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Mineral Resource Classification

“Mineral Resources vs Reserves, Classification Systems,
Measured / Indicated / Inferred Concepts, Economic Considerations™
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1. Basic Definitions
® Mineral Resource:

- 2. Classification Systems

Common classification systems:

3. Schematic Representation

Surface Drill holes
A concentration or occurrence of v/ UNFC = United Nations Framework w 1
mineral material of economic interest Classification Overburden ¥ 7= e
in or on the Earths crust with v/ JORC Code = Australia | |
reasonable pr:zﬂacts for eventual v’ NI 43-101 = Canada Measured . S _;
economic extraction. v CRIRSCO = International reporting Resource ... ey
® Mineral Reserve: standard B e g O
v USGS classificati Indicated Ll
The economically mineable Eﬁ SO istLY Resource T Y Orebod
of a Measured or Indicated urce w mineral quantities —-..._‘ ‘!r\'bmm dagg
demonstrated }? at least a Preliminary on geological confidence and Inferred i fEe=T  aoon
Feasibilitg Study. economic viability. R.esource '.._'.1_”'5"'/
4. Mineral Resource - Reserve Relationship 5. Key Characteristices
Total Mineral Resource Data Spacing Features
e |Gy | Gl | Tl | ™
* Well defined
bt Close . gy
v h A L Resource 2 (eg. 25-50m) |* Rﬁhable gmdﬂtaimte
M 7 Todicated ]| Infl I * Continuity es
Resource Resource Resource Inficated | Moderate | Medium spacing | Reasonable continuit
4 fsldenceg) m) J ?1denoeg | lhlesan‘. Of | T &4 » Basis for_ mine planning
*, - * ¢ ; » Limited geological evidence
Inferred Low Wide spacing | | b 0 i f
After applying modifying factors Resource (eg. 200-1000 m) | Used for early stage .
(mining. me{lj.\m@ml, economic, leqgal, evaluation
environmental, social, governmenﬁ =« T and i
(R ] Mineral | Economic Based on mineable part of Measured/
Mineral Reserve ] Reserve certainty feasibility study Indicated Resource
(Econonﬂcallgl _mjnea_ble:l | * Inchudes modifijing factors
6. Resource-Reserve Pyramid 7. Economic Considerations . 8. Important Points for GATE
i i » R logical in nature.
W 5 S o Pasriagird i abert o rasodiss
v SL:&'_ and shape of t‘he depﬂﬂt and are e::u-nomjcaﬂbs mineable.
v Mining and processing methods. @ Baeswedis bdioted % Jifentd
v Metallurgical recoveries. in terms of geological confidence.
v Market demand and price of mineral. ® Only Measured and Indicated
v Opera.ting and capital ol resources can be converted to reserves.
i # Inferred resources cannot be directl
v Cut-off grade. g converted to reserves. -
V' Legal, environmental and social factors. & Modifying factors include mining,
v Infrastructure and location. me ical, economic, legal,

environmental, social and government
considerations.

Classification helps in mine planning,
valuation and resource managemen

v Government policies and taxation.
v/ Risk and uncertainty analysis.
v Life of mine and profitability (NFV, IRR).

Key Takeaways Common Modifying Factors “Right Classification

v Resource = Geological quantity. v Mining method TOC[ﬂH.

v/ Reserve = Economically mineable part. v Metallurgical recovery Better Planning

v Measured, Indicated, Inferred based on confidence. v/ Economic analysis (price, cost, cut-off grade) Tomorrow

v Reserves are derived from resources after v Legal and environmental factors st aiiall 4

applying modifying factors. v Inifr}*astmcture and location Mll’lil;lg

V' Clsficsiin atans UNEC, JORG, NU4301. 4/ Golerommint, picies and,tavaiion for the Future.
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Discounted Cash Flow Analysis Toda
“Time Value of Money, Cash Flow, Discount Rate, NPV, IRR, Payback Period” %m

1. Time Value of Money
® A rupee today is worth more

2. Cash Flow in Mining Projects 3. Discount Rate (i)
w Initial [nvestment (Year 0):

than a ru

its earning potential.

tomorrow due to

Land, exploration, mine development,
plant & machinery, infrastructure.

m The rate used to convert future cash
flows to present value. .

® Reflects risk, cost of capital and

» Future Value (FV): w Operating Cash lnﬂows
FV =PV (1+ i)n Revenue from sale of minerals.
s &)&mﬁhg Cash Qutflows:
m Present Value (PV): ining, processing, logistics, labour,
% Fv power, maintenance, administration, taxes.
T (14 )  Terminal Value:

Salvage value at the end of mine life.

Types of Cash Flow:
+ Pre-tax cash flow

+ After-tax cash flow
(more realistic for evaluation)

5. Internal Rete of Return (IRR)

PV = Present Value (%)

FV = Future Value (%)

i = interest/discount rate (per year)
n = number of years

4. Net Present Value (NPV)

opportunity cost.
Factors affecting discount rate:

v Project risk
v Country/political risk
|
V" Iy rik gé%

Typical Range for Mining Projects:
v 8% - 12% (stable projects)
v’ 12% - 18% (high risk projects)

6. Payback Period

® NPV is the sum of present values of m IRR is the discount rate at which » Time ired to recover the initial
all cash inflows and outflows. NPV = 0. investment from cumulative cash inflows.
n L Initial Investment
CFy CFy Paghack Period =
. 0 u )Ll
NPV ;(1+1)t t=zo(1+IRR)t Annual Net Cash Inflow
s Types:
_CFt B 'Ca.sh flow at year t Criteria: v/ Sinple Payback Period (ignores time value)
i = Discount rate v/ [RR > Required return — Acc  Discourted Pagback Period
n = Project life (years) v IRR = Required return - Indifferent (considers time value of maney) :
v/ RR < Required return — Reject

Criteria: Notes: Criteria: . é
vV N'V>0 = Accept project + Use trial and error or financial calculator v Shorter period is betler. &

v Cr:mun[m]y used for quick assessment,

or spreadsheet to find IRR.
but not sufficient. alone.

+" For non-conventional cash flows,
mlﬂ’l:iple IRRs may exist.

v NPV =0 — Break-even
v NPV <0 — Reject project

7. Example - NPV Calculation 8. Example - IRR Calculation 9. Cash Flow Diagram
A mine project has the following cash flows. = Find IRR for the following cash flows. A 250
Discount rate = 10%. Find NPV’ 300 200 200
Year (1) Cash Flow (% crore) Cash 20
Year (t) | Cash Flow (% crore) 0 —400 Flow 1
0 | =50 1 100 € crore)_ 0
1 150 2 150 e
g zgg 3 200 300
. 4 150 ~400
4 [ 200 s -500Y -500
G | 150 o s L & i
- Y 538 10. Key Takeaways B~
o o U e W
= t Col wi . :
-0 (1+0.10)¢ t=0 (1+ RR) v Use c;nsh ﬂowediagrams for clarity. gast
+ Consider realistic discount rate. .
NPV = + ¥ 19174 crore IRR = 18.6% + Use after-tax cash flows for better decision.

v Compare multiple projects using NPV and IRR.
v Solve GATE-level numerical problems.
I

(Positive — Accept) (If mqmmd return = 12% — A.mepl)

e

-
-
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Mine Valuation “';E*

“Principles, Costs, Revenue, NPV, Profitability Indicators & Numericals® o0

1. Mine Valuation - Concept
® Mine valuation is the process of

estimating the economic worth of a mine
based on’its mineral reserves, expected
cash flows and associated risks.

o Used for:
v Project feashility
v Investment decisions
v’LnanandFmandng
v Divestment / sale of mine
v Policy and taxation

4. Key Formulas
@ Net Present Value (NPV):

2.
a

(3)
O

S.

Valuation Pr‘inciples

Based on mineral reserves/resources.
Considers estimated production profile.
Includes capital and operating costs.
Considers metal price, recoveries and
market conditions.,

Accounts for time value of money
(using discount rate).

Incorporates risk and uncertainty.
Common methods: DCF (NPV),

Comparative method, on value
fadvgnc.edJ el

Costs in Mine Valua’t,ion

(D) Capital Costs (intial Investment)

n Land acquisition
(R - Cy) ¥ Vi dohrment. (s, ranpe, defe
. , ramps, drifts)
NPV Z‘—(l-a-i)‘ Y Pl adoal
t=0 v Infrastructire (roads, power, water, etc.) =g
R = Revenue in year t v/ Pre-production costs o
Ct = Cost in year t 2o ating Costs (Annual)
i = discount rate 95y O Opouey

n = project life (years)

+ Drilling, blasting, ]oadmg haulmg
v Processing an ‘beneficiation

. LEIJDD‘LII‘ er, F'Ll 1 ten

(@) Internal Rate of Return (IRR): :; Labell, pais fol, nis aroeka
0 (R - C) v Royalties and taxes
{5 (1« RRY ®V’Rpla 7, CM'EE
eplacement of equipmen
@ Payback Period: v/ Ongoing deve]opm;ia?tpg;d expansions

___ Initial Investment @ Closure and Reclamation Costs

Payback Period = Annual Net Cash Inflow v Environmental management

\/ Stte rehabilitation and closure liabilities

7. Profitabllty Indicators

8. Numerical Example - NPV

A mine project has the following cash flows.

3. Cash Flow Components
| Inflow (Revenue) |  Outflow (Costs)

v Sale of minerals | v/ Initial capital cost
(Price * Quantity) jmﬁlmm .

v By-product revenue -

o Roualties (sometimes |/ C¥5ire and recanatin
inflow if refunded) v Taxes and royalies

v Incentives / subsidies v Working capital

6_l Revenue Estimation
Revenue = Q x G x R x Rec

Q = Quantity of ore/metal
G = Grade of mineral (%)
R = Metal/commodity price (¥/tonne)
Rec = Recovery (fraction) W

produced (tonnes)

Example:

Annual production = 1 million tonnes
Grade = 15% Cu

Cu price = ¥ 700,000 per tonne
Recovery = 90%

Revenue = 1,000,000 x 0,015 x 700,000 x 0.90
= ¥9450 crore per year

9, Nunerical Example ~ RR

Find IRR for the following cash flows.

Indicator ; Formula Meanmg %uﬂra = 10%. Fil_1<'.l NFV i | Year (t) . Cach qu (% croce)
NPV ‘ Z CFt‘ Present. value of Yoar 8| 2 crore) | Cost @ criwe) (X crore) | 0 -400
e T all cash flows 0 : (-) -500 1 120
RR | Value of i for Rate of return 1 300 150 150 9 160
which NPV = 0 of the project 2 320 160 160 3 180
Payback Iitial Investment | Time to recover 3 | 350 170 180
Period | Annual Net Cash Inflow | initial investment 4 | 280 | 150 130 i o | 140 .
Profitabilt PV of Iflows | P> 1 -» Accept || 0| 200 | MO 60 | Solation (Tl and Eror / Calier
index (P | T ™ BV of Outflows | Pl < 1 - Reject | Solutiom: AL i = 20% NBV = +152
- - — Z At i = 25%, NPV = -87 o,
Net |CF = Revenue — | Annual cash to (1+ 0101‘ Interpolating, soe
Annual Cash | Operating Costs — enerated , 152 ag?
Flow (CF) | Taxes + Working Capital Ehe pmpcthg = -500 + 15—1 -i% + 1812 + % + *f% IR 20 152 + 87 <3
& NPV = T 374 crore (Rostive — Accgpt) R " B2
10. Key Takeaways ” 11. Important Points for GATE
v Mine valuation is based on future cash flows. A Well-Valued v Understand NPV, IRR, Paybeck and PI formulas.
v NPV is the most widely used method. Mine Leads to v Be :Emfortab:e with cash ﬂ? calculations.
R o + Include all relevant casts venues.
5 &slder all comitsta] (initial, opeﬁlnagd swus{?mmg. closure). Well-Planned Growth ¥ ot deer efri?a_t . atnr a{rz enues
V' Profitablity mdic.atnp]r: he] gl‘; ] erg and Sustainable $ IF:‘lractm ngjll';caf! problems on NPV and IRR.
” 0‘[‘ EDMP&JI‘E
v Always consider risk, uncarlauﬂg and senslhvig analysis. MlnLng v Know[ i id ] m'tatmns ol
|
<> TUTORIAL ACADEMY ~ HYDERABAD B i .agewlmm m
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Mineral Taxation férzodagﬁg‘g

“Concepts, Royalties, Taxes, Government Revenue & Effect on Mine Economics™ %m

1. What is Mineral Taxation?
m Mineral taxation refers to the

imposition of various levies, taxes
and royalties by the government
on the extraction and utilization

of mineral resources.

o It is a major source of
over‘mnen-lL revenue and
Ips in resource man
and sustainable mining.

ent [E

Royalty
Royalty is the primary tax on mineral
pro&ucion paid to the government.
It is either ad valorem (percentage of
value) or specific (per unit quanti
Rates are ified in the Mines and

Minerals (Dssjgiopment and Regulation)
Act and rules.

Types:
Ad valorem royalty = % of value
Speuﬁcrugaﬂ.g erdamomf.permt

6. DMF (District Mineral Foundtion

® Collected from mining companies
for the welfare of people affected
by mining activities.

m Used for health, education,
land rehabilitation, drinking water,
skill development etc.

Typically a % of royalty
(usually 10%-30% depending
on mineral and state rules).

s 3 p

10. Effect

" 2. Objectives

v CGenerate revenue for the government

v Regulate mineral production

A utilization of resources

’,ﬂ L_' S v Dlsccm*age over—-extraction

v Support reglonal development

v Compensate for depletion of
non-renewable r‘e:gmtes

"-_c@; v Pr'onwte environmental prote:ctmn
5. Dead Rent

" Roglty Calenlstion
Royalty = Q x R
Q = Quantity of mineral (tonnes)

R = Royalty rate (¥/tonne or % of value)

Production of iron ore = 1,00,000 tonnes

Royalty rate = ¥300 per tonne
Royalty = 1,00,000 x 300
=¥ 30000000 (% 3 cmre}

v Ensure optimal and sustainable

3. Major Components

@ Royalty (based on quantity or value)
(2) Dead Rent

(3) District Mineral Foundation (DMF)

(@) Netional Mierl Exgloration Trst (NVET)
() Goods and Services Tax (GST)

(6) Income Tax / Corporate Tax

(7) Cess and Other Levies

® Additional amount payable by
leaseholder for min extracted .
beyond the normal rate of extraction.

® Applicable when production exceeds
a specified limit.

Dead Rent = (Qu il = Quormal) * Ry

Qactual = Actual production (tonnes)
Qpormal = Normal production (tonnes)

Re = Dead rent rate (¥/tonne)

7 Mu«mﬂmwﬂmmu 8 GST (Geods and Servies Tex)

w Collected for mineral exploration
and related activities.

m Used for rz?lonal and national

level mineral exploration.

# Rate: Usually a small
rcentage of royalty
?eg 2% of mgal‘tg%

on Mine Economics

licable on sale of minerals
Pgen supphed in the course
of business).
® GST rate varies with mineral type
m Collected in addition to royalty,
DMF and NMET.

Example GST Rates (approx):
v Codl: 5% v Bauxite: 5%
v Iron ore: 5%  + Granite: 18%

v Limestones: 5% JDUH::S%—

9. Income Tax / Corporate Tax 11. Numerical Exam le
A ﬁ{’[ﬂi el ffon ming i abiect x|SR Efe w Project s =°3§oé°“"f e
(e e N e Roalty Increases cost, of production Rogaly - 10% o vale, DI - 30% o rogilty
o Mo dabis mdude Dead renl | Higher cost, for increased production 2% O el CST = X o e vioe
operating G jon, interest, DMF & NMET | Increases total tax burden Find total tax and government revenue.
royalty, gb T ele. 39 Adds to selling cost Particulars Caleulation Amourt. (%)
e Reduces net profit Sale value 5,00,000 x 800 40,00,00,000
Ha% affect. project feashility, | | Royalty (10%) | 10% x 4000,00000 | 4,00,00,000 |
IRR and payback period DMF (30%) | 30% x 40000,000 | 120,00,000
Kat Talidawa Y . NMET (2%) | 2% = 40000000 |  8,00000 |
13 - altg et Gl o Mineral taxation GST (5% | 5% x 40,0000000 | 20000000
o e : balances resource use : 7 98.00.0(
+" Dead rent applies for excess production. ) Total Govt. Revenue 7.28,00,000
v DMF and o oo exploration. government revenue
& GST and Income Tax add to total tax burden. and sustainable
v" Taxation affects project Feaabﬂltg and profitability. d
v Always consider Elaxas in economic evaluation. evelopment-
1 1 —
TUTORIAL ACADEMY ~ HYDERABAD @E it _ﬂ@m]mum Study
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DAY - 5 R Acroae
Sampling Methods & Practices

Prepare
Achieve
g,
Today
“Sampling Principles, Methods, Sample Preparation, Representativeness, Bias, Precision & Errors”

Tomorrow

1. Why Sampling? 2. Principles of Sampling 3, Characteristics of a Good Sample
® It is not possible to analyse the The sample must be representati Representative of the b '
entire oreeforfck mass. ! @ ofeﬂ?:me?mr;nlot ¥ & v ] _ve 2 7 popula 10‘11
=» Samplmgt{i donerff Dbt!;am ; Smfﬂ Ev of the material must o ﬁdequate pog ot qnanhtg)
representative ion to estimate , Collected without bias
(e sl bave an equal chance of being slected. | V' Wt
= Helps in reserve estimation, Sample must be collected, handled v m&ﬁw’d &
mine planning, process design and prepered withoo, bis -
and valuatmn o P v Free from contamination Smph T
SR TR T V' Suitable for intended  [{ Locstion: P2
(8) Samplin t T i Deh B
must ToUow S C H
® S : v/ Economical and practical |

4. Sampling Me’c.hods

Grab " T Celltad S
.. Raninm ?Hechon el @ Define the sampling objective. acsing
3 [i'msaifa@::‘piﬂjwwyﬁu&s @Seiecl.appmpna’uesamphngmeihcd v
(@) Channel Sampling Collect. sample at. reqular intervals (to 10-20 mm)
» Continuous sample from a channel and from fresh surfaces. +
| e Used in exposed faces, trenches o
[ & G ana e hvoid weathered, altered or contaminated a,d
. 5 ips co at
[Fe &ﬁm underqnw\d warkings @ Ensure A sample size. (to 2-5 mm)
| - on *
Core Sampling . (6) Label the sample with location, depth, Splitting /
. drical obtained date and other details. g
| Mtihn e el by drilling B (Riffle splitter or cone and quartering)
e Used in exploration and detailed ’{f,g‘p @'_ -
Bulk ISBES® (@) Store and transport, careflly o lboratory Final Sample
it ~100-
o Us Bfgll"larnn Lu‘g1cal testing e

= High cost but more reliable
7. Representativeness
m A representative

same composition an

pulation.

sample must have the
il 1T el

"

nds on: sampling method, sample size,
heferogeneity, and correct handling.

10. Sampling Errors
Fundamental Ermr Natural variability
of the depaslt (cannot be eliminated).

% erfam icle size iﬂ;ﬂ&xr

Error Due to incorrect method

‘glc.lenl. le size.

instrumental limitations.

5. SamplingPractice(Fieldchedm)

8. Bias in Sampling
m) Bias occurs when certain
the material are preferentially
included or exclu
o Causes:
Incorrect sampling method
guman frmrd
on during handlin
Co?l?ﬂ;?iriahcn g J
Selective sampling

Result: Sample does not
d%mgﬁMMbmw

of

=

11. Factors Affecting Sampling

v Heterogeneity of the deposit
Par'hE[OEEsmeHvanahon =

ling methed used
v %e g‘JLZE and f'mc[uetnq;
v/ S\q]fer sample pmpara ;)c;nm =
v Envirorunental condl’ucns (weathering,
moisture, contamination)
Rule of Thumbx Larger and more
heterogenecus the material, larger the
sample size mqmmd

«v\

6. Sample Preparation

9. Precision and Accm'acy

[ Pr'msmn tabilit
of results (low '..'arlahr'efea -

: Closeness of

sample result to the true value.

V) ©) @)

ngh[‘m:lslm Low Precision

12. Key Takeaways

v Samg:lmg is essen’t.lal for estimating
v ﬁm appmpmte samphng methad

on
v Ensure mﬁtlvenm avoid bias
and malntmn precision.

v Follow sarnpfe fprtepara.t.mn steps.
sampling errors

' Unde
and minimize ’Lhe
leads to reliable
resource estimation and betta‘ mine p]anmng.

=%

' Accurate sampling

segregahcm during splitting.
s R Your Success is Our Mission S !

Pneparatlon Error: Loss of mf;mesor
Analytical Error: Due to laboratory and

<@ TUTORIAL ACADEMY ~ mm[@wﬂm_qomm]mm Study
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DAY - 6

Sampling Interpretation & Quality Con’r.rol

I Achieve i

Toda

Tomorrow

1. Sample Data Interpretation

“Sampe Dt Interpretation, Grade Variaily, QA/QC, Blarks,Standards Dupliates, Assay Quality & Valdation”
" 2. Grade Variability s

'3, Statistical Analysis

® Analyse sample data to estimate = Grade varies due to natural e~ V' Mean (Average grade)
adyse ality and variability. heterogeneity of the ore deposit. P = xl
i ﬁffec’cs the number of R X =
i3 ldenf.lfg trends, high-grade and G, AT r‘esults, 5
low-gr‘ade 200es. ® Measured using statistical A v Vanance X - XY
tools like mean, variance and : 2( le
coefficient of varlat{on (CV). '. 0 o/ Staderd Devishion
Cneﬂidmtog\'ariahon(m @ Fih Grade Zone S-\/’S_z
vV = 7 x 100% O Medim Grade Zone V' Coefficient of Variation
S = Standard deviation @ Logtrag i C‘J=—%x100%
; X=M v Range .
eangrade gR Xmax"'Xmm_.
4 Da{:a Interpretation Example 5, Qualﬂ.g Asswance (QPL) vs Quality Control Q0
results of 8 samples from a
borel:Lll iven below. Calculate Qua]ltg Assurame (QA) . Quality Control Q0 _
g‘rade standard deviation Vv Sgs{ematac n‘El:Enmg and procedures || o Checks the acc{;racg and precision of
and coefficient of variation. le results. | the assay resul
e : \/ Involves sampling design, sample v Inciudes use of blanks, standards,
Sample | Grade Sample | Grade Lion, d ocmnenlagz:'o duplicates and replicate samples.
No. (% Cu No. (% Cu) standards and audits. |+ Identifies errors and ensures data

1 08 5 18 v Prevents errors. ' . lr:ehabﬂltg Sgme
| 2 12 6 T . v Focus on overall p@ quahtg | qﬁg‘-‘ﬁg‘m ratory iyt
: 3 10 7 i3 6 QA/QC Tools
= 4 15 8 10 (1) Blanks - Check for cotamination
Soluiion. (2) Standards - Check for aocuracy.

¥ =125 % Cu htﬂp'etatm 9 Duplicates - Check for precision. i
S = 0324 OV - 254% indicabes | B9 Repliates - Repes ncysf the sane e
CV = 254% moderate qrade variahlty, ~ (5)) Pulp Duplates - Check bboratory precision
W (6) Field Duplicates - Check sampling precision.
7. Blanks 8. Standards (Reference Materials) 9. Duplicates
wp Material with no value of the element ® Material with known assay value. m Two samples from the same material
(e.g barren rock, quartz) wp Used to check accuracy of assay results. w Used to check on (repeatability). .
regﬂz:xl-r mﬁesamplesequmce o haies ml ]{e {20 wp (Can be field diplicate, coarse reject duplicate,
# Usad o def conlammaﬂon during w Assay resilt shoud be wlﬂnn f rangl z pulp duplicate or assay duplicate.

s el (o +2 Wb Skl Relative Percent. Difference (RPD)

Blank resull. should be close to zero. If result is outside the control limits, _ X=Xl o

High velue indicates contamination then investigation and corrective action ¥y (Xl T Rk
10. QC Control Charts e el o R

. I d g on
Used to monttor assay results of standards 11 /Assay Quality and Validation
and blanks over time. 5 Check for outliers and inconsistent bﬂgﬂ(szlts Keg Takeaways
Standard Control Chart Co tes, standards and ;

18 e hog Roodl| |V, Use stamﬁ?;lhc;afgs.s (mean, SD, CV, RPD). ‘, Gﬁd HTE ﬁ*f?eiz ﬁﬂbsﬁdczlmbﬂ’s
Assay 16 == =mmmmmmmnm o oee Mean v Jalse dgia g g alfélr' rescice % ;:fafdmmtﬂ spily cently |
Vahe 1.4 ———+2 D estimation, mine planning and valuation
%G 12 f- i - ____25p v/ Remove or re-assay incorrect samples. $ Eﬁn?gnqcmhbmﬁmdﬁmdﬁdmm

podesetamedaaataasl oot oal] Common Problems handlin by R

08 Htgh blank values (contamination) J

& Validate assay results before use.
v Reliable data leads to better resource
estimation and mine plamﬂng decisions.

x
x out of ran (aoo.u‘acym:e}
Sample Number x ghRPD(pmr}ng:l

. . . B - x i
Most results should lie within +2 SD limits. ,‘&fﬁ“ﬁmﬂmnmm

“"<g>  TUTCRIAL ACADEMY ~ HYDERABAD

L
s R Your Success is Our Mission

Concepts = Formulae = MNumericals = Practice = Higher Scores =

S
Prostie
Succeed

[ @ sertubcriaderny oo €@ 9440683?92]990811?369
Brighter Tomorrow



GATE 2027

|| MINING ENGINEERING (MN)

MINERAL ECONOMICS & MINE PLANNING

DAY - 7
Reserve Estimation Techniques

S R

TUTORIAL ACADEMY

“Polygonal Method, Triangular Method, Sectional Methods, Block Methods, Average Grade & Tonnage Calculations™

Estimation of

1. What is Reserve Estimation?

tity (tonnage) and
qualt (g‘;tradeSIusf]'1 mineral pr%ie:n
in a defined area/volume.
m Used for mine planning, production
scheduling and economic evaluati

" 2. Basic Formulas

@ Tonnage (T):
T = Volume (V)

x Denstty (p)

V = Area x Thickness

@) Metal Content (M)

T = Tonnage (tonnes)
V = Volume (m®)

p = Density (t/m?)

G = Grade (% or g/t)

Learn
Prepare

Ac ieve

o |

Today
A Better

Tomorrow

3. Polygonal Method

® FEach

around

re?resmt the grade of its

genal area,

M = Metal content
Produced as: Torm.age (T) 9 M&T %6 = Tonnage of *block
Grade (G) ). @ Average Grade (Gp): G, = Grade of i* block
Metal content (T x G) : 6 . LU G) Gl:l
5.~ T T = A= t x p
: _L(AxtixpxG)
4, Triangular Method 5. Sectional Method (CrossSectional / End Area) =~ L(Aixtxp
= Ama is dmded into f.rlalfgles % = Elied m theddzpodt has irregular shape 6. Block Method
e POITI
+ Bl ra ik o Coou Saciie ¥ i & ol itevaey || % Do i o 3D ik
the average of the three corner Area of ore is calculated for each section and
sample grades. 4Gy volul?le is obtained by multiplying with section -» E:;ha blli';kul’f = eggmm
" L3 Hos’tgcormnon method in modern
G ) . mining (used with computer software).
Go 3 : g 3 L v o=
o Ay +3 Az 4= As - Ag
%5 55 Gt
G4 G5 < > »|€ > Gs
Ge L L L &
T1=(%A&]xtxp T=A‘+A2;A3+A4x]_xp
G G e A & Nty b Aats A e e
G ] Uit i ) _ M PACT] 3l 4 =] g avg = .
triangle 3 Gﬂ"g Ay + A, + Ay + Ay ) ( L 2T,
7. Example - Polygonal Method 8. Example - Triangular Method 9. Example ~ Sectional Method

Calculate tonnage and average grade Triangular area with sample grades. Three cross-sections at 50 m interval
Area | Thickness | Densil Grade Gy = 1.0%
Polygon (m?) (t/m? (% Cw) : Section Area (m?) Grade (% Cu)
1 | 500 26 12 1 800 1.0
2% % 2o 26 | 08 2 1,200 L5
3 700 26 15 G; = 1.5% Ga = 0.8% 3 1,000 1.2
Solution: T, = 500 x 10 x 2.6 = 13,000 t Area of triangle = 1,000 m® Spacing (L) = 50 m, Density = 2.6 t/m’
T, = 300 x 10 x 26 = 7,800 t Thickness = 10 m 2 (800 + 1,200+ 1000) o o
Ty = 700 10 x 26 = 18,200 L Density = 26 b/’ onnage = 5 :
Total T = 39,000 ¢ rade - (10+15+08) _ 119 - 3000, 50« 26 - 195,000
G {13.000! 1.2+ 7,800 = 0.8 + 18,200 x 1.5) 3
avg = 39,000 (800x1.0 + 1,200x1.5 + 1,000x1.2)
Tonnage = 1,000 x 10 x 2.6 = 26000 t  Average grade - 3000
_ 15,600 + 6,240 + 27,300 - 126 % Cu )
39,000 s Mﬁfﬂi mnf.en’t. = 26,000 X 11% = 286 L r 800 + 1:;8&';)-* 1,200 = 197 % cu
10. Example - Block Method 11. Key Takeaways 12. Common Sources of Error
i *1(0x = 3 Choose method hased on depcsit
Block model (equal block size 10x10x10 m), p = 2.6 t/m’ data a\rallahLtha_and a?curmﬂ gmm‘%ﬁ & T
Block | Grade (% Cu) | Vohume of each block = 10 x 10 x 10 = 1000 m¥ v/ Polygoral and el s % Incorrect area/voliuma measmement
1 10 _?E’a_g; P: h][;kGD:] 1'0?84&?'? = 2600t Secf.lona] rneLhod sull.a.ble for elongated 3 Improper section spacing
= X 4 = ; Ir i |
i cllg 10+ 15+ 08 + 12 Vi E']"d‘ z m scarate, widely used | X mﬁmm i v b
=8 | Y8 | Average grade = = e 1125 % Alwa cans‘l:ler densﬁ.g grade variability ¥ Ignoring grade variabllity
4 1.2 d%:.a ¥ Human and instrumental errocs
Metal content = 10,400 x 1.125% = 117 «@mwwim?mwagwm X R it Waprdatin

>
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Geostatistics - Fundamentals ‘%%

Vana.bﬂlty, Regionalized Variables, Spatial Correlahrm, VmugramNugget Sill, Range Bastc Geostatistical Concepts’  Tomorrow

1. What is Geostatistics? i) Vanab:htg 3, Regionalized Variables

o Geostatistics is the branch of statistics N MZ(? w Natural deposits show spatial and = 4 A regionalized variable is a variable
that deals with spatially correlated data /£ -z statistical variabllity due to that ‘shows spatial continuity and
and its appllcahon in natural resources £ =% | []15-20 geological processes. correlation over a region.

(Geostahshcal )

s R YmrSuooess;sOl.erhssion ?W@"&lﬂsemlm %ﬁ,‘lu
Concepts =» Formuas = Numericals » Practice = Higher Scores » Brighter Tomorrow

"

evaluation and estimation. I | [ 10-15 | & Measured using: up les: Ore grade, thickness,
to model and predict the spatial [J8 ol [ 0s-10 v Mean (average) Pomﬁy permeabllity.
strigsonufvanables(eg grade, LN Al M <os v Variance (spread) ® Characterized by /4
metal content) in the earth's crust. v Standard deviation v Mexi %
& Widely used in mineral resource estimation, v Coeffcient.of variation (CV) ' Variance
mining. petroleum, and environmental studies. eV« S 100% v Spatial
S correlation (variogram) Low
Key Idea : Nearby samples are more similar S = Standard deviation
than distant samples. X = Mean grade
4. Spatial Correlation 5. Variogram Typical Variogram Model
w Measures how values at one location e Sill
are related to values at another location. | ® | ¥ A -+ ;?mmh d|starl:$r kv ablihy + :“ ___________________ 2
» Expressedm s}:mﬁww - .. ® o *| & Itis the most common function used s
- 9y 2 in geostatistics.
B Nearbg iamples -+ high correlation s ? e - 08 H
st ol I o
» Distant samples — low correlation Jkd | w(h) = [Z(m) Z(x+ h]] Ran
(appmad'ﬁpzerc) @ Nearby (high correlation) ZN'U‘) ,Z,.i: 04 |- : o
@ Distant (low correlaion)
Z h) = Nugget
Mare continuity = Stronger correlation T(hJ m&tv::anm ofhl i 4 —
More distance = Weaker correlation *h =g = 0 25 00
: N(h) = number of paurs (h)
6. Nugget, Sill and Range 7 Basic Geostatistical Concepfs Keg Takeawags
o Value at zero distance. N Kriging J Geostatistics models spatial continuit
Nugget ' « Represents measurement error, @ o Best linear unbiased estimator (BLUE). and variability. 1
iﬂiﬂﬁ;ﬁl ‘&ﬂtﬁ 3 * Uses variogram and spatial correlation. v Variogram is the key tool.
* Unit: same as the varibl (e, % grace). | (2) Block Kriging v Jupd § it ok S
TS o Used for grade and tonnage estimation
S| 5 e T
o Total variance = structured + nugget. -Accotmtsforblockslzeandgeomtrg. il '
o Unit: same as the variable. v Kriging gives the best estimate
@ Indicator Kl'lging using spatial correlation.
S & Essentlal for accurate reserve
» Distance where variogram reaches sill Euﬁﬁ &w il (og, presmnce/beens). | ¥/ estimation and mine planning.
Rﬂnge * Beyond this distance, samples are
E il (@) Cokriging “Better Data
* Unit: same as distance (e.g,, meters). o Uses two or more correlated variables. — Better Models
: * Improves estimation accuracy. — Better Decisions”
Real World Example Grade (g/1)
d deposit, grade varies THl>30
s tlﬁ Using variogram analysis, []20-30
we can es’clmate the grade at [F10-20
unsampled locations more accurately W os-10
by considering the spatial correlation | <4 '05 i
_ between nearby samples. Spatial distribution of grade 5
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Reserve Estimation + Geostatistics Numerncals

“Grade Estimation, Weighted Averages, Variogram Interpretation, Basic Estimation Problems & GATE-level Numericals” Tmmaw
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Tndag

mm

1. Types of Estimation

2. Weighted Average Grade

3. Inverse Distance Weighting (IDW)

(@) Simple average method % (T; x G;) % (wi x Z(x)) o Sampe
@ Weighted average method Gavg o YT Zxo) = Y w % Estimate point
@ Pggoe/ Timgr/ Secblncios ; = 45 \'i'. o |
Block method "F:'T; tonnage of block/section zéfﬁ)] i ;‘?ﬁé’j&? gmd; a l:::atlm e *
Geostatistical estimat : ; x) = grade at. sample poet
(E':;jerse djstaisce. kril;;lg} " g of Hoklsadin = dstance bebwem o and ;- @ -

P

4. Variogram Model Interpretation 5, Example 1 - Weighted Average

: A deposit is divided into 4 blocks with the
(h)“ (G20 follma?lg tonnages and grades. Find the overall
L
! Block | Tonnage () | Grade (%Cu)
| E 10,000 12
I | 2 20,000 0.8
INugget ) | Range (a) | A 15,000 15 I
le———> | 4 5,000 1.0
0 ~  Solution:
et 0 Y (T,G;) = 10,000%12 + 20,000%038
® Nugget (Co) : Variance at zero distance + 1500015 + 5000x1.0
(measurement, error + micro-variability) = 12,000 + 16,000 + 22,500 + 5,000
® Sl Co+ O) ¢ Toal variance (plateau valwe) 0 S e
% Range (a) : Distance beyond which samples : ;5(5000+ Ca
are not correlated . 56 500
% Model types : Spherical, Exponential, Gaussian Gavg = W =113 % Cu

7. Example 3 - Block Grade Estimation =8, Example 4 ~ Variogram Interpretation
A block is mﬂuenca:iu]:;g 4 surrounding samples A spherical vari model has C; = 0.2,

using IDW (p = 2). Find estimated grade. C = 1.0 and range (a) = 300 m.
Sample | Distance (m) | Grade (%Cu) Find 7(150 m) and (400 m).
1 150 08 | Spherical Model
2 200 14 5 hy3
: e i o =[co+c[1.;—o.5(;) ] 0<hs<a
4 300 0.8 Ca+ G h>a
Solution:
wos 1/150° - 00000444 5 _ LwZ  Solution:
= # For h=150m(h<a)
Wy = lf200; = (0.0000250 2. W (150) (150)
ws = 1/250% = 0,0000160 (150) = oz+1o[15 05 ]
Wy = 1/300 = 00000111 4 300, 300

= 0.2 + 1.0[0.75 - 0.5 (0.125)]

power (commonly 1 or 2)

Grade 6, Example 2 - IDW Estimation

Estimate the at point P DwW (p=2)
i'rom3ruaarbggms§rq:mm =

Sample | Distance (m) | Grade (%Cu)
= 100 10
B 200 1.5
C 300 0.8
:‘.'mh.ltm.n1 7
wi=‘a{—2 Z(P)___Zwll
WA = o = 0.0001 Zw

wg = 1/200° = 0000025
we = 1/300° = 0.0000111
2() - (0.0001x1,0 + 0.000025x 1.5 + 0.0000111x0.8)
(0.0001 + 0.000025 + 0.0000111)
0.000174
= 0.0001361 = 1.28 % Cu
9. Example 5 - Sectional Tonnage & Grade
A it has 3 cross-sections 100 m apart.
Find total tonnage and average grade
Section | Area (m?) Grade (%Cu) |
] 800 1.0 '
'} 200 200 00 | B )5 |
s 1,000 12|

Solution:
» Volume (Trapezoldal rule)
LA [Al +2A; + Ag]
199 [800 + 2(1,200) + 1,000]
= 50 [300 + 2,400 + 1,000]
= 50 x 4,200 = 210,000 m®
» Tonnage = Vxp (p = 2.6 t/m?)
= 210,000 = 2.6 = 546,000 t

(0000044409 + 0.00025¢1.4 - 00001611 + 0.0000111+08) - 0.2 + 1.0[075 - 0,0625] o TR iuis
(00000444 + 0,000025 + 0000016 + 0.0000111) = 0.2 + 0.6875 = 0.8875 Gayg = M GJA : 22;‘31 *A*"EGR
+ +
CLOUIO" s " Fo(r h}= 400 m (é. > 812 2 = (BOOx10 5 2x1.200015 + 1,000%1.2)
= 00000965 y(400) = Co+C =02+10 = 1. 4.200
= = 6800 + 7555 = 162 % Cu
10. GATE-Level Prac’r.ice Questions 11. Key Takeaways 12, Common Mistakes
A variogram reaches a sill of 1.1 at 300 m. What is the value v Choose iale ﬁh"‘i‘!""“ methed based on data spacing.  9¢ Using simple average instead
of y500m)? (A)02 (B)06 (C)11 (D) 15 v Use wei averages for quick estimates. of weighted average.
In [DW estimation, increasing the r parameter (p): v, Gmaliicsmmihe guinil arngetin, » ]gmw el pavelin.
@ (A) gives more weight Lo dsgstant ﬁ v mrslam{:;mc:f:m?uggi o oo b " ml.erpu'ev?;li.lgu:lm g
tB more weight 1o nearer samples v DW is simple and e S inappropriate power (p)
D} gm:esﬂmfact tion accuracy always v/ kriging gives best hm’g unblased estimale (BLUE). g;! uJL:Lmn
Al validate estimates with QA/ d geological tonnage
A deposit is divided into 3 blecks: (T, G) = (10,000, 1.0), v mﬁim ing. 3 P Qs op " ant‘iz -ermrs 2
(15,000, 1.5), (5,000, 0.8). Find average grade. (NAT) ‘/ Practice numericals for GATE-level accuracy. o Not checkmg units (m, m® t, ‘."»E_):

S R
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Optimization of Facility Location

MDERAL ECONOMCS 1 MIEANDG: @0 g | B
DAY - 10 T Ama S oates

=

mp Deciding the best location for
mine facilities (processing plant,
stockpiles, wor'kshops, eg:sJ

® Aim: minimum total cost,
maximum efficiency and
smooth operations.

) Involves trade-off between =
transportation cost, construction 3
cost, operating cost and
environmental / social factors.

\%

; -.-""'\
A (Mine) =

- — -

Road Option 2
(25 km)

Transportation Cost (C;) = T x D x C
T sooh il drviin )
D = Haulage distance (kn)

C = Cost of transport per tonne per km (Z/t-km)

7. Factors Affecting Facity Location

Faglie o Priorilas, asdacs Dt Trasartal i Cart, Pricesal Fachllies, Shecklles, Wiirchne Lot Factire” (LR
1. What is Facility Location? 2. Key Facilities in a Mine

+ construction + operating).
v/ Minimise haulage distance.
v Ensure adequate capacity and
space for future expansion.
v Improve operational efficiency.
v Consider environmental and

social |

roads and mampower.

-

-1

3. Objectives of Facility Location -
' Minimise total cost (transportation |

v/ Ensure ava.ilabj:ljtg of water, power, '

# )
oo Wi, LWy YU‘;’ - (?0 o @08
1 . W=8 Mt
LW, LW, ol WS
W, = e from source i (or annual €
production/flow) 101 ® (15,5)
(%, Hi) = coordinates of source i " ) w.-4Ml =
0 10 20 30 40
e Solution: X (kn)
1. Identify sources (pifs/dq)osits). yo _ 5104830+ 405 _ 370 _ py 04
2. Use tonnage as weight (W,). 5+8+4 17 !
3. Calculate X* and Y*. y-=ﬂ+_ﬁ‘f5_"ﬂx%=z4.41km

4. Locate plant near (X*, Y*).

8, Prookssiag Facilty Location

9, Stockpile Location

(T) Proximity to mine (haulage distance) v/ Should be close to mine to reduce | o Act as a buffer belween niring and planl.
(2) Availability of water supply tr: tion cost. v Should be near the plant to minimise
Power supply (electricity / fuel) v/ Adequate land for plant, taiings re-handling cost.
8 Accessibility (road / rail / port) disposal and future expansion. v/ Adequate area for required capacity.
9 T hy and site conditions v/ Consider water and availability. | Proper drainage and environmental control
’63 Q;‘P;g; izﬂabi]itg Y v Favourable ’Lopagrapﬂg and geology. ' 7 Useful for grade blending and continuous
Y : tal . Ct ]ﬁ_nt t, ¥
(7) Envirommental and social constraits (I iyl o e E RS
Scope for future expansion v/ Consider by-product reco
8 Labour availability ond market dccess.
(10) Government. requlations and permits Total Cost = Ciing + » 5
_ Cgmmlng t R estriabire T Cahxkumatal . = —-
10. Comparative Analysis of Alternative Sites 11. Real World Considerations 12, Key Takeaways
l Factor Ste A | SteB | SteC | o Multi-objective optimisation o Faclity location aims to minimise total
| Distance from mine (km) SN 50 208 v E?GStGE Tn\cfi'rcmni;ﬁ: social). , _crast and m;mmjse efficiency. :
illi se com modelliny rtation cost i jor factor.
e ST ol o ior ||| ¥ e e e | N 2 Ve et bolat
| Water availabilty Cocd® [ |1 Cot | 1| V. C““jld‘*re;ti”l / P"&m for export finding optimum location.
—] Or daomesLIC mar i i .
Pover avalabily Good || Good | Molila | || o ot with e tlomiimand. || g e stocpes bk
}Envimnmn’cal impact Low High | Moderate scheduling. . o Environmental, social and future
| Total anmual cost (B milion)| 250 | 320 | 280 |/ Allow for fubure expansion and expansion factors are equally important.
’bechr_lologlcal : Use col tive analysis and modern
Best location: Site A (minimum total cost) v Ellomn:lldg mﬁuﬁt*;olgw Segns Ecols (GIS, optimisation) for better
: 1 ecisions.

SR
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. i |
Mine Planning & Its Components =
"Strategic / Tactical / Operational Planning, Mine Layout, Production Scheduling, Infrastructure, Environmental and Economic Considerations™ %m
1. What is Mine Planning? | 2. Levels of Mine Planning 3. Key Components of
® Mine planning is the process of s Ovatlimne Mine Plannin
designing and sched gthe . S R | @ Geological & resource
extraction of mineral resources i m’;ﬂm largutsh evaluation
in a safe, economic, efficient Tl % Ca;i?-tal i, e, 5 (2) Mine design and layout
and environmentally responsible 5-30 years (8) Production scheduling
manner:. S i :
mp [t converts mineral resources Tactical P w ﬁedﬂmm'da groud desin | (4) E!Tdﬂlslz’&“t 5;1]?“3“
Ego lreser'vis aﬁd glﬂdetg the (Medium Term) g L planning (8) Infrastructure planning
velopment and operation £ 3 ure developmen 3
of a Onl:me throughapl.ﬁ. its life. S e . g l;nanpower Pil:l“mng .
: _ Uperaﬁonal + D operations vironmental management
Objective: Optimum extraction (Short Term) St sy (8) Econonic and financial analysis
of maximum value with minimum

. * Dispatching. allocation of equipment safety and risk b
cos, i and nvronmntal npat, (| Dy / Wekly  Montbly \ 2B Gy gl $89 Mt ey o ik et

4. Mine Layout 5. Production Scheduling 6. Infrastructure Planning
® Arrangements of pits/underground o Determines when, where and how much  wp Roads (haul and access roads)
works, roads, dumps, stockpiles, material (ore and waste) to mine. ® Power supply (electricity, DG sets)
processing plant, and infrastructure. m Ensures continuous supply of ore to ® Water supply and dewatering systems
® Should ensure smooth movement processing plant. ® Processing plant and beneficiation faclities
of men, material and machinery. ® Balances production, equipment capacity, » W elores and maintenance faclities
% A good layout reduces haulage v S A R o B 138 il s i kers
frlfviro;er;le?] ra}H]nP%;LOSt il Typical Production Schedule ® Communication and IT systems
Ore Waste ® Rail/port connectivity (for export)
Open-cast Mine Layout (Typical Year |Producton| Production | S0P | Grade = G
B oM | 08 ‘““’
= 1 |.% Juse | a0 | 12
- 2 55 165 30 11
2 3| B0w 80 | 30 | b
4 6.0 180 30 09
] 55 16.5 30 08
v Consider equipment capacity and availability. A E" 'ﬂ N @
 Fiilon e Vil gl

&
Stores

v/ Optinize sirip ratio and cash flow. fmm]@m]lm

= D v/ Adjust, for market demand and price fluchuations.
7. Environmental Considerations 8, Economic Considerations 9. Integrated Mine Planning
® Minimise land degradation and # Evaluate project feasibility (cost-benefit). s All components should be integrated
deforestation. i ® Capital a.nliclro gperatin o:rsE' estimation. to enmﬂ technical, economl?gr
# Proper waste dump and overburden ® Revenue estimation on production environmental and social sustainability.
management. and mineral prices. ) Use of modern tools: GIS, mine
® Control of dust, noise and vibration. ® Cach flow analysis and break-even. lanning software (e.g., MineSight,
® Water management and prevention (Refer to DCF. NPV, IRR discussed earlier) urpac, Datamine), optimization models.
of mine water pollution. ® Consider mining method, equipment cost,
® Top soil conservation and reclamation. haulage, processing, infrastructure and
® Biodiversity protection. environmental cost.
® Compliance with environmental Cost Componmts
reguTatiom (EIA, EMP). T e -
Capital Cost Mine development, plant, infrastructure |
Sustainable Mining “Opering Cost_| Drlng. blasing, g auig processg
Mine tadag with TESPGHSI.'[]I]ltH Transportation Cost | Haulage, rail, port charges
o for a better tomorrow. Environmental Cost | Mitigation. reclamation, monitoring
| Administrative Cost | Manpower, overheads |
Closure Cost | Mine closure and rehabilitation |

v
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Mine Size & Mine Life

TUTORIAL ACADEMY
HYDERABAD
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A B

1. What is Mine Size?
m Mine size refers to the annual

2. What is Mine Life?

“Production Capacity, Annual Production, Reserves, Stripping Ratio, Mine Life Calculations, Capacity-Life Relationships”  Tomorrow

3. Impoﬁan’f. Temlnologies

w Mine life is the total period for Reserves  : Economically extractable mineral
production capacity of a mine. which a mine can produce after considering technical and economic
equipment capacity, infrastructure using its reserves. Resources  : Total estimated mineral occurrence
and economics. » Depends on total reserves, (measured + indicated + inferred).

® Can be expressed in million tonnes g’}ﬁng“;gﬁfm rate and Production capacity : Annual ore production rate.
i m Includes both ore production Annual production : Actual ore produced in a year.
Point: Mine size should match S R e o G ol e e
demand and availabl Filae < Tad st 3 e
T enes oot o st bty o b Ty of et ot
operation, 5 mﬂm sd:edule production rate.

4. Relatioﬁshlp between Reserves,
Production and Mine Life

o Market and economic conditions

5. Stripping Ratio (SR)

6. Effect of Stripping Ratio on Mine Life

 For a fixed total material (Ore + Waste), |
Stripping ratio = Tomaep of Wals O9) higher SR reduces the available ore.

iy i Total Recoverable Reserves (tonnes) Tonage of Ore (0) w More waste handling increases cost and

years) = Arnual Production (lomes/year) ™ as W : O or a numerical value. may reduce economic mine life.
w Higher SR — more waste to be removed -
higher cost —» shorter mine life. [hustration: -

Example : i oo Sk =0l iivni Total Imal.en'al = 100 million tonnes ]
Total reserve = 120 million tonnes p Stripping | [m ‘ Foaoml |
Annual production = 6 million tonnes/year ple: . ‘Ra”“ W:0)| b ki Ll i life (;e:t:;

20 Waste = 240 million tonnes 2:ta] S50, .67 | w BT

Mine life = — = 20 years Ore = 40 million tonnes 4:1 | 200 | 800 100
il s Al A e  R-20/40-6:1 %l | ®3 | &9 e |
7. Capamtg - Life Re],ahons}up 8. Numerical Problems (GATE Level) 9. Factors Deta‘mumg Mine Size & Life

® Higher annual production — shorter mine life.
® Lower annual production - longer mine life.
mp Choose optimum capacity conslg'mg

(a) Mine Life Calculation

A mine has 150 million tonnes of
economically recoverable reserves.

Total geologically and economically
recoverable reserves

®

Market, demand Planned aniwal production is 5 mill |
¥ Covicl ol siesin o tomnes. Find the mine Tre. | (@) Market demand and product price |
v/ Equipment availability Solution: (@) Stripping ratio and waste handling capacity

v Infrastructure and logistics
« Discounted cash flow / project economics

Hinelif'e=%=30i;;ears

(5) Availability and capacity of equipment

Graph: 4, R i (b) Reserves Estimation from Mine Life (8) Infrastructure (power, water, roads, rail)
: Gﬁ“u A mine i for 20 ith i i
Mine Life 40 Rogeses, mhe nat e s et || G PRSI Flieh Srn
(tears). 30 decreases. Find the required reserves. (8) Financial and economic feasibilit
: 20 S hition: (NPV, R, payback pericd)
10 Reserves = 20 x 3 = 60 million tonnes
RN .
M%ﬁﬂ%&% SREx 34 1, P the Tesimwis nFaing e
if annual production = 2 million tonnes
- Solution:  Ore = 739 = 20 millon tomes
10. Real World Example Mine lfe = 2> = 10 years =~
A coal mine has 300 million tonnes
of reserves. Planned pmdl:cnfjcn PP 1 Keg Takzawags : . Common Mistakes
tby = 10 millon tonnes/year. « Mie size and mine life are mla'dﬂ:ahl. Confusing resources with reserves.
Stripping ratio = 2: 1. v Higher production shortens mine life. steipping ratio in calculations. |

Find mine life and total material
to be handled

Solution:

' Siripping ratio sigificantly affects
& Optima should balance market

£
sing total resources instead of
economically recoverable reserves.

Not consldering market demand.

X XXX Xxx S

d, reserw oA Wrong units (M, £, m*).
AT e Ve | X e st
Total material = 300 + 600 = 900 millon fomes === | v iﬁmmﬂﬁﬁmﬁhﬁﬁ Noltam i S ~
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Ultimate Pit Design “'?‘:ﬂ%*

A Betler
"Open-pit. Geometry, Pit Limits, Slope Considerations, Bench Parameters, Stripping Ratio, Ultimate Pit Concept and Design Principles”  Tomorrow
1. What is Ultimate Pt Design? ' 2. Ultimate Pit Concept + 3, Open-Pit Geometry
s Ultimate pit design defines the w The ultimate pit is the largest £ is generally a conical or irregular |
final pit limits tgn extract maximum economically viable pit. bow] depending on orebody geometry,
economic value from a deposit m Ore blocks inside the final pit limits topography and rock stre '
based on geological, technical have positive economic value. w Final Ef:_lg defined in plan, section and 3D

and economic considerations.
wp [t determines the size, shape,
depth and final slopes of the pit.

Objective:

v Maximise Net Present Value (NPV)

v Define economically viable pit limits

v Balance ore ion and waste removal
v Ensure safe and stable pit slopes

v Optimise mine ife and production schedtie

4. Slope Considerations 6. Stripping Ratio (SR)

o Pit wall slopes depend on rock mass m Bench height (H,) : vertical wp Stripping ratio = quantity of waste
properties, discontinuities, groundwater height of each bench pgmovedg per unit of ore.
and in-situ stresses. m Bench width (B) : horizontal ® Higher SR — higher cost

m Overall slope angle must be safe and width for drilling, blasting, % Lower SR — more economic
economically feasible. loading and haula:l;e

® Bench slope : angle of bench face . , Tonnage of Waste (W)
Slope Type | Tupical Angle (°) Factors wp Overall bepﬁch co%fij.u-ation Stripping Ratio (SR) = Tonnage of Ore (0)

e

Ierramp ange (F) | 45-60 |Rock mass struchwe |, | Parameter Typical Range —
z - Bench height (H;) 5-15m Parameter
e NS SO s e T T s i (0] W1 £ il b
B\ "\ Bench face angle (c) Bench face angle 60 - 80° _ Waste tonnage (W) | 200 milion tones |
_ Inter-ramp width 8-15m SR-E=@=§1
\Mmﬂpangletﬁ) Bench Width (B) | 0 % e

Banch Significance:
{I-lb;k@]t v Used to evaluate economic viability
“Bench Face ~ V' Affects mine life and total cost

- '-'Q;vaﬂsbpw@e(e)
: O\ Ange (o) ¥ Influences ultimate pit limits

5 ¥

7. Determination of P& Limits 8. Methods for Uimate Pt Design 9. Design Principles

o Pit limits are determined by economic @ Lerchs-Grossmann (LG) Algorithm :: Ensﬁr;.; W‘ﬁ:ﬁ a;?:peac:;&c];rinti&;alue.
ana]gsis using: (mostl common) " Consider geotechnical, h{qfr logical
+ Cut-off grade (2) Floating Core Method and environmental constramnts.
v Metal price (3) Break-even Stripping Ratio Method v Oﬁ:m.se plt depth, width and Shaﬁ:
v Mining cost (8 Whittle Optimization (commercial software) | ' Integrate with production schedulng,
v Processing cost (6) Nested Pit / Pushback Analysis o Use modern opum_u,aPEgn tmi anlﬁiﬂ =t
v Slope Cirﬁb{eamts — software (Whittle, MineSight, etc.).
+ Discount rate (Lime value of mone Pushback Concept:
( 3 T i & il 10.  Key Takeaways
Concept of Economic Pit Limits economically viable pits (pushbacks) v Ulimate pit defines final economic limits
for phased mining. of open-pit mining.
(_ e ® Helps in scheduling, cash flow and /' Slope angles, bench parameters and SR
o ——— (economic limit) I F e g are critical design factors.
(o e Se——— sk reduction. , v r pit — higher reserves but higher
s ook -1 ®» Each pushback is mined sequentially. waste and cost.
I P’L_lSI_'I]?ﬂl‘k 2 ST Ultimate Pt + Pit design must balance geclogy,
f’ ’/ /.-"'" __“"--....___“ B X A A S e W ]%cuaﬂgmlis. sbahlﬁlgedand envlr}:;rllment.
\ / 7 ack an mining i
18 l/ ’_Wl \\\ \I l' O e R & opfjm':sing cashp flow and reduc[rlfg“;isk.
\ e e ] . i, Wi
X W\ L R /) - < 11. Common Mistakes
AN e , R -
~ s \-.""31-"::::.‘5‘-_"‘5‘/ o Ordxdu ® Not conslde:slg geotechnical and water conditions.
fe e e b | x | rm&iﬂ‘ pushback mining
—————— - BT ST ¥ Overestimating reserves and ;{nderestzmatmg oostf

R S @ i S| 5
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Grade-Tonnage Relationship i‘?"ﬁﬁf"

“Grade-Tonnage Curves, Cutoff Grade, Average Grade, Marginal Grade, Economic Implications, Curve Interpretation”  Tomerrow
1. What is Grade-Tonnage Relationship? = 2, Grade-Tonnage Curve — 3. Key Terminologies

m Shows the relationship between Tonnage 4 Grade @ Cutoff Grade (Gc) ,
the amount of ore (tonnage) (Ht) Tonnage T %cw Minimum grade considered economic
and its average grade for 1 o Average Grade /[ 30 for extraction
different cutotf grades. 400 - \ - 25 Average Grade (Gavy)

o As cutoff grade increases, ey L 20 nghfed ava;? grade of ore above
tonnage decreases but L 15 the cutoff
average grade increases. 200 A L 10 @ Marginal Grade (Gm)

= Helps in evaluat.mg economic 100 - L 05 Grade at which revenue equals total
potential of a deposit and 0 : : : . 0 mining + P“mmg cost
selection of ophmal cutoff grade 0 05 10 15 20 25 @) Tomnage
for mine planning. . Cutoff Grade (%Cu) To’talanmmtcrfu'eabowﬂwwtaffgrade

| —@— Tomage (decreases with cutoff grade) @GmdeT
tion of to d
| B a ‘—.—Ma‘age&'ach(m“dﬂwfwffgmde) . awdgﬁwm%ﬁtqﬁffwﬁ

4. Effect of Cutoff Grade 5. Economic Implications 6, Grade-Tonnage and Profit

Cutoff Grade =~ Tonnage = Average Grade Lower cutoff Value / Cost
(%Cu) (Mt) (%Cu) n v More tonnageglid:'er ave grade ‘)

00 500 06 | 8 e s e A i o 4
05 400 080 Fige miy :
10 300 110 | ® Higher culoff grade: X —
15 200 1,50 _ v Less tonnage, higher average grade. :
20 120 2,00 ! V' Lower waste handling, higher wnit value. |
| i >
" wp Optimal cutoff grade: Cutoff Grade (Ge)
v Depends on metal price, mining cost, = Tokal Cost.
processing cost and recovery, Abm Gm — Profitable

Belw Gm Not Proﬁlahle

8. Interpretahon of Grade Tonnage Curve

\f
A Grade T T
% 6 @E@immﬁm&wmﬁoﬂmwmmﬂm ypical Deposit Types
[ e , ~— Uniform deposit
| s¢ @ Steep curve HﬂE decreasing tonnage (gt C&P?)ﬁ
- 20 Genﬂemrve—' el d mbmg = Moderately variable
- 15 m muform dﬁPDS]ﬂ = — H.I.g?ﬂlg vanable
- 10 (steep curve)
] L 05 @ Helps in comparing different deposits. gl
= 10 16 "L 2 0 Useful for pit ction plarning
° % ondm oty © ¥ et s A ,
([ — t A - Tonnage® ——=— Depostt A - Average Grade 0
.-__mtg_'rm ---mﬁ-hﬁxm | &ﬁnff&a&(%(‘lu)
9. Grade-Tonnage vs. Metal Content 10. Key Takeaways 11 Common Mistakes
e—— M
(e G| Torse | Mg e et G| il Gt (40 e R R
(%G | ) (#G) | (MG | = Tonnage (T) x Grade (Q) o Cutoff grade selection i critcal R g s
05 400 08 320 M=TxG for economic viability ® ot - Sl PH:EE
16 | 30 11 10 | g Ve T and ol vl
15 200 15 300 hﬂuaﬂgandlhmhtl:leauase\-ﬁﬂ't v Harymlgradwﬂwbrﬁkmgﬁde . sl'tapewatm
20 120 20 240 higher cutoff grade. o/ Used for pit desi msemesﬁmahm x Overesﬂnmtnng reserves at
. = o o and production low cutoff gra.de,
e ——— >
" WMMADM~PNDER&BaﬁD Pea em]mmg S
¢ ( sartutorialacademy
s R Your Success is Our Mission 3z 3 Hﬂaﬁ
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Dilution, Recovery & Cut-off Grade

"Ore Dihution, Mining Recovery, Processing Recovery, Cutoff-Grade Concepts, Economic Cutoff Calculations, GATE Numericals”  Tomorrow

MINERAL ECONOMICS & MINE PLANNING s R

CWB

DAY ~ 15
ATB";'&L

1. What is Dilution?

sp Dilution is the unintended
extraction of waste material

®

along with ore. and footwall.
mp It reduces the grade of the @ Internal Dilution
mined maierial :-'l\iasttg \lmthjn ;[.519. orebody
wp Caused by rfect minin ue 1o low grade zones.
msthods Fe ical krregufqarl’[.ies, @ Operational Dilution
and opera% limitations. Due to , blasting,
mp Measured as dilution % by loading and e'LI”JPmE“'L limitations.
tonnage or volume. @ (Geol Dilution
Due to faults, joints, folds
and i ar cre boundaries.

4 Diluﬁon Calculations

" 2. Types of Dilution

5. WhatisRecoverg'?-”

3. llustration of Dilution

Wall Dilution
Waste from hanging wall

6. Recovery Calculations

W Recovery is the rcentaeof % ~ Ore mined
Dilution % (by tonnage) = W 100 i valuablggmmeral ]:d;rac s e s Bhiade
wh recovered from the ore. g
ere, i ; wr_ e LECTRERC
0 = Ore toonage m Two types: Processing Recovery % Motal i Toed 100
W = Waste tonnage (dilution) Mining Recovery .
@ Portion of ore actually Exam%eﬁm ore = 1,000,000 t
Example: extracted from the deposit. Ore mined = 900,000 t
Ore tonnage (0) = 80,000 t Beoestins Rane % o 200000
q very Mining Recovery % = x 100
Waste tomnage (W) = 20000 ¢ © Partion of veluzble mineral SIS
Dildtion % = 20,000 % 100 recovered from extracted ore I metal in feed = 10,000 t
80,000 + 20,000) ihmugh beneficiation. Metal recovered = 8,500 t

= 20%

7 Eff'act of Dﬂu’t.ion and Recoverg
on Grade

Delivered Grade (Gg) = G, x (1 - D) x Ry

Where,

G, = Original ore grade

D = Dilution fraction (eg, 0.2 for 20%)
Ry = Mining recovery (fraction)
Gd = Delivered grade to plant

(Gg) = 20% Cu
{ﬁﬂ %E)ﬂdﬂ 20% (0.2)
Mining recovery (Ry) = 90% (0.9)

Gg = 20x(1-02)x09
= 20x08 x09

10. OverallFlawofOretoMetal

8. What is Cut-off Grade?

144% Cu

Prooessmgﬂewverg%-l—%{%xlﬂo-%/{a

9. Economic Cut-off Grade

’ Cﬂt‘ﬂff dﬁ (Gc) is f.he minimum G s Cm i c]:-"' Cg i cs)
grade of ore that can be mined ¢~  (PxRxMCF)
economically. gm = Mining cost (?ﬂi) )

m Ore above G, is considered o ocs et (T2
economic; below G is waste. E‘: 3 SG:IH"TMI wf&u}lﬁratm =

mp Depends on metal price, mining cost, E = e aﬂpl‘l'ﬁe (Tft() % =

i — rall recove mining = PIOCBSSHI
R L MCE = Metal cormersion Faetor (1o, . poce)
Basic Concept G = aoo'cp = 400, Cg = 200, G, = 100 (/)
v If Grade 2 G, = Mine as ore P = 500,000 (2/1), R - 085, MCF = 001
V I Grade < G, = Leave as waste | ¢, . S0+ 400+200+100 _ 1300
° = 500000 x 085 x 001 2250
= 031%

.11. GﬁTELeveleerical 12. Key Takeaways

" Dilution reduces ore grade and

Q. An ore ft has grade = 1.5% Cu
hn-sta Mung | |RuroMie| | proouy | | Resovere ‘ Ditin = 1% Wmﬁgageﬁwery 0% {| o7 Mt o et e
Mineral o determine the final metal t.
Deposi (With Dilution) { ﬂ;.&;ﬁ;d (Beneficiation) (Re]“ﬁetalccﬂw”) (a) Find Hvewd grade to plant. v Cut-off grade gnﬂw“:humﬂjnlw
L . J (b) Find final mcovemd metal grade. by ﬁoﬂam ade for mjéung
\ N H
-Tcdalnm © Didin () [+ Do * Final melal {Sc)lhéﬂm i p Cai{%wmm& ?ff:eg&% m::rg
G (R pmduct a =15x(1-015) x 0.90 control o on
gﬁldﬂ Hmmg recovery gmde{ d) TeCovery p) & F::ail's ¥ 085 x 0_30 = 11475% Cu Eﬂp‘?&ement tg.bret:;overy increases
Iﬁ:ﬂ‘ﬂ'&l'ﬁ:l 2
== L ciwmsxoss-omn e Y pFa gﬁiﬂﬁ?ﬂe&uéﬂ%emw
TUTORLAL ACADEMY ~ HYDERABAD ;Mq@mlmﬁiﬂw Stud
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Equipment Selection “‘%&:ﬁ?
Eqipnert. Seectin Crtaia rodieion Capacity Melcing of Loing & Halig Eqpmet, Corgetlfty iiatin and Qg Felrs”  Tomarrow
1. Why Eqpment Selection s Inportant? 2, Factors Affecting Equipment. Selectin * 3, Types of Mining Equpment

2
3

:
|

3

® Affects production, cost and (1) Nabure of deposit (ore/waste, hardness, abrasiveness) Loading Equipment

mine hfep (2) Production capacity required @ Shovels, excavators, wheel loaders |
® Ensures optimum utilisation (3) Mining method (open-cast / undergmmd @ Hauling Equipment |
- Effl 1‘|=:sourcess‘:LF : s (8) Material characteristics (size, density, mo Dmnps. trucks, belt convegom

uences safety, environmen @ Haulaoe distance and profile (fat / )

and flexibility O str‘f;g;g RIS gmdm @ Rotary &k, DTH e |
= Wrong selection leads to (7) Flesibilty and future expension @ Dezing and Grading Equipment |

higher cost, low productivity (8) Availability of equipment and spares Dozers, graders

and oper'atlonal problems. (8) Operating and maintenance cost A Equipment '

@ Environmental and saf'etg considerations Water , crushers,

SCreens, Conveyors

4, Criteria for Ec[mpmen!.. Selection 5 Pmdud.lan Capam’r.g of Ec[ulpmen’r.

v i d production capacity (tonnes/hour) ormula : ; ;
v/ Sulabiity o gmmdmtgns Sengel Fpprnghi; Gl Y Exagle :
v Equpmert. sze and efficency Q.(‘l"“EE"U} T-bst bt (BT
v hbJJ! between loading and hauling units Bt i =Jm (%
v %cajar:ﬁ)anuc ;\Erlaluatlon (Huhﬁngnd operatmg cost) Q@ = Production capacity (tonnes/hour) E - m = m time  Cycle time = 0.5 min
v’ Relablty and avaiabilt . = e bt ety (n” o o), - Mg g E=09 U =08
/Easeof'mamtenanceangsewioemppurt n = Nunber of cycles per hour t, = Returning time (empty)
v/ Safety and environmental impact E = Operating efficiency Q=5«x (O 5) x09x08
Poink: Selaction shoukl ensire miimum | ¢ = g ote o e b il Gyt per S - 43 th
tonne with maximum productivity conversion, if required) s 60
and [‘lerabl]]tg _ T
7. Hauling Equipment
‘Rl D Truck (RUT) | | Articdted

» Suited for hard rock l'tedfsoﬂ&a ¥ Used for short
» Higher production rate  medium hard material E Eﬁa;agrﬁobcﬁj;tance e :
» Used in » Suitable for smaller i il

opencas]?rg;mes operatms r\n&dehjuaiym » More maneuverable

surface mining

9, Matehiny iof Toadiing /& Hatlih Equipmen’f. : - 3
S . > 10. Utilization and Operating Factors

Excavator .

Bl e | I 6 T | Tkt fthd | Rt eyt v Utlzatin fackr = Acal verking time / vlbl time
1. B Applestion | Loadng tine hold be miimm | U7 gt delays shit chan, refuelng,
3 4-5 | 30-40 | Soall to medum mnes | o 0 mautes per truck v Opera e’

® Ensure optimum match between & Wgayer conditions
5 3-4 40 - 60 ] Medtumnunas bumetslzea'ldtiwk@facig. ® Road conditions
E -p Avaid o Maintenance schedules
: 22 .- | s mtnes m . Ope[;alnr scﬁil[scand experience

L% |8 1. W=T0 | UNENae | ® Avallabliy of fuel, spares and service support

1. Economic Comparison 12. Key Takeaways )

| Equipment Inﬂ;alCnst]Ome_ngCnst'FmdmtlmRate[ Sultabiity E ¢ﬁwymt§rﬁinm§mdsm%nﬁm

| Front Shovel High Moderaste | High Large, hard rock mines |z 3 ﬁ.—fuunq it

| Backhoe Moderate | Moderaste |  Medium f Small/medium mines ‘/ wj:%rm ungfm A

| Wheel Loader Moderate Moderate Medium | Short haul, auliary work | cpera s outpul.

| Rgd Dunp Trik | Figh | Low Ger towe) | Veryhigh | Large open-castmines | ¥/ Proner o ceoovi mltﬁ” o &

Acticubted Dump Truck| Moderate | Moderate Medun | Rough terrain, flexble use | v le 2 setematic spproach wih callaions and

= 5 leld conaitlons
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=5
25 GATE Mumericals + Formula/Concept Revision "2

"Mineral economics + Sampling + Reserves + Geostatistics + Mine life + Pit design + Grade-tonnage + Cutoff + Equipment selection”  Tomorrow

1. Important Formulae (chk Revision) 2. Key Concepts (Quick Revision)
+ Mineral economics: cost, revenue, NPV, payback

Total reserves (t)

O wi-3 Wy @ity |7 s e i

@Dﬂution%= 100 ® Proction et Q - X2 XEXT ﬁﬁfﬁmﬂﬁﬁmm

Deered gace Gd=sou -k, @ SﬁrfPPiﬂsmﬁm R -3 Y Gnbhooage ity el

@ e i @ e | B BT
One lace Gavg E(% ; T)) utlization and operating factors.

@ Processing Recovery % = Mﬁlﬂm:ﬁx 100 @ Mineable reserves = Geological I1'135&:1'1.@.5 gﬁo,imdm:,ht:t ﬁm?' ik g

x Minind recovery x (1 — Dilution)

® ot g G, P—’fﬁ% (@ Equprent cyde tine: T=t, 4t +t, 4t
B Howl .'Q=qXGDxExU
ourly production: ST

@ Waste density = 2.4 t/m’

@ Availability - 0.85, Utlization = 083

@ Metal price = 25,00,000 /t

@ Mining cost = %400/, Processing cost = ¥300/t
@ General cost = ¥100/t, Selling cost = 250 /1
@ MCF = 0.01 (1% grade o metal)

1. Mineral Economics (Q1 - Q5) 2, Sampling & Estimation (06 - Q8) ~ 3, Reserves & Mine Life (Q9 - Qf) ' 4, Geostatistics (012 - Q13)

res an Initial investment semple of 25
© 15 o ol i s 1@ FEWILIESIEANTE | © i e, Ml vt 1 © el
;ﬁaﬁ?rwﬁmwmh = 10%. ml:]n{;i%mmmufh Find I Fod the 4300
N8 ﬁﬁfﬁﬁﬁ"‘f’“ " Ans: 1.04% to 136% Ans: 91.8 millon tonnes Ankloi5
ning cost = ek slsmg.cos = A Block (100 m x 50 m x 20 m) Mmaab]gresenrsn&i]mhontom
(B, - X001, Sl G, ﬂ,ﬁs‘“f.uﬂyﬁmmm%@m Aol i » il . | @) A st o g o o bors
MCF = 001, Find cutolf grade. =~ = 261/n Eslinele the lowage and me Find sine Mg o0 AL o
T Ans 02%CG | ™ Ans: 260000t Ans: 16 years ol il
eRevenue !wﬂugutzfmwgmt. 3900 ¢ Cu A mine has reserves of 60 million correlation coefficient at 200 m.
€400 e/ ar, et e = 10 gars, © Two sampls give grades L8% and 12% I [oi e Ans: 0.78
Discount. rate = mpmdpagmpml with tonnages 500,000 t and 300,000 t. tones. Annual production = 6 million
Ans: 5 years Hi:iﬂumm]imimagegmh tonnes/year. Find total mine fife.
Initial investment = %150 crore, annual Ans: 1.58% Ans: 15!]1331'5

benefit = 240 crore for 8 years, discount
rate = 12%. Find NPV.

7. Diin, Reery o (00- (22) 8, Enoe S (13- 1)

Mokl icn st frow nmcmft to The table sh e-tonnage data Origina z A 5 m' excavator with fill factor 09
(5] TS00,000/L. If cutoff grade was 0.25%. @ ;Td ad the average grace € Aibing r&;ﬁy E%Cupﬂ]ﬁﬁ"wm' 2  tine 05 i avaiablity 085
o e w&a:{mu 08) | Grade (%) ko P ot il
gk :
Ans: 0.20% Cu | =0 '-;ﬂj P Ans: 1.44% Cu Hpe Ans: 367 m*/h
2 10 Melal in feed » 10,000 4, metal recovered = (= 954 t/h)
5. Pit Design (Q14 - Q16) s | w | s | DT Fmdpm'em;.zimg % A truk o €0 . pod hs e tre
@ A crolar pi. hs top dianeter 800 m, - W [ L7 Ans: 85% “ujgaﬁ T }Eﬁ ad
thEdhinhenﬁm'?e[er 2;?0 nz:';]'i depth vjm m Ans: 350 Mt, 1.20% production (tonnes/hour).
N D e e AL cutoff grade 05%. - 250 M. Mining cost = £500/1, processing cost =
Ans: 52.36 million m* o ava‘agegrade L4%. Lﬁ: £f 10% 2 R300/, = 200/, E_ngmg €50/, Ans: 79.7 t/h
L = 10 m, overall pit sl nage = 120 Mt aver metal price = £500,000/%, recovery = 0%, ; E
ang]e. = 4? find hortzantal dgtancepﬁmm E';tuna'ce. tonnage at mﬂgmhg linear MCF - 001 Find cutoff grade. m&ﬁﬁ paoad -
top to bottom (one side) for depth 300 m. inferpolation. Ans: 170 Mt Ans: 0.21% Cu 45 t, truck oyce time = 25 min,
A.l'ls: 3{:0 m A -tg curve shows that at ke a'@liﬂh-htg [%'JES utilization = (0.
Waste volume = 120 million m*, ore volume cutoff 0.3% t « §00 Mt and at Flndnqtﬂredmml'ernftmda
= 40 million m’, wastedeml’:y = 24 t/m, O?’Ltﬂrﬁage- Mt. Estimate tonnage
ore denstty = 26 t/n’. Find stripping ratio at 05% Ans: 12 trucks
(on welght bese), Ans 111:1 = Ans: 450 Mt
Common Data for Practice (Use when not given) Key Takeaways Tips to Solve GATE Numericals
o COre density = 26 t/m’ o Mining cost = %400/1 v Understand and aﬂ;:lg important formulae. " rite given data and required data clearly.
+ Waste density = 24 t/m* « cost = 2300/t + Be comfortable with untt conversions. " Use consistent units (tonnes, r;l T, %
o Avalabilty = 085 o General cost = 2100/t v/ Praclice grade-tonnage and cutoff calculations. bR it £ o
o Utiization = 083 ¢ Seling cosl = 50/ v B el i Y i e o e e
v Metal p;‘lce = 1500000/t o MCF = 001 (1% grade bomela) ¥ 7300 P m“’“m m“ e of CATE lovel 5 Proctce regulrly under. ime l'lmlt:

v Revise c.rmzplsmguhrhj and practice more probiems. not just memorising formulae.

<@  TUTCRIAL ACADEMY ~ HYDERABAD | 4T pE—" i
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Full Mine Planning & Mineral Economics Mock Te.s’t. oty

“Mixed MCQ + MSQ + NAT, Numerical Problems, Graphs/Curves, Economic Analgs:s, Reserve Estimation and Mine- Piarmmg Interpretation  Tomorrow

1. MCQ - Mineral Economics ' 2. MCQ - Cub-off Grade ' 3. MCQ - Mine Planning 4. MCQ - Equipment Seection
Which of the following is a direct || The cuboff grade is primarily used fo: | Which planning stage deals with Which factor is most important for

cost in mining?. A day-to-day operations? matching shovel and truck?
(A) Depreciation EB) Miimise m o:ge[rgmﬂg (A) Strategic planning (A) Colour and brand
(B) Royalty (C) Decide whether to mine or leave (B) Tactical planning (B) Bucket size and truck capacity
(C) Fuel and power T (C) Operational planning (C) Operator experience
(D) Administrative salary (D) Estimate the total reserves (D) Business planning (D) Maintenance cost
5. M0 - Aartages of Geslailis 6, MSQ - Mie Pl Comonrts 7, NAT - Short Answer 8, NAT - Shol Answer
Which of the fOHUW?"H are advan of ' Which of the following are included in Define the following: List any four factors considered in
geostatistics? (Selectiall that apply mine planning? (Select all that apply) (a) Dilution the location of mineral processing plant.
(A) Considers spatial correlation (A) Mine layout (b) Mining reco :
(B) Provides estimation variance (B) Production scheduling ) Stripingicas’ 9. NAT - Short Answer

) Requires fewer samples ‘ (C) Infrastructure planning (d) Cut-off grade What is the significance of ultimate
(D) Generates block grade estimates (D} Market demand analysis (e) Grade- tonnage arve | pit dwg,n in open- plt mlmng?

10 Numerical - Dilution &ng 11. Numerical = Economic Glt-of’f Grade 12 Numern:al Hme]_.nfe

A mine produces 1,00,000 t of ore per year.. Metal price = ¥5,00,000/t, mining cost = Z400/1, Proved reserves = 50 million tonnes, annual
Dilution = 20% and mining recovery = 85%. If | processing cost = ¥300/t, general & administrative ' production = 5 million tonnes, dilution = 10%.
the in-situ grade is 20% Cu, find the delivered | cost = ¥100/4, selling cost = %50/, and MCF = 001 mining recovery = 90%. Estimate the mine lfe.

qrade to the plant. (1% grade to metal Calculate the economic cut-
off grade in %).
13 Numerical - Reserve Estimation 14 Graph/&u've Interp'efa‘lmn 18. Diagram—based Question - Open Pit Design
A Grade
A reclangu!ar block (200 m x 100 m Bod —— Tonnage v??w 4 in Pammy  Given:
x 50 m) has an average grade of & O eeeie Eowis gg Top diameter = 800 m
1.5% Cu, If the density is 2.6 t/m?, £ 20 20 Bottom diameter = 200 m
estimate the total metal content put 15 mﬁ :TFHW "
(tonnes of Cu). 100 é'g Ovocall shope e » 4
(— »
0 Ll L] T T T 0
0 05 C:diﬁ 15 20 25 (a) Find the volume of material.
Grade (% Cu) ity = 3 fi tonnes
(a) What is the tonnage at 1.0% Cu? b }? wasi gty £ 2 508 ;ifmd ok waie Lo é
(b) What s the averags qrads a 1.5% Cuf (c) ore nsity = 26 £/m* and average grade = 1.2% Cy,
(c) Which cutoff grade gives approximately 200 Mi? estimate tolal metal (Lonnes).
(d} Hom;l does average grade change with mcreasLng chtnff
e e . Tt orrr e oror o os L T T e — e T
16. Numerical - Equipment Pmch::tlvﬁg 17, Numerical - Haulage Cost 18. Case Study - Mine Planning Interpretation
? ; Annual production schedule for an open-pit mine is given below:
A shovel has a bucket capacity of 50 m* | A 60 t dump truck hauls material for a cne-way distance P pe-p g ;
with fill factor 09. cgdfﬁeg, 0, of 2.5 km at an average speed of 25 knyh (loaded) J;Eﬂ 9@5@“ jﬂﬁ; (M) ﬂfﬁ; gatl" Gﬂ*lfz" Ca) |
utilization = 0.80, availability = 0.85. If rock  ad 35 km/h (emply). Loading time = 1.0 min, > A T 25 11
density = 2.4 t/m’, estimate hourly dumping time = 0.5 min. If operating cost = 2400/t 3 ) 2 30 TE
pm-dlmhon (Lonnes/hour). estimate the total haulage cost per tonne. Tl [ 24 30 09 -
3 -] 28 15 0B
"""""""""" - —= - - t======%0 (a) Calulate total ore and waste. (b} Find average strip ratio for 5 years.
19 Nl.l.‘ln&ﬂcal &dﬂm 20 Numeﬁcal G-mdg."['gnnagg (c} Comn'ent on the trend of gradg _w_lil't_ f'.lm.e. s
A spherical variogram model has nugget = 0.4, For the following block model data: o i NAT - Intar;rdaﬁ:n
sill = 1.0 and range = 500 m. Culoff Grade (%) Tonnage (Mt) Grade (%) 21 rw
(a) Write the variogram equation for spherical 02 600 06 A e 15 comsilaing e '*m;‘:;‘“:ﬁ'g“s" .
model. 04 450 09 | Parameler = _n“lE._. LB
(b) Caleulate y(h) at h=250m and h = 500 m 06 300 12 1 N e L
* 08 180 16 Ore [ML)_ ) B0 100
10 100 21 | | Aeepge (G | 14 = =
(@) Plot the grade-tonnage curve (sketch). Swprao W/ | 255 | 2w
(b) Estimate the average grade at 0.6% cutoff. Metal price = 25,00,000/1, mining ing cost. = 2400/, processing cost = ¥300/,
(c) Which cutoff grade gives highest total metal content? ? aJ& afj n;t{:m” selling :1051' ( Ton, TEIEL 0?1E g
; - 1) for eac i
22. Bonus - Single/Multiple Concept MCQs (5 Questions) Takeaways Wh::l: dealmm e doterirs v e *
QL m’ﬁ&wmﬂ 4.;.-&;.: i Q2. [aas atahiticn, the sl regresens: 04 hmasl'ﬁ-mio:; Efmech 2 0, EE% What dhgnf:dumr:fm;?:ﬁﬁin;:er fore final selection?
| e ) A Himeempdt prroe MCQ, M5Q, NAT, nu
@gi‘ H,;_,m E.ﬂ: :gl 5231 mincs Eg g;;f';& v it i o i oo Self -Check
oEEeen R BT SEAESESESE gudrtane
{ ] Minixsiue Y e m A "rul.-)g * d}#‘hm’::’::uw:rm i v’ -lonnage, culoff and ecunmcs daac O Practice similar numericals with frm'en{ data
] %::.2‘;.*; N, V' Develp time maragement for GATE Jvel. B e i
E R Your Success is E;.I.I' Mission @ mwmmmg 1 e l ﬁﬂa‘
Concepts = Formulae = MNumerlcals = Practice = Higher Scores = Brighter Tomorrow Succeed |
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Reliability — Fundamentals

Reliability Concept, Failure, Survival Function, Failure Rate, Hazard Rate, MTBF, Reliability Measures

‘

Acm*‘

|

Tomorrow

SR

1. What is Reliability?
® Reliability is the probability that
stem or component orms

its intended function without

failure for a ified period of
time under stated conchJ)telc-ns

m) [t measures the dependability
and consistency of a system.

Point:
eliability lies between O and 1.

v R(t) = 1 — Perfect reliability
v R(t) = 0 — Complete falll.n*e

4 Fatire Distribution Function F(t)

m) F(1) is the probability that the component
fails beforeprtune ’Ltg

Fit) = P(T<t)
v 0<F() <1
v F(0) = 0, F(w) = 1

v R(t) + F(t) = 1

" 2. Basic Terminology
(@) Component : Smalest unt that

performs a function.
@ System : Combination of components.
Failure : Inability to perform

the Jntend function.

‘4) Time to failure (T) : Time from
start of operation to failure.

Censored data : When failure time
is not qukg observed

5 Prubabﬂity Density chtion f(t)

mp f(t) gives the pmbablhtg of failre at
a particular tim

dF(t) _ _dR®)
W dt dt
® Properties :
v f(t)20
v [ f(t)dt = 1

F(t) =1-e™ v F) - f; fx)dx
7. Failure Rate (Hazard Rate) A(Y) ' 8, Resboshplben 10, R) ad 4O
Failure rate is the conditional probabilit; 4
- of failure in a small time mbeEl\;al glveEril f‘(t L &(1“)
survival up to time t. dt
L PE<T<t+At|T>t) . f(t)
At) = 1 dy S
(t) = Im m ML = 2
RECIE U () , Y |
=0 " RO @ RE) = ¢ | A
® Unit : failures per unit time (egq, per hour) P <
#p For exponential distribution, A(t) = constant = A =i
This is called Constant }S;ﬁm Rate (CFR). F(t) = 1-R()

10 Re].lablh’t.g for lef'erenl Faﬂum Rates

" 3. Reliability Function R(t)

w R(t) is the probability that the component |
survives up to time E

R(t) = P(T>t)

v 0sR() =1
v R(0) =1
v R(L) is a decreasing function of time.

For exponential distribution :
R(t) = e™™

6. Survival Function

m Survival function S(t) is same as
reliability function R(t).
-F(t)

S(t) =P(T>t) =R(t) =

10 o
= m time
05

0 5

t—-a»_

9 Mean Time to Failure (MTTF)

mp Mean time to failure is the expected
value of time to failure.

MTTF = E(T) = j ()t
—T
MTTF
For general distribation
MTTF - r R()dt

1
A

11 Rehabihty Measu;‘es (Summarg)

Constant Failure Rate Increasing Faihure Rate Decreasing Failre Rate . Measire Definition / Formula
(Ewmﬂai) (Wahtu B>1) (Weah:ll B<1) Reliability R(t) | P(T>1),0sRE) s 1
Failure distribution F(t) | P(T < t), F(t) = 1 - R(})
g 5 g | Probability denstty (1) fr) - EO® _ 4RO
0 e 0 &0 dt dt
Fabre rale (Hazand) X0 | ac) = H)
e S
t @ R - E_M}, i e_wu}ﬁ Survival finction S() | S(t) = R('ti E
(i constant) (B> 1) (B <1) Mean time to faluwe (MTTF) | MTTF - L t(t)dt = JD R
/| Unit | hours, cycles, etc. !
S Il = i >
" TUTCRIAL ACADEMY ~ HYDERABAD | 4 mmwemimmg m
s R Your Success is Our Mission &/ oty
Concepts = Formulae = Numericals = Practice = Higher Scares = Brighter Tomorrow
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Reliability of Simple Systems ~ '=r

Series Systems, Parallel Sgstems Ser1es~Paralle] Systems, System Reliability Calculations

A Bel

Tomorrow

1. Series System
= All components are connected

o Ny

= System wor‘ks only if all
components work.
= If any one component falls,

system fails
System Reliability :
RS=R1xR2!R3x...KR
System Failure Probability :
F. =1-R;

3 Mlxed Sgs’f.ems (Series Para]lel)

® (Combination of series and parallel configurations.
® Find reliability step-by-step by reducing the system.
—

Series System (n compments)

-

n

R
s
\ La]ﬁ—z g " J
Parallel group Series group
R12=1“(1_R1){1_R2) R34=R31R4

Regs = Rip xRy = [1 (1 R)(1-R,)] x (ra._,‘urt1

5. Numerlca.l Examplc 1 - Series Sgstem

A system has three components in series with reliabilities

= 0.9, Ry = 0.8 and Ry = 0.95. Find the system reliabilit
and failure pmbahﬂl’[.g - :

Solution : R, = Ry x R, x R Ansveer :
- 09 x 08 x 095 R, = 0.684
- 0684 F, = 0316

F -1—R -1—0684 0.316

7 Numerical Example 3 Senes Para]lel Sgs’tem

In the system shown, R; = 0.9, R; = 0.8, Ry = 0.85, Ry = 0.9.
Find the sgs’t.em rehabﬂitg

Sohution :
s h

1-(1 09)1 - 0.8)
g (ol 023 -1
Ry, = 085 x 0.9 = 0.765
Rays = R x Ry = 0.98 x 0765 - 07497

9 Keg Takeawags

0.02 = 0.98

R; ]'. w System works if at least

10. Importan’t Formulas (Quick Revision)

2. Parallel System Paralll System (n components)

L Components are connected
in parallel

one component works.
® System fails only if all
components fail.

Reliability -
R, = 1- (1-R,)(1-Ry)
For two components :
Rp = Ry+ R, -

.(1-R)
Sgs!.emFaihn‘e Probability :
=(1 RI){i RZJ (1 R,)

4, k out of-n (Redundant) Sgs’t.em
m System works if at least k components work out of n identical

components.
Usrgdpc for reliability improvement.
Reliability for n identical components with reliability R :

n

RS Z () Ra-p

=k

RiR,

Special Cases :
v’ 1-out-of-n (parallel system) : R, =1-(1-
1/ n- out-of—n (semes system) : Rn,n - R“

R)”

6. Numerical Example 2 - Parallel Sgstem

Two com ts with reliabilities 0.9 and 0.8 are in parallel
Find the system reliability.

Sohution : Rp = Ry + R; - RiR; Answer :
=09 +08-(09x08) 1]
=17 - 072 ?" g g'gg
= 0.98 p = U

F -l—R ni 093 002

8 Numerica] Example 4 - k—out-of'—n Sgstem

A system has 3 identical components (R = 0.8) and works if
at least 2 components work. Find the system reliability.

Rys = CR®(1-R) + 3CR*  Answer :
=3(08° (02 +108° g  .089%
= 3 (064) (02) + 0512
= 0.384 + 0.512 = 0.896
For comparison :
1-out-of-3: Ry =1-(1-08)° = 0.992

Fout-of-3 : Ry = (0 8)° = 0.512

T Rupeibins 1 Wikt

v Series system : all components must work. = Series : Rs = RiR, .. R, v Reliability of mining equipment
v Parallel : at least one component must work Fs=1-Rg '

v System rehablhtg depends on cm?ogw‘ahon ® Paralldl: Ry =1-(1-R)1- R‘ {1 RN Y fDEﬁE]Tl_t?i‘a]T‘E&UHdant systems
v Redundancy improves reliabilit F.a(l=RX1-R). (4-R) J or cri opﬁra'a ons. e
v For mixed s&ms reduce s’te mgm ) ® Two parallel : R, = R, + R, - R Rz “B.ILI'LII[ IE;:B.inanalna.nOe

v k-out-of-n sgsbem is used for dancy design. o} od-ofn - ysis.

n
l:!n Z ( ) ) i W Used for avallabﬂity

L improvement.
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Reliabilﬂ:y Combined Sgstems & Numericals N
Redmdancg, Standby Sys’r.ems Mlmmal Paths/Cuts, Block Diagrams, GATE-Level Reliability Problems me
1. Redtmda.ncg in Rehablh’t.g {2 Sf.andbg Systems ' 3. Minimal Path and Mmimal Cit Sbs |
® Redundancy means using extra mp Standby co:tlponan’[. comes into wp Minimal path set : Smallest set of oomponents
system ti after the mai that ensures ks.
i copoent £l il mp Miniel e sd - St s of
# T w Types whose failure causes system failure.
= Cold standby - perfect switching, | Example :
Active redundancy (parallel) no failure while in standby.
Etanutdbgf redundancy ‘:ur'\fhadx;mms{as&ndb some failure H n
-out-of-n redundancy Hot standby - componmi.s are
a]wags in aperahon (para]]el) Mlmmall il i&szs {é}c D{ }{BE&LD%}
4- k-out-of-n Sgstem 5 Standbg Sgstam Re]jabﬂltg 6. Warm and Hot S’r.andby
w System works if at least k out of n || () Two-unit cold standby system (a) Warm standby (standby failure rate = A)
components work.
Reliahilty - : l . m—@_' R(t) = e + Sy “— (e7M - 7MY
- n\ _; n-i B F RS [1- RM{H] Ry(t) (b) Hot standby (active redundancy)
Rk.e'n 2 Z i R(1-R) For exponential df:-“bum (}‘}ft: FLSM;: A): Equivalent ?o paralle] system.
i=k R(t) = e 1-e™) e
: L ok T S \ o A RA) = 1- [1- &M = gt g2t
7. BlodtDtagTa:nReduc’tionSieps 8. Example - Series-Parallel Combination 9. Example - Three Parallel Units
@ Identify series/parallel groups. A
c ]
@ Reduce step-by-step using formulas. B
Use minimal path/cut sets for complex Ry =09, Ry =08 R, =095 R, = 0.8, R, = 0.85 R, = 0.9
systems Find system reliability. Find system reliability,
Draw equivalent simplified dia Solution : y Solution :
@ Calmla:m S{Tmsm_p l; i B o P UL =F (L EL) Ry =1-(1-08)(1-085)1-09)
® S LR =1-(01)(0.2) = 098 - 1 - (0.2)(0.15)(0)
‘ ngs R x Re ~U98x095 0931 . _1_0003 099',*
10. Example - k-out-of-n System 11. E:mnple Cold Standby System 12, Example Mlnlmal Path/Cut Se’ts
5-out-of -7 identical components, Two identical wnits, A = 0.01 per hour, n n
R = 0.9. Find system relabilty b 100 hours. Find relabilty, —i ' '
Solution : 7 7 i 744 Mm : R(t) a9 e—lt 3 e—21t n B
Ry, = ; i (0.9(0.1) = 9 ¢~001x100 _ -0.02x100
- 21(0.98(0.0%+ 70.95(0.1) + 0.9 226l o? Vel E-E'g} EEE{
= 0.10206 + 0.37201 + 0.47830 = 2(0.3679) - 0.1353 :
= 0.95237 - 0.6005 Mnimal ct sefs = {C} {AB] {D E]
13. Important Points for GATE 14 Keg Formulas (Quick Revisim) 15 Applications in Mining
v [dentify minimal path and cut sets for complex systems. Case Reliability Formula v Design of redundant mine ventllation
i - fans, pumps and conveyors.
v Use block diagram reducﬂmiﬂpbysfﬂp Series R, =I1 R v Reliablty"of load-hauldump (LHD)
v”kwtofnamlstandblgu tars‘sked - and
v For e:qmmtlal tion, rehabllrty calcula Parzlle] Ro=1- I;I_l(l -R) v Mamtmame plannlrg using standby
v DI‘E-IW clear and neat block diagrams. k-out-of-n Ry = i (n) ROA-R"| I o ﬁvaﬂahlhig improvement of critical
v Fracike pavis, GATE suastinons TS T I:L).t =T v U mine safety and continuous
wmam | R@) - 2¢° mﬁﬂﬁm P]mngsl

<@ TUTCRIAL ACADEMY ~ HYDERABAD i T R
s n Your Success is Our Mission [Eﬂmwe 1 P‘%

Succeed
Cmcqﬂsﬂhuﬂaeﬁﬂlmicakﬂﬁ“achmﬂ}hgi‘ﬂ'm*&ighiﬂ‘ﬁmm



Lear-n

GATE 2027

'1

SYSTEMS ENGINEERING s R

MINING ENGINEERING (MN) Ac e~ )
Maintainability & Availability o
Maintainability Concept, Repair Rate, MTTR, Availability, Inherent/Operational Availability, fT\ Betier

Reha.bﬂltg Availability Relatlonslnps

1. Maintainability - Concept

w Maintainability is the probability
that a failed item can be repaired

2 Repair Time and Repair Rate 3, MeanTunetoRepair(I‘TITR)

R time (T,) : Time required
toEli'mres’r.ore a faﬂed item to l:i[-.I'uc]:-l;'hcu'xg

m Mean Time to R

(MTTR) is the
expected value of repair time.

to a specified condition within a condition. w For exponential distribution :
givensgiw under stated conditions.  wp REPair rate (u) : Rate at which
® It measures and f repar. repairs are completed. i
w Higher m%ﬁtyspfl;er m Assume exponential distribution MTIR = tfr(t)dt - l
downtime — higher availability of repair time. ; K
Repair time distribution :
Maintainability function : £(t) = _ue—ut, t>0 » p=1/MIR
M(t) = P(T, <t) Maint by § w Snnéallnim I"‘I'l"IRﬂE; higher availability
M(t) Lal Al

4. Availability - Concept

w Availability is the b?b].ljt’r.g that
the item is in operating (up) condition
at a random time. g

® It considers both failure and repair.

5 Tgpes of Availablh’r.y
(a) Inherent Availability (A,)

= Conmder‘s only active
(no logistic or adnums{raﬁve

1 6. Relationship between Reliabilty

" Maintainability and Availahility

# Reliability R(t) : Probability of
no failure up to time t.
= Mamtama.bﬂit M(t) : Probability

A = MTBF M of mﬂun time t after failure.
MTR ' " MIBF+MTTR  A+p ® Steady-state availability for
A(t) = F exponential distributions :
MTBF + MTTR (b) Operational Availability (A, ] 3 :
m Considers aclive time + logistic = 3 MTB
= p' dE]BH J[.].*L'I’Ie (l“iDT) + adnmus‘h‘ahve delag l * p. MTBF + MTTR
A+ H el g HJ. her reliability (lower A) and
MTBF

7. Reliability-Availabilty Model

A“’ MTBF + MTTR + MDT + ADT
3 Rehabﬂitg and Maintainability

er maintain ﬂlt (hjgher )
lead to hlg’ner i]ltg

9 NmnmcalExamphl—ﬁvaﬂabilitg

(Two-State Model) Curves A madmoha}fo mglf : ?o)o hours fnd
: o MTTR = 20 hours. Find (a) Inheren
spliv feie. 4 - Maintainabilty MO ayailabilty (b) Unavailability
U et . —e— Reliability R(t)
(Operating) (Repair) g MTRBF Answer :
Repair rate p Reliability R(t) = e™ & MIBF + MTTR A = 0.9615
Steady-state availability : 057 _ _ 500 U - 0.0385
A o o 500 + 20
A+p = 09615
S -state ailability : 0
Keacy U““a" ”1}‘ i — Usi-A=00385
T Led a ek _
10 Aidoni e 9 - 1. Comparison of Ava:labﬂl’f.g Tgpes 12. Key Takeaways
"ajl]abm Type |  Definttion v Maintainabllity measures ease and
mgpe:ggo}?al AM‘ITR tge ha inherent | congiders only MTBE -l
= OUT'S, = urs, Avallabilit . v MTIR = 1/ for exponential time,
MDT - 8 hours, ADT - 6 hours, ()Y | actve repar time | N FTBECMITR | Y Avaabilty - MTBF 7 (MTBE < MITR)
in rational availability. [ Considers actt v Inherent availabili
OPE . H iperahmal repair time +VE Au A MTRBF and adm];a! deja‘b[stg 19“'31"35 1°gis't3r:
S”’;ﬂ“"" © 400 | P ”a"ab“‘(ﬁu} | logistic + admin % v Qperaf.lonal avallability includes MDT
400+ 16+8+6 I [omp S B ik
= + Higher reliability (1A) and
_;4'_99 A, = 00 Am | mmhm! pm:ﬁw A= % mi?amablht ?‘I‘p) mprcv];}g;?aﬂabthtg
4 9302 | sperational factors of v Use Lwo-state model for GATE problems.
TUTORIAL ACADEMY ~ HYDERABAD | D) et mvem——
s"n Your Success is Our Mission 9 e I HF:EE‘
Corcepls » Formibe » Mumericdls » Pratie » Higher Sores = Brighter Tomorrow
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Linear Programming - Fundamentals “mﬁdag
A Better
LP Formulation, Decision Variables, Ob_lectwe Function, Constraints, FeaSIble Reglon Graphical Method  Tomorrow
1. What is Linear Programming (LP)? 2. Standard Form of LPP 3. Components of an LPP
mp Linear Pn is a mathematical || Maximize / Minimize : Decision variables (x;, x,, .., Xn)
;]dlmque( o find ane best (D%tm;l 7.4 Sl A s Unknown quantities to be determined.
ution (maximum or minimum) of a = C1Xy ¥ CoX3 ¥ .. ¥ CnXp ; :
s g Ll B . 8 St 1o yomgi mary o IR
linear equality or inequa]jtg constraints. PEEI e
m [ is widely used for resource QX +8:gXo .+ 3 < e 2
allocation, planning and optimization AR _mxn( & )b Constraints
problems, i=1 2. Linear ec[uatmns or mequallﬁes
5 representing imi
Xy Koy X 20 (Non—negatmtg) ity el
_____________________________________________ Al decmmn varlabes are 2 0
4, Formulation Steps 5 Example Problem Formuation 6 Feasible Region
A mine uses two types of shovels, A and B. w The feasible region is the set of all
@ ety decison veriables Profit from A = %6 per hour and from B = ¥5 | points that satisfy all constraints
per hour. Due to manpower and maintenance simultaneously.
Write the obiective funcli constraints: m It is a convex polygon in two variables
”n o ﬁ = o o Total hours of A and B < 100 and a convex region in higher dimensions.
( L3 e). e Hours of A < 60 X,
H f B < 80
@) wrte al the cnstranis e b ek BOI 2 80
Let x, = hours of shovel A
@ Add non-negativity constraints, BRREE ;! - Lo o chovd B F0
Haximize Z = bx; + 5x, 40 1
a Selve using graphical or L B 10 20
simplex method. x, € 60 ——— %
X, < 80 0 20 4 6 8 100 X
%, X2 2 4
7 Grap}ucal Method - Shpﬁ 8. Graphical Solution - Example 9. Evaluate Objective Function
Convert each constraint into an X2 Corner Points : Z = 6){1 + 5x,
equality and plot the line. (0,0), (60,0), (040), ' ——
e 080) _x,=80  (2080) Cormer Pont | x, %, | Z=6x,+5%
en e leasiDie on
@ (commc?n region). X {00 |0 | 0 0
(60,0) 60 | 0 360
@ Find the corner points (vertices). (60,40) 60 | 40 560
(@080 [0 |8 | 50

@ Evaluate Z at each corner point.

Chooseﬂmpomtgl quaxunwn

or minimum vahie of

Maximum profit = 560
at (x,, x,) = (60, 40)

10, duphceitiiants, 1 EARROARRE 12 Ay

()<tgpe Region belo ﬂ}e]mp.“xz v’ iy mjsahaystmwex t v m;ﬂmmetpowg and t
a) & : Reqgi W ' on occurs &t a cormer point. || & on o er mern
’;;;?0 Mcﬂ" corner points is finite. M v Blend optimization of ores. o
(b)zlgpezﬁegimaboveﬂieﬁm e J!Ffeasble onlswabntmded—’ v Scheduling of mining operations.
unbounded solution possible. v Resource allocation (shovels, trucks).
R Bt If no common region — infeasible solution. 11 # Cost minimization / profit maximization.
(c)=tgpe:PamtsonﬂJe]im v I objective function is paralll to an edge — \/Usedfors}mr{teman&longtem

multiple aphml solutions. | mine planning deusmna
e e

Concepls # Rrmie # Mamerkds = Pradicc # Higher Sores = Brighter Tomorrow

v
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Linear Programming - Solutions & Numericals K‘;E?”

Graphlcal Optlnuzahon Corner-Point Meﬂlod. Maximization/Minimization, Infeasible/Unbounded Solutions, GATE Numericals ‘%ﬂ
1. Graphical Solution Steps - 2_ Maxinization. Problem - Example | Eva]ua’f.e -Z.a-’r. Com lpojnts :

@ Plot each constraint as an equality. Maximize Z = 3x; + 9x, | Pomt | x, | X, | Z=3x +5x,
@ Identify the feasible region. SllbjECt ta, Bt s 8 t 0.0 r s : s g
A e e X, S 6 60) | 6| 0 18
@ Find corner points (vertices). Xy S 52 0 62) | & || 2 28
6 1(0.5) (35) *r* ' '. [T
Evaluate the objective function at ; o | 35) | Al i
each corner point. 4 i (0,5) | O | 5 25
Choose the point giving maximum 27 Maximum Z = 34
or minimum value of Z. o at (xir xz) = (3, 5)

3 Minimlza’r.lun Prohiem Exampls 4 Corner-Point (Vertex) Method
Minimize Z = 2);1 + 3]{2 Find all corner Pmnts of feasible region.
Subject to : 2x1 + Xy 2 6 Substitute each corner point in objective function.
Xy + 2%, 2 6 For maximization — choose largest Z.
X3 Xy Xg 2 0 e For minimization — choose smallest Z.
.-W Pﬂm{s.' @ If multiple optimal solutions exist — Z is same
| Point | x| xp | Z=2%, 4 3, | _ on all poants along an edge
(06) | 0| 6 18
l@2a (22 1 ‘ 5 SFE“&I ks
(3'0) - ; : . ‘ (a) Unique Optimal Sohition  (b) Multiple Optimal  (c) Unbounded Solution
g L AI] et Z increases
Minimun Z = 6 T dgmamz | e

ol i (30) 6. 2 B (xy, x,) = (3,0)

' \ »
F bt Feaslbla
X

6 Infeasible Solution . Unbounded Solution - Example & GATE Level Nmnerical Exam]:le
X+ X, S 2 Maximize Z = x, + x, Maximizé Z = 4x, + 3x,
x1+x225 Subject to :  x,-x,2 1 Subject to :  x, + 2x, £ 8
X 3 <9
6 i No common X e L x:Ix: :20
; n?gion 16 Z can increase Hogk x| S| S il
il — Infeasible 4] 2 infnitely ©00) [0]0 0 .
.5 (Unbounded) 30)|3/0| 1 |
7] LG 5 ] @ 28w |
Xy + Xy =2 & oEnd b [o]a] 1 |
0 ; > 0 > Ma)ﬂmum Znl?
0 246 + O 2 4 i % at(xxxz)'(23)
Key Formulas & Points Common GATE Questions 11, Appljcaﬂons in Mining
v' LP solution always lies at a corner point Find optimal solution for aiven LP v Ophrnal allocation of resources
of the feasible region Ident‘ﬂ‘g feasible / Infeasible / unbounded (machines, labor, budget.

v Production Lann:ng and sched

Value of 7 at. il v Blend bﬂﬂzabon of ores. .

Effect of addin Pom&'ta v Plaruung of drilling, excavation, transport.
SO el e v Cost minimization and profit maximization.

shadpw of bjective funetion kna v Used for short-term and bong-term mine

Graph- based reasoning questions. design and planning,

v Use graphical method only for twe variables,
' Maximization — chooseiu
+ Minimization — choose lawe.st Z

10.
v
v For n constraints, mmber of corner points is finite. 5 Huﬂ.ip]e Vil solubione.
v
v
v Check feasibllity, boundedness and optimality, 5

o
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Transportation Problems

Transportation Model, Balanced/Unbalanced Problems, Initial Basic Feasible Solution,
Cost Minimization, MODI/Ophmalitq Concepts

Tomorrow

1. Transportation Model - Concept

2. Mathematical Formulation

3. Types of. Proﬂénﬁs E

m A transportation problem deals with i . T (2) Balanced Transportation Problem
b Minimize Z =
fmdmg e olitlmal shippin E]an to Z Z cijxij » Total SL'PPI':I Total demand
minimize the total transportation cost Subject 1o : =t ! = No dummy row/column is required
from multiple sources (suppher‘s) to L
multiple destinations (consumers). Z Xy = § i=12 ., m Example :
W Lisa specm] t of linear ) (Supply constraints) From\ To| Iy ‘ Dz | D3 | Supply | Total Supply
‘PT‘OSWED'SS_P? Gi ol 2 |3|5| 2 [
J‘\Sﬂ"“_P : inj=dj (Gj=12.,n " S5 |4|1|7]| 30 | Total Demand
(1) Single product i=1 (Demand constraints) % l6l5/2] B | - & }
o Supply and demand are known. X, >0 foral ] = MORER
T rtation cost is constant.
(8) Treosportation cost 15 o0 m = nuher of sources (supplers) (b) Unbalanced Transportation Problem

o Total supply = total demand

n=nm1berofdestumﬁorns consumers)

(for balanced problem). < tation cost. from 1 1o | w Total supply # Total demand
) All decision variabl > 0. quantltg slﬁpped from 1 to ® Add a dummy row/column with zero
i & transporﬁahmn cofi to balance the prohlmn

4, Imtial Basu: Feamble Soh’rion (]BFS) Methods 5 Example - ]’“ﬁal Solution using NWCR
Costs (T per wnit) NWCR Steps :

North-West Corner Rule (NWCR) Fan To[ D Dz Dz s“FPlH S Taatial (1'1): et

o Simplest. method S 2 | 5 |5 | ® nin(2040) = 10

e Start from top-left cell Sz 4 1 7 30 e Move right/down

3 B c | = [ 3| 7 | =i
S bewd [0 [ ® (5] | PRI

* {Poog el iid ot i Intial Basic Feasble Solution (NWCR) -

Vogel's Approximation Method (VAM) From \ To n, 1 D2 | D5 | Seply | Total Transportation Cost :

; : 31 01 -1 2 | 7900310420

e Usually gives beﬂ.er. initial solution 5 . T ] 30 | + 7010) » 2(25)

@ Based on penalty (difference of two least costs) S3 ] > | B & =20 +30+20+ 70+ 50
_________________________________ Demand __101_30_35|_______“=‘19_'0__”___‘__
6. ]':'.xan:]:él;ES (imtial Sﬂolutlon using LM 7 Vogels Approximation Method (VAM) ' 8, Optimality Test - MODI Method

per uni LCM Steps : P e Caladatepotmﬁalsua:ﬁv

lFm;l\TD I: I.): I;S S?Jﬁmlmtﬁtwu @ (djffa'm:e wawhas‘-.md%. f‘m‘a][baslcoeﬂs(uﬁv ‘C}
L IR & @Gm&umfm%h@mmﬂg (2) ncnbﬂfgm v
‘____5_3"_ 6| 5|2| = :Cm‘.su.ﬂ.satb%dmw/tﬂm "5‘1 (111+V
| Demand | 10 | 30 | 35 (&) Repeat. for next least cost Allocate to the least, cost. cal ik
TR - RBewidne ; (3) tfaugijzo-»mtmmm
. is optimal (for minimization).
e Cmsswt {5l s/l od vl I ang 8, < 0 - enker the cel wih

5 0 - |10 20 Z = 2(10) + 5(10) + 1(30) + 2 now repea any = enter the
[ & - [ 30 [ - 30 -%3505(»«3?0»}50 @ mnstmgahueﬂ and Improve the
s - | - | 2] = | snhlimuslngrjosedkmpme’thmi
Lol © | %0 | &1 | USRI\ R R 1| o e
9, MODI Method - Example (One Reration) 10, Cosed Loop Method 11 Key Peints to Remenber
[From\To| Dy | Dz | Ds | Supply | Step1: Find u and v, @ Form  clsed oop through bastc jginxsﬁaﬂh:;;m(e}tan;]emi;nnm-;;nah
| s |w|w| -] 2 y =0 V=2 v=3 cells and the antering v VAM gives a better nitial sohution
| S =] Pl e ; w MODI ‘method 15 used for optimality test
: Sz - | 200 | 10 KW} :2 # _i g Hetk + 2 = & alinald ::Far maximization — tmve;ﬂubn?h mlk;ﬁtni'szatinn
i 53_ 5 - 25 2_5 St;Z o iruliﬂ)m:ﬁn:mwﬁnh ailu:a-'.iun (8) at (multiply by -1).
[hm” 212 Am -(0+9) = -4 Add 8 to + colls and sublract © 13; Twmfﬁiimwg oy

% o AR --7+2) = 1 from — calls o Kook i ¢ lo dffarant stes

Select ’Lomiwarﬂfmadmdhcpfwhmmt

planning nnd distribution of resources
cost minmization and efﬂl:leni. Pldmr'ius.

@Repeatmwm,.zo. “ﬁ'ﬁ
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Assignment Problems il

Toda
Assignment Formulation, Hungarian Method, Minimization/Maximization, Unbalanced Assignment, %Beﬂgr
Prohibited Asmqnments Nmnmcals i

1 ﬁsslgnment Problem - Concept | 2. Mathematical Formulation 3, Tupes of Asslgmnent R

mp Assignment problem is a special case Minimization form : Minimization Assignment. Problem
of tr tion problem where m n o .
each:ﬁelsass?;mdtoexacﬂg Minimize Z=ZZCUXU Gl Il i it il e
one destination (one-to-one i=1 j=1 Maximization Assignment Problem
assignment). Subject bo : Find asciqoment. vith masimum total profit.

= Objective : To minimize or maximize
the total cost/profit of assignment.
® It is solved using Hungarian method

X;j 21 =12 .0 o Unbalanced Assignment Problem
Number of persons # number of jobs.

—
[

m
; Add dummy row/column with zero cost (min)
-‘ ti . ; xij =1 (j - 1, 2, S I'l) G‘Zﬂ'ﬂp‘ﬂﬂt (max).
v Number of jobs = mumber of persons Xi--o or 1 Prohlbitedﬂsmgmllent
(square matrix).
] ) xijxl = person | assigned to job Some assignments are not allowed
v Each person is assigned to exactly one job. xi.=0 b eqi 518 Assugna_vergiargecnsiﬂ"l]fbr
v’ﬁ]lmsts/p\oﬂfsarehmmalﬁf‘mﬁa costofassiglmg lto_}obj i ?Errlhnlzaﬁ@otli"n:vergﬂnaﬂpmﬂf.{-ﬁ)
4 ngar]an Methnd SLeps (Mnﬂmzaﬁon) 5 Example 1 - Minimization Assignment Problem
If it is a maximization problem, convert to minimization Find the optimal assignment with minimum total cost
(by subtracting each element from the largest element). Cost. Matrix (T) Optimal Assignment. :
Row reduction : Subtract the smallest element of each row ! [ Parsn | & | % | % | & S
from all elements of that row. P 9 2 7 8 E; - :TF; &g
Column reduction : Subtract the smallest element of each P 6 4 3 7 il i s
column from all elements of that column. Py 5 8 1 8 ];m;m tgfal ;mta,
Cover all zeros with minimum number of horizontal and P 7 6 9 4 . 13+ fio®

vertical lines. e e ——
If number of lines = n = opﬁmal assignment exists. 6 ExamPle 2 Ma:mmzabon ﬁSSlgmnent Problem
Otherwise, find the smallest uncovered element, subtract Find the optimal assignment with maximum total profit.

it from all uncovered elements and add it to elements at Profit Matrix (%) Optimal Assignment :
intersection of lines. Repeat from Step 4. Bem 3 3 T P = J (14)
. assignment (one zero per row and column) and P 10 14 8 P, = J (8)
compute total cost/profit. P 9 7 15 Maximum total profit
Ps TN R Z=14+15+8
SN
'? Exampls 3 Unbalanoed ﬁssignment Problem 8 Exam:ple 4 Pm}ubﬂ,ed As_glgnmn{
4 persons and 3 jobs. Minimize total cost. Find the minimum cost assignment. Assignment of P2 to J2
Cost. Matrix (¥) Modified Matrix and P3 to J1 is prohibited
Person | Ji | & | Js Person | o | & | 3 | I Cost Matrix ()
P | 4|8 [7 Adacumyph| B | 4 | 8|7 [0 Pesn | J | 2 | &
PP [ 6|59 |uwhmeook| B |6 |5]|9 /0 P LR H-wu;:sfmsl
PP | 7| 3|8 | «p| P |73 |80 Ps 5 N T (eg.
B 6 [+ [ 5 Bl 6 | 250 B | M| 6 4
Opthnalﬂssigmmt P2 P> =], Ph= ] (Dummy) Uphrnalﬁmgmmt Pb=J(4), P.= L@ PB-> (@)
Mmtrmun’wtalcost Z 44+5+ 8+0 17 Mmhmntoialcast Z 4+7+6 17
9 KegPomtstoRemember 10, Common GATE Questins 11, Applcations in Miing
ot problem is a case of transporta v Sdlve assignment problems (min/max). v Assignment. of machines to mining
mﬁwofpemns of jobs adddmaif Tequaf .rthlmmthmP;;ngm/mm operations.
U'UseHlmgananmef_hm:lfnrnphmal v Problems with prohibited assiguments. v Allocation of manpower to tasks
e ¢ ol et of i gmet | ¢ ASgpal d et e
assl use a v 3 3 o 1 sl o
v s Eg!hasmexacﬂgmﬂasstgmmtmeadlmwandcolmm A L v Used in scheduling and resource
v Total number of assignments = n. allocation

o R [ —— T
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Network Analysis - Fundamentals i‘%if ‘

Network Terminology, Activities/Events, Network Construction, Paths, Critical Path Concept o
1. What is Network Analysis? =~ 2 Basic Terminology 3. Types of Networks -
® Network analysis is a project L Tem | Mearing | (a) Activity on Arrow (AOA)
planning and control technique Activity A task that takes time and A B
used to plan, schedule and | pearces tzm @Pfﬁ-mf’ﬁ -t (5) ©)
monitor a set of interdependent B S_ﬁm_ﬂril leh'lgntl::% _ag iy | Aty
activities. el | Ia adlidly et met Be duration
w [t represents the project using | | activity completed before another can start. | |/ Activities are represented by arrows.
a network of activities and Successor An activity t.!'jai follows v Events are reprmeniad hg nodes (circles).
events. e e o
VT ;
® Helps in identifying the crilical | | predecessr | precedes e (b) Activity on Node (AON)
activities and project duration. Immediate | An activity that directly A B C
_ successor | follows another. 5) (3) @)
. QL fictti.itious afltivrl"}g ?;ithhzero
sty mg pﬁdﬁmﬁshﬁw% by iioi?ad line) ¥ (hrc:cmhe.s 3:? bac b s

v Arrows show the precedence relationship.

4 Rilos for Nebwork Constroctin | 5, Extimgle'= Nebwork Cabristion 6, Pathe tn'a Natwirk
@ ldentify all activities and their precedence ' Activities :  A(4), B(€), C(5), D(3), E(4), F(2) | wb A path is a sequence of activities

relationships. Precedence A B — C connecting the start event to the

Draw the network maintaining logical A—D finish event.

sequernce. e CD—E mp Path duralion = Sum of durations
o ; E—=F of activities on that path.

No activity can start before is

predecessor(s) are completed. Network Diagram (AON) = The longest E’af-h determines the

E:J_]ed_ duration (mag or may not
@ Use dummy activity if required (in ACA). @ @

critical).

Paths for the above example:
(8 Each activity should be represented only »@ @ o Pithi:A-C-E-F=44+5+4+2:5
g once.
The network must bave a single start, @ @ ek £ i

5e
o event and a single finish event. e Fath3:B-C-E-F-=

8. Network with Early and Late Event Times g, rotation

Event no.
Earliest time
Latest, time

m The critical path is the longes’t.
duration path in the network.

m Activities on the critical path
have zero float (slack).

= Any delay in a critical activity
delays the entire project.

® The project duration is equal
to the duration of the critical

path.
For the above example: " Earliest time (TE) : Earliest occurrence of an event.
o Critical Path - B-C~-E - F  Latest time (TL) : Latest occurrence of an event withoul delaying the project.

® Project Duration = 17 units

v (Critical activities : TE = TL for both start and end events.

R il < e R L e B e e e e e o R e e e

9, Exanple - Hentify Crtal Path 10, mportant Formuas & Concepts 11, Applications in Mining

Activity | Predecessor | Duration | Paths v Path duration = 3 {ackvity durations). || V' Planning and schediling of
A = 4 | LA-C-E-F-15 Critcal path — longest. duration path Kllocation of resourges (
B ~ i 6 2 A-D-E-F =13 4, e - Jmachm;nmtr;mta!smﬁsm
N ’ 3 . B-C-E-F - Total fleat = L)) - TEQ) - 1(1)) devebpsant (dhafls, fannals)
T cp | 4 | CotialPath:B-C-E-F v Critical activity — Total fleat = 0. V”‘““]' tenance and shutdown
F ol 'E : —l— 2 Project Duration = 17 " Project duration = duration of critical path. || .~ Eﬁsoggﬂﬂy completion and
TUTCRIAL ACADEMY ~ HYDERABAD | 4 R qemimmg m
n Your Success is Our Mission iz ki
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CPM & PERT

Critical Path Method, Earliest/Latest Times, Floats, Critical Activities,
PERT Expected Time and Variance, Network Numericals

A

Tomorrow

1, Critical Path Method (CPM) - Concept. 2, Basic

m CPM is a deterministic network Tem |
technique used for planning, Adtivity
scheduling and controlling projects.

mp The critical path is the longest Event, (Node)
duration pati in the network. Pred

m Activities on the critical path
have zero float (slack). Successor

m Project duration = duration of '
critical path. el _

Float (Slack)

mp Used when activity durations

are known (deterministic).

..................

Terminology '3, Formuasin CPM
Meaning Forward Pass (Earliest times)

A task that consumes E-=max(Ei+tiJ-)

time and resources. Ejl.[}

A point in Lime (start or

| finish of activities). Backward Pass (Latest times)
An activity that must be L = min (L; -t
 completed before another starts. L, = E, (project duration)
An activity that follows
another activity | Total Float (TF) : TF = L - E; - b
LD{T?E’.SL duration path
with zero float.

@ Free Float (FF) = FF = E; - E, -

Independent. Float (IF) :
[F =
5. Program Evaluation and Review Technique (PERT)
m PERT is a ilistic network technique used when activit
durations arlzmuiabcerta n. i !
® Each activily has three time estimates :
ﬁ:tnmshc time (shortest possible)
ost likely time
p ¢ Pessimistic time (longest possible)

Amount of time an activity can |
be delayed without delaying
the project.

o -
m -

t
t
t

® Expected time (Mean) : tu(tu;::mw,g/ﬁ

‘M’h W E TS aRalTLld ‘ = 2 (=t}
| AL ] = L A= . Vv . - 3 BTkt =
W i 2| ¢ [o]s [aj4]s]c o S (: )’St"’“d‘“d_d”“‘f‘*“"“'“_’f?
W s | 2 el RaTa el ife Examplg—PERTCalmlations”-'“””h
lelala] 3 1417 1417]0]0 [y s o
b 3 4] 5 lelg 2 | 7 [ 0 o || Adudyits|in|t e - L0\2
! 1 1 4 ,(tn+4 )6 = [Le = Lo
. L - s TS Ll LT O ] ¢ | 8 [@ tem s}fslﬁz;:/m (:2 2)2(f36513b
[ T b 7 I 1 | | | .;"d- + = =433 = / =1
- Pl A e PG e AL SRUIRL T Sy (13 [ 7 [1+43)+7/6-20/6-333 (7-17/36 =100
Critical Path : 1-2-4-5-6(A-C-E-F) C |3 6] 9 |B+46)+9/6-36/6=600] (9-37/3% =100
Project Duration = 4 + 3 + 4 + 2 = 13 units D |2|5 | 8 [(2+4(5+8/6-30/6=500 (8-27/3% =100
................................ COUTE T4 7 [(ede)s 06 24/6- 400 (7 - 17 /3% = 100

7. Example - PERT Network and Project Duration 8

C

E E
. (4.00) . (2.00)

(5.00)

Expected Project Duration (TE)
=433 + 600+ 400 +200
= 16.33 units

Variance of project duration (Critical path only) :

10, Common GATE Questions

+" Find earliest and latest event times.

v ldentify critical Eath and project duration.

+ Calculale total, free and independent floats.

+ Compute expected project duration and variance (PERT).
' Probahllity of com fetion within a given time.

+/ Network construction and interpretation.

ity of Complling the Proect 9, Kay Pt to Remeber

TaR Ty T
e PERT uses probabllistic Limes.
T = target completion time @) ial ptn s o it

Tg = expected project duration : : :
i ; . i Project duration = sum of durations
o = standard deviation of project duration of aclivbie i il plhs

Example : Find probability of
completing the project in 20 units, @ In PERT, t, = (t, + 4n + L)/
_20-1633 _ 367 _ ad o2 = ((f -1 /6%

() Prokabitty of completion is found

From standard normal table, 5

P(Z < 1.835) » 0.9671 (96.7%)
3 ]_1_ Applications in Mining i

' Flanning and scheduling of mining projects.
v Scheduling of equipment. installation and maintenance.
v Project ing for shaft sinking, tunneling and surface facllities.

v Resource allocation and manpower planning.
v Used to monitor and control project activities.

n Your Success is Our Mission
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Inventory Models - Fundsmentals

SR

N

[nventorg Concepts, Ordenng Cost, Carrying Cost, Shortage Cost, EOQ, Asmmphons and Basic Models  Tomorrow

1. What is Inven’r.org? 3 Important Costs in Inventurg Model 4, Invan’t.org Notations
mp Inventory refers to the stock of
tams belil to meat fibure damand || ISR C;‘“"“H _ EW'P‘D: - Is’ _ " Demand P::t (:;%)ﬂmﬂw)
||{'I|['I'ﬂi e Purchase ET g
- ﬁ;ﬁ;ﬁ;?ﬁ;ﬁﬁs% m SorC, |everytimean | e Transportatin oot  H = Holdmgmstl;er unit, per year
parts, etc. _ [ ?Tder_ﬁ_ plac:ad IDSPECLWH cost (%/unit/year.
® Proper inventory management Cost of huldmg . Sfoa‘age cost C = Purchase cost per wit (%/unit)
reduces total cost and ensures m Cost R, | wnit in o Insurance cost Q = Order quantity (units)
_ uninterrupted operations. Cost) inventory per wnit | @ Eﬂ{aﬁm @tzl n = Shortage cost per wnit per year
2 Types of Inventory fgdte ekt (Rt year)
Raw Material Inventory Shortage Cost cus fo | @ Lost sabs T = Ordering cycle time (years)
@ (basic materials for production)  (Stockout Cost) | T 0 Cs | shortage or umet | @ Backurﬂe;ﬂ ogstrm Inax = Maximum inventory level
Work-in-P; (WIP) - _dmand I b Iavg = Average inventory level

rogPess
(partially completed items)
Finished Goods Inventory
(completed products madg for sale)

5 Econormc Order 0uan’r.ltg (EOQ) Model

&

mp EOQ is the optimum order quantity  Total Annual Cost (TC)

6. GliurbeniEoQR

A

MRO Inventory which minimizes the total mventory cost ) Q Total Cost (TC)
(mmn&en;nm repair and operating (ordering cost + carrying cost). TCa(=S+(=IH ! Anmmua
— ;@;Pmﬁsm i ® i assumes constant demand and 2 %‘;‘){ Carrying Cost
5 2 ven instantaneous replenishment. . 0 s
P i e i AL Q = Q" = Misimum TC E (Q/2H)
Minimum Total Cost Ordering Cost
EOQ (Q*) = = ] | (D/QS)
H TCpin = ¥2D!

Q" ordar&mutg(a}'

7 Asuomphons of Basic EOQ Model 8. Basic EOQ Model Charactetistics 9 Numerlc:a] Example (EOQ)

@ Demand rate is constant and known. v Used for nﬁn*penshable items.
@Leadﬁmeiszem or constant. v Deterministic demand (known and constant).
@ Replenishment is instantaneous. v No shortages allowed
' : v Focus is on minimizing the sum of

@ Ordermg cost per order is constant. ordaring andm =
o Holding cost per unit per year is constant. v/ Provides an optimal order quantity Q*
6) No shortages are allowed. and minimum total cost.

Ttem price is constant. v W’lclelg used for raw materials and spare

in mining and industrial tions.
Demand is independent (no seasonality). pectsi mink 2o SRRt
10, Basic Il?ventmy Models R 11.. Keg Takeawags
EUQ ‘ * (Constant demand | Raw materials, v Ezmtﬂt;gnalmﬁdels help tt)::bjmde |-
shorlages u S
tmm)‘ohs{antamusmplemﬁunenﬂ spare paris |1« EOQ minimizes the sum of crdering
EOQ Model | o Shortages allowed When backorders || and carrying costs.
4 i g shortage cost (m) | are permitted ||| o Carrying cost increases with Q,
PSS AT Morsiacti | ordering cost decreases with Q.

mz;m . Pur;jc! ion and m::mnptian anaé1 rn?mn e | v Shortages lead to additional costs.
| occur simultaneously production items v Appropriate inventory model
ettt D) » Uil s T Bl e | dependsontrhenab.u'lﬂnfdemand

#odel arrwl:llerpnqcuean\a?s i scena:ilus | shortage policy and item type.

s

A mine requires 10,000 units of a

spare part per year. Ordering cost
per order is ¥500 and holding cost
is 20 per unit per year. Fi

EOQ and minimum total cost.

Given : D = 10,000 units/year

S = ¥500/order
H = ¥20/unit/year

JzDS A sziooooxsoo

= v/500,000 =
TCon = ¥2DSH = /2 x 10,000 x 500 x 20
= /200,000,000 = ¥14,142 (appmx)

707 wnits (approx)

12, hppllcatlmm in Mmmg

v Inventory of spare parts for
heavy mining equipment.
Storage of explosives, lubricants
and consumabl

gﬁ: g stock of replacement

avoid pmductlon stoppage.
Usefu! in cost control and

efﬁ::lenf. resource planning.

v
v
v
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Inventory Models - Nmnerica]s

EOQ Calculations, Reorder Level, Lead Time, Quantity Discounts, Shorllages, Production/Inventory Models

SYSTEMS ENGINEERING

T
ABah%r

1. EOQ Numerical Example
A company requires 10,000 wnits per year.

9 TGN
Annual demand D = 12,000 units

Ordering cost per order = ¥500. Lead time L = 3 weeks
I-Ic:ldngh cost. per umt E year = ¥20. Demand per week = 300 units
Economic Order Quantity (EOQ) Safety stock = 100 units
and minimum tofal annual cost Find the Reorder Level
Solution : DS Solution :
G* « 205 ROP = (Demand during lead time)
H + Safety stock
2 x 10000 x 500 = (300 x 3) + 100
) 20 = 900 + 100
= /500,000 = 707 units (appmx) 3 g
Minimum Total Cost (TC.) '
205K ROP=dx L # §5
.szxmjoooxmxzo c[i.-fdantinratepermttme
= e
© YAR0R0 S5 = safely shock

= ¥14,142 (approx)

5 InventorgModelmthShortages 5 Prodtion (Fite Proction Rae) Mot
Annal demand D = 10,000 units Annual demand D = 10,000 units

3. LeadTunean&Safethtock

demand = 50 units

time = 5 daus
Maxdmum demand during lead time = 280
Find safety stock and reorder level
Sohution :

demand LT =50 x 5 = 250

Safety Stock (SS) = 280 - 250 = 30 units
Reorder Level (ROP) = 250 + 30 = 280 units

4 Quantity Discount Model

Annual demand D = 20,000 units
Ordering cost S = ¥400
Holdmg cost H = ¥10 per unit per year

Price schedule :

Price per wnit (¥) |+ Applicable for order quantity
100 0- 1,999
. 5 e 2000 - 4999
90 5,000 and above

Find the oELimal order quantity and minimum total

annual cos

cost S = %400 Production rate P = 2,000 units/month Sokution :
Hﬂldmgocstl'[ ¥20perum1. year Demand rate d = 1,000 units/month Step 1 : Find EOQ for each price level
@Sh:dag&astpenaitbp %0 per it per year | Setup cost S = ¥500 « . [2x20000x 400 .
Find the optimal order quantity, maximum inventory H cost H = %20 per P o For M00: Q"= = 2 1265 mils
level and maximum shortage level optimal prﬂduchun quanlﬂ.g EPQ). (Not feasible, since < 2,000)
Solution : So]:.rtlon o For 95 : Q* = 1,265 units (feasible)
(1) Optimal order quantity (Q*) : ’ 2DS o For 90 : Q* = 1,265 units (Not feasble since < 5,000)
. [25 D) 4 e H{t- %) So, check al. 5,000 unils
(HP \/ 5 % 10000 x 500 Sl.zp2:ﬁCiaﬂalztotalocstfm*feasbleoptms |
2 1,000 Orer Oy O"hgq :
y J 2 x 10,0((}02024?;)(20 + 60) 20 ( = ) _@ _ ® | G H‘% | Ce.'sl.(?) lem
, _ /500,000 2000 | % | 4000 | 9500 | 1900000 | 1943500 |
= 1T B8 Uk (approx) 10 126 | % | 635 | 6013 | 1900000 | 19.23%8 |
(2) Maximum inventory level (I, : = /50,000 = 224 units (appmx) 5000 | 90 | 1600 | 25000 | 1800,000 | 1826600
e P . 327 x 60 Formula : . : ;
vt X mes = oee gl Optimal order quantity = 5,000 units
_ Q- (1-9) Minimum total annual cost = %18,26,600
(3) Maximum shortage level (S,,) b
Lo H 32T x 20 | S - setwp ot
S = T %0780 i = g, ol per e PR e 10. Applications in Mining
P = production rate (P > d) %;mhy of spare parts for
At L A b e L en B i s S T e RN U s wmgeqmm
7. Sensitivity in EOQ Kzg Formulas Summary ~ 'Q, Important Assumptions Stock of explosives, lubricants
. and consumables.
Fm’denngo:st ) increases — EOQ @EOO @ 2}[;5 v Doed cilh & cxdaii nd hima rq:laoemmtpar’ts

Reorder Level : ROP = dL + S5

fhﬁﬁd!ﬂs%t (H) increases — EOQ Minimum Total Cost : TCsy, = /ZDSH

decreases.
o . [DSHP)
' B dmsnd () pergnses = E) @ 0t s HP
increases. 205

@P{u&mwim);q.,
(-]

v Lead time is constant.

v Ordering cost and holding cost
ar'eocn-g;'i.ant ting

\’wmmhaﬂwﬁwmtw

on
v Production rate (P) is finte and greater
than demand rate (P > d).

in con tnuous mining ope:r‘ahans
Useful in cost. control and

efficient resource planning.
Determining optimal order
quantity and reorder level

v
v
v
v
v
v Handing shortages in remote
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MINING ENGINEERING (MN)

SYSTEMS ENGINEERING
DAY ~ 13

Queuing Theory - Fundamentals

Queuve Terminology, Arrival Rate, Service Rate, Walﬁng Line Characteristics, Kendall Notation, Queue Disciplines %mmw

2. Basic Queue Model 3, Key Terminology

1. What is Queuing Theory?

® Queuing theory studies the Tem 2
waiting lines formed when hmvals Departures || Customer ( requiring service
g i l) il person machine, job, etc.)
the demand for a service (ra v serxr-mfrtce'%d Arrival rate () | AAverage number of arrivals
is more than the available L, per gy (eg., per how)
; ; = ; ﬁ.uera e number of customers
service capacity. (rate p) Service rate () e BE U
® It is used to analyze : Caiica Hie Tmemqmredmmmmlmr
and desi s’tems {Wahng lie) W |
ith Tﬂl’l Elm Tebecarrtval dkia | Time betwean two successive
WL W) v Customers arrive — wait in queue — receive | arrivals (1/1)
= Common a pllca’uuns : service = leave the system. Walting line Customers waiting for service
E . (Queue
banks, toll booths, hoﬂ v Arrival rate (A) : average number of arrivals Average number of cust
repair shops, call cen per unit time. Queue length U-a)‘ 4
v Service rate () : umber of customers Average number of customers
Lntncimg equipment maintenance, pr:r G0 e c S AT
v Queue length : number of customers waiting. Waiting time (W) Average tme spent in queue
fting time : b - | Average time
/Wa:tugm.tmwspmtmqumarmsﬁan. ISgslantime(W} (J;rjng;+wn\1ﬂ;#1m 5

4. Queueing System Structure 5 Kendall Not.ation 6. Common Distributions

® Kendall notation : A/B/c/K/N/D (EJH)Harknﬁan(Psma:ﬁva]s
Input = = _ Syubal | Mearing — . Interarrival time and service time are
(Sowrce) ™ I i ® A Interarrival time distribution | exponentially distributed.
® B | Service time distribution v Memoryless property.
= e Nmber of servers (service chamels) | v Most widely used in practice.
(Waiting line) ~ Facility K System capacity (maximum number (b) D : Deterministic
(Servers) = ;’ o e i v Constant interarrival or service time.
v Input source : finite or infinite population. =— Qipm d“’;ﬁe[@mﬂg popuiation) DG Caal
v Queue : waiting line of customers. ErT v Any arbitrary distribution.
v Service facility : one or more servers. e M/M/1 : Poisson arrivals, exponential service, Sumes :F' PR
y . 1 server, infinite capacity, infinite population, o M/M/1 : Poissn » EXponenLial service,
v Output : customers leaving after service. FIFO. 1 server.
A MM/c Pl archak. tial service, || ® M/M/c : Multiple servers.
v System ca c1t? : maximum number allowed || ® i W‘{ :m olsson P Ve ¥ o MDA Fiar it dlankil
in the system (may be infinite). _ , _ : e i
e M/D/1 : Poisson arrivals, deterministic service e A
ol e o G/G/1 : General distributions;
s Quete Disciplines (Service Rules) 8 Basm Queue Characteristics 'Q, Applications in Mining
FIFO (First In First Out) Symbol | Meaning v Sl S W e
Customers are served in the order A | Amtel rate (cstonars/m tine) v Waiting time of dumpers/trucks
of arrival (most common). [ | Service rate (customers/ it time) | at loading/unloading points.
p=Mp | Utlization factor (server busy fraction) | | ' Botllene analgs!s in material handling
LIFO (Last In First Out) L, Average number in queue tems.
(StaC[{ ]TIBC}IEII]JNHJ. | (qUBLIE * Self"'d‘*il:s‘}l : v He.lps in opf.:mal aﬂncatmn ﬂf service
o SIRO (Service In Random Order) W, | Average waitmg time in queue _ resources (machmes mmlpawer) s
Customers are served in a random order. ... :ﬁbﬁﬁ; u;;ftf;mmm I 10. Keg Takeawags
P :
Pﬂﬂﬂtg Queue |in the v’ Queuing Lhecr'g models waiting lines
. Customers with higher priorily are served first B, Probability of n customers v Eﬁ;ﬂmﬁ;@m helps in identifying
(e.g., emergency cases). in the system vafe %ueand s
Arri te te (
Preemptive / Non-preemptive Priority For a stable system (steady state) - p*id “agfurﬁme&mﬁr%m H
gy In Preempﬁve, Ungumg il ik l[ltelTlIP'L&'i [Lew arnuaJ rat,e B T'at;e} P- v ele ipline attec ormance.
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GATE 2027 SYSTEMS ENGINEERING s‘-"h
MINING ENG]I\IEERING (MN) DAY - 14 \ |

Queuing Models & Numericals

A Bl

M/M/1, Utilization, L, Lq, W, Wq, Little's Law, Multi-server Basics, GATE - level Problems '[‘W

1, M/M/1 Queue Model 2. M/M/t Formulas (A <p) EY Relationshi
B y =
= M/M/1 means Parameter [ Fcnmla =3 v p =AM : fraction of time server is busy.
Eariovian arrivals.t - — 1 A S il
arkovian service Limes, Uhilizati oA L:av umber of me
Single server. tion (p) | P m (p<1) in the sggam (queue + service).
* Pﬂ-rlvals f‘o]_low Poisson ] [ }L I “ ]"C[ X a\?erage I'ILImbEI‘ Of C'LIStDmEI‘S
distribution with rate A ﬂvﬁm (L) Ea n-A in the queue only.
(customers/unit time). —_— 1 ¥ W : average time a customer spends
= Serwce times are Average mumber | | _ __ A in the system.
wi h“:;lfug ol nquece L) | 7 p(p-A) oy W, : average time a customer waits
(CUStomers/umt time). Average % - 3 illttt}; C[E:“e Lo W L - AW
Quene_discipline : FIFO in system Y s Law :

¥ Gl : i S ol for ol sable a it
) Assumptions : infinite VTS el W =

population, 1nf1n1te tme In quak Gl'?CI}_ T Wu=8
eue capacity .
FCFS, stE:dg state Little's Law L =AW and Lg = AW,

4 Nmnerlcal Example WWl 5. Interpretation of Resuts 6. M/M/s Queue Model (Multi-server)
A mine eqm%meni e e v On aversge 3 machnes e n the ¥ Sorvin L o oti sorves
.‘f‘;lea::;'i%: ral.emac}lsmﬁles P"rI Dmper e system (2.25 waiting + 0.75 in service). || o Arrivals : Poisson (rate A)

(u=8). Find p, L, Lg, W and Wq. v A machine wails 0375 hours (225 mn), | ¥ Service Uimes : Exponenlial, (rate )

SR in the queue. v Traffic intensity : p = o (p=<1)

D Ullalion : p = 3 = & - 075 V' Toal tine i sglen 5 05 bows G0 mn) 1 (5 (B), (A)° ]

E)L'“it;k'gfﬁ"3ma‘:hjﬂ35 v Server is busy 75% of the time. ¢ n-0 nl si(1-p)

A P
- e L e b v P, s el
Ay u(p-1) 8(B-6) 16 = e ( ) si(1 - p»?
. i . L2 v L - T
Hyw u-% s, 0.5}.0:5 y LqL u 1
: Wes =, Wa W, +=

I T 6 I i _ T L il .

7 anerlcal Example - M/M/s .8, GATE Leval Probiem 9 [mportan’r. Points
A mine workshop has 3 identical service In an M/M/1 queue, the average time in v For stable system : p <1 (ie, A < p
servers. Arrivals are 12 machines per hour the system is 10 minutes and the average for M/M/1 and A < s for M/M/5s).
(A = 12). Service rate per server is 5 machines wamn time in the is 5 minutes. v Asp - 1L L, W, W, increase rapidy.
per hour (u = 5). Find p, P Lg Wq and L. arrival rate (A) and service rate (). || v Little's Law holds for al queueing models.
Soution : T Solution v Multi-server system reduces waiting time

1) Traffic intensity : = Ser 5-08 P 101mn-—hrw il and queve length

=B Al 12 v QueueLng models are use{ul in ,l}luur:les for
= !} ) From W= 2 equipment repair shops, loading/unloadin

ZF [1 (J—L) (—ZFT_ 3l l-p)-i] e U'll=} = J; . ® ) facﬂ?tae.s ha r'uc:ksps * :

. [1 s gae 2, 6%'0"‘;)]_ 2 8m iy = n(p-2) 12 10. Key Takeawags
’ A ok " + Understand M/M/1 and M/M/s models.
= 0.0666 (approx) = o T 12 = A= 3 -(2) v Be comfortable with wtilization, L, Ly, W, W,
x Use Little’s Law for quick calculations.
3) Lq = 00666 x 26? 2;}28 = 512 machines  3) Substitute (2) in (1) : 5 Check staimt;wfdjﬁf,fk (p < 1). =
h . A ical
4 Wy = Lo « 312 . 0427 hows (256 min) B-g=6 = E 6 y mﬂi} droe

X 12 . = p =12 customers/hr Apply queueing models to real mining
5 La=Llg+ il 542 + T 7.52 machines =3 Aa 5_ E o e T operations (trucks, shovels, repair shops).
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MINING ENGINEERNG(MI\D DAY = 15 3
Reliability + LP + Transportation Practice "’]ETE?”
Mixed Numerical Problems Cover!ng Re.habﬂltg, ﬁvallabllltg, LP, Transportation and ﬁsslgnment -IP:'
1. Reliability Nuerical Problem 2. Availahility Numerical Problem
Q: A system consists of two components m Q: A machine has MTEF = 100 hours and MTTR = 10 hours.
pa.'rd'allel Componen e ﬁa? hisabmregahgj’féy 0.3 : .‘!.09 Find its steady-state availability.

and componen e = U.

Find mepfehabmtgofme sgsbem - Solution : Key Formulas :
Sitn - 5 R . S
For two components in parallel : Ry = 0.8 MTBF + MTTR

«1-(1-R,) (1-Ry) 100 100 o Unavailability = 1 - A
=1-(1-09)(1-08) o P = 0909 e Relahilty (constant failre
g =1- EU.l) (O.%} 10+10 110 rate) : R@t) = e ™
1
Slalieddor s Availability = 0.909 (90.9%) * M- 3
System Reliability = 0.98
3. Linear Programming Numerical Problem i 4, Transportation Numerical Problem
O Maxtilse Z & 3% + 2 Q: Solve the following transportation problem to
S org e mine ofal st T C i
! ' ol (¥ or k) | sl
e S [T Mg ), TR Y. |
% §20 51 2 Tl toaly 2
' S2 5 4 R
SN Corner Points | Demand | 10 25 5 50 |
| Pk | x [ g Solution : Using Least. Cost Method (Initial BFS)

0 9 R

A 3 0 ™ | Dt D2 1 D3 ] Sunly

B 3 1 g 4 5 ) solum

C 2 2 2 10 20 0 30
) 0 2 Demand 0 | & 5 | 50

S ma— Total Cost = (5x3) + (15 x 1) + (10x5) + (20 x 4)

Ma;umumzcliat(x g)=(31) =15+ 15+ 50 + 80 = 160

Total Transportation Cost = #160
5 Assignment. Numerical Problem 6. Mixed Practice Questions (GATE Level)

: Three components with relizbilties 0.9, 0.8 and 0.7
Q: Assign 4 jobs to 4 machines with minimum total cost. miﬁ e sﬁ:‘:ﬂmka‘];ltg

Cost Matrix (%) Method) - Avallability : A system has MTBF = 200 hours and MTTR = 20 hours
b T | m | e Rp Find avallellty and wavalablly
Row reduction Linear Programming MummzeZ-4:+3g

a0 [ 27 [ 8 | i or mmm. | (3) w];a-.t 436326 0320

2 6 | 4 3 7 @Cﬂlm‘nnreducﬂon ; umFSOIH‘emEFUHO mmrggrapiumlmtgfand

i) 5 J & ) APE (subtract. cohmn miimum). @ Transprtalion : Sole wing using least cost. me

J4 1 6 9 4 Cover all zeros with :_@

Sohution : (Usng Hirgerian Method - Fral Asiqrment) . o o o | St
| Job | Assigned Machine | Cost | (@) Vake afpstments fF requred L. A
o L 4 Seeck Indepenart. 2ercs Assignment,
J2 M3 3 and assign jobs. {_ %
ER & N B

J4 M4 4 R

Minimum Total Cost = 2 + 3 + 5+ 4 = 14 -

7 Keg Takeawags 8. Important Formulas (Quick Revision) 9, Practlce Tip

Reliabilityy and availability are important for v Reliability (series) : R, = []R, v Mtenpt at least 10 mixed
¥ foesis e - gt v  Reliability (paralle) : R, =1-T[(1-R) Chmk {I:“a]il;m; il
quth{smopwnaldmsjﬂnm&kingmdermnsh‘amls v Avalabilly : A~ M v vl ty.

v Transportation and assigment problems are special cass of [P, Ry v Dy ggia i I s,

v Practice mixed numericals to strengthen problem-schving siils, || ¥ Ltle's Law : L =AW, L, = AW, v e asifgmmt

v FOCE;T?EH concepts, formulas and steps for accurate solutions || @ Transportation : Minimize Z = Z Cq Xy v Verify results with P
in : L 4

Assignment. : Minimize Z = Z €y X (one-to-ane) methods where possible.
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MINING ENGINEERING (MN)

Network + Inventory + Queuing Practice

CPM/PERT, EOQ/Inventorg and Queumg Numerical Problems + Importanf. Formulas

SYSTEMS ENGINEERING

DAY ~ 16

1 Network (CPM) Numencal Problem

Q: Activities, precedence and duration (days)
are given below. Find the critical path, project

2 .Network (PERT) Numencal Problem

activities, time estimates (in days)

Q: For the followin
%he expected project duration and

are given. Find

duration and total float for each activity. variance of the critical path
\mmtg\ﬁm\nmml 9 | Activity | Predecessor a[m‘ b PERTdeuW:
A = A - 2 | 4| 6 |®bxpe :
| c A 5 @ i i X —1|4 7 o".’anancel:,_az
D ___B.._____fr__@ D [ b [alss |EERRIEEE
E | B 4 @ @ E c 3 iL & | 8 ® Project variance :
| F C 4 F D E 0 = Yo% (cn CP)
; G D,E | 6 @ Solution (on Critical PAh A -B-D-F): 0, = /o7
i ]: GFH i Solution : Adivity | i | Variance (o) Expected Project Duration :
' ; Critical Path : A-B-D-G-1 |_§____4____Q._41_ TE=4¢6+5+4 =19 days
; . [ B _ya 1,00 Project Variance :
Project Duration = 24 days i I o @« 04 +1+1+ 04
=_E Ao 1 i - 28 3 g =288 =170

3. Inventory (EOQ) Numerical F'roblm
Q: Anmine requires 12,000 wnits of a par.
Ordering ch;tm order = ¥400 audspi:E Par{cosi ¥20

per L.mt per year. Find (i) EOQ (i) Number of orders per
year (i) Time between orders (iv) Minimum annual cost.

Solution :

1) E0Q (@) :
‘/21)5 J2x120mx400
I 20

= 480,000 - 593 units (approx)

3 E me ]:xgt = E - E e B

4) Minimum annual cost :
TC i = v 2DSH = /2 x 12,000 x 400 x 20

- Jisz,mo,ooo = ¥13,856 {appmx)

;e

Q. A loading facility receives trucks at an average
ratsofﬁperlmur Thesemoeratelsiipa’hcur

Solution :

52

R 2.25 trucks

by = .
T u(p-2)
1 1 :

Wty =7 5 0.5 hr (30 min)

Ny o
A 6

W = 0.375 hr (22.5 min)

q

e

-

..........................

4 Inventorg w1f|1 Shorf.ages Numer'u:a] 5 Quanf.ltg Dlscounf. Inven{nrg Nmnencal

Q: Annual demand = 16,000 units, ordering cost  Q: Demand = 20,000 wnits/yr, Ordering cost = %400,
= ¥500/order, holding cost = ¥25/uni/year, 1+ Holding cost = ¥10/unit/yy. Price schedule -

shortage cost = ¥75/unit/year. Find optimal | Price (®/wit) | Quanlity Range |
order qianhtg (Q*), maximum inventory level 100 0-199 |
(I and maimam shortage level (S, | % 2000 -4999 |
Key Formuas : 90 | 5000 and above |
«. [DDSH+P) Find Hua ap'umal order quantity and minimum annual cost.
= HP Solution :
1 P . i eSS
® lnax * (75 Q | Price | EOQ (uits) | Relovant @ | Total Amual Gost (2)
® Smax * (A5) @* 00| Lies | e | <2 |
Solution : 1,90,000 + 4,000 |
i J 2 x 16,000 x 500 (25 + 75) R S = 1,94,000
25 x 5 0 | 1265 | 5000 13_0 2{;{; 2000 |
= /853,333 = 924 wits (approx) — g

max * G5y * 924 = 693 i Optkmal order quantity = 5,000 units
2 x4 * 231 wils Minimum Annual Cost = ¥1,82,000
"t BT uni e

e e ——

s

8 Key Formulas Summary

(A) Network (CPM)

e ES EF, LS, LF, Total Float = LS - ES
Critical Path : zero total float

7. Queuing (M/M/s) Nunerical Proble

Q: Arrivals = 12 customers/hour, Service rate
= 5 customers/hour per server, Number of

?EWE‘S'S' Find p, Po, I"Q’wqa'“d L. ®  Project Duration : sum of activity times on CP
Solution : 2 (B) Network (PERT) -
p,kf“ -3 5.{)3 M L=(a+4m+b} sz(ﬁ)

;n = e 6 [
Py = [)i‘l [( ) p)] L] ijactva.ria:m-zr:fz(unCP), UPMI';;T
(C) Inventory
. [1+24+ 242 + 2“‘3 3 o E0Q: Q= B8
eaid, AR o With shortages : Q* = \/2DS(H+P) /HP
- “PP'“" . = (P/(H+P)Q*, Spax= (H/H+P)Q*
Ly = P, T 5.12 customers (D) Queuing S ; T
Wy =Lle . 52 .07 b (256mn) @ ¢ MMA:p -, L= p-;r]“l " alp-n)
AR Wele, W -l

= R L n-X ! q

LI iy $N12S 24 = T2 GISOMNS M & MW Uss stasind foumilis with By Lo Mol

-

"R’
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. SYSTEMS ENGINEERING
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DAY -~ 17
Formula + Fact Sheet & Master Revision

ﬁll Sgstems Engmaeﬂng Fonnu]as, Shortcuts, Model ﬁssmnptxons Companson Tables and Common GhTE Traps

L et Progranmmg (LP] 2 Traxmport;t;oﬁ Model

T
Aﬁfﬁﬂr

Tmmrmw

.....

Standard Form : Max/Min Z = ¢' x | Formulation : Minimize : Z = Zch.x.. chardPass,

: j 1

Subject to Ax</2/=h, x20 w; ZZC Subject to - Earliest Start (ES) = max (EF of predecessors)
Graphical Method (2 varizble) sz Cpy Oeizm | B%1 0niEd Rl
Find corner points & evaluate Z. ZxJ o :I- (‘]-12I.....,n} Zx (i=12..n Backward Pass -
Simplex Method : Best for Large problems: w20 "JJ'”‘“ Latest. Finish (LF) = min (LS of successors)

; Hungarian Method (Steps) - Latest Start (LS) = LF - t

Importart. Points Hgii: Bowe s

T - o North West Comer (Inttial BFS) (bt Tog mipom) Total Float (TF) = LS - ES = LF - FF
v Op al. & comer poln o Least Cost Method (Initial BFS) Column reduction

v Add slad/surplus variables.

v Artifical variable method (Big-M / Twe-Phase)
for 2 or = constraints.

v Multiple optimal solutions if Z is same
at adjacent comer points.

® Vogel's Approximation Method (Initial BFS) (subtract column minimum)
® MODI / Stepping Stone (Optimality Test) o Cover all zercs with minimum lines |

Key Points - @) 17 s - n ~ oplinal soltin
o If ¥ supply # ¥ demand - add dumr If lines < n — adjust matrix
mwlcuhezﬁ]r?mﬂmmoost i @ J

Free Float (FF) = min (ES of successors) - EF
Critical Path : path with zero total float

Project Duration : Sum of activity times
on critical pa

o Number of basic variables = m + n - 1 0 ﬁsstgnpbsbmlepezﬂentm

5, Ne’r.work ﬁnalgms (PERT) 6. lnvenl.org Models '?. Quemng Models 8 Rellabihtg & Avaﬂablhtg
Three Time Estimates : () Basc EOQ: @ - /-2DS. WWifﬂﬂﬂul;ﬁ:ﬁ Series Sustem - R, = [] R
a+4m+b piE P%
o - —— TCoia = y/2DSH ] B9 Paralel Sytem : R, = 1- [[1-R)
P i Sh)r’fagm 3 H=A
Variance : g2 = b-a E 2DS (H + P) A? Constant Falre Rate : R(t) = e™
6 T e - Ly plp - 2) T 1
1 - — ; MI IF - —
Project Variance : U -ZG‘ e L W= o A A
(on CP) e e il Availability (steady state) -
" pep @ TRV \ . MO
i : = 2 Little's Law : L = W, L, = AW =
Project SD : 0, = y/ 0 (3) Production (FPQ) Ly = AW, MTBF + MTTR
M/M/s Formulas : [
T‘P- 0% = _L 51()u (_:)9 - [hﬂvmlabﬂll.g Q=1-A
Probability : Z = —F H(1-£)
UP P neD n" 5|{1
(4) Reorder Level : R=d =L + SS It r, (} o For Two Components in Parallel :
(S)Safetgstnc.k 5 = z@L T 1f o Rp =1-(1-R){-R)= R[Rz RIRQ
.......... J’l - | : R e S S TR I
9, Model Assmphons Slmunarg) 10 Companson Tables | 11, Cormnon GﬂTE Traps
oW g ste thod.
i Linearity, Additivity, Divisibility e |De : ;
| Certainty, Non-negativity LA e";{ww Smmﬂ ! nm"m[ i @ Hlsml:erpmi.mg float definitions (TF vs FF).
Smg!e homogeneous mdut’t_ ] S & | Proj L'ap,!;m" ‘Il @ In PERT, usLng!~ CPM formula instead of
Transperation Ko i oprl & e, Corstat 'Pﬂmaw e | Timwet tradet | Proft P Aaily |
. umt cost, No capaclty constraints _ | Critical path | Unique | May vary o E:rmmgn ;op“l{d?}g:]_vanance instead of project
Assiqunent, | Square matrix, One-to-one assignment, ||| Variance | Not considered | Considered 0T 2 1 in queuing systems (unstable).
| TSI Known fixed costs WM MM o e ddiyh e o
Deterministic activity times, [ Aspet | W'Wi | MM @ Usng qu formula in s}wrlagef?mduchon cases,
CPM No resource constraints, | Servers sz |l @ Ignnrlng units (hours, da
Well-defined precedence | Trafflc intenslty | p = Mp II “Msp O hssumg components are dependmt In reliability
| Probabilistic activity times (a, m, b | Formas | Smele Mare Y coplar P
PERT © Calculation errors in ntials and square rooks.
| Beta distribution, Independent ﬂch"it’es Eﬂi e 1 ome | @ Not checking feasbllty of LP solution.
Constant demand, Instantaneous ' ! 4 T a9 ok o ekl £ L e
Inventory | replenishment, Known costs, il Inventory Models 12, Quick Revision Checklist
| No deterioration (basic EOQ) | Model | Whentouse | KeyFormua Memorize all key formulas
Polsson arrivals, Exponential service | Basic EOQ | No shortages Q" = /2DS/H Understand model assumptions.
Queuing | times, FIFO {umﬂE?Gthte popubation. |11 | el rachioeieli Mist 5-10) it per topic.
| and queue capacity I ﬁmda\jgles Shortages allowed | Q° - == || @ Beable to identify the correct model quickly.
Independent. components, | = =1 j| & Revise comparison tables and GATE traps.
Reliahility | Constant failure rate (for ntial), Production | Finite production rate| e | 205 _ I @ Focus on units and interpretation.
_ | Repairable or non-repairable as specifled | || (EFQ) H(1- %) @ Attempt previous GA questions.
R Your Success is Our Mission ce
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GATE 2027 SYSTEMS ENGINEERING

MNING ENGINEERING (M) W -2
— Sgstems Engineering Mock Tes’t. 'dm*
Mixed MCQ + MSO + N&T J Rellabllltg, LP, Transportation, hssgnmnt Netwark, lnventorg & Guewng Tonmw
1 Rehabz]ltg (MCQ 2 Rehablll’t.g (NAT) 3 Ne’r.work :\nalgszls (CPM) (MCQ)
A system has three components in series A component has constant failure rate The figure shows an activity network.
with reliabilities 0.9, 0.8 and 0.7. A = 0.002 per hour. Find the reliahility | The project duration (in days) is :
The system reliability is : of the component for 500 hours.
(A) 0.504 (Answer up 1o 3 decimal places)
(B) 0.720
(A) 6
C) 0.846 = oAt
ED; 0.940 RS ®) 7 (C) 8
| O3 ) 9
4. Network Analysis (PERT) (NAT) 5. Linear Programming (MCQ) 6 l.mear- Programmmg (MSQ)
An activity has three time estimates Maximize Z = 5x + 4y Which of the following are assumptions
a=4m=6>b=16 [dags) Subject to : 2x + y < 10 of a Linear Programming model?
Find (i) Expected time (t,) and % =iy 5 8 (More than one option may be correct)
(ii) Variance (0%). X, y 2 0 (A) Linearity in objective and constraints
2 : b (B) Divisibility of variables
= w g2 = (E) T cptial rdlon o &l (C) Certainty of coefficients
e 6 6 (g‘] 20 (D) Integer decision variables
2{:; %’; (D) 28 (E) Non-negativity of decision variables
7. Transportation Problem (MCQ) 8 Transportation Problem (NhT) 9. Assignment Problem (MSQ)
A balanced transportation problem has The following table gives the transportation ' In the assignment problem, which of the
3 sources and 4 destinations. The basic |, costs (¥/unit) and supplg/demand following are correct? (More than one option)
feasible solution will have Snume Dl n D3 (A) Number of assignments = number of jobs
number of basic variables. i [ ‘L 20 (B) Objective is to minimize total cost/time
(A) 6 52 5 4 ! ? I 30 (C) Hungarian method provides optimal solution
®) 7 = 25 | 15 | 10 l (D) ?umhe[ OEI Ltndependent zeros = n -1
Demand 29 ]S S or optimality
© 9 Using Least Cost Method, find the total (E) Problem remains same if a constant is
(D) 12 _ transportatlon cost _ added tn all costs
10. Tnventory Model (MCQ) 1. Tnventory with Shortages (NAT) 12 Tnvertory (M50)
Y ry ory
Annual demand D = 12,000 units, Annual demand = 10,000 units, Which of the following are assumptions
Ordering cost S = ¥400 per order, Ordering cost = ¥500 per order, of the basic EOQ model?
Holding cost H = %20 per unit per year. Holding cost = %20 per unit per year, (More than one option may be correct)
The Economic Order Quantity (EOQ) Shortage cost = ¥50 per unit per year. (A) Constant demand rate
S Find the optimal order quantity (Q*), (B) Known and constant ordering cost
(A) 300 maximum inventory (I,,) and (C) Constant unit purchase cost
(B) 400 maximum shortage (Smax). (D) No shortages allowed
(€) 490 (E) Infinite planning horizon.
LD i et b it e 8 W . i i o e A L sl . i, -
13 Quewng Theorg (Mca) 14 Queumg Thecry (IMT) 15 Quequ T]meary (MSQ)
In an M/M/1 queue, A = 6 customers/hr | An M/M/s system has arrival rate Wi i A ooy Simtalipts it
and p = 8 customers/hr. The average A = 12 customers/hr, service rate c{p;:;ngth:g Onn;sostrznmr;r;c be aibrat)
number of customers in the system (L) is : k= 5 customers/hr per server (A) Litle's Law : L = AW i valid for al stable systens
(A) 15 and s = 3 servers. Find (i) ulilization (p) (B) M/M/1 s a single server model
(B) 3.0 and (i) probability of zero customers (Py). || () T W/Hl/e ereashg punber of servers
€) 4.0 (Answer up to 3 decimal p].aﬂes) (D) L, represents average number of customers in queue
tH) 25 3 —— et i S S U e - JE) o vlag s i et e pemae
16.  Comprehensive (Mca) ﬂ M"T hc"‘;ms TXP 18, Comprehensive (MSQ) ==n
Wihich of e falloving Lechniaies ctamadt _praject has activities in series Which of the following statements are correct
e e e ol s TS o By | iy S
duration while considering resource constraints? ¥1000. 1500 and {%som per da (A)  Rellahility models e el For endobaciagion planring
(A) Linear Programming (B) Transportation Model l'eslpett;vely.l If the ]:rqjécl has 4o Ee (B) Inventiong models consider utherEa!nLy‘ in demand as standard
(C) CPM with craching (D) EOQ model completed in 15 days, find the minimum 4 E;egghmfﬁgar analyring viating loes iy
T crashing cost, (E) Transportation and “assignment are special cases of LP.
?R Yuur Success s Ou.r Misgion m sarhtﬁﬁaiaca&m}ﬂf’g e 9440683792 I 9908117369 l PE:%
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