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Technical and Financial evaluation for mineral project

Seong-Jun Cho"

Abstract: In order to invest in overseas mineral projects, it is necessary to have a
ability of technical and financial evaluation. Reserve estimation is the most important
for mineral appraisal. Geostatistical evaluation of tonnage and grade promises more
accurate reserve estimation than traditional methods such as polygon, inverse distance
method and so on even if it has some uncertainty. Selection of a mining method and
a mineral processing is also important because capex and opcosts of a mineral project
is due to the selection. Mineral project is usually evaluated financially using NPV and
IRR which are calculated through DCF(Discount Cash Flow). Uncertainty of a mineral

project is analyzed statistically using sensitivity analysis and montecarlo simulation.

Keywords: mineral appraisal, technical evaluation, financial evaluation, DCF
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Anlge ald@AzE 9loH, 199 GDPSE 1909 AdanFS vws] Bwd A
AAAR s sotd 4 glth 109 GDP7F Tkt 109 A AN ZE F
ZFetehzh 1919 GDP7F 1Rk & ww el 2njgke] AAET. T2 2005
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T Wder & o A AA 2HRY e 30%] Sureth S AAF A
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ATZ2E TR 10T &gl 59 ool &=+ A vhan] 57k 54 S
ZHA AL QUTHE ATt 5, 2008). U]l AbF AL =2 AAEE dRFAe M E T
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Table 1. Management performance of mining majors (378 7 Al 474>, 2008)
(] Rk, %)
2003 20053 20073 2003~07
'E— = = = = = = O‘jjﬂ—&
T’ WE |golol&| WE |wolelE| wWE |wolela| CoU
&5 7S
BHP W B(ZF)| 15,608 119 | 29,587 21.6 | 39,498 33.3 26.1
Y QEIE(SF) 9,228 163 | 19,033 26.1 | 29,700 26.1 33.9
dhgf| (B.2h4) 5,545 27.0 | 12,792 37.8 | 19,651 33.2 52.5
59 572 ) 3,782 16.0 | 10,491 46.7 | 17,077 54.0 65.3
) L 2o Zds0] v L 2006 A
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Table 2. Stage in the Life of a Mine (Hartman and Mutmansky, 2002)
Stage/
(Project Name) Procedure Time  Cost/Unit Cost

Precursors to Mining

1. Prospecting
(Mineral
deposit)

Search for ore 1-3 yr
a. Prospecting methods
Direct: physical
geologic
Indirect: geophysical,
geochemical
b. Locate favorable loci
(maps, literature, old mines)
c. Air: aerial photography,
airborne geophysics,

satellite

[oN

. Surface: ground
geophysics, geology
e. Spot anomaly, analyze,

evaluate

$0.2-10 million
or $0.05-1.00/ton
($0.05-1.10/tonne)

2. Exploration Defining extent and value of 2-5 yr
(Ore body) ore (exmination/evaluation
a. Sample (dfilling or
excavation), assay, test
b. Estimate tonnage and grade
c. Valuate deposit (Hoskold
formula or discount
method): present
value = income — cost
Feasibility study: make

decision to abandon or develop.

$1-15 million
or $0.20-1.50/ton
($0.22-1.65/tonne)

Mining Proper

3. Development Opening up ore deposit for 2-5 yr
(Prospect) production

a. Acquire mining rights

$10-500 million
or $0.25-10.00/ton
($0.275-11.00/tonne)

20099 333 - F DAY 59 A3A) =53
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(purchase or lease), if
not done in stage 2

b. File environmental impact
statement, technology
assessment, permit

c. Construct access roads,
transport system

d. Locate surface plant,
construct facilities

e. Excavate deposit (strip

or sink shaft)

4. Exploitation
(Mine)

Large-scale production of
ore
a. Factors in choice of
method: geologic,
geographic, economic,
environmental, societal
safety
b. Types of mining methods
Surface: open pit, open
cast, etc.
Underground: room and
pillar, block caving, etc.
c. Monitor casts and economic
payback (3-10 yr)

10-30 yr $5-75 million/yr
or $2.00-150/ton
($2.20-165/tonne)

Post-mining

5. Reclamation

(Real estate)

Restoration of site 1-10 yr
a. Removal of plant and

buildings
b. Reclamation of waste

and tailings dumps

c. Monitoring of discharges

$1-20 million
$0.20-4.00/ton
($0.22-4.40/tonne)
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Aol frt, EFdA M= AEEAe BAS Fa FAe] wWAgFd F9E g4
stal B7be FEs VxR BANEIE —?‘36}71 Aok sk AFERSA AL
F/9)E w8 7HAFFS 49 AHgsta o5 nfg o FakdAE o Ak <l
Zgt 4 A/AE ZAE AAES Ivh w3 SAGEFH e AFrgel, Aal,
i AE S A A dot o] @Al Fu o FASALEE o] A FAL AE
I 2RIE HIAE A Awxds B Ak

AAA = FS7F 2 F S 98 0 SAZ RESS AAS L AFA
Aol A AE AES Adea Ay, £ 2, v AT A zaE Al
sttt o] @AM RRJE MIA = & FAAE EAsta, FALYo R E L2
AE dolldS W dAt AabdAls AddHor FES IS4t mEo] Ay
ki Fols AEshe AIVIE AAMES HASAA vES HAseA @k 23
el AAE oln FSellA Aol wH=dl, AATAR] s, AFA a4, 344
A o4 AAY T& 1 o]FoXitt A EF= Fat HFF o]FoX = &
Joz oju Tz dA el vlgor A Eo] glom, FaeAol A& AA=
ofo|t}. R EA = FAAAAIFYH 1 Eojof stu, H]E FWHoA FAN I
W A ETBL AAFe] HAas HES FAE s ofsttt

FEAY Z2AES] VARl Hl F M Sa% AS iRy 529 Bt
oF w2 resources £F reserve®™ U O] A =H| resourcei= A A 8HA Q1w gFo]
™, reserver= 7FAF S UEFATL resourcet™ BAME T &9ld A O =F inferred,
indicated, measured resource = -a-% ™, indicated resourcei= probable reserve,
measured resourcesi= proved reserve®} 2] A ¥ TH(Fig. 1). A& stZQl wjggFe] 57
= 7} I7beg UE9 7]5(E5F: JORC code, 7HubthNI43-101, Hols: SAMREC
code 5)°] U=dl TlAlo} @ CIS =77}= Table 33 #o] FR/sk=d 17|14 AB
v AXEAA, BE, Pit, AlF 5= F3 20m (HAHOE Q‘ﬂg T9olH, Clw

AZAA, BE, Pit, AlIF 52 T 10730m HFoZ FRlE o) C2F5 2 014

o o

FHE O W Zo] 50m (M4 o7 FelEE= 9 Pl % Cl, c2°ﬂ Hl 3] AL
n| W &ke] Fwo] Zyl A% So] 74y ) p2- 3%—8— oI XA A el oaf g
o] 23} o] yoty = Fdow FhRHET
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Exploration Mineral Mineral
results > resources reserves
Inferred
Increasing e L -
level of : :
geological ' Indicated <«+— > Probable :
knowledge i ’ 1
and : :
confidence : Measured -———» Proved |
1 1

Consideration of mining, metallurgical, economic, marketing,
legal, environmental, social and governmental factors

Fig. 1. Classification of mineral tonnage(JORC, NI43-101, SAMREC)

Table 3. Classification code of mineral tonnage of Russia and CIS countries

2| g A N & 2 & HI22
A AMEH 24
HIREA | HEXNS = ———
B L A& 2l ojdy
G T2 NFAA
G NZF DINBRF o2 B=FEAIY
Pi | olgar | OPHERS
P, Al 9 -
Ps
°]% Fig 19 mi&= E7Hs ol &3] &ty Fig 23 #ow, FAE drte] 1+
Aoz gl F=7te] wet measured, indicated, inferred = i HS & T AU
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B
b

Measured Indicated Inferred Unclassified

A+B
C1 10~30m A

C2 somzZtzistel

P1
Note:
P2+P3
A,B,C1andC2
can also be reserves ok 30 ~ 40 m ZHZ10| 2| Ol

Fig 2. Reclassification of code of Russian and CIS countries based on JORC

Table 4= F-2luete] H77]S thevetel vt Zoth. measured®l 35t
Zlo] g mgaFol v, indicatedol| 3@t Aol FH WL, inferred o 3l sk=

o) oAl gt

Table 4. Comparison of resource classifications of Korea, USA and Russia(¥---"3 2008)
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Table 5. Classification of Mining Methods (Harman and Mutansky, 2002)
Relative
Locale Class Subclass Method Commodities Cost (%)
Surf: Mechanical *0 it mini Metal tal 5%
urface - pen pit mining Metal, nonmeta 0
L (1A :
= A=) Quarrying Nonmetal 100
* QOpen cast (strip) Coal, nonmetal 10
mining
Auger mining Coal 5
Placer Hydraulicking Metal, nonmetal 5
Aqueous
o o2 Dredging Metal, nonmetal <5
(‘I'I‘xﬂ —1) : i
Solution Borehole mining  Nonmetal 5
* Leaching Metal 10
Unsupported — * Room-and-pillar Coal, nonmetal 20
Under- .
(FAA A=) mining
ground .
Stope-and-pillar ~ Metal, nonmetal 10
(3=A=) .
mining
Shrinkage stoping Metal, nonmetal 45
* Sublevel stoping Metal, nonmetal 20
Supported
} - * Cut-and-fill Metal 55
(H1A A = ,
stoping
Stull stoping Metal 70
Square-set stoping Metal 100
Caving - * Longwall mining Coal 15
B2k = Sublevel caving  Metal 15
* Block caving  Metal 10
* Asterisks indicate the most important and commonly used methods.
AAAG A FAS WAt AdY FHoRA AzH 2FL/AA
2ol o AR Bael olg Fsd AAoR WEAY o F AW A
49 WS Aolth Fig 3¢ AYFY AP L AAFHel B FYmolr)
ght-2 = T2l &7 (crushing process)@t -2 & 7Y (grinding process)= ¥ o] A+, 1}
AT ANTHCE FE 4F U F4 A% YuF2TYolL, BATHS
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o
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e
i,
v

|H2> JFOREFEH a5 95 ¥R A AAAAY FAA-EL ¥ o]
2k A2 A H (pyrometallurgy) A8 ALy AVIEE FAES 7HY, Abg, 34,
LE5AA 255 AASE vFolal F524 A H(hydrometallurgy)= Ah Y2l 59 4
g o7 FMF FHARS FEoHE FHOZ FZE(leaching)o] IEAolTh
A A dH(refining)> A A g oA 55 U &/E E-ES AASE &4

_ Z2X2)F 2 .
o = = (AT )N C = 2=
M2 = (mﬁlera processing) = Al = e
Sy 3
I}2 M (comminution) SAH&A = Fe
= &l (sizing) AA M = Cu, Al

)

1 B (separation) ssts = Ni, Zn
&t =~(dewatering)
[y |
A1 2T A TA =5
(industrial mineral) s20|U s

Fig. 3. Flow chart of mineral processing and metallurgy(<=7d <=, 2008)
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Table 6> ©]3lE 57193l

ZI__

Tk gkelgo

ol &
=4 l__

t:0(1+r)t

E597 0] (net income) O E %

Joltt. 3HAlg 10%7A] = NPV7} (HoIA o]
15%0] Aol = NPV7Z} (-)7F o] T4}

& WA NPV 7 oj g
=2 AEs} B2 HE HA
R ELE i

2124 2 A4 2} 21y

Table 6. NPV calculation with various discount rates

MaheA 2

113

3)

FHE T o] A

Ho

Year Cash Flow NPV5% NPV10% NPV15% NPV20%

2003 -200 -200 -200 -200 -200
2004 -50 -47.6 -45.5 -43.5 -41.7
2005 10 9.1 8.3 7.6 6.9
2006 100 86.4 75.1 65.8 57.9
2007 100 82.3 68.3 57.2 48.2
2008 200 156.7 124.2 99.4 80.4
Sum 160 86.8 304 -13.6 -48.3

Fig. 45 Table 62 1 ZZ TAS Z1o2 17oA Kol NPV7ZF 00] 2 w2

o] TRt Fow AAA Bl Q=

kol &S IRR(Internal rate of Return)®]2} 3} IRRO] =45 f2]3k
Zow F7gtt
200
l‘ 150
\ 100
\ IRR
s 50
>
o
; ; 0o <
0 5 % 10 % 1 20| %
-50
100
Discount Factor
Fig. 4. Meaning of IRR
20009 H374 357 - FHLARY 5% A2 £33
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AellA FF2 F kol AAY BH7He ddess F=o Az dA He
°olo] AHY, AN 9= f1E W& AMY, 2o ERlEe] Adolgta &
T AUTH

2 ErolAeE HEoe S3S o R dAFE5TAS oto] ZEAES] AHA
A= F7Hs 1A

Bzl 3332 AspAlFoz AT 360¢ 7t 1000tonne/day 2 FA1S |G} 7}

]

A G- 3,240,000 tonne ©]™ F F9 = 10 g/tonne©|tt. o]w] A} F Dilution
9%0°]™, B3] T8 90%°]th Capext 559 7tde]o] ™, 21 d7ke] AYAkFnH] 7] 7o)
AT Capex®] 40%+= “AbEH]717b2] Aefoll A&, 60%c + WA sfo] AFE-
H T} Opcosti= $40/tonne®| ™, -+ A (working captal)~ 7+ Opcost®] 25%°]t}.
= Ful7FA-S $300/troy oz (FHWZHA 31.1g/troy oz)°] 1L Ale-2 AL 35%
ojty. AEFFE FAaviETIzre] dis Ao R AdEY. ZYEH e
2%°]H, E1E&L2 8%t
HA AFels AHgE] feliAe A SRS Falof st ThA gl
3,240,000 tonnes 1 AF=F 360,000 tonneC.F o] FH Fabrpd 7]7ko] o
ds & F Sdrk shE 2d o] BARER]7|Re] fle R ARV 11de] #rh
F917F 10g/tonnec] Yt A 33 dilution©] 9% o2& A FEF 91+ 9.1g/tonnec] |, A
F3 s 90%E Fotd F¢E9E 8.19g/tonne] HUE o)E AFHy Fahd o
2w Aol AtEM olE w7FA R ek dAgo] A En
H &2 AAFEH] 71319 Capexl 71 713HS] opeost, 9] 2%<1 ZFE| o} dpAll
doll F3E = Aaa 727z 7 2E T
AxpEE Add dAusEel dis] 8%< %“Léirc’ Astel NPVE  Tetd
$8,838,667°] A=, o]u IRRZ 12%7} T} Fig. 5+ $19] odlAle] dish Al
a AP?M@ 4 A x}71A] 2 ?ﬂ%g—a—é LERdH Ao 1E1r

2

o)

R}

.

) a1Ee] HEe wlg F235
t}. CQ‘%'}X o7 Fdg dli%% 7}ﬁ Abdolets gazmrt & Aol dia] &
dEs =4 A do FEAd ZRAES AT 2 A7 AR(FA)S B
QARRAE TART A7 AR SlRo] et At ool her] dE
of 7laH T AEH] 8 (WACC: Weighted Average Cost of Capital)ys -3l Q&=
g E BekAa).
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YEar 1
production
FESErVE

grade

Dilution

Diluted grade
recovery( )
recovered grade
production{ar)
productionioz)
gold price
FEVEANLUE

3240000

cost

Capex

op cost
rovalty
working capital
total cost

22000000

22000000

taxable income
depreciation

taxable income —22000000
tax paid ]
cash flow —22000000
MPY Wa, 838,667
IRR 12%

2 3
360000
2880000
10

0,09

9,1

90

2,19
2348400
94803 86
300
28441158

3240000

33000000
14400000
REEE23.2
3600000

33000000 18568823

111111
37681223

—33000000
0 1316428

—33000000  8bEEA0E

il

360000
2520000
10

0,09

9.1

a0

2,19
2945400
94803 86
300
258441158

14400000
BESE23.2

14968823
111111
T361223
2576423

108595906

Fig. 5. Part of Cash flow of the Botswana Gold Mine project
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xX Ke +

szsh ARAR ARBAT 9
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714, St A7|AHE, B ERQIANE, Kets A7 AHLH]§, Kdi= E}
Ehwlct.
A7) AEN] G5 BRIAHE Y] o] AR

X7 AE o

g go] AAE Ao, A7 AFEH] G2
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1

|2 AEAAF 7FA A7 BE(CAPM, Capital Asset Pricing Model)S 53]

e HeprE AW gaart AR Vgl Eo] AXA du o] 7

A 7122 v] g0 frk BRRIAEB] &2 P Aol a0 R AAkstA H

AL 7| A v] g-o] EFRIAHEH| G- H T} AT}

A= WACCE] FHA] HlEl Alike] slabd A o] F=2714 7 s =
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Table 7. Kores Hurdle rate of mineral project(®}Z4 %, 2008)

e BF | FF | @ | A= | AT | FFo} | Y
(0.65%) | (0.95%) | (1.45%) | (3.00%) | (4.00%) | (4.50%) | (6.50%)
AP ZAL | 15.0% | 16.85 17.15 17.65 19.2 20.0 20.7 22.7
Pre-FS | 10.5% | 1235 12.65 13.15 14.7 15.7 16.2 18.2
ZHEFS | 8.8% 10.65 10.95 11.45 13.0 14.0 14.5 16.5
7N 6.5% 8.35 8.65 9.15 10.7 11.7 12.2 14.2
Ak 6.0% 7.85 8.15 8.65 10.2 11.2 11.7 13.7
22 AE EFANS Hrlsts Wy o gy B3 ZEE2Y 5ol Ath
UHAE AL F=7H4, 358, Capex, Opcostss 18] 74 Q45 dl&l] #7]
E AL e Q4SS ATE 1 e W3 AlZ 9 NPVY IRRO| o]E A
Het=AE Sk Aox WUAETF 2 Q4 E 1o wigle wep T2 AE ]
Aol Azbet G v A 7] wiEel o]o $gt ojAs Fsof sk
LHZFEEH S 7 Q4EY gE FEE 7HA I ORAT] e s 7t e Aagks
AR sk 5 NPVY IRR#E= AlE#olAdste] ZRAES] gids FAHSE F74
st Aor ZRAES BEIFAANS SAFCE JFs AlA YA HW, ol&
3l TEAES] VX E F7HE A
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