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DAY 1  MINERALS ~ FUNDAMENTALS & IDENTIFICATION  HYDERABAD me
I

Today
| Toda”s TOPICS v Mineral definition ¢ Hardness o Lustre Reti
. v Physical properties ¥, FEN o Specific gravity Sty
v Crystal form « Streak ' Mineral identification L -
1. What is a Mineral? 3. Crystal Form (Habit) 4. Physical Properties
. A mineral is a naturally occurring ® Minerals have a characteristic Property _ Description
inorganic, homogeneous  solid mth ' geometric shape due to internal Crustal External shape due to internal
a definite chemical composition arrangement of atoms. TR atomic arrangement
| U-'"-d an orderly internal arrangement W Common crystal systems: Hardness Resistance to scratching
of atoms (crystalline structure) o Cleavage Breaks along definite
| # Minerals are the building blocks S
i Fracture Irrequlor break (no definite planes)
L9 . Streak Colour of powdered mineral
2. Charucteristics of Minerals Lustr Appearance n reflectet it

Te’augmal : _ .

\/ Naturally occurring Specific gravity  Ratio of mineral density to :
v Inorganic A\ density of water (4°C) .

v’ Soli " - Colour External colour (not always relinble)

v Definite chemical composition - ) Transparency Transparent, translucent, opaque

v Crystalline structure

v Homogeneous Orthorhombic  Monoclinic  Triclinic Tenacity Brittle, malleable, sectile, flexible, etc.
v Formed by geolog'tcu]. processes -
6. % : _
5 Hardness (Mohs Scale) [6 Cleavag Fracture 7 Streak
» Rel.atwe reswtume to scmtchmg C F ) | Y Cnlgu_r of the powdered mineral
Minera.  Hardness  Common ob g ' (rub on unglazed porcelain plate).
Tale ' 1 ' Fingernail (21?; ® Bm t:Jflor*»g definite rregg{ 2 ® More relioble than external colour.
weakness inite 3 le: Hematite has reddish-b .
EHQET ; Co in (3 " Produces ”-‘PLE“E“ eve: if the external co[our?m
Florte 4 it EAicy - may be black
LLOTL a
Apatite 5 Knife (5.5) .
Orthoclase 6 @;
Quartz 7 Steel file (6.5) ‘f
Topaz 8 | ’___“' |
Corundum 9 . B . <./ S
Diamond 10 - : Concdividal froct Hematite Reddish-brown streak
Higher the number, harder the mineral. (3 directions at 90°) . in Quartz
8 Lustre 9 Specific Gravity (G)
® Appearance in reflected light. v Ratio of density of a mineral
; T f -~ _ f’/f.{§“ ; v 1o the dmsltgtgof water at 4°C.
= S minerat uneral = 1 3
R i Puater (4°C) Puctr = 1 o !
i : .
< ANl ' = Typical values:
Metallic  Non-metallic Resinous Vitreous ® Most common minerals: 25 - 35
(Galena)  (Quartz) (T} (Sulphur) ~ (Quartz)  (Limorite) S by il (5 St
10. Mineral Identification (Steps) 11 Example Minerals and Key Properties _ |
@ Observe colour and lustre “Obscove Mineral  Formula  Hardness  Cleavage Streak SG Lustre
@ Determine hardness (scratch test) Quartz Si0, i None White 265  Vitreous
© Check cleavage o fracture Test Calcte  CaCO 3 3drections  White 271 Vitreous
: : Gypsum  CaSOy2H0 2 1 direction  White 232 Vitreous
g?:tdm;ﬁ [ﬁgf[“ﬂ_"l“te) Compm*f:'.. Halte  NCl 2 3drections  White 216 | Vitreous
O Note Pecfamgzjiktghabit Identify Fuorte | CaFy 4 | 4drectiens | White 318 | Vieous
crystal form : — Galena PS 25 3 directiens  Lead grey 74 Metalic
@ Use other properties (magnetism, reaction with HCL efc)  poratite 0, 5-6. | Mone Reddish-brown 52 Metallic
© Compare with mineral. charts/handbooks Magn.e'ute FeyOs 55 None Black Metallic
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DAY -2 ROCKS — ORIGIN & CLASSIFICATION HYDERABAD " ﬂ: -
oday

Rocks are the building blocks of the Earth's crust. T
Undersfnndwgmckswessenhalforwnemlexplnmﬁon mmepln.rmmgunddemgn ;%Better
1. Whatis a Rok? (2. cks

,»Amcklsam oce
qmg@ﬁmﬁm% Cooling
(or mineraloids) forming a coherent  Solidification
solid mass.

» Rocks may be homogeneous or
heta'ogmemmundcrefbmedhj
geological processes.

»Engmeemgbehavwofmcks

slope stahthtg
4. Igneous Rocks 5. Sedimentary Rocks 6. Metamorphic Rocks |
e Efmmii by cooling (ﬁw mh&i“m)wn ® Formed by weathering, erosion, » Formed by transformation of pre-existing
molten. magma surface transportation ition, compaction igneous or sedimentary rocks due to |
lava (at surface). and cementation of sediments. heat, pressure and chemically active fluids.-
» Crystalline, hard and massive. ® Usually bedded and stratified. » Recrystallized and more compact.
» Two : Intrusive (plutonic) and » contain fossils. : :
P () . ’{é}is Caste Chemia ard. Orgonic o ;ﬂ?ﬁmm"m'm‘“ﬂm ax
® Common examples: Granite, Diorite, _ » Common examples: Slate, Phyllite,
Gubbm Basult = Common exum.ples Sandstone, : .

Sha.le Lunestone Cmglomemte . SCh"St'_ Sy i Yo, 4 %

(Clashc) (Chemical)
8. Structures in Rocks 9. Engineering Significance
Stnmwe Description - Bl v Rock strength and hardness affect .

drilling, blasting and excavation.
Phaneritic ~ Coarse-grained, vishle crystals  Granite  Beddng  Layering (sedimentory)  Sandstone  Joints, faults i becfdﬁ; control

Aphanitic  Fine-grained, not visible Basalt Foliation mﬂfr&ﬂﬂsmt Slate, Schist groundwater movement and stability.
4 - b ; Sedimen rocks be weaker
Rrphytic  Moed lorge « snal ctls st i mar /mﬁmtgmm may
Glossy Mo crystallne struchure Obsidian displacement s M bk ritks) araenad
Vesicular  With gas cavities Pmice Faults Frgdanes gy All rocks stronger and more competent.
Pegmatitic  Very lorge crystals Pegmatite P :Ed@w":?tm Safimantary v Rock texture and structure mﬂuence:
Ers f
Costic  Mode of fragents Sandstone s Metamorphic e
Crystalline  Interlocking crystals Marble Gediy 7 Pipferma Iranihe ple y Hie, s v Knowledge of rock t'gpe helps in
Flow structure Due to movement of magma Igneous rocks selection of method and
T _ design of suppocr't systems.
fedtre  Igreus Smertary  Metanorphc “Different o Roﬂks are dﬁﬂﬂ as lgﬂeﬂus
Origin Cooling of magma/lava  Deposition & cementation Heal & pressure ROCkS v Ew:h rock HLHPE has distmct OT“lgLFL
Textwe  Crystolline Bedded/stratified Recrystallized texture and"structure.

Fosslls  Absent Common Rare Different Stories = v Rock wcmhutgw;es interconversion
Hardress | Generdlly high | Generally lover Generally high Same Earth’ v Engineering properties of rocks are

; ; = crucial for "safe and economical minin
Examples  Granite, Basalt Sandstone, Limestone  Marble, Gneiss v/ Hentiy rocks i feld usig tedure g

structire and mineral omnposLhm

. TUTORIAL ACADEMY~HYDERABAD
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DAY -3 IGNEOUS & SEDIMENTARY ROCKS  HYDERABAD g
Rocks tell the story of Earth's processes — Today
from molten magma to layered sediments. #Bﬂﬂﬂf
y ~ o : " omorrow
r]_,)"MasgmandIgnemsRocks_ 2. Types of Igneous Rocks 3. Common Igneous Rocks
. ® Magma is a hot, molten mixture of , . v Rock Colour ~ Common
siltzg;.nt[el: melt, crystals and gases Intrusive (Plutonic) Extrusive (Veloanic) T In:ype z(ﬁﬂ Licht Qurrtw
| resent beneath the Earth's surface. ¢ ¢ beneath | @ Codl quickly e B e o M Fel dspzr Mica
) Fwism!lngmﬂisﬂmm%f‘mﬂm magma the Farth's surface.| or near the suface. Diorite  Intrusve  Coarse  Dark mﬁw
: ; ® Coarse-grained ® Fine-grained or . ibole
| = E;J;e uc:fd cooling t:onimls the crystal (large crystals), ; Intrusive  Coarse  Dark urgxIDiTaese
e Extrusive  Fine Dark m;:erlle
| (extrusive) ive Fine re glmczi
: Extrusive  Fi Grey Eg pl';.lcnlole .
Extrusive Fne  Light  Quartz,
Feldspar
Exdrusve Glassy Black  Silica (glass)
Extrusve | Vesioor Light  Siica (glass)

4. Sedimentation Process 5. Lithification 6. Types of Sedimentary Rocks
® Weathering breaks down rocks into smaller = ® Conversion of loose sediments . : :
o sediments). into solid sedimentary rocks. Clastic (Detrital) ~ Non u“mw}”w
® Sediments are transported by water, wind, ~ ® Processes: ® Formed from fragments .
lacier or gravity. v’ Compaction (reduction in voids) o oradeietil ras ® Formed tnkt)i%ndormmfmm
» They are deposited in low-energy environments v/ Cementation (precipitation of ¢ Clossified based on iological remains.
like rivers, lakes, seas and deserts. minerals ke silica, calcite, fron) particle size. e Examples: Limestone,
= Processes: Wea — Erosion — v/ Results in hord, layered rocks @ Examples: Conglomerate, Dolostone, Chert, Gool, Rock
Transportation — Deposition. (Sedimentation) wh bedklg -

Weathering

.
LN

Limestone ~ Coal

b~ R _ (rounded dosts)  (sand-size) | (chemical)  (organic)
e o e e
Type Grain Size / Composition  Example =% v Igneous intrusions are associated with
Conglomerute » Fiat ({nlad) G i Texture Description Example an;tgﬁhc ore deposits (e.g., Cu, Ni, G, |
Breccia > 2 mm (angular) Breccia Phoneritic ~ Coorse-grained,  Gropipe v/ Volcanic and hydrothermal. processes
visible crystals concentrate le minerals.
Sadstone 0062 - 2 mm Sandstore Stz L e il Bk V' Sedimentary rocks host. important
Siltstone 0.004 - 0.062 mm Siltstone . ; ; : deposits: Coal, Bauxite, Iron ore,
Shle T Shola Porphyritic ﬁ crystals i Andesite l;;nxesu%@. Phosphates, Evaporites (salt,
Limestone Calcite (CaCOs5) Limestone Gloss No_ crystals Obsidian v Rock type and texture affect drilling,
Dobostore ~ Dolomite (CaMg(C0s);)  Dolostone S e asting; gt Qi =kig saly
Chert Silica (Si0,) Chert Vesicular Gas covities Pumice v ?edﬂt'nent?ry s’mfctures {bem%
Codl Organic malter Coul Ayl Vesics flled Ayl nﬁﬁ,mﬂ TR _
Rock st Halite (NaCl) Rock salt with minerals bosalt v/ Knowtedge of rock type helps in selecting
, layered  Porallel layers  Sandstone, mining method and support design.
Gypsum CaS04-2H,0 Gypsum ( ) Shle
“Different rocks, different resources, -
understanding them makes a better miner.” -
TUTORIAL ACADEMY~HYDERABAD
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DAY « 4 |  METAMORPHIC ROCKS & ROCK TRANSFORMATION HYDERABAD Krmg
"Same rock .. New Conditions .. Nwldmhhd Today
Metnrruﬁusmhmsfbm\sexlstugmdﬁ new rocks! " A Better

‘1. What is Metamorphism? 2. Agents of Metamorphism |3, Types of Metamorphism |

#Me’mrnomhlsn'usﬂﬁepmcessbg l.i'hntfl'mqn'uhn'e) Cm[‘.ud:l“h{‘mnﬂ'[.hsn wmﬂm
due

1 wmwwmﬁmmrﬁm o Increases minerl reactions and recrstalznion, ® (2524 By high terperlure | @ Doars ver

Tumn'uw

ormed into new ® Source: Magma infrusion, geothermal gradient. ?ggn%mmm h"y‘ and high
rocks due to changes in temperature, o Low pressure, high o Asscdlsd with mowan |
| pressure and chemically active fluids 2 Pressure (Stress) temperature. building (orogeny). '
without meltmg ® Usually non-folioted rocks. tl}amllgpmdwesfdmiad :
® Results in mineralogical, textural ® Confining pressure - equal from all sides ® forms a metamorphic aureole
and structural changes. ® Directed pressure (differentinl stress) - causes umundmmm -Curmnonmdeq:mtul
dlignment. of minerals (foliation). les: Marble, Quartzite, levels.
Mebamorphisn = 3. Chemically Active Fluids
Recrystallization i Solid State e Hot solutions (H0, CO, etc) help in chemical
reactions and mineral

Oﬁﬁmmetmmﬁumutlwa*tambﬂm 3 -
‘4. Grades of Metamorphism 5. Textures of Metamorphic Rocks 6, Cmmmnnetmpmlzocks

With increase in temperature and pressure, Foliated Textures (due to drected pressure) Rock  Porent Rock  Main Minerals  Texture

e 2 Siregees Sate  Shale Fine micas (sericte)
grade of metamorphism tSlatgve{rgf‘meSthlute : uwmms(sa‘ute]ﬁigﬂt&ﬂ
. ““”"‘h“sm.m% mmgmscmst Phyllite  Shole Micas (sericite, flitic
® Gneissic (alternate bands) - Gneiss chlorite) (fol
Schist  Shale Micas, quartz,  Schistose
f (Folicted)
Greiss  Granite/Shale Quartz, feldspar,  Greissic
mica (foliated)
Morble Limestone  Calcite/Dolomite  Granoblastic
(non-folited) |
Quartzite Sandstone  Quartz Granoblastic
(non-foliated)
Hornfels  Shale Fine Hormfelsic
U Batr ~ boncilied |

8 Engineering Significance gﬁ Key Takeaways
v/ Metamorphic rocks are generally v Metamorphism transforms existing

harder, stronger and more rocks without melting.
competent. v heat, pressure and chemically
v Impar’mni for selection of mining mm .
method and rt design /Tmmujnb:pesountactmﬂregmml _

" Foliated rocks (s schlst)mﬁg
have weakness ulong foliation ‘/Gmdemu*eusesﬁunslcd.e phyllite
Planm-'mfhlenceslopeﬁab'htg ~ schist 51:13‘1 .
and JTexl:umsmg foliated or non-folinted.

Mm‘h]gizﬁ te

deusmﬂlmmmlsmL WW %mw&r

v/ Metamorphic terrains often host :
emnnmmrmnm*uldeposds (eg.

J go te ’Cﬂl[‘.. Gsbest(}sa‘:de -Diﬁmt ].l. ;
o i mmﬁ;‘; gl i

4
-

TUTORAL ACADEMY~—HYDERABAD | sty 4
Practice

Succeed

Rocks Transform = Knowledge Explores = Miners Build a Better Tomorrow
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1. What is an Ore Deposit?

» An ore sit is a natural
cone ion of valuable minerals
metals or non-metals) in the
earth’s crust.

» Formed bg geo[ugmul processes

Over

®» Must be OFesuﬁicwntgrude tonnage
mxgloci&?hhlgmtgtobeemmmmllgmqg
A ‘mineral deposit may or not

beuncr‘edeposL i

“All ores are mineral
butnotallnuneml.deposnts

are ores.
stallization and
mﬁmm magma.
# Concentrations occur due to
magmatic immiscible
fluids or late-stage magmatic
solutions.
® (Common ores: Fe, Cr, Ni, Cu, Ti, V,

PGE, SH,WMO
lexamplBs (Kempirsai

te (Kiruna), Sulphide ts
e, Forphuy Co T b

ore (residual)

Tin (residual).

2. Types of Mineral Deposits

MINING GEOLOGY &
MINE DEVELOPMENT

ORE GENESIS

“Ore deposits are nature’s treasure — formed by geological processes
millions

over

of years.”

(Minerd =
. .DGP&‘"JL's J
\ ] = [ A .
Metallic " Non-Metallic
(Metal ores) . (industrial. minerals) |
o Ferrous (Fe, Mn, Cr) -F"‘-'lsfﬁwlsl-tamle
.Mfm(cumh- micol minerals
AL Sn, i, etc) (Limestone, Gypsum, Salt)
o Precious (hu, Ag, PGE) @ f mﬂimlsgﬁmw

o Refractories (Quartz, Fredny)

5. Hydrothermal Ore Deposits
» formed by hot aqueous solutions (hydrothermol
ﬂmc[s) derived from magma or metamorphic

Mmeml.s are d.c_rchSLted from soluhm by change
pressure, onditions
g‘het:;xﬂnlgle reaction. PH - .
Common ores: Cu, Pb, Zn, Au, Ag, Sn, W, Mo, Hg,
: Vein deposits (Au, A Cu,
(?anu. Ag),

Vein
= A Wiﬁm

L R

Skarn (Fe, Cu,w'} Epithermal

=- [rtrusive body
SR ES S (magma)
7, lduul(WeaihEnng OreDeposis ‘8. Placer Deposits
e ched by intense weathering and leaching of = Forrned by mechumcol concentration of
rocks. vsgtuni by water, or ice.
# Insoluble and resistant minerals are left behind, =~ ® Resi mﬁhlghspmﬂcgmmtg
while soluble components are removed. minerals are concentrated in alluvial,
» Common ores: Bauxlte (Al), Laterite (Ni), Iron

beach, river or Gglm:ml deposits,
ld, Platinum, Tin,
Diarmond, Ilmenite, Monazite.

® Common ores:

Lateritic = Examples: Alluvial gold, Beach placer

(Ni, AL) ¥ (ilmenite, rutile), Cgssdmbe {t;rll)lu
N Diam p{ucers

(leached)

Parent rock

11, Key Takeaways

Learn
Ll 4 I Pl‘
% A ieve
ACADE[;‘N
HYDERABA ini
=
A Better
Tomorrow

3 Major Ore-Forming Processes

=

@ Mograic processes These

@ Hudrothermal processes e
@) Sedmentary processes b |
O Residul ond supergene processs [ | el ond
© Pacer processes i
@ Metamorphic processes /|

6. Sedimentary Ore Deposits
-Formed

mechammlwdmmculcuncmtmi‘mn '
er:ucEEec}mmulpmmtha{:lhmm mechanical I

» Common ores: Fe,Mn.Al(bam:ﬂtttge)LLPm;mtes'
® Examples: '

Banded Iron Formation (BIF)

9. Metamorphic Ore Deposits

» Formed during negwrwl or contu-:ﬁ

mnmmofmmls

tCormmanm{:ﬂ‘u , Ashestos,
Muﬁu(mgmenstnnebets) -
* Exampleaﬁmphlte rmctumﬂrplwsedmrbm

o \/mdgpmfsfmbgmgmgmm v/ Process — Minerals — Ex
hieesil g s v Hogwia “J"’““‘T e | | meretire
Hydrothermal Veins, Skarn, Ep ach deposit type ic minerals, o Terminology: vein, skarn,
Sedimentary BIF, Phosphorites, Evaporites v, texhlres and g;-déngm[ settings. 4 BIF, MLD‘LS;J’E' placer, m'ngeﬁgphgrg
Residal (Werthering)  Baoile, Loterte ““"'”5““””3 bl Jlit v/, Compare ond contrast depestt types

s E v Link with exploration and mining
Placer (Surfoce)  Allwial, Beach, Glacial placers mi ;'mﬂmﬂ"t s e fipe, size “Diforent
Metamorphic Grophite, Gold (orogenic) v Usef' for GATE and dlso for real-world mining Different m
Same Earth.. Infinite Oppartmuhesl"
TUTORIAL AC&DEMY”HYDERABAD

+~—— Your Success

—
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sarh:tonalacadmyor'gs

Succeed

From Geological Processes = To Mineral Deposits = To A Better Tomorrow
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DAY = 6| ' STRUCTURAL GEOLOGY - FUNDAMENTALS = HYPERABAD . Minng

e
T
“Structures in rodks cortrol the loeation, shape and continuity of minerol deposits” l%ﬁf&'ﬁr
-1 = oyt ! - - Tomorrow
‘1. Bedding 2. Strike and Dip 3. Folds
| ® Bedding is the layered arrangement . ® Strike: Direction of horizontal line | ® Folds are bends in rock layers due to
of sedm:mtmy ﬂrgcks on an inclined plane (measured compressive forces. .
| » Each layer is called a bed clockwise from ]Eorth 0°-360°). % Flements: Hinge, limb, axial Evlune e |
" = Bedding plane separates two # Dip: Maximum inclination of the » Types Anticline (upward fold), i
successive layers. plane measured Eerpend‘u:ulur (downward fold), Monocline.
o Ghvah shikeand cio to strike (0°-90°) N
' wc%g
k" S

4. Joints 5. Fats

®» Joints are fractures in rocks ® Faults are fractures along which ® Unconformity is a surface re
with no displacement. there is displacement of blocks. a time gap in geological record.
® Form due to tension, unloading ® Caused by tensile, compressive or # Types: Angular unconformity,
or cooling. shear forces. Disconformity, Nonconformity.
» Types: Systematic and non-systematic % Types: Normal fault, Reverse fault, e i
joints. _ Strike-slip fault. s
e g

2las
(systematic)
® Show the distribution of reck L 2 in understanding subsurface v Bedding defines primary layering
structures and geological Featutgepses eology and continuity of mineral v Strike and ﬁdesmbe eIt
on the surface. ieposl : B
® [mportant elements: ® Uses cross-sections, contour E :
v ik it il mdies and. borehole data = Y R T
v’ Strike and dip symbols » Important for: # Faulismh:ve : displacement.
v Faults, folds and joints v’ Locating ore bodies ¥, B o
 Topography and scale v Plonning mine development D
== NNV v’ Assessing ground stability v Geologﬂa;mpﬁ help in-surface
\ A g v Predicting continuity of seams interp T4 : :
W, and Skl v Structural knowledge is essentinl
o RN Fornﬁnm‘alexplﬂmhnn,nﬂneplanrung
G Sy and slope stability.
: “Structures control
neralizati “Read the rocks...
# deL * m\f&ﬂ thﬂ hjstm"H.
st e i sabity” I e

-

w

@ TUTORIAL ACADEMY~HYDERABAD | W |
_A" ﬁYowSmmmmeMl@mmﬂlﬂmamJ'mg me

Understand Structures = Explanqusds = Build a Better Tomorrow




GATE 2027  MINING GEOLOGY & Yor J“‘E"““
MPCSDETCIN,  VINE DEVELOPMENT DR |IE
DAY« 7| ' STRUCTURAL GEOLOGY ~ GATE PROBLEMS HYDERABAD | Moy

“From fleld structures to GATE questions — Apply concepts, solve problems, Today
explore mining applications.” . ? Better
_' 1 Types of Folds 2. Fold Classification 3 Fault Classification
ELTRET e me s b ok i e
- Sgncline —~ concave upwﬂrd Anticline Eﬁ:i{%ﬁ = > Rev?r‘se Fuult. —-[-ﬂl;anglng wall moves
- (o e @;ﬁ;‘ﬁ;ﬁaﬁ Spclne | neave i = o czﬁl?lin low angle reverse fault.
® Dire = dosed ionbiclins Younger at. core — B ?hikhz[a fi _leﬁ% movement
in — closed ; i . ! rignt- or = i
5 %“Slu:ge dodgpare [ T B inbdpe | R » Oblque-sp faul — both vertial and

horizontal movement.

of fold axis. WWW@?%

5 Geological Maps & Cross-sections
® Used to represent 3D structures on ~ ™ Geological map shows outcrop patterns,
a 2D plane (equal area/angle). and rock distribution.

® Plotting planes, lines (poles), fold axes, ® Use strike & dip symbols, contours, tan § = tan a x sin 6
it R | " a-gpowidy
w Great circle, small circle, pole to plane. ® Construct geological cross-sections to @ = angle between strike
' i i unde subsurface structure. line of section
p ﬁmfwh]:mmnmmn’mg el s e e » $tleps: mark ;ectLon line L;-S/Frﬁiect dips — 9 - T D
w Tools: Wulff net or Schmidt net join beds — interpret. folds/faults. Thickness thickness,
(equal angle commonly used). SN .\.,)l_' oz [] Sandstore T=txcos§
N ¢ / = | [ Shale t = apparent. thickness
| &7 Limestone
| B Quartzte 9 Vertical separation (V)
] Gronite V=nhxtané
=== Fault h = horizontal distance
& Stri]v; &Idip o Unconformity time gap
= S e Estimated from truncation of beds,
. missing formations and correlation.

@ Fold axis trend & plunge

ey S

"Q.1 A bed has an tdip of 40° na Q2" ldentify the type of fault shown Folds and faults control location, continui
section. maki %mﬂﬂimmm in the block diagram. The hanging wall ‘/mﬁthickm;sarmd its. Y
dp of the bed is L v Structural traps for hy ores.

Faults act as conduits for mineralizing fluids. |
5 Fractures and joints influence blasting,
excavation slope stability
v Structural mapping is essenflal for tunnel,

stope design.
ty

(A)30° (B) 40° (C) 60° (D) 70°
ton § = tan 40° x sin 30° A
= 0.839 x 05 = 0.4195

= o gz (A Nomal falt  (B) Reverse fut Stereogruphic analygls helps in assess
§ - tar'Qa%S) ~ 28" (= 23) () QRO (0 et fuik | ¥ roo Sty n ikl e

Answer: (A) 30° @) F fault v Understanding structures reduces exploration

risk and improves resource estimation.
? TUTORIAL ACADEMY~HYDERABAD
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Succeed
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DAY - 8

MINING GEOLOGY &
MINE DEVELOPMENT

METHODS OF ACCESS TO DEPOSITS
“Access creates opporturity — the first step towards mining”

SR |7

HYDERABAD Knme

1. Why Access is Needed? |2, Tupes of Access to Deposits 3, Shaft

® To reach the mineral depost: Suft Gt ) o Vetical opming from srfoce o . A1
| (vertical access o Used fi ts.
= Forexplﬂmhmdmlopm o mbwwﬁw rrmunri_
.whwmﬁmmmm ehdmemdmsdaccessupwml) ltrmiemlhmsput ad |
ore = o:ujlm‘ rB.‘tcmguh‘
| @ For ventiafion, pumping and services 9 Adit  (horizontal access from surface) Umlb" ak
(electric power, communicotion). . ﬁdm;tages :
» For emergency exit. @ Dedive (indined access downward) v ng&ﬂtablse or deep mines {
' "A good access system ensres @) Turwnel (long horizontal access) for men, material, services . £ A\
e, economic and efficient Limitations L
mining mim' X High initiol cost L Shaft
R pae ol (vertical access)
4 Incline I5-- Adit fﬁll' Decline
® Inclined o from surface to t = Horizontal from hill side |
(upward d.IJ‘BCt.EEOI’I} i toDrTiOach the SLtmm s ?mmc{m surface to depostt !
& g:p‘;ﬂn.uwsuﬂ used for shallow to moderate = g?ei “hfl_len ld;;hﬁ deposit. outcrops ® lked for modetiis B deposits.
* ol il » Mt ol method f =» Tr‘ml_spart rail, conveyor o trucks.
.Gmdmitusbguuﬂglmgeorlm& shaumfodl?gfus_m = = Grodient usually 1in 7 to 1 in 10.
e =

]- -I |- l | [ f ]- -| I- I | | ]c -| |-
V' Lower cod than shaft | X Mot sulable fr goct dgth.  / Low st X Possble only when v Con be used for both | X Nk sitoble fo very desp mines
v Eosier construction. - X Lower ' Simple construction t men ond materials | % Longer trowd ditorce |
v Sutable for shallow | X Afeed by sufoce teran ¥ Provides nofardl drainage | X Linted fo hallow depth o Lower cost thon shoft | X Vetition may be more diffait
- deposits v Useful for explorction” | % Mot sl fir depposts ¢/ Rl and fister onstrtin |
7. Tunnel 8. Selection of Access Method |9, Vertical vs Horizontal Access |
® Long horizontal opening, Factor Considerations Vetionl Acvess Sheft)  Hortnbal Avcess
driven through a hill or mountain Deth of deposit  Shollow = adt/incine (Adit/ Turvel)
o Use?t to ucr::f;:lss sits, connect Deep — decline/shaft Direction Vertical Horizontal
shafts or adits. Hilly terrain ~ odit /tunnel suitabili its Shallow deposits
B P e Sz S e e
ven E. : i Stable rocks — method B
®» Common in tenmgl?n and for Conloglon oondbins (e’ vk e cress : e =
be preferred Capaity Hgh Moderdte
long distance access. e De e
# S, Adi/incline = lower cost | Tonart  Hoisting Rall/Converor/ Truck
fs,]“ﬂ"hﬂhmih”t“’qum Verdilation Separate system  Natural ventilation
or deep mines i
ventilation, drainage, 3 . :
Purpose ﬂ%a;mm;cd oit | Best suted for  Deep, large mines Hl v
! : deposits
life of ke Long life — shaft or decline
: : Minimum surface disturbance : '
it i T b ¥/ Sdeim s on e, bpaypy qlogy et ppoe.
v Sutable for long dstnce X High excavation cost ' Foch method hos its own advantages and limitations. '
v Ul nhly dess X Repires suote grioy e ' Combingtion of methods is often used in lorge mines.
AT far | Right access ot the rigt. place , . i |
m ime constming muke;n'lin]ngmﬁ’.. i + Proper access ensures safe, efficient. and economical mining,
TUTORIAL ACADEMY~—HYDERABAD 0 Studg
+———+ Your Success is Our Mission «—— Sm.hmmy rg Practice
Succeed
Access the Earth =  Discover Resources =  Build a Better Tomorrow
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MINING GEOLOGY &
MINE DEVELOPMENT

UNDERGROUND DRIVAGES
“Drivages connect the mine — they make mining possible”

?Rﬁ”z

HYDERABAD

V Gelgel cndtons % /sl e (53 umelsu_

1 W]ﬁmUndagmuldDIiwga? 2. Tupes of Drivages
made in the earth to EXP[DT'E clevel.op Drift Horizontal opening Main houlage,
und extract. mineral along strike ventilation
pmwde access, lrmspor'tah.on, Crosscut  Horizontal opening To intersect ore
ﬁda.hm. drainage and services npes syia body
| inside the mine. Raise ‘u"ethul upward Ventilation, man
» Types: drifts, crosscuts, raises, . m “’Eimml
i i inze ical dowmnward oration
winzes, tunnels, declines, shafts etc. il ok
Tunnel  Long horizontal Access to mines,
“Drivages are the backbone opening (from surfuce) transportation
St el Decline  Inclined open Access,
of underground mining. bl by ral Areck
Shaft Vertical i Main
(From su;"ﬁ‘eugg men m
4. Heading Methods 5. SupportDrwages
» C rrLeﬂmds: Factors affecting -sup it is ey < g -
s method selection: arLdP:Lc[e Faﬂmﬂﬂi = 2 stuhd.ttg S ._ |
'Mﬂ:hmech‘ll[uq(unbomctﬂ'mder ) v Rock tupe and strength -bT .
¢ Cut and fill method Fis i Lmbersuppurts (props, sets) = . !
® Raise boring (for raises) 0 ey ® Steel supports (arches, ribs) = \ !
® TBM (for large tunnels) v Required advance rate * Rock bolts W\ -
’ v Cost and availability * Shotcrete O .
L e e
Turmel Support

&w (RMR/Q
| _ -Smmﬂjﬁdmmm
6 Ventilation in Drivages 7 Development. Cycle 8. Drivage Calculations
o f\{;ﬁbﬁl&uﬁ&@pﬁmﬂw removes [-__DTT]]LQFF “] o Advance rate R = advance rate (m/day)
: gases. : o L L = total advance (m)
« Nabure veriloton .\ GW'B“‘S | - R
o Mechanical ventltion (fans, blows) = @ Voume of excavction
.Cmmrmsgsm: L Blusthg ) N B% A = cross-sectional area (m?)
.FDTtmE)dTU_J.lStSHStETH ¥ L = length of drivage (m)
. Combmhsgniteggs’tem [ ¥ J 9 dej._m-lds advance per round (m)
» Support. (if required) == L B v
mo&mﬁﬂgﬁsﬁmmw ( (E J i
:Rermul . : Ventilation Powder factor
Safe and healthy working environment [ —% —] e T W = explosive used (kg) .
" Marking & Survey = V = volume excavated (m*) |
Tipical cycle for drivage advance
9_ Key Takeaways
es provide access, exploration and services in underground mines. Plﬂ“llﬁlg
\/ m%gpeofdmagehﬂszxpspeclf‘m and orientation. of'drmgesm*es
v method on rock conditions, size and production requiremen. safe, productive !
\/F’n:nr‘a*s.uppari: vmblﬂhmareessenbﬂlforsm uru:l ol o
qu@emdﬂhgdﬂﬂ support o ventilation mining” .
¥ D cinisions e n v ot kg e
TUTORIAL ACADEMY~HYDERABAD

+—— Your Success is Our Mission ——

| @ sehiordoniyrg | £,

PlanﬂleDr‘lvages - Connect the Resources = Build a Better Tomorrow
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l DAY - 10] DRILLING METHODS & MACHINES ~ HYDERABAD oy

"Drilling opens the earth and gives access to its hidden wealth ' AT"dﬂH
h : ; i Tomorrow
1. Importance of Drilling 2 TgpesoFDrd.lmE{Meﬂ'tods 3. Percussion Drilling (Cable Too)
=2 Useri for exploration, development, R % Rock is broken by repeated Crown ;
| d.uctmneﬂjldblustmg ; &ﬂmgMdhods | mm&hﬁwwﬁfﬁ C Pt
= gzmdes access to subsurface i
minerals and rocks. £ i ) -
® Also used for water wells, drainage, . { i
ventilation and ground investigation Percussion Rotm’y Pm;e
® Helps in sampling, in-situ testing '
and installation of instruments. mﬁw m%hﬂ orc“'m@mL
e O Nl 1 e
I l n md mgnem‘ng m CII'Ld iI]f:l'I.IB h|-0w5~ --.,- _.'-!.:..'.' 7 - e
UG Cable Tool Drling |
4. Rotary Drilling 5. Rotary-Percussive Driling 6, Top-Hammer vs DTH Drilling
® Rock is cut by a rotating drill bit » Combines rotation with ive 2 !
urder weight on bt (WOB) Hlows: ' opsblier (IRL) | vy UG
» Uses drilling mud/air/water to ® More effective in hard and fractured * Paumve hammer » Hmvna' is i the
remove r:uttl.ngs rocks. is at the top (surface). bottom (down. the hole). .
® Widely used in exploration, production » Two main types » US'BC[ for Sﬂﬂ” to ® Used for |
and large diameter holes. o T ]'[cumﬂg‘[‘dn_l_l_[ng(fhrgrwﬂer medium diameter diometer (100-300 mm).
® Faster than percussion drilling. diameter, shallow to medium derl (50-115 mm). ® Sutable for deeper
o . ® Suitable for shallow holes.

ann—the—hule drillin
A et | ek bt |® g partrtion
@ o /RS, | Wi e |

et und_ construction. !

@ e - [ mn ¥ Dot i,

gﬁlﬂjﬁmm ¢ Erag—

eyt ml ol S sty

B R W emennmrze JERpARLL
s igher WOB, optimum RPM and efficient .

S s %@wmw e

TUTORIAL ACADEMY~~HYDERABAD . ‘Studad ‘
STR "L = I | @) vy g | ek

Dril Today = Explore Tomorrow =  Build a Better Tomorrow
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TUTORIAL ACADEMY
DAY -11 EXPLOSIVES & INITIATION SYSTEMS  HYDERABAD

"Controlled energy breaks rock and creates opportunities.” s | T°dﬂ‘d
. I . . Tcmurrw
1. Role of Explosives in Mining ~ 2.' Properties of Explosives 3, Explosive Strength
. ® Used to break and fragment rocks » High energy release ® Indicates the ability to do work
for mineral extraction ® High detonation velocity (VOD) (break rock).
. » Essential in surface and » High densit - ](“_}Eﬁurecli} relative to a standard
' : f mmg. : » Stability during storage ® Depends on heat of detonation,
® Helps in excavation of openings, # Controlled sensitivity deP t and VOD.
| development and production blasting » Colli s o
® Economical and suitable for hard D Relative Strength (Approx.)
hslcfipeiatl Tne » Suitability for application Ex_{il;frm R'Blﬂﬂ“i gﬁmﬂﬂ‘
» Safe handling ANEO 038

"Explosives convert solid rock . ; Dynamite 10 - 12
into useful fragments.” "‘“F ]dﬁem mﬂ“lﬂd - ] Emulsion 09 - 11

Slurry 08 - 1.0
4. Sensttivity of Explosives 5. Density of Explosives 6 Types of Explosives _
» Ease with which an explosive ® Mass per unit volume (g/cc). I::m'tn'dge Exp|m'ves ; B(_Lﬂ; _Ex[ﬂ_ _051‘_\,3,-_ R |
can be initiated. » Higher density — higher energy g s R
 Expressed in terms of mpact, per unit volume. . P“Cked in cylindrical : E mlewsdmiNFO
ﬁ.wtm und .elgctncal se@LtMtH' » Typical range: 0.8 - 1.6 g/cc. Emmp]gs Dgnarmte [’\ﬂﬂ?n;mm Nitrate |
» Higher sensitivity — easier Eol ANFO, |
LT R e » Affects detonation velocity slurry, emulsion cartridges. 1“3 ), hﬁg@ |
» Lower sensitivity — safer in and blasting performance. ® Used in small to medum U, STUSON
handling and transportation.
Type of Sensitivity Test Method Bulk E)CFJDSU /es BI'IBI'ﬂ”.I]
Impact BAM fall hammer test have lower densghg than
Friction BAM friction tester :
S rgaoutbt, ] cartridge explosives.
for inttiation
7. Detonators 8. Initiation Systems 9, Safety in Hondling Explosives
® Device used to initiate the » Arrangement of detonators and » Follow statutory regulations
explosive. connecnﬂrg devices to initiate a (Explosives Act and rules).
® Produces a shock wave or high explosive charges in a = r storage in magazines.
temperature to start detonation. desired sequence. » Careful transportation and
» Types: » Used to uchle\re roper timing, » Avoid impact, friction and heat.
e Plain (Non-electric) detonators fragmentation and control » Use approved initiation systems.
e Flectric detonators ® Common systems: ® Maintain safe blasting procedures
e Shock tube (Non-electric delay) ® Single shot. system and exclusion zones.
o Flittrmilr ddlinaties e Delay system (time delays) ® Training and supervision of persormﬁL
. _ ® Non-electric system (shock tube)
e Electronic initiation system Sﬂfet{] First
Typical Blosting Circuit v Handle with care

v Store in approved magazines
v Follow

v’ Protect people, equipment
and environment
Hectric  Shock tube Blectroc . |W[ are useful when
detoncior  deonator  deborctor  deondtar 1 =7 = md:dled,dmgm»dmmm

TUTORIAL ACADEMY~HYDERABAD
ﬂ-\R +—— Your Success is Qur Mission «—— l @ mmmngorg

f &
Learn the Basics = Apply the Concepts = Build a Better Tomorrow

S.

Succeed
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' DAY - 12] BLASTING TOOLS & BLAST DESIGN  HYDERABAD -

"Right design, safe blasting, better fragmentation.” BN TOd“H
: o - Tmmw
1 Role of Blasting in Mining 2 Dnll—hole Parameters 3 Important. Terms
® Breaks rock for excavation, loading H Porameter Description
- and transport. Bench height () Feight. of the bench bo ke blated
% iBe i el i W Bdn (B) | Shartest distance from hoe bo free foce |
) hnpr'oves productivity and reduces Spacing (S) Distance bebween adjacent holes in a row.
' » Pmper design gives desired Stemming (T) l;ﬁf.'tmmm”ll mgﬁ;ﬁi"u cuttings) to
Egﬂwgnmmnmmﬁl u“:pt};.c’tmnm Sub-drillng () md?ﬂﬁ below bench floor for Pmper

Hole diameter (D)  Diameter of drll hole.
Charge length (L)  Length of explosive column.
Umgemmwtmhmhnmmtﬁexplwwpa*mtwhm
(kg/m?).
Qﬁmmtofexplo&veperwutwlumofmck
Ll Aﬁ'ectsﬁvgrwia&mordﬂvw

converts rock mass
into movable fragments.”

,L'.:? nT range: 0.2 - 1.0 kg/m? |
q 2 ./ e IBmlm (B) ing on rock type and hole diometer). |
P b oy | By
e f W
Top View (Staggered Pottern) C*er PRCRECCEN] En o N
Typical Guidelines (Opencast)
HPMI=20_35D =wmghtof'explosiveperhnlekg) -
s flatd5n T e
7. Blasting Patterns : 9 Fmgmenia{.mn
T e T R A R s are used to control the sequence - Obectwe isto desired fragment
... ..I'? ° ﬁstmge sul h&roagmgwdtrmwpm{
®---0 -0 R AL G ) ® Helps in better fragmentation, lower ® Depends on rock properties, explosive
g A q_m.md vibration and controlled throw. enerqy and blast deslﬁ rs. |
| Rectangulor Pattern » ® Measured by frogmentation onalysis
Square Pattern -Hpﬁdllsemnd delays e (Ese?tie distn]EHLﬁangm Esr .
Ry o T R o Non-electric delay detonators (NED » r controlled blosting —
/ "';:" .{ Lf‘:-._./;;’- e Electronic percentage of desired size. "3
@ e e e e
S &-’-*:3-*'-"?' i 1.—b: 2_)—» 3 > 4 —b"5_ Factors Affecting Fragmentation
(for trenching)

10. Blosting Tools & Equipment
® Drills (DTH, rotary, top-hammer)
-3 Compr\essc-r and ushmg equipment
® Explosives and accessories
® Measuring and marking tools o _ :
L e s ks Sow b,
: { e design is in
SELSTﬂngp 4 i S for efficient and sufgiblustmg success in mining.”
' v antmn correct bmﬂm spacing,
v Use suitable churge concentration
delay saqu&me
v Choose proper blasting pattern based
Un stte candltmns
gives better fragmentation,

lugher wtg and lower environmental < - '. [ “ | ]i | £ I::-:I:ter ms]&s

--‘_

TUTORIAL Amwmmmm Sy "
+——+ Your Success is Our Mission «——— Smhmmnymg
Succeed

Right Knowledge =  Better Blasting =  Future Resources
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1. Why Blast Desiqn is Important?

MINING GEOLOGY &
MINE DEVELOPMENT

TUTORIAL
BLAST DESIGN PRACTICES & CALCULATIONS = HYDERABAD
k Right design + proper calculation = better fragmentation, higher productivity.

2. Types of Blasting

3. Bench Blasting Design

™ Ensures proper fragmentation of rock @l Bench Hasting (surfuce mines)
® Reduces ground vibration and fly rock.
| » Improves pmductmtg and lowers @) Underground blosting (Gunvels, drives)
| CO!
» Optimizes the use of explosives. e Cut blasting (initial breakage)
® Ensures safety and environmental
2w i O Production bosting (main Basting)
i Controlled blasting (low vibration)
the rock, not the bank. @;ﬂmﬂﬂ%mmﬁm} | flesiieg 0
4 Undzr-gr‘mmd Blasting 5 Cut Patterns 6 Important Design Parameters
‘9.- % Ensjdsgpi‘;u‘glgpment | .',. ;.\_'.‘ - .:.‘.\.l.’.-..l‘_.l.__’. Itnmnete: nghd Tg}lﬂ]l Rﬂl’lg‘e f Re]ntjm
oy U il .I..'V . = ,'.-L.r' it Bench height H 5-15m !
; drifts, raises and S . P e e ey R Burden B 08-12H
s winzes. V-Gt Wedge Cut S S 10- 158
N el ﬁ”l'- hﬂlel,{tt:t“ Y | e d;e - smg 0 | O7C LOF
= [l holes + lifter holes.  @---@---@---@ . I\ =2
(i w Smaller bunden and 500 A Rt Subling ] 0503
=% ol g ompred % %% eee Hedmdr D 64-3imm
2 L LS GUSCED | Chargelngh | L L=H+J-T -
: 'gmpﬂ”ddﬂym ok sl Chrge cocmirctin.~ q kg/m (depends on rock tupe)
Tgpml'f - M‘Z}E bl wmmﬂ?&mmmf@ Powder factor ~ PF kg/m® (typical 02 - 0.8) |
I v Used mainy i hard o rocks. RS
bis, sl Y mﬂg‘ : A 2 $=10-15B T=07 103..] 02-03H |
development. and stable openings. Bum aut, Box aut Bk ptii e S|
7. Charge Calculations 8. & Blast 9, Dda (Example)
Y ample)
oawgeperhole .Fmgmﬁrd.u‘hﬂndepmdsm_ Typical delay pattern for @ bench
N L » Burden and spacing 1 8 10 o
e = e onncentmtmn ._____.......j.-.-._.
charge concentration (kg/m) » Rock mass (jointing, hardness) 13 bieiye s
Bt S g s |
de ence 9 1011 u'.'udvmne'
O i ot it - Stemmingligndsesilujb-drﬂhng ‘-0 8 ® drecim’
Qutg =1 x Q Tips for Better Fragmentation: Coli sl b |
= number of holes \/Usecon*ect]mrden! ing ratio. udlh L e e Bl
e Powder factor (PF) ‘/ U tubl I R B
W v Ese g o v Use millisecond or non-electric delays.
=P (Comdermkmchmmg v Sequence should ensure progressive breakage. ;
W = totol explosive (k%) v Avid overcharging (prevents fly rock). v He]ps in better fragmentation and controls |
V = volume of rock (m*) : \{Cumm chevron '
Tpical PF Ot lfblust | PEH:ETEW]IHMG‘ p:fdém
o Soft rock : 0.2 - 0.4 kg/m? = Better fragmentation ign smart
o Mt fodd 0.4 0€ kgl + Higher productivity Design : Mhlafh safe,
o Hard rok : 0.6 - 08 ky/ad + Lower cost mine better.
"’ TUTORIAL AGADH’IYMHYDERABAD AR\
QAR — Yor Suwss & 0 Mistm— surﬁ:tmmlomdangorg
. Succeed

-

Better Knowledge

=+ Safer Mines

Better Design

=t

Brighter Future
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DAY «14| ~ GROUND VIBRATION & BLAST EFFECTS  HYDERABAD s

“Control the vibration, protect the environment, ensre safe mning.” " ‘%TEOC'“’J”
- o OMmOorTow
‘1. Introduction 2. Blast-induced Vibration 3. Peak Particle Velocity (PPV)
» Blasting releases large amount -Causedhgpmpagahonofelashc »PPU—mmdmum velocity of ground
. Ofashng £yr ) o hmgmmws) e St
» Purt of ‘the energy is carried » Main wave § » Used to assess potential damage to structures. |
| &Lrwghthegmundus 'gmsem ® Measured using seismographs / vibration monitars.
~ seismic waves (ground vibration). ® Sl;'fm{: ( h - Lo » Damage potent Ln1n£i.1|:l increases with higher PPV. .
. Can affect nearby structures, $ anfofe s {0 )
peopleequipmentandundergmund .dﬂm;lcewavescnusemanrmm ﬁ]plCleWDﬂlﬂﬂgECIﬁE‘lﬂ(ﬁﬁﬂ'mL)
» Ampliude decreases with distance Pacime 0 PPV (mn/s)
= Pmﬁpr‘edmhm monitoring and depends on charge weight, Residential buildings 5-10
rockpmper‘hesm‘tdslte condmona Industrial bulldings 10 - 25
! Spepmermmisens o Reinforeed concrete structures 25 - 50
"Not only rock breaks, Heritage / dd structures 2-5
Underground openings / bumels 25 — 50
but ground also moves.” S i
“Keep PPV within safe limits.”
4' Fr'equencg of Vibration 5. Scaled Distance 6. Vibration Monitoring -
= number of vibratio » Scoled distance (SD) is used to predit = w Measured using seismograph / vibration monitor. !
y TR vibrations from blasting. ® Records PPU‘:S’TI% and waveform.
~ lower damage w It combines charge weight and distance. = W Monitors are gsenstﬂve locations
ul(enem]l D ﬂ;&]ﬁh' 5, underground openings).
her dama = — » n:
r'equencg hlg ¥ SD VW ® Assessing compliance with standards
WEUSUQ‘}]U% hﬁ;"e D = dstaee from bt o ot f it : g;lﬁ‘drﬁtmg P”?ﬂmm
mﬂgm%_f i W = maxmum charge per delay (kg) R &L .
(smaller ) ) .
/Hm (e i PV =K(SD)"
K.n-slteconstmtsd on geol
1 WW*/\/V\/\ o s omd . i

-

Time (s) 3
Effect of Frequency on Ground Motion lIEsE'a:Jledchslmm = lower PPV

7. Prediction and Control 8 Blast Effects 9 KegTakeawag
Methods of Prediction Methods of Control 'E@ﬁmm%wﬂﬂm “gﬁ%ﬁﬁeﬁﬂ
o Erpircd oqudtons | ® Reduce charge per dely gl g v PPV s the kay porameter fir damage |
(PPV = K(SD)™) ~ m Increass burden and spacing .&%mﬂhmmdmmg ossosert. e |
® Site-specific testing » Use appropriate deloy sequence ® Damage to nearby structures v Scaled distance is used for prediction
(trial blasts) w Use decding (air/decked charges) ® Disturbance to , animals of PPV. -
o Numerical modelling = S%\ﬂm proper material and environmen v Follow safe limits as Fer' standards. |
UlCOI’TlPLEXCEISEqu oo v’mlbept‘oper‘hblaSUng miconiml
R blosting o lﬁdmfmnglsmhalfarvu]ﬁutm
» Use of non-eeetric or dectronic il
v Gmsufe,mmmf
detonators (better control) &Fgmmfbmtgug o |
“Design to break rock,“ e e i S,
not to shake the world. MrmSmtahmblg'

TUTORIAL AC&DE["IYMI'NDERABMD
+—— Your Success is Our Mission —— Sﬂl'hﬂﬂl’ﬂlﬂﬂﬂdﬂﬂyorg

Safer Blasting = Sustainoble Mining = Brighter Tomorrow

S.q\R

Succeed
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1. Mineral / Rock Properties (Q1-Q3)
Q1. A rock sample has a of 2.65 g/cc
and porosity of 4%. Find the bulk dﬂnsi?g.
Bulk density, P, = Ps (1-n)
I Pg =265 g/ec, n = 0.04
" Py =265(1-004) = 254 g/cc
Q2. A mineral has specific gravity 3.2 and
the mass of are is 4800 kg. Find the volume.
Volume, V = _ Mass _ 4800
(SG x 1000) 3.2 x 1000
V=15m

Q3. A rock has UCS of 120 MPa. Estimate
its RMR class (qualitative).

4, Underground Drivees (Q10-Q11)
010. A drift of 4.0 m x 4.0 m cross—section

is driven for 120 m. Calculate the volume of
excavation.

V=AxL=(04x4 x120 = 1920 m°

Q11. A raise of 2.5 m diameter is driven to
a height of 30 m. Find the volume excavated.

V=%xD2xH

_ 31416

= 3
2 x 30 = 1473 m

x 257

7. Blast Design (Q18-Q20)

Q18 For a bench of 10 m hELght, take
burden = 2.5m and spacing = 3.0m.

MINING GEOLOGY &
MINE DEVELOPMENT

25 GATE NUMERICALS (PRACTICE SET) "HYDERABAD
“Practice Numericals — Build Confidence — Crack GAIE."

2. Structural Geology (Q4-Q6)
Q4. A bed has a true dp of 30°. The strike
is N6O°E. Find the dip direction
Dip direction = Strike + 90°
= N6OE + 90° = S30°E

Q5. Calculate the true thickness (T) of a
bed of t thickness 5 m observed at
an angle of 45° to the normal

T= t“FP x sin @
=5xsn45 =354 m
Q6. Two joint sets are inclined at 60°/120°

and 75°/210°. FLnd the acute angle between
them (plan view).

5. Driling (Q12-Q14)

Q12. A blast. hole of 115 mm diameter and
3.0 m depth is driled. Caloulate the volume
of rock per hole

x (0.115)?% x 3 = 0.0313 m®

Q13. ﬁm&n‘g;dn]lpme‘lmtes 15m in 45 min.
Find the rate of penetration (m/hr).
15
ROP = m = 20 mﬂ'll‘

Q14. Calculate the number of holes mc{uwed
tob;wklEUOm"uchkgwm e per
hole = 0.03 m®, with 10% extra.

1200 _ o
N = PR 44,000 (= 44 holes)

8. Powder Fuctor (Q21-Q22)

Q21. A blast uses 250 of explosive and
?mducm 1250 m® of rock. Find the powder

Q8. Compare

Q9.

Learn -
Prepare

Achieve

" i
i A B
Tomorrow

SR

3. Access to Deposits (Q7-Q9)
Q7. The vertical depth to a depoesit is 300 m.

A decline is driven ot 1 in 7 gradient. Find
the length of decline.
Length = Depth x Gradient
=300 x 7 = 2100 m
the suitability of shaft vs incline
%dﬂq}dqmﬁl(nwnmuﬂlmadmm

Ashcllftof'Smdlometer'[ss_mktoudqath:
of 400 m. Caleulate the volume of material |

excavated (neglecting bulking).
VT - sl
= 7850 m®

6. Explosives (Q15-Q17)

Q15. An sive has VOD of 4500 m/s. !
Calculate the time taken for the detonation
wave to travel 10 m. .
Distance = 10 !

t = =—r— oD~ %500 = 0.0022 s (2.2 ms) |

Q16. A blast hole of 3 m length is charged

with 2.5 kg of explosive. Find the

x 5% x 400

charge concentration.
@ Ty < 5 083 ky/m

Q17. Conmare cartridge explosives vs bulk
explosives (numerical on cost per kg]

9, Ground Vibration (Q23-024)

023 The peak particle velocity at 50 m !
distmm1525mm/sf'm‘ud'm$0f10kg. .

Calculate the number of holes for a bench Estimate PPV ot 100 m us
50mlong stagga‘a:l pcrttem) W 250 3 n-16}
i (éﬁnjh)xms PF=?-E=020kg/m ﬂz(&)n
i Q22. I the powder factor is 0.35 kg/m? stk AW
=(?)x2=33{:“34h0}£5) and 3000 m? of roc is to be biotad, find 100
the explosive required PPV, = 25 (50) = 8.25 mm/s
Q19. Calculate stemming length if hole depth .
585 ] stamring o s 5 W PFx V= 035x3000 = 1050 kg 0o ook whether a bost with PPV =12 ms |
T=025x35=085m wwmﬂqu_g) Esmﬂunsif'?shrrr:iutw’fbsrar\es:denﬂulbmldmg
Q20. If dﬂ = EEM6MM34$ Soft rock 0.2 - 0.4
S Medium rock 04 - 06 Since 12 < 15 mm/s — Safe
Qg = 6 % 34 = 204 kg Hard rock 06 - 0.8
10. Comprehensive Numerical (Q25) Use all concepts together:
Q25. A bench of 8 m height,is to be blasted in a hard rock. Hole diameter = 115 mm, burden =25m, ::D“ll"‘ﬂ
spacing = 3.0 m, stemming = 25% of hole depth, charge concentration = 0.8 kg/m, fm_oqskg/m :
For  bench length of 60 m, design the bast and caloulate (1) rumber of holes (1) thage pee ho () Wt o, (R0 ﬁ?ﬁm on
(iv) expected muck volume (v) PPV at 100m (use SD formula with given ste constant,) jw s
“Nunericas furn knowledg irto recl problem sobving s:"\‘l"mmmm @ 9440683792 | 9908117369 Sty
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GATE 2027
MINING ENGINEERING {MN)

MINING GEOLOGY &
MINE DEVELOPMENT

50 MCQ / MSQ / NAT (PRACTICE SET)

Y- RE
0 I il
SR IE,

HYDERABAD

“Practice Today - Stronger Concepts - Higher Score in GATE” T°°'°9
. = _ . Tcmmuw h
1 MCQ - Mineralogy 2 MCQ - Rock Properties 3. MCQ—Strucbir'alGeologg
' Which of the following is NOT a common perty of a rock that indicates its  In q bedding plane, the true dp is 30° |
gmguemuwmlmmetu]lmor*edepc&ts? res to indentation or scratching is 53 What i The Snld dpadtin? |
. (A) Quartz (B) Calcite (A) N60°E (B) N30°W '
() Feldprr (D) Galena % e O ) TR (©) N3O'E (D) NeO"W
' minerals are generally Hardness is resistance to scratching Strike is h}dqsaodmchm
non- Galena (PbS) is an cre mineral (identified using Mohs scale). Strike = N60°W (
‘4. MCQ - Methods of Access 5, MCQ - Underground Drivages 6., MCQ - Driling
" Which of the following is generally NOT A raise is a nearly vertical excavation Which method is best suited for
considered an advan ofg a tunnel (adit)  driven: large dlcu'neter holes in hard rock for
for accessing a deposit (A) Downwards from a higher level production blasting in surface mines?
(A) Lower construction cost (B) Upwards from a lower level (A) Percussion drilling
(B) Useful in hilly terrain (C) Horizontally between two shafts (B) Rotary drill
(C) Provides naturdl dra (D) At a sight inclination for transportation ~ (€) Rotary-percussive (DTH) drilling
(D) Limited to above water table (D) Top-hammer drilling
Tunnels (adits) are generally used above A raise is a vertical or near-vertical ve) is widely used
ﬂlemlm*tﬂlﬂeué:egh)nﬂhﬂuldmmge excavation driven upwards. forlmgedmeﬁmm}wlnsmdhgrdmnk
7. MCQ - Explosives 8. MCQ - Blast Design . MQ - Grownd Vibration
Which of the following explcswes is In bench blasting, an increase in burden  Peak particle velocity (PPV) due to Hlasting
classified as a shirry expoa\.re'? generally results in: is mainky measured in: !
(A) ANFO (B) Dynar o P e () m/s (B) mms
(C) Emdsion (D) Gehgmte (C) No chinge in fragmentation (C) cm/s (D) Hz
(D) Decrease in throw
hﬁﬂa@wvamwtﬂwaﬁmﬁhﬂk Larger burden — higher rock volume per hole PPV is measured in mm/s
ves, commonly emulsion based. e Lfmtw,,md) It is used to assess potential damage.
10, MSQ - Muliple Correct 11, MSQ - Multiple Correct 12. NAT - Numerical Answer Type
Which of the following are used to control ~ Identify the correct statements regarding A blost uses 1200 k losive to break
ground vibrations due fo blasting? powder factor (PF). m m(; 0;' rg%k at l:xfh !
(A) Use of delay detonators (A) 1 is expressed n kg/m’ e, Ak _
(B) ﬁEJIIEUBn and spacing (B) Hg{fﬂq PF k%{:; frer £ (Write answer up to two decimal places)
(C) Increase in e per hole () P on rock properties and blost design Answer:
(D) Smocth blasting / pre-splitting (D) R i the oo of takd expste to vohane of rock ‘
(B) and (D) in ing vibrations. Correct: (A), (C) and (D). o N 3 3
Sl A B) ek e ot Gy B P g o, TF = W/ V = 1200./5000 = 024 kg
Question Distribution Topics Covered Exam Pmpumhm Tips
T No. of Questions /' Mineral & rock properties v First revise concepts,
Jpe v Structural geology Jfocusondmgwnsmdnumet:fﬁtmctm
MCQ 35 v Methods of access to deposits v Practice time-bound questions.
MSQ 10 v Underground drivages v ﬁ.ml%e our mistakes.
NAT 5 ' Drilling methods & machines v Ty e without looking at options.
v Explosives & initiation systems q’hnmmweﬂkﬂreusmdmmsemglﬂm'lg
Total 50 v/ Blst design practices & calculations Proctie is the bridge
v Ground vibration & blast effects b i i -
=g TUTORIAL ACADEMY~—HYDERABAD .
s&ﬁ.\ +——+ Your Success is Our Mission —— Smmmny'ug
'
More Practice =  Better Understanding = Higher Rank in GATE
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1. Mineral / Rock Identification

MINING GEOLOGY &
MINE DEVELOPMENT

FORMULA + FACT SHEET
Key Formulas | Important Facts | Quick Revision

2. Geological Structures

? Learn -
SAR |ie-
HYDERABAD Krmg

59

'3, Access Methods (Turmels/Inclnes/Shafts) |

Points & Strike Parameter Formula / Relation
Sy ey : e Strike: Line of intersection = :
Colour Useful but, not relisble (can vary) Length of incine (1) L = - o
| Streak Colour of powdered minered e H
Hortzontal distnee il
" Lustre Metallc / Non-metallc D)/ D= iyt
. Hardness Mohs scale (1-10) Vertical depth (H) H=Lxsna g
Cleavage Planes of weakness Gradent. (%) Grodent = - xf00 D
Fracture Irreqular break (conchoidal, uneven) 2 .Z Dip g (0 R, o % TR
ific qravity Mineral density (a/cc) : medium d
Zzaf ti:: : Acid fest [cul::.?teEl effervescence), True thickness (T) - b Use %haﬁsls_ igz deepfdeposLts
er Magnetic test. (magnetite) T=txsin® 8=§:]angEl[e stlunfn;cetucées)s_ or near
4. Driling Machines 5. Explosives - Important Facts 6, Blast Design Formulas
Type Application  Hole Diameter  Properties High enerqy, adequate strength, ~ Burden (B) B=K xD |
Bt it | el ik 08| <50 sufcbl sensitly sabllyy,  Spoong (5) S =K, xB (il 10-15B)
T > . T % Stemming (T) T =K, xB (usualy 07-108) '
i 1 : Fi fves, e 5 5 2
Percussion Small to medum 50 - 100 mm  'ypes Biﬂkmdgeexpl LA Gy expketes || Srilng () .IQ- _K., xBL (usually 02 - 03B) |
Rotery (bop-hommer) Medium to lorge 65 - 165 mm  Common explsives ANFO, Emulson, Dynamite, e per ke (@ - wH dar ok |
_ Gelignite, Shumy ﬂ(g AL s ks ) |
DTH Large ATt 4y 300 mm  niton sytams - Eectric, Non-olcric (NONEL), N '
ghep s Electronic detonators Total explostie (Quegg)  Qtetel = 1% Q
tems VD - Velocty of detonation = P s
Rotary-percussive  Hard rocks 100 - 300 mm = RES = Relotive Ik sthren PF = W (kg/m? !
Senstivhy - ease of ntictin  FOwder foctor (PFF) - FF = 7 W = total e (kg

7. Ground Vibration Formulas

V = volume of rock (m?)

8. Useful Constarts & Typical Vales 9, Comparison Tables

Scaled distance (SD) Parameter Typical Range Explosives Comparison
op= 2 %mm’qﬁ{% g Rock denstty (p) 24-28g/cc  Eghsve RES  VOD(m/s) Wemhesdme Ue
W Uniaxial i 50 - 250 MPa  ANFO 10 3200 Poor  Dryholes |
Empirical prediction equation MWM i B0 - 0 Dyamite 12 4500  Moderate  Generd
n PPV = icle veloctty (mm/’s) : Emison  11-13 4000-5000  Good Wi ]
PEV o & (D)= 7V~ ek Pk ety G ey i 1015 | iry T w;tﬁ |
Stemming ratio (T/B 0.7-10 g :
Typical dllowable PPV (mm/s) = L) Glgie 14 | 7500 | Por | Specdl
drllng ratio (J/B) 0.2 - 03 - :
Residential uldings TE Drilling Methods Comparison
Industrial buldl 10 - 25 Soft rock 0.2 - 0.4 kg/m® Method  Hole Diameler Penelrofion Rate  Best Suted For |
Relnforced concrete 25 - 50 factor (pr) Tedumrock 0.4 - 06 kg/m® | Pewsion 50-100mm  Low  Soft-medumrock |
Underground openings 25 - 50 Hod rock 0.6 - 08 kg/m? ~ Polmy  65-165mm  Medum  Medum-hord rock |
: ,, _ DTH 100-300mm  Hgh  Hord rock, deep holes |
Keep FFV within prescribed safe limits. Typical VOD 3000 - 6000 M/S ' foporer 65-165mm = Hgh  Surfuce / benches !
10. Quick Focts for GATE 11. Key Takeaways
v Galena (PbS) - most common gangue mineral in metallic ores. v Understand and remember key formulas. Revise
v Strike is always perpendicular to dip direction. " Practice numerical problems regularly. Practice
v Tunnels (adits) are used for near-surface deposits. v Use tupical values for quick estimation. e i |
v ANFO is the most widely used bulk explosive. v Drow neat. diagrams for strike, dip and blast, design. So @
W Larger scaled distance — lower PPV. v Focus on concept-based and application-oriented questions. Improve !
v Powder factor increases with rock hardhess. v/ (onbie gl + deetymink + Hostig for beflr g, R |
' Proper blost design reduces vibration, fly rock and overbreak. “Formulas in hand,
v Mine development improves access, productivity and safety. Confidence in mind,
Success in GATE!"
L - ‘ E >
",?' TUTORIAL ACADEMY~~HYDERABAD : @ 9440683792 990817369 ?ﬁm
s.-"rﬂ \R +—— Your Success is Qur Mission «—— wmmgﬂlg
sl Succeed
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1. MCQ - Minerdogy [1 Mark]
' Which of the fd is NOT a commoen
| gangue mineral in metallic ore deposits?

(A) Quartz (B) Calcite
| (C) Fldspr (D) Galena
4, MCQ - Driling [ Mark]

Which drilling method is most suitable
for large diameter holes in hard rock?

(A) Percussion  (B) Rotary
(C) DTH (D) Top-hammer

7. MSQ - Covect Statements (2 Marks]
thhof’thefo]]nww%stutanen{sm'ewrmct
regarding underground coal mining?
(A) Room and pillar method is suitable for
(B) Eﬂlckflﬁdm ides high
minin es higher recove

mdwrﬁmhwgpm : *
{C)Gﬂﬂfﬁth&valﬁlEﬁ:ﬂﬁET‘EItﬂlChﬂrL
(D) Shrinkage stoping is used for tabular orebodies.
Select the correct option:
(A) ABond C (B) B, C and D
(C) ACad D (D) ABCadD

10. NAT - Short Ansver (nteger) [2 M

A vertical depth of a deposit is 250 m.

tis through o decline driven ot

1in 7 grodient. What is the length of the
in metres)? (Round of f to nearest integer)

Answer: m
13. Mumericd - Volume Calculation 4 Marks]

ﬁ.tmmelof'hm'seshoesectim(mdth =50m,
L to = 4.0 m, radius of top = 2.5 m)
ven for 120 m. Find the volume of excavation

4 Marks]

A bed strikes N40°E and dips 30°SE.
() Draw the strike and dip on a neat sketch

(i) What will be the dip direction in quadrant form?
Answer:

(i) Sketch: (draw below)

(i) Dip direction:

19. NAT - ldentifiction  [2 Marks]

Name the explosive which is water-gel based
and commonly used in wet conditions.

Answer:

.d'

MINING GEOLOGY &
MINE DEVELOPMENT

FULL LENGTH MOCK TEST
Mixed MCQ + MSQ + NAT + Numericals + Diagrams + Complete Revision

Time: 60 Minutes

9. MCQ - Struchurd Gedogy (1 Mark] Max Marks: 100

In a bedding plane, the true dip is 40°

R0 e Enmﬁgghad ﬂmmne"? “e'n;t = jLrat )
(A) N30°E (B) N6O°W wfelm for steeply df}::m‘? mms}isf:

(C) N30°W (D) N6O°E e e |
5. MCQ - Explosives [IMrkl 6, MCQ - Ground Vlh'cﬂ.rm [1 Mark]
ANFO is mainly composed of: Peak particle velocity (PPV) due to blasting
E%g MOnlum nim + ililel oil is mainly measured in:

TIGRLIY DEALe @ LipL (A) m/s (B) mm/s

(5 Rwouey + Ammonum nise () /s ) ke
8. MSQ - Dril & Bast  [2Maks]  Q MSQ - Mining Geoogy  [2Marks] |
Which of the following factors increase Which of the following are indicators

fragmentation (smaller size)?
(A) Higher powder factor

(B) Closer spacing

(C) Proper stemming

(D) Lower charge diameter

Select the correct

(A) A Bad C (B) B, Cand D
(C)ACamdD (D) ABCadD

11, NAT - Concept Based (nteger) (2 M)

A b]ccstpmduoesuPPVofIEmm/satu
distance of 100 m. Using the SD concept

(n = 16), estimate the PPV (in mm/s) at

50 m.

Answer: mm/s

14, MNumericd - Dril Hole Retfern  [4 Marks]

For a bench of 10 m height. burden = 2.5 m,
Epacﬂﬁ; 3.0 m and hole diameter = 115 mm.
I:IlC 5

( No. of holes for a 50 m long bench,

(i) Total explosive required (kg) if ch
cnncenhnt?;r? =08 k;][L/lm and sterm'mn;rEl 25%
of hole depth.

Answer:
(i) No. of holes =
(ii) Total explosive = kg
17. Conceptual - Short Answer  [4 Marks]
(a) Differentiate between and

DTH drilling. (2 points)

(b) Mention any four environmental effects

of blosting. (any 4 points)

20. Mixed - Revision [2 Marks]

Name the mining method best suited for a
thin, steeply dlppmg high-grade vein deposit.

EP-CII'E
HYDERABAD

Total Questions: 20

of a good ore deposit?
(A) Favourable structure and continuity
(B) High grade and sufficient tonnage

(C) Simple geometry
(D) Absence of faults

Select the correct :
(A) A Band C (B) BCand D
C)ACadD D)A B Cad D

12. NAT - Quick Calculation [2 Marks] ;

A blast hole of 115 mm diameter and 3.0 m
depth is charged with explosive of density !
1200 kg/m® and charge concentration 0.8 kg/m.
Find the total charge (in kg).

Answer: kg

15. Numerical - Powder Factor

A blost uses 300 kg of explosive and
produces 1500 m? of rock. Calculate the

powdsr factor (kg/m?).
Answer: __ kg/m?

4 Marks]

[6 Marks] -
ight. is to be Hasted
m, stemming = 0.8 m,

charge concentration =
0.9 kg/m. The bench

is 70 m
() a suttable blast pattern {ske’tdﬂ.
(i) me number of holes and total i
(i) Estimote the powder factor if' 2800 m cf m:k T

is broken.
All the Best!
GATE Success is YJours!

Asnndstnmhrhcf’l?.m

-SUmli.Eadng=3

hole diameter

A1/
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GATE 2027
GATE 2027 1y MINE SUREYING TRy | o
DAY - 1 "HYDERABAD " c. =
Levels & Levelling — Fundamentals il
“Measure the ground, plan the future.” " inaiton
1. Princ-ip.le of Levelling - 2 Important Terms 3. Levelling Instrument

® Levelling is the process of determining =~ Datum : An arbitrary reference . Telescope
the relative elevations (Reduced Levels surface from which all elevations s
of points on the earth’s surface. - are measured (usually Mean Sea Level). =

» It is based on the principle that a b4 Bencl'unark (BM) : A fixed point of

level surface is always horizontal. 5
Rﬂiuced LM (R-L) EleVﬂJﬁlOn OF a E‘YEP].ECE [t
% The line of collimation (lne of sight) | point with respect to datum. TR
of a level is made horizontal bya | . ;
» Back (BS) : First staff reading i ™ Levelling screws
ik el ﬁrlglrt setting up the instrument. ) ol
" = . : » Intermediate Sight (IS) : Any other ol Tri
m:-i laelvrl lﬁsw a mm, staff reading atg!ftermedia{:e Eumts. ' a \a e
el R »Foms t (FS) : Last staff readi -
at the same elevation. gli’lﬁlrg the mstrument N Auto Level (Most commonly used)

4 Levelling Setup and Staff' Readmgs 5 Me’chods of Levellmg

(a) He@tuFItMmtt(Fﬂ)Meﬂ\od (b) Rise and Fall Method
® Find Height of Instrument (HI) | ® Find the rise or fall between

h?%fmcﬂtﬂﬁt m HI = RL of BM + BS | successive points.
_____  RL of other points = HI - staff reading| ® Add rise to previous RL or
B - subtract fall to get next RL.
RL of BM (A) = 100.000 m Example:
BSonA = 1265m Y e e
HI = 100.000 + 1.265 From To  Reading| (o f:}‘} &
= 101.265 m |0 A x
TERMT e R | ISon C = 1850 m A [C 1265 - | - |100000
(RL known) ~ Intermediate point Next poit RLof C = 101.265-1850 = 'C 1850 - 0585 99415
= 9345 m L C B la#3s | - 0585 98830
FSenB = 2435m I :
Typical levelling operation RLof B = 101.265 - 2435 | Rise = Previous reudmg Current reading
= 98.830 m Fall = Current reading - Premousraudmg
6. Arithmetic Check 7. Types of Levelling 8 Applications

® Sum of BS - Sum of FS = Last RL - First RL ' # Simple levelling - RLs of nearby points. ‘/Pneparatmcf'contnurmape
® 3BS - ZFS = RL (last) - RL (first) » Differential levelling - RLs of distant points. | /' Design of surface and underground

bet mine layouts
#ﬂuswusedtochecktheaccurucycf % Fly levelling - Transfer of RL BMs. v Determination of depth, hatghtand

levelling calculations. # Profile (Longitudinal) levelling - Along a line. volume.
®» Cross- ssctlg:l levelling - At right angles. v Planning of haul roads, drainage
“ ! : ; » Recipmcal - Across obstacles and structures.
H" th-e mm CheCk 'Fﬂl.ls, 1"1\!31"5, \.rﬂ]]eysgmg « Momtormg Olc subs1dence ﬂ.'['ld mine

recheck your readings and caloulations.” o . lewling ~_High acomy vk deformation. o
v General surveying and mapping in
' mining projects.

w

= i i 09440683?92|9903117359. Stud
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MINE SURVEYING
DAY - 2

> Learn
S 'R | b

"HYDERABAD Minin
Levelling — Calculations & Errors ~ *zv
“Accurate levelling leads to better designs, safer mines and lower costs.” %um

1. Arithmetic Check in Leveling 2, Reciprocal Levelling
® For a closed levelling the following ® Used across obstacles like rivers,
checks must be satisfied: valleys, roads to eliminate errors due
to curvature, refraction and
ZBS - ZFS = RL (last) - RL (first)

collimation.
SRise - SFall = RL (last) - RL (Frst)  * Take two sets of observations

with instrument on both sides.

® If last point is same as first point a
(closed Yc?op): i ;

ZBS = IFS and ZXRise = ZFall

i iisiice, it il il
1

A = 5] [(@ - b) + (az - by)]
5 Curvature and Refraction

® Due to earth’s curvature and a heric
refraction, the line of sight is not truly

» If not equal - Error in levelling
(calculations or observations).

4. Fly Levelling
® Transfer of RL from one known BM to
another distant BM without considering

intermediate points. horizontal, causing error in long sights.
# Used for quickly establishing RLs over % Combined comrection (C) is given by:
A C = -0.0673 D
® Used in reconnaissance surveys. B L € nashe)
3 ® Neqative sign indicates the line of sight
vj——r isegbove tsl;'llgn true horizontal. 4

o For small distances (< 0.3 km), the
correction is usually negligible.

® For long sights, apply correction to
cheerved S0 ek

7. Numerical Example ~ Arithmetic Check 8, Mumerical Fxample - Curvetre & Refraction

Find the missing FS and check the arithmetic condition. A staff reading is taken at.a distance of 2 km.
R | Tt combhed arveture o refrackion
ABM) 1560 - - 100000 Sohgtion: C = -0.0673 D?
1 Z oss | = - = -0.0673 x (2)?
T I [ e [ > = 00673 x 4
3 e - | 1485 E = -0.2692 m
. Corrected reading = Observed reading — 0.269 m
Solution: m the sEm"Fﬁiﬁg)
HI = 100.000 + 1.560 = 101.560 m
RL of 1 = 101.560 - 0.865 = 100.695 m Key Takeaways
RLof 2 = 101.560 - 1.275 = 100285 m v/ Always perform arithmetic checks.
FS = 101.560 - 1.485 = 100.075 m v Use reciprocal levelling for long sights.
Check: BS = 1,560, ZFS = 1.485 v’ Apply curvabure & refraction corrections.
SBS - SFS = 0.075 = RL (ast) - RL (frst) v/ Profie lveling is used for roed/uncerground algmert.

= 100.075 - 100.000 = 0.075 v/ v Minimize personal and instrumental errors.

4
-

3, (AR AL (gt
® Carried out along a line to obtain RLs

at reqular chainages.

» Used for roadways, haul roads, pipelines,

trenches, surface layouts etc.
103.10

102.80

|Instrumentel errors

Arithmetic errors

' Staff not vertical

; B 70 20
Cheinage (m)
Profile Levelling

6. Commen Levaling Errors
Type of Error Effect / Remedy

Collimation error, faulty
levelling screws, staff error
> proper adjustment; & caliration
Cur;ai:um, refraction,
— use reclprocal levelling,

apply corrections
Parellox, staff reading,
bookig Bistahie
- cm&:l observation & recording
Wrong calculations
- check ZBS, ZFS and ZRise, ZFall
Gives higher readin
e e st o)

9. Important Formulas (Quick Revision) -
® 2BS - 5FS = RL (last) - RL (first)

® ZRise - ZFall = RL (last) - RL (first)

® C=-00673D* (Dinkm)

o Resirocd lvllng: 4 = (a5 + (1-b,)]
» HI = RL of BM + BS :
® RL = Hl - Staff reading

® For closed loop: ZBS = ZFS

Natural errors

Personal errors

;ﬁﬂmmmjec&

<2  TUTORIAL ACADEMY — HYDERABAD |
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Tacheometry — Fundamentals oy
«ry s » A Bet
| Quick measurement, greater coverage. rwcane
1. What is Tacheometry? 2. Tacheometer 3. Stadia Method
® Tach id clescope Objective lens  w Three horizontal hairs are provided
ma:tlf;dmet{;ydefeinﬁ hoign i g ™ in the dlaphragn 1.q:4|:r4=:rantj middle (M)
distance, vertical distance and Stadia hairs and lower (L
elevation difference indirectly (upper, middle,  w The d]ffer'ence between and lower
usmgatachec)meterandastaff luu.mr) . staff readings is called the stadia
® [t is very useful for mugh Eyepiece Vertical circle interval (s) qr staff intercept.
surveys, large areas and " Bl e Upper hair (1)
inaccessible terrain.
M i i Middle hair (M)
on a staff using stadia hairs and o Triped Lower hair (L)
use it to distance and 5 _
ion di Modern tacheometer (theodolite with
ofun ctome stadia hairs) View through telescope
4. Stadia Constants 5. Horizontal Distance (D) 6. Elevation Difference (V)

General equation D = Ks + C
Multiplying constant (normally 100)

Additive constant (nomallg Og

Staff intercept (U - L)

Horizontal distance (for horizontal sight)

Ow OOX
T B

Type of Instrument K C
Cincinnati tacheometer 100 0
Cooks tacheometer 100 0
Arallactic lens (modern) 100 0

Some older instruments 100  few cm

In most modern instruments, K =100 and C = 0.

7. Numerical Example
In a tacheometric survey with anallactic lens
(K = 100, C = 0), the staff readings are:
U=2325m M=185m, L = 1405 m.
The vertical angle 8 = +5°. Find (i) horizontal
distance and (i) elevation difference.
Solution:
s =U~-L=2325-1405 =0920 m
(i) D =100 s cos® 5°
= 100 x 0.920 x (0.9962)*
= 91.3 m (approx)

(i) V=>50ssin2x5°
= 50 x 0.920 x sin 10°
= 7.99 m (approx)

"_

(a) Horizontal line of sight (6 = 0°)
D=Ks+C
FK=100ad C=0 - D=100s
(b) Inclined line of sight (8 # 0°)

D = Kscos’8 + C cos 6

IfK=100,C=0 - D=100s cos’0

D = Horizontal distance (m)

s = Staff intercept (m)

6 = Vertical angle (+ ve for elevation,
- ve for depmssmn)

8. Advantages & Limitations
Advantages

&/ Quick and economical.

v Usaﬁﬂf'orlargeandmamessmleaxw

v/ No chaining

+ Suitable for ical surveys.

v Provides both di and elevation
difference simultaneously.

Limitati

X Less accurate than chain and EDM
methods.

X Affected by atmospheric conditions
(refraction, curvature).

X Not suitable for precise engineering work.

X Reqires dour Ine of s

(a) With vertical angle
V- (Ks)sm2G+CsmB

2
If K=100, C=0 - V=50ssin20

(b) Using staff readings
V =D tan

RL of staff station = RL of instrument
+ HI (or height of instrument) + V

Use '+ when the staff milshlgher
than mstrumml: (elevatmn)

Use -" when the staff point is lower
than instrument (depression).

9. Key Takeaways

@ Tacheometry uses stadia hairs and
staff intercept.

¢ D =Ks+C (horizontal sight) |

@ D =100 s cos’ 6 (with anallactic lens)

@ V=50ssin20 (elevation difference)

& Stadia constants for modern tacheometer:
=100, C = 0.
L 2 Useful for rapid surveys in mining,
hilly and maccesmbleeyareas
& Understand instrument, formulas
and practice numericals.

“Measure more. Explore further.”

TUTORIAL ACADEMY — HYDERABAD . @9440683?92|9908117369 Study =
Your Success is Our Mission @ 459 I;rachce

Survey the Earth — Map the Resources

S'R

= Build a Better Tomorrow
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Tacheometry — GATE Numericals

“Practice more... Measure better!”

1. Key Formulae (Inclined Sight)
General equation: D = K's cos2 0 + C cosf
Vertical component: V = Ks cosB sin6 + Csin®

Difference in elevation:
Ah=V+(i-r)

D = Horizontal distance (m)
V = Vertical distance between
instrument axis and staff point (m)
= Staff intercept (m)
= Angle of inclination
= Height of instrument (m)
= Staff reading at centrel hair (m)
K = Multiplying constant (~100)
C = Additive constant (=0 for anallactic lens)

4, Tangential Method (Heightmistance)

5
8
i
r

-

11 \\
v .

e L

2 Dt d & k)
Used when base is not a;cessible.
Numerical Example 2
7. (Tangential Method)
Angles of elevation and depression to the

2. Inclined Sight Diagram

hair
“ m )

For inclined sights, horizontal distance is
obtained using cos? 6 and vertical distance

using cos 8 sin .

5. RL Calculations using Tacheometry
® RL of staff station = RL of instrument
axis + V-r

R.LB=RLA+'1+V-—1"

Where

¢ RL, = Reduced level of instrument
station (m)

¢ i = Height of instrument (m)

¢ V = Vertical component from tacheometry (m)
¢ r = Staff reading at central hair (m)

Numerical Example 3
8. (RL using Staff Readings)
A tacheometer (K = 100, C = 0) is used

Learn

Achieve

Mmmg
Today
A Better

Tomorrow

3. Anallactic Lens (C = 0)

® In modern tacheometers, an anallactic
lens is provided so that the additive
constant C = 0.

® This eliminates the error due to

focusing and makes the staff reading
direct.

® Then the formulae reduce to:
D =Kscos?8

>
SR

HYDERABAD

V =Kscos 0 sinb
® For most instruments, K = 100.

® So, D =100 s cos? 0 and
V = 100 s cos 8 sin 6

6. Numerical le 1
(Inclined Sight
A tacheometer (K = 100, C = 0) is
used with an inclined sight of 10°.
Staff readings: U = 2.465 m,
L= 1235 m = 1.8500m:
Height of instrument = 1.500 m.
Find (i) Horizontal distance (D)
(ii) Vertical distance (V)
(i) RL of staff station if RL of
instrument station = 100.000 m.
Solution:
S=U-L=2465-1235=1230m

D= 100 x 1.230 x cos® 10°
= 100 x 1.230 x 0.9698
=119.29 m

V= 100 x 1.230 x cos 10° x sin 10°
= 100 x 1.230 x 0.9848 x 0.1736

top and bottom of a vertical cliff are 12° with an inclined sight of 5°. Staff readings: =210l m
and 6° respectively. The horizontal distance U=1965m L=085mr=145m
from the instrument to the cliff is 150 m. Height of instrument = 1.350 m. RLg = 100.000 + 1.500 + 21.01 - 1.850 °
Find the height of the clff. L s g R e - 120.66 m |
find horizontal distance, vertical distance
Solution: and RL of staff station.
h = 150 (tan 12° - tan 6°) Solution: s = 1.965 - 0.865 = 1.100 m
= 150 (0.2126 - 0.1051) D= 100 x 1.100 x cos®5° = 109.58 m
= 150 x 0.1075 = 100 x 1.100 x cos5° x sin 5°
= =957 m
et RL, = 250.000 + 1.350 + 9.57 — 1415
9. Common GATE Questions e
® Horizontal distance for inclined sight. 10- Keg Tﬂkemys HSUJ‘VBHiH &k i
® RL calculations using tacheometry. v Use cos® 8 for horizontal distance. g JUS}.
® Height of tower/cliff using tangential method :; o ; about mmtsl.hm
® Effect of anallactic lens. natlactic lens m 3 kS z 's ahout 1 thilidi
# Finding K and C from field data V- it it il e e Bk ndseeuﬁglpqmb'

2 Comparison of tacheometric and EDM methods. 5 i éﬁ;ﬁ:‘e - g:;u o conventions. . )
"' TUTORIAL ACADEMY ~ HYDERABAD @ sartutorialacademy.org 99440&&3?92[990811?369 Study
s. R Your Success is OQur Mission Practice
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Triangulation
“Triangles today, accurate maps tomorrow.”

’ Learn
S R | o
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1. What is Triangulation?

® Trianqulation is the method of
establishing the positions of points
by measuring angles and a measured

ine.

® It is widely used in large area
surveying where direct Enear
measurement is not possible.

® Based on the principle of geomet

that if one side and two angles ©

a triangle are known, the other

sides and angles can be computed

“Tri tion converts
creates reliable control networks.”

4. Stations and Baseline
® Station : A fixed point on ground

whose position is to be determined.
® Base line : One side of a triangle
measured accurately with chain, EDM
or other precise instruments.
® The base line is the starting
for the entire triangulation

int
work.

"A good base line is the key to a
good Lri.angulatinn network.”
7. Field Procedure
@ Reconnaissance survey - select
suitable stations with' intervisibility.
@ Mark and monument stations
(per'manent pillars).
@ Measure the base line accurately
(chain/EDM).
(@) Measure angles at each station
using theodolite (repetition method).
Check and close the triangles.
Co unknown sides and
@ com‘%’c&s.

(@) Prepare triangulation network
and plot on plan/map.

2. Basic Principle
A

pRYIINE 1

B4 N e
: Base line (measured) .
If a, B and y are known:
b=asmE sin Y
sinat ’ sin o

Angles are measured using theodolite
and one side (base line) is measured
accurately on ground.

5. Well-Conditioned Triangles

® Angles should be neither very small
nor very large (‘Ldea]ly 30° - 120°).

@ Triangles close to equilateral are
most accurate.

® Avoid very acute or obtuse triangles.

=3

Well-conditioned triangles reduce
the effect of angular measurement

errors.
Good Triangle Poor Triangle

205
60°
60°  60° 80" 80°

= retie g ey

8. Advantages and Limitations

Advantages
v/ Covers large and inaccessible areas.
v High accuracy,
v Provides control for detailed surveys.
v Useful for mining lease and regional mapping.
v/ Can be extended to fom large nebworks
Limitations

¥ Requires clear intervisihility between stations.
% Time consuming and costly.

X Affected by atmospheric conditions
(refraction).

¥ Requires precise instruments and skilled staff.
% Not suitable for very small areas.

‘3. Triangulation Systems

® Pri in) Trianaulati
- Large (tri;ang;)les covering izrnge areas.

- QSecondargT‘ tion

- Smaller triangles based on primary.
® Tertiary Tri tion
- Sﬂliry srna]lernar;:?'?.lanagles for detailed survey.
Hierarchy ensures from
el e
@ Secondary station
@ Tertiary station

Triangulation network (hierarchy)

6. Triangulation Network

® A number of interconnected
triangles covering the survey area.

® Provides control points for detail
surveys.

® Networks can be single, double or
multiple chains.

® Used for national surveys, mining
lease boundary surveys and large

mine area mappmg.

@ Primary
@ Secondary
@ Tertary

 Triangulation network (example)

9, Key Takeaways

v/ Base line is the foundation.
v/ Use well-conditioned triangles
(30° - 120°).
v/ Angles are measured, distances
are computed.
v/ Networks provide control for
detailed surveys.
v/ Accuracy depends on instrument,
observation and triangulation design.
v Essential for large area surveys '
in mining projects.
" “Triangulation bulds the |
. framework for precise mapping.” |

e e o e = e e e e —— = A

* <> TUTORIAL ACADEMY — HYDERABAD @ 5406872 | 908117363 | Stud
i Yy
S8 R our Sucess is Our Mission & sstiridaaionyor Practice

Map Accuratsly

= Mine Responsibly =

Build a Better Tomorrow



GATE 2027 MINE SURVEYING ™R | Fam
MINING ENGINEERING (MN) DAY - 6 : Achieve
- HYDERABAD Mini
Errors & Adjustments s
. : ’ A Better
| “Find the error, make the correction, improve the map.” Cogreal
1. Types of Errors 2. Sources of Errors 3. Precision vs Accuracy
Systematic Errors Instrumental Errors A Preeid
® Occur due to definite causes, » rfect instrument desi
# Follow a definite (same » Coll aﬂnnem:rrlevelbugﬂ ® Closeness of a measured ~ ® Closeness of repeated
magnitude and sign). error, eccentricity. vale to the true vale. measurements to each
® Can be identified, estimated ® Wear and tear, poor adjustments.  m Affected by sustomtizs. » ;Lhdf‘;tes o
" :{h Comﬁn ] 2 Example non—parallel line of sight # Exarple Tmlggt;l mﬂ]m » Aﬁm by o
Fe e Observational Erros tgh sorm. | @ Earge gt
® Parallax, improper focusing. 9“39m,998m
Random Errors Gross Errors » Masreadm ﬁ-‘I:i::Laﬁ ngh precision).
® Ocour due to accidental and s Bunders due to carelesmess #Personaleﬁtm onhme
unpredictable causes ® Abnormally large compared = ® Wron
® Vary in magnitude and sign. 4 other observati
. E:”;';td :;d dmblgwtai I o dei:ectegﬁ £ * Unfavom‘abe weather conditions.
observations aruimsptzahshcal P SERAEgE l-hght}.mw ;CEE ngh precision
methods. ® Atmospheric refraction. (near consistent, readings)
® Examples: reading errors, Temperature variations.
abnoq:&mmm;smﬂ Examples: wrong staff reading, Epmsmmandhmdltyeﬁects. sn.tr‘-‘eysluﬂdheboﬂlpr‘easeandmate
persondl errors. miscourting, booking mistakes. t Earth curvature. for reliable results.
4. Fmpagationofﬁrrors 5. Least Squares Adjustment 6. Adjustment of a Closed Traverse
If a ity Q is a function of measured ® Used to obtain the most probable ® In a closed traverse, theoretical Zlat = 0
(%, y, z ....) with small errors, values of observations. and ZDep = 0.
pmhabe error in Q is given by: ® Minimizes the sum of squares of ® If there is a misclosure, distribute the
i Egnodﬁéfgmmw;l S badad corrections to make the traverse closed.
f 2 3
AQ :/f?ﬁx) + (?.ﬂy)i (sﬂ.ﬂz)zt..] on g eometr%fﬁeld observations. Bowditch (Compass) Rule e
0 y z ®» More weight is given to precise Correction to latitude = —(TLat) x (%ﬂg;h_)
For simple cases: B;):sthlm T! ]mg&”f W
0Q=x+xy - Aﬂ=m Equ:]TAx—L mmm:_(zw)x(m“”ﬂ@m)
0Q=xxy - AQ (ﬁ)z.,.(ﬂir Normal Equation After adjustment:
Q X y T . Jlat =0 and XDep =0
0Q== " AQ . (ﬁx)2+(éa)2 (A'PA) x = A'PL C
y Y A A = Coefficient matrix
. P = Weigh matrix (P = 1/0%) B D Aml“dj"sm
L = Observed values pse [
Larger number of observations x = Corrections/unknowns m'm‘t coordinates
reduces random errors (A « 1/4n). v = Residuals (errors after adjustment) A~ and a reliable map.

Result: Most probable (best) values of
unknowns.

7. Detection of Gross Errors

® Check for unusually |
. Use arithmetic cher.ks

8. Practical Tips to Minimize Errors 9. Key Takeaways

 Use well-maintained and calibrated instruments, ~ # Errors are inevitable, but can be

e or odd readings
% v/ Take multiple readings and use mean values. identified, reduced and adjusted.

eq, SBS - ZFS

t doubtful observations. o Aved parallax ( i # Understand the type and source of error.
- e g ey ¢ Appl orrection and adjustment
. Enomtlpar'e‘ ] LR e s et +/ Observe under favourable weather conditions. ﬂﬁw e T
g = ot s d v/ Use standardized procedures and field books. @ Precision and accuracy are essential
® Plot on plan — look for abnormal closure. v Gtk ot Tl i - R ralabid sirvifik;

5 i : Least method provides the
"Alwags i data bef: ad';ustn'len’c » o/ Train the team and maintain consistency. lalidia SEI“E“”S
W[Fy g # L 2 Careﬁ:l ﬁeid work and good practices

minimize errors.

L
»

e TUTORIAL ACADEMY ~ HYDERABAD
S."l.! Vet solles DGRt I@M%@Ems&:szlmum oy
e

Reduce Errors

=y -2

Measre Right Build Accurate Mine Maps
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Correlation of Underground & Surface Surveys
“One Mine — One Coordinate System”

1. What is Correlation?

® Correlation is the process of
establishing a common reference
between surface and underground
surveys.

® [t ensures that underground
workings are correctly located
with respect to surface features
on the same coordinate system.

® Essential for safe, accurate and
efficient mine planning and
production.

- 4 Purpose of Correlation
® To transfer surface control points to
underground.

® To locate und und workings on
surface plans iﬁnvice—versa. %

® To ensure accuracy in mine planning,
ventilation, drainage and developmensi.

® To avoid deviation and intersection

worldngs.

® To provide a unified mine map for
design, production and safety.

“Correlation connects the mine Accurate correlation
below the ground with the world = Safe mining + Better planning
on the surface.” ; + Cost efficiency
4. Shaft Correlation (Vertical Shaft) 5. Inclined Shaft Correlation

/(Im‘md‘%htew ) For inclined shafts,
8 measure the angle
and length (L) to

transfer coordinates.

» A plumb line is suspended in the shaft.

® Surface and underground theodolites are
centered on the same plumb line.

® Coordinates are transferred through the shaft.

7. Bearing / Azimuth Transfer

® Transfer of true bearing/azimuth from
surface to undes

® Methods: Gyro-theodolite, solar
observations, or using aligned shafts

and traverses.

AH = L cos 8
AV = Lsin 8

8. Correlaton Procadre (Gerra)
@ Establish surface control points
(using triangulation/GPS/total station)
Transfer points to underground
(through shaft, borehole or incline).
Measure angles, distances and RLs

errors between surface and underground

S™R |-
JuTORIAL AcADEMy - Achieve
HYDERABAD Mini

](nuwmi-rﬂge

Today

A Better
Tomorrow

3. Methods of Correlation

Shaft Correlation

(Plumb line / Gyro / Optical)
Inclined Shaft Correlation

(Using measured angles & distances)
Borehole (Raise/Winze) Correlation
(Using drilling and survey instruments)

Traverse Correlation
fE:d.endjng surface and underground
traverses to common points)

Choose method based on mine type,
shaft inclination, depth and required

accuracy.

®
@
®
@

6. Surface - Underground

Reference Transfer

® Transfer of known surface coordinates
(E, N, RL) to underground stations.

® Can be done through shafts, boreholes
or inclined openings.

o Common reference points are created
both on surface and underground.

® Use EDM, theodolite, gyro compass or
plumb line depending on conditions.

Coordinate Transfer per

g E - Eact
E, = E + AE | ijg
N, = N, + AN | RL = Reduoed Leve
| A = Difference obtained
RL, = RL; - AV | from survey
9. Key Takeaways

v/ Correlation ensures surface and

und und surveys are in the same
cm:dilgr::te s;Hstem_!:JI

v Shafts, boreholes and traverses are
used for correlation.

® Check for local attraction in compass accurately. v/ Accurate transfer of coordinates,
methods. N ) @ Compute underground coordinates. bearings and RLs is essential.
rue Check with independent cbservations G ives true north
Use of Gyro Cmtpass @ (e.g. additional ?hiftfbcrehole). v uﬁggpgfoﬂﬁm sk
v Provides true north. @ Adjust for errors and close the network. ¢/ Always check and adjust for errors.
' Suitable furmﬂa‘grmﬂm_w E Plot on common coordinate system \/ Correlation is the backbone of safe
v h m transforring azimut] > iud-xlmfy Fon_ pl_an _______ and efficient mine development.
without, magnetic errors. S | “Measure = Transfer - - Gwd(; “Good correlation today
T mgall . M_,}Uit _-*pr_ ______ . prevents big problems tomorrow.”
_ <5 TUTORIAL ACADEMY — HYD: BB srhirida @ 940633792 | 9908117369 |  Study
s R Your Success is Qur Mission 3 Practice
: Succeed
Survey Accurately =  Develop Safely =»  Mine Sustainably
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Underground Surveying — Fundamentals

“Map the unseen, plan the future”

" Learn
SAR | P
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HYDERABAD MME
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A Better
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1 Why Underground Surveying?
® To establish accurate control
for mine planning, development,

production and e’cg
To map under‘gmund workmgs

(drifts, levels, stopes, shafts).

® To provide connection with surface
surveys (correlation).

® To monitor movement,
subsidence and convergence.

U

8

und survegmg
invisible mine,
visible on paper.”

4. Traversing Underground

A series of connected straight lines
between survey stations.

Used to establish control and to map
the wcrkmgs

Measure linear distance and direction

(bearing/azimuth) between stations.

Types: Main traverse, subsidiary
traverse, detall tra\.rer'se

$y 3 3 8-

’,}: i "*,
- st e

Undergmmﬂtraversemammedrm

7. Compass Applications
C com is widely used
undgmrh \FSS to smphutg

2
® Used to measure magnetic
of traverses and drives.

o

Affected by local attraction due to
angnehc minerals, electric eql.uprrmt Lo,

ﬁ Control points are established at
suitable locations (main traverses

and Junctlons)
® Provide a framework for detailed
surveys.
® Can be established by:
v/ Traversing (most common)
v/ Transfer of surface control
(through shafts)
v Ggm compass/ Total station

in long workmgs

“Control stations should be
stable, easily accessible and
well marked.”

5. Direction / Bearing

® Direction is the orientation of a line
with re to a reference.

® Bearing is the horizontal angle
measured from a reference meridian
{usuaﬂy magnetic north)

Types of Bearing

® Magnetic Bearing (MB) - with

respec’c to magnetic north (using

CDI'I'IB.SS

True Bearing (TB) - with respect
@ tcnmfm nor&n (using & /’t.hrzsodnhte)
- th ct to
@ gnd north USECI“I?I lall:gzpenunes}
(@) Back Bearing = Fore Bearing * 180°
Always apply local magnetic
declination when using compass.

8. Underground Mine Plans

® Underground surveys are plotted on
plan and section to show:

v Develcpnm workings (drives, crosscuts,
raises, winzes, stopes).

o Control stations and traverses.

v/ Vertilation, drainage and other services.

Underground Stations

Permanent stations — fixed for long

term use (pillars, walls, floors, roof bolts).
m - used hicllir{')short |

duration (mar paint/c

Station marking:

chiselled mark + station number.

Should be located at safe, stahle and .

convenient. places (mtersec.’t.lons level

ends, near drives).

:;;‘i"ﬂ'&vﬂ"‘*’ f Example of station mark
i @4 on wall

3
B
» T
»
@

Chiselled mark
with station number

6. Chain / Tape Surveying

® Chain or steel tape is used to
measure horizontal distance

underground. I
v Su1’t.a.b?mfor underground development -
and short distances. _

® Tape should be checked for errors

due to ’temperature pull and sag.

v Keep tape in line and horizontal
' Avoid tape sag
v .";}pply necessary corrections
(it required).
v/ Use standard length and check regularly,
9. Key Takeaways

v/ Underground surve vides
control for safe an u&ﬁﬁnﬁ mining.

v/ Traversing is the backbone of
underground  control.
+/ Stations should be stable, well marked _

and accessible.

steel structures. TR v 5?rﬂtufr?1;gm$d Fsl;fngﬁg procidiog v/ Compass, chain/tape and total station
® Always check for local are commonly instruments.
Bl g o e fN v/ Mine plans help in visualization,
and beck bearings). o planmng and monitoring.
v/ Always check for local attraction
Prismatic Compass s and apply necessary corrections.
In areas of high magnetic disturbance, C"‘“‘J "Accuraieundzr?:wndm
use gyro compass or total station. drive safer mines and 'gherpnﬂum';[fwitg."
’ TUTORIAL ACADEMY ~ HYDERABAD
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Underground Surveying — Advanced
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“Precision underground, productivity above ground.”

1. Underground Traverses 2. Theodolite Observations

m» A sequence of connected survey mp Used for precise an
lines whose lengths and directions measurements underground.
are measured underground. mp Measure horizontal angles,

mp Used to establish control and to vertical angles and bearings.
map mine workings. = Provide higher accuracy

= T\Jpes: Main traverse, subsidiary compar ed compass.
traverse, detail traverse. = Procedure:

m» Traverses are measured using @ Set up and centre the theodolite.
compass, theodolite or total station @ Take backsight (BS) and
téepencling on E;;:i:racy required. foresight (195) readings.

= nsure qgood s ion spacing. Meas horizontal d
visi.bﬂitsgand stability. B @ vertiélarl‘eang]es g >

e re— @ Repeat observations to

= et 8 : i minimize errors.

. @ Apply necessary corrections.

3. Shaft / Plumb-line Methods 4._. Closure Checks

mp Used to transfer surface control points = To ensure accuracy of traverse
to underground and vice-—versa. measurements.

= Plumb line is suspended in the shaft. = Angular misclosure:

= tical or ro methods may be used =
fQDFr" better ga?:cur'acg. - Z6theo = (n — 2) x 180

mp FEnsure stability, temperature control .
and minimal a.u?‘:I moveiieent_ Angular misclosire = Z0obs — T Otheo

Sawrfare m [ inear misclosure:

T e = /(ZAE)® + (=AN)?

= Relative precision:
i s ( Perimeter

e

= Acceptable limits depend

Vertical Inclined shaft correiation on the accuracy t*eqLur‘Ehd_

using plumb Ene (using theodolite)
5. Underground Coordinates &. Mine-Survey Problems
mp Coordinates (E. N, RL) are computed from = Compute missing lengths, bearings
ra brovarse data and coordinates.
= Used for preparing mine plans, sections and = Check closure and adjust data
= Coordinate computation (for a line): = Plot underground traverse on plan
Wi mp Solve shaft correlation problems.
AE = L cos ©O = S mp Convert observed data to plan
lé' = L&“gthg_ C(‘ Bne wrth) coordinates.
AN = L sin © ﬁE_- Easlngl-';[ ?uf::m-;-rart = Typical numerical problems may
AN = Northing ncrement involve combined surface and
underground surveys.
g A Key Takeaways
+” Underground traverses provide the framework for mine mapping. “Accurate underground
«” Always check cdlosure and adjust errors. mines tomorrow.”
o Acczate undegroond coondinates are essential for safe and effident mining
- —

* TUTORIAL ACADEMY — HYDERABAD @ sartubrialacasdemy.org

Sascceecd
Measure Underground — Map Accurately —+ Build a Safer Tomorrow
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Curves & Contouring

“From curves to contours, we shape the map.”

Ad. Types of Curves 2. Horizontal Curves
m» Horizontal Curves — Change mp Used to provide a gradual change
direction in dpla.n (used in roads, in d.lrectl}:)n_
railways and mine haul roads). = Main elements (Simple Circular Curve):
= Vertical Curves — Change T - e )
gradient in vertical plane. T A T E - w angle () |
= Simple Curves — Single arc o = = y-9
of constant radius (most common). et T o L RW(Z)
m Compound Curves — Two or i P.rl—-%
more simple curves with different PC ~ H e {Lc-stj_n(ﬁ)
radh tuming in the same dmection. li\\ ! ,"'R & : 2 -
mp Reverse Curves — Two curves \\ : /’l PC — Poimt of Curvature
with opposite directions. - PT — Point of T
L — Length of curve
O LC — Long chord
“Curves provide smooth and safe alignment™
3. Vertical Curves 4_ Setting—out Methods
mp Used to provide a gradual change Chain and offset method
in gradjenl:. between two different (approximate).

Theodolite method (more accurate).
Tangent angle method

Rankine’s deflection angle method.
Use of total station (moderm).

—

aﬁ:es Summit curve (crest) and

curve (sag).

A2

o
—

" Deflection angle (8)

-gﬂ\‘?ﬁ,“f —

W

g, gz = Gradients (34)
| (2

—

Length of wvertical curve PC .
F'VC = Point of Vertical Curvature PT

PVl = Point of Intersection Setting out a simple curve
PVT = Point of Vertical Tangency (by deflection angles)

5. Contours — De{'"mil:ion Characteristics of Contours

mp A contour is a line joining +” Contour lines abways close.
of equal elevation (reduced level) +~” Do not intersect (except In overhanging cliffs).
mp Contours show the shape and «»” Spacing indicates slope:

;eﬂnﬁgpof‘ the ground surface on @ Close spacing — steep slope
mp They are ahwvays closed (either : Euq;d::[ EIPB‘C::?:‘g : gﬁ?g;sl{z]:;pe

within or outs St map) «” Perpendicular to line of maximum slope. -
«” Form V-shapes pointing upstream in valleys. -
" Form U-shapes pointing downhill on ridges.
«” Continuous and smooth.

8. Contour Maps in Mining

mp Used for mine planning. drainage des=i
haul road al.lg'rm':e:nt and surface d-e'velglp-.rnent. -

mp Help in locating benches, dumps, dams and -
other siaface features.

mp Contours are plotted from levelling or total
station data

L3

gﬁwedcmtaur'tm—valdepa\dsmsca]e
terrain >

D - D‘l:-lar-:e between conltours

O. Keg Takeaways

" Curves provide s.rnooth and safe alignments.

a” Understand elements and settin —o:?!r.‘ methods. hegin with

«” Conlours represent ground ace and help in planning. e

a” Contour maps are essential for mine design and dr=inage. 9°°d

«” Practice numerical problems and map interpretation. g =

-’. TUTORIAL ACADEMY — HYDERABAD W) 9410683792 | 9908117369 Study
Practice
Succeed

e For a Better Tomorrow
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Photogrammetry

1. What is Photogrammetry?

» Photo armnetr is the science
of obtai reliable measurements
and information about ob_]ects

from photographs.
» |t uses hotographs (mamlg aerial
or satellite) to prepare maps,

plans and 3D models.
% Wldeg used in rmnmg cunJ

engineering, aPeol
environmental studies.

“Measure the Earth
without touching it.”

4. Scale of a Photograph
® Scale = ratio of distance on photograph
to the corresponding dE{ancePiTntguﬁd.

Scale () = Distance on photo (d) _l
Distance on ground (D) n

Sca]e ds on flying height (H)
length ( f}g 5%
H Where,
fis = = Flying height above
5 gmund

f = Focal length of camera
® Larger flying height — Smaller scale

more area covered).

7. Photo Interpretation
® Identification and analysis of features
on aerial pho

® Elements used for int;arpretation:

| “From_Photographs to Precise Maps”

3. Aerial Photographs
® Taken from aircraft or drones with

2. Basic Principle
® A photograph is a central
perPsP?zgﬁ:rePpmjectm of the

& ﬁw.ts on the

ground are

projected to tﬁmts on the
]:r #DF\‘ ough the camera
e

ns perspechve centre).
» Geometric relationships allow
us to convert image measurements
to gmuncl measurements.
i+ Camera

specially designed cameras.

» Types

o Vertical ph phs (camera axis vertical)
¢ Oblique photographs (camera axis inclined)
¢ High altitude and low altitude photographs

v/ Large area coverage .
& Quick data collection
v Useful for inaccessible

etry uf' light gives
measurements from images.

5. Stereoscopic Vision

®» Two overlappi hoto
taken from slig h][: r'ent
positions give a 3% view.

Y Stereoswpe is used to view
the pair of photographs.

» Allows measurement of height,
relief and shape of terrain

Two photos — Three-dimensional world.

Aoplications in Mini
v Preparatlon of mine plans and topographic
v Identnﬂcatlon of geological structures

» T

w Parallax is the apparent displacement

of a point due to a change in camera position. .

.yp%;wl parallax (Pt)
# Relative parallax (Pr)
¢ Absolute parallax (Pa)

# Used to determine elevations and contours.

Right photo

gTﬂU.I'Id

Parallax — Key to height measurement.

| Key Takeaways
\/ Phabj:anmetiy uses phatographs

ITlBaSllI‘B['I'lBﬂ 5.

v/ Perial photos provide large area coverage.

Toralla (faults, folds, lineaments). o " tial
D Sizepe % Estimation of reserves and pit volumes. v Stﬁlio i&jz;sif ;::Eﬂ; hel
Q) Size v E?f'lalutlrgu:tzglﬂ roads, dumps and v in 3D mm'ements g
j fafian V4 Monitoring of mine development and v/ Photo interpretation extracts useful
Shadow environmental impact. information. _
(8) Texture v Useful for inaccessible or hazardous areas. v Widely applied in mine planning, reserve
@) Association  [358 estimation and monitoring.
i Site and situation “ 3
@ . provides “A picture from the sky
In tion helps to extract andider view v Bokta miing devicions . ”
meaningful information from photos. ning : tells a htgger Stﬂl"g
i i
, TUTORIAL ACADEMY ~ HYDERABAD
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Theodolite, EDM & Total Station

“Precise Instruments for Accurate Mine Surveys”

HYDERABAD Mmi
Today
A Better

Tomorrow

1. Theodolite — Introduction

® A theodolite is a precision instrument
used to meamn"e horizontal and
vertical angles

» Widely used in surveyi
Si.lr'\l'EHS engmeerlng an CDnStmlCthﬂ

» Tgpes Transit theodolite,
Non-transit theodolite,
Digital theodolite.

“Measure angles with
precision, map the world with
confidence.”

4. Permanent Adjustments
Plate level adjustment - axis of
plate level 1 vertical axis.

(@) Collmation adjustment - line of
collimation 1 horizontal axis.
Horizontal axis adjustment -

@ horizontal axis 1 wertical axis.

Vertical circle adi
mdex error shoul be Zero.

t L
optical axis commdes with vertical axis.

® Optia

“Permanent ac!jushnmk ensure
theodolite is in perfect working condition.”

7. Total Station

® A total station is an advanced
electronic surveying instrument that

2. Componenfs of a Theodolite

13, Tempor‘arg Adjustmem‘.s

@ Setting up the instrument on tripod

@ Centering - bring the instrument
exactly over the station point.

@]_gve]lm —usmgplatelevelsand

foot screws.

® m & lower @ Focusing - first eyepiece, then object. -

5. Angle Measurement
Horizontal Angle Measurement

® Measured in horizontal p

® Computed as dlfference of c1r‘cle readings
at two directions.

® Methods: Repetition method, Reiteration
method.

Hortzontal angle (8) = Reading at B - Reading at A
Vertical Angle Measurement

® Measured in vertical

® Positive for elevation (+), negative for
depression (=).

B Used to determine difference in level
and slope distance.

Vertical angle (a) =

8. Total Station Workflow
@ Set up instrument on tripod

Reading - Zero correction

Elimination of - no relative

movement. between cross-hair and image. -

W ljustments are done
instrument is set up
at a new station.

6. EDM - Principles

® EDM (Electronic Distance Measurement)
uses electromagnetic waves (light or
microwave) to measure distance. :

® Distance is calculated from the travel time -
or phase difference of the signal ;

® Common wavelenghts: Infrared, visble light, -

microwave.

st (B) = 225 TT@edthgﬂ
2 (=3x10° m/s)
Hsltagee t = time of travel |

v/ High accuracy (mm level).
Fast measurement.

v Not affected bH rough terrain.
v Can measure lon dls’ca.m:es
v Used in total sta

9. Key Takeawags
v/ Theodolite measures angles accurately.

oy ® Centering and levelling. Temporariand permanent
v‘; E]Dale{trauﬁctal;heodohte anglet)rneasurement) @ Input station details (height, code). g::ime aredjeﬁttal
Ce measuremen measures distance usin
v/ On-board computer (data storage @ g < target s s v electmmag'iehc Waves. g
and processing) @ sod D S /" Total station combines angle, distance !
“Total Station = Theodolite . ‘:{:"Otﬂnmi{zﬂ -:empute) and store and data processing. '
+ EDM + Compu‘l'.er" Download data to software for v WLMH;SE& in rm;e;dsm?reg]ng eséi;h
Key Features: mapping and analysis & m;’ff g Lary
o tishm e | o V/ Motkm it iprove e
and coordina e S 0 4 il e
m Stores data elech‘omca]l :
Qh]lmrealtunemutﬂmm “Right instrument + Correct method
i = Accurate survey = Safer and
.w y used in mine more ive mines.”
WP construction and mappmg.
‘hh-'-'b_ i L [
<g>  TUTORIAL ACADEMY ~ HYDERABAD ) st @ o062 | 28117369 Study
Your Success is Our Mission St oy l;mchce

Better Surveys =»  Safer Mines -

Brighter Tomorrow
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GPS, Remote Sensing & Astronomical Survey “7:k:

“From Satellites to Stars — For a Better Earth and Safer Mines”

<> Learn
S R |fer
TUTORIAL ACADEMY |- AiChieve
HYDERABAD pun
A Better
Tomorrow

1. GPS - Introduction & Principles 2. Satellite Positioning

®» GPS (Global Positioning System) is a
satellite-based navigation system
that provides accurate posimn,
velocity and time.

B Devel and maintained by the
Us. rtment of Defense (DoD).

® Works on the principle of
trilateration using signals from
multiple satelhtes

m Fach satellite transmits coded
signals with accurate time information.

“GPS gives
anywhere on the H_:artﬁ,m anytime.”

4. Remote Sensing - Basics

B Remote sensing is the science of
obtaining information about the Earth's
surface without physical contact.

B Uses sensors on satellites or aircraft

to capture reflected or emitted o

radiation.
® Types of remote sensing: o
@) Optical (visl, near-infrared) /1 \
® Thermal infrared LR
Microwave (RADAR) -
@ LiDAR [nght Detection ===
and Ranging) .

e s s
Plan better below.”

7. Astronomical Survey - Introduction
® Astronomical surveying uses the

observation of celestial bodies (Sun, stars)
to determine direction, position and time.

® Mainly used to determine true north (azimuth).

® Important in large area surveys and for
Ebh%gmlﬁrt?\nl :

o Minimum 4 satellites required
for 3D positioning (X, Y, Z) and time.
® Position is calculated b measuring

time taken by signals to reach the
receiver.
® Methods:
Absolute positionin

Differential GPS (DGPS)
Real Time Kinematic (RTK)
Precise Point Positioning (PPP)

Trlateration usmg mlipe sabe.l.htgs

5, hnage Interpre’t.ahon
® Interpretation of satellite/aerial images
helps in identifying geological and

surface features.

® Elements of interpretation:
:1;1 Tone / Colour g z

@ Texture
Pattern
(@) Shape
@ Size

(6) Shadow
(7) Association

(False colour composite)

“Images reveal what the ground hides.”

8. Azimuth & Time Concepts

® Azimuth - Horizontal angle measured
from true north, in clockwise direction
(0 - 360°).

® True North - Based on astronomical
observatﬂm =

® Time is determined using local a t
time (from Sun) and cogver{ed {.Fopamn

stindardl Vet
N () Tiné
g T
W (207 L o [
S (180°) (C;_')) :iﬁt::um

Azimuth is the backbone
of direction in surveying.”

Stte and Situation Srﬂdlfhlmpufaﬂq:m—cﬂm

3. Coordinate Systems
® Geographic Coordinate System
- Latitude (rp) Longl’cudé:l (a), Haghi;
® Projected Coordinate System .
-eg, UTM (Universal Transuerse Mercator)
® Datum - Reference surface (eg WGS-84)
@

Used for maj mine planning and
integration MF& %

N (90°) Latitude (9)
~ North (+), South (-) -
Longitude (A)

E - East (+), West ()
Height (h)

- Rhove reference elipeoid

Accurate coordinates — Better mapping
- Safer mining operations

= 6. _Apphc-a-tions in Mining

# Geological mapping and structure identification .
® Exploration of mineral deposits

[ Mcmtunng land use, land cover and
environmental impact

® Mine planning and boundary demarcation

m Subsidence and deformation monitoring
® Integration with GIS for decision support

Commonly Used Remote Sensing Data

® Landsat. (optical) gaa =2
® Sentinel (optcal) Tp
® ASTER (cphical + thermal)  provder view
» SRTM (DEM) for smarter
» hﬁpﬁ:}igh resolution mining.”

> RADER (all weather)

9. Keg Take&wags

GPS provides accurate, all-weather

positioning.

v Coordinate systems and datum are
essential for m

« Remote sensing he]ps in exploration,
| and environmental monitoring.
lma ge interpretation re ractice
and knob'ferg e of f‘eam?‘ges ;
Astronomical observations helP in
determining true north and azimuth.

o/ Integration of modemn tools (GPS, RS, GIS)
improves accuracy and efficiency in
mine surveying.

work together for a safer tomorrow.”

Map Today =

TUTORIAL ACADEMY ~ HYDERABAD SHORTTR | FOBIITSED | Stady
Mol Soficiad B OO P l@”ﬁ"m“ﬂe e 8

Explore Better = Mine Safer = Build a Brighter Tomorrow
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HYDERABAD

Mine Surveying — 25 GATE Numericals

“Practice Today, Solve Tomorrow, Crack GATE 2027”

1. Levelling 2. Levelling (Rise & Fal) 3, Tacheometry

A staff reading on a | Given consecutive staff Stadia readings: upper = 2435 m,

BM is 1245 m. The readings: 1865 m, 0.965 m, lower = 1265 m, central = 1.850m.

reading on a point is = 1475 m, 1205 m. Multiplying constant (K) = 100,

2135 m. If RL of BM Bod Ble using Rie & additive constant. (C) = 0.

5100000 m, find | Pl rothod B of firgt | Find horizontal cistance and
RL of the point. point 950000 m. RL difference if staff is vertical

and vertical angle b

6. Trangidtin (Vbel) 7, Erors By of Eor) 3 Errors (Closure)

In a triangulation fiqure,
AB = 42 km, £A =45,

A measured distance is
500.0 m with an error of

n a compass traverse of
5 sides, the latitude and

S g : : = 7000 m). The N = 4000 m, RL = 350 m).
ZB =55 Find AC, BC #0.2 m. Another distance departure misclosure is N * n
and the coordinates of C  is 300.0 m with an error of = 0.25 m. Total traverse m@nﬁmdﬁrg?m The plumb line offset
if A (1000, 1000) and  *01m Find the resultant length is 1250 m it underground is 0.15 m east
B (5200, 1000). precision - Fing the underground of 600 m. Find underground
b coordinates. coordinates.
11 Undergrowd Surveyng 12, Undergromd Surveying 13, Undergrond Cordnates 14, Carves (Siple Gurve) 15, Carves (Setting Ou) -
In an underground traverse. A closed traverse  Starting from A (E=0 N=0), Radius=300m, For a simple circular curve
AB = 120 m, bearing = 60" has the following latitudes and _ the following traverse is made: ~ Intersection angle (A) = 30°. of R = 200 m, A = 40",
Find latitude and departure  departures (in m) AB = 100 m O° Find: find ihte laldw m; .
- L En an
of ne AB. B sk« 4040, Dep= 030, | BC = 150 m, %0° () gt loth (0 length of e
\'19,?;” Total length = 2000 m. CD = 100 m, 180° (i) Lo Lengh cho rdm(erE) .
Ve Find the relative precision.  Find coordinates of D. . : .
A (1) Midedinte (49, % W\Tg
16. Vertical Curves 17, Contouring 18. Contour Gradient 19. Theodolite 20. Theodolite (Vertical) -
Two gradients +2% and SFGE- levels a(t Igilﬂ' O*S’""*)’f's Contours are at 5 m interval. ~ Upper and lower readings ~ Vertical circle reading to a '
-3% are connected b‘:} g O asquare (side 100 m): Distance between two on a horizontal cirde fora | target is 87° 30" ona [T
parabolic curve of length é & :]]gg 2 gj 1]3%’“ successive contours on map  line are 45° 20 and transit theodolite. Find @ ﬂ'
400 m. Find the RL at I h_ar I t: the RL_ : H_]m = 20 mm. Scale = 1 : 5000. = 225° 20" Find the correct angle of elevation or
50 m intervals from the c:l;nt f: zn T mitou: Find the ?'mt.md slope horizor_ltallangleli.f" index  depression.
beginning of the curve. values at 110 m and 120 m. (gradient e
21. EDM 22. Total Station  23. GPS @@ 4. Mixed Problem 25, Advaced Problem

An EDM gives a measured
distance of 1250.36 m.
Instrument constant = +0.20m,
Scale factor = 1.0002.
Compute the corrected
distance.

A total station observation

ves:
g!lope distance = 250.125 m,
Vertical angle = 6° 30"
Horizontal &ng]e = 120°
Insl.rmnenL hel ht = 1.50m
b hel H. 200m
hur:zonta| distance,
vertlca[ difference and RL

Key
v/ Practice numericals from all major topics.

Takeaways

v Understand mncep’rs, formulas and units.
v Improve speed and accuracy.
v/ Use diagrams for better visualization.

of the target, (RL of station = 300m),

Coordinates from GPS: s
Point A (E = 520000 m, A
N = 1820000 m, h=240m) i
Point B (E = 520500m,
N = 1820500 m, h = 260 m) &
Find horizontal distance,

heanng (azimuth) from A to /‘Il\
and difference in height.

4. Tubeonery (bcived a7

Stadia readings: upper = 3.125m,
lower = 2025 m. K = 100, C=0.

Staff held normal to line of sight.

Vertical angle = 10°
Find the horizontal distance
and vertical difference.

9. Correlation

A surface point. has
coordinates (E = 5000 m,

From a theodolite station,
angle to a point = 60",
horizental distance = 200 m,
instrument. height = 1.5 m,
target height = 1.0 m,

RL of station = 250 m.
Find RL of the point.

Topics Covered (All in One)

¥ A @ Curves & Contouring
Tacheometry 9 Thekiits

3) Triangu[ation 0 =
Errors & Adjustments :
Correlation Total Statien

Minin
Today
A Better

Tomorrow

5. Triangulation .
In a triangle ABC, AB =50 km,
LA =50, £B=60"
Find BC and AC.

Also, find the area

of triangle ABC.
A 50x B:

10. Correlation (Shaft)

A shaft is vertical. The surface |
collar coordinates are (E = 2500m,

In a mine survey, surface
coordinates of a shaft are

(E = 3000, N = 4500, RL = 500)."
An point. is

observed with total station at

a depth of 650 m and harizontal
offsets 20 m east and 30 m south.
Find the undergrmmd coordinates.

“Numericals build
confidence,

and confidence

cracks GATE.”

v/ Solve previous GATE questions.

? TUTORIAL ACADEMY ~ HYDERABAD | A
R Your Success is Our Mission

Solve Numericals = Strengthen Concepts = Score Higher = Safer Mihes = Better Tomorrow

Underground Surveying @ GPS & Astronoical Survey

. ) 9440683792 | 908117369 | S ]
h sartutorialacademy.org Prihd]‘ice
Succeed

S
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1. (MCQ) Levelling

In a differential levelling, the backsight
reading is 1.245 m and foresight
reading is 1.785 m. If the RL of the
BM is 100.000 m, the RL of the
new point is:
(A) 100.540 m
(B) 99.460 m
(C) 99.245 m
(D) 100.785 m

4. (MCQ) Errors

A measured length is 500.0 m with
an error of +0.2 m. The relative error
is:

(A) 1in 500
(B) 1 in 1000
(C) 1 in 2500
(D) 1 in 5000

Relative error =

True value

7. (MCQ) Curves

The radius of a simple circular curve
is 300 m and the intersection angle
is 30°. The length of the curve is
(nearest metre):

2. (MCQ) Tacheometry

For a stadia tacheometer, the upper
staff reading = 2.435 m, lower staff
reading = 1.265 m, and multiplying

 constant (K) = 100. The horizontal

distance is:

(A) 1170 m

(B) 90.0 m D=K(s)
(C) 100.0 m s = (L&)
(D) 1500 m

5. (MCQ) Co-r'relaticn

During shaft correlation, the
underground point is found to be
0.15 m east and 0.10 m north of
the surface point. The horizontal
displacement is:

(A) 0.10 m

(B) 0.15m -
(C) 018 m Dh
(D) 0.25 m

8. (MCQ) Contouring

The vertical interval between
contours on a map is 5 m. If the

RL at a point is 112 m, the next

higher contour value is:

E*+N?

X

HYDERABAD

50 MCQ / MSQ / NAT ity

“Practice More, Score Higher”

3. (MCQ) Triangulation

Ina triangle ABC, AB = 5.0 km,
ZA =50°, /B = 60°. The length

of BC is: C

(A) 4.0 km

(B) 4.3 km

ORr o w
A 5.0km B

6. (MCQ) Underground Surveying

In an underground traverse, the
sum of the interior angles of a
closed traverse with 5 sides is:

(A) 540° //"o"x\\?
(B) 720° ¥

(C) 900° Q\/‘ e ;r"
(D) 1080° > ——9

9. (MCQ) Theodolite

In a theodolite observation, the
face left reading is 45° 20" and
face right reading is 225° 20'.
The correct horizontal angle is:

(A) 78 m L= 228 )i ) 90

m :
(B) 157 m T 180 (B) 110 m (B) 100° HorL?oFr:al H;’lfl)e
() 34 M A ofersaciion angie | (C) 107 1 (C) 135° 2 M
(D) 471 m (ndegrees) ~ (D) 120m . ————r—" | (D) 180° 2
10. (MCQ) EDM / Total Station 11 (MSQ) GPS 12, (NAT) Conceptual

An EDM measures the two-way travel
time of a signal as 4 ps. If the speed
pf light is 3 x 10° m/s, the distance

Which of the following are
advantages of GPS in mine sm'vegmg?
(More than one answer may be correct)

The astronomical azimuth of a line
is 120°. What is the reduced bearin
of the line? (Answer in WCB format

1s:
[J (A) All-weather operation N

A) 300 g .

EB; 600 m pE t O (B) High accuracy % AngAtiemr i

(C) 1200 m Sy [ (C) Requires line of sight O W E

(D) 2400 m 01 (D) Provides 3D coordnaes = ! 120°

Key Takeaways Topics Covered “Small

v Practice from all major topics. v Levelling v Curves & Contouring Praclice Etens

v/ Understand oor;ejlﬁ before solving. V' Tacheometry v Theoddte Toda P

5 }:’“Pm"’e 5};?'&‘1 acﬁa:nH& i v Triangulation v EDM [l ty Bi

v R:mﬁicf% e ulasmﬁpzm mm v Errors & Adjustments v Total Station 0 lg

o At toas GATE quadions v/ Correlation V' GPS & Astronomicl Srvey ~~ GATE Scores

V' Pregere for MCQ, MSQ and NAT bypes. ~ / Underground Surveying v/ Miced Conceptuzl + Nemerical Tomorrow.”
<« TUTORIAL ACADEMY ~ HYDERABAD ® o2 | 9067 | Study
S R or sums s 0 i ]@Mw -

Practice = Analyze = Improve = Score Hightr = Build a Better Tomorrow
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Formula + Fact Sheet

“Key Formulae, Important Facts - Revise Fast, Score High”

1. Levelling Equations
Y RLofpaint= RL of BM + Z(BS) - Z(FS)

"' 2. Tacheometric Formulae
o Stadia distance (horizontal):

3. Error Relationships
® Relative error in a measured length:

® Height of Instrument (HI) method L NS EgL B
HI = RL + BS True length
Rl (et fokt) =il - BB k = multiplying constant (~ 100) f length = L and error = £ e
- S = staff intercept (upper - lower) o S
® Rise and Fall method: C = additive constant (= 0) Relatm eror = £ =
Rise = Next RL - Previous RL o . : A
Fall = Previous RL - Next RL i | Horizontal distance (inclined staff): ® If Relative eimr L
N | D =kscos?® + C cosB g
® Check: q1 =
S(BS) - (FS) = Last RL - First RL \ w Vertical difference: ® Total error in a traverse (approx):
o T : F
® 2 28 - V= 3 kssin20 + C sin 6 E 1/3131 + edep |
' Check misclosure Y » Constants: ® Angular error (in radians) causes linear ervor: -

v Find RL of unknown points

4. Curve Equations 5. 6 Inslmmen’r. Companson
i ; i Contour j ints of al e.]ﬂvah
v Tangent length: T = Rtan (A/2) e T Bl Horizontal | weae i | Lovellin
v Length of curve: L = tRA/180) v Contours never intersect (except vertical line of sight J
v Long choré: LC = 2Rsin (A/2) Elfﬂsj Adomglic | Horizontal = | lfveﬂms .
ng chord: v Close spanmg - 5 slope. Level lne of sight igh (quick sebup)
 Mid-ordinate M =R (1 - cos(A/2)) = v/ Wie spa tle slope. . .
v Concmi.m osed cantours with higher values | Thaodolite | Horizontal & High Traversing,
R = Radius inside = Hill vertical angles angle measirement
" Concentric closed contours with lower values :
A = Intersection inside — Depression. EDM E_leclmmc High Distance
g . .k v V-shaped contours point. upsiream in valleys distance measurement
T = Tangent " U-shaped contours point downhill in ridges. Ang: * Modern
length Total Station | Di + | Very High | surveying,
L = Length of Data storage mapping
curve i 35_ i .- F ngh IE.I‘S'E &,
M = Mid-ondinate GPS (DGPS) | 3D coorciates ing,
(X Y,2) | Gereanioe) | GO
Cl = 10m -— : -
7. GPS / EDM Concepts 8. Important Facts (Quick Rmmon) 9. Key Takeaways ,
GPS - Key Points: v lchain=20m, | link = 0.2 m &/ Memorize and practice important formulae. .

o Uses sinals from maltiple satelites V34
v Provides 3D coordinates (X, Y, Z). \
v Uses trilateration (distance + time).\_

\
A
v

v Tupes: SPS, DGPS, RTK
v Accuracy: metres (SPS), centimetres
(RTK)

v Used %br control surveys, mine
planning and GIS.

For most. tacheometers, k = 100, C=0

Con’t.our' Facts

e=Lx0 (radlans)

\/ I acre = 4047 m?, | hectare = 10,000 m?
types: Whole Circle Bearing (0°-360°)
g:eamg[)uadrantal (0°-90° )mg
v MESJ'\BE.IC daclma'mn and local attraction

s/ Traverse closure en‘orgsshauld be within
rmissible limits (e, 1 in 2000).

+ Contour map is a pmjectaon of ground relief

on a horizontal

v Understand the meaning of each term.

v Use diagrams for quick recall.

v/ Practice numericals from all fopics.

o/ Compare instruments and know their
applications.

v szp important units and conversions in
mind

v Revis-.e error analysis and adjustment

v/ Total station unpmves speed, accuracy and concepts.
EDM - Key Points: data handling. v Solve previous GATE questions.
o Measures distance using electromagnetic v/ GPS is preferred for large area and inacoessble -
waves (infrared / microwave). ___ bt%”'mfm e sl s Revise Smart
o Distance: D = (cxt) /2 e v B e word - _(0)-  Use Formulae
v Very fast and accurate (mm level).
o Used in total stations and modern “Formulae give you answers, A 19 Co

sunreg]ng.

4

concepl:s give you confidence.”

Score l-hgher in GATE 20271

-

L
v

s R Your Success is Our Mission @ sartuborilacademy org e ! Przﬁlgce

Concepts = Formulae = Practice = Higher Scores = Brighter Tomorrow
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Surveying Interpretation & Mixed Revision

“Combine Concepts, Solve Diagrams, Crack GATE 2027"

Learn
Prepare

Achieve

i

Today
A Better

Tomorrow
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TUTORIAL ACADEMY
HYDERABAD

1. Survey Diagram Interpretation
® Identify stations, bearings, distances
and elevations from the diagram.
® Understand symbols and conventions.

® Convert diagram information into
calculations. -

BC = 100m
8= 120°

AB = 120m
8 = 60°

DA = 130m
8 = 300°

4. Levellmg Problem (Field Data}

® Given field observations, compute the
RLs of all points.

2. Field Book Interpretation

® A page from a level field book is given.
Find KL of unknown points.

‘3. Traverse Calculation

® A closed traverse ABCDA has the
following data. Find coordinates,

Station | BS () | 15 @) 175 () | RL ) n;l;s;ng error and relative precisl(no-‘rjl.
BMI | 1245 | - = 100,000 — B“”O,"’g L“’? 2uol
Pl = 2.135 s ? BC 90:1 100
P2 S| Govag e ? D 180° 120
| P30 S ] DA 270° 100
BM2 - - 1.965 ? Steps:
(1) Compute latitudes and departures.
® Use: HI method (HI = RL + BS) @ find closing error (e, ;. ey, ).
# RL (next) = HI - staff reading (3) Apply Bowditch (compass) rule.

Fmd massmg RL va.luas

5. Contour Map Interpre!:ahon

® A contour maplis given. Answer:
® Find the general slope direction.

» FEstimate the height of point P.

Station | BS IS FS RL (m) Q Find the gradient between two points.
BH 2135 = . 250000 del‘ltlf‘g t‘-ldge Va]leg aﬂd watel". oW path
A | = || - ? - m-g_:1;£§:;>\\ N
Tr &= ? /) Y y T
AAA I
C Sl 1% ? A J I3
D | - - 230 | 1 //
g T
7. Instrument Selection

® Choose the most suitable instrument
for the following situations:

@ Measuring horizontal and vertical
angles for detailed survey.
® Long distance measurement (1-5 km).

Quick mapping of large area.
O

Underground traverse.
(B) High accuracy height measurement.
(6) Real- Lune 3D mappmg
9. Contour & Gradient Problem
® Two points on a map have RLs 420 m
and 360 m. The|horizontal distance
between them is 150 m.Find the gradient.
® If contour interval = 20 m, how many
contours are crossed?

® Identify whether the slope is steep
or gentle.

(Rl-q S RI-:)

SRR, = ] s

AT g R
Theodolite ~ Total Station

from B to C.

353 3 383

EDM

GPS (DGPS)

10. Common Dwgram Questions

Identify instrument from diagram.
Read staff reading c:orr‘ed;lg
Fmd missin dls’canoe/

ield book pa
cajate true bearing ?I"Gm magnetic
bearing (given dechnat[on)
Find area from coordinate data.

Solve numerical based on underground
traverse dia

Interpret crg:m section and contour
profiles.

If the contour interval is 10 m,
find the number of contours between
RL 320 m and 400 m.

AN

v
v
v, lmp
v

(4) Compute adjusted coordinates.

6. Map Interpretation

® From the given map extract: -
» Distance between two points (using scale).
» Direction/bearing.

o Relative helght and slope.

® Identify surface features (ridge/valley).
» Convert map distance to ground distance. .

8. Mixed GATE Level Problem
w From the figure, compute the coordinates of C

using traverse data.

AB = 100 m, bearing = 0°

BC = 80 m, bearing = 60°
FRL of A = 250 m and staff reading
at B = 1.325 m, find RL of B.

Find length and grade of the road

A

11. Key Takeaways

Practice sclving diagrams.
5 Interpret fleldgboolgr

and contours.

Strengthen traverse level calculations.

Know when to use which instrument.

Revise important formulae and facts.

50'\.1"@. mtxed conceptual + numerical questions.
rove speed anj] accuracy.

Focus on previous GATE pmb]ems

“Interpret. Calculate. Practice.

Revision makes you Exam Ready!”

?

TUTORIAL ACADEMY ~ HYDERABAD | @ o2 | oA | Sty
R Your Sucess is Our Mission I@M-w 8
Udersiood Dirams = Scive Nimaials = Revise Conospls = Soore Higher = Safer Mines
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Full Mine Surveying Mock Test Ty
“© . ” A
Test Your Concepts - Revise - Get GATE Ready Toinateoi
1. (MCQ) Levelling 2. (McQ) Tacheometry 3. (MCQ) Compass Survey
The RL of a point is 125.360 m. A foresight For a vertical staff, the staff interce In a closed traverse, the interior angles
reading of 1245 m is taken from the same is 1.20 m, multi;;ltﬁn% constant K = 100 are 72°, 88°, 110°, 90°. The closing error is: '
instrument. What is the height of and additive constant C = Q. If the staff o '
instrument (HI)? is held vertical, the horizontal distance (A) ©0° (B) 2
(A) 124115 m is: (£ (D) 6°
(B) 125360 m (A) 100 m i 1
(C) 126605 m (C) 150 m Pkt S‘T(f_ 3% 1;{,‘%'“
(D) 127.85_0 m AN | (D) 200 m ]
4. (MSQ) Errors 5. (NAT) Traverse Calculation 6. (MCQ) Contouring
Which of the following are sources of In a traverse ABCD, AB = 120 m at 0°, The contour interval of a map is 10 m.

errors in distance measurement using EDM? = BC = 100 m at 90°, (D = 120 m at 180" = A spot level is 275 m. The next
and DA = 100 m at 270°. Find the closing hjgher* contour value is:

(A) Atmospheric conditions : 120 290
(B) ctoiaghnt. totd: arir piid ki s 7B (A) 270 m 280
(C) Target reflector error oo than one Ans: (C) 280 m ij
(D) Staff inclination eption. g be (D) 285 m =
(E) Hult[path effect e

7. (MCQ) Instrument Selection 8. (MSQ) GPS B o
Which instrument is most suitable for Which of the following statements ]0 by A pa%e from a level field book is given.
high-accuracy 3D coordinate measurement about GPS are cor‘r'ec%? \\,é Find the RL of point B.

in a large open-pit mine? (A) Provides global positioning Station | BS (m) | IS (m) | FS (m) | RL (m)
(A) Dumpy level (B) Requires line of sight More than one A 1.865 - - 100.000

" Q. (NAT) Level Field Book

(C) Theodolite (C) Works on trilateration option may be B 3 2135 s ?
(D) Total station Egi Sﬁ?cy is only in mefr:;d - B ’ ~ | 1245 ?
: : S ; ?
i SR Calculate RL of B
10. (MCQ) Curve Setting Out 11. (MSQ) Map Interpretation 12, (NAT) Underground Surveying
A simple circular curve has R = 300 m From a topographic map, which of the Two underground stations are connected ‘
and A = 30°. The length of curve (L) is:  following indicate a steep slope? by a line of length 250 m with bearing 120°.
(A} C].(]SE Contﬂur cin ].l'ld thﬁ lahtudes Eﬂd departur‘es 1
(A) 785 m , P (Answer in metres, correct to two decimals)
RA (B) Wide contour spacing  More than one N
(B) 1571 m K ] o
( L = (C) V-shaped contours option may be Latitude. = :
C) 3142 m 180 (D) Contours crossing correct. e W |:, E
(D) 4712 m (E) Concentric contours Departure = __ ! 120°
13. (MCQ) Photogrammetry 14. (NAT) Mixed Problem 15. (MSQ) Concepts
The apparent displacement of an image A contour map has a contour interval of 20 m.. Which of the following are true about
due to central Pr'cg'ed:iﬂn is called: Find the approximate E;Tadient between two Total Station? TR
points A (RL 340 m) and B (RL 260 m) separated (A) Measures angles and distances , T’:
(A) Scale (B) Parallax by & horizoatal distance of 400 m. (B) Stores data clctronially ~ FUn ™2
(C) Relief (D) Resolution Aok Coabot < (C) Provides real-time coordinates
Gradient = Ah (D) Requires only one person for operation
Horizontal distance ~ (E) Cannot be used in underground mines
Key Takeaways y Topics Covered
v Re\nse alllimportant cnn;epi.s and formulae | Practice Like V Lewling v Tacheometry /' Traverse
v o R s il an Engineer, V Erws v Goration v/ Gontaring
v/ Focus on weak areas Think Like a Topper!” V Thedite v/ EM v Tohl Salim
V' Be GATE ready/ v/ GPS v/ Photogrammetry v/ Mixed Problems
= I L .
T> ) TUTORAL ACRDEMY ~ YDERABAD | 0 o yrg @ 06721570070 | iy
s R Your Success is Our Mission Practice
. Succeed

Concepts = Practice =» Test = Analpe = Improve = Higher Scores = Brighter Tomorrow
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