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Alumina Australia 100?()?:“"’ 69,188 18,312 150 25

Aluminum China LTS 33,453 9,349 220 26
Primary tons

Ammonia China 100?0:]":‘”0 123,398 39,000 1,020 21

Antimony China Metric tons 134,300 110,000 - -

Arsenic Trioxide China Metric tons 22,690 30,000 100 11

Asbestos Russian Metric tons 2,295,300 925,000 5,000 9

[Federation

Barite China Metric tons 7,950,256 4,400,000 290,000 5

Bauxite Australia 100?;::““ 178,051 62,307 500 18

Bentonite United States Metric tons 10,704,051 4,940,000 200,000 13

Beryl United States Metric tons 4,486 3,830 = =

Bismuth China Metric tons 5,665 3,000 - -

Boron Minerals Turkey 100?()?:“": 4,258 2,500 3 9
Bromine United States Metric tons 544,481 243,000 - -
Cadmium Korga Metric tons 19,288 3,249 - -
- Republic Of
Celestite Spain Metric tons 584,600 200,000 7,500 6
Chromite South Africa Metric tons 19,746,735 7,418,326 225,000 10
Congo, The
Democratic .
Cobalt Republic Of Metric tons 57,883 22,000 - -
The
Copper Chile Metric tons 12,405,637 3,735,900 185,000 15
Crude lodine Chile Metric tons 25,007 15,500 - -
Diatomite United States 100?0’:]‘:“"3 2,080 799 8 20
Feldspar Italy Metric tons 15,342,533 3,000,000 250,000 14
Ferrochromium South Africa Metric tons 7,394,684 3,030,000 8,000 14
Ferromanganese
And China Metric tons 1,495,735 5,500,000 - -
Silicomanganese
Fuller's Earth United States Metric tons 3,112,244 2,540,000 - -
Gallium* Jepan 12 6 - -
Germanium* United States Metric tons 27 10 -

Gold South Africa Kilograms 2,451,857 272,128 200 77
Graphite China Metric tons 1,029,310 720,000 = =
Gypsum United States Metric tons 62,908 21,100 - -

Elydraulic China 1000 metric | 5 589 296 1,038,300 32,650 14
Cement tons
Indium China Metric tons 581 350 - -
Industrial Sand .
And Gravel United States 100?0::“'0 87 31,700 1,900 14
(Silica)
. 1000 metric
Iron China tons 1,533,711 420,000 19,000 12
Kaolin United States metric tons 36,579,957 7,470,000 550,000 12



http://www.indexmundi.com/minerals/?product=alumina&graph=production
http://www.indexmundi.com/minerals/?product=alumina&graph=production
http://www.indexmundi.com/minerals/?country=au&product=alumina&graph=production
http://www.indexmundi.com/minerals/?country=au&product=alumina&graph=production
http://www.indexmundi.com/minerals/?product=aluminum&graph=production
http://www.indexmundi.com/minerals/?product=aluminum&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=aluminum&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=aluminum&graph=production
http://www.indexmundi.com/minerals/?product=ammonia&graph=production
http://www.indexmundi.com/minerals/?product=ammonia&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=ammonia&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=ammonia&graph=production
http://www.indexmundi.com/minerals/?product=antimony&graph=production
http://www.indexmundi.com/minerals/?product=antimony&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=antimony&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=antimony&graph=production
http://www.indexmundi.com/minerals/?product=arsenic&graph=production
http://www.indexmundi.com/minerals/?product=arsenic&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=arsenic&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=arsenic&graph=production
http://www.indexmundi.com/minerals/?product=asbestos&graph=production
http://www.indexmundi.com/minerals/?product=asbestos&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=arsenic&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=arsenic&graph=production
http://www.indexmundi.com/minerals/?product=barite&graph=production
http://www.indexmundi.com/minerals/?product=barite&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=arsenic&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=arsenic&graph=production
http://www.indexmundi.com/minerals/?product=bauxite&graph=production
http://www.indexmundi.com/minerals/?product=bauxite&graph=production
http://www.indexmundi.com/minerals/?country=au&product=bauxite&graph=production
http://www.indexmundi.com/minerals/?country=au&product=bauxite&graph=production
http://www.indexmundi.com/minerals/?product=bentonite&graph=production
http://www.indexmundi.com/minerals/?product=bentonite&graph=production
http://www.indexmundi.com/minerals/?country=us&product=bentonite&graph=production
http://www.indexmundi.com/minerals/?country=us&product=bentonite&graph=production
http://www.indexmundi.com/minerals/?product=beryl&graph=production
http://www.indexmundi.com/minerals/?product=beryl&graph=production
http://www.indexmundi.com/minerals/?country=us&product=beryl&graph=production
http://www.indexmundi.com/minerals/?country=us&product=beryl&graph=production
http://www.indexmundi.com/minerals/?product=bismuth&graph=production
http://www.indexmundi.com/minerals/?product=bismuth&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=bismuth&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=bismuth&graph=production
http://www.indexmundi.com/minerals/?product=boron&graph=production
http://www.indexmundi.com/minerals/?product=boron&graph=production
http://www.indexmundi.com/minerals/?country=tr&product=boron&graph=production
http://www.indexmundi.com/minerals/?country=tr&product=boron&graph=production
http://www.indexmundi.com/minerals/?product=bromine&graph=production
http://www.indexmundi.com/minerals/?product=bromine&graph=production
http://www.indexmundi.com/minerals/?country=us&product=bromine&graph=production
http://www.indexmundi.com/minerals/?country=us&product=bromine&graph=production
http://www.indexmundi.com/minerals/?product=cadmium&graph=production
http://www.indexmundi.com/minerals/?product=cadmium&graph=production
http://www.indexmundi.com/minerals/?country=kr&product=cadmium&graph=production
http://www.indexmundi.com/minerals/?country=kr&product=cadmium&graph=production
http://www.indexmundi.com/minerals/?product=celestite&graph=production
http://www.indexmundi.com/minerals/?product=celestite&graph=production
http://www.indexmundi.com/minerals/?country=es&product=celestite&graph=production
http://www.indexmundi.com/minerals/?country=es&product=celestite&graph=production
http://www.indexmundi.com/minerals/?product=chromite&graph=production
http://www.indexmundi.com/minerals/?product=chromite&graph=production
http://www.indexmundi.com/minerals/?country=za&product=chromite&graph=production
http://www.indexmundi.com/minerals/?country=za&product=chromite&graph=production
http://www.indexmundi.com/minerals/?product=cobalt&graph=production
http://www.indexmundi.com/minerals/?product=cobalt&graph=production
http://www.indexmundi.com/minerals/?product=copper&graph=production
http://www.indexmundi.com/minerals/?product=copper&graph=production
http://www.indexmundi.com/minerals/?country=cl&product=copper&graph=production
http://www.indexmundi.com/minerals/?country=cl&product=copper&graph=production
http://www.indexmundi.com/minerals/?product=iodine&graph=production
http://www.indexmundi.com/minerals/?product=iodine&graph=production
http://www.indexmundi.com/minerals/?country=cl&product=iodine&graph=production
http://www.indexmundi.com/minerals/?country=cl&product=iodine&graph=production
http://www.indexmundi.com/minerals/?product=diatomite&graph=production
http://www.indexmundi.com/minerals/?product=diatomite&graph=production
http://www.indexmundi.com/minerals/?country=us&product=diatomite&graph=production
http://www.indexmundi.com/minerals/?country=us&product=diatomite&graph=production
http://www.indexmundi.com/minerals/?product=feldspar&graph=production
http://www.indexmundi.com/minerals/?product=feldspar&graph=production
http://www.indexmundi.com/minerals/?country=it&product=feldspar&graph=production
http://www.indexmundi.com/minerals/?country=it&product=feldspar&graph=production
http://www.indexmundi.com/minerals/?product=ferrochromium&graph=production
http://www.indexmundi.com/minerals/?product=ferrochromium&graph=production
http://www.indexmundi.com/minerals/?country=za&product=ferrochromium&graph=production
http://www.indexmundi.com/minerals/?country=za&product=ferrochromium&graph=production
http://www.indexmundi.com/minerals/?product=ferromanganese&graph=production
http://www.indexmundi.com/minerals/?product=ferromanganese&graph=production
http://www.indexmundi.com/minerals/?product=ferromanganese&graph=production
http://www.indexmundi.com/minerals/?product=ferromanganese&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=ferromanganese&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=ferromanganese&graph=production
http://www.indexmundi.com/minerals/?product=fullers-earth&graph=production
http://www.indexmundi.com/minerals/?product=fullers-earth&graph=production
http://www.indexmundi.com/minerals/?country=us&product=fullers-earth&graph=production
http://www.indexmundi.com/minerals/?country=us&product=fullers-earth&graph=production
http://www.indexmundi.com/minerals/?product=gold&graph=production
http://www.indexmundi.com/minerals/?product=gold&graph=production
http://www.indexmundi.com/minerals/?country=za&product=gold&graph=production
http://www.indexmundi.com/minerals/?country=za&product=gold&graph=production
http://www.indexmundi.com/minerals/?product=graphite&graph=production
http://www.indexmundi.com/minerals/?product=graphite&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=graphite&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=graphite&graph=production
http://www.indexmundi.com/minerals/?product=gypsum&graph=production
http://www.indexmundi.com/minerals/?product=gypsum&graph=production
http://www.indexmundi.com/minerals/?country=us&product=gypsum&graph=production
http://www.indexmundi.com/minerals/?country=us&product=gypsum&graph=production
http://www.indexmundi.com/minerals/?product=cement&graph=production
http://www.indexmundi.com/minerals/?product=cement&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=cement&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=cement&graph=production
http://www.indexmundi.com/minerals/?product=indium&graph=production
http://www.indexmundi.com/minerals/?product=indium&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=indium&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=indium&graph=production
http://www.indexmundi.com/minerals/?product=sand&graph=production
http://www.indexmundi.com/minerals/?product=sand&graph=production
http://www.indexmundi.com/minerals/?product=sand&graph=production
http://www.indexmundi.com/minerals/?product=sand&graph=production
http://www.indexmundi.com/minerals/?country=us&product=sand&graph=production
http://www.indexmundi.com/minerals/?country=us&product=sand&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=iron%20ore&graph=production
http://www.indexmundi.com/minerals/?country=cn&product=iron%20ore&graph=production
http://www.indexmundi.com/minerals/?product=kaolin&graph=production
http://www.indexmundi.com/minerals/?product=kaolin&graph=production
http://www.indexmundi.com/minerals/?country=us&product=kaolin&graph=production
http://www.indexmundi.com/minerals/?country=us&product=kaolin&graph=production

duumﬁj\@m@ujomwl

PP

(Yo eV Ol ady 5 0l 5 0l 5o w3l se Ll =Y =) Jsi wilsl

!ea! ! Ina me|r|c |ons !,! ! l,!!l !,!!!,!!I !!,!ll !!

Lithium
Minerals And Australia metric tons 314,200 175,000 - -
Brine
Magnesite China metric tons 14,067,200 4,750,000 90,000 13
Magnesium China metric tons 689,200 534000 - -
Marketable ek 1000 metric 29,078 8,360 ~ _
Potash tons
Mercury China metric tons 1,475 1,100 - -
Mica United States metric tons 342,375 110,000 7,000 9
Molybdenum United States metric tons 184,927 59,800 2,000 9
Monazite : : _ _

SO India metric tons 6,500 5,000

Natural Tron
Oxide India metric tons 610,320 360,000 2,600 9

Pigments _
Nickel Russian metric tons 1,453,888 315,000 = 5
Federation

Niobium And . -

“Tantalum Australia metric tons 2,043 2,000 - -
Peat Finland metric tons 25,795,900 9,100,000 - -
Perlite Greece metric tons 1,810,400 525,000 30,000 10

Pig Iron China 1000 metric | 803,831,320 | 330,410,000 2,300,000 33
Platinum- Russian )

Group Metals Federation Kilograms 224,013 98,400 B N

Pumice And
Related Chile metric tons 3,819,072 1,620,000 = =

Materials
Dead-Burned . 1000 metric
Dolomite China tons 265,943 160,000 2,500 13
Rare Earths China metric tons 122,450 119,000 - -
Raw Steel China 100?02‘5‘”‘5 1,103,033 349,360 9,400 19
Rhenium Chile Kilograms 45,200 19,800 = -
Salt Australia | 10T 18,796 12,000 - -
Selenium Japan Kilograms 1,540,800 735,000 - -
Silver Peru metric tons 20,168 3,471 25 30
Soda Ash China 1000 metric 42,441 14,500 140 28
sulfur® Canada metric tons 40,831,360 9,000,000 1,100,000 7
talk™ china metric tons 8,087,727 2,500,000 26,000 19
Synthetic )
Diamond United States 1000 carats 566,005 258,000 - -
Tellurium Canada Kilograms 132,000 75,000 - -
Tin China Metric tons 292,400 120,000 - -
Tungsten China Metric tons 90,789 79,000 - -
Vanadium South Africa Metric tons 55,700 22,000 - -
Wollastonite China Metric tons 540,000 300,000 - -
Zinc China Metric tons 10,001,113 2,600,000 130,000 15
Zirconium
Mineral Australia Metric tons 1,178,400 491,000 - -
Concentrates
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1. productivity
2. machinery capacity
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Vo adg # 5
Production Year
Category (1000
tons of ore/vr) 1967 1977 1987
More than 3000 102 138 176
Surface 1000 — 3000 109 142 116
500 — 1000 81 64 86
Mines 300 — 500 61 63 63
150 - 300 68 53 81
Total 421 459 522
More than 3000 29 56 62
Underground 1000 — 3000 144 140 125
Mines 500 — 1000 116 119 121
304 - 500 108 121 105
150 - 300 116 157 178
Total 563 593 592
Grond Total 984 1052 1114

Note: The number of commodities in the surveys has changed over
the vears. so the figures above should be used with some caution.
Source: Anon., 1968, 1978, 1988 )Mining Magazine's Annual
Survevs). Conversion favtor: 1 ton = 0.9072 t.
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1 short ton=0.9072 ton
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1. clean coal
1. strip mines
1. open pit mining
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2. push back

3. expansion

4. hoisting shafts
5. drift

6. manway
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1. 53 tons of waste and ore/femployee-hr
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Million Million Short Tons/
Short Tons Employee - hr Employee - hr
METAL MINES
Surface
Crude ore 500 22.9 22.0
Waste and ore 1200 22.9 53.0
Underground
Waste and ore 60 16.2 3.8
COAL MINES
Surface
Clean coal 533 98.4 54
Undergroun
Clean coal 365 153.3 2

Preliminary. Conversion factor: 1ton= 0.9072t.
Source: Anon., 1987d (Mineral Yearbook, US Bureau of Mines):
Anon., 1987b (Minesinjuries and Work time Quarterly. MSHA
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Yearly Coal Production
Thousand short Tons

Short Tons of Coal/Employee-hr

KIKI

Surface Underground

0-50 2.0 1.8
50- 100 2.7 2.6
100- 150 2.9 2.9
150- 250 3.1 2.8
250- 500 3.6 2.6
500- 750 3.5 2.4
750- 1000 3.9 2.2
1000- 8.3 2.8
Average 5.4 2.6

Source: Anon., 1987a (injury Experiences in Coal Mining 1977,

MSHA). Conversion factor: 1 ton = 0.9072 t.
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Stone,

Sand
Metal Non and Coal
Mines Metals Gravel Mining
Production, Million
tons of ore, coal,
etc. 500°* 1400* 898
Percentage mined by:
Surface 90 g5° 60
Underground 10 5° 40
Average number of
employees,
thousands 42 32 121 159
Percentage assigned to:
Surface 29 22 55 32
Underground 21 12 2 52
Plants 39 52 28 10
Shogps, offices 12 14 _15 _86
100 100 100 100

* Combined figures for nonmetals, stone, sand and gravel
** Preiminary. Conversion factor: 1 ton = 0.9072 t.

Source: Anon, 1987b (Mine Injuries and Worktime Quarterly, MSHA).
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1. mine mouth
2. maintenance
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Injuries Injury Rate/  Injury Rate/

All Occurrences  Million Hours  Miltion Tons®
METALLIC MINES
Surface 736 321 1.5
Underground 969 60.0 16.0
NONMETALLIC MINES
Surface 332 25.6 N/A
Underground 344 437 N/A
COAL MINES
Surface 2,710 279 5.1
Underground 12,124 79.0 333

* Tons of crude ore or clean coal, respectively.
Note: MSHA normally shows the incidence rate per 200,000 hours.
Source: Anon, 1987b (Mine Injuries and Worktime Quarterly, MSHA).

1. 40 injuries/million employee-hr
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1. safety zone
2. Federal Surface Mining Control & Reclamation
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1. rear- dump truck
1. power factor
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Annual production: 5.0 million tpy (4.5 million t/yr)
Corresponding to: 15,000 tons/day (13,500 t/day)
Investment in mining equipment:

Drilling and blasting $ 1.3 miflion

Loading $ 3.6 million

Haulage $ 7.1 million

$12.0 miliion

Annual capital cost (10%, 5 yr):

$12.0 million x 0.26 = $ 3.1 million/year
Capital cost/ton: $ 0.60/ton ($0.67/1)
Cperating cost

Drilling and blasting $ 0.30/ton ($0.33/1)

Loading and haulage ‘$ 0.80/ton ($0.88/1)
Awndliary costs $ 0.10/ton ($0.12/1)
Total mining cost: $ 1.80/ton ($2.00/1)
Nota: 1888 costs.

Source: Galculated from Anon., 1887c (Cost Estimating System
Handbook, US Bureau of Mines),
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2. drilling level
1. drawpoint level
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Production data summary:

— Total amount of recoverable ore: 1.50 million tons {1.36 Mt) of
which 100,000 tons are from development

— Waste rock dilution: 10% 0.17 million ton {0.15 MY)
— Total amount of crude ore: 1.67 million tons {1.51 Mt}
— Lifetime: 4 yr
— Annual amount of crude ore; 0.42 million ton {0.38 M)
— Annual amount of ore excluding
waste: 0.38 million ton (0.34 My)
Development costs: $ Miltion
— Example drilling 18,000 ft x S30/f
(5500 m X $100/m} = 08
— Drifts 10,000 ft < $400/1t
{3.000 m < $1,300/m} = 4.0
— Raises 2,000 ft > $350/ft
(600 m x $1,200/m) = 0.7
— Cabie bolting 70,000 ft x $8/#
(21,000 m < $30/m) = 0.6
~— Instruments = 0.1
— Undercut level and draw points = 0.6
— Misc. = 04
7.0
Annuity (4 yr, 10%) $ Million/year
$7.0 million x 0.32 22
Development cost/ton of ore {excluding waste) E/ton ($/1)
- $2.2 million/
S52.2 miliw, . 5.8 (6.4)
0.38 million tpy
Operating Costs: § Million
— Drilling 150,000 ft x $10/ft
(45500 m x $33/m) = 15
— Blasting 1.40 million tons < $0.5/ton
{1.26 Mt x $0.3/1) = 07
— Loading 1.57 milion tons < $1.6/ton
: {1.41 Mt X $1.8AY) = 25
— Haulage 1.57 milion tons X $1.6/ton
(1.41 Mt x $1.8/1) = 25
— Crushing 1.67 million tons < $0.1/ton
{1.51 Mt x $0.1/1) = 17
— Hoisting 1.67 milion lons X $0.2/ton
(1.51 Mt > $30.2/1) = 03
— Auwliary Costs Underground, 25% = 24
— Misc. = 04
12.0
Operating cost/ton of ore (excluding wasta) 8/1on ($/1)
$12.0 million
= 8.0 (8.8)

1.5 miltion tons

Total cost/ton of ore (exciuding waste)
58 + 80= 13.8 {15.3)

MNote: Capital costs for mining equipment included in unit costs. No
investment costs for haulage and ventilation system, crushers, elc.,
included.

Souwrce: Nitlsson, 1985,
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Waste Theckness

330N 500 n aon
Open Pit Mining (100 m) (150 m) {200 m)
Waste, miion 1003
- first pit 81.1 1449 200
— i each push-back 1-8 2658 408 %6
— i each push-back 9-10 342 493 6.9
3838 $70.0 8105
Ore, mikon tons
- first pit 165 165 165
— in each push-Dack 1-8 165 165 165
~ In cach push-back 9-10 83 83 83
1650 165.0 1650
Average stpping rabo 22N 3.4an 49N
Arewal ore producton
millon, tpy 50 50 50
LiteSme, yr 330 33.0 0
Yeour when waste rock
s¥pping must stan -30 -4.5 ~-60
Wasto rock stripping
milon, Py
-6 383
— -5 16.1 %3
-4 22 383
-—y=3 270 322 a7
—_—-2 270 412 a7
—yret 270 41,2 az
-yt 1200 94 13.6 154
i
In Sty Ore, Milion tons 165.0 1650 1850
Lileteme, yr 265 265 %5
1650 milon tons w08 reCovery
given by:

5.0 madhon tonsS/y

Corwersion factor: 1 wa = 090721t

S il 1y albly 51 (5 W) 558 00 aly 55 cawgie job 4 Ol eVl &Syl 5 L

S g ae osle s ST 1t Jle 5 £/0 0 L bl S il

bl Ciliie (sla Caslud b 31 553 S g ko] Slab alls sl B3)l3 Jpar

Waste Thickness
330 ft 500 ft 660 ft
(100 m) (150 m) (200 m)
Revenues per year, $ million, 75,000 tons X $1800/ton 135.0 135.0 135.0
Operating cost per year (excluding waste), $ million
Ore mining
5.0 million tons X $1.8/ton -9.0 -9.0 -90
Ore beneficiation and misc. —40.0 ~40.0 ~400
Smelting and refining
75,000 tons X $540/ton —40.5 —405 —405
Annual income, $ million (excluding costs for waste rock) +455 +455 +455
Net present values, $ million (10%) )
NPV of annual income, excluding waste rock (33 yr)
$45.5 million tpy X 9.57 4354 4354 4354
NPV of costs for waste rock stripping .
$1.80/ton X (27.0 X 3.31* + 9.4 X 9.42*) = 3203
$1.80/ton X (16.1 X 1.46°= + 32.2 X 1.33 + 32.2 X 1.21
+ 412 X 1.10 + 41.2 X 1.00 + 13.6 X 942) = ~575.8
$1.80/ton X (38.3 X 7.72% + 9.4 X 3.31* + 18.4 X 9247 = —~894.3
Capital investment —200.0 —200.0 —200.0
Grand total, $1.00/1b ($2/kg) —B84.9 —340.4 —658.9
Grand total, $1.50/1b ($3/kg) +561.0 +305.5 —129
* uniform series future-value factors.
= uniform series present-value factors.
“*single present-value factors.

Conversion factor: 1 ton = 0.9072 t.
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NPV ($ Million)

$1.00/1b $1.50/1b
Waste Thickness ($2.00/kg) ($3.00/kg)
330 ft (100 m) — 849 +561.0
500 ft (150m)  — 3404 +305.5
660 ft (200 m) —658.9 -12.9
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Revenues per year, $ million

75,000 tons X $1800/ton 135.0
Operating cost per year, $ million ore mining

5.0 million tons X $13.50/ton —87.5
Ore beneficiation and misc. —40.0%
Smelting and refining —40.5
Annual income, $ million, at $1.00/lb ($2/kg) —13.0
Annual income, $ million, at $1.50/1b {$3/kg) +545

Net present values (10%), $ million
NPV of annual income, $1.50/1b ($3/kg) (26.5 yr)

$54.5 million/year X 9.20 = +501.4
Underground investment —~75.0
Capital investment on surface —200.0
Grand total, $1.50/1b ($3/kg) 1-226.4

* Same costs used as for open pit mining. Waste rock dilution can
increase these costs. Conversion factor: 1 ton = 0.9072 t.
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Final Open Pit Depth

330 ft 500 ft 660 ft 825 ft
Open Pit Mining (100m) (150 m) (200m) (250 m)

Waste, million tons 40.2 98.0 1734 2814

Ore, million tons 33.0 50.0 66.0 83.0

Stripping ratio, average 1.2 1.9 26 34

Stripping ratio, for 25 3.3 4.7 6.5
deepest part

Annual ore production, 5.0 5.0 5.0 5.0
million tpy

Lifetime, yr 6.7 10.Q 13.3 16.7

Waste rock stripping, 6.0 9.8 13.1 170
million tpy !

Underground

In situ ore, million tons  132.0 115.0 99.0 82.0°

Lifetime, yr 21.3 18.7 16.0 121

“given by: 165.0 — 83.0 = 82.0 million tons
82.0 million tons X 0.8 recy.

5.0 million tons/yr
Conversinn factor: 1 ton = 0.9072 t.

** given by: = 131 yr
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Final Opan Pit Dapth

3304 S500ft ©660H B25#t
{100 m) {150 m} (200 m) {250 m}

Revenues per year,
§ mitlion
75000 ton x $1800/ ton 1350 135.0 1350 1350
Operating cost per year,
$ mitiion
Waste rock stripping on
average
6.0 million tons X% $1.80/
fon —-108
9.8 million tons X $1.80/
ton —-17.6
13.1 million tons x $1.80/
ton —23.6
17.0 million tons x $1.80/
ton -~30.6
Ore mining
5.0 million tons x $1.80/
ton - 80 — 90 -— %0 - 9.0
Ore beneficiation and misc.  —400 —40.0 —400 -—40.0
Smelting and refining
75,000 tons X $540/ton —405 —405 —405 —-405

Annual income, $ million +347 4279 +219 +1489
Net present values,

$ million

NPV of annual income

$34.7 million/year x 4.71* 184.4

§27.9 million/year X 6.14* 171.3

$21.9 million/year x 7.18% 1575

$14.9 million/year X 7.96* 1186
Capital investment —200.0 —200.0 —2000 —-200.0

Grand total @ $1.00/b (8§27
ka) ' —~164 —28.7 —425 -814

Grand total @ $1.50/1b {83/

kg) +3015 +385.8 44428 14559

* Uniform series present value faclors for 10% and 6.7, 10.0, 13.3,
and 16.7 yr, respectively. Conversion factor: 1 ton = 0.9072 t.

s o QLA 1 5Ly Odee s slaas 5§ &0 b g o NPV Oliloes VY =Y J50

NPV ($ Million)

$1.00/1b $1.50/1b
Open Pit Depth (§2.00/kg) ($3.00/kg)
M0 A (100 m) -16.4 3018
SO0 fr (150 m) —28.7 385.8
660 ft (200 m) —42.5 442.8
231 (250 m) —~81.4 455.9
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Revenuves

75,000 ton x $1800/ton = § 135.0 million/year
Operating costs per year

Ore Mining

5.0 million tons % $13.50/ton = § —87.5 milllon/year

Ore beneficiation and misc. = $ —40.0 million/year

Smelting and refining = § —40.5 million/year
Income per year, at $1.00/1b ($2/kg) $ —13.0 million/year
Incorne per yess, at $1.50/1b ($3/kg) $ +54.5 million/year

Net present vakes at $1.50/1b ($3/kg)
Net present values when underground mining starts

330 ft (100 m): $54.5 million tpy X 8.68* — 75 = $398.0 miltion
500 ft (150 m): $54.5 million tpy X 8.31* — 75 = $378.0 million
660 R (200 m): $54.5 million tpy x 7.82* ~ 75 = $351.2 million
825 it (250 m): $54.5 million tpy X 5.62* — 75 = $231.3 million
Net present values when open pit mining starts at $1.50/1b (83/%g)
330 ft (100 m): $398.0 million X 0.53* = $210.9 million
500 ft {150 m): $378.0 million X 0.39™ = $147.4 miillion
660 ft (200 m): $351.2 million X 0.28> = § 98.3 million
825 {t (250 m): $231.3 milion x 0.20™ = § 46.3 million

* Uniform series present value factors for 10% and 21.3, 18.7, 16.0,
and 13.1 yr, respectively.

> Single present value factors for 10% and 6.7, 10.0, 13.3, and 16.7
yr, respectively.
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Capital Values (§ Million)

$1.00/1b $1.50/1b
Open Pit Depth  ($2.00/kg) ($3.00/kg)
330 ft (100 m) N.P. 398.0
500 ft (150 m) N.P. 378.0
660 ft (200 m) N.P. 351.2
825 ft (250 m) N.P. 231.3

N.P. = Not Profitable
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NPY (§ Million)

$1.00/1b $1.50/1b
Open Pit Depth ($2.00/kg) (3$3.00/kg)
330 ft-(100 m) N.P 210.9
500 ft (150 m) N.P 147.4
660 ft (200 m) N.P 98.3
825 ft (250 m) N.P 46.3

e VL Ol 55 553 e NPV S ol sl 5o SIS (e 5 5hs

L5 et Lo oy Gwed b 5 5k gl el ed el sla il =V E =Y Jader

$ Million, at $1.50/1b ($3/kg)

Depth Open Pit Underground Total
330 ft (100 m): 301.5 2109 5124
500 fi (150 m): 385.8 147 .4 533.2
660 ft (200 m): 4428 98.3 541.1

825 ft (250 m): 455.9 46.3 502.2
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NPV ($ Million)

$1.00/1b $1.50/1b
Open Pit Depth ($2.00/kg) ($3.00/kg)
IOR00m)  —164 512.4
SO ft (150m)  —28.7 $33.2
660 ft (200m)  —42.5 541.1
825t 250m)  —81.4 502.2
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NET PRESENT
VALUE OPEN PIT AND UNDERGROUND MINING,
$MILLION $1.50/L8 CUL$3/KG CU)

» 1 /—‘\

OPEN PIT MINING ONLY,
$1.50/LB LUT$3/KG CU)

m =
08 -+
00 -
OPEN PIT_MINING ONLY,
$1.00/LB CUL42/KG CU)
w T BENEFICIATION CAPACITY AVAILABLE
ULTIMATE
OPEN PIT
330 500 660 825 pepTH. ET
i 1 4 i L3
L] T L T L]

0 250 METERS
OPEN PIT MINING ONLY,

$1.00/LB EUL$2/KEG CY)

MAXIMUM  STRIPPING RATIO
5 1 1 1
v 7 1 T

2.5 3.3 L7 6.5
TONS OF WASTE PER TON OF ORE
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1. Cost-efficiency
1. Status & Location

1. Overall Mine Losses
2. Production Losses
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3. Loose Mineral

1.Thinning
2. Undermining
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3. Rated Losses
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" Deposit thickness

" Deposit dip

* Overburden and immediate roof
° Face Slabbing

" rock burst potential

¥ Support stability
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* Surface subsidence

"* Regulations and recovery
" manpower

"ventilation

'™ Materials handling
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Chain Strand

Type f. f,
SCSs 0.40-0.60 0.25-0.40
DOCS 0.60-0.80 0.20-0.35

* f, is positive when the chain is moving upslope while f, is negative
when the chain is moving downslope.

** when the floor and subsequently the AFC are undulating, f. and
f, may be increased accordingly.

D b il gy U sl il s s b - Jke

Panel width W = 600 ft

Mining height H. = 6.5 ft

Cogl seam is approximately horizontal, o = O
Weight per unit volume of coal ¥ = 80 {b/ft’

il 5 b s ol gl (S

Cutting webs = 2.5 ft

Loading coefficient C = 0.92

Hau_lngt speed V, is 30 fpm on average; this is compatible
with the electrohydraulic controlled advance rate of
the shield supports (if the advance cycle time for each

support is 10 seconds, the advance rate will be 6
shields/min or 30 fpm).
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Qu = Q.ul-

Q.. = 1076 tph

Major parameters of SCS type AFC are known as follows:
Chain size is 30 % 108 mm
Weight per unt length of chain g, = 12.9 Ib/ft
Pan width B, = 32.76 in.
Maximum loaded cross section 4, = 3.0 fi
Loading coefficient ¥ = 0.85
Weight per unit volume of loaded coal Y. = 63 lb/ft?
Coefficient of moving resistance of loaded coal S.=0.5
Coefficient of moving resistance of chain, S = 03

g. = 161 Ib/ft
V. =374 (ps

el J_.v“) Cf; LY sl 0 UM\AFC L/J.‘a\ CJL;*&)*A;- J‘ Li-f

Resistance factors K, = 1.1 and K, =11
Transmission efficiency ¢ = 0.81
Conversion coefficient €, = 550

Safety factor K, = 1.2

Nouo = 618 hp
Npn=1231hp
N = 438 hp
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Depth H = 500 ft (152 m)

Entry width B = 18 ft (5.5 m)

Pillar width w = 60 ft (18.3 m)

Pillar length L 80 ft (24.4 m) (L/w = 1.33)
Seamn height A 7 it (2.1 m)

Pittsburgh seam characteristics: k = 5580 based on o,
= 3822 psi from NX cores.

930 (0.64 + 0.36 X 60
F=o,/S, = : /D308

77 1.1 X 500 X 78/60 X 98/80
F=4.0:(w/h= 8.57)

e=1—60/78 X 80/98 = 0.372 = 37.2%
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Pillar Pillar Appropriate

width length Extraction factor of
Formula (ft) - (ft) e safety, F
Obert-Duvall 44.2 58.8 0.46 2.0
Holland-Gaddy 52.8 70.2 0.41 1.8
Holland 38.6 51.3 0.50 2.0
Salamon-Munro 28.9 38.5 0.57 1.6
Bieniawski 28.8 38.3 0.58 1.5
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h =10 ft 3 m)
w=40ft(122m) S, = 1156 psi
B=181GSm) o — 930 (0.64 + 0.36 w/k) = 1934 psi
F =167

e = 0.52 = 52%
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Equation:
F
2.0

Equation:
F
2.0

Equation:
F
1.8

Equation:
F
1.6

Equation:
F
1.5

Obert and Duvall
Extraction
0.26

Holland
Extraction
0.27

Holland and Gaddy
Extraction
0.15

Salamon and Munro
Extraction
0.33
Bieniawski
Extraction
0.39

Width
109.6 ft (33.4 m)

Width
105.3 ft (32.1 m)

Width
210.2 ft (64.1 m)

Width
80.0 ft (24.4 m)

Width
63.5 ft (19.4 m)
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Longwall panel at the depth of 640 ft (195 m). The floor of
the 18-ft (5.5-m) wide entry is next to a yield pillar with B = 22
ft (6.7 m) and L = 130 ft (39.7 m). Entry height # = 6 ft (1.8
m). The pillar load, as determined from the ALPS procedure, is
o, = 2660 psi (18.3 MPa). The properties of the fractured grey
shale, which is the floor material, are: density ¥y = 70 Ib/ ft3,
cohesion ¢ = 30 psi (4320 psf) (0.2 MPa), friction angle ¢ =
19°, uniaxial compressive strength o, = 1680 psi (11.6 MPa).
The rock mass rating RMR = 44

Solution.

S, =1— 04 X 0.169 = 0.932
S, =1+ 02789 x 0.169 = 0.953
v = 70 Ib/ft’

N,=580fordp = 19°

N.,, = 4.68 forp = 19°

% X 70 X 22 X 4.68 X 0.932 + 4320 X 2.31 X 5.8 X
0.953 — 4320 X 2.91

= 3358.55 + 69486.0 — 12571.0 = 60,273 psf = 418 psi
F = 418/2660 = 0.16 < 2.00 (flcor failure expected).
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Mine Data and Geomechanical Parameters of the Floor Strata:

Lithological type of-the floor: sandy shale
Uniaxial compressive strength (in MPa): 11.6
Point of critical energy release (in MPa): 8.5
Tensile strength (in MPa): 1.5

Unit weight of the floor (in kN/m?): 12
RMR (rock mass rating): 44

Depth of overburden (in meters): 195

Unit weight of the overburden (in kN/m?): 25
Pillar width (in meters): 6.7

Pillar length (in meters): 40

Pillar stress (in MPa): 18.3

Entry width (in meters): 5.5

Entry height (in meters): 1.85

Value of m for intact rock: 12.5

Stability analysis—pillar punching into floor
Parameter m: 1.69
Parameter s: 0.002
Geostatic stress (in MPa): 4.88
Cohesion of floor strata (in MPa): 3
Equivalent angle of internal friction—floor: 19°
Ultimate stress on floor strata (in MPa): 15.34
Factor of safety of floor: 0.84. Expect floor failure.
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Table 1. Thick seam mining methods

e ensure effective
ventilation

Mining Seam Seam Advantages Limitations Comments and
method thickness dip (°) recommendations
(m)
e good recovery e competent coal full study has
(65%) to form septum been completed
e safe work - unlikely the may be used for
condition capital cost will seams less than
Wongawill (remote be lower than 6m thickness
i multi- 5.4m-6m <20 operation) longwall only if capital
slicing - lower slice has . lower cost can be
method no stress production rate verified, and the
problem compared with production rate
longwall can be
improved
e low e dilution and safety measures
development coal loss to predict caving
cost problem and gas control
e low power and e demand for good should be
material roof separation available
Sub-level 10m-20m <20 consumption and weak coal single or twin
caving e high and relatively conveyors
productivity strong roof system should be
e simple layout . high gas evaluated
less equipment emission, dust recommend
relocation control and method for
face end detail study
problem

not as severe as
other methods
e simple and
cheap mining
equipment
e reasonable
recovery (60%)

Soutirage e The same as e The same as sub- Act like block
method > 10m <30 sub-level level caving caving in terms
caving of winning
technique
not recommend
Room and e lowcapital cost | ® low recovery recommend if
villar i g L R, ITcovery can ve
Hettlod e good e  high pillar improved, ideal
subsidence stability problem for subsidence
control restricted area

e less sensitiveto | e dip of seam must cost evaluation
geological be greater than for coal winning,
structure 10 degrees transportation,

e  suitable for e relatively weak and dewatering
irregular seam coal for systems
thickness hydraulic cutting recommend for

Hydraulic >6m >10 e dust, gas e moderate strong further
mining problems are roof and floor evaluation
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Mining Seam Seam Advantages Limitations Comments and
method thickness dip (°) recommendations
(m)

Simple high capital e Full study has

operation investment been completed

system prefer in e may be used for
Single pass Simple relatively flat seams less than
highreach | 4.5m-6m <10 ventilation and lying coal seams 6m thickness in a
extraction maintenance high demand for flat or gently
method cost roof and face inclined

High support condition only if

production rate height restriction capital cost can

High recovery be verified

rate (near

100%)

low material &

labour cost

matting is a e septumis

longwall time consuming superior to

equipment can and costly work matting

be used high e ensure the
Multi- lower slices development rate spontaneous
slicing 6m-10m <20 can be mined in and high combustion
descending a stress maintenance cost prevention
longwall shadowed coal loss from e cautiously
with condition septum recommend for
Caving adaptable for spontaneous trials on flat to

spilt seams or combustion gentle inclined

thick seam with problem seams

partings or

layers of

inferior quality

coal

no artificial lower e assessment of fill

roof is required production rate (and drainage)
Multi- longwall additional fill system and
slincing equipment can system and availability of
ascending 6m-10m <20 be used material cost cheap fill
longwall better control soft floor material
with of subsidence problem from fill | ¢ not recommend
stowing better material because of

spontaneous production can economical

combustion be effected by reasons

control stowing system

simple gateroad

layout
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Mining Seam Seam Advantages Limitations Comments and
method thickness dip (°) recommendations
(m)
low cost Special attention not applicable
Blasting involved must be given to due to tight
gallery 6m-15m <30 high gas, heating and blasting
method productivity spontaneous restriction in
good recovery combustion underground
(65-85%) control coal mines in
simple layout Australia
low cost for additional roof recommend for
coal wining (and steep coal seams
equipment hangingwall)
easy operation support cost
Cut and fill >6m >307? minimum additional fill
method training efforts system and
higher recovery material cost
rate than room
and pillar
reasonable limited not recommend
In-situ good recovery information and until further
gassficatio <20m Nil? (60-70%) applications research results
n method good for deep available are available
coal seam long-term
safe working research
condition
The shield limited limited not recommend
method <20m <50? information information
available available
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Strength Strength
Type of Ore Body Dip of Ore of Walls Commonly Applied Methods of Mining
Thin beds Fit Stg Stg Open stopes with casual pillars
Room and pillar
Longwall
Wk or Stg Wk Longwall
Thick beds Fit Stg Stg Open stopes with casual pillars
Net weighting Room and pillar
Wk or Stg Wk Top slicing
Sublevel caving
Wk or Stig Stg Underground glory hole
Very thick beds Same as for masses
Very narrow veins Stp Stg or Wk Stg or Wk Resuing
Narrow veins Fit Same as for thin beds
(widths up to Stp Stg Stg Open stopes

aconomic Shrinkaae staones
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Ore. Rock
Deposit:  Depth Strength Geometry
METHOD: LOCALE CLASS NAME
thick, large size _OPEN PIT MINING
Tabular or massive, any
_Any strength, dip, thick, moderate size
consolidated MECHANCAL
_Tabular. low dip, thin,
large size CAST MINING
LTabular. flat, thin._-
e | AUGERING |
Shallow-—| SURFACE _ Tabular, flat, thin,

Nasiiaiea HYDRAULICKING
Tabular, flat, lhlck._-

2 — large size m

|_Unconsolidated _| AGUEOUS
or permeable | |_Any shape, any dip,
thick. large size OLEMINING
Any shape, steep.__-
thick, large size
Deposit—

Strong to
rmoderate,
competent

Loeep—{ UNDERGROUND }-

Moderate to
—weak.
incompetent

LModerate 10

weak, cavable

| UNSUPPORTED

—“ SUPPORTED

T —

__Tabular, flat, thin,
large size

mm@
——— STOPE & PILLAR MINING |
— [ SHRINKAGE STOPING |

__Variable shape, steep,
thin, any size

__Tabular, fiat, thick,
large size

| Tabular, steep, thin,
any size

Tahular, steap, thick
large size

— cur & FiLL STOPING |

STULL STOPING
——1 SQUARE SET STOPING |
LONGWALL MINING
| Tabular ar massive, SUBLEVEL CAVING ]
steep, thick, large size )
BLOCK CAVING

| _Tabular, steep,
thin. small size

_Any shape, any Qip,
thick, any size

_Tabulan fiat, thin,
large size

|_Massive, steep, thick
large size
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1) General Shape/Width
equi-dimensional

platy—tabular

irregular

2) Ore Thickness

narrow

intermediate

thick

very thick
3) Plunge

flat

intermediate

steep

4) Depth Below Surface
provide actual depth
5) Grade Distribution
Uniform. The grade at any point in the deposit does not vary

all dimensions are on the same
order of magnitude

two dimensions are many times
the thickness, which does not
usually exceed 325 ft (100 m)
dimensions vary over short dis-
tances

<30 ft (<10 m)
30-100 ft (10-30 m)
100-325 ft (30-100 m)
>325 ft (> 100 m)

<20°
20°-55°
> 55°

significantly from the mean grade for that deposit.
Gradational. Grade values have zonal characteristics, and
the grades change gradually from one to another.

Erratic. Grade values change radically over short distances
and do not exhibit any discernible pattern in their changes.

Source: Nicholas, 1981.
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Input data

Description

General Deposit Shape
Plan width
Ore thickness
Ore plunge
Grade distribution
Depth

Ore Zone
Rock substance strength
Fracture spacing
RQD
Fracture shear strength

Hanging Wall
Rock substance strength
Fracture spacing
RQD
Fracture shear strength

Footwall
Rock substance strength
Fracture spacing
RQD
Fracture shear strength

tabular or platy

330 ft (100 m)

300 ft (90 m)

15°

primarily disseminated
1150 ft (350 m)

12,000 psi (83 MPa)

3 frac/ft (10 frac/m)

40

clean joint with a rough
surface

16,000 psi (110 MPa)

1.2 frac/ft (4 frac/m)

65

clean joint with a rough
surface

7,000 psi (48 MPa)

4.3 frac/ft (14 frac/m)

40

joints coated with thin clay
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1) Rock Substance Strength
(uniaxial strength/overburden pressure)

weak <8
moderate 8-15
strong >15
2) Fracture Frequency
No. of Frac-
tures per
(ft) (m) % RQD
very close >5 >16 U- 20
close 3-5 10-16 20- 40
wide 1-3  3-10 40- 70
vary wide <1 <3 70-100
3) Fracture Shear Strength
weak clean joint with a smooth surface
or fill with material with strength
less than rock substance
strength
moderate clean joint with rough surface
strong joint is filled with a material that is

equal to or stronger than rock
substance strength

Sources: Nicholas, 1981,
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RQD 6
Intact rock strength 8
Joint spacing 5
Joint condition 29
TOTAL 48
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Grade
General Shape Ore Thickness Ore Plunge Distribution
Mining Method M T/P [ N | T VT F | S U G E
Open Pit Mining 3 2 3 2 3 4 4 3 3 4 3 3 3
Block Caving 4 2 0 —49 0 2 4 3 2 4 4 2 0
Sublevel Stoping 2 2 1 1 2 4 3 2 1 4 3 3 1
Sublevel Caving 3 4 1 —49 0 4 4 1 1 4 4 2 0
Longwall Mining —49 4 —49 4 0 —49 —49 4 0 —49 4 2 0
Room and Pillar Mining 0 4 2 4 2 —49 ~—49 4 1 0 3 3 3
Shrinkage Stoping 2 2 1 1 2 4 3 2 1 4 3 2 1
Cut and Fill Stoping 0 4 2 4 4 0 0 0 3 4 3 3 3
Top Slicing 3 3 0 —49 0 3 4 4 1 2 4 2 0
Square Set Stoping 0 2 4 4 4 1 1 2 3 3 3 3 3
M = Massive N = Narrow F = Flat U = Uniform
T/P = Tabular or Platy = Intermediate | = Intermediate G = Gradational
I = Irregular T = Thick S = Steep E = Erratic

VT = Very Thick
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5b: Hanging Wall

Rock
Mining Substance Fracture
Method Strength Fracture Spacing Strength
Key: W M S VC C W VYW W M S
Rock Substance Strength
W = Weak ™ Open Pit
Mall n o
M = Moderate B';::u'r:mg 3 4 4 2 3 4 4 2 3 4
$= Strong Caving 4 2 3 4 3 0 & 2 U
£ Sublevel
Fracture Spacing Stoping 49 3 4 -43 0 1 4 0 2 4
VC = Very Close Sublgvel
C = Close Caving 3 2 1 3 4 3 1 4 2 0
W= Wlde. Longwall
VW = Very Wide ~ Mining 4 2 0 4 4 3 0 4 2 0
Room and
Fracture Strength Pillar
W = Weak Mining 0 3 4 o 1 2 4 0 2 4
M = Moderate Shrinkage
S = Strong Stoping 4 2 1 4 4 3 0 4 2 0
Cut and Fill
Stoping 3 2 2 3 3 2 2 4 3 2
Top Slicing 4 2 1 3 3 3 0 4 2 0
Squarc Sct
Stoping 3 2 2 3 3 2 2 4 3 2
5a: Ore Zone 5c: Footwall
Rock Rock
Mining Substance Fracture Mining Substance Fracture
Method Strength Fracture Spacing Strength Method Strength Fracture Spacing Strength
W M 8§ VC C W VW W M S W M S VO C W VW W M S
Open Pit Open Pit
Mining a 4 4 2 3 4 2 3 4 Mining 3 4 4 2 3 4 A4 2 3 4
Block Block
Caving 4 1 1 4 4 3 4 3 0 Caving 2 3 3 1 3 3 3 i3 3
Sublevel Sublevel
Stoping -49 3 4 0 0 1 0o 2 4 Stoping 0 2 4 0 0 2 4 0 1 a
Sublavel Sublavel
Caving 0 3 3 0 2 4 0 2 2 Caving 0 2 4 0 1 3 4 0 2 4
Longwall Longwall
Mining 4 1 0 4 4 0 4 3 0 Mining 2 3 3 1 2 4 3 1 3 38
Room and Room and
Pillar Pillar
Mining 0 3 4 0 1 2 0 2 4 Mining 0 2 4 0 1 3 3 0 3 3
Shiinkage Shrinkage
Stoping 1 3 4 0 1 3 0 2 4 Stoping 2 3 3 2 3 3 2 2 2 3
Cut and Fill Cut and Fill
Stoping a2 2 3 3 2 3 3 2 Stoping 4 2 2 4 4 2 2 4 4 2
Top Slicing 2 3 3 1 1 2 1 2 4 Top Slicing 2 3 3 1 3 3 & ¥ 238
Square Set Square Set
Stoping 4 1.1 4 4 2 4 3 2 Stoping 4 2 2 4 4 2 2 4 a4 2
A05 sla, StV Jue
Ore Geometry 1.0 1.0 1.0
Ore Zone Ground Conditions 1.33 0.75 1.0
Hanging Wall Ground Conditions 1.33 0.6 0.8
Footwall Ground Conditions 1.33 0.38 0.5
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(Column 2) (Column 3)
Geometry/Grade open pit block caving ete.
Distribution (Column 1) (values from Table 23.4.4)
tabular or
General shape platy 2 2
Ore thickness thick 4 2
Ore plunge flat 3 k]
Grade distribution uniform 3 4
Depth (used later) 425 ft (130 m) = ==
12 1
Rock Mechanics Characteristics (values from Table 23.4.5)
Ore Zone
Rock substance strength strong 4 1
Fracture spacing close 2 4
Fracture strength moderate _3 3
9 8
Hanging Wall
Rock substance strength strong 4 1
Fracture spacing wide 4 3
Fracture strength moderate 3 i2
1" 6
Footwall
Rock substance strength moderate 4 3
Fracture spacing close 2 3
Fracture strength weak _2 !
8 7
Characteristic Values Totaled for Different Mining Methods
Geomelry/Grade Rock Mechanics Characteristics Grand
Mining Method Distribution Ore HW FwW Total Total
Open Pit Mining 12 9 11 8 28
Block Caving 1 8 6 7 21
Sublevel Stoping 1 5 7 2 14
Sublevel Caving 13 7 6 3 16
Longwall Mining —-37 8 5 6 19
Room and Pillar Mining -38 7 8 3 18
Shrinkage Stoping 1 6 6 8 20
Cut and Fill Stoping 7 8 7 10 25
Top Slicing 14 6 ) 7 19
Square Set Stoping 8 8 7 10 25
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Rock Mechanics Characteristics

Geometry/Grade
Mining Method Distribution HW FW Total Grand Total
Open Pit Mining 12 9 8.8 40 218 338
Block Caving 11 8 48 35 163 273
Sublevel Stoping 1 5 56 1.0 116 226
Sublevel Caving 13 7 48 1.5 133 26.3
Longwall Mining =37 8 40 3.0 15.0 -220
Room and Pillar Mining -38 7 6.4 1.5 14.9 -23.1
Shrinkage Stoping " 6 48 40 14.8 258
Cut and Fill Stoping 7 8 56 5.0 18.6 25.6
Top Slicing 14 6 48 35 14.3 283
Square Set Stoping 8 8 56 50 186 266
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Ranking
Cost
Mining Method (Percent)
a. Hartman (1987) Ranking
Hydraulicking, Dredging, Leaching 5
Open Pit/Open Cast Mining 10
Block Caving, Longwall Mining 20
Room and Pillar Mining 30
Stope and Pillar Mining
Sublevel Stoping 40
Shrinkage Stoping, Sublevel Caving, Induced Caving 50
Cut and Fill Stoping 60
Square Set Stoping 100
Source: Hartman, 1987.
b. Morrison (1976) Ranking
Open Pit Mining Lowest
Block Caving
Sublevel Stoping
Sublevel Caving
Longwall Mining
Room and Pillar Mining
Shrinkage Stoping
Cut and Fill Stoping
Top Slicing
Square Set Stoping Highest
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Underground Mining methods

References

1-An Introduction to Mining L. J THOMAS 1979, Australia.

2- Introduction to Mining, Bohuslav Stooces, 1956.

3-The Working of Mining Deposits G.POPQOV, 1971.

4-lacereased Underground Extraction of Coal, Fauconnier, Kersten SAIMM, 1982.
6- Underground Mining Methods Handbook Hustrulid 1982 SME.

7- Mining Design, Staley, Mc Graw-Hill ,London

8- Mining Engineering Handbook 1992 Hartman SME.

9- Mining Engineering Handbook. 1941. Peel.

10- Elements of Practical Coal Mining, 1981. Zeger, SME.

11- Elements of Mining ,Robert ,Lewis,John Willey,1964.

12-Coal Mining Theory and Practice, Stefanko, SME.1983.

13- Techniques in underground Mining edit: Richard Gertsch, Bullock, SME 1998.
14- Australian Coal Mining Practice , 1992,editor: Hargraves

15- Mining Engineering Handbook, Commins, 1974, SME.

16- Mining, Bocky, 1974, Mir Publisher.

17- Coal Mine structures, lan Famer 1985, Chapman.

18- Rock Mechanics for underground Mining, Brady- Brawn,Chapman,London.
1985.

19- Opening up of Mining Deposits, 1971,Ivanov *

20- Hydraulic Mining in West Germany, 1980.

21- Underground Mining Methods SME 2001. Hostrulid, Bullock.

22- Mine Planning for Coal, S.P. Mathor, 1993.

23- Practical Coal Mine Management, S.G. Britton, 1981.

24- West FALIA LUNEN ,Cataluge.

25-Design of underground Hard-coal mines, Pazdziora, Elsevier, Warszwa, Poland,
1988

26- Ore Mining, L.TARSOV,Mir publisher.

27-20 5% 5 e )y 3 o Sama e e gl

A



G g3

28- Coal Mine Ground Control, Peng.John Willey,New York,1978.

29-Strata Control in Mineral Engineering, Z.T.B ieniawski.1987.

30- Ground Mechanics in Hard Rock Mining, Jermik.

31- Elements of Practical Coal Mining, Crickmer.1964.

32- Underground Excavation in Rocks, 1980. Hoek ,Brown.

33- Rock Mechanics for underground Mining, Brady, Brown.1993.

34- Handbook of underground Drilling, TomRock, 1983.

35- Hard Rock Mining Handbook, Mcintosh .2006.

36- Surface Subsidence Engineering, Syd .s.Peng, SME, 1992

37- Subsidence, Prediction& Control, Whitaker, Reddis ,1989.

38- Subsidence Engineering Handbook, NCB,1966.

39- Handbook On Small Mines, Armstrony, Australia 1978.

40- Handbook On Quarrying, Dutton, Australia, 1993.

41- Mining of Ores and non Metallic Minerals. Agoshkov, Russia, Mir Publisher,
1983.

42- Methods of Working Coal & Metal Mines (Volume 1, I1, 111 ) S.Woodrouf,
Pergamon press, London, 1966.

43- A philosophy of Ground Control, Morrison,1986. McGill University,
Canada,1976.

44- German Long wall mining, Rolf Helge, Gluckauf, Essen, 1985

45- Longwall Mining, SYD S.Peng, H.Schiang, Johnwilley, USA, 1984

46- Mining Explained, Whyt & Brokelbank, Cool Publisher Canada, 1986
47-Introductory Mining Engineering, H.L. Hartman, John Willey,2002, 1987.

48-Strata Mechanics in coal mining., 1993, Jermic.



e Ol ol lae
T

0\

S g

S \
| Y
6.))3.0 thﬁ—



dgé.wb&d ladlas

S o LT S8 LS SO L G SO (gl 1 555 i Ol Slalllas o8 15 G oS alSin
355055 LU d ol basbes S au s of BLEST gl o Ns fevveven Govenve ol S
.:\J\})M@Lgslﬁa.zﬂﬂ.&«w,ul&é\ﬂbéﬁiﬁQuﬂjzﬁwé\)é;ﬁu@}a&gdﬂ
Oeed el o OUle Sy VU #5504 558 e e SLLST 6l &S ) il Y yons
S o 5L s

oo 5 gl Vene S o Olge 680l 1 a8 8 BLES| o35 0 Sl ks S
53 S it 5 63 1S S aalsl gl p ol a5 VA LS ol 0l gy 0 5 BLEST L €0
W s ey 5 5 O WA Ll 03 3L (LS 68 mn L Jlesil il 51350
253 g ool Sias ¢ lnl JlegT Ve 51s, 00V s aih (ol wle e oS 5 WO 515 e
5Ol s sl ) b S e, s M dole il S ls Lol )y 5350 O3las il
w I pl 53OS 8 aS W e (a8 5) Sl sl s il and 38 (JL el ke (Lien
A glans OF ois a5 el 53 S oad Jaro Sl &5

s el andlan plcnd sl gy a8 5 Lol 5 wal ol 3 SO e OISl andllas
Lo allas al o cpdr 55 Sl 5Kan 5 ol Gy 3 &S ol () wlo LSL g 3
Ol OF 53 5 ol IS =0k 53 me (ol ) o) Jsl Al s Ysane 5,8 el 0L g0
S S K S e e 008 e s p Ddre SO i) e b oo (L)

\Griffis
rCominco

o))



S Sy Obs dlaly Sl ods a1 e BT Wi 5l e §-) IS5 ol s sl s (i

YRS Y Z . . TN . z Z .
Lj«i.u;dﬂgmb &ﬁﬁﬂé}jﬁ)béﬁ)“bﬁm&\f‘}OMLSJ\J\.SQLA]wm
j}l; dxlﬁﬂ V' Jj.l?- 9 ol 4".’.]& Lﬁ"ti))‘ ULJ‘Jf )‘ J.s; )Y: dﬁlﬂ" Yo 3‘5.)\7- C,..MJ\ ol )LOTCRA

o olel Odme V3 Oglea YO0 oo 5 b a5l das Sl 0l aua 518 eSS ol

LA 6)‘.3){
wlaus] 9 g:t s :3 % LSJL“" solel i 4.5)“’)'3 o
3 1
3 {
| T TR
2 3392 b))l ¥
s VAYY ad) a
g A A pdy RUGHRY-EP 1 G RES R K gAY 1
b Va8 ol S
i, Lals'ys | J! ‘r'
-
) st 9yl ,’l
i e £, - r‘:..w TILAR /’
oy -
a5 el g2 e
: S b b 3,5 3
(WA -] 2 Cenlgs )0 aali " &
{ T
y L
_ ; Loel aslizas) " \-f
Sl gl oyl ool &y =2 ,‘I' Ll
g e :
oyl S plest _l o el T ¢
w9 /)
y (&) s £5,5 "ﬂw .
&bk i = 3
) Al "‘
solazil slgl; ) iy bl Sl
I ““*lJ‘U J; d v
i ’
(T (Sl . 7y ’
SN oS sl A X
i Syt Sodls Lils o
. Fi ; A
LT i J ”’ 059y Arwgs
2
e e ok el St S e ORI SR
\ast £0 2l A b 0 4

kS s osm o3 auze Ol 5 srael p Jol e o dal ) S

(W5 Ol 5me) Oldes wlie
Cdled Sop pld g5 2 S e 08,0 G S cd elad cpl o 5 S 3 )lse 2

05 3o sl 3 sd e Ol OS 0 008 g O3lae haw g GLAST 5 Ol 5 5 S e

'Hope
"Bougainville

o\VY



gl 5bas Pas L Ols oo 1y e deon /0 50 (5le L (Jls Olge ) e el SO 35
I3 30 Odae Ko 5 8 kS o g5 1 Ll Sy 55555 o5 5lpa Ve B Sla Yo 0= oS 5 S
wops Gl Loasl e p@,"sﬁ DY) s s b b el e p SLS O U £l
ol o8 03 Y3 Y0 s LT a4 (63555 Odes Ko 3501 oT cadal 5 day (JE 5 Jo
Lol T 5h, olSKdne slar s ulide onl L3 olKT a3l o VAVA)AVY Jle slaceas
bl s G gl 03 S o bl 5 Sdae o3l & 5 e 5 SRl 2 gl o5 5 o 25
aapm s o5 a3 oY ) il ol s e dle 4 ol SUdlS 5 el S 5T sl
Gl s el 5 e 3 DY YLl (S Odee sla 4y e pled 5 a5 e YO (YL
OLES Gl 3T 5550 53 g SIS a4l CulS= 5 a3 G 00 L Jslrs (93 5 511
S ks o Bl i WS oy, gl o5 5 Caw 50 s 4 015 e oS 5ls sl
Yoo ssde 4 Y| ol ab s Olpe oS bl 3100 adls [ 3a, o3 5¥s Jlga Yo Jsles
2 g nd 3 alep CiS 5 sl (VU Sy ey Y5 gk
s &l 5 N3 V0 s 5L S5 Doles 3 (Kdes w5 e 25 2l Al (sl
Slhes Wl fall L sy dals SHU s oY G\Jo’::.w\ Sl o5 o Nt b eSS e
g s 5 A 3 oY ) sl (Wl i Gy o 5 Dl | sl s WS s (2] Sl Ol )
sV B A s B KaslS o5 a s bawysa JS 5 o5 a s Vs £/0 spde s il 5 sla
o Ol Lo a ol 2208 Wil Slar 050l W5 sl U Bs 2 e b e SRl
S el VG (gl b g ol plail Ol o winy ol 53 oS ol B LeS 555 oo a8 (g IS w Lo s

@C‘f&w\é\ﬁ.))}Tdﬂvﬁ‘ﬂ&m&&ﬁ).’}éj‘é‘]z% o A Y s

0\Y



Ll @) b Odre iomen ol i b Ao 3 Y B V0l Sle @ 5L (e Sed 25 P
AL 5 (el

A0 sl sy OS5l IS al pw wysa 5 el s Ole aldian Oslas Sl (Solbewy 3
Sl ol e TSl Gl Sl e 52 F01S Sl s I Sl e
Syt b e 5 A 53 YL S laausa b ol Odee o501 il

YOr(ooh) A5 5 5 0o 00 Hl5a 000 0,3 L aS S 8 Qs o3 9o ol sl O S 53
el 05 13 S e IS S S e 3 s L8 T B e LaS nS o b sy s o5 Ve
Al ol 4 glode S5 slacS o Sail o ol b oS ghls 355 4 40 50 O3l
S LS g a g oS o B LG sl wdls JYs e 0w 5L LS el Ses e s
VL ke b odee S 5 il 3150 d ol B 1 le e 3 OF OIS
moly Il e B tle SU LenS sl Olsea 4k 5 358 2l gl bl O e
Ddee S Jbo e (o (sl (Slalons CKila s bl e 1y Odas 3zme A5 5 (6510
el 0313 a1y S S

Odne Sllad 5 s b 5 Fge Jul oo

5 ey w8 b 0dae W5 Gl o - (s GlausSB o4 Ol e ) Jalse
3 g0 Glivpemnds (I35 5 Flarrl (g3l J s SISl 5 sl (Saw Sl Cunss

o Jelge

S ale 5 ge S Sl ks HLS LU Caxd e 3 26 ST els slse gl

’Frohling
0\¢



(o515 b 18) Lal 5 e STy el 5 150 & e SIS JUast .

PRt 3 &;ijjﬂau&\)c))w O S 4 o s Y

O ol yar Slpnde b Ulpe b (655000 allae 53 Jaeacons s Jasl 15 Y

S s S 55 5o Uds sl S ol a Slmas 3 oS S0 53 Odan S Sl e o e
R PN P PIPRPP-S ] I B VPR VO C b| CX IPCH X WU PRUICN [P YL SO
Joer 25 55 o8 el Kl Odae ASle il Lt g sl S Wlg e Odae ol
53 Kwdley Oslas 3l (6ol S S el S8 S S e o (:5‘) S J S35k e
O oba,ed slaml s JBj ol oty dian Koy Sy slba,gs 4 Cad> s Ul
5 eslr 3l s pms JS Gus 4 B s 5 el w508 S8 5 Sk JolS
53 3Y5 a5 Gl ls 5 ol e b la a5 poly 4 0Ll o jias ol 3 se la )
& AUl 5 sy L3155 e 355 5L 3 Sy el Gl WelSs 0 555 00 S5 5 iS50
G50Mme Slles gl Sl s G daolSs 5 Lose 3 Lpd et Osbas 4 (o 5 5b
O3lae 355 o o ge aiy 38 035 40 4 Shlse ol pled Ll DIl 5 O30 55 Ol S e ol 3
53 g b Oslae bl Ol shy g adlie 53 @ls S5 s Sk e JES
S 1y Lls Gz fowe B ol 51 (6 20 kS Yoo (gl alols oS 1) w53 S ailae

Wk adla Al Ko GlaslslS an 53 3 Sy Jame 5 Al 03y pllan Bl 36

oo o Sl s gladkie 5o Al Ks 51 (So5 pb oS g 0l Cogme L3 Ladle s IS

'Balmain

'New South Wales

rQu{eensland

Jpopulated regionin the north of Western Australia(Pilabara

0Vo



http://en.wikipedia.org/wiki/Western_Australia
http://en.wikipedia.org/wiki/Regions_of_Western_Australia

s 53 5 e sla O e O3 5 ks, b ed b (bl s Dok dys (s peskS 000
Les 1 OF ol Sl a8 I 53 )l 55 (Ol slassy ) 318 Sl am s 80 5500 55 (glsa
a el Lol pl 53 Cdlg e oS e iy e (Cuised) oAl St s ys T s s
el by el sy Wzad 5l el K Slslo s e sies Ol OF L3 osdlew .S cled
KB 5 2t 53 B a5 0l OF 53 15 Sl s oy 8l S GBLEST (6 s (g3l (sle 3500
s gy 5528 s 5 S L el g s

slen Al SIS G Jgeme S SBLEST S ploil 5 (63 5eme e (L3 L g 5o
00+ v+ v 5 A 03 paasd ,2kS VO x 1/ 0l S5k o3Il &S s casS al Aoy e 5l i b
oal S ossl W5 53 gVl ansa il 5l Jlaxst o S L s Lucials ol KaslS 5 0 peles
Erleeee bl GG g0l Sallad w p 0 (6 e 8L (6l O 2l sl glaeS L5 L e
23S 53 s 2 L Sl 5 s sl s Sl Bl e Ay Glasla)l 35 LS G, s 5
5 Odne VU Sl slacy 3o bl Jrll Jle sl baslsjl 3l s 6l s My ol
(ot 5 bl SKs) das iy 1 OF glacstla s

Slkes gy odls 3y ol ol sl 5 sl s SRS O VL 5 e ) LS
L oalels SVb (gl e il (65 STl (S500 5 «SelS le Ol b 5Ly,
sl i s Lad o o2 Ll e ol S 5 palo (b o alo L e S g (s o atles
M5 sl DUl s 53 Y5 Oghes YY0 51 20 1AV Lo OLL B o aal b il 35 550

o\



(A3 b 5 SailS UL w5l o opl 3 oS s 2 4 o (3lw o3lel G o lis o
S8 Osde Y0 WO Sl LS S

Y/0 Ui s 55 S5l Ab,1S 5 e (g3lueslol shite 4y sl G5 aslo s JY5 8 Uslaa
Sl s Y5 Osdee W palely Lot gl e O gie ool 0 w38 o san Lo Vs
28 Vs Oghe b0 adlate l 53 (SlapSns g oY wpa Vs Ol NS Ly 8 5 Je
NSRPRUS J PV P S CH PR o PR R RN 1 Ly PE VN EC R SO e P G
il as s )Y O ke AYYY

S ey 55 a5 adlate 3 (6 gt i ((SLa) 5 L oalely oy oo 4 boss e Lzel
oot 5 ol dels b s g al 2alS N5 Oades YYO L e ()18 Wl jr i 5 s
"ol 5 oal Kasls o5 a s Y T LLE L) el e s Y5 05k 00 51 22 FOBL 5o 4
sl s edle das S 1 Lalotla s gl edd G 5V Oes YYO U (s a3
el 03 B LS g el IS 5l e Jled s o) Sdme oS i slanis U
.v\s:ﬁuﬁ@'}w;\

S o b Ul sy Sl 5 ol s 3 SIS Tren b b ses o35 o dia
aeslin 53 C3 50 8 (6,00 s5le 4y s e 55 G )8 Ll (65,0 4 U Ll BL plasla
horon S I a0 LI WS ks e g b ol b s Jlsds il IS 60 b

ey o $05p5 e OLS Sl 5 il lassls b

) .
Dampier

r
Ham;rsley
pellet

[ARY



S Sl oS ol = sl VU s a5 Dol K5 5 e e 55 IS (55,00 kS Ol e
W ladel s 5 dlralrl Gl auza SaS OIS Joe 4 g3 51 O] el 5 iy alar 51 2l
5wl By oS amdlslatlys s IS glaals 5 sl wlKal IS glag o i sl OT <l
8 Sl s 53 g Slacead b Ysmne 4 30 il e SV TV s 30 A oSS
3 S e s as e Oleds ol elod Gl S ,8 o 0 as e sl el &) s

sl o plosil ( Jabie (slaesl il Jlizil g G55 Olge 4 1 Lyl ol pled Jdes oS,
53 UL 5sis gl Ul s Gl 3l cpman 5 Ad Sl ol Bl el Tl as
o33 4 a5 b Joamsd iy a St 5 e au e ol Lol s Wl 0Las A w8 L
W25 B 5 a8 Sl S0 S sk e A Il eSOl 4 o255l S0

DS GX B ) e 20 shS £Y0 Lalie cpal Otme G gl s jam (s 3Laeslel Olsn 5 5000
Ohigslasl Cgr 4 LS 3 (iS5 adyl wlo e VU slaaga By & S8 Olg e L
5 Ll AU 5 KT Oslas L3 s gad OF slzl & ol 35 Sle oS slse (sl 3 Jlex!
23 55 Lpd S Ol 55 5 0l p )8 Bl 53 318 li 3 = (gl 55 LU Sl g
LS s o 5 JLSlas 5 Ol o3 51 SOISCEe 5 35065 g s (B3| ahos 658 o L0
! ol OIS ume B 35,8 415 13U 5 Wl aal 55 (o3ls 5 bgas b osjls 34ms Wl
S gy

SIS dae ol oo

s S 03Y e i (555 23S e U One (3 sael s 5 e Jule

Wil 3V ol Koo il als 08 5 WelKs 3 (oAl ol s WIS Sls adSS (sl

0\A



At Gl Wl Slesl 3 oS o 15 01 5 03,5000 Shed @ (Ko Sl 6l 1) (s
Ll S e ¥ L3508 3LS ed 0 ol ST 5 035 e 1 45 (Al Ko One BB (5L
6l ls il 5 Sl sl o b (@313 0T 55 Trammin & S e G i o il
WYoon pgs S g 5 i Toon Jal S gdidadlsy S 8u Jomyy ale 6505 55 5 iy & S
s e @

gl 53 g0l 5 sbeeslr b 3505 Gla S 5 beolr SLOKG o Odas 53 (Joms (31555
Ao Sl s,k G ol b iy oS08 e e 315 58 emanas 108 e 30 5L,
olin Ll 3313 1 oo SLlS sl Sl 4 s b 315 3 adbly e adss oo 5 4oLy
Al Ly sSU ph b g o gd S 13 S e L oS e, 5SU o tege Lyl s ool
(gloss b glaS)) Sl ¢ 5 5 S @

S Lol Culs 55 5@

s s (K sl Y 53 VL (gla 3153 o ol 6 jhu a Lot (VL O Sl @
She 25 s (Sl S5k B s el San 6 T 53 o e s @
Al Cslae b e3Y VL Sl b KilS sl 2l sl gl A ol

b e ey dhuols (ol LaedeS 3L wilas 4l b SLSlS 5 0,5 ys e ooslis @
3 g

Sl Slles SaS w0 Jials 5 ogmw b gl SLlS 50k, S s K Saole 5 e @

Sl oo a L

'Sharpness of mineral cut off
0\4



Sopen g7 Ol Slie |l olSn SIS s @
o st b g5le il Sos st wazmg b S L Odee K Slasd ol @

Sl — golail gla J xS

B3 s S il Sy slaeS 5 s s S350 Sllee ol s3ladl glaes
CS b o80T il S S 0 5 5 2 sle ax s Mtees ey el 3 0l Jle L Sn
slslal 3 s Jols Ygons o b (pals 4 120y (la sy S LIS OF (53,5 2 Bl 5 0 5 S
Sl B3l b s e S8 5 Sl 5l Jlais) Colb 3 g S0 Lol 03,8 ol 3
S el ol ol e S s el VL s L Jis) Sl ) L e
L5 npls Olpn 3L St 5 85 S8 0w n ol Cgllas Ve 0 Y B w8 s
CSolie ool b s pa eSS 1y 5 ol b peme sl (S S S 08 0 SGLAL 2
XS By L 55 el e b o5l b SedlS (6 3l i b lp s s sd e b

Sosm 93 ol e S35 e s b w53 ol Ol5 e |y Odae gl Sl peleas | gair
“ 4yl o il 5 (S5 4l1 Cillne) oy laes 5l L (slass S aamn 5 Cilliee 13U Lo 5l
s 15 ol oS

S 2ol S le e el 5 ls 5 s ann 5 b 3 la) 58 s lew DL IS o)l 5
S 5 3 b Ol s e sy slanel il Sl (8l s D 50 4

JL”“WLs‘JJ S VOO0 CJL"“J—‘L“Q)U@ f}"ﬁ"j@"b..rl'@"‘ S g M)L:.-‘)Ugd.;l.ajw LSL“

oY



CS ph Candy 5 B8 g o ol LS SIS Jg Olge 4 3 sm opl 4 & ol sl L
5 e DU 5l 528 (gl el s ol 48 S o gl b aol it bt ey s | Joms
o) lo s B8 ol e M8 wle e S8 3 5 355 0 Jeols o s 5 (Js S
- o AL U zal slasl e Sedoes laslasl js a8 Slulas! 68 00 Kl S50 5 028
03 50 blimes ColiS H6 4 adlS 5 (e oS 1o 5l oS sla & il WL s
ol (S Il zils s e 5 L dible okile 3L Oladl 3 &8 Uil
32 slaey ) 5 bl L odaly s placdllbio b cd (SKas 5 Odms o)l gl 2 5
AL ol e (el 5 iy Sl gl ol So Il s So 0 das 5w S 53 S i
iy gla iy e s Sadl 5o 5w (S 555 (a5 00l st 4 Ol e o)l sen
038 spdoee S el 5 S sl W aid 53 il o3l Bl L3 solSSuns
adsl S8 a gl Sl e S alasees s sems AU s bt & Ol g e
L ol o i IS 4 b sl (555 Jeol (9355LES (sla ey Al 55 g Ll o 0l S5
Wl 53 adle A5 GlacS 5 51 5535, 850 555 alsl S 4l e 550 53 b s uls
VY/0 5l 2aS oS s o3lel gl o (o o 5s Vs Yern Bons) JlSa o js Vs Yors B \You
e 5 SIS 681 Rl les S e ls 501 (G 2 03 SV 0) SBSs a s Y
L oo osliad Jows dol 5 iy 5 CIEN S 1, plaesls WL a8 3 5 il Cu e SO e
Al Odae zl el 51 1S sl el e Gl el ss i S (Gilaass s el 2 0

VLY r‘.ﬁ\ ‘C‘J’JJ J‘u"‘i ol w&ﬁ L;LAQJA &Qﬁ mw.b\jbu

oY)



G AS 8 sy Soge i mbe Gl g, Glra U Al e Ol ol S
SN Glas Sz Oslas miny o AL andls e gl L Ll Ll (6,8l e ses gla s
glaes o ol cow Lol edaline 3l b Kas S 5 T L8 65,0 Wl des 55 blas aen
S 3 lanaly a5 L3 6l e BB Slles 4y Db (B L p e D) S
s 03 4l 5 oo OltioyS 3 et Clual b oS Wil osls yolaanst] 01, (ladgas 5 oo ses Lol
o e 5 Y Slsa

Ao gle S8 5 J S

Vsans 35 on o e Gno b 53 Gl by L2l S aomesns J S 5l
sy o dlesl (6500 1 OT Oloy3l aeoss s b ILY O3las 0 pls (S am 31 (shAS J 28
Wgni 5> S a ol DU B 5 e 4 Sl Jlo s il s SUL ssele K pomen
Ol J S Gl sl Ul b aysis =0 edd Col pgee OG0 (s j oo
o a5 55iS 5 eh Gl 050 i ladle s S bl 5 S Co sl (KU
plad LS oo J 1S Odne 2l seial a5l g5k o 1) ) o 51 AS 5,08 050l 5 5 S
Sl acr ke ol L L Wpd slily et 5 sl Dose 4 Ll ke gla)
S ool Son i o el 0 3 s Laly L 5 Sl gl il wnils GUal ity
b lzee Oluysl anrl e Ol &S 5 gy 3L 0ls J xS 050 cprs b 0kldSSH s Sa T
Cole,y 1 bl Lol e glacin 0 5 (Joe 5o Slalie Lo jsli 5o Ll 55505 5 05 O
I 3 OF bl 2oy 5 05500 mds ) S0dan I8 8 I ol 5 50 Sl sl s

il A 5 Ol S NI Gl b ol 0l DS L S e g ) e il ol

oYy



315 gy g5 4 3 S S Jew & e oy s n 5 3ilge S 53 s S
Ailes S 1, 0BT oS Ol (6 SSdme g2 slaS 13 51 (sobs 5 ol 0l

355 ket dma L wxdls sy Sl U1 5 I il Ole Sl s Wl ral s
53255 JES s ol 8 Lt 4 el Sae Tgn 5 DT (ST Ll 05,5 0Ll L oS
(s VA0 VEA o)l 056 Wizal 53 353 00 U8 AU ol cou (Ks8I
b ol B s S Aol 1AVY (Y ole 53 056l S o IS 15 (Kune IS el
Ll 5 3 ) gl 3l e L5l Oslee gl 55 o8 e CIL e T (S 0T J S ot 4 s
XS o Olye cpiman sl ol cpl 35 ol 3 s 05y 2805 51 Coniles 5 tley L e
wilS Jg ey 55 Sl p sl S b 4 Ll Ja b plis pudites s Sppe 3
b ge Odne o)l Slael lasl S w3 S o J 58 b onl o (6,8 Odme ST Ll 540
AL e ad sl S e 0l SL L e 5 5 S i, J S

056 Gy s 5) Wl 25 o J 28 K00 0l 5 L nsas sl 0 ol slaair 51 5
Spds wlS L 3 056 05,8 aod asls 5lals 1 VATV = VAT (Odee Gl Oyl O
WJlo ol a4 L o80T clilu ol 0l aile W3 &S Jlgal & Odne ST IS gk Ll
Sl sl ek oSlel (HlSunn 4l Olsie 453 S s 53560, S s si sy ol
baolas 20 b daly 5o ol S 55 Jseme (sl 358 0 5l Jl ol ol ol ST s
AL andls 5 g

(el b silas ) Oliabl (gl o S50 Olslie DL 8 cl ol o5 o e

Lg.,\,gw b a)‘;-“ULyJA o.,\ﬁacg: CJL:L{J: w‘u&ﬂ&yg Q‘J‘jL\LA cho)QLA.A)J Jw.gr\m‘

oYY



Dl s B edd S e s 3l GLES| A NS oS gl das GbLe S
)&bw|§“ﬁ@&:&.wloxugbﬁ:~ob&m@g)x|aML;;uquan
Colda il ol Uael 3ydme SIS i gl (Gamee) ST osga il T Oljer Do 4
Sl mbe e A 5 0355 bl (gl S 0 S glr 2o el » B oles
NGO yy-S P v RV R

Iyl € 2818 Lkl ORne ©S 0 ame Sy il J 28 o 4y pa (s e sdle
Sl sl s Wlaal w3 elie ol sl auils cilhe S e J xS 1, LS
ol 4l T L ol synl 5l A e IS 1y oyl Slael 5 mpr o Ygems L (6,000
SoSdae 05 5 esde Wlnal 53 a8 o J S 1) Oslas 53 a8l S8 a5 Clils dalgt 34
b Jed s Jes Oslae 3 Oslan plas o8 3515 355 33 (V401 =14 Gslee my3l 056 ((1407)
ol S1ssls s s QANYTY) ol 0506 G 58 Dobes #5553 cpl glp 5 5,8 o0
sbalad i 5 S5 b5l g wdige STsyls 5y OAVY 14) (6 K5 050 Wsss SIS
m el S 1y 5l IS O BB ol gla esle oS 3 5 4B S IS Okl piad Sl e e
G B bl JolS sk a1y s e il Al Odae edkige 58 dal J S Ol n 5
g e 3o 5 0SS sl Ol il sl 5l Dl il il il 58 el

(SYsb Sl b LS sl ade ol aog au5a 4 SLSI 18 onl 51 6k
Sl sbaaspa Llg o o 5508 L UL G D5 03s 5 d5d e 0t o 5 olew Ll

S a3 1y (Slo a8

ov¢



5 LUl Gdas slse 5 a ol sl a3 305wl 450 LT Sl 5 (oSS (15
H33 o Oden STl o8 ks s 5 53 R i A G S lils 3 e Jres 01
(Dl el (il Sl Ol Gl e oUW oDl @ 5305 5 0 o gl 4
sodte Lol Ll Lls 3y 0 5 (ol bl (ghle OLSGAne (Lelaz] Slads) ol
Al (Fss (ol s s IS Sl (5l

o el s e Sl g il S L e Sl Al LIS e ol s Lol s J ol L
03 1y Blast glaagsa L s cls y alpl el u-i‘*"’ Ceoed LAy (=L>u‘ Lol s 2
5 S o oyl ol 5 L BLEST Sl Wl S 5 0Ll me .28 Ol UL Ll
s Oslas (S, (&l 6350 Slpners Wil B 3550 oal 3 S S S 3 el olagl
" S e Gl sl DU Ol e SEDsbe il sla s gl Sl s S 4
Llpe s osdhe Ll o 5 55 andllan 53 & b WL ol 53 05 5y ok i o s 51 sla
il axdls 55 Sl s

Sob sl p gy

wls Zul,lS (GH)lKdan dydor (slao s 5 g Sl Sl (o ol sl b S 0 055l pte
33511 51 dlon Ll 5 e aall b Sl 5 433 5 45 Sl (655 0 bl ol Coli ol (o]
oS sladon 5 biolael ( gly sl dla O 5l 5y o &S g |y Gdee 5 (VT ile
LS 6330 M5 1 Oee Ll 55 s gt

B ol e b b o8 Coslinn il & ssdmn ol Sla 055 5l LS amie U S a8

S SIS 5 gme LV e3Y 5 Coen s sgas bl G ST S syl i | s

oYo



Odrs odige Sl 3 le o sl (S 2 s 3L o 5L 8 A 4 ol 8 G
sl i, 0T L dd e seed O3 o5 &S aslind ailaie 53 (s SlS gla iy 516 558 esls Sl 3
A Al 3 ol Sdae e S (550

b Siladlas

OB L aaly 53 placlS § 5o 00 lg oo & das o (g L los Jhab onl S St
oLzl 0313 5 (sl ool Ol AT ey bl 3 8l Odae o 5 (3Ll Lauls s Oidas
S Il ke eikige Slaghan Gl (sl Kl e DLl syse 3 poler LS 5 3l s
S ik ails 6y51eifs S0 KI5 e delys 5 aaza s s Slalzil 5 oo e Sl o)l
g g e3ls OLES 5 eslu sladlis s

Aol s Sl SV g0 shile pl ol sl Y5 e Loy s Vs Vo Oee G el s S 5 3
Ghos YO last el s s gdheoys Vo gl Ll o 2als Vs Y w shle o KT 2l N5 A

e olis |, 6&.3 LSLAJL:.& 2D djv\"{y;’u-ﬁ e g% Iy a3k

of}MWdLﬁ}ﬁijd)J}

s sl Ao sl gllas sk PP el s
sl Sl w e
£ ¥ Yoo TR
Loy VO S Aoy YO Y. 1 q. S alys o3 Ve
Loy 00 S Lo 00 Yo e As J;.ASJ.AT): Aoy Yo
Ao AO aS ds3 )0 Y 1" Voo e i 5s Ao Ve
Aoy Ve S Aoy T YA VY Voo i A Aoy Y
doys e FeS s b Yi 1 q. Voo geS dalys dwns Vo
St doy 5 Ay

LQLACASJJ:_))EA“\M);Lfo)‘ﬂ@uJ)yé;awa}:&Mu&)b aJLwd}.,\e- UJ»‘

oy




oo Ol ladlas S g

o 3] 23kl S g w0 Odre e 5 (Wl W5 5 ptir gl 2 Slles 3B e 3) el s
28 e el a3 ) s o i o plde L ke 4 ol Sl oLl
slye Slacnd 5 odul J1L Lsy pseal B35 Gy b il cdl sl s SUL slad s
L2 3 5aS Ll A3 bl Ol T g Sy sl K5 5550 5 e dlie T s 4 e
S e e e o i s IS Ui s bl 53 O s L3l 5 b

..,\.AJL;G CJJ: b QL:SLO J)jiﬁj@jﬁm’déu&))‘jbj‘)ﬂw OJI L;LAJLMJJJ 649 LJ:JJ;

' Brown
"Miskelly
"Willsteed

oyYv



03,50 23 Jsder 53 SIS slasldls Cile plgl (gl eslinad 350 403 sla SLS Jol b

lads
S e 4o D e abold B
£0XV0 V0 xYo: Sz o
)Y Veoxge
Texq e YoaxYes s SU JAT
Yoexe VooxYeo
\ 05 O x) e (ALO3) s s
el YoaxYes
Qes Yoo Sl (M0S3) a5
Voo or J3la~ Ko gty S
b 4 5a

Oles Al o Vs s o dls sls ause oS ol O 2 (LSK0me gla aua sl s

e s s SIS 55 53 s als (M LYY T L ST) wdy el b (Jlels sl

oo Vgame &5 L= OF 3lass o ssl el 4 SHK S, ol Sllas S gla ausa Ygans

sw‘ﬂbic&))dﬂjgmdww&uw‘j)b &Jm‘j&?d)b obu.':.w\ J)}ALQLQ

5 ostae loo 4 1 gl e 5 (et 5 s sk s L e Aoy () 1) e i e

1l el o.})‘jI od>le C)‘YL.{‘ BE YAAT

SEAEke elid ey BLIST 5 pr (o (o8 Sla asa s ol )

OYA




fre kS 5 Naor BYe | bl Vs Vg BV a6l e
=
S N> 00 LY Ll ¥ Vor A sl e s
sl
=
2 o¥s V0B on Ll o¥s YA BV S
et =
LoV Ve G Ll ¥ 00 BYon e il e slalS
S = )
350 2 ¥ 800 BAA ol ey Szl

g(wbﬂL},u,k;ﬁ)cﬁ:\sﬂja}&uﬁ@ygvs,”},aj:;dumuﬁ o 1 b 655

oD nd 5 63 plen b 85 sla Ay pa il el 63 5]

ledoy adS ol Y=Ydsd 53 55, o

:.up@ﬁjcp@;&»du&wélﬁ),ﬁ”,\y

s S5 2l X3
GrashS o N3 A BY00) Lle o N3 )Yee Ggon N/A ks
GrashsS 5 Y500 5Y) Lle o s Ve Gow N/A IP- S, =
GraghsS 5 ¥ 1YW B ee) ble N5 Yer GO GreskS 5 Vs g0 510) Lle 5 ;N> o LYo bliss

(ﬂ};]}JYJ\V~U"\O)JﬂufJYJTNU\~~ (j;»j.\cff)ygf,'\.?\o)&uf)\]:'\ob\" ’L:";"}j:g‘

------ (ﬂ}l:SJJ)YJi'U\O)JJLGJ.:)YJ-\OUY' Y

PR

Sl ausa 5 ol gla ay s ol owr.u;; Shils slandss sla ausa B3]

-

.GAK.L&LU'T

(o kS Vs 80 BY0) e ble o N3 Ve oo

ol 5 gleddss o o

(@Jﬁfﬁjl:sﬂ)YJYO" Uo")c‘fﬂ‘.}:{lﬂﬁ)‘yj-\". Gy 6[2'-)3 L}'.’.W};}@j}&

d}@ﬁJYJ\'Ui

Lo 4 g 4 23

oYQq




co.)...jafd.}- lea) AlS sluws ‘K_i:»\ﬂ L‘.’.‘j‘:’ MJLA;L}@& QM&)L&} LQLQ Lo Z,é#} 6)\.5}

pUl auls ol la ausa 3ol sliie 4 LS o iS Sl Solge 5 Candsanel Sl

g BBl ke WSl e 5w e

(JLOJ.{)Y:/\' UV')CJ}AJ,{)Y}YOU\'

(15 oy b ol pod) uloll (5L

(J;Aﬁ)YJO' UY')Q).EJ{)YJ\O G

Soss ol

(J.Zﬂj.g‘)YJV' U\O)Q}ﬁﬁ)&}\' (W3

Sl o ol

:c,..q\ﬁ)'Cfiau.wﬁ))bgéaia&;w;ﬁjguﬁ\éuwpéu@ﬁ

(ﬂﬂ)‘gb\"')g:))éﬁ)ybvﬂ

e

(JLAJ.:JYJV")CJ}.@J{)Y)\"

F5 A

(Q&Fﬁ)‘ﬁhio UY‘);‘A.{.AJJLLJ{)‘YJY’O Gy

Sk

(g.,&ﬂﬁ)‘y.)/\' U\')g.,\x&d.))liﬂ)‘y.)-\' GV

Ko

Sk el ol o, an e dolee sl 1 OLAST Wl s Co s SO 4 g L

ISl Gk 5l BLAST ol &S Shse 50 558 e el ool Dllas b 4 SL e

Syt 3he doys 20 L A Bl L5k e wyps 058 g Sl gl 553 sl

Al Y U E Ol a0 b ages 435w 3a LWL (ol Ollas o815 a5 05531 Sy

Sy LAl (golem aysa 4 4 ged

oY

25 35510 25 Gllae 015 oo o b sy s 5




oo o N30 BV/0) gs o Ns V0L v/0 Ll s S

(J;.AJ—.!)Y.)-VOU\/O)Q).Z)J{)YJYU'/o L}_{_,J:g\

(J'«'.AJJ.)Y} \/0 U'/V) Q}éﬁ)YJ /0 /Y

TP R

(e Ol B8 G sl b fud e

Syt &S Gy Oled 4 Sl (g5 ,0 i Ol G35 3518 G sl 5 o Juad e s
S g a3 55 Sy e (S e BlAAl b 2 b (S5 @ s 0wty (5510 ne
sad o Jels 1y 5 cpsbie 5 b b Ygene s OIS 5158

S A aedas )

5 U8 5 Jem (s Cand s (oSl camsn )6 ¢ B1S g 5 dpa 5 O (e 5 ol ge LIS Y
0 S

Oladllas ¢y (g3l ‘p"}I Clasle Ol dlas bl (gl Lol ot Jasee oy Bl =Y
BE KIS N

ool K s i G litle e QLS Cdlil oo i e ol ge —8

Jle (610) 0,553 35 5 sl armloes « (ogr 2) st 5 OLEST Gla Loy, i S8 plsb -0
5 Ol (85 o d ¥/0 0 Lo gze Jle Lo (6,8 o3l 0,23 T 0k Y/¥Y LST 050l Y70
s S ks

ol 5 sl osbel 1 g, unn o

Joe 53 5l 3550 ((ean) Mg 1551 5 -V

Sl b oo (15 3) meba DO 5 Dol 5 VT ile 5 La ol —A

oY)




e Ol olad s e

5 6ol Olexstloe bl JUis! o o zees gla ol Slay O (6551 1 SeS 5 i S lges -4
et
(oo 5SSO LIS o il 5 sel) e
b s b ol dagls glaslsyl 3 iced LolE 5 4o e golaBl g i ololL-)Y
Sl u3a (b o 5 ol oslel IS 5 ites 5 andtes o ausa 35T e ay e Y
o 5 b JB 5 Jemissl b
Solr A5l apmloes caia b0 03 Ol e ap (g ans QLS b5l ieslal oL
Cilises la Cad 5 Ladsle Slus 5 (65505 50 dm ot 135 Cpani— )
Com 5 robae ol b had Cead sl s b 50 ey 5 aloms (sla g5 Il aslsl
Apd g e (sl esla sla e W o3ly (pl b ity pL] S diitial
S Sope 551 Aoy ~/w)gppw@ts)us@j;jc\;mﬁ dlg 5 =V Jlio
5 4o A olg oLsL 5 (oSS 2 Vs VW) Wy i VE 0 BliS 55 e s e
eles 30 2l (5 Y V/0) S S 5 o ¥ VA lg sy au e
LT3 b Sl = Shex bl Xagdx Sor S 05 3 Ly Yoo
=/ VE /ATXY e = AWV S o 5 )Y
Spw=dal s —asa = AWV = VATV S8 o5

S _ 6/8
Coad X L5k 0/74x0/92

=9/991p/ST - 9/99 + 2000 = 0/5 .-,

L-le =

oYy



15 Jeol s 68 (ol 53k 0 208 ) Sl ()l g b s o 2505 oa slebl Ol
S 3 055 o3 el bl & alien i OISl Sladllae il o b wy3a (o Sl i
Ll alo e 5 g o 331 0 0L 5> Slagenalidry 03 OLL s pss o sla 5
55 Sldllas 5,8 o b rme a du sy Ll 3103 S aieS 5 35w 5 el pd 035 aniio Cida
o o BLisla s o ey 13 e b pes (3l esbel 5 b e slsl Dias pee I b ples
25 S 3 ks G sla Olas 5 (6l 2 0 5 3l oslel 5 BLEST sb s o1 e L
o3 S )| g aS 55" LaS s e Odme e mBly 055 SO (Slun 13 sa ol s o3l OLES
53 353 Oadee Yoc o o (e Ol 5018 Oy 51 3 o8 Al anils a5
Do T4 O 51 oy 5 iy Tl gy 0 w38 Y5 Ogken YO g 5018 5 0T eSS I b
.J;)Sptjrif)ﬁomw\(&ﬁ&.ﬁjfi)'\mJL.,;/\/O))’YJ

g Al sl 25060l 5 e

o9y Ll

L1 BUS e 5 o 2 S el | 5l o OF bl s (615 0 0,40 3 ool 4l g
Tl Bl S (o 5 s Lo (olid ey (S5 S Ll (ol Dlasie
DL o (s 5 a4 5a (eSS Ge a o3laBl 5 b sl Sl Cus e Cule s Lo
alsy dils s aas Sl L T ot o else s 4 0581k a3l o5

it

'Nilsson
"Bougainville
oYY



Sliast ’u.»,a..aV é 3_;3 Silw oolel i SISy 0y
3] ~
9
et ey T Em IR ‘
i VAVY o R
Elilse o aid iy o adnie gl Shis! 313,13 e i
. ¥ ok cemmse
P ke -
o) gal8ys ) JIJ"/
LR ,"
A0 s &u—'—l l"" e sla,l5 /Y,_[I
Slas ey ——— g o dr..
sl—a 5 ¥ L, ar
o aikis eels £930 e ol oy pladd (i
igo '
53 a Saily yo 4l l' &
! L
) <,
; 25) alizailya # :
b ala u.nlo il g - L—“L’:“ s "" o Xs% c"
= !
ady) 15 plasl i ?
P !
d (h) iy Eaps a2 Laal N
bl L ]
y SlE —J 'o'
olazil gl ) e b 3 S S
I 4_'.]‘)_& " F T
. ¢
o Sl e ~&- ’
J;‘; SN s N e
S S L5
% ’ . 5
JLaus) . - J 039 ameyi
'I
- - ——
M L A A el A A e & e e
VapY 2 Y £ v\ vy 7

Lf)j.))tj‘) QM&LSJ&M@'LAJ}AC)W‘}&)LNA}LGT‘}QLL:\S\ djb)} f‘} &\fﬁjﬁLj)‘\J{.;’

(» «.5 Papua > Bougainville oaxs) s

SLREl s Fae Jul e

Gl sy bl 3 1y Ll p min &S LT Sl else cpl DL ol Slaseie -)
Al LS 0953 53 Ddme aSS sl 5 slge JWSl L) Mg b b (e b oda)
AL e ol o g dax 51 Y|

(Cwles b gLl o5 4 olal) o3l (I

(paaliesl 035 ¢ e sl &Y) S (&

(ot b Sl (plas g (7

Sl S oa 5 SIS LS oa b ey Slaseia s b Of 5 s e Jal 0 Y

dl}:b‘ C\J?::.w‘ arﬁwu&b‘ o}i‘)d{c&‘j) ub@\f(ubﬁa dL&A))L\M}SJ}LN a.L;J;ﬁ_)J

ov¢



oo Ol ladlas S g

Slosshe p ool STl 36 ad U8 Gln 5L 3)se MK e3sdos 5 bl L
Sl e Ozl jo bl Sl Jge pnedph en s el (0M0e 5o o Sl 5 28
ls yb Lg)ﬂjé Ol g

(LadeeST ilie 53 Uay o) g) ol Ko 5 il _SS(I

(o slo S (ol gba 1) plas o5 5(0

(8358 sla o355 o (Sasplids 1S s ) SLadlS (ool (pon bl

(JEs 55 55m 30 sla 0355 la SIS 55 515 e S 5l 03,5) Cind lomdn(s

(Lo poegblio) (Sojlpm Sl Sac 2155 (o

(S el o S o0l e) ool DT 5 a3 1G5

bl pa 5 Gire o3l b Slopast ol (S 5 S SGK) (SO 55 Sls g -
350 53) Ol ok 1S ys sl Ko 5 SLSlS oS (5040 g Alas SOl Slo pasts i o Jals
Sl b O5lan 3 Dl g bl s Jale 5 ol ns e |25 1 (S s,
i fen s Ooles 53 (Lw 55 5 GO Dol (5 IeSL) e iy ans

(o8 5 Opol gy bttty SLiSTL olndl o fb cleslie) Slts ol = (I
(U5 2eSBL 0L ) StV S5 b (6 e 5l (o

(2l il 51 6 W o) i (i

(eSS by 3l oalimad 05 Wl lisl i) JLad Jlis 53 oUls 5 oST 5 conslia(s

(b Ol 8 i 580 Jlss (Dl i o asee 035) (Susd o7 S0

oY'o



oo Ol ladlas S g

b shae S SG Cadbge oo b S e & Sl 3Ll pl ulg 55 sl oSl 4
5 iS5l o3 Sl Ol S gl pwidd 5 Ol 1 36 s & Jalse (S e s
S e 3 e, ol s s

Gle s 51) b3l

(Ol d=ly g3l & A 5) W5 5 (o

(6135 005 Gl osbel ol 0)53) Odms =z

(St S8 » o b gl Dby aly 5o S8 8 G il 4 W 5) A5 0ls(o

el la s ln gl Gl alis gla g G

Lo e pd bl b gl s s b bl (Bl 5 BU e 28 el -0
Ol cal Sas By el Je s S game OB Odre 53 OIS |y ot ) K Sl S
AL adls (s 5 ol b ) e Slkes o Sas

(555 o gl ad Ldly o LSS 51 i) Odan s L(AI

(Sl ol yan s 2| sl albly 5laie) Gdes o3le b albly DO 4 S5 35 (o

Lyl s b s s ady Slasl (2

SeslS 5 albly S8 55 oy 055 bl S LBG

Ll 0,8 b3S 30

SO 5 arle il ol 510 O

—plerrl = ol Lyl 5 Sl (S e S Bl LS 6t e s il 1

Aed Sge C\J>w| sy bl js s galaml

oY1



oo Ol ladlas o

lalas JolS (106 g ey I S( !
et e 30 A AT L (o
(Casky 5 SOl JaSeds J S se) 15n a0 b e il Jus(-

oYV



gl e Gy e s
(1) gos 0 32 s o3l gl G A ) s — (e e w5l Sad
Yoo VAAY 208
Y
0 Ve S b S = e S
Voo Yoo KPR @S S = e A
b s S5
Ve Ve SHE e Sl Sl = (b -
J J S J; A S = elan S
0 0 RIS S &k O AT S
<o <o S sk ks K8 0 SN e B g
Ve J 5 P Il Sla dyles bzl pnal = mlan S
i
J J S ERENY Jslos b dyloms b 2l pzal = la s
&
Y Y bt ¢ Jes w5 oLl S O SRS -
Vo o S e al o8 SIS 05k SR =
£o o S b @l bl EEVENPRY 325 =
Yo £ G sl ESRUHE ESVLITRY SRS -
00 T 3L xST 5 xS S Py -
e Vo b S5 gl SIS L SRS -
Ve Voo sk ST S SIS L SRS =
\o Yo Ko JE5 Al K 4 A VSIS e
Slib s oo 55
Vo 0 sk _ A 3R o
s
Ve Y S5 Son e A S S
SeJes e A e
(Csew
Ll als Lyl semle 51 RSP
[SRECEN(EY S s
S Jies Ole s ol R
S dis eedns 8 s o
b S Sl aps RSP
b N i N
PIES P R oS
G sk S Lop gl o

oYA




(S350 axlllas g

(O Ddas — (535 50 andllas

059 = 3 S s il i Ol anlllas G 55 Ol ek S arby Ol Ol (gl
Sledis ;i o5l slone s andlae ol il sd 61 b2 )lS 5T Jl Ol pmeils 10
33 0L il e b dolie 5l b sy s S Loy 3 Ok JK6 et
i s o5 sl Dl gmils Gls = b 5 Osis b o ald s 6 S 0L L
0315 1,5 5Lt 53 5 0Lyl 035 e 35 g e e BTG hile s il 25
oS K Ok sl S sl Oy SMb

K L Ko aalln 4y oS oS) Oip by 1y 355 Odae K0S 5l andlles 55 Lol )
33 8 s LU 5 sla, oS .ﬁuda(»ﬁdggm&wb Cowgd Sl 4 g Codils
L 53 ad e BB a5 gl Aal BB a5 -)

DL 03 4l e BB Jgaame sl =Y

e Slkes 5SS Gl Sl oslel 5 Sl apa Y

e Slkes 75 G Gl M5 LT Cg o3V 0Ly 8

ol e Il Sl Slles e aupa Bl e Slbee 2 5SS s A e 0
Bl e B s Je OVl sl 5 ol Al el 5 e

ol oS ol st aals 2l Yot S8 s ol a2 5 67 IS8 3 SLlS e ses (S0

S 53l o el 5 s S aesS (G5 3 5e i) HLslS S sdalis oK

' Phorphyrion
"Poseidon
"Windarra

‘ Samin Limited

oyq



(S350 axlllas g

sls ol 5l Sladizn 5515 S ssse 0l 3 el e 5 (655405 ool S5 Sl 35l
Aoy ) 5l i ke b Sl 5 Ok V0 B4 ol JLSIS 45 ol OF e 5 0 il 4
AL gr 033 g Oids S5 oy 4 S35 sk Bl ae e (e oS ey e 0L 5 ol SO
ol b 5 Gras LS Y L) i sty 5 LS b szl 53 (5l a2l ey o
OLE (ke 835 33 53 L SLlS 821 IS 58 e Gos 53 (S5l 5D o3I b el bl
LtV /0 s sle L gl al 5 (U= Hle) donn ) 5l e le b (6l aUdas
Sl 3 s el do ¥ ] Sl Kl o Sle e oy V) ds Sl Ol
AL e b SKasls il 6515 50 g ol ple 5 35 Al Gres Odas SO Odne ol 6
Lot 35l aadd SRl ol8s 53 Sl oS U358 e ol S L ULy 5 ) s
Odne sy 0 S5 050 1 il ) SldlS b ol ol Loyl 53 0538 sl (sl ke
A dal gt esls b (Vb 5 (3l s3lal (e iy 3a O 3 4S 033y S G o L S
Shdle ol Sae bl 33 8 o (55315 g 5 L) o go Sl SO o)L o s 4 S1s3 S
03 bl spd geesls hdg (Vb sl au s g opl 5o B adls s Ll adls SElS
o315 5 gl Al s iy pn O o 5l e (S Ll il SO 2l s
25 el Sl
2opa LS 4 s el celbl b ol o 2ty ol 5 350 gl Odme ol (S
S e 4 L) asls ool Jal s VT cpile 5l 31 ST UL s o5 (6 e 4 (sla
gt Bl ey e 53 533 8 2l Sl 4l S (Sl 3y 55 (5 K3 SIS s oS

0+



(S350 axlllas g

23l e oS SKslS 51 0l oo DUl Al s sad ials 2 s sl el pl O3 osllae 8
3y B Jslaze (65503 Sle L3k B 3 S eslinal s 2l sud jle 5 Sl 33 5 g 0

2D laie d xS sl 8
Sl 5 led o Sy bl e S b s Ol andllan 65 10 4y a8l oK Ddae kg
5 Gl Ol o 3 e 31 Oliabl a3 Gl 531 (6l 5 dlesT oo 1y ozl 5 o Ss (sla o 3
Sy S S A S das o0l Sdae S cpdr SL3Ll S e pslo |y mi (Gols 4 se
Wil o S5 Aos3 Y10 [l b SKlS 5 Ogho £ B Y 03 (Sls ool pedas o sle 3
asad s e e Bl Bleels il g LT O 5l gl sl Sl Ylans
Odme KeilS 0,55 ad gl ass 1355 oo o SedlS liasiio 5358 o andls 4 ol
U a8, dor Blas oS conl Cllas ol (b 8 lalie .ol sl osls (iulad Vs 53 O b5
Sl g Jlaxst  akad 0,583 ColiS 06 4 ki e gl 5 xS e Ave Sl i s

dal g DU s 5 slasls D 0s 5 Gaes Glaslldls sl 5 5500 5 5 ()1 Odee Dlles

(Lo y3) IS5 ke Sl (05 Osdee) 5L Shee &S
Al A ST Ges BA

Y/ /i Y Ges BB

YV /o e tor Gee ULCHE

s sl Kl s F

/4N Vo/ot Sa=lo 3 IS

0¢)



LSJ)}ASUJLE.A C’"""j:-.’.

Meckatharra

0 50 100 150 200
et

kilometres

aaaaaaa

Malcolm

X arrow gauge railway
eeeeee

Transcontinental Railway

Qﬁﬁjﬁd})}ﬂ AASLE.AQ.:&;).Ai—YJ&.L

I3k B350 tpss ¢
3 s o B 5 S e addllas |y Sler O e 5 Wy Cunss SLLIL OLLLSLS
A3l () Sl s bl s dils e LBl S o s 1 0 dal Ol 5 o 8
5 e o ol Tplae il o 0sd 5 sosl 2 gl a e Jold b 518 055 Ay e
4 23)3) ks (5531 WIS 3 eld A5 e BliS (sl e Ol B s pd e esls plal g
g3 Al Al Y Yo s Olles 5l ol LS 5 s Cad S 5 8 s Ol g
o= (ol slis S stls p adily b Loy o al S 5 an g slaasa)s & ol 0 mlls
Sl Aoy Vo S S e sl U e ,5liS s IS0 slsie 3l doy Vo gl w0 L sl
IV 53 1 EalS 5 o) S 0355 B ke dops Yo (US o Etls 1) 0 sl s IS

.J}i@gjb

0Ly



(S350 axlllas g

Shemlucs S1asl e JV5 VAY/0 g5 Cosd dls w355 fK;A o 5lS o5 s Sl cpl b
o A 3 Y3 W0 T i a5 e gla 4y 35 5 Jl)l (pl5 Coae 4 23S L U1l
L 4z 38 oOel Slilone S g (5l oSl Y3 IVO (5551 53 0y Sl 5501 oS (g0 4 AL
Y Vo3 WY e mlass 551 s Sole w35 8 e odlel (5 ey an e elid
U Gl IS (o513 Aol b ax ST(and S le doys VL ol dsls )il e o5 —
Glo 3 A0 L3l 5,5 Ll ame ko3 40 B Ve oL3L S e bl 1) Kl
A edes le S1aS ol b s ol AL s o8 — by SV Y/ Ddee s KandlS 55
o o2ls SN YV/Y e Uslas gtel s o zlAl SadlS 5 5l Odme il IS das YL
L by s 1 b s Al Wl 5 Slles Gla g plad LS e S S
AL e Ddme 31 2 ke oS 5 ke SdlS 055 bl 1 Lol e (ses)
(,dejaqu)éjlsdqu:fy(@

5 adlae 350 g pbge wlie s 2 b alie Odne G 8L alul y B s 4y s sl s 50
o3lizl OF 51 (g3 paaly &g Olsn B a2l o OT L illas Sl gl Camdy 5 31 31 slias ool
b S e edSr ) nl Bl L e s e b S Sl Sl SUS 1l s s S
A dal g Gl O @ by e SUS 51 (g eamis 5 IS

31 O oosm andllae p3 la g 58 05 S S ke 4l Sllas g, bl el ()]
a3 Sl aly LS5 0,8 500 Ko lagie aaglio b 5 UL GV ols S

o0 3mlS L b SLlS Cslie 5 [S0053 5 e slgiiay 050l 5L SIS 5 05086 AT 5 S

'Head grade
oLy



(S350 axlllas g

Sy 8 pb b 03,5 5 s S e slgdiy (6515 ane 5o e lalllas i g 5 s
Ly o (el (ond o 31 oS (63050 Gk Sl st 3 o3 L) M 55 e el (S5
S elgs &1 e sl s sla Jlr L5k oS58 o, Sl eslizad Lo s 5 e oS ol oy
M\PJ;ﬂ\mijm&ww\ﬁ@%swwwtwﬁjs LB o 4 eSS
Slhos s hiloolr G SeS 4L S (o e (end e 4Ll (S5 e 4
ukﬁt_?ﬂj\.www&fsgduww QMQ\)FGo%&pMJML&}@Tb
Loy 5 olim gl ol sl cdls dal g W5 Sslite (sls 55 L Odas s ytaas
2 e ST b s i e (b pldl Sl 5 S e ol L S Sl
wﬂ;ck.wg&i;}jj4§)Qijzf)ﬁSJ‘-ﬁ\lﬁ)'.aj.:&»@f;AK)jc\fw\éwlczb
A 5e Gas 4 Do) Sl e 5 Ll i s sl IS AL el 5 Sl
st Sp S5 RGBS 0 08 Sded G sy dbB 5 Sl S50 S 4
5305 Ll ske A s el aslinul ol s oS8 (il oslel gl by ol S alad
A= (D) K5 S5 S, cnn g (A gjjowgﬁuf‘p-ihﬂék&w\%‘ﬁ‘&i@b
el A s ol i S0 5 G b s b Wl (edes) SO Lle S35 5l 53 U enled
b gl s S U 558 e e e B ol 51 D a5l S5 B sl K s o al
(ke oo Lo 1y 1oa 5 OSGI A 5 ol i 05 53) L bled a5
ol 0T Jgome 255 Vsl ool o a8y 305 4ol 6,5 & Bl sl 2S00 056 i
ol Ve 3 o Ok Ve e s e e Jleil b3 51 6l Jle Ve e S e S

Fm Ll e it s sl e dlo ) 53 S 05 Oske ) b il 5 £ sl

(323



(S350 axlllas g

3bal o p3Y s Gl B a5l S50 5 3815 ol Lo s 2 T T s oS Oitee 030 (5,50
sdSh b o5 51l (LS O (U5, Vs 4 gl L WS 5 5l bs g5l
LS o bl A S 55 )8 Odme gl 1y 6,2 VY adsl 331 ains opl 555 LT (o33050)
03355 S = gl by I Jle (W3b 0 Soke n ) D oS 4 o (’K'“‘
o M B s C S on il e A i Gillee Wy 5l Sltie 358 e Bad 05 5 s
3 D gy kS a5t WS LT Jltla o ola b 5 (W5 b 3L IS ¢ some ) i
O8Il oo il 5L g0 am B Ll o35 ST A5 Jlie oS 5 S edalice Ol 5 s tile oo B
ijg\mfﬁj,mjom@uo;w@hﬂ@;ﬂswu)wtﬁwm‘u&u
3 Uslze oS Ol g o 331 5l 5l g Tl T LY Sl S VIS s g ol L
DLl Mg 2 b s et ) el 38 S 0l el a5 el plad]
Kl ol Cowlas Sl elil 5 ik ) 516 35 e LSS (8 oglize ol Sal ¢l
28 el il (b Sl e Sl (2l 2 S e ) e (Sldes) 06

,g,s;\;itsfﬂou;:p\ﬁf@

e Lyl S e b 5 4 0, B 8w b8 () g Ol 2l 2
ST S a5 o Ty o Slis il (P28 JS2) 553 o el (hled S I SLs s K2
LU (S e s 535,)C.P.MLC.P.A s s e s Gl asd A el Sl e
Gl S S Ll iy opl o500 o pdige ke iy 3 5 4ty S (G
Oles o0l 58 LIl a8) gy 0oy B A2l w5l o3lal ey 53 5 gm sn puslis 1S oa s i

.;:Jf CL:.:J (s

080



(S350 axlllas e

o= D S walp Sledde Jorl e 53y (e Raled L sl 2 b 51 IS led £ S
S s Db pdir 5 S s Sl S 5358 o g SOl Ble (g LU e
S ol 3 e el lS Jazome (sl 0loj SIS p1,SL3 S sy otign 33,8
Aolie gl a5 oo a8 S Ly wtin 3 e A (g5 i SLOK a5 b S0 (650 5

g oo ol SIS ada 53 5, N dsens sk Lol AL e 555 0 Jold () wia S b
DL & ol Sus 3 5] e s gmp o 5 Sllael 5 B 5 (gl Jluabl adl al
WA =Y o) laslist, Jlte Ol s a0 il o sloms 1y 505 4ol 5 J 28 (51 5 il g
\ﬂjmtﬁ).}&:)fj‘JﬂQ)M\AMJJAtJQMJJ;&uL;LAW)JY’—i IS s

S e eslind olr WL @ 5, sl ol 1 LT ol

vent raise at
E] north end of D production 170D E

0

s surface works for shaft, headframe, winder
& D _9

. strip shaft to /
’

/
7,
»“raise bore to é m diameter ’
’surhce for ;hak@ @ shaft furnish @produmon BMDE
9y

= and line ===
\Ii}

/A N Ay S

shaft loading system,
haulage drive, ore pass

()
m

vent raise

sill out 3600

——()  EVENT NUMBER (FOR IDENTIFICATION)
[51] TOTAL ELAPSED TIME IN WEEKS

Ny EVENT TIME IN WEEKS

b o3l (gl SISyl SUs Y-t S

0¢



LSJ)}ASUJLE.A C’"""j:-.’.

conneck P“nu’A

°"6°4'¥ “{ connect From Nerth end of
ey shoot A ot 120m Eo South
end of Shoot D at 170m

Shoet
hoot E
h ook 7 T LLLL T L0, ...
’B L7 ,,,‘le///lll/////”””’””-' N - " Ra’:‘e bore from D
A shoo host or veatilation
P/ = 4

SE Va
BT L LT T 2770700777777 e
LITE1ITE7010770000 0000 0 0007 LA LTI

Vlﬂ’ 9.‘ asiiis ore I\.J’u,(
Sarvic access decline
dealine € 120m bo 120m , Fhan < Shoot
:‘bon continue down conFinde down F s 1
drive roug
ond sill oudd

O by g Odme (8l (il ealol Wi 1 81 o

SFaora Ddae S gl IS sl wypa il - ooy p8
B B P T S I T T UYL SR P F AP
O o il (gl sl 3l 5 sl V'g) o) .cﬂwchbuéjgéjﬁjc;\k@.?Jq-d{ aS Lls
) e JLS Sl e slasss 5 Jdand by L ol 5,5l e doss A ol 5 o
S oS Odee G s bl Ao 3 0 550 53 S Sdas S S e S5 3 23,50 250
[33d= Ll5 o e ol oo Ao s 10 T 5 W ot £ 5 Sl ol S5 Sz e
e3¥ L il i Ol lags,y 03 JolS s 5 aner 5 aidipn Lo, 0 S Ao YO
s ) 3laas o U 35 L) OUSIS s jazees 51 36w se oS wlsl 3l b sl
b Odre L Ol sen &y semn (6551 3 a8 a0l olal g sl B3l 53 (g )
e Gls e 5 (S5, 5k Slislsl s @il Sl o bl ol 3 (A 8) (b s pd
O O G AUl i B L ghs0 5 Al 18 G aS e O Oslae s 51 il 5 sl o
5V il oy leass e LU Lo olST ciils dalst Vs O Yo 350> 55 (gl au e

0LV



(S350 axlllas g

2o¥a V) e e Vs WV sl gl e e gls Olent b plas 0505 Ol O S0ley
S8 5 Odme gl 2 5L 550 Sl 5 sl (5,0 &S K il sl (e o Ve
Lsd o b s s ol Ga s Gla e s (e gla o818 WSST s SIS (g5 0
g Sy a5 Mg 5 (3l Sl 58 b s e matme SO oSS 1 LS
Lpd 35l s 2L

Oprbom Sdne IS sl ayie i o - ooy o8

odas 2R Y 338 ) 5 e SO B 4 O by Odae Coamdy 5 b L el o
Do So3 35 53 OISl s B g0 3 a8 S Ygams . & 5 Lo 5 (g3l 6l (T i3 ls 350
W.;,;&ﬁaﬁ&@gpomkﬁwwpauﬂ&u@ﬁg_éf,pﬁmjgzdﬁca\j
a8 ssls s Wl 53 S Sl oG Al Odes o5l 53 (o5l 3 A oS S50 s
SIS Sl o5 S ol sl ol o5 VY0 wlspis IS (s3lesbe o sl sl 3 bSO
ol S w3 2B 8 gls o i w3 sdoee Oy by &;}916;».5)\; 5L e ol
Lol S pnl 1 Odms 55 il oo Ol BB e Ol 0 i K 5 0l B8 ool o S5 L]
31 A8 S o 5l DL 2o ol 8L (6l st 3 Al SIS (550 5 A8 ol
Al a8 s sy (Y-t IS J55S00S 5 O 4 sils O e SO L w8
) S 255 53 pmled bl o 5LS 5 £ BY00 o S o5 £re w4k L L
23 me 33l gl 5 N g dsly e el sl gl ) (gle bt gla wnss sl gl

q}& .J)\b S ("\*;'@LSJL"' al= J,.Mﬂ 6“6‘;’-&\4 ‘\su‘.’&»‘dﬁjjy)b()yb Oren J,_\}

‘Kalgoorlie
14
Laverton

0¢A



S5 90 axdllas S

e el G el 58 G Corse Sl SIS Sl e 8l Bt Sl 4
il o ol Yamml Vb sl 53 s 0 palS lans 5 s 65 s ol (65 2
sy wls b oal oy e st Gt 4y 38 3 o 5l Ol5 e O s B oSOl ot a
SIS wlo o aua pal ol S 5 1) (S 055 Ll sske 4 oy 3l ass 5 3l
LSl s Jown malS o w0 gl b Sl b olay 5 5 ol SUee gls o pa YL
woim 5 el GONS wlep aysa (23l o2 e S B O g s 51 0selS L skl 00
23 oes 2l Iy gl (s gl AL sl o s (Ul =05 2 Y)Y Sles
I 5 Jom (Sls) Aiujmch.wu ol gl O g b5 g S dal g Sl o 5 aidae
(S Ode sla w58 s s WA L s b S5l b e s il Wl s bl
Sla &y 3a 55 Oakiis 5 ol 0l Sl S e s e ges ealiial glite 4 S Sl B pal ol e
S 5 al ol s li)) sk a4 L O3 5 Al oo SILIL 55V B Sl (g5l
oYV O pdos Odne Slles la aysa al o pl 5o 4D sl A w5 e

BB E S

8/ il sl ol ¢ iuls o U al 51) (6,18 Odas

(s
§/Y s SIS G pal ol ol
§/8 Sl
\ o ke
YAy S
. /0 (3 9 30 HLslS anw ) LIS
\E7A% s

"malcolm

0¢q



(S350 axlllas g

33 Ao VAL ol aSle Sl e o o5 —dls Vs VW KllS el ls sb w
DL dl 08T 3 g dalt e e dbil 3L 03l 5 Lzl b s S S
(Slkes gla ay e WL 35 5l sl el s sl e SUL la oAb Bl 5 Jlo sl 253l
3 Ao glayldls Bl ol o iy DBLAST Gla ay s Solo g L s oy St s 550 o g
S s b 03 g i ol eSU e e (il 1 OIS wle e 4 b iS50
GBS LA e 5 e 13 o sy s il 53 5350 (e el O ey e UL
0) 34 o sdalie 4 55b Olen s o (flad |y iolesl ooy (2o S U SO by 3 K
osdls apd els Jids el ys Slust ) L8 Jsl Jlo o Zobee U odd 3l ys ply SVs sl
SLa oz 5 BLES| G0 ol a8 S ale w pls Jtl 5 (5108 e ol 5148 ad) e
e Ol aadllas G &S e 5 opl S5 LU sl s 653 0l S50 Ll 35 8 i OIS
ol 3,03 5L (IS Oitan S5 S0 L oS gl LIS b o SGS 4 S (sles K L bl
DS e e G sas by 2l nad gl s, bl glate @ el pl 55 1) (65,550 addllas 353
ar S1 s pll (5 6l LS ol 51 B S slasel &S 3 plew Vs G ulal L 5 e
e o SOl (Sae Lol il azils 5 5 Oloy o (2 s lainsn oS s pskie @ ol 0 5Y
oo i Ol (sl adimd (18 il e SO L il 55 SO L s 5 3w el 3 IS
35 OF Saal 331 516 S slazel Il 55k Cgd L 5 4 b 2o (Slasle) a8 018

L

00



(S350 axlllas e

O oz Odne sl Jest s 7 oA Jsir

Shoot A | A D ‘ D B C+E \ Total
" ; |

Sill 120m | 360m 10m | 360m To be decided ‘
Level ?

Tonnage | Grade| Tonnage | Grade| Tonnage | Grade| Tonnage ‘ Grade| Tonnage | Grade| Tonnage ‘Gradc | Tonnage |Grade

Year1| 76000 | 13 | — — - - - | 76000 | 1.31

2| 390000 | 1.3 | 28000 | 13 | 300000 | 2.2 - - Possible | 718000 | 1.82

3| 320000 | 1.3 | 220000 | 1.3 | 396000 | 2.2 | 105000 | 22 [ 50000 [ 2.0 | 20000 [ 2.7 | 1094000 | 179

4| Finistied 950000 | 1.3 | 396000 | 2.2 | 390000 | 2.2 | 80000 | 2.0 | 20000 | 2.7 | 1116000 | 2.02

5 : 950000 | 1.3 | 370000 | 2.2 | 425000 | 22 | 80000 [ 2.0 | 49000 | 2.7 | 1125000 | 2.04

6 250000 | 1.3 | 425000 | 22 | 80000 | 2.0 | 20000 | 2.7 | 1115000 1.89

7 250000 | 1.3 I 1 425000 ' 22 | 80000 | 20 | 20000 | 27 | 1115000 | 1.89

(.,L}‘oMJJfYLgQ)M‘)Y:)‘J'AwﬂVG)‘)QﬁﬁEJﬁQW)JeﬁJUZJ;J:bJ:q de}-

\
Operating | Working Tax Taxable Tax Profit Capital Net Cash
Year Revenue ‘ Costs Profit Deducnons | Income 383, After Tax  Expenditure Flow

1 - | 33 | -ym 4881 ~ 13604 - -3723 45800 | -49523
2 21260 16 163 117085 218 1877 - 1109 125% -1 435
3 35632 20530 16102 9128 6974 - 16102 389 12200
4 414 19423 nm 7683 15040 3909 18614 3 18310
5 42944 18841 24103 7953 161 6137 17 966 7l 17175
b 40838 19185 21653 4543 17060 f482 151 8lx 14371
7 40838 19185 21633 1978 19675 476 14177 385 13792
8 40838 19185 21653 1% 20455 m 13880 143 13735
9 40838 19185 21653 954 2069 7866 13787 pal 13762
10 #4838 19183 21653 800 20853 924 1379 - 13728

* Taxable Income is camulative uatil losses are cleared.
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