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Former USSR USA Spain United Kingdom Czechoslovakia Poland Colombia
Geological Parameters
Definition of thin seams 12m - - - 091 m 1.0m 1.0m -
(48 inches) (36 inches) {39 inches) (39 inches)
Seam dip Gentle to very Mainly flat 0-90 0-45 0-16 51% 0-1039% Flat to steep
steep Mostly 0-6 16-36 34% 1 0-45 54%
+36 15% +45 7%
Seam depth 300-1,100m Reserves calculated 500 m 1,100 m 400-600 m 0-800 m -
{984-3,609 i) to a depth of (1,640 i) (3,609 ft) (1,312-1,968 1)) (0-2,625 ft)
1,000 ft Some at 1,000 m
(3,281 ft)
Coal strength Variable Variable - Hard Hard - -
Roof 6.4% sandstone Generally good and Strong, variable  [Shale - Sandstone, silts Variable
8.0% limestone strong. Frequent and conglomerates
Rest shale draw slate
Floor Mostly clay shales Medium Strong, variable  [Mostly clays - Sandstone, silts -
Extent of Seams Donetz and Lvov- Wide areas but Fragmented Northumberland, Ostrava Karvina -
Volynsky thickness in Durham, York- and Eastern
seams varies shire and Derby- Bohemia
over area shire
Water Mostly dry, but Fairly dry when Variable Mostly dry - - -
some very wet worked above
drainage table
Faults Normally undisturbed  |Normally undisturbed Highly disturbed  |Mainly undisturbed Highly disturbed - Disturbed
except Wales and
Scotland
Cleat Mostly well defined Not generally well - Mostly well defined - Mostly well defined | Variable
defined
Spontaneous combustion Variable risk Variable risk - Low risk in thin seams - - Low risk
Methane Variable emission Generally low emission  |Low emission Mainly gassy All gassy Mainly gassy Mainly non-gassy
Quality Coking coal Ofien coking and - Offen coking High quality coking -
low sulphur coal

Annexure 1. Thin seam coal deposits of major producing countries (Clark et al., 1982)
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France Belgium Germany China Bulgaria Romania
Geological Parameters
Definition of thin seams 10m 0.6m 0.7m - 13m -
] (39 inches) (24 inches) (28 inches) (51 inches)
Seam dip 10-20 47% 0-45 0-10 63% Flat or slight 69 7% 10-90 5-70
20-45 46% mostly 0-30 10-20 9.5% 10-25 22.4% mostly -45
+45 7% +20 27.5% +25 7,9%
Seam depth - 275-1,160m Maximum Mostly <200 m 150-300 m -
(902-3,806 ft) 1,200 m (656 fi) (492-984 ft)
(3,937 )
Coal strength - Variable Soft but hard in the - -
Saar
Roof - Competent shaie and |Shale, sandy - Hard sandy shales -
sandstone shale in thin seams
Floor - Good shale and sandstone |Shales, sandy - - -
, shales
Extent of Seams Nord, Pas de Charieroi-Namur, Aachen and Widely distributed Svoge Basin and Valea-Jiului and
Calais, Cevennes Liege lower Saxony Balkan field Anina
Water - - Mostly dry - - Dry
Faults - Undisturbed Mainly undisturbed |Undisturbed Highly disturbed Highly disturbed
Cleat Mostly well defined Variable Mostly well - - Not generally well
defined defined
Spontaneous combustion - - Variable risk - Low risk -
Methane Mainly gassy - Low emission Some gassy Some gassy Mainly gassy
Quality - Anthracite Coking coal - Anthracite Coking coal

Annexure 1 cont

. Thin seam coal deposits of major producing countries (Clark et al., 1982)
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'

Deveiopment of a roof and floor classificatio
plicatzie to collieries

€3
I

'

o
o

Le développement d'une classification pour le toit et le mur en charbonnages

Die Emwicklung einer Klassifikation von Dach und Sohle, anwendbar tir Kohlengriben

P. 5. BUDDERY and D. C. OLDROYD, Genmin, Witbank, South Africa

Coal measures strata together with coal mining may he viewed very much as special cases with regard
to rock engineering considerations. The strata are freguently laminated, generally weask and
=riahle in character and thickness over relatively short distances. Coal mining is typically

Jhly mechenized resulting in rapid geographical expansion and large arcas of exposed roof, sides
and floor. & roof and floor classification system for use by-a major coal mining operation needs to
be based on tests that enzble large numbers of samples to be tested, including samples from the
_.-pweakest strata, in ways that are related to the commonest forms of strata control problems.
e o .
' les terreins de charbon ét l'exploitation de charbon peuvent &tre considérés comme des cas
“ particuliers de mécanique de roches. Le terrain est souvent stratifié, normalement faible et
variable en propriété et épaisseur sur deg distances limitées. L'expleitation de charbon est bien
‘mécanisée, ce gui a comme conséguence l'expansion geographique rapide et l'exposition de terrains
.dans lesquels le toilt, le mur et les parois. Une classification du toit et du mur, appliquée par un
charhonnage “important, coit 8tre basée sur des tests d'un grand nombre d'échantillons, y inclus des
gehantillons de roches faibles, d'une telle fagon gue les problémes classiques de comportement de
terrains en charhonnages sont abordés.

Das Kohlzngebirge und der Abbau von Kohle kinnen als Spezizalfdlle in der Gebirgemechanik hetrachtet
werden. Die Schichten sind haufig laminiert, allgeimen wenig fest und Uber relativ kurze
Entfernungen verédnderlich in Geprdge und Mdchtigkeit. Die mechanisierte Gewinnung von Kohle ergibt
einen schnellen Abbaufortschritt mit grossen Flichen von freipgelegtem Dach, Stoss und Sohle. Das
System einer Dach-und Sohleniklassifikation fUr den Gebrauch in einer Kohlenincustrie-Cruppe muss auf
Versuchen heruhen, die es ermdglichen eine grosse Anzahl von Proben zu nehmen, einschliesslich
solchen von geringster Festigkelit, und das auf die alltidglichen Probleme der Gebirgsbeherrschung

(: rogen ist.

" INTRODUCTION
The economic coal measures of South Africa
occur predominantly in the Middle Ecca stage,
and to a much lesser extent in the Upper Ecca
and Molteno stages, of the Xaroo system. The
Karco system is of Permian age thus making the

of geographical expansion resulting in vast
expanses of ecxpused roof, sides and floor being
created, many of which have to be maintained
for leong pericds of time, particularly if
pillar extraction is contemplated.

South African coal measures somewhat younger
than their European counterparts.

The coal bearing strata consist chiefly of
sandstones with subordinate shales, carbonaceous
shales, siltstones and mudstones.

Many of the coal measures strata are
inherently weak while others are highly
susceptible to weathering. Significant
variation in the properties and thicknesses of a
particular stratum over short horizontal
distances is also a notable feature of many of
the coalfields, as is the occurrence of dolerite
intrusions in the form of hoth dykes and sills.

The majority of underground coal is extracted
by means of mechanized bord and rillar methods
from seaps lying at shallow depths.
Consequentiy, most mines experience a rarpid rate

Eurock 92 Thomas Tellard, Londen, 1832

THE NEED FOR A COAL MEASURES CLASSIFICATION
A number of tests are available for the
determination of rock strengths and other
properties such as durability and the potential
for swell. The carrying out of these tests is
governed by guidelines laid down by the ISRM
{ref.1}. Similarly, well-established rock mass
classification systems exist which have proven
themselves in numerous practical applications.
When dealing with the soft rocks of typical
coal measures strata, however, there are
certain drawbacks with regard to the use of
these tests and classification systems. These
include:
i) The tests or classilication parameters
may not relate directly to actual strata
hehaviour 1n ¢oval mine roadways.
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Fig.8. Expected floor conditions,
T-Project

The management team chose to reduce the number
of classes To two for each of the roof and floor
plans. Thus the roof was rated moderate or good
and the Floor poor or moderate {Figs. 7 and 8).

This information was then applied in a number
of ways. After considering all potential mining
methods it was decided that longwall mining
would be applied in areas where poor coal seam
roof and floor conditions existed and the
possibility of geological disturbances was
minimal, Ribpillar mining would be applied in
geologically complex areas where the coal seam
roof and floor conditions were manageable.
Mechanised bord and pillar mining would be
applied in main and secondary entries, areas
where surface structures needed to be protected
and in mining panels not suited to longwall and
ribpillar mining and where the coal seam roof
and floor conditions were manageable.
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Using the information it was possible to
determine expected levels of contamination for
the roof and floor. For example, no roofl
contamination was expected from the longwalls
irrespdctive of the nature of the roof whereas
for bord and pillar panels contamination was
expected to be 10cm for good roofs and 20cm for
moderate rooss. Floor contamination was
expected to vary from 5om for a longwall with a
moderate floor to 50cm for bord and pillar
panels with a poor floor.

Longwall panels were expected to have a
consistent in-panel extraction factor of 82%.
For ribpillar panels this was 82% with a
moderate floor dropping to 78% with a poor
fleoor.

Although the T-Project was shelved the
project management team consider that from a
technical perspective the feasibility study was
a complete succesgs. '

CONCLUSIONS

Since its successful contribution to the
T-project the Trans-Natal roof and floor
classification system has been applied to
further major projects as well as on a much
smaller scale. Trans-Natal's mine and project
management both view it as an essential tool ir
the investigetion of greenfield sites and mine
extensions. - It has proven particularly )
valuable in shaft design {(ref.2). The manner
of the presentation of the results means that
mine and project management are able to
envisage the expected conditions in terms of
their own experience.

The authors make no claims regardlng their
classification system other than that it
successfully meets the needs of a rock
engineering department which is endeavouring t
provide a meaningful service to a major coal
producer. It is not generally applicable to
other minerals and strata types.

REFERENCES

1. ISRM. Suggested methods for determining
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TOTAL COAL HOLDINGS SOUTH AFRICA (PTY} LTD
DORSTFONTEIN COAL MINE

TESTS ON BOREHOLE SAMPLES OF THE PARTING BETWEEN THE 2 LOWER AND UPPER

SEAMS
1. INTRODUCTION
Tests on the borehole samples of the parting between the 2 Lower and Upper seams are
required to determine:
) Whether the parting can be supported using conventional roofbolting methods to
allow the safe mining of the lower seam only.
(i) The feasibility of mining the parting with a continuous miner if it cannot be safely
supported.
The following tests were conducted:
0] Rock mechanics — impact splitter
compressive strength
(i) Mining —“J” factor (cutting)
“W” factor (wear)
2. ROCK MECHANICS
2.1 Impact Splitter Tests
This test was devised by rock engineering practitioners of the then Genmin group in 1982
and is used throughout the industry and particularly by the Ingwe Group. Roof failure in
predominantly governed by the frequency of lamination or bedding planes, their propensity
to open and the bord width. The impact splitter causes weak or poorly cemented bedding
planes and laminations to open up under duress, thus giving an indication of likely in situ
behaviour when subjected to bending stresses.
The rating system requires 2m of strata above the immediate roof to be tested. The
borehole core is tested in geotechnical units preferably of about a half a metre in length. A
mean fracture spacing for each unit is obtained and an equation used to determine the unit
rating and the roof rating.
These were in-house tests. The results of the 3 borehole cores that were tested are:
DF 326 DF 327 DF 322
UNIT ‘
POSITION
RATING | CLASSIFICATION | RATING | CLASSIFICATION | RATING | CLASSIFICATION
1.5-20 112.0 Very Good 110.0 Very Good 110.0 Very Good
1.0-15 110.0 Very Good 110.0 Very Good 110.0 Very Good
05-10 60.0 Very good 243 Moderate 211 Moderate
0-05 248 Moderate 20.0 Moderate 225 Moderate
2m Roof 227 Very Good 175 Very Good 175 Very Good
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Despite the weighting of the individual units according to their position in the roof, the very
competent upper units results in the overall classifications of the roof being “Very Good”.
The classification of the lower units that form the first 0,5 to 1,0m of the roof is of greater
significance and this zone is classified as “Moderate”.

2.2  Uniaxial Compressive Strength Tests
As the name uniaxial compressive strength (UCS) implies, in these tests a load is applied in
one direction only with no lateral confinement. In this case the load was applied at right
angles or near right angles to the laminae. The results of these tests therefore rather reflect
the intrinsic strength of the material and not the strength of the roof when subjected to
bending stresses that result in the de-lamination of the roof beam.
These tests were done at CSIR Mingtek. Three specimens from each of two borehole cores
were tested. The results are tabulated below.
SPECIMEN PARTICULARS SPECIMEN DIMENSIONS TEST RESULTS
CSIR
DIAMETER DENSITY ucs MODE OF
SPECIMEN | CLIENT No. (mm) (kg/m?) (MPa) FAILURE
ucs - 01 DF 329 60,7 2450 99,2 XA
UCS - 04 DF 329 60,6 2380 95,0 XA
UCsS -05 DF 329 60,6 2450 8.8 XA
Ucs -02 DF 331 60,3 2450 97,3 XA
UCsS-03 DF 331 60,2 2510 110,3 XA
UCS-06 DF 331 60,2 2470 111,7 XA

XA: Partial cone development

3. MINING
3.1  “J” Factor Tests
This test is used extensively by Joy Mining Machinery to predict the cutting rate of a
machine such as a continuous miner. The “J” factor is determined by the controlled drilling
of a specimen of the material that is to be cut. The “J” factor is the average depth of 5 holes
in millimetres multiplied by 10. Material with “J” factors above 500 can be cut and becomes
easier to cut as the number gets larger.
These tests were doneat CSIR Miningtek. Four specimens from one borehole were tested.
The results of the tests are tabulated below.
SPECIMEN PARTICULARS “J* FACTOR
CSIR No. CLIENT No. TEST 1 TEST 2 TEST 3 AVER. + STD.
01 Top DF328 220 210 204 211,148,0
01 Bot. DF328 282 245 257 261,1+19,2
02 Top DF328 176 194 188 186,149,3
02 Bot. DF328 186 237 215 212,34256
3.2 “W” Factor Tests

The “W” factor or wear factor is some indication of the pick wear that will result from both
the abrasive material in the rock and the manner in which the material is found in the
matrix. Bit wear takes place when drilling the holes to determine the “J” factor. This wear
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expressed in thousands of an inch is the “W” factor. “W" factors range from 0,000 to 0,018,
with long life having a “W” factor under 0,003.

These tests were done at CSIR Miningtek. The results of the tests are tabuiated below.

SPECIMEN PARTICULARS | “W” FACTOR
CSIR No. CLIENT No. TEST 1 TEST 2 TEST 3 AVER. + STD.
01 Top DF328 0,0034 0,0039 0,0048 0,004040,0006
01 Bot. DF328 0,0032 0,0034 0,0032 0,0033+0,0001
02 Top DF328 0,0025 0,0027 0,0027 0,0026+0,0001
02 Bot. DF328 0,0039 0,0032 0,0049 0,0040+0,0009
4. CONCLUSIONS
4.1 impact Splitter Tests
The classification of the lower units of the roof as “Moderate” indicates that the roof can be
supported provided about 0,4m of the rockbolt can be anchored in the competent
sandstone above the 2 Upper seam. This means that a 0,9m long bolt can only be used if
the parting and the upper seam together are not more than 0,5m thick. Rows of 4 full
column anchored rockbolts every 1,5 m will be required. A reduction in the density may be
possible but that will depend on observations of favourable roof behaviour over a period of
time.
4.2  Uniaxial Compressive Strength Tests
The UCS of the specimens tested varied between 95.0 and 111,7 MPa. As stated in section
2.1, this test does indicate the ability of the parting to withstand the de-laminating bending
stresses that occur in the roof. What it does indicate is that this material can be transformed
into a competent beam if de-lamination is prevented by clamping the layers together.
4.3 “J” Factor Tests
*J” factors of between 282 and 176 indicate that the parting will be difficult to cut. Rock with
*J" factors below 500 can be cut if the rock is highly laminated or fractured and provided
high operating costs can be tolerated.
44  “W” Factor Tests

The results show that pick life will be greatly reduced as the majority of the “W” factors are
greater than 0,003.

M G SPENGLER
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Sensitivity

Oparating Costs 0.00%

Selting Price {Export) 0.00%

Selling Price (Domestic) 0.00%

Yielt 0.00%

Product) 0.00%

Capital Expenditure 0.00%

Dorstfontein
pariod Total 2,003 2,004 2,008 2,008 2,007 2,008 2,009 2,010 2,011 2,012

Production TOOY's

Run of mine 3514 314 a7 317 377 a7 ar? 77 314 314 314

Yield 85.2% 85.2% 85.2% 85.2% 85.2% 85.2% 85.2% 852% 852%| 852wl  652%

Coal produced 2,993 267 321 a1 21 321 321 321 267 267 267

Operating costs Riton

Run of mine 104.37 82.08 87.91 87.69 93.15 9875 10468| 11006] 12341] 13082 13867

Produced 122.54 96.36 97.35 103.19 109.38 115.94 12290] 13027] 14490 15350 16289

Distribution costs Riton

Rallage costs 50.56 3862 4094 43.40 46.00 48.76 51.69 54.79 58,08 81.56 65.26

Port charges 9.33 7.13 7.56 8.01 8.49 9.00 9.54 10.11 10.72 11,3 12.05

Transport costs 20.71 15,92 16.77 17.78 18.85 19.98 21.18 22.45 219 25.22 2674

Total seles T000's 2,993 267 321 3 31 21 I 21 267 267 267

Export 1,773 158 190 190 190 190 190 190 158 158 158
linland sales 1,220 108 131 131 131 131 139 131 100 109 109
[[Export selling price
lExpon sefiing price $fton $31.64 527,77 827.77 §27.77 $27.77 $27.77 s2777| swr| swar| swar|  swo
Exchange rate SR 85000 8.5000 8.7500 90074 92723 9 5450 98257 | 10.1147 | a2 107184  11.0837
|lExport sefing price Riton 26898 | 23605 24209 25043 | 25749 26506 27286 20080 28945]  297.65] 30641

infand seliing ptice Riton 216.01 185.03 174.93 185.43 198.55 208.35 22085 23410 24845| 28303 282

Turnover ROOO'S 740,441 55,345 69,027 71,057 74,608 77,588 so703]  ssseso] 72804  ysgr2l  7msers

Export revenue 476,990 37,374 46,168 47,526 48,924 50,362 51844] 53368  as782] 4728|8514
[lirvand revenve : 263,450 17,971 22,859 24,731 25,685 27,226 28859 30501 aroenl  2eead] 30362

Distribution costs 163,579 11,328 14,361 15,173 18,033 16,942 47,905  1a024| 18888l  1retn] 18628

Railage costs 89,652 6,116 7,779 8,246 8740 9,265 9,824 10410 9,196 9747] 10332

Port costs 18,549 1,129 1,438 1,522 1,613 1,710 1,813 1,922 1,697 1,709 1,907

Transport costs 36,732 2,506 3,187 3,378 3,581 3,796 4,024 4,265 2,768 3,994 4233

Marketing fee - Infand 1,5% 3,952 270 343 363 385| 408 433 459 405] 430 455
[Marketing fee - Export 35% 16,605 1,308 1,618 1,663 1,742 1,763 1,815 1,868 1,602 1,649 1,698
JIFoR revenue 576,962 44,017 54,666 56,584 58,576 60,846 62,798]  es0as]  seqss|  seis2|  eo,250
{iOperating costs 265,881 25,43 31,208 33,030 35,012 37,112 3,330 41809  s8s77)  acosa] 43412
lioperating costs 308,769 25,751 31,217 33,000 35,075 37,180 0410 at77s]  as721| 41044 43506
listock Movement 1,087 -408 .14 59 -64 -87 71 -76 143 90 -94
{ioperating profit 214,180 18,874 23463 23,553 23,564 23.5% 23450]  23337]  trssel 708 18838
{Fraxation 28,983 139 4534 5,084 2,190 4,662 5,148 4,091 0 0 3,138
{Profit after taxation 182,197 18,535 18,930 18,489 21,374 18,872 183131 19,248] 175580  17,498] 13,700
IWorking capital inorf{decr} 4,627 3,382 623 135 140 146 159 157 -804 156 181
Ilcapital expenditure 144,569 18,210 8,351 6,607 16,265 7,994 6,306 g700]  23844] 11737 5554
{INominat Cash flow 63,001 3,087 9,958 11,728 4,989 10,732 11,856 9,388 5,862 5,305 7,985
IReat Cash Flow 48,302 2,884 8,881 3,847 3,936 8,020 £,358 6244 3678 3,140 4,455
lhRre 308.2% 2,854 8,881 3,847 3,93 8,020 83980  sa4l e 340]  a459)
lIDiscount rate 0.0% 25% 5.0% 7.5% 10.0% 12.5% 150% 175wl 2oo%|  225%] 250%)
INet Present Value 46,302 41,878 36.078 34,790 31.926 25,417 27.206]  75246]  23501] 21,939  20.536)
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Period Total 2,003 2,004 2,005 2,006 2,007 2,008 2,008 2,010 2,011 2,012
Tax Computation :
Tax loss 0 0 0 [¢] ¢ 0 0 Q o 6,285 ~824
Operating profit 211,180 18,674 23,483 23 853 23,564 23534 23,459 23,337 17,558 17,198 16,838
Capital expenditure 114,569 18,210 8,351 6,607 16,265 7,994 6,306 9,700 23844 11,737 5,854
Taxable Profit 96,611 464 15,112 16,947 7,299 15,540 17,153 13,836 -6,2B5 -B24 10,459
Tax payable 30% 28,983 138 4,534 5,084 2,190 4,662 5,146 4,091 0 Q 3,138
Workipg Capital
Stocks 987 1,000 1,080 1,124 1,191 1,262 1,338 1,482 1571 1,666
Stores (4 weeks op costs) 2 980 1,201 1,273 1,349 1,430 1,518 1,607 1,489 1579 1,673
Debtor (6 weeks) 4,257 5310 5,520 5,739 5,968 6,208 6,458 5,600 5,829 6,067
Creditor {4 weeks all costs) 4 2,852 3,506 3713 3,931 4,163 4,409 4,669 4,261 4513 4,779
Net Current Asset/(Liabilities) 3,382 4,005 4,140 4,280 4,426 4577 4,734 4310 4,466 4,627
Opening Balance 0 3,382 4,005 4140 4280 4,426 4577 4,734 4310 4,486
Yearly Movement 3,382 623 135 140 146 151 157 -424 156 161
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12-Aug-03 Dorstf thin seam
Year 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012
Petiod 1 2 3 4 5 s 7 3 9 10
[Es d capital expenditure
lundarground
th Machine 15,000,000 ] . . . ] ] ] . .
ls—ta?nler Hauler - 4,400,000 - - - - - - - -
entilztion 15,000 16,500 18,150 19,965 21,062 48,315 53,147 58,462 54,308 70,738
Telemetrey 120,000 . - - B . . . . .
Concrete roads 240,000 - - - - - - - - .
lisxtraordinary support 100,000 110,000 121,000 133,100 148,410 161,051 177,156 194,872 214,389 235,795
Conveyor belt and structure 900,000 1,100,000 1,210,000 1,331,000 1,464,100 1,610,510 1,771,561 1,848,717 2,143,569 2,357,948
Pumps and accessories 78,000 85,800 94,380 103,818 114,200 126,620 138,182 152,000 167,200 183,920
Roof Brushing 250,000 275,000 302,500 332,750 366,025 402,628 442,890 487,179 535,807 589,457
Electrical distribution 105,000 115,500 127,050 139,755 159,731 189,104 186,014 204,615 225,077 247585
foM overtaul ] . ) 10,648,000 . ] . 15,589,737 . -
e quipment overal . 1,155,000 3,630,000 1,996,500 4,382,300 215765 | 5314683 2,923,076 8,430,766 }
llsub totat - underground 16,808,000 7,257,800 5,503,080 14700088 | eesn72r 4932092  sos3ess 21,868,657 9,781,195 3,685,472
"8urface
Hoveriand corweyor 90,000 99,000 108,900 119,790 131,769 144,945 150,440 175385 192,923 212215
Jhrteastrueture 90,000 99,000 108,900 118,790 131,789 144,946 159,440 175,385 192,923 212,215
Henvironmental 60,000 66,000 72,600 79,860 87,846 96,631 106,204 116923 128615 141,477
Ustrategic spares 90,000 99,000 108,900 119,790 131,789 144,946 159,440 175,385 192,923 212,215
lsub total - surtaes 330,000 363,000 298,300 439,230 483,153 531,488 584,615 643,077 707,384 778,123
":i'rocessing
{lotare & Laboratory moditeation 66,000 72,600 79,860 87,846 96,831 106,294 116,823 128,615 141,477 155,625
Hoiscard dump 111,000 122,100 134,310 147,741 162,515 178,767 196,643 216,308 257,938 261,732
sty pond 45,000 43,500 54,450 50,895 85,885 72,473 79,720 87,692 96,461 106,108
Strategic spares 150,000 165,000 181,500 199,650 219,815 241577 265,734 202,308 321,538 353,602
Beun totai - processing 372,000 409,200 450,120 495,132 544,845 593,110 659,021 724,923 197,415 877,167
llsur totat 17,510,000 8,030,000 6,352,500 15639250 | 7,506,526 5,083,570 8,327,265 22,926,657 11,286,985 5,240,752
Hapex tees @ 4% 700,400 321,200 254,100 525,570 307,461 242,543 373,091 917,086 451,440 213,630
Jirotal capital expenditure 18,210,400 8,351,200 6,606,500 16,264,820 | 7,993,986 6,308,113 3,700,358 23,843,723 11,737,436 5,654,382
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12-Aug-03 Dorstiontein thin seam
Year 2003 2004 2008 2008 2007 2008 2009 2010 2011 2012
Period 1 2 3 4 5 8 7 3 9 10
aplta it ROOO's
ﬂUnescamed capital expenditure
Underground
firth Machine 15,000,000 - - - - - - - - -
Stamier Hauler - 4,000,000 . - - - - - - -
Ventiiation 15,000 18,000 15,000 15,000 15,000 30,000 30,000 30,000 30,000 30,000
Telemetrey 120,000 - - - - - - B - M
ICongrete roads 240,000 - - - - - - - -~
Extraordinary support 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 400,000 100,600
Conveyer beft and structure 900,000 1,000,000 4,000,000 1,000,000 4,000,000 1,000,000 1,000,000 1,000,000 1,000,000 4.000.000
Pumps and accessories 78,000 78,000 78,000 78,000 78,000 78,000 78,000 78000 78,000 78,000
Roof Brushing 250,000 250,000 280,000 250,000 250,000 250,000 250,000 250,000 280,000 250,000
TElectrical distribution 105,060 106,000 105,000 105,000 105,000 105,000 105,000 108,000 105,000 105.000
I@o\:emau; - - - 5,000,000 - - 8,000,000 - -
uﬁquipment overall ~ 1,060,000 3,000,000 1,500,000 3,000,000 1,500,000 3,000,000 1,500,000 3,000,000 -
Bub total - underground 16,808,000 8,588,000 4,648,000 11,048,000 4,848,000 3,063,000 4,563,000 11,083,000 4,563,000 1,863,000
tirface
"Over!and conveyor 90,000 90,000 90,000 90,000 90,000 90,000 90,000 90,000 90,000 90,000
infrastructure 80,000 80,000 90,000 90,000 20,000 90,000 90,000 80,000 40,000 90,000
;lgﬂvironmen!al 60,000 80,000 60,000 60,000 60,000 60,000 80,000 60,000 £0,000 €0,000
ISlrategic spares 90,000 90,000 $0,000 90,000 90,000 90,000 80,000 90,000 90,000 40,000
Sub total - suface 330,000 330,000 330,000 330,000 330,000 330,000 330,000 330,000 330,000 330,000
p‘ "1
lIptant & Laboratery moditeation 66,000 66,000 68,000 68,000 66,000 86,000 56,000 66,000 6,000 6,000
uDiscamdump 114,000 111,000 111,000 111,000 141,000 111,000 111,000 111,000 114,000 111,000
;;S&.my pond 45 000 45000 45 000 45,000 45,000 45,000 45000 45,000 45,000 45,000
| Strategic spares 150,000 150,000 150,000 153,000 150,000 150,000 150,000 150,000 150,000 180,000
Hsub tots! - processing 372,000 372,000 272,000 372,000 372,000 372,000 372,000 372,000 372,000 372,000
uBub total 17,510,000 7,300,000 5,250,000 11,780,000 5,260,000 3,786,000 5,265,000 11,765,000 5,265,000 2,285,000
Capex fees @ 4% 700,400 292,000 210,000 470,000 210,000 15,600 210,800 470,600 210,600 80,800
Total capital expenditure 18,210,400 7,582,000 5,460,000 12,220,000 5,460,000 3,916,800 8,475,600 12,238,600 5,475,500 2,355,600
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Dorstfontein thin seam
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
1 2 3 4 5 g 7 8 9 10
RO0O's

25753 | 20.451| 29481| 20451] 20451| 204s1| 29451| 2s783] 25783 | 25753

Mining contractor costs RAon 50,00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 £0.00
{Imining contractor costs RO0O's 15688 | 18825| 18s2s| 18825| 18e25| 18@2s| 18mos| 1sees| 1s688| 15688
lloutbye costs RO0O'S 300 300 300 300 300 300 300 300 300 300
IRepair and maintenance RO0O's 2,241 2,241 2,241 2,241 2,241 2.241 2,241 2,241 2,241 2,241
I‘Other underground costs ROQO's 570 570 570 570 570 570 570 570 570 570
[lprant costs Riton 7.50 750 7.50 7.50 7.50 750{° 750 7.50 7.50 7.50
{lPrant costs ROOD's 2,353 2,824 2824 2,824 2,824 2,824 2,824 2,353 2,353 2,353
lh.aboratory & Weighbrldge ROOO's 436 438 436 436 436 436 436 438 436 438
IlRom stockpite ROOO's 189 189 189 189 189 189 189 189 189 189
[lproduct stockpie RO0D's 486 486 486 486 486 486 486 486 488 486
Hserice costs ROO00's 809 609 609 600 609 609 600 609 609 609
[lsatety and training ROOU'S 159 159 159 159 159 159 159 159 159 159
Husitty costs ROOU'S 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200
Other casts ROO0's 893 893 893 893 893 893 893 893 893 893
loperating fee 2,5% ROOO's 830 720 720 720 720 720 720 630 630 630
sh coste - Escalated ROOD's 26751 31,217| 33000| 35078 aris0| 3sa10] ar77s|  3m721|  at044| 43508
Mining cost 15688 | 19955| 21152 22421| 237e6| 25102| 26704| 23588 25003 26504
Outbye costs 300 318 337 357 379 401 426 451 478 507
Repair and maintenance 2,241 2,375 2,518 2,669 2,829 2,999 3,179 3370 3572 3786
Other underground costs 570 804 640 679 720 763 809 857 008 963
Hptant costs 2,353 2,993 3173 3,363 3,565 3,779 4,006 3538 3,751 3,976
[lLavoratory & Weighbridge 436 462 490 520 551 564 619 656 695 737
llRom stockpile 189 200 212 25 239 253 268 284 301 319
lProduct stockpile 486 515 546 579 614 650 689 731 775 821
lservice costs 609 645 684 725 768 815 863 915 970 1,028
Hsatety and training 159 169 179 189 201 213 226 239 253 269
{lutity costs 1,200 1,272 1,348 1429 1515 1,606 1,702 1,804 1913 2,027
[lother costs 803 946 1,003 1,063 1,127 1,195 1,266 1342 1423 1508
lloperating fee 2,5% 628 761 807 8s5 907 961 1,019 944 1,001 1,061
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Dorstfontein thin seam

Year 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012
Period 1 2 3 4 5 6 7 8 9 10

Gash costs - Riton ROM 82.08 8291 87.89 93.16 9875| 10468| 11098| 123.41| 13082] 13867
lMinlng cost 50.00 53,00 56.18 59.55 63.12 86.91 70.83 75.18 79.69 84.47
lloutbye eosts 096 0.84 0.50 0.95 1.01 1.07 1.43 1.44 152 162
"Repatr and maintenance 7.14 6.31 B8.69 7.09 7.51 7.97 8.44 10.74 11.38 12.07
"Other underground costs 1.82 1.60 1.70 1.80 1.91 203 2.15 2.73 280 3.07
jlprant costs 7.50 7.95 8.43 8.93 9.47 10.04 10.64 11.28 11.95 1267
l[Laboratory & Weighbridge 1,39 123 130 138 1.46 155 164 2.09 222 2.35
lRom stockpile 0.60 053 0.56 0,60 063 0.67 0.71 0.91 0.96 1.02
HlProduct stockpile 155 137 145 154 163 173 1.83 233 2.47 262
[lservice costs 194 1.71 182 1.93 2.04 2.16 229 292 3.00 328
{lsafety and training 051 0.45 0.47 0.50 053 0.57 060 0.76 0.81 0.86
[lutity costs 382 338 358 380 402 4.27 452 5.75 8.10 6.46
(Other costs 2.85 2551 266 282 2.99 347 336 428 454 481
Operating fee 2.5% 2.00 2,02 214 227 2.41 255 271 301 3.19 3.38
ash costs - Riton produced 96.36 9735 10349| 10938 11584| 12290{ 13027 14a90| 18389 16281
Mining cost 58.70 62.23 65.96 69.92 7411 78.56 83.27 88.27 9357 99.18
Houtbye coets 142 0.99 1,05 1.11 118 125 133 169 179 1,90
{lRepair and maintenance 8.39 7.41 7.85 8.32 8.82 935 9.91 12.61 13.37 1447
Hother underground costs 2.13 1.88 2.00 212 2.24 2.38 252 3.21 3.40 3.60
[lprant costs 8.81 9.33 2.89 10.49 1142 11.78 12.49 13.24 1403 14.88
[lLavoratory & Weighbridge 163 1.44 153 162 1.72 1.82 1.93 2.45 2.60 2.76
[lrom stockpiie 0.71 062 0.66 0.70 0.74 0.79 0.84 1.06 113 149
|lProduct stockpile 182 161 1.70 181 1,91 2,03 2.15 2.73 2.90 307
(lservice costs 2.28 201 213 2.26 2.40 254 2.60 342 363 385
[Isatety and training 0.59 0.53 0.56 0.59 0.63 0.66 0.70 0.89 095 1.01
Utility costs 4.49 397 420 4.46 472 5.01 531 6.75 7.16 7.59
Other costs 334 2.95 313 332 351 373 395 5,02 532 5.64
Operating fee 2,5% 2.35 237 252 267 2.83 300 318 353 375 3.97
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Dorstfontein thin seam

Year 2003 | 2004 | 2005 | 2006 | 2007 | 2008 2009 | 2010] 2011| 2012
Period 1 2 3 4 5 6 7 8 sl 10

Escalation Rates
Deflator 6.00%| 6.00%| 6.00%| 6.00% 6.00%| 6.00%| 6.00%| 6.00%| 600%| 6.00%
Deflator factor 1060 | 1124] 1491 | 1262| 1338| 1.419| 1504 | 1504 | 1.889| 1.701
SA. PPI 0.00%| 5.00%| 5.00%| 5.00%| 500%| 5.00%| 5.00%| 500% 500%| 500%
A, PPI Growth Factor 1.000 | 1.050 | 1.103| 1.158 | 1.216| 1276 | 1.340 | 1.407 | 1.477| 1551
US cPI 0.00%| 2.00%| 2.00%| 2.00%| 200%| 2.00%| 2.00%| 200%| 2.00%| 2.00%
US CPI Growth Factor 1.000 | 1.020| 1.040 | 1.061 | 1082 | 1104 1.126 | 1448 1.472] 1.195
Doliar Selling price 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 000%| 0.00%
Doliar Selting price Growth Factor 1.000 | 1.000 | 1.000| 1.000| 1.000{ 1.000| 1.000| 1.000| 1.000] 1.000
Infand Selling price 0.00%| 6.00%| 5.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 600%| 6.00%
Infand Selling price Growth Faclor 1.000 | 1060 1124 1191 ] 1.262] 1338 1.419| 1504 | 1504 | 1.600
ESKOM 0.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%
ESKOM 1.000 | 1.060 | 1.124| 1.191| 1262| 1338 | 1.419| 1504 | 1504 | 1.689
Operating Costs 0.00%| 6.00%| €.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 600%| 6.00%
Operating Costs Growth Factor 1000 | 1.060 | 1124 1191 | 1262 | 1.338| 1.419| 1504 | 1584| 1.680
Raiiage Costs 0.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00% 600%| 6.00%| 600%| 6.00%
Railage Costs Growth Factor 1.000 | 1.060 | 1.124| 1191 ] 1262 | 1338 | 1.419 | 1504 | 1.584| 1.680
Port charges 0.00%| 6.00%| 6.00% 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 600%| 6.00%
Pont charges Growth Factor 1000 1.060 | 1124 | 1.191] 1.262| 1338 | 1.419 | 1504 | 1504| 1.609
Transport costs 0.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00%| 6.00
Transport costs Growth Factor 1000 | 1.060 | 1.124| 1191 | 1262| 1338 | 1.419 | 1504 ] 1504 1680
Capital Expenditure 0.00%| 10.00% | 10.00% 10.00% | 10.00% | 10.00%| 10.00%| 10.00% | 10.00%| 10.00%
{lcapex Growth Factor 1.000 | 1.100| 1.210] 1.331| 1464 | 1811 | 1772 | 1949 | 2144 | 2358
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