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Introduction

Coal technology, along with aspects
of technical marketing support can
cover a wide range of topics —
Including :

» Bore core programmes

« Data handling and assessment
» Coal washability

» Product specification

» Coal blending and marketing

» Value-in-use calculations to support
market appraisal

M Resources
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M Resources have a team of
experienced coal technicians and
data analysts capable of taking
basic bore core, laboratory and
product quality data and
converting it into valuable output.

M Resources staff are competent
In the areas of geology —
metallurgy — coal technology -
coal marketing and data analysis.

Due to continuous coal trading
activity, an extensive in-house
database of world traded coals is
maintained.
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Suite of services

RESOURCES .
Full marketing service \‘
Specification preparation
Coal guality forecasting Comparative positioning of products
CPP capabilities ] . Marketing Target customer selection
-H Operations
Blend studies Blending studies
\ Pricing guidance _)
Coal quality
Coal testing Design of programs

RESOURCES .

-@{ Training Services

Coal utilisation

Coal services

]Oi Supervision of labs

—.o[ Exploration & Geology = : :
L Initial quality appraisal

Early stage equity position

Coke testing

PCI VIU studies

Technical support }@- Thermal coal evaluation

Off-take agreements
Investment ! finance

Financing options

Coke making technology

Xenith Consulting
Te FeCon - Japan |

[gKoornhofandBAssoc;CjnaclI? | Associates / key
Hroay verres service providers

Australian Coal Company

HDR Salva
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Database Analysis

M Resources has the tools and ability ALL RESULTS:
. AVERAGE 1.40 31.2 17.6 11.5 37.2 33.6
to take a database W|th thousands of TONNES WEIGHTED AVERAGE 138 309 19.1 10.3 377 330
. . MIN 129 25.6 8.9 37 27.9 17.1
entries and compile results that are MAX 4 ws o7 28 54 436
customizable to specific needs. O T TR e e ey o) v
« Database is filterable to create © o 121 13 25 210 90 341 9
. . . 4 4.98 6.77 1.36 30.6 26.0 10.3 35.8 27.9
SpeCIflcatlonS on any baSIS(e.g. 15 5.78 757 131 296 27.0 8.6 461 183
. . 17 5.00 6.55 131 28.7 26.7 7.1 35.0 31.2
excluding data with ash over 20 % 22 151 200 13 302 287 81 W5 257
and/or CV under 5,600 kcal/kg gar 2 oss 117 1w 216 s 140 sts o1
28 2.89 3.79 131 29.9 28.2 5.0 414 25.4
etC) \ 29 0.31 0.40 1.29 25.6 23.9 45 41.0 30.6
AVERAGE 1.38 30.8 18.8 9.4 37.6 34.3
more accura’tely model TONNES WEIGHTED AVERAGE 1.36 30.6 20.9 8.7 375 33.1
. . MIN 1.29 256 10.8 45 32.3 22.3
contribution from each MAX 146 356 207 193 424 436

compon ent, even when d ISj ointed SORT  Thickness T *RD RD  Moisture Moisture  Ash VM FC

holding  %adb  (%adb) (%adb) (%adb)

capacity
data is presented' 4 4.98 6.77 1.36 30.6 26.0 103 358 279
. . . . 17 5.00 6.55 131 28.7 267 71 350 312
* Ablllty to adJUSt Sp@lelC&tlonS 23 151 2.01 133 30.2 287 8.1 375 257
. . .. 25 0.78 1.03 1.32 28.9 272 78 342 308
promptly to suit changes inmining 2 2 sw  1: 29 2 so a4 254
. 29 031 0.40 1.29 25.6 239 45 410 306
area or marketlng agenda_ 32 151 1.98 1.31 30.8 297 48 328 327
36 4.27 5.64 1.32 29.6 29.4 85 323 298
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4854
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Contour Plans

RESOURCES .

M Resources can prepare
basic coal quality contour
plans to display lateral
variation, highlight trends etc.

* A high level appraisal of
key coal properties is
possible - as they vary
across a mining project or -
tenement.

e This allows for possible i
problem or opportunity
regions to be identified
early on. Blending or
exclusion from mining
area are some of the
options that might ensue.
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Data Histogram Example

Raw Coal Block Quality

RESOURCES .

When confronted with large
data sets, a very rapid

appraisal can be conducted

using an M Resources 18
PowerPoint macro as shown 16

« Data steps are easily 14

configurable 12
» Distributions of multiple Em
properties can be 3 .
created quickly and =
efficiently to allow for °
early analysis of quality
to identify problem 2
areas. 0 | | | | | _ . |

0-0.02 0.02-0.04 0.04-0.06 0.06-0.08 0.08-0.1 0.1-012 0.12-0.14 0.14-0.16

Phos % (adb)

Weighted average : 0.06 %
53 samples

o

M Resources wWww.mresources.com.au




Ply by Ply Analysis

ﬁm RESOURCES .
Ply by Ply analysis provides a graphical e PLY by PLY
; i Source: Raw Coal Properties

represe.ntatlon of bOI'(_B core data in a tOp ThicknesgVorking RD | IM | Ash | Ash [ VM | VM
down view. Features include: Seam S (m) [section] imp) | % | % | % | % | %
e Row depth shown relative to ply - adb | adb | adb | daf

thickness CCRNPY M 1 | 162 | 1.3 | 37.0 19.9 | 32.3
Areas for both raw and washed coal RN T | 197 | 16 | 555 147 | 331

properties 177 | 1.6 | 483 155 | 30.9
*  Weighted averages for all properties _

summarized at the bottom of the sheet Orion L | 166 12370 209 | 338
Composites and/or separate areas can s /2T T B O 73

be combined for a subset of weighted Castor Lol 180 R Rl Wl M 19.3 | 288

averages . Castor Coal 2.72 2 1.66 1.1 | 37.7 20.6 | 33.7
e  Colour coded rows provide easy to

Ident!fy Changes In I_Ithography Castor Coal 3.46 2 1.58 1.2 | 34.0 184 | 28.4
e Conditional formatting on key

properties show greater graphical Castor CXIENGE 2 164 | 12 | 374 17.8 | 29.0

analysis (bar charts for Ash and red e T (1< T8

Warnlng Ce”s for hlgh Sulphur) Castor Coal 2.50 2 1.74 1.2 | 46.9 16.9 | 32.6
«  Number of plies available to be viewed _ i = -

onIy limited by rows in Excel Total Thickness 34.4 1.8 12 | 454 | 45.4 | 185 | 31.8

Orion 8.1 1 1.3 | 40.8 | 40.8 | 19.0 | 32.8
Castor 12.0 2 12 | 37.8 | 37.8 | 18.6 | 30.7
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Rosin-Rammler Analysis

resources @
Rosin-Rammler ﬂ, Rosin Rammler
plots are standard - T —
7 >
across the o Pz e
industry and 80 - e //5
1 K — . R —— ﬂ.,.?é:-w"““‘ o =i - o
present partl_cle | o) — BBy
size distribution in = — =
. 2 2
a convenient 2" - — "
manner 8" — T
' a0 — | ///‘://
X5 ] ///
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//‘;///
5 —
/ /
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Laboratory Procedures

M Resources can create a coal testing
laboratory procedure tailor-made to
each project.

» Varying coal types require different
procedures to test for specific
properties.

* Maximum data from limited sample
mass - done to a budget.

» Liaise with laboratory to ensure
procedures are followed and
reporting is to standards.

* ldentify and implement important
tests.

140 mm LD core
2012 - abbreviated lab procedure

/

‘_ COAL - prepare 2 or 3
" working sections per core

Drop shatter 15 times , size, knap to 31.5mm ,dry
tumble, size, wet tumble, size

Float sink and
flotation stage (5/8)

RESOURCES .

| Composite 31.5 by 16 mm

Float / sink: @@ 1.30 1.35
1.40 1.425,1.45 1.50 1.55
1.60 1.70 1.80 2.0 Mass -
ASH - CSN on each
fraction

i Composite 16 by 4 mm | Composite; 4 by 1 mm | Composite 1by 0.25 mm |
Float / sink: @& 1.30 Float / sink: @@ 1.30 1.35 Float / sink: @ 1.30 1.35
1.35 1.40 1.425,1.45 1.40 1.425,1.45 1.50 1.55 1.40 1.425,1.451.50 1.55
1.50 1.55 1.60 1.70 1.60 1.70 1.80 2.0 Mass 1.60 1.70 1.80 2.0 Mass
1.80 2.0 Mass - ASH - - ASH - CSN on each -ASH - CSN on each
CSN on each (raction fraction fracton

M Resources wWww.mresources.com.au

1 Finas ;- .25 mm [
Subsample:
Modified tree
flotation - Mass,
Aszh, TS, CSN on
each fraction




Washability Analysis

Graphical Display 1

RESOURCES .

Washability analysis provides fundamental yield / ash relationships for raw coal — generally on a size — by - size
basis.

o  Often washability data is presented as an unwieldy database of numbers with little way to differentiate
between plies or seams.

* M Resources uses two graphical displays of washability data to quickly and concisely analyse and compare

data. The first (shown below) analyses a single size fraction. Shown are fractional mass yields, cumulative
ash (%) and fractional ash (%).

25 70
"  Yield % ,’/ - 60
-— @ e ,'

s FRAC Ash /// ~ 50 R
% 15 - —CUMAsh—— =~ - 40 E
= =
2 5
o] <<
=

F F F F F F F F F F F S
1.30 1.35 1.40 1.425 1.45 1.50 155 1.60 1.70 1.80 2.00 2.00

Floatsink fraction
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Washability Analysis

Graphical Display 2

RESOURCES .

The second graphical display shows the ash / yield curves of all size fractions of a single bore core.
»  Size fractions are also displayed with mass percentage components shown.

When compared to other bore cores in the dataset, trends can be seen and plotted over an entire mining
tenement.

e Bypass, secondary and fines products can also be identified using washability analysis.

100 < , .
90 // / / / F1.30

w S s1-Fis

70 ’X / / / / 51.210 --Fl.;125

60 }{ / / / / S1.425 - F1.45

50 [ 4 / a1 F1s

. 1‘] / ——+16(28.3%) S1.55 - F1.60

40 / R — S1.60 - F1.70

- £ 7 S1.70 - F1.80

> / / ~4—-4+1(16.2 %) S1.80 - F2.00

20 [ i S2.00
10 / —e=-1+0.25(12.2 %)
0 .S / . Iﬁf--|0.2|5 Mo.dif.ied. TrIeeIFIoltatliorll (}O.Il %)
10 20

0

Cumulative Yield %

30 40 50 60 70
Cumulative Ash % (adb)
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Mayer Curve
Example Four Different Coal Sources

RESOURCES @
7065 60 55 50 45 40 35 20
——Coal A-8 +1.4 mm
——Coal B -50 +25 mm 25
F1.90 T
F1.80 k1 O
——Coal D -4 +1 mm F170-. )\ F2.00 -‘SG
F1.60 -, ™\ 1g288 2
F 1.55 =
F1.50 | S 0 5
F1.45 -0 »* 0%
F 1.40
F1.2 .
F 1.30
: 0
0 10 20 30 40 50 60 70 80 90 100
Yield %
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Mayer Curve
Example Single Coal Multiple Size Fractions

—e—-100 +50 mm
—o—-50 +25 mm
——-25+12.5mm
——-12.5+6.3 mm
—o—-6.3 +3.15 mm
——-3.15+1.0 mm
——-1.0 +0.5 mm
——-0.5+0.15mm

F 1.50
F130 P49
0 10 20

M Resources

F1.30

F1.40

F1.50

F1.60

F1.70

F1.80

F1.90

F2.00

F2.50

70 65 60
F 2.00
F1.90
F 1.80
F1.70
F 1.60
50 60 70 80
Yield %
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Ash % (radial)




Specification Sheet

RESOURCES .

ﬂ Indicative Product Specification
)

Preparation of accurate coal ~  |*
specification sheets or

AS AIR DRY DRY ASH
- - - RECEIVED DRIED FREE
indicative property tables are EEE )
Vltal . Proximate Analysis (%) : K\Shr?rent Moisture o ég -
Volatile Matter 23.9 25.9 26.2 28.7
Fixed Carbon 59.3 64.1 65.1
Total Sulphur (%): 0.65 0.70 0.71 0.78
Phosphorus (%): 0.021 0.023 0.023 0.03
Ulti Analysis (%) : 71.8 7.7 . 86.3
M Resources have prepared e AnaysIs ohosen A
Nitrogen . 15 17 1.7 1.9
numerous coal property Qumbydteece 45 M g, i
tables for coals from every Ash Anaiysis
. . ) (% in dry ash) Al,Oq 29.4 TiO, 1.6
Fe,O. 7.2 Mn ;0 0.04
major coal producing region.
MgO 1.12 P,Os 1.01
Na,O 0.65 Total 99
HGI: 79
. PI_astic Properties: CSN 9
° Param eters d Isplayed Gieseler Plastometer: st Range (00 O N
d d I t d t I_Maxi;noum Fluidity (ddpm) 10210
o] 4.01
epen On Coa ype’ a‘ a‘ Dilatation Ma%( Contraction % -26
Max Dilatation % 214

aval |ab|||ty and Other Total Dilatation % 243

Petrographics (%):

Vitrinite 69
factors. Liptinite 27
Inertinite 25
Mineral Matter 5.0
Vitrinite Reflectance (% mean) 1.20

Topsize (mm) nominal:

M Resources Www.mresources.com.au




World Traded Histograms

RESOURCES .
Ash % (adb) — Hard Coking Coal
M Resources maintains a large "
database of coal specifications traded . @0)
throughout the world. o *
* Every coal property can be ranked g
against other world-traded coals to 6
highlight advantages or 4
disadvantages the coal could have )
in the marketplace. o Al
« M Resources’ collection of world- Coalbrand
traded histograms cover all types Ash % (adb) - Hard Coking Coal
of coal (HCC, SSCC, PCl and 14
Thermal). 12 - USA conls
. . Other
» Certain properties can also be 10
shown with country of origin. 8 i A T
SRS 1111 AAAE 110 AR RRERRREEN LRSS AR AR AR RSN
SRR 1111 04| ORRLL) 10 AR R AR AR TR R
o L LI RTTARREYORERNEE LA RN TR
o

Coal brand
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Blending Analysis

M Resources MIXMASTER allows
simulated blending analysis between
any number of coals.

e Unlimited amount of properties
available for blending analysis.

e Customizable for thermal or
metallurgical (HCC, PCI and SSCC).

» Directory of over 300 coals from
around the world already
available for blending
opportunities.

* Cost analysis of blended coal
available based on current spot
and/or contract prices or client
supplied forward values.

e  Graphical analysis of blended coal

shown by percent of coal in blend.

M Resources

RESOURCES .

@ COAL 1 COAL 2 COAL 3 BLEI_\ID
(nominal)

Percent in Blend (%) 50 40 10 100
Total Moisture (%): 8.0 8.0 105 8.3
Proximate Analysis:
Inherent Moisture (% ad): 2.5 25 25 25
Ash (% ad): 12.0 5.5 9.5 9.2
Volatile Matter (% ad): 28.8 41.0 32.0 34.0
Volatile Matter (% daf): 33.7 44.6 36.4 38.3
Total Sulphur (% ad): 0.40 2.00 0.50 1.05
Calorific Value (kcal/kg ad): 6900 7900 7250 7340
Calorific Value (kcal/kg daf): 8070 8587 8239 8290
Ultimate Analysis (%) :
Carbon 83.4 83.6 83.3 83.5
Hydrogen 4.9 6.1 5.3 5.4
Nitrogen 1.6 1.9 1.9 1.8
Oxygen by difference 9.6 7.8 8.9 8.8
Sulphur 0.48 1.03 0.57 0.71
Ash Analysis (% in dry ash)
SU, 60.0 49.9 52.4 56.8
Al;O3 30.0 30.0 26.9 29.7
Fe,03 2.8 9.1 9.3 5.0
CaO 2.7 2.7 3.2 2.8
MgO 0.33 0.74 1.20 0.52
Na,O 0.47 1.55 0.40 0.72
KO 0.38 0.91 2.10 0.69
TIO, 1.22 2.10 1.60 1.47
Mn3O04 0.08 0.05 0.00 0.06
SO3 0.08 1.65 0.90 0.54
P,05 0.40 0.81 1.70 0.63

www.mresources.com.au




TM (%)

VM (% ad)

GC (kecallkg ad)

Blending Analysis

Graphical Display

COKING COAL ANALYSIS

Main Coal: COAL 1
Coal A: COAL 2

Total Moisture

9
8
8 4
7
7 4
5 4
6 -
& T T T T
0% 20% 40% 60% 80% 100%
Coal Ain blend (% )
- Volatile Matter (ad)
40 +
35
30 __’//
25 4
20
15 -
10 4
5 T T T T
0% 20% 40% 60% 80% 100%
Coal Ainblend (% )
. CSN
6
5
4
3
2
1 4
0 T T T T
0% 20% 40% 60% 80% 100%

Coal Ainblend (% )

Ash (% ad)

TS (% ad)

Fluidity (1og10)

250

200
1.50
1.00 4
0.50 4

0.00

Ash (ad)

40% 60% 80%

Coal Ain blend (% )

0% 20% 100%

Total Sulphur (ad)

T T T T
0% 20% 40% 60% 80%
Coal Ain blend ( % )

100%

Max Fluidity (log)

40% 60% 80%

Coal Ainblend (% )

0% 20% 100%

THERMAL COAL ANALYSIS

Main Coal: COAL 1
Coal A: COAL 2

Total Moisture

TM (%)
o m =~ ® W @

0% 20% 40% 60% 80%

100%
Coal Ainblend (%)
Volatile Matter (ad)
45
40
% 4
5 30 4
T 25 4
£
=
> 15 4
10 A
5 : ; : ;
0% 20% 40% 60% 80% 100%
Coal Ain blend (% )
CV(gad)
8000
7800
7600 {
K
o 7400
=
= 7200 1
o
= 7000
(5]
O 6300 : ; : ;
0% 20% 40% 60% 80% 100%

Coal Ainblend (% )

Ash (% ad)

TS (% ad)

HGI

250

200

1.50

1.00
0.50
0.00

52
50

46

42
40

RESOURCES

Ash (ad)
0% 20% 40% 60% 80% 100%|
Coal Ainblend (% )
Total Sulphur (ad)
0% 20% 40% 60% 80% 100%|
Coal Ain blend (% )
HGI (estimate)
0% 20% 40% 60% 80% 100%|

Coal Ainblend (% )

M Resources
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PCI Value In Use Analysis

Bennett and Fukushima (2003)1,
pioneered a system to rank and
evaluate PCI coals based on
coke replacement ratio (RR).

M Resources has access to a
model that predicts RR and
determines the relative
ranking of different coals.

« Singular and blended coals
can be synthesized to obtain
an equivalent RR which is
then fed into a pricing
model.

1. Impact of PCI Coal Quality on Blast Furnace
Operations , Cairns, 2003

M Resources

RESOURCES .
PCl Value Model - Apr 13~ 3 MTPAHM
150 kg/tonne PCI
Assumptions
Coke blend VM Y%dry 26.0
Coke blend TM Y%ar 8
Coke blend ash %dry 9
PCl Rate kg/tHM 150
PCI Coal Reference Test Coal
Replacement Ratio 0.897 0.868
All Coke Coke Rate kg/tHM 510
Coking Coal Cost FOB ussit  $ 156.70
PCI Coal Cost FOB uss/t  $ 141.00 | 134.17 |
Anthracite Cost FOB usst  $ 130.00
Gas cost US$/MI 0.010
Coke yield db (wharf) % 77%
Coke to BF yield % 72%
Coke ash % 11.7
Nil PCI Reference PCI Test Coal
CASE 1 CASE 2 CASE 3
All Coke PCR =150 LV PCR =150 HV
Coke required kg/tHM 510 375 380
Coking Coal required dry kg/tHM 706 520 526
Coking Coal required ar kg/tHM 767 565 571
Cost of Coking coal US$/tHM | $ 120.20 | $ 88.49 | $ 89.51
Cost of PCI coal Us$/tHm | $ - $ 2115 $ 20.12
Cost of coal Us$/tHm | $ 1202 | $ 1096 | $ 109.6
$mill at 3 mtpa uss mill | $ 360.6 | $ 32891 % 328.9

www.mresources.com.au
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Coal brand
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Coke Strength (CSR) prediction

CSR Predictor

RESOURCES .

CSR CSR CSR CSR CSR CSR CSR CSR CSR Mex{ENeH

Testing for Coke Strength after ot #5 #6  #7 #R 1o [N

= 2 #3 #4
Reaction (CSR) was developedby | Eﬂﬂﬂ

Nippon Steel in the 1970's as an e me e e e e we e
Indicator of coking coal performance
In the blast furnace.

IM (ad)

» CSR s best obtained by testing o L Lo
coke produced in a coke oven. 5 5 5 =2

TOTAL DIL

S T T —

INERTINITE
Total Inertinite 40 40 40 40

Often this is not practicable.

M Resources has compiled a emits g BRI _m
collection of peer reviewed S G e o)
equations to model CSR using i 2T PR
other plastic and chemica
properties. r T B 0 0 o oc oo I

* This allows M Resources to present e |1 ty [0
a range of modeled CSR values. o -

M Resources Www.mresources.com.au




Chinese Coal Classification System

RESOURCES.
| e T = ¥ LA A /14 /)N I o~ -~ LA/ AP\
y>25 1 rat LOdi FIVEAL0) Fat Coal FM (26)] Fat Coal FM (36) | ‘2@ mat LOAl L (20)
y <25
80 | coking Coal | CokingCoal | ypzeqping | |
20 M (15) M@25) | 1/33m (35) B ERRl ()
>
% 60 Lean Coal Coking Coal Gas-Coal Gas Coal QM (44)
-
o 50 SM (14) M (24) QM (34)
| ean Coal 1/2 Sticky Coal 1/2 Sticky Coal Gas Coal QM (43)
40 0 122N (23) | 1/2ZN(33)
30
Long Flame Coal
20 Weakly Weakly cy (35)
Meager Coal Sticky Coal | Sticky Coal
10 oy ey RN(32)
PS (12) RN(22) \S4)
0 Meaqer Coal PM (11
rr o1 |1 oo 1. | I'*TT™TT<T"n"MrM'T™ ™M™ T TTTTT™r T 77T T 7T T

0 5 10 15 20 25 30 35 40 45 50
VM (% daf)
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TML Proctor-Fagerberg Test

Transportable Moisture Limit

RESOURCES .
20 30 40 50 60 70
0.6 . p 80
0.55 / o

Void Ratio e

(@)

o ~

S (@]
\\

17 19 21 23 25
Total Moisture (wet) %

0.2
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For additional information regarding:

RESOURCES .

Suite of services

 Initial deposit evaluation

* Production optimisation studies

« Ranking in present market place, and
Technical advice or training

Please contact:

Ross Stainlay rstainlay@mresources.com.au +61 (0) 407 152 315
or

Paul Keleher +61 (0) 419 702 605.
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