 5 T Highly trained 1| @) Enter the mine with guide rope and communication. R
- Resoue Toam | GJOF rescue operations | | specialized ﬂp'p:ﬂl'ﬁt s | € Search, locate and rescue affected persons.
[ I Crrdhifatio '| €@ Bring the rescued persons to surface and provide first aid. Repm-t
Support Team  Surface support, logistics | medica, stﬂndnfn =T
- It ' First aid, resuscitation - i 9. gency Co L Key Features
- Medical Team treutmer,lt 2 Pwvmechs, doctors @ Use of wired communication systems (telephone, leaky feeder). | + Reliable
; | ® Two-way radio communication (intrinsically safe). | Intrinsically safe
' @ Signal codes and lifeline communication. | # Clear and si
A . Self Rescuers (SCSR) & Mt ettt el wwiee | o7 Redunda.m:m
- , v Carried by every underground. worker. @ Critical for coordination and safety of rescue teams. _ ¥ Regular testing |
" Provides breathable air for short duration » : F
- . EJEC?DLH 30 - ?}D mmutel?z 3 10. | Practice MCQ (GATE Style)  11. Key Takeaways
esﬁ“"”’m Xc gases [ Which s most suifable for v Resoue foars end jpent save lives
icient atmosphere. rescue operations (2 - 4 hours) iy :
- v Tgpes Cenical oxygen (KOH), R toxt ctmaphere? o v ﬂmm mandatory for all underground
3 oxger, trgen condles. Eﬁ ?;;WE {SCSmmR} o iz B v Gosechodt B e i b i
~CIMCLLL COf ar -
- v Should be simple, reliable and easy to use. (© Cheed-cirt 5 ol o Rl i) i el 2
Sel-Resuer (SCSR} AT T B () Gas detector are essentiol
- “Wear it, &nyd,w Ans: (c) ' Be prepared, act quickly and follow procedures.
= Sﬁwmm ACADEMY  HYDERABAD | GATE 2027 | iing Eniering (M) | Sty
=
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“Safe Mines Safety Management Plan | Womasd TGATE e
Productive Mines

1. What is a Safety Management Plan?

® A systematic plan to identify hazards, assess risks,

implement controls and ensure safe minin opemiLons

Integrates people, process, equipment aru? procedures.

Aims to preuent accidents, protect health, comply with

requlations and promote a saFetg culture.

® Essential for LmJJ round mines due to high-risk
hazards (gas, fire, dust, inundation, ground contrdl, etc.).

“Plan Safety - Prevent Accidents

Ensure Continuity”

2. Safety Policy

® Top management commitment to safety.

@ Clear objectives and responsibilities. Sﬂfﬂftl:!.m

@ (ompliance with statutory requirements. Starts

® Provision of resources and training. the

® Continuous improvement. Top

3. Hazard Identification

® Identify all potential hazards in mining operations.

® Methods: workplace inspection, job safety analysis
(JSA), incident reports, HAZOP, workers ﬁaedback

® Common hazards: gas, fire, dust, inundation, ground
fall, electrical, machinery, transporf:utmn etc.

4. Risk Assessment
@ [Evaluate the likelihood and severity of each hazard.
@ Use a Risk Matrix to prioritize risks.

® C(onsider existing controls.
o T—?g
.

Classify risks: High, Medium, Low.
Review periodically and after major changes.

RlskMatnx
. Likelhood |

l"ll""'l'll'l'l"'l'rl'

Severity

Minor _Moderute - Mcgur

— Very Hgh  Medum | High
| High  Medum | High
B Medum | low  Medum | Hgh
| Low low  Medum  Medim | High
.k_\l’a'yi.uw\ low | Low  Medum High
B 5 Control Hierarchy
_. Mast
Effective
AP I.. ..
o — e e
——> Last line of defence JLw{t

Sustainable Future”  Safey Poiy | Hazard entfaton | Rsk Assssmet | Cortol irarchy | SOP | Emerency Plans | Safey Audits

Cﬂs

6. Standard Operating Procedures (SOPs)

SOP

® Detailed written procedures for routine and non-routine tasks.

®  Covers safe work methods, equipment use, communication and emergency actions. & St
@ Should be simple, clear, and accessible to all workers. Cr S&PZ
® Regularly reviewed and updated. o SteES
SOP = Right Method + Right People + Right Equipment + Safe Output % Step4
7. Emergency Plan

® Preparedness for unexpected events (fire, explosion, inundation,
major ground fall, etc.).

® Defines roles, communication, evacuation routes and assembly points.

® Regular mock drills and i

® Coordination with mine rescue teams and external agencies.

" Key Elements of Emergency Plan |

\/ Emergency communication system ], .\\ |/ Be

v Alarm and evacuation system B Be Trained
‘\/Rescue rocedures and first aid Be Ready
v Ntemn’te escapeways and refuge chambers !

v Periodic drills and reviews |

—

Systematic and mdependent evaluation of safety performance.
Checks compliance with laws, standards, SOPs and safety policy. ¢
Identifies gaps and recommends corrective actions.

Tpes btemal i (by compang), Fxternal audit (by experts/reguiators).
up and continuous mem'.rement are essential

Fety Management Cycle (PDCA)

O eeee0e O

Set identifi
policy, identify
hazards, assess risks

Act
Corrective actions,
improve system

10, Case Study Example

Do
Implement controls,
Continuous training, SOPs

Check
Monitor, audit,
review performance

Q In a coal mine, repeated minor methane alarms are reported in a specific section.
What should be the MOST appropriate action as part of a Safety Management Plan?

(a) Ignore, as they are only minor darms
(b) Increase the production in that section

(c) Investigate the source, assess the risk and implement control measures

(d) Stop all operations in the entire mine

11. Practice MCQ (GATE Style)

Q,‘-"ﬂu:hoftlwfollowmgwattheTOPaFtlw
hierarchy of controls™in mine safety?

(a) Personal protective equipment

(b) Administrative controls

(c) Engineering controls

c)
(d) Blmination of hazard Ans: (d)

Ans: (¢)
12. ' Key Takeaways

v/ Strong safety policy and leadership.
v Identify hazards and assess risks.
v Apply control hierarchy.

v Follow SOPs and emergency plans.
v Conduct regulor safety oudits.
v Continuous improvement saves lives.

TUTORIAL ACADEMY — HYDERABAD | GATE 2027 | Mi (MN) Study
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2 phkiod Safety Data Analytics r‘*"mjﬁl )
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h 1. What is Safety Data ?

P ® Systematic collection, analysis and interpretation
o{‘g -related data to prevent accidents.
- ® Helps in Ldmttfgmg trends, root causes and

me

- ® Slmﬂ duta driven decision making and risk
in n

® Uses both hlstoncal and real-time data
(from incidents, inspections, monitoring systems).

- “Measure, Analyse, Improve
| — Make Mines Sanf.lgr
pm 2. _Tupes of Safety Data
Type | Examples |
B Accidertdota I, Tt property comage
lm:lentdaiu. zNeurmissas,hnzardwsmndifions
Inspection dafa. Safey udts, rule vilatons
P Monitoring data | Gos, dust, temperature, ventition
. Training data | Training hours, competency records |
. 3. Key Safety Indicators
_Freqwuanta{:FR) Howa&mmderttsw
 Severity Rate (SR) mewstheaccrdmtsare
Incidence Rate (IR) Nurnberofmsesper 100 workers

ertTmﬁy.uyﬁqand:e Lustb}g:suyunespermd.llm

LLLALER

. (LTIFR) ,
Rate rrrulhmnwnhours
ﬁgﬂ“}“&“&{m ‘LﬂstdﬂHSPE
Indicators Proactive measures ;
T |mmgvehazmﬂrq:(omf$h J
Indicators Reactive measures (accidents,
— o  injuries, lost days)
M 4. Important Formulas
-oﬁvqusﬂm‘e R N1t N uner f it
=={  H = totdl mar-hous werked
-QSM@RﬂtE(SR} SR:DKIOE D = total lost days
TH_ H = total man-hours werked

E
= | @ Lost Time Injury Frequency Rate (LTIFR)
LTIFR =

E = average rumber of employees

Nim x 10°
H

- eLostTmIrgwgSzm@Rute(LnSR)
LT,[SR — DxlU D=

Nert = number of lost time iuries

total lost days
total man-hours worked

L

5. Example Calculation

A mine worked 2,50,000 man-hours in a
reported 5 lost time injuries with a total
Calculate (i) FR (i) S

—

ear
% 120 lost days.
(iii) LTIFR (iv) LTISR.

. : 6

e 0,

@ R = 2000 = 209

s T

(i) SR = 250000 " 480.0

& a0
(iif) LTIFR = 250,000 20.0
_ 120 x10° _
(iv) LTISR 250,000 480.0
6. Trend Analysis (Example) '
Lost Time Injury Frequency Rate (LTIFR) '« Consistent, reduction |
404 3 in LTIFR erw:fmtesfet
rovement in sa

30 '\2.3\21 Wnrm Y
20 4 o\_as V' Trend

10 4 """“'---1.2 eFFectNmess of s.ufetg

measures.
U T T T T T = « USB mP'hS Chﬂ.l'ts ﬂ.l'l.d
2021 2022 2023 2024 2025 das for better
Year visualization.

7. Root-Cause Analysis (RCA)

EE e

" Common Tools: 5-Why Analysis | Fishbone Diagram | Fuit Tree Analysis (FTA)

q 8 Leading vs Lagg_mg Indicators

_ Nature  Proactive ( predjctﬁﬁure Reu:hve(pastwmts

Acadmts uyunes lost days,
' % L
Fw-pase Prevmt accidents Meusure consequence

- = TR

Your Success is Our Mission

Use %‘:ﬂﬂg & continuous Evuluute past. performance
9 Practice MCQs (GATE Style) 10. Key Takeaways
O 50000 mtors Wt s 0 TRy | e il iy s o s
(ag 10 (b) 20 v Monitor both leading and lagging indicators.
©30 (440 As: (b) | o Prform rct-comse ncuss fr every it
m,Wu:hafﬂwFquwmgLsaleaﬂngmdmtnr? v Reqularly review and update safety measures.
S“”"‘b“"fm v/ Deta-cren sl lads b 6o harm.
Sufetlimmsperhon frequency es: (c)
mlfswmﬁﬁ{ s 400000 Analyse Today
(@) 200 (b) 400 Avoid Tomorrow
G0 & a0 Ans: (b)
Q4. rot-caue anaysi,the *5-Why” metod
ﬁ;i m*husc cause
£ ol ot A ()
ACADEMY — HYDERABAD | GATE 2027 | Miing Engineerng (MN) | Sty
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= Higher Productivity”  Numination Requiremerts | Lamps | Lighting Systems | Measurement. | Lux | Gare | Light | Numerials
Lgrtng Scfety MCQs

- 1. Importance of Mine Illumination | 6. Important Formulae
@® FEnsures safe and efficient nditions. Tlumination (Lux 3 E = illumination (L)

: ® He s Lnaor:ld ﬁntto:nrbkﬂefﬂvmblm o ) A A f=ﬁ W fiox (o )

VL
& st fati Luminous intensity ) I = luminous intensity (candeln, cd)
- & Essentml (?r m;ﬂpu;ctmn mu[?nuteenum:eand o [= B 4’—%“11(1 f'!JmEﬂS)
operations. O e
h ® Purt of s#u{utorg safety requirements. o Tnesd T I E = illumination (lux)
Square = ole e ek L

bl TR e l B [animed

<] Number of lamps JRET A e e
2. [llumination Requirements (Typmal) required N e nxd, sl i) ¥

- R _ £t [33 utﬁimfum([}?, 06)
- Lmlhcllfﬂchwtg - (LI.I.K) | L pe

- | e, imiot roucs %0 - 50 7. Numerical Example 1 - Ilumination from a Lamp
r : | v | lamp has a | intensity of 1000 cd. Find the illuminati

= mmmlﬂ 133 - ;?}% || i i e vy et e X,

B i ons vkt | 20500 | |( o] B - M0 K0 o e 40 b
St cusigs, refge chanbers 50 - 100 | | Exarsl I

: Gmeml_ e - 20_50 ‘ %nmﬂdeng.oFur‘einOOﬁl mqu?resufdhmmhﬂorfofmiux Each LED
3. 'Ilyp,es of LOJ'I'LPS Used in Mines - gives ltllﬁgdlumens If the utilization factor is 0.5, find the number

. , e __req

(LED) Hand Safety Lamp | . ExA _ 50x100
| e 9. _Glare and Its Control
: nines, | @ Glare: xcessve brightness causing discomfort and reduced vishiity,

BB o on oo feinet | © Portoble O sy oMthmqmwﬂmmg e ovfons EG"@
@ Battery operated ® Used for inspection | @ Prevents ignition @ Efects: Eue strain, heado.d'les reduced concentration, accidents. Lston
© Widely used now ~ ond maintenorce | of methare © Corrl. e dffi g, pope lonp sk e mating g, \,_Safe Work
® High efficency | @ Rugged design .NUWTEP] suFH avoid direct line of

- udl | e )| 10, (i S Precautions

- 4 -Eg_hEUEQ_S!_ isfgmg- \/ Use intrinsically safe and ﬂug:jrmf mgussg mines.

o § Dbyl | ¥ Tl ool s

WALJS, ns WOrl es. n cru areas e
& Flamepr%of and | JsaFe fittings for assgpmines. 5 Avoid M i (reﬁ:g  Spmaie).

- ® FEmergency lighting systems (battery backup). v Foﬂowstu’cutnrgnllunumtmstmdmﬂs
® Use of energy efficient LED technology.

- 5 1. Prctice MCOs (GATE Sil) 12. | Key Takeaways

-3 5. _Illlumination Measurement BT o g s o b it "0 | (U A
® Measured in Lux (Ix) = lumens per square meter. the ilemination at o distance of 10 m.on the for mine safety and productivity,

- Tnstrument: Lux meter (light meter). ©2ix ()5 V' LED cap lanps cre videly used row.

P i SEsliiiients | it 0 e VRSN

(2. The unit of dlumination is JPmmtglnreandmnmtmn
Modexie easure a) o l

W 1 mummno“fﬂm Tl R'ﬁguw 8 B ) i v Fguhctﬁ ﬁmmﬂm

= ML { 6 | v e

safety audits.

W

- sﬂﬁ'”"’mm’“’ ~ IDERGAD A 207 [ g Eper (40 |54

- Your Success is Our Mission @ sarhrtmmlamdemyorg i



GATE 2027 MINING ENGINEERING (MN) m B
LUNDERGRQL_IND HAZARDS | S

= = TUTORIAL ACADEMY ’—"““'

“Safe Mines | Mine Legislation + Occupational Health & Safety |~ HYDERABAD  ((GATE Focis

Healthy Miners —_— Concepts
Stmnger]ndm” Mmuglegdmhm|$tahiay%wwwm$|&fetgﬁwam5|0uupuhwlﬂmm|PPE|Ergmmks ::uénotesnmh
1. | Importance and Objectives | 5 _ Safety Provisions (Major Areas) |
® Provide safe, healthg and decent working conditions 4 Eﬂffﬁme d;,sgn C?“St'"uf’ﬂm ndg ’ﬂtm&" Fﬂﬁd Fm'"iidm“':e o ( Comply Today
entilation, fire, explosion, inundation and fall of ground con
o !F!’lren'.}g:l? accidents, occupational diseases and ®  Electrical, mecm”":‘;l and transport safety : for a Safer
environmentalharm. ® Use of safe equipment and approved materials. Tomorro
: Eeﬁne mlefs and FESFOI‘ISIbLJ.ltLES of aﬂl sb:tkeholgers : L';f’;?ﬁ:% ﬁf?ffesﬂlmﬁgnmﬁﬁtgﬁ g Tors
nsure welfare, social security and we beLrlg of workers. | @ Emergency preparedness and mine rescue arrangements.
b . Essential for sustainable anderoductwe e ® Repa‘gtmg Hmfd E&estlgutton of accidents and d;‘%]erous occurrences
“Good Legislation + Effective Implementation 1 6.  Occupational Health Hazards and Diseases
p (S Sale b Honlth) Work sy |~ Foad e Banpls | Posble Healh Efcts |
] : Pneumoconiosis, Silicosis, .
2. | Legal Framework in India (Curent) | | Dt (cul slmetc) Respirale dust | Crptrepraiaddages |
OmodlbmﬂSu‘Fetg,Hmﬂﬁ _Moise_ ¥y H'@nﬂiseleve[s_ | Noise Induced Hearing Loss (NIHL) |
Wooc‘:du;g w | Vibration | Hand-arm / whole body . Musculoskeletal disorders
_ I ITmticgﬂsesfﬁM CONG!SO!dl&SEIﬁImES . Respmlmyandsysfﬂnweffm I
e " | | | Physical foctors Heat, humidity, poor lighting Heat stress, fatigue, accidents
_21Novm£er2025 | " | | Ergonamic fuctrs | Morual hding oo postre Bk pain, musculoskeleal disrders |
~ — FDI‘ sbatutmy Biological hazards  Micro-organisms (in some mm) Infections, allerglas
Smm”‘i“mﬁdm a ?f.utf,‘,,"sﬂfﬁi 'psgdmnl&m Stres, ong i Mmtalheal}.hussuesl"ahguz
Rules and Regulations ' DGMS notifcations, 7 PPE Selsctmn, Use and Ltnutatwns
(ﬁ'a.mes specnﬁctommes) ﬂ.PPIEﬂ.H.B o S
' regulations and :
i T || P @@Q&Q‘
p by HmtshyafLﬂbour&Eﬂ’plogMnt) J . 5 A =
ar iral Safety | High-Visibili
3 RO'-e Uf DGMS Goggles Protection | Pmtec‘uan : m | Boc-g _ glgluﬂlﬂng iy
@ Diretorate Generl of Mins Safety (0GHS)is e | DGMS '»/ St PE bosd n bz otk Limkations:
central mine-safety requlator and en?orcemmt authority.| Enforces v’ Use approved and good-quality PPE. @ Does not eliminate the hazard.
® Issues regulations, F"ET"‘“':s approvals and guidance. Safe'b_,, v Ensure proper fit, comfort and maintenance. | @ Effectiveness depends on correct use.
@ (Conducts inspections, inquiries and accident investiqations. | e, o v/ Replace damaged or worn-out PPE. @ Con be uncomfortable in harsh conditions.
® Publishes circulars, safety alerts and technical guidelines. Cum_Plinnce v PPE is the LAST line of defence. @ Needs regulur maintenance and replacement.
b ® Works under the Ministry of Labour & Employment, Stht e
Governent, o Indio e |IEY Ergonomics and Manual Handling |
@ Design workplace, fooks and work methods to st h ities, | Fit Work
h & Statu,tory Respomblhhes o AN ﬁ.mld repetitive tasks, awkward postures and excisu{lve Fﬁnggs' to Pegplg
Stakeholder Key Rmpannbnhtws @ Use mechanical aids for heavy loads. Not People
_ | @ Provide safe place of work, safe systems, eqummeni: ® Provide adequate rest breaks. ) o [
b Employer / Mine Owner | : aﬁ-}e tmﬂ”:m hipigq health survellance ® Helps reduce musculoskeletal dmﬂers and improves productivity.
| . ] 4 wi Pm\'lﬂ@ﬂs
p / IS Implement safety mf:dm on grouFd hE., 9‘ — Key COI'ICGP&S
! Ensure compliance and correct unsafe a Fions Term | |
B
= | » S K | Exposure | Grtoct it o bz (o b ).
& ' @ Report hazards, wsafe conditions and health issues | | | Risk | Lieliood and severity of ham.
h | @ Cooperate in inspections and training [ | [ Control | Measures to elminate or reduce risk
by | (i s | & T e (PPE | Pt s i b ot ot o)
| | ® Provide trained manpower and safe equipment,
h Safety is Everyone's Responsibility
10. | Practice MCQs (GATE Style)
E O otz Opiemsb it O mmmumeny @iz (@ gy wnuer
a Fi Ly Bikin a) Neoise Silica/coal dust 3 Administrative cont f) g of Sk
Qo QW Glem eawas QUL 5;; ggm;mr‘* () ety ey
E b &) rs: (b) Y " N Lt~ e
TUTORIAL ACADEMY — HYDERABAD | GATE 2027 | Mining Engincering (MN) | Stud
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lux levels, safe lamps. (LED)
. Avoid glare and shadows, regular maintenance
i Key: VlSlbl'ltH = safety + produl:i'u..rd:HI

- Mines Act 1952, DGMS regulations
® Employer, manager, worker responsibilities

Be Exam Ready
~4 Make it Happen” CmsleExpksmnslﬁ:sllImrﬂahmlRexuelSm%thwgmatlLagshﬁmllﬂumm |MCQ=LMS&!NAT
hi ' Quick Revision - K_eyHazards&OneLmers 4 ImportantFormulas(Qukaecap)
o Causes: heat, friction, electrical, spontaneous heati . 5 E = {llumination (lux)
h (W Fire | ® Control: detection, fire seals, mﬂisﬁlm isolation, rffoamw o Ilumination: E' v {lux) l|.trrlLr|L=|.:5z flux ((m
- | |® Key: prevention + early defection I = [1‘90 (m }mt &
, | ® Methane + coal dust + ignition source Luminous intensity: | = ¢ od = luminous intensity (c
EXP'.OSIOR ® Control: ventilation, s{onlgnéusl mmr'hsuhm nosparks o I ( ) . l”mmushﬂ'f:r}“r%
. ® Types: methane, oual dust, hyprid . i
~ T i e = o Inverse square law: E = — d = distance (m)
- s Dust : &nﬁb%g& :::lum;gpnmm;zsixtmbm | 6 T T
; |® ij snmphng monitoring, PPE o Frequglm.:l rate: FR = LHH)_ H & It'r[uf m';cnc_hzﬂrs
< e Sources: surface ater, groundwater, old worki : F 6
- |o ln&.lndﬂtlonit('}ontme}]ﬂmhmgw ; drmnugewulermburl:lg:fs's o&vzrrlgmie SR:E_XH_N_ D = total lost duys
] KBH Iy detection an emergentg response 3 : N x 10° :
. FQ o Teams, breathing apparahls self-rescuers e Incident. rate: IR = JE E = m. UFemPIDHEES
eF tion and proced T
- 2 e e e i @ gy - B2 0 1« i

© UM severty rete: 75 - Dx 10"

Number of lamps: N = EXA
& lmps; N = E A

D = total lost days

n = utilisation factor (0.3-06)
EIJL = lumens per lamp (Im)

¥ ° Gcrmphnnce inspections, s’cu;ut_o_ry provisions e TS = quantity of air (m¥s)
- Health & & Occupational diseases, noise, vibration, toxic gases @ Ventilaton (bosic): @ = A x V A Eclu-euF‘
| + ® PPE, ergonomics, health survei V = velocity (ITU"S
. Sofe‘tg | @ Safe and healthy workforce = sustainable mining

. 3 Hazard Comparison (At a Glance)
. " Main Cause Major Risk " Control Measures
Fire

-Hﬁﬂt friction - Fire spread, toxic gases 1Detac’tmn inertisation, fire senls
- Explusm HEHme.meldusl]Biustshockwave

JVmﬂlu’[wnslaud:d,mgndlm]

4. Steps in Safety Mana ement Plan

i

_ Respirable dust | Pneumoconiosis Woater spray, ventilation, PPE
lnundd:mn | Water inflow | Drowning, equipment loss | Probing, grouting, drainage Most
| Tnmc Gnses CO, CH,, NOx Asphgpciui’i_on thd,uhun monitoring, escape Effective
l|~J.m | Machines, bastng | Hearing lss | Enclosures, ear proection | Si?EeM?;%IS
. ‘Vibml:ion HEMM, drilling | Musculoskeletal disarders Ergnnomtcs  maintenance J BRIGHTER
Legislation Nnn camplmnce Lqui actm, unsafe vork Foliaw Mines Act & DGMS rules es | Ligast TOMORROW
L& & _—— - Effective
6.  Practice Questions (GATE Style) 7. | Numerical / MSQ / NAT
Q1. The recommended minimum @2. Which one is NOT a control measure @3, A mme worked 3,00,000 man-hours —— =
illumination level for general undergrond  for coal. dust explosion? rled 6 lost time injuries. Q7. Alamp hos luminous mnsxt? of 2000 cd.
- haulage roads is (a) Stone dusting The, LTIFR is Find the illumination ot a point 10 m away
(a) 5 lux (b) 10 lux Eh inerisaion with nitrogen (a) 10 b) 20 directly below the lamp.
- (c) 20 lux (d) 50 lux Increasing ignition sources (c) 3 %d} 40 Ans: 20 lux
i (d) Proper venbildfion  ppe. © Ans: (b) | @B. Match the Follwm‘g )
List-1 List-Il
Q4. Which gas is mainly responsible @5. A roadway of area 80 m? requires Q6. Pn iosis in coal miners i T v
- ﬁrim:nge explosmng"’ Eli)ﬂummhl;tﬁ nﬁ%ﬁl;xﬁu}gﬂi&{mi %i\ges mm?gm i ;L:Innged axpos;eto g EE;E;L[ é m[? dﬁi gfﬁ;ﬂd
(a) CO (b) €O, number of lamps required is ~ (a) Silica dust  (b) Coal dust g ﬁiww i El:t:ﬂiﬁfnl'feﬂrﬂghﬂgmﬁr
(c) CHq (d) NOx (a) 8 (b) 10 (c) Asbestos (d) Lead fumes - T —
; (c) 12 (d) 16 Ans: A-1,B-2, C-3,D4
Ans: (c) Ans: (0) Ans: (b)
B Q9. A mine records 4 major injuries and 2 minor
8‘ Keg Tukea'ﬂdgs injuries in 2,00,000 man-hours. Calculate
Understand all uderground hazards and their contrls (@) PR (b) SR i totnl kst s = 60.
Remember important formulas and their applications “Safe Minds Ans: FR=300 | SR = 300.0

Focus on statutory provisions and safety responsibilities.

Link theory with practical examples and current mining practices.
Practice mixed MCQs, MSQs, NATs and numericals requloriy.
Safety in mines is a technical, legal and moral responsibility.

Analyse
Perform

Succeed
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air in m¥/s and in m¥/min.

@ Dust (Respirable)
In a mine, the total dust concentration {7
is 8 mg/m?’, of which 30% is respirable. £
Calculate the respirable dust g
concentration (mg/m?). i

Methane is emitted at 0.06 m?/s.
What quantity of fresh air (m*/s)
is required to keep methane
concentration below 0.5%?

In @ mine, 18 reportable accidents
occurred in a year with 2,50,000
man-hours worked. Caleulate the
frequency rate {per million
man-hours).

 ® L1 Frequency Rate (LTIFR)

- A mine has 5 lost time injuries in o year

with 4,00,000 man-hours worked.
Find the LTIFR.
- @ Temperature Rise (Fire)
A fire releases 25 MW of heat in a
- qalery. 1f 50 kgfs of air (Cp = 10 ki/kg )
ses through, estimate the air

mperature rLse ["’C)

"'l"]’"""'"“'"

e I

Find the stress (MPa) at a depth of
600 m due to an overburden with
unit weight 24 KN/,

D e Epar
A miner is exposed to 95 dB(A) for

4 hours. Assuming 3 dB exchange rate,
what is the E{])mvuleni expasure time

=5 ))9

BB (D) Conbined lumination + Ventiation

. (per million man-hours).

D 11 Severity Rate (ITISR)

| The same mine has 300 lost days
' due to these injuries. Find the LTISR.

@ o

per minute. What is the minimum
| air quantity (m*/min) required, assummg
. air contains 21% oxygen and 20%
| excess air is provided?

(in m?). What is the volume of' air

| required to dilute it to 1%7

@ Iundation (Water Irush)

| A water- be,amsq stratum supplies
| water at 0.2 m¥/

s. Caleulate the
volume of water entering in

24 hours. Express your answer
[ in m?® and in thr'es

O o T

" A lamp gives 1200 lumens The area _
' to be illuminated is 60 m?. If the
¢ utilization facter is 0.5, find the

© Ilumination

number of lamps requlred to provide

Es due to these accidents is 450.
Calculate the severity rate

A diesel engine consumes 3 m* of 0,

@) Drainage Pumping

As

[ ump collects 5,000 litres of water
| in 15 minutes. Find the required
- pu.mp capacity in m*/s.

PPE Selection

A workin place has 110 dB(A) noise. .
What is the minimum noise reduction |
i rating (NRR) required to bring exposure |
| below 85 dB(A 7’ Assume ideal conditions. -

;mnrm

Ina5mx 4 m roadway (area = 20 m*), design for 150 lux using 2000 lumen lamps (utilization factor 0.4). Also, if air velocity is 2.5 m/s,
find (i) number of lamps required (i) air quantity in m*/s and m*/min.

f mass of suspendﬁd coal dusl: (Ln kg)

o Water Pressure
. Caln:ulate the hkidmstutm pressure

. as 9.81 kN/m®. Express the answer

o Inverse Square Law

| COz
i is reduced to 3%. Ass
' mixing, find the volume o¥ H::sh air

6D Dust Sunplng

| of air for ~ hours. What is the total
. voluma of air sampled? (Give answer

, inm?

D) Mi-Hazard Scenario

GATE 2027 'MINING ENGINEERING (MN) I%fea;}-e
: 'UNDERGROUND HAZARDS | S/
DAYN 15 2'5_ — _f_E__N _____ —_— ls_ = TUTORIAL ACADEMY m‘\
8B s Minebials GA HYDERABAD |
Build Confidence AT
Crack GATE” F'Lre|Exp|ﬂswnleustlInw1dcrtwniVenhlﬁtwn|llhmnnﬂon|Safety&Healﬂl
Key Formulas (Quick Revision) v/ Galoiatons | Units to Remember
, : i d : = Ny 10° Stre . Flow rate (Q)  : m¥/,
L Arquily Q- A \; @) | 7 et ke R = N x 10  Strengthen Imw( ek
2. uminous intensity 1= <5 (od) | g 7R - Nalx100 ) g Velocty (V) : m/s
Sl ) (10 5 wﬁ_ Problem Sol lumination (E) : lux (Ix)
- llumination el 9. LTISR == '/ Score Higher Luminous flux () : lumens (Im)
4. Inverse square law E 4 o 10. Number of lamps N = T Distance (d) ‘m
N x 10 = u . iy 108
5. Frequency rate FR = DHw& Tl PR Vxl 7 wnen](_?dlay ﬁmﬂij&m%ﬁmm}
6. Severity rate SR = — 12. Gos conentaton. (%) = (735 )% 100 ( Expert Tomorrow” ). Fover (P) twatts (W) |
25 Numerical Problems (GATE Level)
€) Ventilation Methane Explosion Coal Dust Explosion
A mine roudu.ra has a cross-sectional " A mine gallery of volume 5,000 m* | A coal dust cloud of concentration
area of 12 m?. If the air velocity is has 8% methane [#b volume) | 750 g/m’ is present in a gallery of
35 m/s, calculate the quantity of Find the volume of methane present | volume 10,000 m*. Find the total

exerted by umn of water 80 m

high. Take unit weight of water

a co

in kPa and MPa.

A light source has an intensity of

| 300 cd. Find the illumination at a

int 6 m away. If the distance is

an d[ummutton leveL of 100 lux qoDuat whist WK tiithe néw

@ FeqencyRate @ @) Severity Rate

! In the same mine, the total lost

illumination?

| There are 12 reportable accidents
| in a year in a workforce of 800

| employees. Calculate the incident
| rate (per million emplugees)

el

A cavity of 20[] m?® contains 12%
ﬁcer' ventilation, the COI'ICEﬂtI"ﬁth"L

introduced.

Toxic Gas Dduhan

't CO is emitted at 0.01 m*/s. What air
i quanti

(m*/s) is uu-ed to keep CO
concentration below 5 ppm?
| (25 ppm = 25 x 10-6 by volume}

A sampling pump draws 2.0 L/min

A mLms methﬂ.net emission 00054 n';’;’s
EIJ'I men l.I.LI"I.I"I m=/s
air. Find ﬂ'uems:o req | required to
keep methane < D 5% with 25% sufety

ﬁwmmmm HYDERABAD | GATE 2077 [ Mining Enginering (MN)
-
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- 4. More Pmcﬁoe MCQs (Quick)
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GATE 2027, MINING ENGINEERING (MN) L
"UNDERGROUND HAZARDS O *
DAY 16 ——————————————————————— ~ TUTORIAL ACADEMY '_iih%' g
";Tctwe More 50 MCQ / MSQ / NAT HYDERABAD [ GATE Focus |
ve Smarbzr | i
Score Higher”  Fire | Explosion | Dust | Inundation | Ventilation | lumination | Safety | Legislation | Health me}
1 Multiple Choice Questions (MCQ) | 2. Multiple Select Questions (MSQ) | 3, Numerical Answer Type (NAT)
Inrmhmi concentration (LOC) "M'uch of the ﬂ:[low are sources of @ A mudway of cross-sectional area 12 m?
belnw which coal does ot ignite is dust? {Seleat al that apply) requires an air velocity of 2.5 m/s. Calculate
P?’B‘;ﬂt‘?@ b Hﬂmﬂ ] me ﬁ e quantity of air required (m?/s).
Eg) 18% Ea§ 21% Cwl Emdlmg Y Ans: @
s ective or dust control include: Al ides 1500 lumens. The area
e Uhle”fdﬁéte Eﬁmﬂﬁnu P E&%ﬁﬂw@;[ﬁ?s y l“de @ ? E‘!’l p:; mfﬂiti?}l ‘Im’“ 4
By 6 e s | Dlhi ’ Q

Which gas is mainly responsible for
mine explosions?

3

(a) CO (b) CO,
(c) CHy  (d) NOx
The wnit of dlumination level is:  ~ A/
(a) lumen  (b) candela - -
(c) lux (d) foot-candle

e Lheﬁest;%t;ri blon{jiqﬂrespmstbLe for
{a) DGMS {b) IBM é }
(c) NCS (d) DGFT

Which of the following lsutoxwgusmmutes?
(a) CO ) 0; ()N (d) He

m.I.I"LE.SLS
(a) Rainfall (b) Faults (c) Blasting (d) Ventilation

Minimum safe illumination for general houlage
roadways is:
(@) 10 lx (b) 20 bux (c) 50 bux (d) 100 lux

Stone dust is primarily used to:

(e) Use of PPE
Occupational diseases in mines include:
(Select all that apply)

(a) Peumoconiosis

(b) Silicosis

(c) Byssinosis

(d) Hearing loss

Cumpun_ents of mine rescue equipment

o Em)l Self- el thl?;LB aﬁhmg
a -rescuer " apparatus
(c) Gas detector
(d) Stretcher
(e) Safety helmet
Which of the following are leading indicators
of safety performance? (Select all that apply)
(a) Safety training hours -

Eb ﬁott Ihip ae | v
(i
Number of accidents

5.  More Practice MSQs (Quick)

Which are fire pr;.-\.;mt_mﬁ measures?

(Select all that apply)

(a) Proper ventilation (b) Removal of heat sources
(c) Use of non-sparking tools  (d) Isolation of goaf
(e) Reqular monitoring

Early signs of water inrush include:

(Select all that apply)

{:a% Increased (b) Seepage in roof/Floor

d en temperature drop

{ Change in water ¢

d

;Deu'easembammetncpresswf
PPE commonly used in mines include:

Ans:

A methane concentration of 1.2% is
measured in a return airway of 5m x 4 m
cross-section with an air velocity of 3 m/s.

Calculate the quantity of methane emitted

in m*/min.
Ans:

A water inflow of 50 m*/h is entering o
mine. If pumping is done continuously for
24 hours, what is the total volume of water

removed in m*?
Ans:

A mine has 3,00,000 man-hours in a year

and 9 lost time injuries. Calculate the gl

LTIFR. LOST
Ans: | TIME

6. More Practice NAT (Quick)

A of 800 lumens is used with o
utilization foctor of 0.4. If the required
illumination is 50 |ux over an area of 40 m?
find the number of lamps required.

Ans:

Fresh air contains 21% oxygen. If a mine
air sample contains 18% oxygen, what is
the nxggen deficiency (%)?

Ans:

27

@ An air quantity of 30 m*/s is p
a roadway of area 15 m?. Calcula
velocity (m/s).

assmﬂwﬂmgh

(Select all that apply)
(a) Reduce heat  (b) Inertise coal dust (o) Helmet (b Sufetgshne.s (c) Gloves
(c) Absorb water ~ (d) Improve lighting (d) Respirator (e Ear plugs A mine has 2,40,000 man-hours with
@ Elements of a safety management plan: 5 lost days due to U;JUI'LES Calculate
Noise level above _ dB(A) is considered Select all that apply) the severity rate (SR).
hazardous for long term exposure. J-Iamrdtdermﬂmtm (b) R:skasaesamni Ans:
(@70 ()8 (c)8  (d) 100 SOPs (d) Emergency response plan (e) Safety audit MEHEIEW mﬁgﬂqm at o pa;r%s 0.5%
W@Sﬁ ae ﬂmgn;};n;lcg }nsk factors in mines? by 2 air quantity u:ate i:img;rm
] % g Whole body vibration ?} )Amm Anst
S B~
in one :
V7 Proctic iffrent qecton tupes (MCQ / MSQ / NAT). 5@9&9%@-. ' @ |
v Focus on formulas, concepts and real exam application. v REF;HWE LF.I:MS par Gﬁq]TE”th E s Same !'
v/ Improve problem solving speed and accuracy. o Revise formulas daily Goal .
v/ Be exam ready - Stay confident! ' Move to advanced level practice. | GATE 2027 |
sﬁwmm ACADEMY — HYDERABAD | GATE 2027 | Mining Engineering N Stuy
Ice
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BB “Formulas in Mind

Facts for Success
: 1. Ventilation Formulas

F lﬂumhtgofmr Q=AxV {mg‘fs}

P ]
- 2 Veadty V=2 (m,és) 6‘;
. 3. Temperature rise ﬁT:FTE:TE _
- 4. Power of fan P=¥ (W)
d 1.2 kg/i 1.0 kJ/kg-K
Mglﬁi(\-‘u’) ﬂPgEressw'e Pa) .
11 fanefﬁctenr.g
gasgs Whed,nwustmandd.ust
.  Inundation (Water) Formulas
BB 1 ity o Q= AV (n/s)
. 2. Hydrostatic pressure P = px gxh (Pa)
I Hadofwir h=—— (m)
- pxg
4. Volume of inflow V= Q xt (m?)
. p = 1000 kg/m® (water), g = 9.81 m/s?
Fact: Water exerts 9.81 kN/m® pressure
(= 0.981 bar per 10 m of head).

7. Safety Indices & Statistics

1. Frequency Rate (FR) FR = N “st
2. Severity Rate (SR) SR = D *Hiﬂ" _!_I_I_
3. Incident Rate (R) IR = Nx10°
4. Lost Time Injury Freq. Rate (LTIFR)
LTIFR = Nurcx 10 10°
5. Lost Time Injuny Severity Rate (LTISR)
D x 10°

LTISR = m

N = number of accidents D = total lost
H = total man-hours  E = number of emp
Nirs = number of lost time injuries

W

é

MINING ENGINEERING (MN)

e e N Y

Formula + Fact Sheet

Fire | Explosion | Dust | Inundation | Ventilation | Mumination | Safety | Health | Rescue

2. Gas & Explosion Formulas
1. Gas concentration (%) C(%J:(ﬁ)mﬁ
2. Stoichiometric CH, - Air ratio 1:9.5 (by

volume)

3. Explosion range (CH;) 5% - 15%
4, I_tn\.rar Explosrl.re Limit (LEL)
= (Lower conc. for ignition)

5. Volumetnc balance

air needed (m®) = 9.5 x Vg,
6. Heat of combustion (CHs)

H = 35.8 MJ/m? g
| Fuct. Methane explosion requires

+ Oxgen + SOUrce.
meﬂwne (5-15%) + oxyg

5HhmnahonFonnu!as@

1. Ilumination level (lux)

1]
Ay

SIR =

TUTORIAL ACADEMY t-“"":w
HYDERABAD | | GATE Focus

Formulas ]

| KeyFacts |

| chkRevnsm

3. Dust Explosion Funnulas

1. Dust concentration C = v (g/m®) g
2. Minimum explosible concentration I
(MEC) - conl dust = 50 - 100 g/m*

3. Stokes' law (ssf:ﬂmg velocity)
v, = 924 x (0~ po)

18 xpu
d = particle size (m), p, = particle densi
pa = air density, p = mrpv Y

" Fact: Finer dust (smaller size) is more

6. Occupational Health Formulas ‘

10. Hazard Compamon (Quick Facts)
 Maord | ManDanger | Key Control

Fre | Hect, b guses | Ventition, detection, ire sas |
quwm(ﬁus} Overpressure Mmmhyﬁmummth
Dust Explosion.  Shock wave Smquue&ugmﬁsnim
o Goses  Asphyiofion. | Monioring, veniation, PPE
Nose | Hearing boss | Enclosures, e protection
Vibration  Health issues | Proper eqmpmmt, a-gmm:cs
Fnu'l]llmluhm Acudmts

II'I"'I'I"I""II’

" Mines Act 1952 governs safety in India.

v DGMS issues rules, requlations and circulars.
Employer must mwdesnfewmkugcondﬂwm

v Use PPE - :ﬂeﬂ;thnwogs@s ear plugs,

v Cmd.u.ctnsknssessmen!:u:ﬂfo[leOPs

' Report hozards, near-misses and incidents.
W Regqulor health check-ups for workers.

I o Emzrgencg preparedness and rescue plan

is mandatory.
v Safety is everyones respon.sd:-d.ig'
Safe Mines
Productive Mines
Sustainable Future

1. Respirable dust % %R = %xm
2. Luminous intensty 1= £ (cd) 2. Noise leve (decbel) : |
3. Inverse square low E = — i lﬂlﬂgm(l—o)
4 Number of lamps N = E*qf' Ip = 102 W/m?
nx® s
0 - [Lerurlousﬂux(lLunens)A area (w?) S Yok aes o mR=(T"’°”‘)x1ﬂo
w = solid angle (sr), d = distance (m) Tiotal
n= ublauhanfacﬁortb,_ hunensperlamp Ifﬁmt Sho A 3
Fnr:l: General und haulage road | el ure)qmsure usually |
dlurrumhon 20 - 50 bux. | 85c[B(A)ﬁ:rnmse useheurmgpmmcbon
1. Vertical stress ® Density of air (p) = 12 kg/m?
2. Horizontal stress .DBILSthDfWG.tEf =1000kg/m3
o o Accdretion che b oty (g) = 981 m/s? |y
3. Compressive strength o o Specific heat of ar (¢p) = 1.0 k/kgK
@ Heat of combustion (CHy) = 35.8 MJ/m?®
& Lo o Stichiometric air for CHy = 95 (by voume)
y = unit welght (kN/m?), H = de]:lﬂl (m) @ Methane explosxmnmge = 5% - 15%
k = lateral pressure coefficient e Coal dust MEC = 50 - 100 g/m*
P = failure load (kN), A = area (m?) ® Permissble CO in mines = < 25 ppm
S = strength (MPa), o = induced stress (MPa) @ Permissble H;S = <10 ppm
Higher e o Tipical roadway illumination = 20 - 50 lux
@dr‘g&bﬂ&m U STE 2 ||| 3oy Rl e oballe o) = B8 p)
_11,_SufehJ&LegalKayFacts_ 12. Quick Revision Checklist

' Go through all key formulas.
' Revise important constants.

" Practice illumination and ventilation numericals.
' Learn safety indices and their meaning.

' Compare hazards and their controls.

/ Revise statutory provisions and PPE.
" Solve previous GATE numerical questions.

"FamdasGwYmﬂmMT
Facts Give You the Clarity
H'achceGu'es\ﬁuﬂleSucoess
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MINING ENGINEERING (MN)
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= Frepas
DAY-13] | UNDERGROUND HAZARDS | S e
————— — —— — —— ACADEMY
“ L HYDERABAD l GATE Focus
4o s _FULL MOCK TEST | ™ 0 Vs Pl
Perform Like a Topper” 20 Questions | Mix of MCQ, MSQ, NATlGATELevel Total Marks: 100 || Buiid Confidence
— & | e
Q1  (MCQ) [5 Marks] | Q2 (MCQ) [5 Marks] | Q3 | (MCQ) [5 Marks] ]
The most likely gas to cause explosion The permLSSLble exposure limit (PEL) Which type of dust is most dsociater
in coal mines is: 1 1;9‘;‘, %J in mines as per DGMS (8-hour with pneumoconiosis in coal mines? M3
- is: .
(@ CO  (b) CO, G0k b o5 @ @ () Slica dust ~ (b) Coal dust
(c) CH, (d) N, f - (c) 50 ppm (d) 100 ppm {c) Limestone dust (d) Iron ore dust
04 (MSQ) [5Marts] | @5 [ (Mc) [5Marks] (6 (M) [5Maks)
Which of the following are methods

The minimum safe illumination level
of controlling mine dust? (Select all 4,

! w e A mine has a cross-sectional area of 15 m?
or general haulage roadways in A and air velocity of 3 m/s. Calculate the
that apply) g s underground mines is: quantity of ctjfrH in m*/s. '

(a) Water spraying (b) Stone dusting (a) 5 lux (b) 10 lux @
(c) Ventilation (d) Use of PPE () 20 luix  (d) 50 lux Ans: ¥
Q7  (MCQ) [5 Marks] Q8  (MSQ) [5Marks] | Q9 | (MCQ) [5 Marks] |

Which is NOT a component of a Occupational health hazards in mi

self-rescuer?

include: (Select all that apply)
(a) Oxygen generation chemical

" (b) CO, absorber (a) Pneumoconiosis (b) Hearing loss
( ) Compressed oxygen cylinder (c) Heat stress  (d) Musculoskeletal disorders
(d) Mouthpiece and nose clip

Q10 (NAT) [5 Marks] | Qi1 (McQ) [5 Marks]
A lamp provides 1200 lumens to The lower explosive limit (LEL) of
illuminate an area of 15 m?. Calculate x ! »

the illumination level in lux.

methane in air is approximately:
|

(a) 2% (b) 5%
o A £ M o0)10%  (d) 15%
|

Q3 (MQ) [5 Marks] | 14 (A I Marks]

A

The frequency rate (FR) is defined as:

(a) No. of accidents per million man-hours
(b) No. of lost days per million man-hours
(c) No. of injuries per 100 man-hours

(d) No. of deaths per year

| Q12 (MSQ) [5 Marks]

| Which of the following are leading ~ J| v—
indicators of safety performance? v
(Select all that apply)

(a) Safety inspections  (b) Accident reports
:. (c) Safety training hours (d) Hazard identification

| 15 (4c0) [5Merk]
The main cause OF inundation in 0 A mine has 2,00,000 man-hours in @ Year Which is the most effective control
underground mines is: with 8 lost time injuries. Calculate the measure for methane explosion risk?
LTIFR (per million man-hours). (SIS ,
(a) Roof fall  (b) Faults and fissures 1 LOST a) Stone dusting  (b) Inertisation
(c) Spontaneous heating  (d) Gas explosion Ans: | o it (1 P s
Q16  (MSQ) [5 Marks] | Q7 [ MGQ) BMakl| | Q18 | (NAT) [5Mark]
Which gases are commonly found in The safe noise exposure limit for | Air contains 21% oxygen. If a mine air
underground mines? (Select all that apply) 8 hours in mines is: : ) sample contains 17% oxygen, what s
(@) CH, (b) CO @ 75BA) (o) 85 dB ) the percentage deficiency in oxygen?
(c) CO, (d) HS o (c) 95 dB(A)  (d) 105 dB{A (AL 5. ae
Q19 (MSQ) [5 Marks] Q20 = (MCQ) [5 Marks] Review
Which of the fo"mqmg are Pﬂf‘t of a Which Ii]]'l'l.p' is most suitable for use in Hazard Awareness Anu‘”se
safety management plan? (Select all that apply) M?GMWES in underground a - Improve
(a) Safety policy ~ (b) Risk assessment () Incandescent lamp ~ (b) Flame safety lamp Repeat
(c) SOPs (d) Emergency responseplan. | LED fiood ight ~ (d) Hologen amp Crack GATE
[ "ﬂt;ci_fstjs notJustatest It's a step towards your success! |
ﬁwmnm ACADEMY — HYDERABAD | GATE 2027 | Mining Engineering (MN) | Studs
- s Your Success is Our Mission
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