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1 INTRODUCTION

Digby Wells Environmental (Digby Wells) has been appointed by Anglo Operations (Pty)
Limited (AOPL) to be the independent Environmental Assessment Practitioner (EAP) for the
proposed Dalyshope Phase 1 Coal Mine Project in the Limpopo Province.

AOPL, a business unit of Anglo American plc, is required to obtain environmental
authorisation for the proposed development of the Dalyshope Phase 1 Coal Mine (the Mine).
The Mine will be operated by Anglo American Thermal Coal (AATC), an operating division of
AOPL, on the farms Klaarwater 231 LQ and Dalyshope 232 LQ in the Limpopo Province,
approximately 60 km west of Lephalale.

AOPL holds a prospecting right in respect of the farms Dalyshope 232 LQ, Klaarwater 231
LQ, Nazarov 685 LQ, Wynberg 215 LQ, Canada 229 LQ and part of Matopi 705 LQ. The
project area covers an area of 4 950.2 hectares (ha). The coordinates for the centre of the
study area are 23° 32’ 56.178” S and 27° 15’ 10.635” E.

Currently, a business model is being developed which will consider the supply of semi-
selectively mined Run of Mine (ROM) thermal coal to an Independent Power Producer (IPP),
Vedanta, using opencast bench mining methods for coal extraction and a conveyor system
to feed the coal into the IPP. This model is based on a 4.2 — 4.7 Mtpa (Million tonnes per
annum) ROM production with a Life of Mine (LOM) of approximately 25 years. Consideration
is currently being given to the possibility of constructing the Vedanta IPP on the farms
Dalyshope and Klaarwater.

AATC has considered the option of constructing a wash plant to supply washed coal to
Eskom should it become apparent that the IPP will not be in a position to receive coal from
the proposed Dalyshope Phase 1 Coal Mine once it is operational.

Available electricity capacity in the area has already been allocated to existing users.
Alternative energy supply options are therefore being investigated. Temporary power will be
diesel generated until Eskom power is established after the commissioning of the IPP.

Currently, the only access to the proposed mine site is via an un-surfaced district road.

It is anticipated that the proposed mine will require approximately 1 500 m* of water daily
(730 000 m® per annum). A feasible water source is still being investigated.

Anticipated infrastructure relating to the proposed mine will include (but is not limited to):
m  Workshops;
m Temporary offices;
m Crushing stations;
m Conveyors;
m Brake test ramps;
m Pollution control facilities;

m Sewage treatment plant;
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m Parking area;

m Hard park;

m Roads;

m Drainage systems;

m Bulk and potable water supply and storage infrastructure; and
m Fencing.

Applications in accordance with the National Environmental Management Act, 1998 (Act No.
107 of 1998) (NEMA) and National Environmental Management: Waste Act, 2008 (Act No.
59 of 2008) (NEM:WA) were submitted to the Limpopo Department of Economic
Development, Environment and Tourism (LDEDET) and the National Department of
Environmental Affairs (DEA), respectively, for the undertaking of a EIA process and the
relevant documentation will be submitted in order to obtain environmental authorisation for
the proposed activities.

LDEDET will act as the decision making authority for activities under NEMA whilst DEA will
act as the decision making authority for activities under NEM:WA.

As part of the application for a Mining Right on the farms Dalyshope 232 LQ, Klaarwater 231
LQ, Nazarov 685 LQ, Wynberg 215 LQ, Canada 229 LQ and part of Matopi 705 LQ, an
Environmental Impact Assessment and Environmental Management Programme Report
(EMPR) will be compiled for this purpose and submitted to the Department of Mineral
Resources (DMR) for their approval.

1.1 Geochemical Study Description

Digby Wells is currently evaluating the feasibility of backfilling the proposed open pit at the
Dalyshope project with ash materials and other waste; by undertaking geochemical
laboratory analysis and detailed geochemical models. The pit backfilling evaluation forms
part of the geochemical study. The study includes investigations into potential risks involved
with the waste rock and coal storage facilities as well, that will be forming part of the project
during the LoM.

The Dalyshope projects (mining and Vedanta IPP) are currently in EIA phase with various
specialist studies and investigations initiated to determine all environmental impacts,
mitigation options and their feasibility. Once mining has stopped, rehabilitation of the pit will
occur through the backfilling of the void with waste rock and other available material. It has
been proposed (as an option being investigated in both this geochemical assessment and
the geohydrological study) to utilise ash from the Vedanta IPP as part of this backfilling
material. The material used to backfill the pit needs to be chemically evaluated to determine
its suitability for the proposed backfill option and that no potentially harmful leachate or ARD
will occur that can be detrimental to the receiving environment or the surrounding
groundwater and surface water resources.

In addition to the geochemical investigations on the proposed rehabilitation options,
geochemical tests and evaluations of the waste rock and coal material that will be stored and
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stock piled on site is also evaluated. The geochemical study for the project has been done
in two separate stages:

1.2

Geochemical laboratory analysis of the coal, waste rock and ash material that will be
stored and utilised in the IPP and rehabilitation processes. The lab results have been
analysed, evaluated and discussed to determine the potential environmental impacts;
and

Geochemical modelling of the various materials of which the ash composition will play
a major chemical role to determine whether the ash backfilling is feasible from an
environmental geochemical perspective.

Scope of Work

The following scope forms part of this project:

1.3

Review and interpretations of available geological and geochemical data and reports;

Interpretation of all geochemical laboratory results (available data and proposed
sample submission results) for the coal, waste rock and ash material,

Handling of samples and management of laboratories and their deliverables;

Analytical groundwater flow and surface water calculations to evaluate inflow of water
into the pit post closure;

Conceptual hydro-geochemical model of the pit backfilling scenario;

Detailed geochemical models to determine the thermodynamic process involved in
the proposed backfilling scenario through simulations of fluid-waste, fluid-rock and
fluid-fluid chemical interactions; and

A specialist report detailing the risks involved, if any, with the proposed backfilling
option, with summaries and recommendations.

Deliverables

The following deliverables forms part of this study:

Geochemical laboratory results analysis and interpretations;

Potential groundwater and surface water inflows (analytical desktop level);
Geochemical model results and conclusions;

Final conceptual geochemical and backfilling models; and

Specialist report with conclusions and recommendations.
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1.4 Methodology

1.4.1 Data Review and Interpretations

All available geological, geochemical, mineralogical, geohydrological and climatic data were
reviewed to evaluate the current system and fed into the development of a geochemical
conceptual model and scenario formulation.

1.4.2 Geochemical Sampling, Laboratory Tests and Interpretations

1.4.2.1 Baseline conceptual study tests and data

At the start of 2013 Golder completed a Conceptual Acid Rock Drainage (ARD) Potential
Study for the Dalyshope project. ABA and NAG tests were performed on a large sample
population including waste rock and coal material. These lab tests, results and reports feed
into a summarised section and further interpretations in this document.

1.4.2.2 Ash material

Six (6) coal samples were submitted for burning and subsequent geochemical analyses
were done on the ash produced from the samples. The samples consisted of individual
representative samples from the lower coal layers namely the PMB, PMA, PLC, PLB and
PLA. Along with these samples a composite sample of the top coal layers (PUE down to the
PMC) were also submitted. The coal samples were prepared and submitted according to
the following:

m These six coal samples were submitted according to the following lime dosing and
burning criteria:

= Lime dosing as per the criteria set out by Vedanta for the planned burning
process expected at the power station; and

=  The coal-lime mixture was then burned for 30 minutes at 850°C with 20% excess
air (or until ash was produced).

m The ash samples (6 samples) produced from the above burning were then subjected
to the following laboratory tests:

= XRD (X-Ray Diffraction) and XRF (X-Ray Florescence) analysis;
= ABA (Acid Base Accounting) and NAG (Net Acid Generation) tests; and

= SPLP (Synthetic Precipitation Leachate Procedure) leach tests on each sample
with the leach tested for trace and major elements and metals by ICP (Inductively
Coupled Plasma) spectrometry.

1.4.2.3 Coal

Six (6) coal samples were submitted for geochemical analyses. The samples consisted of
individual representative coal samples from the lower coal layers namely the PMB, PMA,
PLC, PLB and PLA. Along with these samples a composite sample of the top coal layers
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(PUE down to the PMC) were also submitted. The coal samples were prepared and
submitted for the following tests:

m  XRD (X-Ray Diffraction) and XRF (X-Ray Florescence) analysis;
m  ABA (Acid Base Accounting) and NAG (Net Acid Generation) tests; and

m DW (Distilled/Reagent water) leach tests on each sample with the leach tested for
trace and major elements and metals by ICP (Inductively Coupled Plasma)
spectrometry.

1.4.2.4 Waste rock

Six (6) waste rock samples were submitted for geochemical tests. The samples consisted of
individual representative waste rock samples from the main waste layers to be mined along
with the coal product namely the overburden (OBW1 and OBW2), inter-burdens (IBW1 and
IBW2) and TRP2 and PLP1 which are the two larger layers separating the bottom coal
seams. The waste samples were prepared and submitted for the following tests:

m  XRD (X-Ray Diffraction) and XRF (X-Ray Florescence) analysis;
m  ABA (Acid Base Accounting) and NAG (Net Acid Generation) tests; and

m DW (Distilled/Reagent water) leach tests on each sample with the leach tested for
trace and major elements and metals by ICP (Inductively Coupled Plasma)
spectrometry.

1.4.3 Conceptual Geochemical Model

All available geological, mineralogical and geochemical data were processed and used to
develop a written description of the conceptual scenario expected during the backfilling of
the Dalyshope open pit with ash and other waste. All conceptual processes, physical and
chemical, will be included with geochemical model scenarios formulated from the conceptual
formulation.

1.4.4 Geochemical Modelling
The following geochemical models will be completed where applicable:

m Speciation models to evaluate the chemical make-up of both surface water and
groundwater in the local catchment to determine the water facies, as well as all
saturate aqueous chemical species that can lead to secondary mineral formation in
ideal conditions;

m Weathering and reaction models of rainwater that will be recharging the pit area and
interact with both the backfill material and the local geology. All reactions and
thermodynamic processes will be evaluated to determine all impacts and
mechanisms that can form through the fluid-rock and fluid-waste interactions;

m Adsorption models and ion exchange will be simulated (if applicable in the evaluated
environment and initial models) to determine whether any aqueous species present
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in the leachate from the backfilled area will be removed from the resultant water by
the underlying geology;

m Mixing models to determine and investigate the possible impact that leachate from
the backfilled pit will have on the local groundwater quality; and

m All models will be simulated to best represent the planned backfilling schedule per
material type.

2 DESKTOP INFORMATION

2.1 Regional Geology

The regional geology of the project area and surrounds (Plan 1) is dominated by the
sedimentary sequences of the Karoo Supergroup and forms part of the Waterberg Coalfield,;
mainly covered by the Kalahari sands. Alluvial sedimentary formations characterises the
flood plains of the Limpopo River; all along its banks through the project area.

The regional geology is made up of sandstone, shale and calcrete with alternating coal
formations. The Zoetfontein Fault forms the northern boundary of this coalfield and the
Eenzaamheid Fault forms the southern boundary; creating a horst structure. The Daarby
fault, with a displacement of between 200 m and 400 m, roughly divides the coalfield into a
shallow western area amenable to open pit mining methods as in the case of Dalyshope,
and a deep north-eastern area (DWE 2011). There are a number of graben type faults
running northeast to southwest which often result in alternating blocks of shallow or very
deep coal. Only a few dolerite dykes are present in the south-eastern portion of the coalfield
and no sill features have to date been encountered in any exploration boreholes.

2.2 Local Geology

The project area and site boundaries fall within the Ellisras basin known for its large coal
deposits (Plan 2) in the Waterberg Coalfield. The local site geology is covered by
quaternary sediments - Kalahari sands — with the top geological strata being the red
mudstone of the Eendragtpan formation in the Ellisras basin. The upper most layers do not
hold any coal seams.

The Grootegeluk formation underlying the Eendragtpan formation is the most important
economic unit in the Ellisras basin with numerous thick coal seams in its 110 m thick layer
along with alternating carbonaceous mudstone and shale which cyclically repeats. The coal
seams and sedimentary layers of the formation formed in a tectonically stable phase of the
basin history with delta abandonment allowing for peat deposits to settle and later form coal.

The Grootegeluk formation outcrops to the north and south of site along the contacts with
the overlying Eendragtpan formation. The northern boundary of the project area is
characterised by alluvial deposits within the flood plains of the Limpopo River. Calcrete
formation is common in the area along drainage channels and small pans with high
evaporation rates and low rainfall.
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2.3 General Geochemistry

The mineralogy of the region is dominated by felsic minerals in the sedimentary sequences,
with pyrite and other minerals associated with coal deposits. The Grootegeluk coal
formation is dominated by mudstone with the depositional environment also dictating high
organic matter content decreasing upward through the formation (Faure et al. 1996). The
lower Grootegeluk mudstone consists mainly of kaolinite and quartz with small amounts of
apatite. The upper Grootegeluk layers are rich in quartz, kaolinite, montmorrilonite and
smaller amounts of illite and microcline (Faure et al. 1996).

At the bottom of the Grootegeluk formation is a 2 m thick mudstone layer high in organic
matter with traces of crystallised kaolinite, siderite, calcite and apatite. The lower strata of
the formation have the highest quality coal associated with globular pyrite and a wide range
of trace elements (Faure et al. 1996; Wagner & Tlotleng 2012). The trace element
distribution in the Grootegeluk coal seams are in concentration well above the global
average with exceptionally higher concentrations of mercury (Hg), cadmium (Cd), arsenic
(As) and selenium (Se) associated with the formation mechanisms of the coal and
associated FeS, (Pyrite) (Wagner & Tlotleng 2012). The wide range of trace elements and
their concentrations relate to fresh water depositional environmental rather than salt water.

The upper formations of the project area are associated with calcite lenses. The major
minerals of the region and there chemical formulas are listed in Table 1.
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Table 1: Background mineralogy (Klein & Dutrow 2007; Mason 1966)

Mineral Chemical formula Comment
Quartz SiO,
Kaolinite Aly(Si,O5)(0OH)4 Slow dissolution rates with a release of aqueous Al-
hydroxides as well as taking part in various ion
Montmorrilonite (Na, C§)0_33(AI, exchange reactions during fluid-rock interaction and
M@)2(SisO10) soil formation
Siderite FeCO;
llite K(Al, Mg, Fe),(Si,
Al);019(0OH),
Microcline KAISi;Og Slow weathering/dissolution rate
. Source of POy, F and Cl aqueous species in
Apatite Cas(PO,)s(OH, F, CI) u 4 queous species
groundwater
Pyrite FeS, AMD potential (Pyrite oxidation)
Calcite CaCOg

2.4 Basic Concepts Associated with Coal Mine Environmental
Geochemistry

Coal mining and their associated activities do pose potential environmental risks with recent
emphasis being placed on the geochemical impacts that may occur. Various environmental
geochemical impacts can be identified through investigation of the source and waste
material that will be processed and stored during the mining activities.

Coal mining in South Africa, as in the case of the Dalyshope project, is associated with
certain mineralogical characteristics commonly associated with the coal formations in the
Karoo Supergroup. The mineralogy and the various oxidation, solution, precipitation and
kinetic reactions associated with some of the minerals lead to Acid Rock Drainage (ARD)
formation and high leachability of metals from tailings storage facilities (TSF), Waste Rock
Dumps (WRD) and stockpiles.

To fully understand the potential environmental geochemical risk involved with coal mining in
general and more specifically the Dalyshope project and its associated mineralogy, some
basic concepts and processes should be discussed. The main mineralogy that will be
discussed is the XRD and XRF results of the ash, waste rock and coal geochemistry and will
be the main topics.

2.4.1 Sulphide Mineral Oxidation and ARD Formation

Sulphide minerals are associated with the coal deposits in the Waterberg Coalfield and in
some cases the mineralogical inclusions in both the parting (waste rock) and the coal
seams. The main sulphide mineral, and in most cases the only sulphide mineralogy as will
be discussed section 4.3 to 4.5 of this report, is pyrite (FeS;) and smaller inclusions of
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chalcopyrite (CuFeS;) and arsenopyrite (FeAsS). The breakdown and reactions involved
with these sulphide minerals need to be fully understood in order for the mine to understand
and develop a management plan for any environmental risks arising from these minerals.

Oxidation of the sulphide minerals allows for the formation of ARD and meta-stable
secondary products in various stages; each with its own characteristic reaction and
processes (Dold 2005). In some cases when the material is enriched with more than one
metal containing sulphide minerals, electrochemical processes and reactions can occur
between the minerals when water and oxygen is added to the system. This acts as a
catalyst in the same way as micro-organisms that increase the reaction rates and reactivity
of the minerals. Micro-organisms is widely associated with sulphide mineral oxidation and
as mentioned increases the rate of oxidation to almost 10° compared to normal reaction
rates involving sulphides in abiotic conditions (Dold 2005). The main concern during the
oxidation and reaction processes involved with sulphide minerals and the formation of ARD
is the lowering of the system pH that in turn acts as a catalyst to heavy metal reactivity and
mobility (Bethke 2008).

Pyrite, the most common sulphide mineral associated with coal formations and the process
of ARD formation best illustrates the oxidation process and phases as follows:

m Step 1: The oxidation of sulphur to sulphate and the release of ferrous iron;
FeS, + 3.50, + H,0 > Fe* + 2S0,” + 2H"

m Step 2: The oxidation of ferrous iron to ferric iron; and
Fe*" +0.250, + H" > Fe* + 0.5H,0

m  Step 3: Hydrolysis and precipitation of ferric complexes and minerals.
FeS, + 14Fe®" + 8H,0 > 15Fe”* + 2S0,” +16H"

The lowering of the pH of the system continuous and induces a decrease in oxidation rates
of ferrous iron until ferric iron is produced and then takes over as the main catalyst to the
oxidation process of pyrite. When the acid mine water (with high concentrations of ferric
iron) reaches the surface or is exposed entirely to the climatic oxygenated conditions; as will
be the case in mining processes and storage facilities for waste material, the system is fully
oxidised. Hydrolysis then in turn allows for the precipitation of secondary minerals in which
the most common minerals are goethite and jarosite. The formation of secondary minerals
or salts are highly dependent on the ideal pH-Eh conditions and the availability of certain
anions and cations in the surface soils.

In some cases where open systems like open pit mines are allowed to flood or in cases
where waste water is captured in evaporation ponds to allow the formation of the meta-
stable phases in a controlled area, the bulk of the system can be alkaline due to the
hydrolysis and precipitation. However, in most cases a small layer or zone of acid water still
exists and this should be managed and controlled.

The formation of secondary meta-stable minerals like goethite (Fe(OH)s;) and other iron
hydroxides produces the most acid and as soon as the pH decreases to levels below 3.5,
Fe** remains in solution with Fe(OH); becoming instable. Another sulphate mineral that
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forms from ARD under high evaporative conditions is gypsum. Gypsum is however highly
soluble and releases metals into the system as soon as it gets into contact with water.

2.4.2 Neutralising Mineralogy and Processes

The ARD formation in most cases results in a system with a pH between 1.5 and 4.
Potential buffering reactions is a major chemical ally in managing and preventing the
formation of ARD. The mineralogy of both the host rock and inclusions in the coal seams of
the project area, as will be discussed in the XRD results, is rich in proportional distributions
of K-feldspar, calcite, siderite, quartz, muscovite, kaolinite and in the case of the ash material
produced from the IPP, lime is also found in large proportions.

All these above mentioned minerals do have the potential to react with the acid water and
metal leachate produced from the ARD to buffer the system towards a neutral pH range
(with the exception of siderite in certain cases). The buffering reactions allows for an
increase in pore-water pH.

Calcite (CaCOQs) is present in coal, waste rock and ash material and is the major buffering
mineral and the most reactive in acidic conditions. The dissolution of calcite allows for the
release of HCO3 and in more acidic conditions CO,. These dissolution reactions increase
the carbon in the system and thus the neutralising potential of the solution increases. At a
neutral pH, HCOj;' is the dominant species and with a continuation of the buffering process
as CO;* becomes dominant the system moves into an alkaline state as shown in Figure 1.
The lower the pH the higher the buffer capacity of calcite with an increase of dissolution
eventually results in the precipitation of secondary calcite.

Lime (Ca(OH),) which is a large constituent of the ash material to be produced from the IPP
and will be used as backfill is a mineral commonly used in the mining industry to depress the
flotation of pyrite by increasing the systems pH to above 10 (Dold 2005). The use of the ash
material is thus favourable in the case of the Dalyshope project if ARD does potentially
become an environmental risk. Lime is highly soluble in water and reacts fast, but can
however easily be washed away and is more favourably used in controlled or closed
systems as a buffer agent.

10
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Figure 1: pH levels as per carbonate distribution in an aqueous system (Witthueser
2010)

2.4.3 Silicates and Clay Minerals

Silicate and clay minerals are associated with the mudstone and siltstone formations in
which the coalfields of South Africa are formed and thus also play a major role in the
environmental geochemistry of coal. As will be discussed in the lab results, the most
common silicates are k-feldspar (microcline), kaolinite, muscovite and quartz with the
potential formation of goethite from the sulphide oxidation and further weathering of kaolinite.

In acidic conditions alumino-silicates like feldspar consume H* ions allowing a buffering of
the aqueous system and contributing Ca, K, Na, Mg, Al, and Si to the system. The
weathering of feldspar and other silicates are highly dependent on pH and the availability of
silica, Na, K and Ca to allow for the reactions and weathering processes to take place
between the minerals and the receiving environment.

The weathering of k-feldspar allows for the formation of kaolinite and as the system
progresses to equilibrium, kaolinite can potentially break down to gibbsite. Although the
weathering of feldspar to kaolinite consumes protons and buffers an acidic system to neutral
pH ranges the further breakdown to gibbsite is not a buffering reaction and is not necessary
a positive reaction to the aqueous environment. The following reactions show the above
mentioned processes:

11
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m K-feldspar weathering to form kaolinite
2KAISiOg + 9H,0 + 2H" = Al,Si,05(0OH), + 2K* + 4H,SiO,
m Kaolinite weathering to form gibbsite

AlSi;O5(0OH), + 5H,0 = 2AI(OH); + 2H,SiO,

3 CONCEPT LEVEL ARD POTENTIAL STUDY

During 2013 a Concept level ARD potential study was comleted by Golder Associates on
behalf of Anglo Thermal Coal for the Dalyshope project. The report for this study is shown in
Appendix B with the main conclusions and recommendation summarised in this EIA study.

The scope of work included a review of relevant geological information, collection of samples
for acid base accounting (ABA) tests and assessment of acid rock drainage (ARD) potential
of the lithological units that will be disturbed by mining (Golder 2013). The following
paragraphs gives the executive summary of the study as presented in the report by Golder
Associates (2013).

A total of 19 composite samples, including a duplicate sample, were collected from three
boreholes. All samples were submitted for ABA analysis. Upper Ecca and Middle Ecca coal
had the highest sulphide-sulphur concentrations; however, the paste pH in these samples
were neutral (pH = 7.2). This was attributed to the presence of calcite and siderite, which
were observed in coal during sampling. Samples of parting unit PLP1 had the lowest paste
pH of 5.9. These samples were characterised by low bulk neutralisation potential and
carbonate NP (Golder 2013).

An assessment of the ARD potential of the sampled units was conducted based on
neutralisation potential ratio (bulk NP/sulphide sulphur acid potential [SAP]), paste pH and
sulphide sulphur concentration. The ARD assessment indicated that:

m Acid generating (AG) samples included:
= Parting units PLP1 and TRP2 from borehole WBO0556A (TRP2(6)).
m Potentially acid generating (PAG) samples were:
= Parting units SD1, USF, and PUP1; and
= Middle Ecca coal seam (ESC).
m  Samples that fell in the grey zone (uncertain) included:
= Parting units TRP2 from borehole WP0557A (TRP2-7) and PMP1;
» Interbedding (CIB); and
= Upper Ecca coal (UC).

These rock units are possibly acid generating if the neutralising potential is insufficiently
reactive or is depleted at a rate faster than sulphides under field conditions.

m Units that were not potentially acid generating (Non-PAG) were:

12
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=  Weathered overburden (WO), fresh overburden (FO), PUP2, PLP2, TRP2 from
borehole WB0555A and MS samples.

An assessment of elemental data from exploration borehole assays (AATC, November
2012) indicated that As, Bi, Cs, Hg, Mo and S are enriched in overburden, parting,
interbedding and coal units from the Dalyshope Project area. These elements are potential
constituents of interest (COIl). An assessment of total sulphur distribution in different
stratigraphic units indicated higher concentrations and wider spatial variability in total sulphur
compared to parting units. Though not as significant as in coal, total sulphur varied spatially
in parting units PLP1, TRP2 and PMP1. The highest concentration of total sulphur occurred
within a depth of 55 m below the surface in Upper Ecca Coal plies.

The number of samples used for the concept level ARD assessment provide a good
indication of the acid potential from the disturbed mine geological units. However, it does not
account for the spatial variation in geochemistry of the individual lithological units. This is
based on the analysis of total sulphur profiles, which indicated that sulphur is generally not
uniformly distributed in parting units PUP1, PMP1, PLP1, TRP2 and coal. This implies that
the ARD potential of these lithological units may vary spatially from PAG to Non-PAG across
the deposit; hence a detailed geochemical assessment should be conducted across the
whole area during the next phases of mine planning.

In conclusion, the concept level ARD assessment indicates a significant potential for ARD to
be generated from the planned mining activities of the Dalyshope Retention mine. This ARD
has the potential to affect the economic viability of the project due to the requirements for
source and pathway control measures associated with mining features and the long-term
mine water management liability associated with ARD. The ARD impacts can however be
prevented and managed through pro-active and upfront design and planning in order to limit
the long-term liability associated with  ARD management at the proposed Dalyshope
Retention mine operations.

4 LABORATORY TEST RESULTS AND INTERPRETATIONS

4.1 Sampling

All samples taken for waste rock, coal and ash analysis were taken by the client from the
borehole locations indicated in Plan 3 and Plan 4. The representativeness of all samples
were assured by the Anglo laboratories and prepared based on best practice guidelines.

Overburden samples were taken from geotechnical and percussion boreholes (Plan 4) to
represent the whole weathered zone and overburden to be stripped when mining
commences. Samples were taken from these boreholes due to a lack of overburden
material from exploration holes and core logs. Samples were taken and stored in sealed
sampling bags to minimize the potential for oxidation and contamination.

4.2 Sample Identification

Ash samples:

13
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m Ash were produced from the following coal layers and labelled as per coal seam that
served as a source:

Composite - ash produced from the PUE down to the PMC;
PLA;

PLB;

PLC;

PMA; and

PMB.

Coal samples:

m The following coal samples were submitted for testing and labelled accordingly:

Composite — coal from the PUE down to the PMC;
PLA;

PLB;

PLC;

PMA; and

PMB.

Waste rock samples:

m The following waste rock samples were submitted for testing and labelled accordingly:

OBW1 — Representative sample of overburden and topsoil;
OBW?2 — Representative sample of overburden and topsoil;

IBW1 — Representative sample of the waste material from interbedded layers
between the coal seams that will be separated,;

IBW2 — Representative sample of the waste material from interbedded layers
between the coal seams that will be separated,;

TRP2 — Representative sample from the TRP2 separation that will from a large
portion of the waste rock being dumped on site;

TRP2 — Representative sample from the TRP2 separation that will from a large
portion of the waste rock being dumped on site; and

PLP1 — Representative sample from the PLP1 separation that will from a large
portion of the waste rock being dumped on site.

4.3 SANS Guidelines and Leachate Classification

The results received from the leaching procedure are listed and classed against the SANS
241:2005 drinking water standards in Appendix C.

14
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The leachate quality results were classed against the SANS 241:2005 drinking water
guidelines, as well as WHO drinking water guidelines to evaluate the potential for
contamination; should leachate reach and mix with local water resources. WHO guideline
values were only used where the SANS guideline do not give criteria for that specific
parameter. The three classes indicated in Table 2 are used to classify drinking water in
South Africa.

Table 2: SANS 241:2005 drinking water classifications

Class Recommendation

Class 1 Recommended operational limit

Class 2 Max allowable concentration for limited duration
Class 3 Not recommended for human consumption

The cation, anion and metal leach results were divided into two sets of data for analysis
purposes. One set shows the chemicals that is considered to have health impacts on
drinking water and in group two (mostly metals) are the chemicals considered not to have
any health impacts on drinking water resources (Gorchev & Ozolins 2008).

4.4 Waste Rock Results

4.4.1 Waste Rock XRF

The XRF results in Table 3 show the major oxides and metals including sulphur that is
present in the waste rock samples. These compounds will combine in the solid form to
make up the various secondary minerals that will be observed in the XRD results. During
the ignition of the tests there was a material loss between 6.4% and 15.53%.

The main oxides in all waste rock samples are SiO,, Al,O; and Fe,O3;. These oxides along
with various inclusions of MgO, MnQO, K,0O, Na,O and CaO and various smaller amounts of
trace elements (Table 4) form the interbred and overburden waste mineralogy. They
combine mostly to form feldspar and clay minerals with quartz also present in high
guantities. The high Al,Os; and SiO, content are typical of the sandy soils from the Kalahari
formations overlying the mudstone and siltstone formations associated with the coal.

The SO, content is low which indicates that the system with potential high pyrite content has
not yet been oxidised and weathered down to sulphate minerals. Trace elements that can
potentially pose a problem and leach out are B, Ba, Mn, Mg, Ni, Rb and Sr. The leachability
of the trace elements are however highly dependent on pH and the acid producing potential
of the material. The XRF and mineralogy of the samples however show that the AP of the
material is potentially non-acid forming; this will be confirmed by the ABA and leachate tests.

The two overburden samples (OBW1 and OBW2) have higher silica content and this
material mostly represents the sandy soils of the region that has been highly weathered.
The interbedded samples however show slightly lower silica content with higher percentages
of Al, Fe, Ca, Mg, K and Na-oxides; indicating a lower state of weathering with fresher
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material. The mineralogy to be formed from the oxide distribution will be mostly dominated
by alumino-silicates and clay minerals.

Table 3: Waste rock XRF summary of major oxides

Major Oxide Concentration (wt. %)

Oxide OBW1 OBW2 IBW1 IBW2 TRP2 PLP1
SiO, 67.35 69.85 55.3 57.07 44.45 54.91
TiO, 0.64 0.78 1.24 11 2.22 1.19
Al,O3 13.34 15.77 22.52 21.32 29.09 27.04
Fe,O3 3.3 4.98 8.81 2.04 2.99 0.95
MnO 0.05 0.04 0.14 0.03 0.04 <0.01
MgO 0.74 0.4 0.93 0.29 0.89 <0.01
CaO 4.5 0.15 0.71 0.66 7.08 0.12
Na,O 0.52 0.13 0.29 0.27 1 0.32
K20 0.96 1.41 1.96 13 0.61 0.55
P.0Os 0.09 0.05 0.08 0.07 0.15 0.07
Cr,03 <0.01 <0.01 0.03 <0.01 0.04 0.02
SO, 0.03 <0.01 <0.01 0.1 0.44 <0.01
LOI 8.28 6.4 7.72 15.55 10.55 14.76
Total 99.8 99.96 99.73 99.8 99.55 99.93
H.O 0.47 0.71 0.26 0.39 0.22 0.39

Table 4: Waste rock XRF summary of trace element composition

Trace Element Concentration (ppm)

Element OBW1 OBW?2 IBW1 IBW2 TRP2 PLP1
As <5.00 3.59 <5.00 15.8 18.3 7.96
Ba 378 203 535 196 1024 258
Bi <5.00 <1.00 <1.00 <5.00 <1.00 <5.00
Br <1.00 <1.00 1 <1.00 1.16 <1.00
Cd <5.00 <1.00 <1.00 <5.00 <5.00 <5.00
Ce 46.1 325 <5.00 15 <5.00 81.1
Cl 705 709 782 725 948 656
Co <5.00 <5.00 52.8 <5.00 27.1 <5.00
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Trace Element Concentration (ppm)

Element OBW1 OBW?2 IBW1 IBW2 TRP2 PLP1
Cs 1.61 <1.00 <5.00 1.18 1.36 151
Cu 31.4 33.7 59 40.2 57.4 32.7
Ga 17.7 23.1 31.9 30 60.8 32.3
Ge <1.00 2.09 7.47 2.6 10.8 2.82
Hf 5.83 7.4 9.17 6.78 9.3 6.19
Hg <5.00 <5.00 <5.00 <1.00 1.2 <1.00
La 41.7 37.2 <5.00 40.7 70.2 235
Lu <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Mo 4.42 3.27 4.77 5.62 12.4 8.46
Nb 19 22.6 23.6 24.5 46.3 21.6
Nd 31.3 39.2 51.9 57.3 72 60.4
Ni 28.3 45.8 121 18 62.2 37.1
Pb 16.9 15.3 24.2 40.1 80 48.6
Rb 71.5 104 104 87 29.5 23.6
Sb 1.89 <5.00 5.21 <1.00 <1.00 1.56
Sc 15 11.1 14.2 11.9 12.8 9.4
Se <1.00 <1.00 <5.00 <5.00 1.78 <1.00
Sm 9.6 8.66 5.94 10.6 15.6 14.6
Sn 4.83 4.64 10.4 2.76 3.67 3.39
Sr 108 90 140 91 1033 127
Ta 3.6 2.39 2.39 3.27 3.25 3.28
Te 12.7 3.11 3.31 3.88 30 3.85
Th 21.7 23 29 31.9 452 41.7
T <1.00 <5.00 <1.00 <1.00 2.09 <1.00
4.23 5.17 6.63 6.9 14.8 551
Y 67.1 111 182 122 254 155
4.17 4.94 4.59 4.87 3.06 3.13
Y 41.6 41.6 45.6 45.9 89 26.8
Yb 12.2 10.3 6.73 16.1 23.4 21.9
Zn 71.3 86.8 202 66.6 86.9 451
Zr 251 295 297 284 606 296
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4.4.2 Waste Rock XRD

Table 5 gives the XRD mineralogy results for the waste rock samples. As per the oxide and
trace element distributions that predicted the potential mineralogy within the XRD results, the
main minerals are quartz, muscovite, kaolinite, microcline with calcite and pyrite. The
mineralogy indicated by the XRD results is typical of the sandstone/siltstone/mudstone
formations dominated by clay minerals and feldspar. Inclusions of calcite/dolomite rich in Ca
and Mg are evidence for the depositional environment of the formations with high
evaporation and weathering rates. The dolomite mineralogy indicated in the XRD results is
a carbonate phase containing both Mg and Ca, in the depositional environment and climatic
conditions associated with the project area this is most probably calcrete formations picked
up by the instrumentation as dolomite minerals. However for the purpose of the study
dolomite and calcrete was and will be discussed as synonymise.

The kaolinite mineralogy, as discussed in section 2.4.3, can be due to the weathering of k-
feldspar with an exposure of these minerals to atmospheric conditions leading to further
formation of kaolinite. The breakdown of feldspar is a pH buffering reaction, however the
further weathering sequences leading to the formation of secondary gibbsite from kaolinite is
not a buffering reaction.

Pyrite is present in all samples and is associated with the depositional environment in which
the coal formation occurred. The presence of pyrite can potentially lead to ARD formation
and thus waste rock dumps should be managed accordingly through lining or other
management activities. The presence of calcite, dolomite/calcrete, microcline and the clay
minerals are however allowing a higher neutralising potential and ARD can potentially be
mitigated by natural processes. The potential ARD formation will be further discussed in the
section on the ABA and NAG.

The mineralogy in the waste rock samples can be chemically described through the mineral
formulas given below:

m Calcite CaCOs
m Dolomite (Calcrete) CaMg(CO3),

m Hematite Fe,O3

m Kaolinite Aly(Si,O5)(OH),

m Microcline KAISi;Og

m Muscovite KAI»(SizAl)O10(OH,F),
m Pyrite FeS,

m Quartz SiO,

m Siderite FeCO,

The presence of siderite and hematite in the formations indicate that the original oxidation
states are still stable with the main iron phase being ferrous iron (Fe(ll)). Siderite can
potentially act as a neutraliser under certain conditions, but with higher alkaline conditions
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and pH levels being elevated the weathering reaction of siderite can lead to acid production.
The dissolution of siderite produces Fe®* and HCO; and combined with ferrous iron
oxidation under elevated pH levels gives of protons in conditions where bicarbonate is
stable. More acidic environments give aqueous conditions where carbonic acid is stable; no
net acid production will occur (Dold 2005).

Table 5: Waste rock XRD summary of major mineral compaosition

Mineral amount per sample (weight %)

Mineral OBW1 OoBW2 IBW1 IBW2 TRP2 PLP1
Calcite 6.58 0.07 0.31 0 291 0.38
Dolomite/Calcrete 0 0 0.68 0.91 0.18 0
Hematite 0.61 0.49 0.47 0.29 0.27 0.64
Kaolinite 26.79 30.53 38.43 39.93 48.29 56.14
Microcline 2.22 2.19 5.66 7.21 2.23 3.32
Muscovite 5.63 8.07 6.14 8.12 4.95 7.23
Pyrite 0.09 0.19 0.13 0.3 0.24 0.31
Quartz 58.08 58.45 44.98 32.13 40.89 31.98
Siderite 0 0 3.19 11.12 0.04 0
Total 100 100 100 100 100 100

4.4.3 Waste Rock Total Concentrations

The results for the total concentrations (TC) on the waste rock samples are given in Table 6
with comparisons against average concentrations observed in the upper continental crust
throughout the world. Based on this comparison the elemental distribution of the TC for the
waste rock samples are well below the continental averages for all elements.

The depositional environment associated with the coal and sedimentary formations can be
the cause of these lower than normal concentrations. Although the concentrations of these
elements are below average, acidic conditions can still lead to higher leachabality of these
elements.

Potential elements that can leach into solution from the whole rock chemistry are Fe, As, Ni,
B, Ba, Mg, Mn, Ca, Na, K and Si. These elements are abundant in most Karoo formations
and thus the potential seepage of these elements from the waste rock is not an abnormal
occurrence.
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Upper
Element | Unit Conctrizz?ta' OBW1 | OBW2 | 1BWL | IBW2 | TRP2 | PLP1
average

Ag mg/kg 0.05 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Al mg/kg 80 400 0.1 19.2 22.9 1.0 0.1 1.8
As mg/kg 1.5 0.028 0.012 0.016 0.012 0.02 0.008
Au mg/kg 0.0018 <0.004 <0.004 0.004 0.004 <0.004 <0.004
B mg/kg 15 0.08 0.08 0.11 0.10 0.14 0.19
Ba mg/kg 550 1.27 0.99 0.97 0.72 0.37 0.28
Be mg/kg 3 <0.004 0.004 <0.004 | <0.004 <0.004 0.008
Bi mg/kg 0.127 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Ca mg/kg 30000 51.6 19.48 32.8 39.84 164 87.2
Cd mg/kg 0.098 0.0004 | <0.0004 0.0004 | 0.0004 | <0.0004 0.0032
Ce mg/kg 64 <0.004 0.038 0.012 | <0.004 <0.004 <0.004
Co mg/kg 17 <0.004 <0.004 0.004 | <0.004 | 0.040564 | 3.33012
Cr mg/kg 85 <0.004 0.02 0.072 | <0.004 <0.004 <0.004
Cs mg/kg 4.8 <0.004 0.004 0.004 0.004 <0.004 0.004
Cu mg/kg 25 <0.004 <0.004 <0.004 | <0.004 <0.004 0.284
Fe mg/kg 35000 0.2 8.8 25 0.4 0.1 1.8
Ga mg/kg 17 <0.004 0.008 0.008 | <0.004 <0.004 <0.004
Ge mg/kg 1.6 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Hf mg/kg 5.8 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Hg mg/kg 0.09 <0.0004 | <0.0004 0.0004 | 0.0008 | <0.0004 | <0.0004
Ho mg/kg 0.8 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Ir mg/kg 0.00002 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
K mg/kg 28 000 235 43.9 27.1 27.3 21.9 21.5
La mg/kg 30 <0.004 <0.004 0.008 | <0.004 <0.004 <0.004
Li mg/kg 20 <0.004 0.04 <0.004 0.04 0.08 0.28
Mg mg/kg 13 300 225 11.4 10.5 14.5 34.6 41.2
Mn mg/kg 600 0.08 0.28 0.12 0.08 0.36 1.76
Mo mg/kg 15 0.01 0.01 0.30 0.26 0.29 0.01
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Upper
Element | Unit Conctrizz?ta' OBW1 | OBW2 | 1BWL | IBW2 | TRP2 | PLP1
average

Na mglkg | 28900 48.8 242 | 1624| 1656 20.5 27.4
Nb mglkg 12,5 <0.004| 0004| 0004| <0.004| <0.004| <0.004
Nd mglkg 26 <0004 | 0028| 0004| <0.004| <0.004| <0.004
Ni mg/kg 50 <0.004 | <0.004| <0004 | <0.004| <0.004 | 6.656836
Pb mg/kg 16 <0.004 0.03 0.01 | <0.004| <0.004 0.01
Rb mg/kg 112 0.01 0.05 0.05| 0.04 0.03 0.04
Sb mg/kg 0.2 0004 | 0004| o0008| 0008 0008 <0.004
sc mg/kg 13 0032| 0074| 0038| o0004| 0008 0.02
Se mg/kg 50 <0.004 | <0.004 0.03| 008 0.14 0.05
si mg/kg | 308 000 374| 8188| 4428| 884| 1412| 2648
Sn mg/kg 55 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Sr mglkg 350 0.44 0.13 039 | 044 0.55 0.42
Ta mg/kg 1.1 <0.004 <0.004 <0.004 | <0.004 <0.004 <0.004
Th mglkg 10.7 <0.0004 | 0.0044 | 0.0028 | <0.0004 | <0.0004 | <0.0004
Ti mghkg | 3900 <0.200 | 0.782552 | 1.211156 | 0.0402 | <0.200 | <0.200
TI mg/kg 0.75 <0004 | <0.004| <0004| <0.004| <0.004| <0.004

mglkg 2.8 0000| 0002| o0002| o0001| 0002] 0002
v mglkg 110 0.06 | 0064| 0068| 00040016776 | <0.004

mglkg 2 0004 | <0.004| 0004| <0.004| <0.004| <0.004
Y mglkg 22 <0004 | 0012| 0004| <0.004| <0.004| <0.004
Zn mglkg 71 <0.004 |  0.036 0.02 | <0.004| <0.004 23
zr mglkg 190 <0004 | 0028| 0016| <0.004| <0.004| <0.004

4.4.4 Waste Rock ABA and NAG

The following are the main conclusions from the waste rock ABA and NAG results for the
samples taken by Dighy Wells:

m The paste pH of all the waste rock samples are in a range between 7.5 and 8.1,

m The waste rock samples does have S-content higher than that of the ash material and
is associated with the pyrite mineralogy associated with the layers as discussed in
section 4.3.2;
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The S% of the overburden (OBW1 and OBW?2) are well below 0.25% and with a high
NNP and low NAG rating will not allow acid generation and is thus classified as a
rock/material type 11l (non-acid generating);

IBW2 shows a high tendency for acid generation with a high AP of 11.56 (kg/t) and a
low NP of 5.25, leading to a low neutralising potential ratio of 0.45 and is thus
classified as an acid generating rock type I. The S-content of this sample was well
above the 0.25% margin;

IBW1 and TRP 2 were classified as intermediate and a rock type Il with a NPR of 1:3
or less. The S-content of these two samples were low enough, but did however not
include enough minerals to allow for a high neutralising potential; and

According to the S-content of PLP1 being 0.1% above the 0.25% margin and a close
to neutral paste pH of 7.8 the sample was classified as an intermediate case.
However, due to the low NAG pH of 3.2 and 4.5 for the sample and a high NAG of
3.72 and 6.47 kg H,SO,/t it is recommended that this sample be seen as acid

generating and treated as such in any risk assessments.

Table 7: Waste rock ABA summary

Acid Base Accounting
Parameter OBW1 | OBW2 | IBW1 | IBW2 | TRP2 | PLP1
Paste pH 7.9 8.1 8.1 8 7.5 7.8
Total Sulphur (%) (LECO) <0.01 | 001 | 015 | 037 | 0.1 0.35
Acid Potential (AP) (kg/t) 0.31 031 | 469 | 1156 | 3.13 | 10.94
Neutralization Potential (NP) 27 -10.75 3 5.25 15 -12
Net Neutralization Potential (NNP) 26.69 | -11.06 | -1.69 | -6.31 | -1.63 | -22.94
Neutralising Potential Ratio (NPR) (NP : AP) 86.4 34.4 0.64 0.45 0.48 1.1
Rock Type 1 I I I I I
Table 8: Waste rock NAG summary
Net Acid Generation

Sample Identification: pH 4.5
Parameter OoBwW1 OBW?2 IBW1 IBW2 TRP2 PLP1
NAG pH: (H,0,) 9.4 7.5 7.9 7.6 7.9 3.2
NAG (kg H,SO,4 / 1) <0.01 <0.01 <0.01 <0.01 <0.01 3.72

Sample Identification: pH 7
NAG pH: (H,0,) 9.4 7.5 7.9 7.6 7.9 45
NAG (kg H,SO,4 / 1) <0.01 <0.01 <0.01 <0.01 <0.01 6.47
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445 Waste Rock Leachate Results

The following summary gives insight into the potential for metal leaching as per evaluations
against the various guideline values:

m Results for chemicals with health significance in drinking water:

The two overburden samples, OBW1 and OBW?2 indicated elevated leachable
levels of F (1.2 mg/L in OBW1), Al (4.8 mg/L in OBW2) and Fe (2.2 mg/L in
OBW2) with the leachate water from the overburden not suitable for domestic use
and can potentially increase the concentrations of these elements in the receiving
environment;

The high fluoride concentrations are associated with the clay mineralogy and
small inclusions of fluorite found along with calcite in the coal formations;

IBW1 and TRP2 also indicated fluoride levels above the Class 1 limits;

Al and Fe were found above the recommended limits in IBW1 (Al = 5.7 mg/L, Fe
= 0.6 mg/L) and PLP1 (Al = 0.4 mg/L, Fe = 0.4 mg/L);

The elevated leachable concentrations of Fe and Al is associated with the
microcline, kaolinite, muscovite and pyrite mineralogy of the waste rock and the
LC of both elements can increase under acidic conditions with the formation of
ARD during pyrite oxidation;

Other elements of concern with noticeable leachable concentrations from the
waste rock were Co (PLP1), Mn (PLP1), Mo (IBW1), Ni (PLP1) and Se (TRP2);

Although IBW1, IBW2 and TRP2 were classed as acid producing and marginal
cases in the ABA results, the pH of these samples during leachate tests indicated
that the mineralogy of the waste rock can potentially have enough neutralising
potential. This will further be investigated and confirmed with the on-going long
term kinetic tests; and

The pH of PLP1 indicated a level of 4.7 and slightly acidic confirming the
recommendation that this sample be seen as acid generating and treated as such
in any risk assessments.

m Results for chemicals that are not of health concern in drinking-water:

From the analysis of the waste rock samples (leachable concentrations of
elements with no significant health impact) the only metals that leached in
detectable concentrations where Ce, Ga, Li, Nd, Rb, Sc, Sr, Ti and high Si as
would be expected from the mineralogy.

m  The main elements of concern from the waste rock are F, Al, Fe, Ni, Sr, and Mn. The
potential precipitation of these elements back into mineral form removing them from
the aqueous environment will be confirmed with on-going long term kinetic tests.
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45 Coal Results

4.5.1 Coal XRF

Table 9 and Table 10 shows the oxide and trace element distribution results for the coal
samples sent in for analysis. A high material loss on the test ignition was observed and this
is solely down to the high combustibility of the carbon content in the coal material.

The main oxides observed are SiO,, Al,O; and Fe,Os. These oxides mainly combine with
Na,O and K,O to form the alumino-silicates and clay minerals associated with the
Grootegeluk coal formations. Furthermore, CaO, MnO and MgO are also present in smaller
percentages which are associated with the inclusion of calcite, dolomite/calcrete and fluorite.
Trace element distributions that are high and potentially can leach out in significant
guantities are As, Ba, Cu, Ni, Sr and U.

Table 9: Coal XRF results summary of major oxides

Major Element Concentration (weight %)[s]

Oxide PMB PMA PLC PLB PLA Composite
SiO, 48.81 45.4 37.7 38.04 35.83 36.47
TiO, 0.76 0.86 1.01 1.01 1.24 1.83
Al,Os 16.04 16.29 16.26 16.39 19.66 23.32
Fe,Os 2.04 3.62 1.7 1.49 3.39 2.49
MnO 0.03 0.05 0.02 0.02 0.04 0.04
MgO 0.26 0.33 0.32 0.15 0.16 0.71
CaO 0.29 0.71 1.97 0.98 1.24 4.69
Na,O 0.38 0.36 0.46 0.22 0.26 0.9
KO 1.02 0.77 0.52 0.52 0.6 0.53
P,Os 0.04 0.04 0.08 0.07 0.07 0.1
Cr,03 <0.01 <0.01 <0.01 0.01 0.02 0.04
SO, <0.01 0.01 0.13 0.05 0.14 0.19
LOI 30.32 31.39 39.63 40.87 37.16 28.36
Total 99.99 99.83 99.8 99.82 99.81 99.67
H,O 0.64 0.68 1 0.89 0.79 0.97

Table 10: Coal XRF summary of trace element concentrations

Trace Element Concentration (ppm) [s]

Element

PMB

PMA

PLC

PLB

PLA

Composite
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Trace Element Concentration (ppm) [s]
Element PMB PMA PLC PLB PLA Composite
As 1.85 8.9 94 1.04 <1.00 18
Ba 171 175 265 323 288 608
Bi <5.00 <5.00 <5.00 <5.00 <5.00 <1.00
Br <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Cd <5.00 <5.00 <5.00 <5.00 <5.00 <1.00
Ce 37.9 9.9 <5.00 <5.00 <5.00 <5.00
Cl 655 574 641 566 551 700
Co <5.00 <5.00 <5.00 <5.00 <5.00 9.5
Cs <1.00 1.29 <1.00 1.27 2.23 <5.00
Cu 27.2 31.3 37.2 30.8 34.5 49
Ga 23.3 23.9 27.2 27.3 38.2 48.6
Ge 1.25 1.56 2.21 1.62 1.28 9.7
Hf 4.3 5.79 4.99 6.1 7.3 8.9
Hg <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
La 29.2 69 34.9 3.46 47.3 70.2
Lu <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Mo 4.72 4.76 6 5.17 5.37 8.5
Nb 20.3 204 19.8 21.3 25.5 38.8
Nd 35.2 39.2 39.1 39.6 37.2 55.5
Ni 16.5 36 22.4 14.4 44.6 56.2
Pb 26.9 24.9 31 22.6 23.1 76
Rb 72 66.2 42.7 41.9 50.9 27.3
Sb <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Sc 8.9 7.6 9.8 9.4 9.7 15.3
Se <5.00 <5.00 <1.00 <1.00 <1.00 <1.00
Sm 9 7.8 10.3 9.2 8.6 13.3
Sn <1.00 <1.00 <5.00 3.68 2.18 5.1
Sr 74 74 262 255 147 840
Ta 2.71 2.26 2.18 2.23 2.02 3.52
Te 3.02 6.1 9.2 4.27 6.23 20.5
Th 28.1 24.7 221 24.5 35 41.7
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Trace Element Concentration (ppm) [s]

Element PMB PMA PLC PLB PLA Composite

Tl <1.00 <5.00 <1.00 <1.00 <1.00 1.15
6.06 5.89 4,52 5.7 6.11 10.9

Vv 96 89 110 96 166 203
4.26 4.62 3.28 3.09 3.81 3.63

Y 38.3 39.3 35.7 36.8 57.3 81

Yb 13.7 10.3 15.8 134 11.6 19.8

Zn 40 41.7 18.1 231 11.9 74

Zr 221 213 245 231 301 536

The high oxide and trace element distribution in similar proportional distribution to that of the
mudstone and siltstone waste rock shows the complex layering of the coal formations to be
mined from the Dalyshope area. The similar compound distribution indicates the main
challenge that Anglo will have with the mining process, as well as the highly contaminated
coal the Vedanta IPP will have to deal with. The coal layers are regularly interbedded with
sandstone, siltstone and mudstone formations evident in the oxide and mineralogical
distribution to be discussed in the next section and thus high quantities of the waste rock
mineralogy is to be mined and stored along with coal material. High concentrations of the
compounds observed in both the coal and waste rock mineralogy can be expected to remain
present in the ash produced from the coal.

45.2 Coal XRD

The coal XRD mineralogy results shown in Table 11 reflects the comments made in section
4.3.1 relating to the oxide and trace element distribution with the same mineralogical and
geochemical observations made as in the section discussing the XRD results of the waste
rock.

Although the proportional distribution is different to the waste rock mineralogy, the main
constituents remain the same with high percentages of kaolinite, quartz, microcline, pyrite
and muscovite; the carbon content not picked up due to a loss on ignition will change the
distributions slightly. The calcite and clay mineral content is however higher than that of the
waste rock with a concentrated formation event allowing higher organic and clay content
along with the coal formation.

The association of siderite and pyrite can lead to acid formation and potential ARD if coal is
left uncovered under atmospheric conditions. The coal material mined from the Dalyshope
pit will however be stockpiled for short periods and then conveyed to the IPP for processing
and burning. Although the coal layers are potentially acid forming from the pyrite inclusions
(this will be confirmed through the ABA results), the short standing time can ease the
management of any ARD or metal leachate produced from the coal.
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Table 11: Coal XRD summary of the major mineral compaosition

Mineral amount per sample (weight %)

Mineral PMB PMA PLC PLB PLA Composite
Calcite 0.14 1.14 4.34 1.28 341 0.62
Dolomite 0 0.72 0.71 0.16 0.12 0.5
Hematite 0 0.17 0.29 0.09 0.7 0.08
Kaolinite 45.76 46.3 50.76 51.99 58.77 47.7
Microcline 6.32 4.2 7.4 4.61 4.45 7.67
Muscovite 6.17 6.47 6.06 7.19 7.95 7.28
Pyrite 0.36 1.19 0.14 0.14 0.53 0.52
Quartz 37.76 33.81 26.39 31.46 20.06 34.64
Siderite 35 6 3.91 3.08 4.01 0.99
Total 100 100 100 100 100 100

45.3 Coal Total Concentrations

The total concentration (TC) or whole rock elemental analysis for the coal samples are
shown in Table 12. The elemental distribution for the coal is lower than that of the waste
rock; as would be expected. Although the coal is contaminated with a lot of mineralogy
associated with the interbedded waste rock material the concentrations are proportionally
lower due to higher carbon content.

In the comparison with average crustal abundances of the elements it can be seen that all
the coal layers tested show whole rock concentration to be well below the continental

averages.

Table 12: Coal total concentrations

Upper
Element | unit | O oye | pma | Pl PLB pLa | COmPO
crust site
average
Ag mg/kg 0.05 <0.004 <0.004 <0.004 0.004 <0.004 <0.004
Al mg/kg 80400 0.59 0.17 0.80 0.14 0.04 0.56
As mg/kg 1.5 0.012 0.016 0.036 0.004 0.012 0.032
Au mg/kg 0.0018 0.004 0.004 <0.004 <0.004 <0.004 <0.004
B mg/kg 15 0.6 1.0 1.0 0.7 4.1 1.1
Ba mg/kg 550 0.26 0.62 0.49 0.43 0.22 0.33
Be mg/kg 3 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Bi mg/kg 0.127 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
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Upper
Element | unit | SOMeMa e | opva | pLe PLB pLA | COmPO
crust site
average
Ca mg/kg 30000 64.8 86 56.8 54.4 77.6 69.6
Cd mg/kg 0.098 <0.0004 0.0004 0.0004 0.0004 | <0.0004 0.0004
Ce mg/kg 64 <0.004 <0.004 0.004 <0.004 <0.004 <0.004
Co mg/kg 17 <0.004 | <0.004 0.004 | <0.004 | <0.004| <0.004
Cr mg/kg 85 <0.004 <0.004 0.008 <0.004 <0.004 <0.004
Cs mg/kg 4.8 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Cu mg/kg 25 <0.004 <0.004 0.02 <0.004 <0.004 <0.004
Fe mg/kg 35000 0.3 0.3 0.6 0.3 0.2 0.2
Ga mg/kg 17 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Ge mg/kg 1.6 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Hf mg/kg 5.8 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Hg mg/kg 0.09 <0.0004 0.0008 | <0.0004 0.0004 0.0008 0.0004
Ho mg/kg 0.8 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Ir mg/kg 0.00002 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
K mg/kg 28000 35.30 31.22 22.62 19.46 23.14 38.30
La mg/kg 30 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Li mg/kg 20 0.04 <0.004 <0.004 <0.004 0.04 <0.004
Mg mg/kg 13300 25.6 29.7 19.6 17.0 25.1 22.8
Mn mg/kg 600 0.32 0.12 0.16 0.08 0.12 0.12
Mo mg/kg 1.5 0.01 0.02 0.04 0.03 0.06 0.05
Na mg/kg 28900 42 37 33 29 37 54
Nb mg/kg 125 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Nd mg/kg 26 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Ni mg/kg 50 <0.004 0.049 0.015 <0.004 <0.004 <0.004
Pb mg/kg 16 <0.004 | <0.004 0.004 | <0.004 | <0.004| <0.004
Rb mg/kg 112 0.04 0.03 0.03 0.02 0.03 0.03
Sb mg/kg 0.2 0.004 0.004 0.004 0.004 0.004 0.004
Sc mg/kg 13 0.012 0.008 0.008 0.004 0.004 0.008
0.09765 0.19320 | 0.11920 | 0.06102
Se mg/kg 50 6 <0.004 | 0.07736 4 4 4
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Upper

Element | unit | SOMeMa e | opva | pLe PLB pLA | COmPO

crust site

average
Si mg/kg 308000 14.92 10.0 7.4 6.4 8.3 12.4
Sn mg/kg 55 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Sr mg/kg 350 0.34432 0.4 0.3 0.2 0.3 0.4
Ta mg/kg 11 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Th mg/kg 10.7 <0.0004 | <0.0004 | <0.0004 | <0.0004 | <0.0004 | <0.0004
0.05061

Ti mg/kg 3900 6 <0.200 <0.200 <0.200 <0.200 <0.200
Tl mg/kg 0.75 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
mg/kg 2.8 0.0012 0.0028 0.0004 0.0004 0.0012 0.0020
Vv mg/kg 110 0.004 0.008 0.02 0.02 0.02 0.016
mg/kg 2 <0.004 0.004 0.012 0.012 0.044 0.004
Y mg/kg 22 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Zn mg/kg 71 <0.004 0.008 0.6 0.02 | <0.004 0.008
Zr mg/kg 190 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

454 Coal ABA and NAG

The following can be concluded from the ABA and NAG analysis of the coal samples:

m The high pyrite and siderite inclusions associated with the coal deposits of the

Dalyshope area lead to high S-content in all samples;

The coal samples from the PMB, PMA, PLA and top coal layers in the Composite
sample indicate rock/material that is potentially acid generating with high S-content
and low neutralising potential;

The PLC layer has a higher calcite and clay mineral content compared to the other
layers with a lower S-concentration and thus the mineralogy allows for a higher NNP
that will counter any acid generation and is thus classified as a rock type Il (non-acid
generating); and

Although PLB is a marginal rock type which can only be potentially acid generating
with S% slightly higher than the 0.25% guideline, the NNP is low and should thus be
treated as an acid generating material along with PMB, PMA, PLA and the composite
coal material.
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Acid Base Accounting
Parameter PMB PMA PLC | PLB PLA | Composite
Paste pH 1.7 7.6 7.8 7.8 7.9 7.8
Total Sulphur (%) (LECO) 0.26 0.72 0.23 | 0.27 | 047 0.65
Acid Potential (AP) (kg/t) 8.13 | 225 | 7.19 | 8.44 | 14.69 20.31
Neutralization Potential (NP) -5.5 -3.75 | 12.75 | 8.75 2.5 3
Net Neutralization Potential (NNP) -13.63 | -26.25 | 5,56 | 0.31 | -12.19 -17.31
Neutralising Potential Ratio (NPR) (NP:AP) 0.68 0.17 1.77 | 1.04 | 0.17 0.15
Rock Type I I i Il I I
Table 14: Coal NAG summary
Net Acid Generation

Sample Identification: pH 4.5
Parameter PMB PMA PLC PLB PLA Composite
NAG pH: (H,0,) 4.8 4.3 5.6 4.3 5.9 3.4
NAG (kg H,SO,4 / 1) <0.01 0.392 | <0.01 1.37 | <0.01 2.55

Sample Identification: pH 7
NAG pH: (H,05) 4.8 45 5.6 45 5.9 4.6
NAG (kg H,SO, /1) 12 10 2.35 22 0.588 14

455 Coal Leachate Results

The following summary gives insight into the potential for metal leaching as per evaluations

against the various guideline values:

m Results for chemicals with health significance in drinking water:

» fluoride concentrations are well above the recommended safe drinking water
limits in the leachate concentrate in all coal samples and could be from the
fluorite mineralogy associated with the calcite and mudstone layers;

= B has leachable concentration above the recommended Class 2 limits in sample

PLA (B =1.0 mg/L);

= Se also leached out in concentrations above the recommended drinking water
limit in samples PMB, PLB and PLA; with concentrations of 0.024 mg/L, 0.048
mg/L and 0.03 mg/L respectively;
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= The pH of the leachate water are all within the recommended, close to neutral
range indicating that the mineralogy of the coal layers are neutralising. This will
however be fully confirmed with on-going long term kinetic tests; and

» |tis recommended that stockpiles be managed through storm water management
and not allowing long standing time on site especially during high rainfall periods.

m Results for chemicals that are not of health concern in drinking-water:
= The only ions leaching out in noticeable concentrations are Rb, Sc and Si;

m The only elements with high leachability from the coal material is F, B, Se, Rb and Si;
and

m The potential precipitation out of solution of these elements and removal from the
agueous solution that will reach the receiving environment will however be confirmed
with the on-going long term kinetic tests.

46 Ash Results

4.6.1 Ash XRF

The XRF results in Table 15 show the major oxides and metals including sulphur that is
present in the ash samples. These compounds will combine in the solid form to make up the
various secondary minerals that will be observed in the XRD results. During the ignition of
the tests there was a material loss between 8.92% and 16.53%.

From the results the main oxides are SiO,, Al,O3, Fe,O3; and CaO. These four compounds
make up about 76% of the ash material with the rest mainly made up of carbon (C) and iron
(Fe) in its elemental form. The composition of the material is typical of ash with the lime
dosage and secondary formation of minerals from the burning of the carboniferous material,
in combination with the pyrite, apatite, calcite and microcline mineralogy associated with the
coal deposits of the Waterberg area. The high Fe and Fe,O; content of the material is
potentially from the pyrite associated with the coal seams; with the high CaO being from the
lime dosage, as well as the calcite inclusions in the coal deposits. The Al,O3z;, MgO and SiO,
are from the microcline and clay mineralogy in the waste material that will contaminate some
of the coal samples during the processes.

The high carbon content is directly from the coal layers burned with the S-content coming
from the pyrite mineralogy associated with the coal deposits. The ash from the PMB to PLA
layers have a lower S-content and this is due to these layers having a better coal quality
compared to those in the top seams represented by the composite sample. The samples
PMB to PLA all have S-content below 0.3% and from this can thus be concluded to be non-
acid generating. However, the ash from the composite samples and lower quality coal
material has an S-content of 1.08%, which is above the 0.3% guideline value and can thus
be potentially acid generating.

31



ANG2137 DIGBYWELLS

Dalyshope Ash Backfill and Geochemical Study

ENVIRONMENTAL

Table 15: Summary of XRF results for the ash material

Ash sample PMB PMA PLC PLB PLA Composite
Unit Weight %

SiO, 39.57 33.94 33.92 35.14 26.82 31.68

Al,O3 15.26 13.50 15.84 14.46 14.38 9.81

Fe 1.13 231 1.75 1.01 1.38 3.02

Fe 03 1.62 3.30 2.50 1.44 1.97 431

TiO, 0.57 0.58 0.71 0.70 0.72 0.44

CaO 15.22 16.26 10.03 9.91 22.47 21.44

" MgO 0.87 1.06 0.62 0.59 1.15 1.24
% K,O 0.80 0.62 0.42 0.40 0.39 1.10
-; MnO 0.15 0.19 0.11 0.07 0.11 0.21
g P 0.02 0.01 0.06 0.07 0.04 0.01
'% Ba 0.03 0.02 0.06 0.05 0.03 0.03
_% Sr 0.01 0.01 0.02 0.01 0.01 0.01
= Vv 0.01 0.01 0.01 0.01 0.01 0.01
Ni 0.002 0.001 0.001 0.001 0.001 0.001

Cr 0.01 0.01 0.01 0.01 0.01 0.01

Zn 0.004 0.005 0.005 0.005 0.004 0.005

C 13.50 14.50 20.60 20.10 13.80 16.70

S 0.11 0.17 0.17 0.20 0.18 1.08
Losses 11.13 13.51 13.16 15.84 16.53 8.92

Total 100 100 100 100 100 100

4.6.2 Ash XRD

The main mineralogy of the ash material which is secondary minerals formed from the lime
and coal burned in the IPP process can be seen in Table 16 showing the XRD results.

Table 16: Summary of XRD results for the ash material

Ash sample PMB PMA PLC PLB PLA Composite
Unit %
_ . |Lime 1.43 0 0 0 0 0
E c
g g Calcite 43.63 49.79 38.09 37.18 70.75 61.69
<= O
= ° | Forite 0.07 0 0 0.26 0.15 0.2
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Ash sample PMB PMA PLC PLB PLA Composite
Unit %
Hematite 1.87 2.45 3.01 2.01 1.18 2.39
Kaolinite 3.58 11.83 15.18 7.55 7.29 2.99
Muscovite 3.02 341 3.56 3.36 2.29 3.09
Quartz 46.4 32.52 40.16 49.65 18.33 29.65

The main constituents are calcite, quartz, muscovite and kaolinite and correlates with the
mineralogy associated with the Grootegeluk coal formations. The calcite is from the calcite
inclusions in the coals seams, as well as the lime dosage applied to the samples before
burning. The quartz in the sample is most probably from the clay mineralogy and microcline
in the original samples that broke down to form pure quartz. Kaolinite and muscovite are the
two clay minerals that seemed to have been preserved throughout the process with these
two mineral being present in the mother material.

Fluorite is present in small percentages and is a highly reactive mineral that can potentially
dissolve and leach out easily with Ca and F increasing in the receiving environment. The
major elemental concerns when looking at the XRD and XRF results are Fe, Mg, Mn, Ca, K
and F. These elements will be present in high concentrations in the dry material and can
potentially leach out under certain conditions from the minerals observed in the XRD results.
However, this will be investigated in the total elemental evaluations and leachate results.
The chemical formula for each mineral observed in the XRD results is listed below:

m Calcite CaCOs

m Lime CaO

m  Fluorite CaF

m Hematite FeO,

m Kaolinite Alx(SioO5)(OH),

m Muscovite KAI,(SizAl)O10(OH,F),
m Quartz SiO,

4.6.3 Ash Total Concentrations
The total elemental analysis for the ash material samples are shown in Table 17.

As discussed in section 2.1.5, the mineralogy of the region is dominated by felsic minerals in
the sedimentary sequences, with pyrite and other minerals associated with coal deposits.
The Grootegeluk coal formation is dominated by mudstone with the depositional
environment also dictating high organic matter content decreasing upward through the
formation (Faure et al., 1996). The lower Grootegeluk mudstone consists mainly of kaolinite
and quartz with small amounts of apatite. The upper Grootegeluk layers are rich in quartz,
kaolinite, montmorrilonite and smaller amounts of illite and microcline (Faure et al., 1996).
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Also mentioned by Wagner & Tlotleng (2012) the high organic matter of the coal seams and
mudstone formations leads to an abundance of trace elements mostly above the crustal
averages observed around the world. With this in mind the whole or total elemental analysis
of the dry ash material was compared to the upper continental crust averages. This was
done to see how much influence the mother material/coal has on the quality of the ash.

It can be concluded that a lot of the trace element concentrations in the ash samples are
above the crustal averages due to the high metal content associated with the coal (Table
17). Although these elements are above the norm they do not necessary indicate a potential
for leaching or posing environmental problems. However, from the total element results and
the comparison to average values As, B, Hg, Mg, Mn and U is of concern; as mentioned in
section 2.1.5. Other elements above the crustal average are not of concern due to low
dissolution rates, as well as posing no significant health risks to humans.

However, the leachate results that will be discussed in section 3.5 will give more insight into
the potential environmental risks involved from the ash samples.

Table 17: Total concentration for ash material

Upper
Element Unit continenta PMB PMA PLC PLB PLA compo
| crust site
average
Ag mag/kg 0.05 0.32 0.42 0.50 0.57 0.21 0.25
Al mg/kg 80400 80783.48 | 71466.38 | 83853.89 | 76548.44 | 76124.93 | 51926.95
As mg/kg 15 3.31 4.96 6.55 211 3.36 6.22
Au mg/kg 0.0018 0.04 0.05 0.05 0.04 0.03 0.03
B mg/kg 15 17.30 15.18 17.35 15.74 14.88 22.87
Ba mg/kg 550 262.00 234.00 628.00 486.00 337.00 256.00
Be mg/kg 3 2.28 2.53 2.93 2.96 1.77 1.70
Bi mg/kg 0.127 0.66 0.83 1.04 1.25 0.48 0.39
116225.8 160614.7 | 153252.3
Ca mg/kg 30000 108791.99 8 | 71694.07 | 70836.31 2 2
Cd mg/kg 0.098 0.03 0.09 0.08 0.07 0.02 0.03
Ce mg/kg 64 69.47 65.67 97.15 85.21 41.06 50.40
Co mg/kg 17 16.23 10.08 13.43 15.07 14.25 12.73
Cr mg/kg 85 105.00 59.00 78.00 77.00 83.00 51.00
Cs mg/kg 4.8 4.87 3.11 4.76 5.73 3.22 3.53
Cu mg/kg 25 2.64 4.40 9.88 6.57 10.24 1.42
Fe mg/kg 35000 11310.00 | 23110.00 | 17470.00 | 10070.00 | 13750.00 | 30160.00
Ga mg/kg 17 15.31 7.55 19.04 14.50 15.11 7.62
Ge mg/kg 1.6 0.41 0.86 0.31 0.27 0.70 0.12
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Element | unit | continenta PMB PMA PLC PLB PLA compo
| crust site
average
Hf mg/kg 5.8 2.60 3.00 3.52 427 1.19 154
Hg mg/kg 0.09 0.03 0.04 0.07 0.30 0.12 0.01
Ho mg/kg 0.8 0.33 0.25 0.49 0.41 0.14 0.24
Ir mg/kg | 0.00002 0.04 0.01 0.04 0.02 0.03 0.03
K mglkg | 28000 6609.63 | 5142.03 | 3519.10 | 3303.99 | 3250.83 | 9094.68
La mg/kg 30 18.09 10.76 22.41 20.39 10.93 9.24
Li mg/kg 20 22.31 13.25 39.44 46.19 51.66 16.88
Mg mglkg | 13300 5213.25 | 6379.52 | 3754.22 | 353855 | 6921.69 | 745181
Mn mg/kg 600 117519 | 145814 | 86822 | 565.89 | 832.56| 1600.00
Mo mg/kg 15 1.19 1.43 2.44 2.05 2.34 2.03
Na mglkg | 28900 730.63 | 68521 | 764.00 | 724.46 | 443.45| 800.09
Nb mg/kg 12.5 15.85 14.86 18.03 20.23 17.87 11.73
Nd mg/kg 26 15.89 8.86 21.88 16.41 9.48 8.37
Ni mg/kg 50 15.14 14.11 10.53 12.06 7.55 12.98
Pb mg/kg 16 23.91 23.79 32.22 36.69 27.05 21.49
Rb mg/kg 112 50.74 29.14 13.43 21.06 32.22 4853
Sb mg/kg 0.2 0.63 0.48 0.63 0.56 0.52 0.67
Sc mg/kg 13 32.91 2.48 3117 11.62 23.65 23.40
Se mg/kg 50 1.33 1.22 0.13 0.15 0.54 0.19
si mglkg | 308000 | 184992.99 | 158672 | 158578 | 164282 | 125385 | 148106
Sn mg/kg 55 5.16 4.28 475 5.78 459 2.78
Sr mg/kg 350 62.28 56.47 | 151.85| 115.18 76.72 51.70
Ta mg/kg 1.1 1.51 1.29 2.04 1.82 1.26 0.85
Th mg/kg 10.7 12.02 8.35 24.84 24.23 1.27 351
Ti mg/kg 3900 344072 | 346826 | 422515 | 421257 | 4319.16 | 2646.11
TI mg/kg 0.75 0.29 0.39 0.53 0.32 0.31 0.55
mglkg 2.8 4.80 478 4.56 4.39 5.05 3.36
v mg/kg 110 75.97 65.21 86.34 86.45 98.17 72.32
w mg/kg 2 69.19 30.84 56.26 | 372.34 4178 22.75
Y mg/kg 22 22.97 15.22 31.98 28.94 5.98 15.56
Zn mg/kg 71 44.35 45.08 47.66 45.75 43.85 53.60
zr mg/kg 190 87.66 | 101.36 | 140.54 | 156.42 43.60 58.37
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4.6.4 Ash ABA and NAG

The following are the main conclusions from the ash sample NAG and ABA results:

The paste pH values of all the ash samples are alkaline with the lowest paste pH
observed in the PLC ash (8.6) with the PMB showing a high pH of 10.5;

Ash samples PMB, PMA, PLC, PLB and PLA are produced from the higher grade coal
seams and has total sulphur percentages lower than 0.25% and NPR values greater
than 1:3, indicating that the samples are non-acid forming;

The ash produced from the lower grade coal of the top seams in the composite
sample however show a higher S-content of 1.11% which is higher than 0.25% and is
classed as a marginal case;

The Net Neutralising Potential (NNP) of all the samples are high and above 1 and will
neutralise any acid being produced. This is also shown in the Net Acid Generation
(NAG) results indicating values below 0.01 kg of H2SO4 per ton of material; and

The high NNP of the samples allows for the interpretation that if any mine acid is
produced in the open pit the backfilling of the pit by using the ash with high paste pH
and NNP values will help in managing any AMD formation.

Table 18: ABA results for ash samples

Sample ID

Parameter Unit | PMB | PMA | PLC | PLB | PLA | Composite
Paste pH - 10.5 9.0 8.6 8.4 9.1 9.4
Total Sulphur % 0.11 | 0.17 | 0.17 0.2 | 0.18 1.11
Acid Potential (AP) kgt | 35| 52| 54| 62| 57 35.0
Neutralization Potential (NP) - 130 | 225 88 | 142 | 137 167
Net Neutralization Potential (NNP) - 127 | 220 83| 136 | 131 132
Neutralising Potential Ratio (NPR) (NP:AP) - 37 44 16 23 24 5
Rock Type 1 1 1 I 1 I

Table 19: NAG results for ash samples

Sample Identification: pH 4.5

Nett Acid Generation PMB PMA PLC PLB PLA Composite

NAG pH: (H,0,) 8.6 8.6 8.6 7.8 7.8 8.3

NAG (kg H,SO0, /1) <0.01| <0.01| <0.01| <001| <00

=Y

<0.01
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4.6.5 Ash Leachate Results

The following summary gives insight into the potential for metal leaching as per evaluations
against the various guideline values:

m Results for chemicals with health significance in drinking water:

From previous studies and the total elemental analysis results trace elements of
concern were As, Hg, B, Mn and Se (Wagner & Tlotleng 2012). Based on the
ash leachate results these parameters did not leach in significant concentrations
with the exception of Mn and B. Arsenic leached out in concentrations below the
recommended Class 1 guidelines, with the same conclusion for selenium, with
the exception of leachate from sample PLC (Se = 0.038 mg/L). This is however
still within Class 2 and not of major concern. Hg leached in minor concentrations,
well below the laboratory detection limit and the drinking water guidelines;

pH levels range between 7.02 and 8.9 and is within the recommended Class 1
guidelines. This pH range is neutral to slightly alkaline and allows for a stable
system in which heavy metals tend not to be soluble;

In all samples F leached in concentrations above the recommended Class 1
guidelines and all results fall within Class 3, with the exception of sample PLA
that falls within the maximum allowable limit of Class 2. The source of F can be
either from small trace element inclusions in the coal mineralogy or from fluorite
minerals associated with the host geology and also picked up in the ash XRD
results;

Ca in sample PMA, as well as the Composite sample leached out in
concentrations within the limits of Class 2; with sample PLA leaching calcium
above the recommended limits of Class 3. The source of calcium is the siderite
and calcite mineralogy associated with the coal deposits, as well as lime added to
the samples for burning;

Both F and Ca leached out in significant quantities from the ash samples. This is
due to the presence of the mineral fluorite in the original coal and/or lime
samples. Both these elements are also present in the mudstone and shale
formations and could possibly contaminate the coal samples during the mining
and burning processes;

Mn and Ni also leached out in high concentrations from all samples, except
sample PMB:

Mn is an abundant mineral in the earth’s crust. Although Mn commonly leaches
out of most materials, they are easily precipitated out of solution once water
equilibrates; or Mn gets adsorbed through ion exchange and adsorption reactions
to clay minerals like smectite and kaolinite;

Ni is a metal ion that has a high chemical activity within the earth’s crust and in
aqueous environments. It is mostly found in the mineral pentlandite ((Fe, Ni)oSg),
an iron-nickel sulphide, commonly inter-grown with pyrite and pyrrhotite. All three
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these minerals are associated with coal formations and could be the source of
nickel in the ash samples and their leachate product;

= The only other metal leaching in concentrations above WHO guidelines is B;
however during mixing and adsorption reactions the concentrations should
decrease to well below guideline values; and

= All other parameters are within the recommended guidelines and do not show
any health or environmental impacts.

m Results for chemicals that are not of health concern in drinking-water:

* From the metal leach analysis the only detectable parameters were Ag, Au, Cs,
Li, Rb, Sc, Si, Sr, U and Zr;

= All the above mentioned metals and trace elements are common elements found
in the earth’s crust and biosphere; and

= None of them leached out in significant concentrations.
m The only ions of concern from the ash leachate are F, Mn, Ni and Ca,;

m Ca can leach out due to the addition of lime to the coal before burning or from the
siderite and calcite mineralisation associated with the formations that will be mined at
Dalyshope; and

m The assay geochemistry results on the parting samples from the Dalyshope
stratigraphy showed an abundance of F in the mineralisation of the region. Thus, it
can be concluded that F will naturally leach out from the environment.

4.6.6 Ash Classification

Both the Leachable Concentrations (LC) and Total Concentrations (TC) of potential
contaminants tested for were classed against the newest NEM:WA waste classification
thresholds. All inorganic contaminants were tested for with the nature of the ash and the
processes leading to its formation (burning at high temperatures under controlled
conditions), fundamentally not allowing the formation of any organic materials or other
contaminants like benzene that are highly combustible and would have been taken out of the
process once burning was complete. The following two subsections give a full classification
of the ash material.

The classification was done under mono-disposal and leachate procedures for mine sites.

4.6.6.1 Waste Classification Legislation and Guidel ines

The waste classification of the ash material was undertaken according to the following
legislative guidelines:

m National Environmental Management Waste Act, 2008 (ACT No. 59 of 2008).
National Waste Information Regulations, 2012 (DEA 2012);
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National Environmental Management Waste Act, 2008 (ACT No. 59 of 2008).
National Norms and Standards for the Assessment of Waste for Landfill Disposal
(DEA 2013a);

National Environmental Management Waste Act, 2008 (ACT No. 59 of 2008).
National Norms and Standards for the Disposal of Waste to Landfill (DEA 2013b);
and

National Environmental Management Waste Act, 2008 (ACT No. 59 of 2008).
National Waste Classification and Management Regulations (DEA 2013c).

It should be noted that during the Dalyshope ash backfilling study the NEMWA legislation did
change and some of the tests and procedures can potentially fall under the old legislation.
This will however not compromise the results with the essential steps to be followed
remaining the same.

4.6.6.2 Classification

The TC and LC results were classed against the various thresholds set out by the DEA and
this is shown in Table 20 and Table 21. The following conclusions and waste classification
can be reached based on the results:

One or more elements are above the LCTO, but below or equal to the LCT1 limits
(LCTO<Ash LC =LCTY);

All elements are below or equal to the TCT1 limits (Ash TC < TCT1); and

Per the above observations the ash/waste material can be classified as a Type 3
waste and should be disposed of at a Class C waste disposal facility.
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Table 20: Total Concentration Threshold Classification

Element Unit ‘ PMB PMA PLC PLB PLA Composite
As mg/kg 5.8 500 2000 m ‘ 6.22
B ma/kg 150 15000 60000 ‘
cd ma/kg 75 260 1040 ‘
Co mg/kg 50 5000 20000 ‘
cr mg/kg | 46000 | 800000 N/A ‘
cu ma/kg 16 19500 78000 ‘
Hg mg/kg 0.93 160 640 ‘
Mo mg/kg 40 1000 4000 ‘
Ni ma/kg 91 10600 42400 ‘
Sb mg/kg 10 75 300 ‘
Se ma/kg 10 50 200 ‘
v mg/kg 150 2680 10720 ‘
Zn ma/kg 240 160000 640000 ‘
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Table 21: Leachable Concentration Threshold Classification

Parameter Unit PMB PMA PLC PLB PLA Composite
TDS mg/l | 1000 | 12500 | 25000 | 100000 1022
F mg/l 1.5 75 150 600 . . . . 2.5
cl mg/l 300 15000 | 30000 | 120000

NOsz as N mg/I 11 550 1100 4400
SO, mg/l 250 12500 | 25000 | 100000
As mg/I 0.01 0.5 1 4
B mg/l 0.5 25 50 200
Ba mg/l 0.7 35 70 280
cd mg/l | 0.003 0.15 0.3 1.2
Co mg/l 0.5 25 50 200
Cr mag/l 0.1 5 10 40
Cu mg/l 2 100 200 800
Hg mg/l | 0.006 0.3 0.6 2.4
Mn mg/l 0.5 25 50 200 2.78 2.29 1.87
Mo* mg/l 0.07 3.5 7 28
Pb mg/I 0.01 0.5 1 4
Sb mg/l | 0.02 1 2 8
Y, mg/l 0.2 10 20 80
Zn mgll 5 250 500 2000
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5 PIT BACKFILL GEOCHEMICAL MODELS

5.1 Model Setup

5.1.1 Conceptual setup

Based on the closure and rehabilitation plans the Dalyshope pit will be backfilled with ash
from the IPP and capped with topsoil and overburden; still leaving a depression with a
maximum depth of 40 m from the original surface level. The mining schedule will allow
mining to start from the southeast (Figure 2) with the development of 6 main benches and
two ramps. Backfiling can only start after 8 years and for conceptual purpose the
assumption is made that the layers that is mined first will be burned at the IPP and then used
as the first backfill material and thus the ash will be deposited in reverse vertical order from
mining as indicated in Figure 3.

From baseline data the groundwater level of the local aquifers are at approximately 13.6
mbgl and in concept will rise back to levels above the backfill level creating a pond/pan once
dewatering has stopped. Ash material in general has a much lower transmissivity (T) and
hydraulic conductivity (K) values than the local geology and will thus form an aquitard and in
some cases an aquiclude only allowing a small amount of groundwater to flow at very slow
rates or none at all. Ash backfilling can lead to a 10% reduction of porosity and 50%
decrease in K-value from natural conditions; with the ash hydraulic conductivity rates ranging
between 5x10° m/d and 5x107 m/d. A decrease in porosity and flow rates through the
aquitard allows for a slower recharge with water levels flattening out and thus sitting at
higher pressure heads and ponding also occurring to form a pan or dam on top of the
confining layer, in this case the area formed by the ash backfilling. Optimum moisture
content from literature reviews indicates a maximum moisture content of saturated ash of
38%.

From this it can be concluded (to conceptualise the real world situation based on the
available information and assumptions) that if 1 m® rain water is allowed to recharge into the
aquitard it will take a minimum of 25 years to reach the natural aquifer below the ash
aquitard if horizontal flow is not taken into account. If assumed that the 38% moisture
content of the ash will be kept in the ash matrix only 0.62 m® (62%) will reach the aquifers
below the aquitard.

This mixing will then occur at a ratio of 100% groundwater to 62% ash seepage. In the
mixing simulations the SPLP leachate results will be used to simulate worst case scenario
seepage, however weathering models will also be simulated to get a more accurate model of
the ash weathering as it will occur once backfilling is complete under natural conditions.

5.1.2 Assumptions and Limitations

The geochemical modelling is currently in its initial phases and the models and scenarios will
be refined as they go along with calibrations and flow data from the numerical groundwater
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flow model. The current setup of models and on-going simulations is based on the following
assumptions:

m It is assumed that the layers that are mined first will be burned at the IPP and then
used as the first backfill material and thus the ash will be deposited in reverse vertical
order from mining as indicated in Figure 3;

m Ash proportions in the final backfilled void will be similar to those observed in the
proportions of original layers with the % of ash to be used in the weathering and
mixing models indicated in Table 22;

Table 22: Ash proportions

ID %
PLA 3.5%
PLB 12.9%
PLC 16.1%
PMA 11.3%
PMB 8.0%

Composite 48.2%

m A composite sample from these above percentages will be used in the modelling to
have one sample to use in simulations;

m Itis assumed that the 38% moisture content of the ash will be kept in the ash matrix;
only 62% will reach the aquifers below the aquitard;

m [t will take a minimum of 25 years for seepage to reach the natural aquifer below the
ash aquitard if horizontal flow is not taken into account; and

m It was assumed that coal stockpiles will never be standing for more than 6 month
before used in the IPP processes.

The geochemical modelling in this report was undertaken to evaluate chemical changes and
no hydraulic parameters were used as this will form part of the mass transport and plume
modelling done under the hydrogeological study. The following main limitations of the
geochemical modelling should be taken note of:

m The weathering and mixing models assume that the volume of water and the
mineralogy given as input is the volume to be used throughout the life of simulation
and does not keep adding water/minerals to the system. The weathering of
geological units is thus simulated in a slow moving system and does not take
hydraulics and porosity into account as will be done in the geohydrological modelling;
and

m It is highlighted that these geochemical models looks at the interaction and chemical
reactions between material and fluids and no physical attributes is simulated.
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5.1.3 Scenario Description
5.1.3.1 Weathering reaction models
m Scenario W1: The reaction of ash with rain water to assess the natural weathering

5.1.3.2

reaction kinetics that will be associated with the recharge and chemical weathering of
the ash backfill scenario. The weathering will take place in sequence allowing a
natural increase in salts with a decrease in oxygen fugacity as depth increases;

Scenario W2: The reaction of ash with groundwater to assess the natural weathering
reaction kinetics that will be associated with the inflow of groundwater and chemical
weathering of the ash backfill scenario. The weathering will take place in sequence
allowing a natural increase in salts with a decrease in oxygen fugacity as depth
increases;

Scenario W3: Weathering of the coal seam mineralogy to assess the AMD potential
of the coal layers during and after mining, under natural conditions; and

Scenario W4: Weathering of the waste rock mineralogy to assess the contamination
potential of the waste rock during and after mining.
Mixing models

Scenario M1: Mixing of waste rock leachate with ash leachate at a 1:1 ratio to
evaluate the effect of the capping of the backfiled ash with a waste rock and
overburden layer;

Scenario M2: Mixing of ash leachate at a ratio of 0.62 litre ash seepage to 1 litre of
groundwater;

Scenario M3: Mixing of waste rock leachate with groundwater to evaluate the
potential effect of waste rock seepage on the groundwater quality; and

Scenario M4: Mixing of coal leachate with groundwater to evaluate the potential
effect of stockpile seepage on the groundwater quality.
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5.2 Fluid Speciation

All fluids produced from tests and sampling runs have been speciated to allow a full
understanding of the aqueous species distribution before modelling is done with the fluids.

5.2.1 Waste Rock Speciation

The waste rock samples (section 4.2.5) were submitted for static leachate tests to allow for
an evaluation of the leachable concentrations from the waste rock as a worst case scenario.
The resultant leachate fluid from each waste rock sample will be used in various
geochemical reaction simulations and models to allow for a predictable model to be
developed for the LoM and post-closure stages of the project.

The main physical parameters and calculations from the waste rock fluid speciation are
given in Table 23. The fluids produced from the static tests on the waste rock samples have
low TDS values; between 134 mg/L and 230.7 mg/L, with a neutral pH range for almost all
samples except for PLP1 that has a potential acid generating nature. The main saturated
ions with the highest activity coefficients are Ca, Na, K, HCO3; and SO, and these ions gives
the samples the various facies as indicated in Table 23 with the main water types being
Ca/Na/K-HCO3/SO,.

The water types and ion distribution of the various waste rock fluids are illustrated in the
Piper diagram and Stiff diagrams in Figure 4 and Figure 5. The K and Na distribution in the
samples dominate the cation distributions and this is due to the high alumino-silicates and
clay mineral content of the waste rock mineralogy. The development of the sulphate water is
due to the oxidation and dissolution of siderite and pyrite; also included in the waste rock
samples and associated with the coal formation. The high activity of some ions can lead to
the secondary formation of gibbsite, gypsum, siderite, jarosite and other evaporative
minerals.

The weathering of microcline and kaolinite has taken place during the leachate procedures
with kaolinite and gibbsite being saturated within the system. The oxidation of pyrite has
also taken place to a limited extent with high SO, and Fe content and low pH values in
PLP1. Ca minerals are saturated in all samples with the high dissolution rate of
dolomite/calcrete and calcite observed in the mineralogy leading to these super-saturated
and saturated states. High F and Ca concentrations can lead to the development of fluoride
in a slow moving groundwater system the farther away from the source flow occurs.

Table 23: Waste rock leachate fluid parameters

Sample ID Unit | OBW1 OBW2 IBW1 IBW2 TRP2 PLP1
pH - 8.2 7.7 8.3 8.3 8.1 4.7
Dissolved solids mg/L 134 154.4 228.8 208.7 230.7 186.6
Water type - Ca-HCO; | K-HCO; | Na-HCO3; | Na-HCO3; | Ca-SO, Ca-S0O,
Charge imbalance error | % 10% -10% 1.74% 2.90% 2.95% 0.92%
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Figure 5: Stiff diagram for each waste rock leachate fluid
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5.2.2 Coal Leachate Speciation

The main physical parameters and calculations from the coal fluid speciation are given in
Table 24. The fluid produced from the static tests on the coal samples has lower TDS
values than the waste rock samples due to the lower mineral content as can be seen with
the high loss of material (mainly carbon) in the XRF results. The coal fluids show TDS
values between 105.8 mg/L and 164.6 mg/L with a neutral to slightly alkaline pH range
between 7.6 and 8.3. The main saturated ions with the highest activity coefficients are Ca,
HCO; and SO, and these ions give the samples the various facies as indicated in Table 23;
with the main water type to be produced from the coal leachate being Ca-HCO;. The PMB
sample shows a slight change in facies with a dominant SO, distribution allowing a Ca-SO,
formation that could lead to the potential secondary formation of jarosite and gypsum under
evaporative conditions as would be experienced by stormwater and evaporation ponds at
the Dalyshope operations.

The water types and ion distribution of the various coal fluids are illustrated in the Piper
diagram and Stiff diagrams in Figure 6 and Figure 7. A can be seen in the trend developed
in the Piper diagram the main ion distribution in all sample remain constant with only the
balance between COs/HCO; and SO, changing, with high sulphide mineral content being the
most probable cause. The high activity of some ions can lead to the secondary formation of
gibbsite, gypsum, siderite, jarosite and other evaporative minerals.

The weathering of microcline and kaolinite has taken place during the leachate procedures,
with kaolinite and gibbsite being saturated within the system. The oxidation of pyrite has
also taken place to a limited extent with high SO, and Fe content and lower pH values in
PMB. The neutralising potential of calcite and other alumino-silicates is however high
enough to buffer the system. Ca minerals are saturated in all samples with the high
dissolution rate of dolomite/calcrete and calcite observed in the mineralogy leading to these
super-saturated and saturated states. High F and Ca concentrations can lead to the
development of fluoride in a slow moving groundwater system the farther away from the
source flow occurs.

Table 24: Coal sample leachate fluid parameters

Sample ID Unit PMB PMA PLC PLB PLA Composite

pH - 7.6 7.8 8.3 8.2 8.2 8.2

Dissolved solids mg/l 149.7 164.6 111.7 105.8 151.8 155.3
Ca- Ca- Ca- Ca-

Water type - Ca-S0O, HCO;4 HCO4 HCO4 HCO;4 Ca-HCO;

Charge imbalance

error % 2.69% 4.93% 10.14% 7.01% 4.61% 7.08%
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Figure 6: Piper diagram
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Figure 7: Stiff diagram for each coal sample leachate fluid
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5.2.3 Ash Leachate Speciation

The ash leachate results show the potential of seepage from the ash that will result in water
with a TDS between 278 mg/L and 1022 mg/L; with a pH ranging between 7.02 and 8.9.

The aqueous species with the highest molality in solution are HCO5, Ca®*, SO,* and Mg?*,
with activity coefficients of 0.56 and 0.86. These ions with their high activity in the leach
product allows for dissolution to occur until saturation is reached. Thereafter, the dissolution
rate will decrease with an increase in precipitation of secondary minerals, containing these
ions as equilibrium shifts to favour the reverse reaction (favouring the reactants). The above
mentioned ions along with CO; are in high concentrations due to the high carbonaceous
content of both the lime and coal that formed the original material before burning.

The species with the highest concentrations being HCO5, Ca**, SO, and Mg** also shows
up in the various water facies produced from the leachate as shown in the Piper diagram
(Figure 8) and Stiff diagrams (Figure 9). Leachate water from sample PMA, PLC, PLB, PLA
and the Composite sample has a Ca-HCO; (calcium-bicarbonate) water facies, with sample
PMB having a slightly higher sulphate (SO,) content resulting in a Ca-SO, (calcium-
sulphate) water facies. The higher SO, content in proportional relation to the other ions can
be seen in the Stiff diagram of the PMB sample compared to the other (Figure 9).

The main parameters of concern in the leachate results when compared to guideline values
are Mn, Ni, Ca and F, with B only slightly above the guidelines in one sample. Table 25
gives a summary of these ion speciation parameters within the leachate solutions.

From the average activity and log activity coefficients of each species plotted against a pH
range, the graphs in Figure 10, Figure 11 and Figure 12 indicate the saturated state in which
the leachate water is and what a potential change in pH can cause. Ca and F where not
graphed due to the fact that an increase in activity and concentration of these two species
along with CO3; will result in the reversal of reactions.

Mn is soluble at all pH levels below 10, with a pH activity range observed in the leachate
samples; indicating the current aqueous state of the leach water and dissolved Mn (Figure
10). If the pH increases, the following two reactions can lead to the formation of Mn,(OH)s;
potentially resulting in the formation of the secondary mineral Mn(OH).:

m  Mny(OH);" + 3H" =2Mn*" + 3H,0
m  Mn(OH), + 2H" = Mn?" + 2H,0

Ni, in the current aqueous system (observed in the leachate results) is soluble. However, as
soon as the pH increases above 6, with a slight decrease in log activity (increase in normal
activity); the pure mineral nickel oxide will precipitate out of solution through the reaction
listed below (Figure 11):

m NiO + 2H" = Ni** + H,0O

50



Dalyshope Ash Backfill and Geochemical Study

ANG2137

DIGBY WELLS

ENVIRONMENTAL

Table 25: Summary of the speciation parameters of the ions of concern

Sample ID | Parameter | Molality | mg/kg in Solution Activity coefficient Log activity
Mn** 2.73E-05 1.50 0.59 -4.80

Ni* 8.72E-06 0.51 0.59 -5.29
Composite | Ca** 5.06E-03 202.60 0.59 -2.53
F 1.18E-04 2.23 0.86 -3.99

B(OH), 9.14E-06 0.56 1.01 -5.04

Mn** 3.50E-05 1.92 0.57 -4.70

Ni* 1.17E-05 0.69 0.57 -5.17

PLA ca* 6.70E-03 268.00 0.57 -2.42
F 6.08E-05 1.15 0.86 -4.28

B(OH), 5.22E-06 0.32 1.01 -5.28

Mn** 7.20E-06 0.40 0.65 -5.33

Ni* 8.83E-06 0.52 0.65 -5.24

PLB ca* 3.10E-03 124.20 0.65 -2.70
F 8.25E-05 1.57 0.89 -4.13

B(OH), 3.53E-06 0.22 1.00 -5.45

Mn** 5.45E-06 0.30 0.64 -5.46

Ni** 6.67E-06 0.39 0.64 -5.37

PLC ca* 2.98E-03 119.30 0.64 -2.72
F 1.34E-04 2.55 0.89 -3.92

B(OH), 5.10E-06 0.31 1.00 -5.29

Mn** 4.30E-05 2.36 0.59 -4.60

Ni** 3.69E-06 0.22 0.59 -5.66

PMA ca* 5.51E-03 220.60 0.59 -2.49
F 8.90E-05 1.69 0.87 -4.11

B(OH), 6.64E-06 0.41 1.01 -5.18

Mn** 4.40E-08 0.0024 0.73 -7.50

Ni** 7.18E-09 0.0004 0.73 -8.28

PMB ca* 1.33E-03 53.34 0.73 -3.01
F 1.32E-04 2.51 0.92 -3.92

B(OH); 3.41E-06 0.21 1.00 -5.47
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Boron is a soluble metal found commonly in the aqueous species B(OH); with the current
system of the leachate samples indicated on the graph (Figure 12).

H PMB
® PMA
A PLC
Y PLB
X Composite
0%

— CI' —

Figure 8: Piper diagram of the ash leachate fluid
PMEB PMA PLC
PLA Composite

W™

Figure 9: Stiff diagram for each ash leachate fluid
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Figure 12: Activity vs. pH of aqueous B

5.2.4 Groundwater Speciation

The four (4) groundwater samples that have been chosen as input parameters into the
relevant geochemical models are given in Table 26 with a mixed sample also presented.
The 4 groundwater samples were chosen based on their locality to the proposed pit and will
represent the main water qualities that will potentially flow towards the pit and mix with
waters produced from the pit walls and backfilling material.

All 4 samples are classified as a sodium-chloride water type indicating high salt content as
would be expected from the water facies in the Karoo formations. Recharge is slow with
high dissolution rates of the calcite and sodium containing minerals. The Piper and Stiff
diagrams in Figure 13 and Figure 14 show the ion distribution with the samples plotting
almost identically on the Piper diagram.

An in depth hydrochemical description of these 4 samples is given in the geohydrological
assessment report forming part of the EIA study. A mix between the 4 groundwater samples
gives a similar water type and ion distribution. The mixed groundwater sample (GWM1) will
be used in the geochemical model simulation to represent the groundwater that will take part
in potential reactions between waste rock, coal and ash seepage water.

The pH of the groundwater ranges between 7.68 and 8.12 with TDS values between 598
mg/L and 868 mg/L. The dominant and saturated ions are Cl, Na, HCO; and F.
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Sample ID Unit DBH1 DBH2 DBH3 KW4 GWM1
pH - 7.77 7.68 8.03 8.12 7.9
TDS mg/l 773 721 863 598 837.7
HCO; mg/l 277 269 284 279 277.3
F mg/l 0.993 1.23 1.28 1 1.126
Cl mg/l 288 264 333 162 261.8
NO3 mg/l 0.0085 0.0085 0.0085 6.12 1.536
PO, mg/l 0.004 0.004 0.012 0.029 0.012
SO, mg/l 46.1 38.9 39.4 40.5 41.23
Al mg/l 0.0015 0.0015 0.0015 0.0015 0.0015
Ca mg/l 73.7 69.7 85.3 69.1 74.45
Cd mg/l 0.001 0.001 0.001 0.001 0.001
Co mg/l 0.001 0.001 0.001 0.001 0.001
Cr mg/l 0.001 0.001 0.001 0.001 0.001
Cu mg/l 0.001 0.001 0.001 0.186 0.04687
Fe mg/l 0.0015 0.0015 0.0015 0.0015 0.0015
K mg/l 15.9 16.2 18.7 15 16.45
Mg mg/l 34.1 34.1 459 29.6 35.93
Mn mg/I 0.0005 0.0005 0.0005 0.0005 0.0005
Na mg/l 146 133 163 107 137.3
Ni mg/l 0.0005 0.0005 0.0005 0.0005 0.0005
Pb mg/l 0.002 0.002 0.002 0.002 0.002
Zn mg/l 0.001 0.001 0.001 1.11 0.2782
NH,4 mg/l 1.99 1.37 1.96 0.0025 1.331
Water type - Na-Cl Na-Cl Na-Cl Na-Cl Na-Cl
Charge imbalance error % -0.85% -0.12% 2.59% 3.94% 1.10%
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Figure 14: Stiff diagram for each groundwater sample
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Rain water is the main weathering agent along with oxygen diffusion into the various
materials that will be disturbed and produced by mining and the IPP. A rainwater sample
was produced to allow the simulation of the various weathering sequences and models.

The rain water sample that will be used in the simulations is shown in Table 27 with the
water type indicated in Figure 15. The rainwater sample has a TDS of 20.5 mg/L with an
acid rain pH of 6. It shows a Mg-Cl water type; as would be expected from rain water.

Table 27: Rain water sample

Sample ID Unit Rainwater
pH ] 5
HCO;- mg/l 9.2
F- mg/I 0.1
Cl- mg/l 0.1
NOs- mg/l 0.02
PO,--- mg/l 0.09
SQO,-- mg/l 0.1
Al+++ mg/l 0.02
Cat++ mg/l 1.2
Fe++ mg/I 0.05
K+ mg/l 0.7
Mg++ mg/l 2
Na+ mg/l 1.4
Ni++ mg/l 0.02
Pb++ mg/l 0.06
SiO,(aq) mg/l 0.1
Zn++ mg/l 0.25
Dissolved solids mg/l 20.51
Charge imbalance error % 9.71%
Water type - Mg-ClI
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Figure 15: Stiff diagram of the rain water sample
5.3 Weathering Models

5.3.1 Scenario W1

Scenario W1 was simulated to allow a full evaluation of the seepage of rainwater through
both the backfilled pit before the ash is covered with waste rock and overburden, as well as
the expected process to be observed in the ash dumps that will act as storage for the ash
before backfilling. The conceptual setup of the model is as follows:

m The rainwater sample (Table 27) will be allowed to equilibrate with atmospheric
oxygen and then seep through the ash layers with the sequence of reaction with each
layer not specific as the end weathering result will remain no matter what the layering
of the ash;

m There are 6 layers of ash to be deposited within the ash dumps and backfilled pit with
the first reactions taking place under fixed atmospheric fugacity of 0.21 fO, and then
reacting with the following ash layers under a continuous decrease in oxygen;

m To simplify the weathering model an average mineralogical distribution of the ash
(from XRD and XRF results) was allowed to react with a linear decrease in oxygen
fugacity from a 0.21 fO, for the first period (backfilling will only start 8 years after
project start-up) down to a fO, of 1x10™%; and
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m The pH trends and increase in salts will be observed with the final fluid compared and
classed against guideline values. Simulations will run for 75 years allowing a 50 year
post-closure simulation.

The above scenario description will have the same fugacity changes and weathering
reactions whether backfilling is pursued or ash dumps are seen as the only waste
management activity and thus represent a dual purpose.

Table 28 indicates the mineralogical distribution and kinetic reaction rates used for each
mineral. For some minerals no input was given for the reaction rate and the software was
allowed to use default values. Nickel sulphide, MNnO and MgO was also allowed to react in
small quantities as natural systems do have some metal ions that are not included in mineral
compositions.

Table 28: Ash mineralogy for weathering models

A t Reacti
Mineral/Oxide Formula motn eaction Source

reacted rate
Lime CaO 0.2 -
Calcite CaCo03 50.2 -
Fluorite CaF 0.1 1x10™*? (Cama et al. 2010)
Hematite Fe,O4 2.2 -

(White & Brantley
Kaolinite Aly(Si,05)(OH), 8.1 1x10™’ 1995)
KA, (SizAl)O1o(OH)

Muscovite » 3.1 1x10™’ (White & Brantley 1995
Quartz Sio, 36.1 1x10% (Van Coller 2013)
Nickel sulphide NisS, 0.001 -
Manganese
oxide MnO 0.1 -
Magnesium
oxide MgO 1 -

As rain water infiltrates the ash, whether on a discard dump or within the proposed pit as
backfill, the weathering of the minerals starts out under an atmospheric oxygen fugacity (fO,)
of 0.21 and decreases to values close to 0 as simulated in scenario W1 (Figure 16). A
complete depleted of oxygen however never occurs due to dissolved oxygen remaining
available (O,nq). Although oxygen does play a major role in oxidation of sulphide minerals,
in the weathering of neutralising minerals like calcite, lime and clay minerals as observed in
the ash samples, the fugacity does not control the system. The dissolution of calcite occurs
at such a rate that the system rapidly buffers to an alkaline pH and then equilibrates with the

59



Dalyshope Ash Backfill and Geochemical Study ;
ANG2137 DIGBY WELLS

ENVIRONMENTAL

very slow development of the fluid concentrations continuing thereafter (Figure 17);
indicating the reaction trend through the pH and TDS development.

The above mentioned development of the fluid during the weathering of the ash allows for
the water type to change from the rainwater Mg-HCO3; towards a calcium dominated facies
of Ca-HCOj3;, as shown in Figure 18; illustrating the fluid development on a Piper diagram.
The calcium dominated ion distribution correlates with the observations made in the leachate
speciation with the final weathering fluid W1 shown in Table 31 as compared to guideline
values. The concentrations observed from the simulations are lower than that given by the
leachate tests due to natural conditions taken into account rather than a worst case
simulation as it occurs in the laboratory. Natural mineral grain sizes and kinetic reaction
rates were used in the simulations with only F (as in the case with the leachate results) and
Pb dissolving to concentration higher than recommended.

Linear depletion of oxygen fugacity (fO2)

0.25

0.2 1

005 T

] 3 7 11 12 18 22 26 29 33 37 41 a4 48 52 56 59 63 67 71 74
Time (years)

Figure 16: Linear trend of oxygen fugacity during weathering of mine dumps
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Figure 17: Scenario W1 pH and TDS development trend

Scenario W 1 Piper diagram

Figure 18: Scenario W1 Piper diagram
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Metal and especially Ni and Al concentrations in the fluid did increase as shown in Figure 19,
however it remained low enough not to raise concern. The system did equilibrate soon
enough to allow a steady state to develop.

In conclusion from the ash weathering scenario it can be seen that the natural conditions
and weathering of the material will result in lower salt content than observed in the laboratory
tests. The only parameter of concern from the weathering reactions is fluoride.

Scenario W1 - Fluid development
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Figure 19: Dissolution trend of selected parameters during simulation of scenario W1

5.3.2 Scenario W2

Scenario W2 was simulated to evaluate the natural weathering that the ash, if used as
backfilling material, will undergo through the interaction with groundwater. For this scenario
the following setup was followed:

m The same ash mineralogy used in the previous scenario (W1) was allowed to react
with the groundwater sample (GWML1); as discussed in section 5.2.4; and

m The groundwater as in the real world scenario is in equilibrium with atmospheric
oxygen although it is not in contact with it any more. Thus the groundwater was
allowed to equilibrate with fO, of 0.21 before it was introduced to the ash mineralogy
after which the oxygen was allowed to stay at dissolve concentrations.

After equilibration with the local aquifers the groundwater flows into the pit area during the
planned concurrent backfilling, as well as post-closure as dewatering has stopped. The
interaction between the groundwater, with a pH of 7.9 and a Na-Cl water facies, allows
various dissolution and precipitation reaction to take place with the fluid developing as
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shown in Figure 20; indicating the main ions dissolving into the groundwater. Due to a lack
of oxygen in the system oxidation of metal sulphide minerals are low with most of the
reactions and dissolution sequences controlled by pH and buffering of the system by the
neutralising minerals. The fluid evolves, in the shorter term of the word, from a Na-Cl water
type (pH = 7.9, TDS = 844 mg/kg) towards a fluid with the same ion facies, but with a lower
TDS of 540 mg/kg and a higher alkaline pH of 8.1 as the system has been slightly buffered
by the calcite mineralogy. The higher pH is caused by the increase in dissolved CO; (Figure
1 section 2.4.2) allowing dissolution to continue with an initial increase in TDS, but as soon
as saturation of some ions (SiO,, Ca, Na and F) is reached secondary formation occurs and
the concentrations decrease during precipitation reactions that favours the reverse reaction
paths. This process can be seen in the mineral development in the saturated fluid in Figure
21. Ca and F are the two elements that are saturated with the highest tendency to bond with
each other and precipitate to form secondary fluorite. As an initial increase in all minerals is
observed including pyrolusite, the system however gets super-saturated with Mn and soon
pyrolusite starts precipitating and a decrease of the mineral is observed within the aqueous
phase. Ca and F are two elements that are saturated in both the groundwater chemistry and
the mineralogy of the ash material. In the initial reactions both F and Ca increase until F is
saturated where after only Ca continues to dissolve until equilibrium is accomplished. In
slow moving groundwater systems Ca and F precipitate as they move away from the source
to form secondary fluorite after which F concentrations are easily depleted with Ca still
dominating the system. This process can be seen in Figure 22 and the continuous
dissolution of Ca is observed in the Ca dominated saturated mineralogy shown in Figure 21.
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Scenario W2 - Fluid development
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Figure 20: Scenario W2 main agueous species in solution

Scenario W2 - Minerals in the system
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Figure 21: Scenario W2 mineral development during the weathering reactions
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Scenario W2 - Fluorite mineral saturation vs Ca/F concentrations
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Figure 22: Scenario W2 secondary fluorite development

The comparison of the resultant fluid is once again compared to guideline values in Table
31. Fluoride, Cl and Mn are the three parameters above the recommended limits and this
correlates with what is observed in the leachate results.

5.3.3 Scenario W3

Scenario W3 simulates the natural weathering of the coal seam mineralogy once exposed to
the atmosphere in both the open pit and on stockpiles. These reaction simulations are done
to investigate the potential development of ARD from the coal during and after operations.
The following simulation setup was followed:

m It was assumed that coal stockpiles will remain above surface for no more than 6
months at a time with the IPP processes being on site allowing a short standing time;

m Due to the short standing time of the coal stockpiles and the potential exposure of
coal seams being in the presence of atmospheric oxygen the reaction between
rainwater was allowed to take place over a 6 month simulation at a fixed oxygen
fugacity of 0.21; and

m The difference in outcome, with regards to ARD developments was also simulated
and compared by allowing the same mineralogy to react in the presence of an oxygen
supply that depletes naturally and then allowing the simulation to occur at constant
oxygen supply where ARD development is at its most active.
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The mineral compositions and reaction rates shown in Table 29 shows the data used in the
W3 simulations. In the case of pure carbon as found in coal, the mineral graphite was used
which is a polymorph of coal with the same mineral chemistry.

Table 29: Scenario W3 mineralogy

Mineral Amount reacted Reaction rate Source

Calcite 1.8 1x10™' (White & Brantley 1995)
Dolomite/Calcrete 0.4 -

Hematite 0.2 -

Kaolinite 50.2 1x10™"' (White & Brantley 1995)
Microcline 5.8 1x107'%° (Wilson 2004)
Muscovite 6.9 1x10™"' (White & Brantley 1995)
Pyrite 0.5 2.7x10-7 (Dold 2005)

Quartz 30.7 1x10%° (Van Coller 2013)
Siderite 3.6 -

C 150 -

Two 6 month (180 day) simulations were done to evaluate the potential for ARD
development from stockpiles. The pH trends in both these cases are illustrated in Figure 23.
When the rainwater is allowed to equilibrate with atmospheric oxygen and then proceed with
the weathering reactions in the coal material, the oxygen demand for the oxidation reactions
depletes the available agueous oxygen and then equilibrates to continue with the reactions
at an almost constant pH range. This is shown by the blue line in Figure 23 and illustrates
the behaviour of an isolated system as is currently being experienced by the undisturbed
coal seams before mining. The pH drops rapidly with the oxidation of pyrite allowing the
oxygen available to the system to be used up after which the buffering capacity of the calcite
and microcline mineralogy starts to buffer the pH back to a system with a 5.7 pH. However,
in a second “true” simulation of the scenario expected within the stockpiling of the coal, the
system is allowed to equilibrate with atmospheric oxygen fugacity and this oxygen supply is
then fixed at fO, of 0.21, with a constant supply on the surface. The constant supply of
oxygen to the weathering and oxidation reactions then allows the pyrite oxidation and ARD
formation to continue until the iron and sulphur supply is completely used up with a drop in
pH down to 3.9. This atmospheric system is illustrated by the red line in Figure 23. The
buffer capacity of the neutralising minerals in the system is no longer strong enough to
counter the development of an acidic system and this indicates the development of ARD.

The rapid drop in pH shows the speed at which the oxidation reaction in the presence of
sulphide minerals do proceed to develop and acidic system. In natural systems, the
presence of bactericidal catalysts increase the rate of weathering and oxidation, furthering
the development of ARD. In an oxygenated system the weathering of the minerals proceed
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until the system is saturated with secondary minerals where after precipitation of sulphate
minerals like jarosite and gypsum takes place. During the simulation of scenario W3,
hematite and goethite precipitation were suppressed as these two minerals are
thermodynamically stable at low temperatures and much more stable than other ferric
precipitates like jarosite that usually develops in mining or ARD environments. As sulphite
dissolves during the oxidation of pyrite to form aqueous SO, it bonds with available Fe and K
hydroxides to allow the secondary formation of jarosite. As SO, increases the saturation of
jarosite develops on the same trend and as soon as saturation allows precipitation to occur
the presence of both jarosite and sulphate within the aqueous environment starts to
decrease. This relationship is shown in Figure 24. Jarosite (KFe3(SO%),(OH)e) is a
secondary mineral developing in systems with high super-saturated Fe**, K, SO, and various
hydroxide compounds with these aqueous species. The development trend of these
aqueous species in the W3 system is indicated in Figure 25.

Although not a lot of pyrite was allowed to react with the rain water, the power of oxidation
reactions is however illustrated with ARD development easily taking place. The final system
has an extreme TDS and salt content with almost all mineralogy being dissolved and
weathered down to aqueous form. The final fluid from a six month simulation of the
processes expected in the stockpiles at Dalyshope is listed and compared to guideline
values in Table 31.

As would be expected from water developed by an ARD system, the salt content is high with
Al, K, Ca and Pb exceeding the drinking water limits. The final sulphate and iron
concentrations are low due to the precipitation of jarosite and other secondary minerals.

From the modelling scenario W3 it is recommended that stringent stormwater and seepage
capturing measurements are in place on and around the site where the stockpiles will be to
manage the potential ARD development and prevent possible contamination. The dry
climate experienced throughout the largest part of the year in the region will however lower
the probability of ARD development with the spread of pollution easily controlled.
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Scenario W3 - pH
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Figure 23: pH trend of an isolated vs atmospheric system
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Figure 24: Scenario W3 jarosite and SO, development within the system
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Scenario W3 - Saturation of aqueous Fe, S04 and K compounds
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Figure 25: Development of SO4, Fe and K within the aqueous system

5.3.4 Scenario W4

Scenario W4 simulates the natural weathering of the waste rock mineralogy once exposed to
the atmosphere in both the open pit and on the waste rock dumps. These reaction
simulations were done to investigate the potential development of ARD from the waste
during and after operations. The following simulation setup was followed:

m The models were simulated for a period of 75 years to allow the investigation of the
weathering and potential ARD development during LoM and post-closure; whether
backfilling is done or not, the reaction will remain the same;

m In a conceptual model of a waste rock dump or layered backfill material, as rainwater
infiltrates into the dump the oxygen availability decreases almost linearly the deeper
the water enters the system or dump. This was simulated by allowing weathering to

continue with a sliding oxygen fugacity from atmospheric 0.21 down to a fO of 1x10°
50.

m Goethite and Hematite was again suppressed to allow accurate evaluations of
potential ferrous mineral development from the weathering reactions at low
temperature; and

m The mineral compositions and reaction rates shown in Table 30 shows the data used
in the W4 simulations.

Table 30: Scenario W4 mineralogy
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Mineral Amount reacted Reaction rate Source

Calcite 1.7 1x10™' (White & Brantley 1995)
Dolomite 0.3 -

Hematite 0.5 -

Kaolinite 40.0 1x10™' (White & Brantley 1995)
Microcline 3.8 1x10'%® (Wilson 2004)
Muscovite 6.7 1x10™"' (White & Brantley 1995)
Pyrite 0.2 2.7x10-7 (Dold 2005)

Quartz 44.4 1x10%° (Van Coller 2013)
Siderite 2.4 -

The conditions experienced in a WRD dictate a decrease in oxygen supply with an increase
in carbon dioxide, the deeper water infiltrates into the dump. This is also the case when
water infiltrates soils or backfilled areas; as will be the case in the pit backfilling scenario.
During the simulation of scenario W4 the oxygen was manually controlled by the model
inputs to allow a linear decrease in oxygen fugacity with the weathering reactions; allowing
an increase in fCO, as illustrated in Figure 26.

The mineralogy of the waste rock contains mostly neutralising minerals in the form of
siderite, calcite, dolomite, microcline and muscovite compared to a very small amount of
pyrite. The initial buffering of the system rapidly increases the pH of the developing fluid at
first and then decrease slightly as the pyrite is oxidised by the available oxygen. However,
the pH is not allowed to decrease to acidic levels due to a decrease in fO, and this is
illustrated in the pH graph (Figure 27).

The weathering of the waste rock with high carbonate, alumino-silicates and clay minerals
allows for a development of a Ca-HCO3; water type with a pH of 6.1. The increase in TDS (2
470 mg/L) and aqueous concentrations is illustrated in Figure 28; with the development of
the water type over the reaction period shown on the Piper diagram in Figure 29. If the final
water quality after a 75 year weathering period is compared to water quality guidelines
(Table 31), Ca, K and Pb are elements of concern.
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Scenario W4 - Fugacities
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Figure 26: Scenario W4 fugacity trends of fO, and fCO,
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Figure 27: Scenario W4 pH trend
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Scenario W4 - Development of some species
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Figure 28: Development of the fluid with some aqueous species
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Figure 29: Scenario W4 Piper diagram showing the water type change
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Table 31: Comparison of weathering results of main ions
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Parameter Unit Class 1 Class 2 Class 3 Scenario W1 | Scenario W2 | Scenario W3 | Scenario W4
pH - 5-95 4-5/95-10 <4 />10 8.4 8.1 3.99 6.1
F mg/l 1 1.5 >1.5 35 2.4 0.1 0.1
Cl mg/l 200 600 >600 1.0 261.9 6.2 0.1
NOs as N mg/Il 10 20 >20 0.02 15 0.02 0.02
SO, mg/l 400 600 >600 0.91 42.1 13.5 324.1
Al mg/l 0.3 0.5 >0.5 0.03 0.01 7.1 0.0005
Ca mg/Il 150 300 >300 18.0 56.6 699.6 325.0
Fe mg/l 0.2 2 >2 8.96E-09 9.24E-09 1.77E-05 4.96E-08
K mg/Il 50 100 >100 0.40 0.9 942.2 93.5
Mg mg/l 70 100 >100 0.69 41 47.3 22.3
Mn mg/l 0.1 1 >1 0.0002 0.7
Na mg/l 200 400 >400 1.4 137.3 1.2 1.4
Ni mg/l 0.15 0.35 >0.35 0.001 0.008 0.017 0.02
Zn mg/l 5 10 >10 0.3 0.3 0.2 0.2
SiOz(aq) mg/Il N/A N/A N/A 6.4 6.2 5.1 6.0
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5.4.1 Input samples
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The samples indicated in Table 32 have served as input into the various mixing reaction

models.

Table 32: Input samples

il Waste rock Coal leachate | Ash leachate | Groundwate
leachate sample sample r Rainwater

Parameter | Unit WRS CMS AWS GWM
pH 7.5 8.1 7.6 7.9 6
HCOs- mg/Il 63.75 60 399.4 277.3 9.2
F- mg/l 0.9833 1.8 2.351 1.126 0.1
Cl- mg/l 6.583 25 2.466 261.8 0.1
NO;- mg/l 0.55 0.4425 0.001 1.536 0.02
SO,-- mg/Il 43.67 27.67 223.3 41.23 0.1
Al+++ mg/I 1.879 0.09581 0.03312 0.0015 0.02
AsHs(aq) mg/l 0.004 0.004853 0.002973
B(OH)s mg/Il 0.1681 2.033 0.4496
Ba++ mg/l 0.191 0.09791 0.2221
Cat+ mg/l 16.46 17.05 207.1 74.45 1.2
Co++ mg/l 0.1409 5.83E-04 0.01694 5.00E-04
Cr++ mg/l 0.004167 7.50E-04 6.56E-04 5.00E-04
Cu++ mg/l 0.01225 0.00125 0.01197 0.04687
Fe++ mg/l 0.5749 0.0761 0.01855 0.0015 0.05
K+ mg/Il 6.883 7.085 2.339 16.45 0.7
Li+ mg/l 0.0185 0.003667 0.01898
Mg++ mg/l 5.613 5.823 43.88 35.93 2
Mn++ mg/l 0.1117 0.03833 1.41 5.00E-04
Na+ mg/l 19.08 9.634 1.971 137.3 1.4
Ni++ mg/l 0.2778 0.00299 0.4661 5.00E-04 0.02
Pb++ mg/l 0.001913 5.83E-04 0.001953 0.002 0.06
Rb+ mg/l 0.009239 0.007651 0.00274
Se-- mg/I 0.01257 0.02294 0.02016
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Sl Waste rock Coal leachate | Ash leachate | Groundwate

leachate sample sample r Rainwater
Parameter | Unit WRS CMS AWS GWM
SiO,(aq) mg/l 18.99 5.293 26.84 0.1
Sr++ mg/l 0.09856 0.08029 0.278
U+++ mg/Il 3.83E-04 3.33E-04 0.005785
V+++ mg/l 0.008949 0.003667 0.0261
Zn++ mg/Il 0.09993 0.02725 0.08825 0.2782 0.25
TDS mg/l 190.5 139.8 898.9 837.7 20.51
Water type Na-HCOg4 Ca-HCO;, Ca-HCO; Na-Cl Mg-HCO;

5.4.2 Scenario M1

A simple mixing reaction model with no specified time period given to the reaction path was
simulated under atmospheric conditions to evaluate the resultant seepage/leachate water
that will develop once waste rock/overburden and ash material is backfilled into the mine
void.

The following model methodology was followed:

m The mixing was allowed to take place on a ratio of 1:1 (1 litre ash seepage mixed with
1 litre waste rock seepage); and

m The fluids were equilibrated with atmospheric oxygen and allowed to react at a fixed
fO, of 0.21.

The scenario was simulated to evaluate the effect that waste rock seepage and ash seepage
will have on the concentrations of identified environmental risks. In the evaluation of the
leachate results of both the ash and waste rock leachate the elements of potential concern
was Ca, F, Mn and Ni in the ash leachate and Se, F, Al, Fe, Mn and Ni in the waste rock
leachate.

In the simulation the two fluids were mixed with any potential reactions and precipitation
allowed, as saturated phases of certain aqueous species increased Form Figure 30 the
observed increase in TDS with a drop in pH can be seen as the reaction between the two
fluids progressed. The drop in pH is induced by the increase in saturation of
dolomite/calcrete in the system as seen in Figure 31. Ni,;SO4 C0,S0O, and fluorite also
increased with the combined fluids allowing a slight increase in the species of concern as
previously mentioned and illustrated in Figure 32.

The overall fluid had a change in ionic balance with TDS increasing from 203 mg/L in the
waste rock leachate solution towards 832 mg/L; with a drop in pH. The change in TDS
values and the overall water type is down to an increase in bicarbonate and calcite with a
decrease in K and Na as shown in the ternary diagram (Figure 33). This caused a change in
water facies from Na-HCO3; water to Ca-HCO; water.
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The reaction between the two fluids showed a final fluid as compared to the guideline values
in Table 33, with only Ca, Ni and F remaining above the recommended levels. Fluoride is
still above the recommended guidelines, but did decrease slightly from the high levels
experienced in the ash leachate concentrations. Overall the reaction between the buffering
ash seepage and metal concentrated waste rock seepage does have a positive influence on
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the water chemistry and does not increase the environmental or human health risk.
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Scenario M1 - Minerals in fluid
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Figure 31: Aqueous mineral development with an increase in saturation of elements
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Figure 32: Scenario M1 development of some aqueous species
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Figure 33: Scenario M1 ternary diagram indicating ion changes

5.4.3 Scenario M2

A mixing reaction model was simulated to observe what the potential reaction and
dissolution effect on the leachate concentrations will be once the seepage from the ash
reacts with the groundwater at the proposed Dalyshope pit. Scenario M2 was simulated by
only reacting the ash leachate with the groundwater before allowing it to react with the waste
rock seepage first as illustrated in Scenario M1.

The following model methodology was followed:

m A mixed leachate sample from the 6 sample results were produced based on the
various proportion of ash expected as indicate in Table 32;

m The groundwater chemistry for GWM was used to simulate the groundwater quality
that will mix with the seepage and is shown in Table 32;

m Leachate and groundwater samples were allowed to react at a ratio of 0.62 litre
leachate for each litre of groundwater;

m The system was equilibrated with atmospheric oxygen fugacity of fO2 = 0.21, after
which oxygen fugacity was allowed to reduce linearly to 1x10*° to simulate the
accurate effect as the water reaches deeper layers with less oxygen available; and

m The mixing of the potential seepage from the ash backfill (leachate sample) with the
local groundwater resources was simulated to evaluate the effect on groundwater
quality and the dilution potential of the parameters of concern.
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The groundwater from sample GWM has a pH of 7.9, with a Na-Cl signature. The leachate
sample was allowed to mix and react with the groundwater sample for a period of 50 years
at which time an equilibrated system can be observed. The TDS of both the ash seepage
and the groundwater decreases to 802.8 mg/L as indicated in Figure 34. The parameters of
concern are B, Mn, Ni, Ca and F. All of these elements increased the concentration of the
final groundwater, but a decrease in concentrations as observed in the seepage from the
ash material was shown in the resultant fluid mix. Ca, F and Ni decreased with an increase
in Mn as observed in Figure 35.

Table 33 indicates the final concentrations of the aqueous species in solution M2 and is
compared to the guideline values. From the original ash leachate with B, Ca, F, Mn and Ni
being above recommended concentrations; fluoride, Mn and Ni remain above the guideline
values with a significant decrease in Ca and B concentrations Although there was a slight
increase of these parameters from the natural groundwater concentrations, the final
simulated sample showed an improvement from the leachate quality with all parameters
below the maximum allowable limit for drinking water and thus on current indications the
backfilling of ash is feasible if the scenario M2 does occur in which no other fluid plays a role
in potential dilution.

Scenario M2 - Dissolved solids
850
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Figure 34: Scenario M2 decrease in TDS

79



Dalyshope Ash Backfill and Geochemical Study -
ANG2137 DIGBY WELLS

ENVIRONMENTAL

Scenario M2 - Change observed in selected aqueous species
concentrations
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Figure 35: Partial fluid composition of groundwater/ash leachate mix over a 50 year
period for selected species
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Table 33: Final fluid results from the mixing scenarios
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Class 2 (max

Class 1 allowed for Class 3 (not
Parameter Unit (recommended limited recommended for | Scenario M1 | Scenario M2 | Scenario M3 Scenario M4
limit) Juetem) consumption)
pH - 5-95 4-5/95-10 <4/>10 6.6 6.8 7.2 7.2
F mg/l 1 1.5 >1.5 1.6 1.6 1.1 15
Cl mg/l 200 600 >600 25 162.5 134.2 132.2
SO4 mg/l 400 600 >600 221.5 110.9 42.4 345
Al mgl/l 0.3 0.5 >0.5 0.001 0.001 0.002 0.003
As mgl/l 0.01 0.05 >0.05 0.003 0.001 0.002 0.002
B* mg/l 0.5 0.1 0.0 0.0 0.2
Ba* mg/l 0.7 0.02 0.01 0.01 0.01
Ca mg/l 150 300 >300 163.7 100.7 39.7 40.0
Co mgl/l 0.5 1 >1 0.001 0.001 0.0000001 0.00000001
Cr mg/l 0.1 0.5 >0.5 0.001 0.001 0.002 0.001
Cu mg/l 1 2 >2 0.01 0.03 0.03 0.02
Fe mg/I 0.2 2 >2 4.636E-10 4.21E-10 1.51E-08 6.59E-08
K mg/l 50 100 >100 24 11.0 11.2 11.8
Mg mg/I 70 100 >100 18.8 24.1 17.3 17.4
Mn mg/l 0.1 1 >1 1.2E-08 0.54 0.06 7.91E-10
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Parameter Unit (recommended limited recommended for | Scenario M1 | Scenario M2 | Scenario M3 Scenario M4
limit) ) consumption)

Na mg/l 200 400 >400 2.1 85.5 78.2 73.5

Ni mgl/l 0.15 0.35 >0.35 0.46 0.18 0.14 0.002

Pb mgl/l 0.02 0.05 >0.05 0.002 0.002 0.002 0.001

Se mg/l 0.02 0.05 >0.05 4.754E-38 5.51E-30 1.46E-29 1.65E-37

\Y mgl/l 0.2 0.5 >0.5 0.03 0.01 0.004 0.002

Zn mg/l 5 10 >10 0.09 0.21 0.19 0.15
HCO;3 mg/I N/A N/A N/A 454.0 333.2 166.5 167.3
TDS mg/l 1000 2400 >2400 832.2 802.8 492.9 486.6
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5.4.4 Scenario M3

Scenario M3 was simulated using the leachate results from the waste rock and the
groundwater sample GWM to evaluate the chemical impact that seepage from waste rock
dumps will have on the groundwater quality. The mixture was done at a ratio of 1:1 over a
period of 75 years and thus simulating the mixing from start of operation to 50 years post-
closure to evaluate the impact if the backfilling option is not followed.

From Figure 36 it can be seen that the TDS value of the groundwater decreases due to
saturation of dolomite and fluorite allowing the development of secondary minerals and thus
salts in solution decreases. The water type did not progress and remained a Na-Cl water
type with a final pH of 7.2. The Piper diagram in Figure 37 indicates the small change in salt
content without changing the facies of the water. The groundwater developed under the
same mineralogical constraints as experienced in the waste rock, with the only potential
impact not able to be simulated through the mixing of the laboratory fluids is acid drainage
from the waste rock dump.

The final fluid had an overall good water quality with only F slightly above the recommended
guidelines as indicated in Table 33.

5.45 Scenario M4

Scenario M4 was simulated using the leachate fluid from the coal laboratory tests with the
groundwater at a 1:1 ratio to evaluate the chemical impact on the groundwater quality from
coal stockpile seepage. The simulation was for a LoM period of 25 years.

From Figure 38 it can be seen that the development of the water over the period allows a
drop in TDS and once again this is due to a buffering of the system allowing a decrease in
aqueous dolomite due to precipitation (Figure 39).

The final fluid as seen in Table 33 has an unchanged water type of Na-Cl with a good water
quality with only F above the recommended guidelines. The pH of the final fluid was slightly
buffered due to the saturated state of buffering minerals in both fluids; with a final pH of 7.2.
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Scenario M3 - Dissolved solids
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Figure 36: Scenario M3 change in TDS

Figure 37: Scenario M3 Piper diagram
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Scenario M4 - Dissolved solids
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Figure 38: Scenario M4 change in TDS
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Figure 39: Scenario M4 Mineral development during fluid mixing
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6

6.1

CONCLUSIONS

Final Conceptual Geochemical Models

The following section provides a summary of the outcomes per potential impact source.

6.1.1 Waste Rock Dumps

The waste rock samples showed a marginal potential for ARD with some elements leaching
in concentrations above the recommended limits. The points below and the conceptual
model illustrated in Figure 40 summarises the study results:

Waste rock shows a marginal potential for ARD development, with a slight decrease
in pH as oxidation reactions proceed:;

Calcite and dolomite/calcrete dissolution is however buffering reaction that neutralises
the ARD potential,

Oxygen fugacity decrease with depth in the WRD resulting in oxidation reactions and
an increase in COy;

Toe seepage forms through the dissolution reaction indicated in Figure 40 with the
potential secondary formation of jarosite, nontronite, calcite, fluorite and talc from the
WRD seepage;

The elements of concern to monitor on surface is F, Al, Fe, Ni, Sr, and Mn;

After contact with groundwater the seepage gets diluted with only fluoride exceeding
the recommended drinking water limits; and

It is recommended that toe seepage be captured through stormwater management
and controlled in pollution control facilities.

6.1.2 Coal Stockpiles

The coal samples showed a potential for ARD with some elements leaching in
concentrations exceeding the recommended limits. The points below and the conceptual
model illustrated in Figure 41 summarises the study results:

Acid formation will occur during the wet season with pyrite oxidation and very little
buffering capacity;

The elements of concern to leach from the coal stockpiles are F, B, Se and Rb,
however after dilution through interaction with the groundwater only F exceeds the
recommended drinking water limits;

Jarosite, calcite and gypsum are the main secondary minerals that can form from
seepage; and

It is strongly recommended that stormwater and pollution control management be in
place for the coal stockpiles.
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Figure 41: Final conceptual geochemical coal stockpile model
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6.1.3 Backfilling

The backfilling of the pit with ash material is summarised in the points below with a final
conceptual model in Figure 42:

6.2

A mixing reaction model was simulated to observe what the potential reaction and
dissolution effect on the leachate concentrations will be once the seepage from the
ash reacts with the groundwater for the proposed Dalyshope pit backfilling;

The leachate sample was allowed to mix and react with the groundwater sample for a
period of 50 years at which time an equilibrated system can be observed;

The TDS of both the ash seepage and the groundwater decreases to 802.8 mg/L as
indicated in Figure 34;

The parameters of concern are B, Mn, Ni, Ca and F. All of these elements increased
the concentration of the final groundwater, but a decrease in concentrations as
observed in the seepage from the ash material was shown in the resultant fluid mix;

Although there was a slight increase of these parameters from the natural
groundwater concentrations, the final simulated sample showed an improvement from
the leachate quality, with all parameters below the maximum allowable limit for
drinking water and thus on current indications the backfilling of ash is feasible; and

This will be confirmed by hydrogeological modelling.

Laboratory Tests

From the geochemical laboratory tests and result interpretations the following conclusions
can be reached:

6.2.1 Waste rock samples

The main oxides in all waste rock samples are SiO,, Al,O3; and Fe,O3;. These oxides
along with various inclusions of MgO, MnO, K,O, Na,O and CaO and various smaller
amounts of trace elements (Table 4) form the interbedded and overburden waste rock
mineralogy;

The mineralogy in the waste rock samples can be chemically described through the
mineral formulas given below:

= Calcite CaCOs;

= Dolomite/Calcrete CaMg(CO0Os;),
* Hematite Fe,O3

= Kaolinite Aly(Si,O5)(0OH),

=  Microcline KAISi;Og

= Muscovite KAI,(SizAl)O10(OH,F),

= Pyrite FeS,
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=  Quartz SiO,
= Siderite FeCO,

m Pyrite is present in all samples and is associated with the depositional environment in
which the coal formation occurred. The presence of pyrite can potentially lead to ARD
formation and thus waste rock dumps should be managed accordingly through lining
or other management activities;

m The presence of siderite and hematite in the formations indicate that the original
oxidation states are still stable with the main iron phase being ferrous iron (Fe(ll));

m Siderite can potentially act as a neutraliser under certain conditions, but with higher
alkaline conditions and pH levels, the weathering reaction of siderite can lead to acid
production;

m The dissolution of siderite produces Fe?" and HCO5 and combined with ferrous iron
oxidation under elevated pH levels gives of protons in conditions where bicarbonate is
stable. More acidic environments give aqueous conditions where carbonic acid is
stable; no net acid production will occur (Dold 2005);

m The paste pH of all the waste rock samples are in a range between 7.5 and 8.1,

m  The S% of the overburden (OBW1 and OBW?2) are well below 0.25% and with a high
NNP and low NAG rating will not allow acid generation and is thus classified as a
rock/material type Il (non-acid generating);

m |IBW2 shows a high tendency for acid generation with a high AP of 11.56 (kg/t) and a
low NP of 5.25 leading to a low neutralising potential ratio of 0.45 and is thus
classified as an acid generating rock type I. The S-content of this sample was well
above the 0.25% margin;

m [IBW1 and TRP 2 were classified as intermediate and a rock type Il with a NPR of 1:3
or less. The S-content of these two samples were low enough, but did however not
include enough minerals to allow for a high neutralising potential;

m According to the S-content of PLP1 being 0.1% above the 0.25% margin and a close
to neutral paste pH of 7.8, the sample was classified as an intermediate case.
However, due to the low NAG pH of 3.2 and 4.5 for the sample and a high NAG of
3.72 and 6.47 kg H,SO,/t it is recommended that this sample be seen as acid
generating and treated as such in any risk assessments;

m The main elements of concern with leachable concentrations from the waste rock are
F, Al, Fe, Ni, Sr, and Mn. The potential precipitation of these elements back into
mineral form, removing them from the agueous environment will be confirmed with on-
going long term kinetic tests; and

m The pH of PLP1 indicated a level of 4.7 and slightly acidic confirming the
recommendation that this sample be seen as acid generating and treated as such in
any risk assessments.
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6.2.2 Coal samples

m A high material loss on the XRF test ignition was observed and this is solely down to
the high combustibility of the carbon content in the coal material;

m The main oxides observed are SiO,, Al,Os; and Fe,O3;. These oxides mainly combine
with Na,O and K,0 to form the alumino-silicates and clay minerals associated with the
Grootegeluk coal formations;

m Furthermore, CaO, MnO and MgO are also present in smaller percentages which are
associated with the inclusion of calcite, dolomite/calcrete and fluorite. Trace element
distributions that are high and potentially can leach out in significant quantities are As,
Ba, Cu, Ni, Sr and U;

m Although the proportional distribution is different to the waste rock mineralogy, the
main constituents remain the same as in the waste rock samples with high
percentages of kaolinite, quartz, microcline, pyrite and muscovite; the carbon content
did not picked up due to a loss on ignition will change the distributions slightly;

m The high pyrite and siderite inclusions associated with the coal deposits of the
Dalyshope area led to high S-content in all samples;

m The coal samples from the PMB, PMA, PLA and top coal layers in the Composite
sample indicate a rock/material that is potentially acid generating with high S-content
and low neutralising potential;

m The PLC layer has a higher calcite and clay mineral content that the other layers with
a lower S-concentration and thus the mineralogy allows for a higher NNP and that will
counter any acid generation and is thus classified as a rock type Il (non-acid
generating);

m Although PLB is a marginal rock type which can only be potentially acid generating
with S% slightly higher than the 0.25% guideline, the NNP is low and should thus be
treated as an acid generating material along with PMB, PMA, PLA and the composite
coal material;

m The F concentrations are well above the recommended safe drinking water limits in
the leachate concentrate in all coal samples and could be from the fluorite mineralogy
associated with the calcite and mudstone layers;

m B has leachable concentration above the recommended Class 2 limits in sample PLA
(B = 1.0 mg/L);

m Se also leached out in concentrations above the recommended drinking water limit in
samples PMB, PLB and PLA; with concentrations of 0.024 mg/L, 0.048 mg/L and 0.03
mg/L respectively;

m The pH of the leachate water is within the recommended, close to neutral range
indicating that the mineralogy of the coal layers are neutralising. This will however be
fully confirmed with on-going long term kinetic tests;
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6.2.3

It is recommended that stockpiles be managed through stormwater management and
not allowing long standing time on site especially during high rainfall periods;

The only elements with high leachability from the coal material is F, B, Se, Rb and Si;
and

The potential precipitation out of solution of these elements and removal from the
agueous solution that will reach the receiving environment will however be confirmed
with the on-going long term kinetic tests.

Ash samples

From XRF results it is shown that 76% of the ash is made up of SiO,, Fe,0Os, and
CaO;

The main mineralogy of the ash as observed in XRD results are fluorite, calcite,
muscovite, kaolinite, quartz and lime with all these minerals also associated with the
coal formations of the Grootegeluk formation and is thus directly descendant from the
mother material involved in the burning to produce ash;

Total elemental analysis results of the dry ash samples were classed against
continental crust trace element averages with the only elements of concern from the
whole ash chemistry being As, B, Mn, Mg, Hg and U. This also correlates with the
observations by Wagner & Tlotleng (2012) on the regional trace element distribution
observed in the region;

The ABA and NAG results indicate that the ash is a non-acid generating material with
a high NNP and low NAG that will also aid in neutralising any potential AMD;

The low acid producing potential of the ash also shows that metal leachability will be
low;

From the elements of concern identified in all the tests, the only constituents that
leached out in significant quantities and could pose a possible environmental and
human health impact is F, Mn, Ni and Ca; all of which will most probably be diluted
once mixed with the groundwater and surface water in the receiving environment;

The following conclusions and waste classification can be reached based on the
results:

= One or more elements are above the LCTO, but below or equal to the LCT1 limits
(LCTO<Ash LC =LCTY);

= All elements are below or equal to the TCT1 limits (Ash TC < TCT1);

= Per the above observations the ash/waste material can be classified as a Type 3
waste and should be disposed of at a Class C waste disposal facility;

Based on the geochemical results of the ash material indications are that backfilling of
the Anglo open pit with the ash will be feasible, this will however be further evaluated
and confirmed with kinetic tests on the ash as well as geochemical models; and
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Enough data, tests, geochemical and hydrogeological models are available and has
been done throughout this study to give ample background information and
motivational data to allow both Vedanta and Anglo to apply for the declassification of
the ash material to apply for the alternative waste management activity of backfilling
the pit with the ash material.

6.2.4 ARD Potential

From the concept level ARD study done by Golder (2013), (section 3) the following
conclusions can be reached on the potential for ARD formation from all disturbed material.

6.2.4.1 Waste rock - Overburden, parting and interb  edding units

The concept level study sampled all possible overburden, parting and interbedding
units from the upper Ecca and middle Ecca mudstone, siltstone and sandstone layers;

With the commencement of the EIA study the mining and processing plan of the
project indicated that the upper Ecca Coal formation will be mined together with some
parting and interbedding units and thus the main waste rock sequences will be that of
the PLP1, TRP 2 and the weathered and unweathered overburden and separated
interbedding where possible;

The XRD results confirmed the mineralogy of the waste rock units to be enriched with
microcline, kaolinite, muscovite, siderite and calcite;

From the Golder (2013) study indications were that enough neutralizing potential in
the waste rock samples were present due to the siderite and calcite mineralogy; with
the paste pH of the samples indicating that the siderite weathering reactions will
indeed be neutralising and not acid producing;

The concept study indicated that the overburden was non-potential acid generating
(non-PAG) with the PLP unit ranging from acid generating (AG) to potential acid
generating (PAG) and the pure sandstone units of the middle Ecca and TRP2 parting
being non-PAG;

The ABA and NAG tests done by Digby Wells on the waste rock correlated with the
observation made by Golder (2013), with the overburden samples being non-PAG,
the interbedding samples ranging from PAG to AG and the two main parting units
PLP1 and TRP2 being PAG;

The static leachate tests done on the waste rock samples indicated that all leachate
fluids produced by the waste rock had a pH range between 7.7 and 8.3 with the
exception of PLP1 leaching fluid with a low pH of 4.7 confirming the PAG status given
to the parting unit in the ARD evaluations;

From the static tests SO, formation was also observed to be well below guideline
values;



Dalyshope Ash Backfill and Geochemical Study
ANG2137

Based on the information and data gathered on the waste rock to be produced by the
Dalyshope project it can be concluded that the waste rock has sufficient neutralising
potential to allow no acid generation; and

6.2.4.2 Coal — Upper Ecca and Middle Ecca coal unit s

From the Golder (2013) ARD study all coal units from the upper and middle Ecca
ranged from uncertain PAG to PAG;

From the ABA and NAG tests performed on the main coal layers the PMB, PMA, PLC,
PLB, and PLA from the middle Ecca indicating have the tendency for the coal to be
AG to PAG;

This was reiterated by the low NAG pH ranges of all samples being below 5;

The composite coal sample from the upper Ecca was processed together by the IPP
indicated a high AG potential,

The XRD results indicated that there is neutralising mineralogy present in all coal
samples in the form of calcite and siderite;

The static leachate tests yielded fluids with a pH range between 7.6 and 8.3 indicting
that the mineralogy does have a larger influence on the neutralising potential of the
coal layers than expected over a short term;

Leachability of metals and other element are also low except for high levels of fluoride
leaching into solution from the coal layers;

Further long term kinetic tests will confirm the potential for ARD formation and metal
leachability over a longer term;

It can be concluded that for the short anticipated period for which the coal is expected
to be stockpiled that it will not have a significant environmental impact with a low ARD
potential; and

6.2.4.3  Ash — Ash material produced from coal layer s

The XRD results indicated calcite, lime and clay mineral content along with quartz
allowing the observation to be made from the mineralogy that the neutralising
potential of the ash material will be high and can potentially have a positive impact if
used as backfilling on any acid that is potentially generated by the exposed coal and
parting layers and waste material;

The ABA and NAG tests on all the ash material indicated high NNP values with
alkaline paste pH ranges;

All the ash samples were tested to be non-PAG with the exception of the composite
ash sample indicating a potential for acid generation;

However, from the static leachate tests pH values from the resulting fluid were all
between 7 and 8.9, with low metal leachability except for Ni and Mn and this will be
confirmed with on-going kinetic tests; and
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Based on the data at hand and the models simulated in the geochemical assessment,
the ash material has no ARD potential with high neutralising potential and a minimal
environmental impact and based on this assessment can be used as backfilling
material.

RECOMMENDATIONS

Based on the preceding study results Digby Wells recommends the following:

Monitoring of the groundwater and surface water receptors around potential pollution
sources including stockpiles, waste rock dumps and ash dumps should be done on a
quarterly basis;

Based on the geochemical leachate results and the geochemical models the main
parameters of concern to monitor in the water quality is Ni, F, B, Mn, Al, Fe and Ca;

pH trends should be studied during monitoring to ensure that ARD formation is picked
up early. As soon as pH levels decreases below a level of 5, management options of
acid neutralisation through treatment with lime or calcite should be investigated and
implemented;

The recommendation is made that storm water management for the stockpile designs
is in place during the wet season.

ARD formation and pH trends should be monitored on and around waste rock dumps
and stockpiles;

The recommendation is made that the waste rock from the parting units PLP1 and
TRP2 be managed, designed and deposited within the WRD to allow a natural
geoliner to be formed by the non-PAG units of the overburden and interbedding.

Strom water management in the vicinity of waste disposal facilities should be in place
to capture potential ARD and dirty water to be diverted to pollution control dams; and

The use of ash as backfill into the pit, based on current information and models, is
feasible and will help in neutralising any potential acid generation post-closure in the
area of the open pit.
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Plan 4: Drilling program
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DALYSHOPE MINE ARD POTENTIAL ASSESSMENT

Executive Summary

This report presents the concept level geochemistry study conducted by Golder Associates at the proposed
Dalyshope Retention Mine for Anglo American Thermal Coal. At this stage, the Dalyshope project is in the
exploration phase.

The scope of work included a review of relevant geological information, collection of samples for acid base
accounting (ABA) tests and assessment of acid rock drainage (ARD) potential of the lithological units that will
be disturbed by mining.

The proposed mine lies in the Ellisras Coalfield. The geological succession comprises basement rocks
belonging to the Bushveld Igneous Complex, Limpopo Belt and Waterberg group to the eastern, northern
and southern parts, respectively. These pre-Karoo rocks are overlain by the Dwyka Group, which consists of
the oldest Karoo sediments. Directly above the Dwyka is the Ecca Group, which consists of three formations
namely, from bottom to top, the Wellington, Swartrand and Grootegeluk Formations. The Ecca Group is
coverlain by the Beaufort Group, which is in turn overlain by the Stormberg Group. Coal deposits occur in the
Swartrand and Grootegeluk Formations. Three seams (up to 9 m thick) occur in the Swartrand Formation. In
the Grootegeluk Formations the coal deposits consist of thick successions (up to 80 m) of multiple, thinly
interbedded coal and mudstone layers, which are known as coal plies. Occurrences of pyrite in various forms
are common in the coal and occasionally in the non-coal lithologies. Siderite and calcite are also prevalent
as nodules, lenses and veinlets.

Except for the pits outline, no mine plans have been developed yet for the proposed Dalyshope mine. For
the purposes of this concept level ARD assessment, it was assumed that coal from both the Swartrand and
Grootegeluk Formations will be mined by opencast methods. Thus all the lithological units comprising
overburden, interbedding, parting, coal and coal floor will be disturbed by mining.

A total of 19 composite samples, including a duplicate sample, were collected from three boreholes. All
samples were submitted for ABA analysis. Upper Ecca and Middle Ecca coal had the highest sulphide
sulphur concentration; however, the paste pH in these samples was neutral (pH=7.2). This was attributed to
the presence of calcite and siderite, which were observed in coal during sampling. Samples of parting unit
PLP1 had the lowest paste pH of 5.9. These samples were characterised by low bulk neutralisation potential
and carbonate NP.

Assessment of ARD potential of the sampled units was conducted based on neutralisation potential ratio
(bulkNP/sulphide sulphur acid potential [SAP]), paste pH and sulphide sulphur concentration. The ARD
assessment indicated that:

i Acid generating (AG) samples included:
§ Parting units PLP1 and TRP2 from borehole WB0556A (TRP2(6)).
i Potentially acid generating (PAG) samples were :
8 Parting units SD1, USF, and PUP1; and
§ Middle Ecca coal seam (ESC).
i Samples that fell in the grey zone (Uncertain) included:
§ Parting units TRP2 from borehole WP0557A (TRP2-7) and PMP1;
§ Interbedding (CIB); and
§ Upper Ecca coal (UC).

These rock units are possibly acid generating if NP is insufficiently reactive or is depleted at a rate
faster than sulphides under field conditions.

i Units that were not potentially acid generating (Non-PAG) were:
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§ Weathered overburden (WO), fresh overburden (FO), PUP2, PLP2, TRP2 from borehole WB0555A
and MS samples are not potentially acid generating (Non-PAG).

An assessment of elemental data from exploration borehole assays (AATC, November 2012) indicated that
As, Bi, Cs, Hg, Mo and S are enriched in overburden, parting, interbedding and coal units from the
Dalyshope Project area. These elements are potential constituents of interest (COI). An assessment of total
sulphur distribution in different stratigraphic units indicated higher concentrations and wider spatial variability
in total sulphur compared to parting units. Though not as significant as in coal, total sulphur varied spatially
in parting units PLP1, TRP2 and PMP1. The highest concentration of total sulphur occurred within a depth of
55m below the surface in Upper Ecca Coal plies.

The number of samples used for the concept level ARD assessment provide a good indication of the acid
potential from the disturbed mine geological units. However, it does not account for the spatial variation in
geochemistry the individual lithological units. This is based on the analysis of total sulphur profiles, which
indicated that sulphur is generally not uniformly distributed spatially in parting units PUP1, PMP1, PLP1,
TRP2 and coal. This implies that the ARD potential of these lithological units may vary spatially from PAG to
Non-PAG across the deposit; hence a detailed geochemical assessment should be conducted across the
whole area during the next phases of mine planning.

In conclusion, the concept level ARD assessment indicates a significant potential for ARD to be generated
from the planned mining activities of the Dalyshope Retention mine. This ARD has the potential to affect the
economic viability of the project due to the requirements for source and pathway control measures
associated with mining features and the long-term mine water management liability associated with ARD.
The ARD impacts can, however, be prevented and managed through pro-active and upfront design and
planning in order to limit the long-term liability associated with ARD management at the proposed Dalyshope
Retention mine operations.

Further geochemical assessment of the potentially mining-disturbed rocks at the proposed Dalyshope
Retention mine is required to provide a robust geochemical baseline to support mine planning and
environmental assessment. Specific recommendations for further work include:

i Collection of sufficient samples to allow statistical assessment of the ARD potential and metal leaching
(ML) of the lithological units that will be disturbed by mining. Based on the Global Acid Rock Drainage
Guide (INAP, 2012) several hundred samples should be analysed by static testing during the Pre-
feasibility phase. The acid and neutralisation potential should be incorporated into the geological block
model to indicate areas of localised ARD and ML risk.

i Mineralogical analysis by XRD and short term leach tests should also be conducted to assess the
mineralogical composition and ML potential of the overburden, interbedding, parting and coal across the
whole mine area.

i Samples of parting units and coal that classify as PAG should be submitted for kinetic testing to assess
likely long-term drainage quality taking acid generating and acid neutralising reactions into account. The
GARD Guide suggests that one to two samples of each material type should be analysed by kinetic
testing. Allowance should therefore be made for at least six kinetic tests.
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Acronyms and Abbreviations

Acronym/Abbreviation Description
AATC Anglo American Thermal Coal

ABA Acid-based accounting

AP Acid potential

ARD Acid Rock Drainage

CaCOq Calcite

CaNP Carbonate Neutralisation Potential

COs; Carbonate

COl Constituent of interest

GARD Global Acid Rock Drainage Guide

ICP-AAS Inductively Coupled Plasma—Atomic Absorption Spectroscopy
ICP Inductively Coupled Plasma

ICP-MS Inductively Coupled Plasma-Mass Spectrometry
mamsl| Meters above mean sea level

ML Metal leaching

NNP Net neutralisation potential

Non-PAG Not Potentially acid generating

NP Neutralisation potential

NPR Neutralisation potential ratio

PAG Potentially acid generating

ppm Parts Per Million

QA/QC Quality assurance/quality control

SAP Sulphide Sulphur Acid Potential

SNPR Sulphide Neutralisation Potential Ratio

SO, Sulphate

TAP Total Sulphur Acid Potential

TC Total carbon

TNPR Total Sulphur Neutralisation Potential Ratio
XRF X-RAY fluorescence

wt% Weight percent

February 2013 Golder
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Glossary of Terms

Term

Description

Acid-base accounting
(ABA)

An analytical technique applied to mine wastes and geologic materials that is used
to determine the potential acidity from sulphur analysis versus the neutralisation
potential. It is used to predict the potential of that material to be acid producing or
acid neutralising.

Acid generating

Refers to ore and mine wastes that contain sulphur or sulphides, which produce
acid when oxidised. Acid can also be present as acid sulphates or generated by
their weathering.

Acid potential (AP)

The ability of a rock or geologic material to produce acid leachates; may also be
referred to as acid generation potential or AGP.

Acid rock drainage
(ARD)

A low pH, metal-laden, sulphate-rich drainage that occurs during land disturbance
where sulphur or metal sulphides are exposed to atmospheric conditions. It forms
under natural conditions from the oxidation of sulphide minerals and where the
acidity exceeds the alkalinity. Non-mining exposures, such as along highway road
cuts, may produce similar drainage. Also known as acid mine drainage (AMD) when
it originates from mining areas.

Composite sample

A sample made by the combination of several distinct subsamples.

Conceptual site
model

A representation of a site and its environment that represents what is known or
suspected about contaminant sources as well as the physical, chemical and
biological processes that affect contaminant transport to potential environmental
receptors.

Contaminant

Any physical, chemical, biological, or radiological substance or matter that has an
adverse effect on human and ecological receptors as well as environmental media
(e.g., air, water, soil, sediment).

Kinetic Testing

A laboratory geochemical procedure to accelerate natural oxidation (weathering)
reactions so that the potential of the rock to generate acid drainage can be
evaluated (thus the term “kinetic”).

Metal Leaching (ML)

The release of metals from mineral phases.

Lithology

The character of a rock described in terms of its structure, colour, mineral
composition, grain size, and arrangement of its visible features that in the aggregate
impart individuality to the rock.

Neutral mine
drainage (NMD)

A neutral to alkaline pH, metal-laden, sulphate-rich drainage that occurs during land
disturbance where sulphur or metal sulphides are exposed to atmospheric
conditions. It forms under natural conditions from the oxidation of sulphide minerals
and where the alkalinity equals or exceeds the acidity.

Neutralisation
potential (NP)

The ability of a material to neutralise acid. Neutralisation potential is comprised of
more reactive minerals, such as carbonate, that provide short-term buffering and
less reactive minerals such as alumino-silicates, that provide longer-term buffering.

Net Neutralisation
Potential (NNP)

NNP is defined as NP - AP. The lower the NNP, the higher the potential for acid
generation. Criteria (summarised by Usher et al., 2003) are as follows:
- NNP < -20 kgCaCOas/t : Potentially acid generating;
- -20 < NNP < +20 kgCaCOa4/t :Uncertainty regarding acid generation potential;
and
- NNP > +20 kg CaCOa/t; Potentially acid neutralising.

Neutralisation
Potential Ratio (NPR)

The NPR is defined as NP/AP. The lower the NPR, the higher the potential for acid
generation. Screening Criteria by GARD (INAP, 2012) and MEND (2009) are as
follows:

- NP/AP < 1: Likely acid generating

- 1 <NP/AP < 2 : Possibly acid generating

- NPR > 2: Not potentially acid generating.
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Term

Description

Neutralisation

A chemical reaction in which an acid and a base or alkali (soluble base) react to

reaction produce salt and water, which do not exhibit any of the acid or base properties.

Overburden Material of any nature, consolidated or unconsolidated, that overlies a deposit of
useful and minable materials or ores, especially those deposits that are mined from
the surface by open cuts or pits.

Oxidation A chemical process involving a reaction(s) that produces an increase in the
oxidation state of elements such as iron and sulphur.

Pathway The physical course a chemical or pollutant takes from its source to an exposed
organism

pH A measure of the acidity (pH less than 7) or alkalinity (pH greater than 7) of a

solution; a pH of 7 is considered neutral. It is a measure of the hydrogen ion
concentration (negative log of the hydrogen ion activity for glass electrodes) of a
soil suspension or solution

Quality assurance/
quality control (QA/
QC)

A system of procedures, checks, audits, and corrective actions to ensure that all
research design and performance, environmental monitoring and sampling, and
other technical and reporting activities are of the quality that meets the testing
objectives.

Representative
sample

A portion of material or water that is as nearly identical in content and consistency
as possible to that in the larger body of material or water being sampled.

Saline drainage (SD)

Can be any pH but usually above pH 6. Salinity defined as TDS i.e grams of ion per
kg of solvent water. The sulphate concentration of 1000 mg/l is the threshold
between NMD vs. SD (GARD, 2012).

Stratigraphy

The layering or bedding of varying rock types reflecting changing environments of
formation and deposition. Also, a branch of geology that concerns itself with the
study of rock layers and layering (stratification).

Total Sulphur

The sum of all sulphur species of a solid material, including sulphide sulphur and
sulphate sulphur.

Sulphate Sulphur

The sulphur component of a solid material that is comprised of sulphate. See also
sulphide sulphur and total sulphur.

Sulphide Sulphur

The sulphur component of a solid material that is comprised of sulphide. With
respect to acid base accounting, sulphide sulphur is the component that is most
commonly used to calculate the acid potential. See also sulphate sulphur and total
sulphur.

Static Test

A procedure for characterising the physical and or chemical properties of a sample
at a point in time, such as acid base accounting. Static tests, unlike kinetic tests, do
not evaluate the weathering rates of different minerals contained in geologic
materials. Static tests provide a snapshot in time of the geochemical characteristics
of a sample.

Waste rock

Barren or mineralized rock that has been mined but is of insufficient value to
warrant treatment and is removed ahead of the metallurgical processes and
disposed of on site. The term is usually used for wastes that are larger than sand-
sized material and can be up to large boulders in size.

Weathering

Process whereby earthy or rocky materials are changed in colour, texture,
composition, or form (with little or no transportation) by exposure to atmospheric
agents.
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DALYSHOPE MINE ARD POTENTIAL ASSESSMENT

1.0 INTRODUCTION

Anglo American Thermal Coal (AATC) appointed Golder Associates Africa (Pty) Ltd (Golder) to conduct
concept level acid rock drainage (ARD) assessment of key geological units that will be disturbed by mining at
the proposed Dalyshope Retention Mine. The proposed mine is located in the Ellisras/Waterberg Coalfield in
the Limpopo Province of South Africa. The project area lies approximately 240 km northwest of Pretoria
(Figure 1).

Mining activities associated with the mining project have the potential to impact on local surface and
groundwater resources over the short, medium and long-term through the exposure, disturbance and/or
deposition of geological and waste materials containing sulphide mineral assemblages. In the case of the
Dalyshope Retention Mine Project, a mine plan has not been developed since the project is at a concept
level. Howevers, it is generally known what mining facilities may eventually be established on site and which
may impact on the quality of surface and groundwater. This report describes the concept level assessment
of acid rock drainage (ARD) potential that was conducted and summarises the collection of coal, overburden,
interbedding and parting samples and interpretation of the results.

2.0 OBJECTIVES

Mining is an intrusive activity that exposes different rocks to chemically different conditions which leads to the
physical and chemical alteration of the rocks. An understanding of the geochemical characteristics of each
geological unit is required to determine the potential environmental risks; specifically the impact on surface
water and groundwater quality posed by mines during the operational and post closure phases.

The key objective of the concept level ARD assessment was to identify the potential for acid drainage from
key geological units that will be disturbed by mining. No assessment of metals leaching (ML) and prediction
of mine drainage chemistry has been included and is intended for subsequent phases.

3.0 APPROACH AND METHODOLOGY

The scope of work for the concept level ARD assessment is consistent with the following guidance
documents that have gained regulatory acceptance in jurisdictions around the world:

i Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials (MEND 2009).
i Global Acid Rock Drainage (GARD) Guide (INAP, 2012).

A simplified approach was followed for the concept level ARD assessment and is based on the methodology
outlined in the GARD Guide:

i Step 1: Review available information and identify rock and waste units that will be exposed, disturbed or

deposited by the proposed mining activities. Geochemical information was obtained from assays
conducted on core samples from some of the exploration boreholes. Key aspects of the geology were
reviewed and have been summarised in the subsequent sections. Inferences from the assay
geochemical data are also presented.

= Step 2: Develop conceptual models of key geochemical and flow processes for each mining facility.
This step has not been addressed in this report due to the concept level stage of the project.

= Step 3: Develop a sampling plan by determining the form and extent of rock and waste units that will
occur in each mine component. A strategy for obtaining and testing representative samples of the
geological materials and mine wastes should be developed. Twenty (18) samples were identified for the
concept level ARD assessment, based on key geological units mined.

Step 4: Conduct sampling of geological materials and mine wastes. A description of the sample availability
and sample from exploration cores at the proposed Dalyshope Retention Mine is presented in Section 5.2.
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Figure 1: Location of Ellisras Coalfield

i Step 5: Conduct laboratory analysis of samples, typically including static and kinetic tests. A description
of the laboratory methods used to test the samples is presented in Section 7.1. Note that only static
testing, in particular, acid base accounting tests (ABA), was carried out in this concept level study.

i Step 6: Data interpretation and reporting. The analysis and interpretation of the ABA tests results is

presented in Section 8.2.

Should the analytical results generated through Steps 1 to 6 indicate a potential for any of the sampled
materials to generate ARD or ML under likely operational or post closure mining conditions, this may
necessitate initiation of Steps 7 and 8 of the INAP (2012) methodology as a subsequent phase of the study.
These steps do not form part of the scope of work described in this report but are outlined below:

i Step 7: Source-term modelling to predict time sensitive drainage chemistry for each mine facility as a
function of material property, exposure mode (waste facility, mine workings, etc.), climatic variation,

water balance and geochemical process.

i Step 8: Develop source and pathway control measures to prevent, minimize or mitigate water resource
impacts to acceptable levels. This includes the development of performance monitoring programs

during the various life cycle phases of the proposed mine.
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4.0 DESCRIPTION OF DALYSHOPE PROJECT

4.1 Project Summary

Anglo American Thermal Coal (AATC) Waterberg Prospects consists of two Prospecting Rights, namely
Waterberg 5 and Waterberg 7. Each of the Prospecting Rights consists of several detached properties
(Figure 2). The proposed Dalyshope Retention Mine is located on farms Klaarwater 231 LQ, Dalyshope 232
LQ, Wynberg 215 LQ and Canada 229 LQ, all within Waterberg 7 prospecting rights (Figure 2). The farms lie
approximately 20 km to the westnorthwest of Grootegeluk Colliery.

Ellisras basin geological structures, lithology and qualities are completely different to deposits currently
mined by AATC. The only coal mining activity in the Ellisras basin is at Grootegeluk Colliery. This coal
contains mostly a Power Station feedstock averaging 21.5MJ/kg, as well as a small yield of metallurgical
product. The saleable product combined yield at Grootegeluk Colliery is approximately 50%. Currently,
several companies are exploring the Ellisras Basin and Sasol is investigating the development of a coal to
liquids plant in the area.

Because of the difference in quality of the Dalyshope Block coal in relation to the Witbank coalfield coal that
AATC is currently mining, this coal is being investigated for its best uses, which may be different to the ways
it is used by AATC customers in other coalfields. A geological exploration drilling programme is underway at
the Dalyshope Project site.

4.2 Climate

Dalyshope Project area lies in a region that has a subtropical steppe (low-latitude hot and dry) climate.
Rainfall in the region is erratic and seasonal, occurring mainly in summer (November to February). The
rainfall ranges between 350 and 500 mm per year. The region has mean annual run-off of 150-397 mm.
Mean annual evaporation (1800-2000 mm/a) exceeds rainfall resulting in moisture deficit in the region.
Recharge is estimated at less than 1.5% of the annual rainfall (Vegter, 1995).

The area experiences warm mean annual temperatures of around 21°C. Hot summers characterise the area
with daily maximum temperatures reaching 40°C. Winters are warm to very cold, with minimum daily
temperatures occasionally reaching -5°C (van Rooyen and Bredenkamp, 1996).

4.3 Topography and Drainage

The Dalyshope Project area is generally flat to gently undulating with altitude ranging between 820 and 860
meters above sea level (masl). The study area lies within the Limpopo River Catchment. The main water
resource close to the area is the perennial and transboundary Limpopo River, which drains in a north
easterly direction to the west of the project area. A stretch of the Limpopo River forms the northwestern
boundary of Klaarwater 231 LQ farm. Except for the few non-perennial pans in all the farms and streams
draining the northwestern part of Klaarwater 231 LQ farm into Limpopo River, there are no other drainage
lines, streams and rivers within the proposed Dalyshope Retention Mine area.

4.4 Geology

4.4.1 Regional Geology

The Dalyshope Project area lies in the Ellisras Coalfield (Figure 1). The geology and general stratigraphy of
the coalfield are shown in Figure 3and Figure 4, respectively. Various ideas have been put forward
concerning the development of the Ellisras basin. Catuneanu et al., (2005) consider the basin to be part of
the back-bulge flexural province of the Karoo foreland system. Turner (1999) proposed a component of
Gondwana rifting as a major basin control on the tectonic development of the Karoo basins. Cairncross
(2001) suggested that the Ellisras basin formed due to intracratonic rifting. According to Tankard et al.,
(2009), the long-wavelength component of Karoo subsidence resulted from lithospheric deflection due to
mantle flow coupled with distal subduction. The basin development model comprises three stages: (i) crustal
uplift; (i) fault-controlled subsidence, and (iii) long period of regional subsidence during which faulting was
subordinate (Tankard et al., 2009).
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Geophysical work by Fourie et al., (2009) indicates that the Ellisras basin has a north-south asymmetrical
profile typical of that expected in a half-graben, with a steep fault bounded side in the north and a more
gently dipping sloping side in the south. The Melinda fault zone that underlies the north of the Ellisras basin
is interpreted to be complexly structured with fault-bounded blocks that rotated as a result of extension
(Fourie et al., 2009).
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Figure 4: General Stratigraphy of the Ellisras Coalfield (AATC, 2012)

Stratigraphically, the sedimentary sequence has been broadly divided into groups and formations as
established in the main Karoo Basin (Figure 4). The Karoo Supergroup sedimentary succession in the
Ellisras Coalfield is underlain by:

Limpopo Belt gneisses in the northern parts;

Bushveld Igneous Complex granite, gabbro and norite in the eastern parts and

Waterberg Group red beds (including quartzites and conglomerates) in the southern parts of the basin
(Figure 3).

The pre-Karoo basement is overlain by the Dwyka Group, which consists of the oldest Karoo sediments.
Directly above the Dwyka is the Ecca Group, which has been divided into the lower, middle and upper parts
(Williamson, 1996). In the Ellisras Coalfield, the Ecca Group consists of three formations namely, the
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Wellington, Swartrand and Grootegeluk Formation. These formations belong to the Lower, Middle and Upper
Ecca, respectively.

The Dwyka-Ecca Group boundary is difficult to define and the transition is marked by the Wellington
Formation (Figure 4). The Goedgedacht Formation is time equivalent with the sedimentary sequence
represented by the Swartrant Formation, interfingers with it, and sometimes erodes into it.

The coalfield is dominated by faulting (Figure 3) in the north and southern parts. The major faults are the
Zoetfontein, Eenzaamheid and Daarby fault. The former two faults have a general east-west trend and they
occur on the northern and southern margins of the coalfield, respectively. The Daarby fault is characterised
by a northwest-southeast trend with a major trend change as it approaches the Eenzaamheid fault to
southwest-northeast (Figure 3). The Zoetfontein fault is believed to have been active during and post coal
deposition, whereas the other faults are considered to be younger than the Karoo Sequence. At the point of
modulation of the Daarby fault strike, there are a number of minor sympathetic fault structures that have had
an effect on the attitude of the coal seams. The maximum displacement of the coal seams by the major
faults is 250m. The faulting of the coalfield divides the resource into a shallow opencastable area in the
central parts and a deeper underground portion in the northern and eastern parts of the basin.

4.4.2 Geology of the Dalyshope Project Area

The litho-stratigraphical subdivision commonly used by AATC is based on the work of Mr. Greg Dowling, who
is a principal geologist at Anglo Coal. The general geology of the study area is presented in Figure 5 and is
mainly based on the stratigraphy of the western part of the Ellisras Coalfield, west of the Daarby fault.

4.4.2.1 Dwyka Group

The base of the Karoo Supergroup in the Dalyshope project area consists of rocks of the Dwyka Group.
These comprise of two cyclic sequences of diamictite, graded mudstone (varves), carbonaceous mudstone
and siltstone. The varved mudstone is composed of stacks of individual units that are approximately 4cm in
thickness. Each unit consists of a basal light-coloured (off-white) siltstone, which forms approximately 60-
80% of the unit. Towards the top of this unit, layers consist of dark mudstone. Collectively, the varved
mudstone units form a sequence up to 6m thick. The off-white laminated siltstone is often associated and
inter-laminated with the varved mudstone and diamictite. The siltstone attains a maximum thickness of 10m.

The diamictite is usually very thin (less than 60cm thick), massive and matrix-supported. The matrix consists
of off-white to greyish white sand and silt-sized grains with pebbles, consisting mainly of quartz, scattered
throughout the unit. Towards the north the Dwyka Group is composed predominantly of diamictite with
scattered large pebbles, cobbles and even boulders set in off-white to grey coarse arkosic sandstone-rich
matrix.

The cyclicity indicate that during the deposition of the Dwyka Group, temperatures changed from colder to
warmer, followed by another colder-warmer cycle that ended in the deposition of the overlying lower Ecca
mudstones.

4.4.2.2 Ecca Group

The Lower Ecca is represented by the Wellington Formation. It consists of grey, carbonaceous mudstone
and siltstone with scattered sub-angular clasts up to 5cm in diameter (Dreyer, 1991). The quartz grains or
fragments are of granule size and are frequently concentrated in layers that form thin lenses in the
mudstone. This mudstone-siltstone unit is crudely stratified and up to 160m thick. The mudstone-siltstone
unit is overlain by a sequence consisting of alternating beds (30cm thick) of granular-sized sandstone and
grey mudstone, which are in turn uncomformably overlain by white, very coarse-grained sandstone.
According to Beukes (1985) (as cited in MacRae, 1988), the mudstone to siltstone successions represent
pro-delta successions, whilst the sandstone represents a delta front. The angular and sub-angular clasts are
thought to represent debris rain deposits and indicate a glacial influence.

The Swartrant Formation, which belongs to Middle Ecca, consists of very coarse-grained sandstone,
siltstone, mudstone and three coal seams. The coal seams or plies are named, from the bottom, ES1, ES2
and ES3 (Figure 5). The Swartrant Formation has an approximate thickness of 45 to 55m. The lower 20m
consists of very coarse-grained sandstone with occasional cross-bedded, thin (1cm thick) siltstone and
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mudstone layers (or lenses). Upward-fining sequences predominate, but upward-coarsening sequences are
also present in the sandstone beds. The sandstone beds are arkosic towards their basal contacts, with rare
mudstone flakes and mudstone clasts occurring at their basal contacts.
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Figure 5: General stratigraphy of the Dalyshope project area (AATC, 2012) where the parting units are differentiated from
coal plies by ending with letter P and a numerical number.

The ES 1 coal seam overlies the sandstone in the southern part of the area. This coal seam consists mainly
of a dull, lustrous coal. A moderate amount of sulphides, mainly pyrite (FeS,) in the form of discs and lenses,
varying in size from microscopically fine up to 1 cm in diameter, occur on joints, cleats and bedding planes.
Figure 6 shows examples of pyrite occurrences in ES1 that were observed in borehole core during collection
of samples for environmental geochemical assessment.
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Figure 6: Pyrite on coal cleat (a) and bedding planes (b). The core diameter is approximately 6cm

Varying quantities of calcite (CaCOj3) occur mainly on joints and in cleats associated with the bright coal
(Figure 7). Abundant siderite (FeCOs) nodules, varying in size from fine (microsiderite) to approximately
3mm in diameter, occur scattered throughout the ES 1 coal seam (Figure 7).

g E

LR SRR =

Figure 7: Siderite nodules (brown spots) and calcite (white veins) in coal.

Due to erosion or non-deposition, the ES1 coal seam is not present in the northern parts of the area. The
thickness of the ES 1 coal seam exceeds 1 m where it is fully developed. A thin (less than 0.5m thick),
coarse-grained whitish-grey sandstone overlies the coal seam or channel fill sandstone where the ES 1 coal
seam is not present. A sharp contact separates the sandstone unit from the overlying carbonaceous
mudstone, which consists of scattered granules of quartz and granulestone lenses. Granulestone lenses are
more abundant from the base and towards the middle of the unit. The unit is approximately 2.5 to 3m thick.
The granular mudstone coarsens into a siltstone that coarsens into coarse-grained sandstone at the top.
This coarsening-upwards sequence (2 to 4m thick) is in turn overlain by a 3.5 to 5m thick coal seam, locally
known as the ES2 coal seam (Figure 5).

The ES 2 coal seam consists of three units namely, from bottom to top, a lower interbedded mudstone and
coal of lower quality (ES2L), a select coal horizon consisting of dull to lustrous coal (ES2S), and an upper
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unit consisting of interbedded mudstone and lower quality coal (ES2U). The zones are not always developed
throughout the project area. The select bright coal unit of the ES 2 coal seam consists predominantly of

bright coal with minor pyrite lenses and abundant siderite pellets.

Approximately 20 cm thick white sandstone overlies the ES 2 coal seam unconformably to the west and
sharply towards east, where the mudstone unit of the ES 2 coal seam attains its maximum thickness. The
lower 6 to 7m consists of white, very coarse-grained sandstone with mudstone and vitrinite intraclasts at
erosional contacts, fining upwards, sometimes abruptly, into a siltstone or mudstone of up to 6m in thickness.
A coal seam, locally known as the ES 3 is sporadically developed within this siltstone or mudstone unit.

The ES 3 coal usually consists of a dull, mudstone-rich coal. White, feldspar-rich, very coarse-grained
sandstone overlies the ES3 coal. Upwards, the sandstone grades into siltstone or mudstone. Occasional
pyrite and siderite nodules (Figure 8) are present in the sandstone unit, especially close to the contacts with

coal seams. The thickness of the unit varies between 8 and 14m.
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Figure 8: Siderite and pyrite in sandstone
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The Swartrant Formation is thought to have been deposited in channel, splay and swamp depositional
systems (Beukes, 1985 as cited in MacRae, 1988). This sandstone-dominated unit is overlain by a coal-
mudstone succession of the Upper Ecca, Grootegeluk Formation.

The Upper Ecca Group consists of an 80-100m thick coal-mudstone succession. The coal-mudstone
succession consists of alternating coal and mudstone layers varying in thickness from a few centimetres up
to a few metres. The lower part of the Upper Ecca Group, named Transitional Zone, is approximately 25 m
thick. This succession consists mainly of dull, lustrous coal bands alternating with dark grey, carbonaceous
mudstone layers. In many instances, these rock units grade into one another. The top 65-70 m of the Upper
Ecca is named the Prime Zone (Figure 5). This zone consists of bright coal and carbonaceous mudstone
layers varying in thickness from a few centimetres to several metres. The contacts between these lithologies
are usually sharp. A thin (less than 30cm thick), siltstone or silty mudstone is developed at the contact
between the upper and lower portions of the succession.

The complete coal-mudstone succession has been divided into Prime Lower (PL), Prime Middle (PM) and
Prime Upper (PU) Zones (Figure 5). These zones are further divided into coal plies (interbedding of coal and
mudstone) [e.g. Prime Lower A (PLA), Prime Middle D (PMD), Prime Upper E (PUE) etc.]. The coal plies are
separated by mainly mudstone partings [e.g Prime Upper Parting (PUP1and PUP2), Prime Lower Parting
(PLP2) and Prime Middle Parting (PMP1) and occasionally, channel sandstone/siltstone occur in the parting
units, especially in Prime Lower Parting 1 (PLP1) as shown in Figure 9. Some of the coal plies zones and
partings occasionally pinch out and are therefore absent from the succession in certain places.

=g ""F.I'I“-":' 1
L 1

Figure 9: Channel sandstone parting (PLP1)

Pyrite, siderite and calcite are ubiquitous in the Upper Ecca coal plies. The pyrite occurs in various forms
from veins, nodules as well as lenses; and is concentrated close to the contacts with the carbonaceous
mudstone. Calcite occurs mostly on coal cleats in close association with both pyrite and siderite. This was
confirmed in boreholes that were drilled for environmental geochemical characterisation (Figure 10 and
Figure 11).

The Grootegeluk Formation is interpreted to have been deposited in distal, poorly drained flood basin
marshes (Beukes, 1985 as cited in MacRae, 1988). However, the sub-millimetre to micron scale lamination
developed in this coal is not fully explained by these types of depositional environments.
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Figure 11: Calcite and siderite in Upper Ecca coal ply

4.4.2.3 Beaufort Group

The Eendragtpan Formation of the Beaufort group overlies the Ecca Group in the Dalyshope area. It consists
of mudstone and/or variegated shale. In the southern portion of the Dalyshope Project area blue-grey
massive mudstone with minor disseminated pyrite overlies the coal-mudstone succession. The overburden,
approximately 30m thick, usually consists of yellow-brown clay.
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4424 Post Karoo Deposits

Sedimentary rocks younger than the Beaufort Group probably exist in the project area, but boreholes have
so far not intersected these.

A calcrete layer of up to 3 m thick and Kalahari Sand overlies a weathering surface, which is up to 20 m
deep. The calcrete is thought to be related to post Gondwana weathering surfaces (Van Niekerk et al.,
1999), and rest on all units of the Karoo Supergroup stratigraphy, depending on erosion.

4.4.2.5 Faults and Igneous Intrusions

The Ellisras coalfield is structurally deformed, being dissected by numerous east-west and northwest—
southeast trending faults (Figure 3). These have produced a series of horsts and grabens. No boreholes
intersected dolerite and other mafic rocks in the Dalyshope Project area. However, basalts belonging to the
Letaba Formation of the Stormberg Group, and feeder dolerites exist in the Ellisras basin.

4.5 Geochemical Context of Site Geology

The sulphide minerals e.g. pyrite, are formed as a result of deposition under reducing conditions.
Consequently the minerals are stable under anoxic or reducing conditions, such as beneath the groundwater
table. However, if rocks are dewatered or disturbed by mining, the sulphide minerals can oxidise to produce
sulphuric acid. If there is sufficient pyrite in the disturbed rocks, the acid generation becomes significant and
can result in a reduction in groundwater and surface water quality.

Carbonaceous rocks, including coal and carbonaceous mudstone are typically deposited under reducing
conditions and they therefore often contain syndepositional pyrite. Pyrite is less common in sandstone and
siltstone rock units (except if they contain carbonaceous material). A study by Vermeulen et.al, (2009) in the
Ellisras Coalfield indicated the presence of sulphides, carbonates and silicate minerals in overburden and
parting rock units to the west of Daaby fault, which includes the Dalyshope Project area.

Silicates, including quartz [SiO,], kaolinite [Al,Si,Os (OH),], illite [(K,H30)(Al,Mg,Fe).(Si,Al)4010(OH),+(H,0)],
smectite [(Mg,Fe,Al);(Al,Si)4019(OH),.4H,0], and chlorite [Mg, Fe, Al)s(Si, Al);010(OH)s], were the most
abundant and ubiquitous minerals in the area. These silicates are classified as intermediate (chlorite) to slow
weathering, except for quartz, which is inert (Bowell et.al, 2000). Carbonates, in particular calcite [CaCO3],
ankerite [Ca(Fe,Mg,Mn)(CO3),] and siderite [FeCO3] were also common. In terms of weathering rates, calcite
is dissolving whilst ankerite and siderite are fast weathering. The study indicated that pyrite [FeS;] was less
common in overburden and parting rock units. The dissolving carbonates and slow weathering silicates can
neutralise acid produced by pyrite oxidation. Siderite and to a lesser extent ankerite have limited
neutralisation capacity under aerobic conditions due to the oxidation and hydrolysis of Fe producing
equivalent acidity to that consumed by carbonates (Bowell et.al., 2000; MEND, 2009).

Exploration drilling in the Dalyshope Project area confirmed the presence of pyrite in coal, especially close to
contacts with overburden and parting rock units. This implies that carbonaceous mudstone could also
contain pyrite. Pyrite was also noted occasionally in sandstone (Figure 8). The pyrite occurred in various
forms from fine grains to lenses and nodules (Figure 6 and Figure 10). The fine grained forms of pyrite are
known to be very reactive. Thus, once the coal, overburden and parting are broken by mining, the acid
potential of the rocks may be realised. This suggests a risk of ARD/ML generation in the project area. It
should, however, be noted that the presence of calcite on cleat in close association with pyrite suggests a
high neutralisation potential. Consequently, the net drainage quality from the proposed mine and waste
facilities will depend on the balance between the acid generating minerals (pyrite) and neutralising minerals
(carbonates and silicates).

A preliminary indication of the coal, overburden and parting acid potential is provided by the characteristics
of the material that was sampled during the current study (Section 7.2).

4.6 Assay Geochemistry

Assay of five mudstone/carbonaceous mudstone (parting) and 22 coal samples from exploration borehole
WBGO0555 was provided by AATC (November 2012) for selected elemental concentrations. These have
been used to assess the extent of elemental enrichment. Total sulphur assay data was also provided by
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AATC (November 2012) for parting and coal from five exploration boreholes, namely WBG 0259, WBD0513,
WBGO0517 and WBG0555 (Figure 15). This data was used to assess variability in total sulphur concentration
with depth and spatially across the sampled area.

46.1 Elemental Enrichment

The elemental enrichment was assesses with the aid of the geochemical abundance index (GAl), which
compares the measured concentration of a particular element with the estimated median crustal abundance
(INAP, 2012) using the following equation:

GAI = log,[Cn/1.5 % Bn]

where Cn is the concentration of the element in the sample and Bn is the crustal abundance of that element.
The GAl is expressed in integer increments from 0 through to 6, where:

= GAI=0 represents <3 times average crustal abundance;

+  GAI=1 represents 3 to 6 times average crustal abundance;

+  GAI=2 represents 6 to 12 times average crustal abundance;

: GAI=3 represents 12 to 24 times average crustal abundance;

+  GAI=4 represents 24 to 48 times average crustal abundance;

+  GAI=5 represents 48 to 96 times average crustal abundance; and

+  GAI=6 represents more than 96 times average crustal abundance.

Average crustal abundances after Fortescue (1992) and Price et.al., (1997) were used to develop the GAl of
the parting and coal samples from Borehole WB0555 in the Dalyshope Project area (Table 1). Generally, a
GAl of 3 or above is considered significant (INAP, 2012).

The following inferences can be made from Table 1:

i The GAl values of elements in parting and coal samples varied between GAI=0 and 6 indicating
concentration ranges from less than or similar to average crustal abundances to approximately a 100-
fold;

+  The following elements were enriched in the parting units, with significant enrichments (GAIZ3) shown
in bold:

§ PUP2:B, Bi, Cd, Cs, Hgand S
PUP1: As, B, Bi, Cs, F, Hg and S

wn

PMPI: As, B, Bi, Fand S

wn

PLP2: As, B, Bi, Cs and S and
PLP1: Al, As, B, Bi, Cd, and S

The rest of the enriched elements in the parting units had GAIl 1<GAI<2 indicating 3 to 12 times the
average crustal abundance.

= Upper Ecca Coal was significantly enriched in As, Bi, Cs, Hg, Mo and S, with GAI=3 and GAI=6 for S in
94% and 17% of the samples, respectively. Other enriched elements (0<GAI<3) in Upper Ecca Coal
included B, Be, Cd, Ge, and P.
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Ti

Si

P

Mo

Mn

Mg

La

Hg

Ge

Ga

Fe

F

Cu

Cs

Cr

Co

Cd

Ca

Bi

Be

Ba

As

Al

Ag

0
0
0
0
0

Material
type

Parting

Parting

Parting

Parting

Parting

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal
Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Coal

Seam
ID

PUP2

PUP1

PMP1

PLP2
PLP1

PUE

PUD
PUC
PUB

PUA

PMD
PMC
PMB
PMA
PMA
PLC
PLC
PLB
PLA
PLA

TRB

TRA
ES3
ES3
ES2
ES2
ES1

Table 1: GAl values of parting and coal samples from Dalyshope Project exploration borehole WBG0555

Sample
ID

0555AA
0555W

0555U

0555N
0555J

0555AB
05557

0555Y

0555X

0555V
0555T

0555R

0555Q
0555P

05550

0555M
0555L

0555K
05551

0555H

0555G
0555F
0555E

0555D

0555C
0555B

0555A

Bold values indicate significant enrichments
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i Middle Ecca Coal was significantly enriched in Bi, Cs, Hg and S, with GAI=6 for S in ES2 seam. Though
not significant, the coal was also enriched in B, Be, Cd, Ge and Mo with concentrations between 3 and
12 times the average crustal abundance.

The elemental concentrations have also been shown as a ratio against the average crustal concentration
(Smith and Huyck, 1999) in Figure 12.

Elemental Ratio (concentration in samplefaverage crustal abundance)
o001 0.0 0.1 1 10 100 1000
X { ' ;
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Cr
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Element

Figure 12: Ratios of Dalyshope parting and coal elemental concentrations against crustal average concentrations

Elements that exceed the crustal average by more than 10 times are: As, Bi, Cs, Hg, Mo and S. These
elements are potential constituents of interest (COI) as they are environmentally significant elements.
Mineralogical analysis is required to assess potential sources of the elements. Leaching tests are also
required to assess mobility of these elements from mine wastes during and after mining.

All the other elements tested were present in concentrations similar to, or less than, the crustal average.
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4.6.2 Total Sulphur Variability

Vertical (depth) profiles of total sulphur concentrations were plotted using four AATC exploration boreholes
assay data. The data for boreholes WBG0513, WBG0517, WBG0555 and WBG0259 was plotted to assess
the variation of total sulphur concentration with depth (Figure 13) and in similar lithological units between
boreholes (Figure 14), respectively. The following inferences are made from Figure 13:

i Both Middle and Upper Ecca coal has a higher and wider range of Total sulphur concentration (0.13-
4.07%) compared to all parting units, which have concentrations varying between 0.07% and 1.03%.

i In general, relatively high concentrations of Total sulphur occur within a depth of 55 meters from the
surface in all the boreholes.

i Though the highest concentration values of Total sulphur were recorded for Upper Ecca Coal in all the
boreholes, there is no marked difference in Total sulphur distribution patterns between Middle and
Upper Ecca Coal.

i Except for borehole WBG0259, the concentrations of Total sulphur do not vary significantly with depth.

The following inferences are made from Figure 14:

i Very high Total sulphur concentrations (>2.5%) were recorded in Upper Ecca coal plies PUE, PUA,
PMB, TRA and Middle Ecca coal seams ES2 and ES1, respectively.

i Total sulphur concentration in selected coal plies and parting units showed low variation between the
four boreholes suggesting minimal spatial variation in Total sulphur distribution in the sampled area.
Exceptions were:

§ Upper Ecca coal plies: PMB (0.13-3.4%) and PLB (0.22-2.3%)
§ Middle Ecca coal seams: ES1 (0.95-3.47%) ES2 (0.19-3.21) and
§ Parting unit: PMP1 (0.09%-1.03%).

i Figure 13 and Figure 14 indicates that despite the similar vertical profile trends amongst the four
boreholes, small shifts in depth (start and end depths) occur for selected geological strata (mainly in the
Upper Ecca Group compared to Middle Ecca Group) due to the palaeotopography.

4.7 Concept level mining considerations

It is understood that the proposed Dalyshope mine will be an open-pit. The mine will consist of four pits
(Figure 15) and mining will be done in phases by truck and shovel operations, with the first phase taking
place in Pit 2. Except for the proposed pit areas (Figure 15), no detailed mine plans for the proposed mine
facilities have been developed yet for the Dalyshope Project. It is also not yet known how mine and
processing waste materials will be handled.

The following assumptions guided the development of the preliminary sampling plan

i Both the Middle Ecca and Upper Ecca coal seams will be extracted by open-pit operations. Hence the
whole sequence will be exposed on the pit wall surfaces;

i The overburden and parting rock units will constitute waste rock material;

i Coal fines and discard, including the thin interbedding mudstone units will be produced during coal
processing.
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Figure 13: Variation of Total sulphur concentration with depth
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Figure 14: Plot of Total sulphur for Dalyshope exploration boreholes. Parting samples are shown as open shapes and
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5.0 SAMPLING
5.1 Sampling Plan

No acid rock drainage (ARD) potential characteristics were available prior to this assessment for Dalyshope
Mine, beyond the indication from the study by Vermuelen et. al., (2009) that ARD could be expected from
overburden, parting and coal discard.

Mine planning is currently between the exploration and pre-feasibility stages. Therefore, this concept level
ARD assessment focussed on identifying the general ARD characteristics of the potentially mining-disturbed
units to give guidance for representative sampling that is intended to be conducted in the pre-feasibility and
feasibility stages.

According to the GARD Guide, at the exploration stage, 3 to 5 samples per key material type (INAP, 2012) is
recommended. The key guiding principle for sampling is that the sample set should be sufficient to achieve
compositional and spatial representativeness of the sampled units
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Figure 15: Location of exploration/ARD assessment boreholes and proposed open-pits at Dalyshope

Practical considerations regarding the sampling strategy are as follows:

Sufficient samples should be collected and analysed to determine the statistical distributions of relevant
geochemical parameters;

Sampling is an iterative process that, based on the statistical variance and required confidence level,
can have multiple phases;

The number of samples and sample size is determined by the available sample material which is
directly determined by the mining phase; and

The selection of an appropriate number of samples should be guided by site specific information and
use of statistical guidance. Guidelines based on the stage of mine planning are presented in the Global
Acid Rock Drainage (GARD) Guide (INAP, 2012). Such guidelines can be used as a starting point after
which statistical methods can be used to determine statistical variance and confidence limits.

Three boreholes (WBG0555, WBG0556 and WBG0557) with complete stratigraphic profile were made
available for geochemical sampling by AATC. These boreholes were drilled next to exploration boreholes

February 2013 - Golder
Report No. 12613916-11899-1 20 %Mﬁtﬂs



DALYSHOPE MINE ARD POTENTIAL ASSESSMENT

(twin holes) to ensure that samples for resource evaluation were not compromised since the whole coal unit
is required for coal assaying and coal samples were also needed for the ARD assessment. All the boreholes
were located in the proposed Pit 2 area (Figure 15).

5.2 Sample collection and handling

A site visit by a Golder geochemist was conducted from 13 to 15 June 2012 during which the samples
identified in the sampling plan were collected for ARD assessment. The borehole core had been clearly
labelled, sealed in polythene bags and stored under cover. The samples were relatively unexposed to
oxidising conditions and moisture, which could affect the environmental geochemical analysis.

The whole sequence comprising overburden, interbedding, parting and coal units from the Beaufort Group to
the base of Middle Ecca Group coal seams (Figure 5) was identified for sample collection (Table 2).

A total of 41 composite samples were collected from the three boreholes. Since provision had been made for
only 20 samples, including duplicates, it was necessary to composite further the samples. The compositing
of lithologically similar units (stratigraphic zones) from all three boreholes was done in the field. The following
methodology was followed during sample collection to obtain discrete and composite samples:

i Collection of composite samples in each borehole- This was carried out by combining sub-samples
from a distinct stratigraphic unit or lithologically similar rock units from a borehole after MEND (1994)
guidelines:

§ Discrete sub-samples, approximately 20 cm long, were collected from the top and bottom contacts
as well as in the middle of the stratigraphic unit for each parting unit in the Upper Ecca sequence.
The parting units were generally less than one and half meters long.

§ Weathered and fresh overburden in the Upper Ecca and Middle Ecca Parting units were generally
more than one and half meters long. Discrete sub-samples were collected at a meter interval and at
the top and bottom contacts and were combined into a composite sample for each lithological unit.

§ Upper Ecca coal and interbedding sub-samples were collected randomly across the whole
sequence from PUE to TRA. These were combined into a composite sample of interbedding and
coal, respectively from each borehole.

§ Middle Ecca coal sub-samples from ES1, ES2 and ES3 were combined into a composite sample
from the each borehole.

An understanding of the spatial variability of rock units across the project area was based on observations by
AATC geologists during exploration drilling core logging. Compositing was done for stratigraphic units that
were observed to be consistently similar in all the three boreholes by combining composite samples from
each borehole. The other units, specifically Prime Lower Parting (PLP1) and Transitional Parting 2 (TRP2),
which varied from one borehole to another due to presence or absence of channel sandstone, siltstone or
both (Figure 16, Table 2and Appendix B), were not composited further, i.e. across boreholes. These two
stratigraphic units are known to vary while the other units are observed to be generally similar across the
project area (Dube and Wakerman, pers.com).

The samples were placed in clean PVC bags and were tightly sealed. A total of 19 samples were sent to UIS
(Pretoria) and SGS (Johannesburg) laboratories for crushing and ABA analysis, respectively. The samples
included 12 composite, six discrete samples (Table 2) and a duplicate.

It should be noted that compositing limited the assessment of spatial variability in acid potential risk potential
for physically similar rock units. However, the samples were considered sufficient to provide an indicative
ARD potential risk at a conceptual level. Additional sampling of the various lithological units from more
boreholes covering the whole proposed mine area will be required to establish spatial variability and the
variation in geochemistry on a statistical basis.
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Table 2: Dalyshope Geochemical samples

: Sub- Depth g g
* Composite Stratigraphic
I Borehole ID . Rock type
sample ID sarlnDp € S o =5 Unit/Code yp
WO(5) | WBG0555A | 0.84 11.37
Weathered
DHWO-C WO(6) | WBGO556A | 1.7 5.85 Overburden Mudstone
Wwo(7) | wBG0557A | 0.35 8.5
FO(5) WBG0555A | 11.37 | 14.87 | £roch
DHFO-C FO(6) | WBGO556A | 585 | 11.69 | Overburden g"“tf'smne' carbonaceous towards
FO) ottom contact
FO(7) WBGO0557A | 8.5 12.8 (
PUP2(5) | WBGO0555A | 15.63 | 16.68
DHPUP2-C PUP2 Mudstone
PUP2(7) | WBGO0557A | 1351 | 14.55
PUP1(5) | WBGO555A | 30.27 | 32.06
DHPUP1-C | PUP1(6) | WBGO0556A | 22.10 | 23.49 | PUP1 Mudstone banded and
carbonaceous
PUP1(7) | WBGO0557A | 28.54 | 29.90
PMP1(5) | WBGO0555A | 35.03 | 36.43
DHPMP1-C | PMP1(6) | WBGO0556A | 26.73 | 28.40 | PMP1 Mudstone
PMP1(7) | WBGO0557A | 32.85 | 34.70
PLP2(5) | WBGO0555A | 59.25 | 61.30
DHPLP2-C PLP2(6) | WBGO556A | 51.10 53.13 PLP2 Carbonaceous mudstone
PLP2(7) | WBGO557A | 58.67 | 60.80
DHPLP1(5) WBG0555A | 77.68 | 78.74 Banded Mudstone
DHPLP1(6) WBG0556A | 71.88 | 77.20 | PLP1 Banded Mudstone/Siltstone
DHPLP1(7) WBGO0557A | 80.40 83.43 Mudstone/Siltstone/Sandstone
DHTRP2(5) WBGO0555A | 90.80 93.66 Carbonaceous Mudstone/Siltstone
DHTRP2(6) WBGO0556A | 8570 | 91.95 | TRP2 Mudstone/Siltstone/Variegated
Sandstone
DHTRP2(7) WBGO0557A | 91.60 96.20 Banded Sandstone/Siltstone
TRP1(5) | WBGOS55A | 101.00 | 101.32 | ypper Ecca Siltstone
DHUSF-C | TRP1(6) WBGO0556A | 97.50 97.79 Coal Floor Siltstone/Sandstone
TRP1(7) | WBGO0557A | 102.36 | 104.24 | (USF)] Siltstone/Sandstone
UEC(5) WBG0555A | 14.98 | 101.25 Coal
DHUC-C | UEC(6) WBGO556A | 1268 | 97.25 gggf(rUEg)Ca Coal
UEC(7) WBG0557A | 12.74 | 102.29 Coal
CIB(5) WBGO0555A | 14.98 101.25 | Upper Ecca
DHICM-C | CIB(6) WBG0556A | 12.68 | 97.25 | Coal Carbonaceous Mudstone
Interbedding
CIB(7) WBGO557A | 1274 | 102.29 | (cIB)
MS(5) WBG0555A | 102.09 | 121.55 _
DHMS-C | MS(6) WBGO556A | 97.57 | 122.64 Egg"(‘,\%lg;m"e Sandstone/Siltstone
MS(7) WBG0557A | 105.54 | 126.44
SD(5) WBG0555A | 138.34 | 140.97 | yiiddie Ecca | Sandstone
DHSD-C SD(6) WBGO0556A | 137.00 | 143.52 | Coal Floor Sandstone
SD(7) WBG0557A | 139.44 | 14352 | (SD1) Sandstone
WBG0555A | 122.13 | 139.54
ES1, ES2 Middle Ecca
DHESC-C | "7 iy | WBGOSS6A | 12264 | 13962 | cootesc) Coal
WBG0557A | 126.44 | 142.35

*C = composite sample resulting from combining sub-samples from all three boreholes; (5) = WBG0555, (6) = WBGO0556, (7) =

WBGO0557
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Figure 16: Variations of PLP1 and TRP2 parting units in boreholes 0555A (5), 0556A (6) and 0557A (7), respectively

5.2.1 Quality Assurance and Quality Control
The following measures were implemented during sample collection and handling to improve quality
assurance and quality control:

The geological samples were collected with assistance from the AATC exploration geologist to ensure
consistency in the sampling and naming of the various stratigraphic units.
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i One duplicate sample was submitted to the lab for quality assurance / quality control purposes,
representing approximately 6% of the total sample complement. The sample was obtained after
pulverisation.

By following these methods it is assumed that observed variation in the analytical results for the set of
duplicate samples will relate primarily to analytical error rather than to sampling error or bias.

6.0 ANALYTICAL METHODS

This concept level study allowed for only acid base accounting testing of selected lithological units from
Dalyshope project. It should be emphasised that more static testing, including mineralogical analysis, short
term leach and net acid generation (NAG) tests respectively, are required in the subsequent phases of mine
planning. This is necessary to assess metal leaching potential from the pit(s) and proposed waste storage
facilities. Additionally, kinetic testing will be required if any of the geological materials that classify as
Potentially Acid Generating (PAG) or Uncertain acid generating characteristics.

6.1 Acid Base Accounting

Acid base accounting (ABA) tests were conducted to predict the samples’ acid neutralising potential (NP)
and acid generation potential (AP). ABA analysis included determination of the following:

H Paste pH in a mixture of distilled water and pulverised sample;

+  Modified Sobek (Lawrence and Wang 1996) neutralization potential (NP) by acid digestion and base
titration;

+  Total carbon (TC) and carbonate (COj3) concentrations by LECO analyser; and

= Acid potential (AP) by sulphur determination (total sulphur—S (T); sulphide sulphur-S(S-2); and sulphate
sulphur=S (SO,).

SGS South Africa calculated the sulphide sulphur concentration by difference of sulphate and total sulphur
concentration as determined by LECO. Sulphide sulphur, elemental sulphur and organic sulphur fractions in
the sample are converted to SO, by pyrolysis (roasting the sample at high temperature). The remaining
sulphur after pyrolysis is assumed to be sulphate sulphur. This method results in overestimation of sulphide
sulphur in samples containing organic sulphur in significant quantities (e.g coal and carbonaceous units) as
this sulphur specie will also be oxidised by the roasting process. Hence the organic sulphur concentration
will be incorporated in the sulphide sulphur fraction.

7.0 ANALYTICAL RESULTS AND INTERPRETATION

7.1 Evaluation of Sampling and Laboratory Methods Quality
Assurance/Quality Control

The results of the laboratory testing done on the samples are presented in this section. The quality of the
analytical data was evaluated by assessing the relative percent difference (RPD) of the duplicate sample pair
according to the following equation:

RPD% = X27*2 % 100

ave

Where:
X1 = concentration observed in the first sample;
X2 = concentration observed in duplicate sample; and

_ L X1+X2
X.ve = average concentration = ——

The RPDs of standard ABA parameters, sulphur and carbon species are presented in Table 3.
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Table 3: Quality assessment of the ABA laboratory results

Sample ID Paste pH Szlopfr?hr S':Slﬂlrior;:gre Sulphate C;?E)%ln Carbonate NP
Units s.u %S %S %S 04 %C %COs3 kg CaCOg/t
DHSD1-C 6.4 0.68 0.53 0.47 1.73 0.21 7.8
*DHSD2-C 6.2 0.72 0.54 0.56 1.87 0.21 8.3
RPD (%) 3.2 -5.7 -1.9 -17.5 -7.8 0 -6.2

*Duplicate sample

Table 3 shows that the RPDs of all parameters were within + 30%, which is considered an acceptable limit
for solid matrix samples (USEPA, 1994). Thus the quality of the laboratory results is satisfactory.

7.2 Acid-Base Accounting Results

Acid Base Accounting (ABA) analysis indicates the relative proportions of acid generating and acid
neutralising components of a sample. The ABA test indicates the potential for a system to generate acidity
and does not take into account mineral reaction kinetics. The ABA laboratory results (overburden,
intebedding, parting and coal) including sulphur and carbon speciation, acid potential (AP) and Modified
Sobek titratable neutralisation potential (BulkNP) are provided in Table 4 and Appendix C.

The paste pH of the overburden, interbedding and parting samples were found to be acidic to alkaline (5.9 to
8.1). Acidic to slightly acidic pH values were recorded (Figure 17 for parting units PLP1 and TRP2 as well as
Middle Ecca coal floor (ESC). All the other lithological units had neutral to alkaline pH with the highest pH
being recorded for weathered overburden (WO) sample. Both Middle Ecca (ESC) and Upper Ecca (UC) coal
coal samples had neutral pH (7.2). There was generally negative correlation of paste pH and sulphide
concentration in parting, overburden and interbedding, with low pH values being associated with high
sulphide values. There was no correlation of paste pH and sulphide concentration in the coal samples
(Figure 17) suggesting pH control by NP or dominance of organic sulphur form.
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4] OTRPZ(T)
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oCi8
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2 +LIC
S0

Pasate pH

0.001 o 0.1 1 0
%S (Sulphide)

Figure 17: Paste pH versus sulphide concentration in Dalyshope coal, overburden, parting and interbedding
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Near neutral to alkaline paste pH recorded for 72% of the overburden, interbedding, parting and coal
samples indicate that there are generally sufficient reactive neutralisation minerals to buffer acidity generated
by the initial oxidation of sulphides. The remaining samples were found to have acidic paste pH and had
insufficient neutralisation minerals present. Mineralogy analysis is required to confirm the neutralising
minerals present the overburden, interbedding, parting and coal samples. Although observations of
carbonates, in particular siderite and calcite, were noted in the overburden, parting and coal during sampling
(Figure 8 and Figure 11) and are known to buffer acidity in the 5.5-11 and 6-11.2 pH ranges, respectively
(Sverdrup, 1990; Bowell et. al, 2000). Though ankerite was not observed during sampling, it could also be
present in coal, overburden and parting rock units at Dalyshope as it occurs in the Waterberg Coalfield
(Vermeulen et. al., 2009).

Total sulphur concentration was 0.02% and 0.13% in weathered and fresh overburden composite samples,
respectively. The concentrations varied between 0.09% and 1.0% in parting units. The mean concentration
in the parting was 0.51%. The lowest total sulphur was recorded in weathered mudstone (WQO) and the
highest was recorded in banded mudstone (PLP1 from borehole WB0555A, PLP1-5). Total sulphur
concentration in the Middle Ecca (ESC) and Upper Ecca (UC) coal was 1.6% and 2.2%, respectively.

Table 4 indicates that the reactive sulphur concentration (% sulphide sulphur) ranged from 0.05% to 0.97%
in overburden, interbedding and parting samples. The mean concentrations were 0.43% and 0.44% in
overburden and parting, respectively. The lowest (<0.1%, set at half detection limit or 0.05%) and highest
sulphide concentration were recorded in lithological units with lowest and highest total sulphur
concentrations, respectively. Relatively high sulphide concentrations of 1.4% and 1.5% were recorded in
ESC and UC coal samples, respectively. Sulphate sulphur concentrations varied between 0.013% and
0.16% in overburden and parting. The mean concentrations were of 0.035% and 0.069% in overburden and
parting, respectively. The sulphate sulphur concentration was 0.25% and 0.67% in ESC and UC coal
samples, respectively.

Scatterplots indicating relationships between the different sulphur species are presented in (Figure 18),
(Figure 19) and (Figure 21).
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Figure 18: Sulphide sulphur versus total sulphur in Dalyshope samples
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Table 4: ABA analytical results and calculations

Stratigraphic -
Zone Material Paste | Total | o\ hige Sulphate Total 1~ honate | *BulkNp | 2canp | 3TAP | “sap | Ssnnp | STNNP | sNPR | STnpR | Classification
T Rock Type Sample ID pH | sulphur carbon (Based on
ype
SNPR)
s.u %S %S %S0, %S %C %CO3 gkg/t no units
Mudstone DHWO-C 8.1 0.02 0.005 0.04 | 0.013 1.2 4.0 03 66 063 | 016 | 93 92 595 149 | Non-PAG
Overburden | (weathered)
Mudstone DHFO-C 75 0.13 0.08 0.17 | 0.057 1.2 1.1 27 17 41 | 25 25 23 11 6.6 | Non-PAG
Mudstone DHPUP2-C | 7.9 0.11 0.04 022 | 0.073 2.6 0.94 35 16 34 | 1.3 33 31 28 10 | Non-PAG
Mudstone (banded | 1o pq.c | 7.3 053 04 037 | 012 86 0.35 88 58 17 | 13| 37 | 78 | 070 | 053 |PAG
and carbonaceous)
Mudstone DHPMP1-C | 7.3 0.23 0.15 0.25 | 0.083 3.9 0.11 5.1 1.8 72 | 47 | 041 2.1 1.1 0.71 | Uncertain
Carbonaceous DHPLP2-C | 7.7 0.13 0.07 0.18 | 0.06 12 1.2 21 19 41 | 22 19 17 9.8 53 | Non-PAG
mudstone
Mudstone (banded) | DHPLP1-5 5.9 1.0 0.97 0.1 0.033 5.5 0.30 2.7 5.0 31 30 -28 29 | 0.089 | 0.086 [ PAG
Mudstone/siltstone | DHPLP1-6 5.9 0.93 0.89 0.13 | 0.043 3.6 0.21 1.0 3.5 29 | 28 27 28 | 0.036 | 0.034 | PAG
Upper Ecca | Parting Mudstonefsilistone! | pHpLP1-7 | 59 | 0.69 0.61 024 | 0080 | 72 0.28 2.0 47 2 | 19 | <17 | 20 | 010 | 0093 |PAc
Carbonaceous DHTRP2-5 | 7.3 0.09 0.05 0.1 0.033 3.1 0.94 12 16 28 | 16 11 0.6 7.9 4.4 | Non-PAG
mudstone/siltstone
Mudstone/siltstone/
variegated DHTRP2-6 | 6.0 0.87 0.85 0.07 | 0.023 3.7 0.16 -0.20 27 27 | 27 27 27 | 0.0094 | 0.0092 | PAG
sandstone
Banded .
. DHTRP2-7 | 7.1 0.58 0.54 0.12 | 0.040 3.1 0.40 21 6.7 18 17 45 3.3 13 12 | Uncertain
sandstone/siltstone
Siltstone/sandstone | DHUSF-C 7.1 0.66 0.55 034 | 0.11 4.0 0.28 7.0 4.7 21 17 -10 14 0.41 0.34 | PAG
Interbeddin | Carbonaceous DHICM-C 75 0.17 0.12 013 | 0043 11 0.37 71 6.2 53 | 38 | 34 1.8 1.9 13 | Uncertain
g mudstone
Coal Coal DHUC-C 7.2 2.17 15 2.01 0.67 44 2.2 58 36 68 | 47 11 -10 1.2 0.85 | Uncertain
Sandstone/siltstone | DHMS-C 7.2 0.09 0.05 0.11 | 0.037 | o0.61 0.22 9.3 3.7 28 | 16 7.7 6.5 6.0 3.3 | Non-PAG
Middle Eoca | P29 Sandstone DHSD1-C 6.4 0.68 0.53 047 | 0.16 1.7 0.21 7.8 3.5 21 17 -8.8 13 047 | 037 |[PAG
Sandstone *DHSD2-C 6.2 0.72 0.54 056 | 0.19 1.9 0.21 8.3 3.5 225 | 17 -8.6 -14 049 | 037 |PAG
Coal Coal (ES1-3) DHESC-C 7.2 16 1.4 075 | 025 49 0.97 24 16 50 | 42 -18 -26 057 | 048 |PAG

Notes:

The NP measured by Modified Sobek method is indicated by the BulkNP value. NP measured is used for the NPR calculation.

Carbonate NP (CaNP) is based on the Leco carbonate percentage.

3Total acid potential (TAP) = acid potential based on the total sulphur content.

4Sulphide acid potential (SAP) = acid potential based on sulphide sulphur.

>The Sulphide Net Neutralising Potential Ratio (SNNP) = is the difference between BulkNP and SAP.

®Total Net Neutralising Potential Ratio (TNNP) = is the difference between BulkNP and TAP
The Sulphide Neutralising Potential Ratio (SNPR) = Ratio of SAP and BulkNP.
8Total Neutralising Potential Ratio (TNPR) = Ratio of TAP and BulkNP

9kg/t is kg CaCOs3 equivalent/tonne
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The following inferences are made from Figure 18:

+  The samples plot into two broad distinct clusters characterised by total sulphur concentrations above
and below 0.3% respectively.

+  There is generally poor to moderate correlation between total sulphur and sulphide sulphur in samples
that have Total sulphur concentrations below 0.3%.

+  Sulphide sulphur was significantly lower than total sulphur concentration in the weathered overburden
(WO) indicating leaching effects.
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Figure 19: Sulphate sulphur versus total sulphur in Dalyshope samples

i Sulphide sulphur was approximately equal to total sulphur in 69% of the parting units including PLP1,

TRP2, UCF, PUP1 and SD1.

i Sulphide sulphur was the dominant sulphur specie in both Upper Ecca (UC) and Middle Ecca (ESC)
coal samples.

The samples with sulphide sulphur concentration that was significantly lower than total sulphur shows
presence of other forms of sulphur, including sulphate and organic sulphur. Sulphate sulphur was
significantly below total sulphur in most samples (Figure 19) indicating that sulphate sulphur is generally
minor sulphur specie in the overburden, parting, interbedding and coal samples. Samples with total sulphur
concentration less than 0.3% indicated a better positive correlation between total sulphur and sulphate
sulphur compared to samples with more than 0.3% total sulphur.

The following observations are made from Figure 20:

= Weathered overburden (WQ) and parting unit PUP2 had sulphate sulphur concentration exceeding
sulphide sulphur. This indicates complete oxidation of sulphide minerals and/or presence of primary
sulphate minerals.
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+  There is generally a good relationship between sulphide sulphur and sulphate sulphur in fresh
overburden (FO) and 38% of parting units, including PUP2, PLP2, MS, PMP1 and TRP2 from one
borehole. This suggests that the sulphate is likely to be from sulphide oxidation during sample collection
and transportation of samples. These samples are characterised by low concentration of both sulphide
sulphur and sulphate sulphur.

+  Sulphide sulphur was significantly higher than sulphate sulphur in 62% of the parting units, interbedding
and both coal samples.
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Figure 20: Sulphate sulphur versus sulphide sulphur in Dalyshope samples

The generally poor relationship between sulphide sulphur and sulphate sulphur suggests presence of
primary minerals in the samples. The use of total sulphur in estimating AP of the overburden, interbedding,
parting and coal from Dalyshope is overly conservative as it includes all sulphur species. For this reason,
sulphide sulphur concentration was used in estimating AP in this study. It should however be emphasised
that the estimated AP is also conservative, since the laboratory analytical method (pyrolysis) incorporates
organic sulphur fraction into the sulphide sulphur portion (Section 6.1).

The carbonate concentration of the overburden, interbedding and parting lithological units were found to
range from 0.11 to 4.0% with the highest concentration being recorded in the overburden samples (Table 4).
Middle Ecca and Upper Ecca coal had carbonate concentrations of 0.97 and 2.2%, respectively. The high
carbonate concentration is expected since siderite and calcite were abundant in borehole core at Dalyshope.

Two types of neutralizing potential (NP), all expressed in units of kg CaCO; equivalent/tonne (kg/t), were
assessed for the Dalyshope samples. These include:

i Modified Sobek “bulk neutralization potential” (BulkNP) based on 24 hours-long acid digestion to
determine how much acid was neutralized in the short term (Lawrence and Wang, 1996 technique) and

+  Carbonate-equivalent neutralization potential (CaNP) calculated from measured solid-phase levels of
inorganic carbonate (Carbonate as %CO,).
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Short term BulkNP was 93 and 27 kg/t in weathered and fresh overburden, respectively. Interbedding had
BulkNP equivalent to 7.1 kg/t. Average BulkNP was 10 kg/t and ranged between -0.20 and 35 kg/t in parting
samples. The negative NP value recorded for TRP2 from borehole WB0556A (TRP2-6) is indicative of acid
that was released from Fe and or Mn hydroxides during laboratory testing. The BulkNP was 24 and 58 kg/t in
Lower Ecca and Upper Ecca coal, respectively (Table 4).

Carbonate-equivalent neutralization potential (CaNP) was 6.2 kg/t and ranged from 17 to 66 kg/t and in
interbedding and overburden, respectively. In parting samples, CaNP varied between 1.8 and 19kg/t. The
average CaNP was 7.1 kg/t in parting. The CaNP was 36 and 16 kg/t in Upper Ecca and Lower Ecca coal,
respectively (Table 4).

A scatter plot (Figure 21) shows that CaNP was higher than BulkNP in parting units PLP1 and TRP2 from
boreholes WBG0555A and WBGO0556A. This indicates that siderite (FeCO;) represented a significant
proportion of total carbonates in these samples. It should however be noted that under oxidising field
conditions siderite have limited neutralising capacity as ferrous iron in these minerals are an extra source of
acidity due to the strong hydrolysis of the ferrous iron in solution (Bowell et.al., 2000; MEND, 2009).

The CaNP and BulkNP are nearly equal in 28% of the samples, indicating that calcite is the main source of
NP in parting units PLP2 and TRP2 from borehole WB0555A and interbedding (CIB). The NP in remainder of
parting, overburden, Upper Ecca coal and Lower Ecca coal samples is attributed to mainly aluminosilicates.
It should be noted that the aluminosilicates that are known to occur in the Waterberg Basin (Vermeulen, et.
al., 2009) buffers acid in the 2.4-4.1, except for chlorite, which buffers pH in the 4.8-7.3 pH range.
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Figure 21: Carbonate equivalent neutralisation potential (CaNP) versus Modified Sobek neutralisation potential (BulkNP)

7.3 ARD Assessment

The screening criteria used in this study to assess the acid generation potential of the overburden,
interbedding, parting and coal from Dalyshope is based on guidelines from Price et al.,(1997), Morin and
Hutt (2007) and MEND (2009). These criteria are summarised in Table 5 and are graphically presented in
Figure 22, Figure 23 and Figure 24. The Neutralisation Potential Ratio (NPR) is the ratio of Total Acid
Potential (TAP) or Sulphide Acid Potential (SAP) and NP. In this study, SAP was used to calculate NPR for
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reasons cited in section 7.2. The BulkNP was used in the NPR calculation since it accounts for the more
reactive carbonate minerals as well as the less reactive silicate minerals.

Acid potential (SAP) and Bulk NP values for each sample were plotted on a graph (Figure 22). The lines
corresponding to NPR values of 1:1, 2:1 and 4:1 are superimposed on this figure to classify samples
according to their acid generation and neutralization potentials.

Table 5: Acid Generation Criteria (Price et al., 1997; MEND, 2009)

Guidelines from Price et al. (1997)

Sulphide NPR (Bulk NP | Potential for Comment
sulphur /SAP) ARD
No further ARD testing required provided there are no
o other metal leaching concerns. Exceptions: host rock with
<0.3% - None L . . .
no basic minerals, sulphide minerals that are weakly acid
soluble.
<1 Likely Likely to be ARD generating.
1-2 Possibl Possibly ARD generating if NP is insufficiently reactive or
y is depleted at a rate faster than that of sulphides.
o Not potentially ARD generating unless significant
>0.3% 2.4 Low preferential exposure of sulphides occur along fractures or
extremely reactive sulphides are present together with
insufficiently reactive NP.
No further ARD testing required unless materials are to be
>4 None T
used as a source of alkalinity.

Guidelines from Morin and Hutt (2007) and MEND (2009)

Potential for

Paste pH | NPR ARD Comment
<6 Acid generating N . . -
(AG) et acid generating, and already acidic.
<1 Potentially acid generating unless sulphide minerals are
<1 Potentially acid non-reactive. Thus samples are net acid generating, but
>6 generating not yet acidic.
(PAG)
<6and>6 | 1 < NPR<2 | Uncertain _Possmly acid generating if NP is msufﬁmently reactive or
is depleted at a rate faster than sulphides.
Not potentially R .
>6 oo acid generating rl:l:Ltjt?;({:i)zeiEted to generate acidity i.e samples are net acid
(Non-PAG) 9
<6 Theoretically not possible

The following inferences were made from (Figure 22), which is based on Price et al., (1997) criterion:

i About 44% of the samples were likely to acid generating (NPR<1). They included:

§ Parting units PLP, PUP1, TRP2 from borehole WB0556A (TRP2-6), UCF and SD1; and

§ Middle Ecca coal (ESC).

+  Units that are possibly acid generating (1<NPR<2) constitute approximately 22% of the samples and

included:

8 Parting units PMP1 and TRP2 from borehole WB0557A;
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§ Upper Ecca coal (UC); and
8 Interbedding (CIB).

Units with no potential for acid generation represent approximately 34% of all the samples. They were:

§ Overburden, both weathered (WO) and fresh (FO); and

§ Parting units PUP2, PLP2, MS and TRP2 from borehole 0557A (TRP2-7).

100 + T

1 Mopotental |
§ foracid |

80 generation | Low potential
E {  foracid

| generation

B0 4 Passibly seid
f generating

2
o™

MNP (kg CaCOsagvit)
& 2
T

8

10 Q'
1/

e WO
@ FO
& PUP2
(==
& PMP1
& PLR2
PLA (5)
} - PLP1 (8)
PLP1 (7}
¢ TRP2(E)
O TRP2(B)
o TRP2(T)
& USF
< CIB

2 of Likely to ba acid
E | generating * M3

+ ESC

+ UC

> B
-MPR=1:1

—MNPR=21
-NPR=4:1

SAP (kg CaCOseqvit)

Figure 22: Acid potential versus neutralising potential graph indicating areas of likely and unlikely acid generation

If the concentration of Sulphide sulphur is considered in the screening criterion, Interbedding and parting unit
PMP1, which classified as possibly acid generating in Figure 22, classify as having no potential of acid

generation (Figure 23). The rest of the units remained in the same class as in Figure 22.

Figure 24 represents classification of overburden, interbedding and parting samples based on the Morin and

Hutt (2007) and MEND (2009) criteria.

The following inferences can be made from Figure 24:

i Acid generating (AG) samples included:

§ Parting units SD1, USF, and PUP1; and

§ Middle Ecca coal seam (ESC).

§ Parting units PLP1 and TRP2 from borehole WB0556A (TRP2-6).

Potentially acid generating (PAG) samples were :
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i Samples that fell in the grey zone (Uncertain) included:
§ Parting units TRP2 from borehole WP0557A (TRP2-7) and PMP1;
8 Interbedding (CIB); and
§  Upper Ecca coal (UC).

These rock units are possibly acid generating if NP is insufficiently reactive or is depleted at a rate
faster than sulphides under field conditions.

i Units that were not potentially acid generating (Non-PAG) were:

§ Weathered overburden (WO), FO, PUP2, PLP2, TRP2 from borehole WB0555A and MS samples
are not potentially acid generating (Non-PAG).

7.4 Assessment of sample representativeness

The total sulphur concentration (GAA data) was plotted on the same graph with AATC exploration boreholes’
assay data (Figure 25). This was done to assess the variation of Total sulphur with depth and spatially in
overburden and parting units, and to compare GAA geochemistry and AATC assay data and assess the
effects of compositing samples from different boreholes on the geochemical results.

The following inferences can be made from Figure 25:

i The weathered overburden (WO) had the lowest total sulphur concentration. This is attributed to
depletion of sulphides, sulphates and organic sulphur through weathering and leaching processes.

i Total sulphur concentration did not vary much between boreholes for parting units PUP2 and PLP2
suggesting that these units are generally homogeneous across the sampled area as indicated by AATC
exploration geologists.

i Partings: PLP1, PMP1 and TRP2 indicated large variations in total sulphur concentrations between
boreholes. This is attributed to occasional occurrence of channel sandstone in the PLP1 and TRP2
parting units. An analysis of exploration boreholes WBG0555, WBG0556 and WBG0557 log sheets
(Appendix B) indicated that the grey massive mudstone unit constituting parting PMP1 is occasionally
carbonaceous.

i Total sulphur concentration varied moderately in parting unit PUP1 and indicates that sulphides are not
uniformly distributed across the sampled area within this parting unit as indicated by presence of pyrite
in core from only one of the boreholes in Appendix B. Thus, total sulphur concentration is related to
spatial variation in lithological composition of the parting unit.

i Compositing samples (GAA data) yielded total sulphur concentrations that were within or slightly
outside concentration ranges in individual borehole samples (AATC Assay data) of parting units PUP2,
PUP1, PMP1 and PLP2 parting units.

i Total sulphur concentration values of GAA composite samples were approximately equivalent to
average AATC assay data concentration values in parting units PMP1 and PLP2. Total sulphur
concentration in GAA composite samples were less than and greater than average AATC assay data
concentrations in parting units PUP2 and PUP1, respectively. Thus, composite samples were
representative of total sulphur concentration in selected parting units and underestimated and
overestimated the concentrations in units.

The variation in total sulphur in boreholes at similar stratigraphic positions suggests local lateral variations in
mineralogy and geochemistry of the lithological units. This is attributed to nature of sediments/material and
the depositional environments. Coal was deposited from plant remains in swamp and distal poorly drained
marshes under reducing conditions. This results in formation of syndepositional pyrite and accumulation of
organically bound sulphur. The parting units were deposits of clastic sediments in poorly drained basin
marshes with occasional fluvial systems (oxidising conditions) resulting in carbonaceous mudstones to non-
carbonaceous channel sandstone/siltstone units. This affects occurrence of sulphur bearing substances and
minerals in the different lithological units.
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Figure 25: Plot of Total sulphur for Dalyshope exploration boreholes assay and Golder Associates ABA data for parting
units. Av represents average (assay data) total sulphur concentration in the unit.

8.0 SUMMARY AND CONCLUSIONS

A concept level ARD assessment has been conducted for the proposed Dalyshope Retention mine to assess
the acid generation potential of lithological units that would be disturbed during mining. The assessment
included ABA analysis of 12 composites of three boreholes and six composite samples from three boreholes
drilled in one of the proposed open pits, Pit 2. Distribution of total sulphur in the project area was also
assessed based on AATC assay data from exploration borehole. A statistical summary of the laboratory
results and calculations is presented in Table 6. The following inferences were made from the ABA results:

i Overburden
§ Both weathered and unweathered overburden is Non-PAG.

i Parting
§ Parting units PLP1, PUP1 and the Upper Ecca coal floor (USF) and ES1 coal seam floor (ESF) are
AG to PAG.

PMP1 claasifies as uncertain acid potential.

The three siltstone/sandstone samples from TRP2 parting unit was found to vary from being AG, to
uncertain and non-PAG.
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§ Parting units PUP2, PLP2 and the main sandstone (MS) unit above coal seam ES 3 are Non-PAG.
Interbedding

§ Interbedding classifies as uncertain acid potential.

Coal

§ Upper Ecca coal (UC) classifies as uncertain acid potential.
The composite of Middle Ecca coal seams ES1, ES2 and ES3 is PAG.

The number of samples used for the concept level ARD assessment provide a good indication of the acid
potential from the disturbed mine geological units. However, it does not account for the spatial variation in
geochemistry the individual lithological units. This is based on the analysis of total sulphur profiles, which
indicated that sulphur is generally not uniformly distributed spatially in parting units PUP1, PMP1, PLP1,
TRP2 and coal. This implies that the ARD potential of these lithological units may vary spatially from PAG to
Non-PAG across the deposit; hence a detailed geochemical assessment should be conducted across the
whole area during the next phases of mine planning.

In conclusion, the concept level ARD assessment indicates a significant potential for ARD to be generated
from the planned mining activities of the Dalyshope Retention mine. This ARD has the potential to affect the
economic viability of the project due to the requirements for source and pathway control measures
associated with mining features and the long-term mine water management liability associated with ARD.
The ARD impacts can, however, be prevented and managed through pro-active and upfront design and
planning in order to limit the long-term liability associated with ARD management at the proposed Dalyshope
Retention mine operations.
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Table 6: ABA Statistical summary

Material Statistical EﬁSte lglt;‘:mr Sulphide | Sulphate Ig:;‘:m Carbonate | ‘TAP | 2SAP | NP | “caNP | °SNNP | ®TNNP | SNPR | 8TNPR
Type Parameter A
s.u %S %C %CO3 “kglt no units
N 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Overburden  ["pjinimum 75 0.020 0.005 0.013 1.2 1.1 063 | 016 | 27 17 25 23 11 6.6
Mean 7.8 0.075 0.043 0.035 1.2 25 2.3 1.3 60 42 59 58 303 78
Maximum 8.1 0.13 0.080 0.057 1.2 4.0 4.1 25 93 66 93 92 595 149
Valid N 13 13 13 13 13 13 13 13 13 13 13 13 13 13
Minimum 5.9 0.090 0.040 0.023 0.61 0.11 2.8 13 |-020| 1.8 -28 29 | 0.0094 | 0.0092
Parting 5th Percentile 5.9 0.090 0.040 0.023 0.61 0.11 2.8 13 |-020| 1.8 28 29 | 0.0094 | 0.0092
Mean 6.8 0.51 0.44 0.069 46 0.43 16 14 10 7.1 -3.5 -5.6 43 2.0
95th Percentile 7.9 1.0 0.97 0.16 12 1.2 31 30 35 19 33 31 28 10
Maximum 7.9 1.0 0.97 0.16 12 1.2 31 30 35 19 33 31 28 10
Interbedding N 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Measured value | 7.5 0.17 0.12 0.043 11 0.37 5.3 3.8 7.1 6.2 3.4 1.8 1.9 1.3
N 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Coal Minimum 7.2 1.6 14 0.25 44 0.97 50 42 24 16 -18 26 0.57 0.48
Mean 7.2 1.9 14 0.46 47 1.6 59 45 41 26 -3.6 -18 0.90 0.67
Maximum 7.2 2.2 15 0.67 49 2.2 68 47 58 36 11 -10 1.2 0.85
Notes

! Total acid potential (TAP) = acid potential based on the total sulphur content.
Sulphlde acid potential (SAP) = acid potential based on sulphide sulphur.
The NP measured by Modified Sobek method is indicated by the BulkNP value. NP measured is used for the NPR calculation.
Carbonate NP (CaNP) is based on the Leco carbonate percentage.
The Sulphide Net Neutralising Potential Ratio (SNNP) = is the difference between BulkNP and SAP.
Total Net Neutralising Potential Ratio (TNNP) = is the difference between BulkNP and TAP
The Sulphide Neutralising Potential Ratio (SNPR) = Ratio of SAP and BulkNP.
8Total Neutralising Potential Ratio (TNPR) = Ratio of TAP and BulkNP
%kglt is kg CaCOs equivalent/tonne
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9.0 RECOMMENDATIONS

Further geochemical assessment of the potentially mining-disturbed rocks at the proposed Dalyshope
Retention mine is required to provide a robust geochemical baseline to support mine planning and
environmental assessment. Specific recommendations for further work include:

i Collection of sufficient samples to allow statistical assessment of the ARD potential and metal leaching

(ML) of the lithological units that will be disturbed by mining. Based on the Global Acid Rock Drainage
Guide (INAP, 2012) several hundred samples should be analysed by static testing during the Pre-
feasibility phase. The acid and neutralisation potential should be incorporated into the geological block
model to indicate areas of localised ARD and ML risk.

+  Mineralogical analysis by XRD and short term leach tests should also be conducted to assess the
mineralogical composition and ML potential of the overburden, interbedding, parting and coal across the
whole mine area.

= Samples of parting units and coal that classify as PAG should be submitted for kinetic testing to assess
likely long-term drainage quality taking acid generating and acid neutralising reactions into account. The
GARD Guide suggests that one to two samples of each material type should be analysed by kinetic
testing. Allowance should therefore be made for at least six kinetic tests.
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DOCUMENT LIMITATIONS

This Document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following
limitations:

i)

i

ii)

Vi)

vii)

viii)

This Document has been prepared for the particular purpose outlined in Golder’s proposal and no
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any
other purpose.

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Document. If a service is not expressly
indicated, do not assume it has been provided. If a matter is not addressed, do not assume that any
determination has been made by Golder in regards to it.

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been revealed by
the investigation and which have not therefore been taken into account in the Document. Accordingly,
additional studies and actions may be required.

In addition, it is recognised that the passage of time affects the information and assessment provided in
this Document. Golder’s opinions are based upon information that existed at the time of the production
of the Document. It is understood that the Services provided allowed Golder to form no more than an
opinion of the actual conditions of the site at the time the site was visited and cannot be used to assess
the effect of any subsequent changes in the quality of the site, or its surroundings, or any laws or
regulations.

Any assessments made in this Document are based on the conditions indicated from published sources
and the investigation described. No warranty is included, either express or implied, that the actual
conditions will conform exactly to the assessments contained in this Document.

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to
provide Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services
and work done by all of its sub-consultants and subcontractors. The Client agrees that it will only assert
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will
not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against
Golder’s affiliated companies, and their employees, officers and directors.

This Document is provided for sole use by the Client and is confidential to it and its professional
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any person
other than the Client. Any use which a third party makes of this Document, or any reliance on or
decisions to be made based on it, is the responsibility of such third parties. Golder accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions
based on this Document.

GOLDER ASSOCIATES AFRICA (PTY) LTD
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APPENDIX B

Geological logs for boreholes sampled for ARD assessment
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DIAMETER OF CORE 064 mm. CASING LEFT IN'HOLE m
DSTRCT LOGGED BY DATE
LEPH w1 DATC
F/S ANALYSIS BY DATE
PROVINCE Lo Cape Systen COAL ANALYSIS BY DATE
SPECIAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DRW Dingemans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC [CUML | FRAC | CUML | FRAC FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML [ CUML | CUML | DEF FLOW | CUML | CUML
3.50 CARBONACEQUS MUDSTONE. medium.
grey, maossive, Fresh_Rocl
14.87 1487 em— 4,87
053 COAL bright, 40-60% bright, (0550AB | 25. 1000 RD=1.73| Width=0{/6 Core|Rec¢very10
Soit - bright. U 0555AB (0.76)
15.40 0.12 CARBONACEOUS MUDSTONE. med\um, RAW 100.0 23 284 302 6.82 351 1170 1300 49
gg% grey, interbedd 15.63
. 0.11 COAL. bright. 40 60% bright. | ) .
caleife on cleats 0055AA [ 25. 100[0  RD=2.33 [ Widih=1)J05 Core|Recqveryf100%
i PUP2 0555AA (1.05)
1.05 MUDSTONE. grey. massive (1:08) RAW 100.0 11 7.0 25 051 0.28 1500 1500
16.68 —f16.68 em—6.68
058 COML briont. 60_50% briant. 05552 P5.0 000 HD=1.86 WidtH=5.97 Core Recofery<100
calcite on cleats
17.32 0.08 CARBONACEOUS MUDSTONE, dark, RAW 100.0 2.4 218 258 1417 113 1420 1490 57| 821
17.40 grey, massive
150 607, COAL, bright, 40-60%
bright, calcite on cle
CARBONACROUS UDSTONE.
dork grey, interbedded
18.90 ——— 0.14 CARBONACEOUS MUDSTONE. dark.
19.04 grey, massive, coal lamince
19.31 TT— 0.27 COAL. bright, 10~40% bright. £ 08557 (5.37)
calcite on cleats 5.37)
19.55 "= 024 CARBONACEOUS MUDSTONE, dork,
grey, massive, coal lamincae
—— 0.55 65%, COAL, bright. 40-60%
bright, calcite ‘on cleats
20.10 2% CAREON(&CEOdUdS MUDSTONE,
ark, grey, inter
20.57 N 0.27  CARBONACEQUS MUDSTONE. dark.
grey, mas:
TT— 0.63 COAL bngm (40807 bright,
calcite on clea
21.00 _— o021 CARBONACEOUS MUDSTONE, dark,
21.21 grey. massive. coal laminae
—— 0.27 COAL, bright, 40—60% bright,
21.48 calcite on cleats
21.64 >~ 0.16 CARBONACEOUS MUDSTONE. dark,
21.86 AN arey, interbedded
22,05 \ 0.22 COAL~ bright, 40-60% bright. __y ,, oy 0205 )
019 CARBONACEOUS MUDSTONE, dork. 0555Y  P5.0 00. HD=1.75 Width=4.45 Core Reco|eryH100
-
085 gﬁ%htc%%mebo‘n“é 40-60% RAW 1000 24 %3 322 17.19 132 1420 1500 | 61| 630
22.90 c¢§somgg9us uosTone,
23.03 \ mterbegdd%d
0.13 CARBONACEOUS MUDSTONE. dark.
23.46 grey, interbedd
23.63 0.43 COAL, bright, 40 60% bright.
calcite on cleats
0.17 CARBONACEOUS MUDSTONE. dark.
grey, interbedded
PUC 0555Y (4.45)
(4.45)
—— 2.10 60%, COAL. bright, 40-60%
br\ hit, bright
CARBONACEOUS MUDSTONE,
o grey. massive
interbédded. coal laminae
25.73
—— 0.48 CARBONACEOUS MUDSTONE. dark.
26.21 grey, banded, bright bands
' —— 029 COAL, bright 40-60% bright, |
26.50 calcite on clea {2650 emm—6.50
26.66 T 0.8 CARBONACEOUS MUDSTONE _ ; —7 ]
E A O Rt o 0555X  P5.0 00. HD=1.84 Width=3.]7 Core Recoyery=100
bright, calcite an cleats
/ CARBONACEOUS MUDSTONE. RAW 100.0 20 223 21.3 1483 197 1500 1500 54| 915
dork grey, interbedded
0.10 CARBONACEOUS MUDSTONE. dark.
/ grey. massive
27.70 0.35 COAL. bright. 60—90% bright.
27.80 / calcite onmgc\ ats "9
0.17  CARBONACEOUS MUDSTONE. dark.
28.15 / grey. interbedded
0.34 COAL bright, 40-60% bright.
28.32 e P Onﬂgc o rig ’E’UEj) 0555X (3.77)
0.16 CARBONACEOUS MUDSTONE. dark.
%ggg — grey, interbedded or
: —— 0.19 COAL, bright, 10-40% bright.
29.01 ) Sl oM rio
—— 0.95 MUDSTONE, dark. grey. banded.
bright bands
29.96
—— 031 COA bright, 40-60% bmght
30.27 calcite on cleats, mu —'(). 27
0555W  P5.0 100. RD=2.26 [Width=1.19 Core Reco}ery5100%
RAW 100.0 15 9.4 6.2 2.72 027 1320 1410 62| 733
—— 1.79 CARBONACEOUS MUDSTONE, darfU"1 0555w (1.79)
grey. massive. coal laminge (%)
32.06 T 32.06  em—2.06
— 038 COAL bright, 40-80% b ht. i = E
_ SO, bright, 40807 brig 0555V P5.0 00. RD=1.80 Width=2.9/ Core fReco|ery=100
32.67 0.23 §é§?‘?ﬂé?§&%deUDST°NE dark. RAW 100.0 22 240 289 15.89 364 170 1290 53| 821
—— 0.52 COAL, bright, 40—80% bright,
calcife on cleats
33.19
—— 0.54 CARBONACEOUS MUDSTONE, dorkpu 0555V (2.94)
arey, interbedded a)
33.73
—— 1.03 COAL bright, 60—90% bright.
caleite on cleats
3476 0.27 COAL. bright, 40—60% bright, |
35.03 | calcite on”gc\eots s\dermc”g —G5.00




LO C A L ‘ TY P LA N ANGLO COAL GEQLOGICAL SERVICES SHEET NO. 4 of 8
ANGLO COAL DIVISION
a member of the Anglo American plc group

BOREHOLE No. WBGO555

COORDINATES CAPE Y -23598126 1391 65DBPONE Y ~235%7.00
COORDINATES CAPE X 2603169.00 CODRDINATES WGS X 260346400
PROJECT WATERBERG PROJECT SURFACE ELEVATION 829.82
‘ DRILLER Earth Resources
Y FARM 231LQ DATE COMMENCED 13032012 DATE COMPLETED 15032012
DIAMETER OF CORE 064 mm. CASING LEFT IN HOLE m
LOGGED BY DATE
DSIRCT LEPH w1 AT
F/S ANALYSIS BY DATE
PROUNCE Lo Cape System COML MLYSES BY DATE
SPECIAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 30/Aug/12
APPROVED BY

HEAD of GEOLOGY DRW Dingemans

INTERVAL SECTION Samples ANALYSIS DATA

DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number‘ (Width) YIELD % |MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) Hlo | AL
RD

FRAC [CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML| FRAC | CUML | CUML | CUML| DEF | HEM | FLOW | CUML | CUML

—— 0.27 COAL. bright, 40-80% bright, -
calcite on cleats, sideritic ‘vﬁﬁ

35.03

° T 00 05550 P5.0x0.04100. HD=2.32 Width=1.40 Core RecoyeryH100%

35.03

\ (093)
jj;‘ 03 RAW 100.0 1.2 B8.6 8.0 22 0.68 0.08 1500 1500 1500 65 367
1.40 CARBONACEOUS MUDSTONE, mediu 05550 (1.40)
q PMP

rey, massive

36.43

S .43 05557  $5.0x0.0xJ00.0  Rp=2.11 Width=1.8/ Core Recofery={100

RAW 100.0 1.4 705 14.1 140 6.11 0.61 1500 | 1500 | 1500 58 746
0.97 60‘7 COAL, b\gh( 4[] 60%
ht, calcite an cle
CARBONACEOUS MUDSTONE
37.40 dork grey, interbedded P 0555T (1.87)

0.90 CARBONACEOUS MUDSTONE, dark,

grey. massive, coal laminag,
3830 3830 (05555 P5.0x0.0x]1 00. HD=2.01 dth=2.47 Core RecojeryH100%

sideritic
38.30
RAW 100.0 1.6 62.7 17.5 18.2 8.90 0.56 1500 1500 1500 54 932

0.35 COAL, bright, t40 80% bright,

38.65 caleite on cle

0.51 CARBONACEOUS MUDSTONE, dark,
grey, interbedded

0.25 COAL. bright, 40-80% bright,
calcite on cleats

39.16
39.41

0.53 CARBONACEOUS MUDSTONE. dark. 05558 (2.87)
3904 grey, massive

0.768 70%, COAL, bright, 40—-60%
bright. calcite ‘on cleats
30%, CARBONACEQUS MUDSTONE,
dark, grey, interbedded

0.47 CARBONACEOQUS MUDSTONE, dark,

ooy, masswe —_—7 (0555R  P5.0x0.0xJ100. HD=1.85 [Width=6.33 Core Recoyery={100%

RAW 100.0 2.0 49.0 215 27.5 1445 1.47 1470 1500 1500 57 692

40.70

41.17

1.44 80%. COAL. bright, 40—-60%
bright, calcite on cleats.

sideritic
207 CARBONACEOUS MUDSTONE,
dark, grey, interbedded

42.61

0.42 CARBONACEOUS MUDSTONE. dark, pic

43.03 grey, massive 9.20)

1.21 70%, COAL, bright, 40—60%
bright, co\c\(e on cleats
30%, CARBONACEQUS MUDSTONE,
dark, grey, interbedded

0.08 CARBONACEOUS MUDSTONE, dark, 0555R (6.33)
grey, massive

44.24
44.32

3.18 60%. COAL. bright, 40—60%
bright, colcite on cleats,

40‘7 "CARBONACEOUS MUDSTONE.
grey, interbedded,
sy

47.50
47.77

4750 et .50 05550 P5.0x0.04100. HD=2.08 |Width=3.45 Core RecoyeryH100%
1.23 g5r5e; rgg;iweb”gm 10-40% RAW 100.0 1.4 68.5 15.7 14.6 6.51 0.86 1500 1500 1500 56 918
bright, calcite on cleats,
sideritic
45%, CARBONACEOUS MUDSTONE,
dark, grey. interbedded

0.27 CARBONACEOUS MUDSTONE. dark.
grey, massiv

0.16 COAL, br\gh( 10— 407 bright.,
calcite on cleats, mud

0.17 CARBONACEOUS MUDSTONE dark.(
grey, interbedded

0.27 CARBONACEOUS MUDSTONE, dark,

49.00

49.27
49.43
49.60

0555Q (3.45)

0.55 COAL, bright, 40—80% bright,
calcite on cleats, sideritic
50.15

0.80 CARBONACEOUS MUDSTONE, dark,
grey, massive

50.95
51.17

0555P  P5.0%0.0xJ100. HD=2.04 [Width=3.98 Core RecoyeryH4100%

RAW 100.0 1.4 64.9 17.1 16.6 7.99 0.53 1500 1500 1500 55 672

0.22 COAL. bright, 40—-60% br\ght
calcite on cleats, sideritic

1.30 CARBONACEQUS MUDSTONE. mediurm.
grey. banded. bright bands

52.47

0.53 COAL, br\ght 40 60% bright, 0555P (3.68)
sideritic,” mud
53.00

0.86 CARBONACEQUS MUDSTONE dark,
grdey tbonded bright ba
Si

53.86
54.10
54.27

54.48
54.63

54.87
55.18

0.24 COAL, bright, 80—30% bright,
calcite on cleats. sideritic

0.17 CARBONACEOUS MUDSTONE. dark,
grey. interbedde:

0-21 &38ky briont. 40-60% bright. —ib3 05550  P5.0x0.04100. HD=2.00 |Width=4.42 Core RecoyeryH100%

05550 (0.37.

0.15 CARBONACEOUS MUDSTONE. durk ¢ >
grey, massive 10 em—5.00 RAW 100.0 1.5 62.0 18.2 184 9.09 0.53 1500 1500 1500 55

0.24 COAL, br\gh( 10—-40% bright,
sideritic,” mud

0.31 CARBONACEOUS MUDSTONE, dark,
grey, interbedded, coal laminae




LO C A L ‘ TY P LA N ANGLO COAL GEQLOGICAL SERVICES SHEET NO. 5 of 8
ANGLO COAL DIVISION
a member of the Anglo American plc group

BOREHOLE No. WBGO555

COORDINATES CAPE Y -23598R61 391 65D8IINE v -23567.00
COORDINATES CAPE X 2603169.00 COORDINATES WGS X 2603464.00
PROJECT mTERBmG PROJECT SURFACE ELEVATION 829.82
‘ DRILLER Earth Resources
. FARN 231LQ DATE COMMENCED 13032012 DATE COMPLETED 15032012
DIAMETER OF CORE 064 mm. CASING LEFT IN HOLE m
LOGGED BY DATE
DITRET LEPH w1 DATE
F/S ANALYSIS BY DATE
PROUNCE Lo Cape System COML MLYSES BY DATE
SPECIAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 30/Aug/12
APPROVED BY

HEAD of GEOLOGY DRW Dingemans

INTERVAL SECTION Samples ANALYSIS DATA

DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % |MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) Hlo | AL
RD

FRAC [CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML| FRAC | CUML | CUML | CUML| DEF | HEM | FLOW | CUML | CUML

0.31 CARBONACEOUS MUDSTONE, dark, 7 —55.00
grey, interbedded. coal laminae

0.27 COAL, bright, 40— 607 bright,
calcite on cleats, sideritic

0.25 CARBONACEOUS MUDSTONE dark,
grey, massive, bright ba

0.40 COAL, bright, 40—-80% br\ght
caleite on cleats, sideritic

55.18
55.45
55.70
56.10
0.75 CARBONACEQUS MUDSTONE, dark,
grey, massive, bright bands
56.85
57.14
57.40
57.65

57.91
58.04

58.36

0.29 CCOC‘)CA‘\Ie Obnr\gche( 40-60% bright, ZMA\ 085550 (4.25)

0.26 CARBONACEOUS MUDSTONE dor&
grey. interbedd

0.25 COAL, bright, WU 40% bright,
colcite on cleots, sideritic

0.28 CARBONACEOUS MUDSTONE, dark,
grey. interbedded

0.13 COAL, bright, 10—40% bright,
caleite on cleats

0.32 CARBONACEQUS MUDSTONE. dark.,
grey. massive. codl laminae

0.89 55%. COAL. bright. 10—-40%
br\ght calcite on cleats,

sideritic
35% CARBONACEOUS MUDSTONE. ¥ ¢4 11, oo 25

cork. arey. interbedde ) (0555N P5.0%0.04100. HD=2.18 Width=2.45 Core RecoyeryH100%

0.43 MUDSTONE, dark. grey. banded.
bright bands

o

59.25

59.68 RAW 100.0 1.1 76.8 124 9.6 3.16 0.11 1500 1500 1500 57 502

0.89 CARBONACEOUS MUDSTONE. dark,
grey, banded, bright bands “2Lr§’r2] 0555N (2.05)
(2.05)

60.57

0.73 MUDSTONE, medium, grey, massiv
0.82 50%, COAL, bright, 40—-60%

g‘r\%w‘ calcite on cleats, LV 5130 emm—.30

265 CCAREONACEOdU(?eMUDSTONE 0555M  [25.0%0.04100. RD=1.95 |Width=4.J0 Core Recopery5100%

dark, grey, interbe

61.30

RAW 100.0 1.5 57.5 201 20.9 10.83 0.57 1500 1500 1500 58 497

62.12

0.43 CARBONACEOUS MUDSTONE, dark,

62.55 grey, massive

1.77 60%, COAL, bright, 10—-40% 0555M (4.30)
bright. calcite on cieats.
sideritic
40%, CARBONACEOUS MUDSTONE,
dark, grey, interbedded

64.32
0.34 CARBONACEOUS MUDSTONE, dark,
grey. massive

0.44 COAL. bright, 10—40% bright.
calcite on cleats. sideritic

0.32 CARBONACEOUS MUDSTONE dark,

grey. interbedde

0.18 COAL. bright. ‘\D 40% bright. — 5] .
calcite on cleats, muddy — — —]

035 CARBONACEOLS MIBSTONE, dark. 05550 $5.040.0x[ 00. RD=1.92 Width=6.(J2 Core RecoJery=100
Grey. mussive

64.66

65.10

65.42
65.60

65.95

RAW 100.0 1.7 54.6 19.1 246 11.56 0.73 1500 1500 1500 55 600

0.75 COAL, bright, 40-60% bright,
muddy, s\rc‘iger\t\c e F’LS/Z\

0.10 CARBONACEOUS MUDSTONE dork )
grey, interbedd

0.20 COAL, bright, 40 60% bright,
calcite on cleats

0.39 CARBONACEOUS MUDSTONE, dark,
grey, massive, coal laminaé

0.51 COAL, bright, 40—80% bright,
calcite on cleats, sideritic

0.65 CARBONACEOUS MUDSTONE. dark,
grey. massive

68.55 0555L (6.02)

0.73 COALY SHALE, dark, grey, caaly

69.28

6946 0.18 COAL, bright, t40 60% bright,

calcite on cleats

0.78  CARBONACEQUS MUDSTONE. dark.
grey, banded, bright ba
sideritic

70.24

1.38 657 COAL, mixed, 10-40%
t. dull, <1% bright,
s\dermc
35%, CARBONACECUS MUDSTONE,
dark. grey. interbedded

71.62
71.84

71,62  em—1.62

022 CARBONACEOUS MUDSTONE. dork. | ' 0555K  P5.0%0.0xJ100. RD=1.88 [Width=6.06 Core Recoyery={100%

grey. massive
RAW 100.0 1.8 51.5 19.0 276 12.87 2.26 1500 1500 1500 54 400

1.60 65%. COAL. mixed. 40—60%
br\ght dulll <1% bright.

uddy

357 CARBONACEOUS MUDSTONE,

dark, grey, interbedded

PLB 0555K (3.38)

(3.38)

0.34 CARBONACEOUS MUDSTONE, dark,
grey, massiv

0.13 COAL, m\xed 40— 60‘7 br\ght
dull, "<1% bright.

0.42 CARBONACEOUS MUDSTONE dark,
grey, interbedd

0.23 COAL. mixed, 40 60‘7 br\ght
dull, '<1% bright, mu

0.57 CARBONACEOUS MUDSTONE dark,
arey. interbedded 25.00

73.44

73.78
73.91

74.33
74.56

75.13




LOCALITY  PLAN ANGLO COAL GEOLOGICAL SERVICES SHEET NO. 6 of 8 BOREBOLE No. WBGO0555
ANGLO COAL DIVSION
) - a member of the Anglo American plc group

COORDNATES CAPEY 2359261 391 GEDAB@9udS 1 ~23567.00
COORDINATES CAPE X~ 2603169.00 COORDIATES WGS X 260346400

PROJECT WATERBERG PROJECT SURFACE. ELEVATION 82982
DRILLER Earth Resources

RN 23119 DATE COMMENCED 13032012 DATE COVPLETED 15032012
DIAWETER OF CORE 064 mm. CASING LEFT IN HOLE m
LOGGED BY DATE

DSTRICT LEPH S;MPLED BY DATE
/5 ANALYSIS BY DATE

PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECAL ANALYSIS BY DATE

TOPO SHEET 2327CA Lagsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DRI Dingemans

INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Nurnber| (Width) YIELD % MOISTURE 7% ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD

FRAC [CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML| FRAC | CUML | CUML | CUML| DEF | HEM | FLOW | CUML | CUML

CARBONACEOUS MUDSTONE, dork
grey. interbedded 75.00 em— 5. 00

PLE 0555K (2.68)
65%. COAL. mixed. dull, <1% (2.68)
br\ hit, 10-40% bright, mudd

CARBONACEOUS MUDSTONE
dork grey, interbedded

{7768 7768 0555)  $5.040.0x]00.0  RP=2.17 Width=1.(J6 Core Recoery={100
RAW 100.0 0.9 76.2 15.8 7.2 1.68 047 1500 1500 1500 57 810
&LJH%ETONE, grey, banded, brightﬁ‘?ﬁg:‘ 05554 (1.06)
78.74 [ g —y 05551 45.0xD.0x100.0 RDP=1.85 Width=1.4] Core Recovpry=100%
l l I —— 042 COAL, dull, dull, <1% bright,
2916 muddy RAW 100.0 20 492 175 313 13.78 0.33 1500 | 1500 | 1500 se| 465
CARBONAGFOUS MUDSTONE. dark. 05551 (1.41)

grey, interbedde

79.50 '
—— 0.65 COAL mixed_dull, <1%
// sriant. 40780 brant. Zalcite
80.15 7 on cleats 0, 15

——— 2.89 SILTSTONE/SANDSTONE, grey.
laminated, banded, carbonaceous
matrix Not samp\ed

83.04 —30t 0555H  P5.0x0.0100. §0=2.02 |Width=7.16 Core RecoyeryH100%
—— 0.19 COAL, dull lustrous. dull,
8323 <17 bright, bright Hands RAW 100.0 1.4 63.3 17.6 17.7 7.80 0.84 1500 1500 1500 57 498
—— 0.49 CARBONACEOUS MUDSTONE dark, ) . ) ) . : .
grey, massive, coaly
83.72
—— 0.93 COAL, mixed, 40-60% br\ h(
caleite on cleats, dull,” <1
bright
—— 0.52 CARBONACEOQOUS MUDSTONE. dor‘u.‘
grey, massive
85.17
—— 0.51 COAL. dull. dull. <1% bright,
muddy
85.68
—— 1.17 MUDSTONE, grey, massive
86.85 0555H (7.76)
—— 0.99 70%. COALY SHALE. dark. grey.
massive
30%, COAL, mixed, <10%_bright,
calcite on cleats
87.84
—— 1.44 CARBONACEOUS MUDSTONE dark,
grey, massive, coaly
89.28
—— 1.52 60%, COAL, dull, dull. <1%
ght muddy
CAREONACEOUS MUDSTONE.
dork grey. interbedded
90.80 —90.80 emm—C0.80
TRP2
(2.86)
93.66 ———03.60 em—3.66 0555G 15.0x0.0x]100. HD=1.98 idth=6.45 Core Reco ery:WOO o
RAW 100.0 1.8 59.9 15.6 22.7 9.37 0.14 1500 1500 1500 58 678
—— 1.17 COAL, dull lust Il
<17 b \gﬁt r%scggﬁvse bﬁ\gh( MT. Ejﬂ 05556 (1.3
94.83 =
95.12 —— 0.29 CARBONACEOUS MUDSTONE daimgg e—5,00

grey. massive. coaly
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ANGLO COAL DIVISION
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BOREHOLE No. WBGO555

COORDINATES CAPE Y -23598126 1391 65DBPONE Y ~235%7.00
COORDINATES CAPE X 2603169.00 CODRDINATES WGS X 260346400
PROJECT WATERBERG PROJECT SURFACE ELEVATION 829.82
DRILLER Earth Resources
FARM 231LQ DATE COMMENCED 13032012 DATE COMPLETED 15032012
DIAMETER OF CORE 064 mm. CASING LEFT IN HOLE m
DISTRICT LOGGED BY DATE
LEPH w1 DATE
F/S ANALYSIS BY DATE
PROVINCE Lo Cape Systen COAL ANALYSIS BY DATE
SPECIAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DRW Dingemans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % |MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC [CUML | FRAC | CUML| FRAC |CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML [CUML|CUML | DEF | HEM |FLOW | CUML |CUML
— CARBONACEOQUS MUDSTONE daFk——95.00 en—05.00
95.12 grey. massive. coaly
- CoaL, dull \ustrous
Jare Qe
357 CARBON CEOUS MUDSTONE
dark, grey. interbedded, coaly
96.70
CARBONACEQUS MUDSTONE. dark,
9713 grey. massive
il "B"\ 0555G (5.11)
60%, COAL, dull lustrous,
dull,” <17 bri uddy
40%, C) ARBON CEOUS MUDSTONE
dark, grey, massive, coaly
99.06
CARBONAGEOUS MUDSTONE. dark,
99.28 grey. massive
55%, COAL, 60-90% br\ght
dark, assive,_coal
§57k 8ARyBONA(%EOUS MUDSTONE.,
100.11 ark. grey. coa 100, 1 —1 00. .
100 10T 0555F  P5.040.0x[100.0  HD=1.72 Width=0.99 Core Recolery=1007%
. mixed, <10%_bright, TRA 0555F (0.99) RAW 100.0 23 38.6 211 38.1 17.36 361 1400 | 1430 | 1440 52
co\c\(e on deats, dul- 1% (0.59)
rig
181;2 SITSTONE. mediurm. qrey. Fine 1or e
: laminated. coal laminae © ¢ 5,
SANDSTONE/SILTSTONE. light.
107.13 ?hm\y ‘F(\]mn%r:g(rrdvede\um grained.
—— 1.17 SANDSTONE, variegated, white,
Fine to coarse grained, banded,
silty. sideritic
121.36
0.64 CARBONACEQUS MUDSTONE, dork
grey, thinly laminated, highly.
122.00 carbonaceous ——122.00 em—22.00 .
055 COAL gl lustrous. dul 0555E (0.55) 0555C  £5.040.0x]100. HD=1.86 Width=0.45 Core fRecoyery=H100
% Dri:
122.55 ¢ — 2255 RAW 100.0 19 49.8 17.0 314 14.01 024 500 | 1500 | 1500 51
— 0.72 S\LTSTONE/SANDSTONE grey Fine|
medeium grained, banded
193.97 Banded sond Not somp\ed 19307 )
3 0555D  P5.0%0.0x]100. HD=1.71 Width=1.47 Core Recoyerys100%
RAW 100.0 22 375 213 39.0 17.59 1.08 1360 | 1400 | 1420 54| 397
—— 1.68 COAL, mixed, dull <1% 05550 (1.67)
bright, 60-90% bright,
sideritic
124.95 124,95 em—124.94
— 1.82 SANDSTONE/S\LTSTONE light,
grey, Fin medeiurn ‘grained,
126.77 farmihates
— 1.82 SANDSTONE/S\LTSTONE light,
grey, Fin medeiurn ‘grained,
farmihate
126.77
— 0.49 ‘SANDSTONE spegk\gd grey Fine
Q0 codarse graine an . .
127.26 silty.” qritly T 127:26 em—27.26 0555C  P5.0%0.0x]100. HD=1.756 Width=2.40 Care Recoferyq4100%
RAW 100.0 2.1 40.7 187 385 16.52 034 1500 | 1500 | 1500 54| 616
—— 260 80% COAL_ mixed, dull. <1% 0555C (2.60)
brégh(‘ 60—90% bright,
50%. CARBONACEOUS MUDSTONE,
grey. interbedded
£z
(4.85)
129.86 —129.56 05558 P5.0x0.0x]100. HD=1.56 Width=2.05 Core Recoferyq4100%
RAW 100.0 26 24.8 231 495 22.85 321 1500 | 1500 | 1500 48| 348
—— 205 80% COAL_ mixed, dull. <1% 05558 (2.05)
bégh(t 60-90% bright,
50%. CARBONACEOUS MUDSTONE.
grey. interbedded
131.91 V131,91 e—31.91
SANDSTONE/SILTSTONE. grey Fine
0 mede\um grained, banded
133.71 Banded sand




LO C A L ‘ TY P LA N ANGLO COAL GEQLOGICAL SERVICES SHEET NO. 8 of 8 BOREHOLE No. WBG0555
et A o @ ANGLO COAL DIVISION

) a member of the Anglo American plc group
COORDINATES CAPE Y -23598126 1391 65DBPONE Y -23567.00

COORNATES CAPE % 2603169.00 CODRDNATES WGS % 260346400

PROJECT WATERBERG PROJECT SURFACE ELEVATION 899
DRILLER Earth Resources

FaRM 23110 DATE COMMENCED 13032012 DATE COMPLETED 15032012
DAVETER OF CORE 064 mm. CONG LEFTINHOLE  m
LOGGED BY DA

DSTCT LEPH P OATE
F/S ANALYSS BY DATE

PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECAL ANALYSIS BY DATE

TOPO SHEET 2327CA Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DR Dingemars

INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Nurnber| (Width) YIELD % MOISTURE 7% ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD

FRAC [CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML| FRAC | CUML | CUML | CUML| DEF | HEM | FLOW | CUML | CUML

—— 1.33 SANDSTONE, Pale, grey, Fine to
coarse grained, lamindted,
banded. carbonaceous

138.61 — 138,61 enmm— 38,61

0555A  §5.0x40.0x[ 00. RD=1.50 WidthH=1.19 Core RecoJery=100

—— 1.19 COAL du\t\ lustrous, dull, N 0555A (1.19) RAW 100.0 25 20.1 211 56.2 24.81 1.01 1500 | 1500 | 1500 54

<1% brigh

=m
Y]

139.80 139,60 emmm—! 39,50
—— 3.72 SANDSTONE/SILTSTONE, light,
grey, Fine to medeium grained,
143.52 laminated




LOCALITY  PLAN

B

PROJECT
FARM
DISTRICT
PROVINCE

TOPO SHEET

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

WATERBERG PROJECT

23119
LEPH

Lo Cape System

SHEET NO. 1 of 8

COORDINATES CAPE Y
COORDINATES CAPE X
SURFACE ELEVATION
DRILLER

DATE CONNENCED
DIAMETER OF CORE
LOGGED BY

SAMPLED BY

F/S ANALYSIS BY
COAL ANALYSIS BY
SPECIAL ANALYSIS BY
Lagsheet generated
APPROVED BY

BOREHOLE No. WBGO0556

72420510261 39165DPBGYH Y 2417400
2603191.00 CODRDINATES WGS X 2603486.00
829.30
Earth Resources
10032012 DATE COMPLETED 15032012
084 mm. CASING LEFT IN'HOLE m

DATE

DATE

DATE

DATE

DATE
30/Aug/12
HEAD of GEOLOGY DRW Dingemans

BOREHOLE SECTION

BOREHOLE SECTION

BOREHOLE SECTION

DEPTH [SECTION]

WIDTH

RECORD OF STRATA

DEPTH [SECTION]  WIDTH

RECORD OF STRATA

DEPTH [SECTION]  WIDTH

RECORD OF STRATA

11.69

13.40

18.89

22.10
23.49

26.73

28.40

30.54

NR NR N

el

5.49

3.21

No recovery

SOIL, brovm Fine to medeium
rained

silty

omp\ete\y Weothered

Base of Soft Weathering
MUDSTONE, brown, gravelly,

Weathered

Base of Friable Weathering
MUDSTONE, brown, massive,

Weathered
CARBONAGEOUS MUDSTONE, dark, grey. 39.07

massive, Weathered in parts

Base of Weathering

COAL.

COAL.

COAL,

COAL.

COAL,

COAL.

COAL,

PUD Seam

PUC Seam

PUB Seam

PUP1 Seam

PUA Seam

PMP1 Seam

PMD Seam

42.56

51.10

53.13

—— 8.53 COAL, PMC Seam

—— 3.49 COAL, PMB Seam

—— 8.54 COAL, PMA Seam

—— 2.03 COAL, PLP2 Seam

71.88

10.32 COAL. PLC Seam

—— 8.43 COAL. PLB Seam

5.32 COAL. PLP1 Seam

INTERVAL SECTION

Samples

ANALYSIS DATA

DEPTH ‘SECT\ON‘ WIDTH ‘

DESCRIPTION

Number| (Width)

RD

YIELD %

MOISTURE %

ASH % VOLATILE %

Fixed Carb % C.V.MJ/kg

SULPHUR % [SW.No| ROGA

AFT C (RED)

H.I.

Al

FRAC |CUML

FRAC ‘ CUML

FRAC ‘CUML FRAC ‘CUML

FRAC ‘CUML FRAC ‘CUML

FRAC ‘ CUML [ CUML | CUML

DEF ‘ HEM ‘FLOW

CUML

CUML




LOCALITY  PLAN

B

PROJECT
FARM
DISTRICT
PROVINCE

TOPO SHEET

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

WATERBERG PROJECT
23110

LEPH

Lo Cape System

SHEET NO. 2 of 8

BOREHOLE No. WBGO0556

COORDINATES CAPE Y
COORDINATES CAPE X
SURFACE ELEVATION
DRILLER

DATE CONNENCED
DIAMETER OF CORE
LOGGED BY

SAMPLED BY

F/S ANALYSIS BY
COAL ANALYSIS BY
SPECIAL ANALYSIS BY
Lagsheet generated
APPROVED BY

72420510261 39165PBYYH: ¥ 2417400
2603191.00 COORDINATES WGS X 2603486.00
829.30
Earth Resources
10032012 DATE COMPLETED 15032012
084 mm. CASING LEFT IN HOLE m

DATE

DATE

DATE

DATE

DATE

30/Aug/12
HEAD of GEOLOGY

DRW Dingemans

BOREHOLE SECTION

BOREHOLE SECTION

BOREHOLE SECTION

DEPTH ‘SECT\ON‘ WIDTH RECORD OF STRATA DEPTH ‘SECT\ON‘ WIDTH RECORD OF STRATA DEPTH ‘SECT\ON‘ WIDTH RECORD OF STRATA
T 134.14
134.49
137.10
1.03 SANDSTONE Pal
8.50 COAL. PLA Seam 138.13 Coarse_brained. lominated
139.73 1.60 COAL. Ecca No 1 Seoam
. 0.36 SANDSTONE, Pal
liggg Coarse_| Cmmeg,emg;es\y ve
85.70 14085 0.63 \Eﬁ:\‘EGSISOdNE grey. Medium_Grained,
—— 20.71 SANDSTONE, Pale, grey..
Coorse_to_WMedium_Grained.
6.25 COAL. TRP2 Seam lominated, micaceous, pebbly
91.95
4.65 COAL, TRB Seam
o680 0.90 COAL. TRA Seam
97.79 0.29  COAL. TRP1 Seam 122.80 COAL, Ecca No. 3 Seam
2.06 S\LTSTONE/SANDSTONE ar 123.30
99.85 medeium grained. thinly mmoted 123.76
! 2.24 SANDSTONE/SILTSTONE, light, grey. SANDSTONE/SILTSTONE, light, grey.
Fine to medejum grained, Fine to medejum grained, thinly
laminated. micoceaus 126.30 laminated, gritty
102.09
COAL. Ecca No. 2 Seam
129.42
SANDSTONE/SILTSTONE. grey Fine to
130.86 mede\um grained. banded. silty.
dy
132.71 EOH
[ 0.66 SANDSTONE, Pal
133.37 Medium _ Gmme?je bggeed
carbonaceous matrix
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % |MOISTURE % ASH % VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) Hlo | AL
RD
FRAC|CUML FRAC‘CUML FRAC ‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML CUML |CUML| DEF ‘ HEM ‘FLOW CUML | CUML




LOCALITY  PLAN

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 3 of 8

BOREHOLE No. WBGO0556

COORDINATES CAPE Y —2420510261 391650HBIYUE ¥ 417400
COORDINATES CAPE X 2603151.00 COORDINATES WGS X 2603486.00
PROJELT WATERBERG PROJECT SURFACE ELEVATION 8930
‘ DRILLER Earth Resources
Q xR 23110 DATE COMMENCED 10032012 DATE COMPLETED 15082012
DIAWETER OF CORE 084 mm. CASNG LEFTINHOE  m
LOGGED BY DATE
DSTRICT LEPH S;MPLED BY DATE
F/S ANALYSIS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECIAL ANALYSIS BY DATE
TOPO SHEET Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DR Dingernans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number| (Width) YIELD % MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % |SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

11.69

21.34

22.10

23.49

23.98
24.21

24.69

25.46

26.37

26.73

28.40

29.50

30.21

5.84 CARBONACEOUS MUDSTONE, dark,
Ver{ mossive, Weothered in
e |8
0.74 7Q%. COAL, br\gh( 40 60%
br\ ht, calcite gn cle
CAREONACEDUS MUDSTONE
dor grey. interbedded 5
0.12 CARBONACEOUS MUDSTONE, dark,(1 ’1}
grey, massive
0.36 COAL, bright, 10—40% bright,
calcite on Cleats
0.09 CARBONACEOUS MUDSTONE durk
grey. interbedde 13,40
0.30 COAL. br\gh( 4D 60% bright.
calcite on clel
0.10 CARBONAGEOUS MUDSTONE, dork,
grey, massive
0.46 COAL, br\gh( 60 90% bright,
calcite on clea
0.12 CARBONACEOUS MUDSTONE, dark,
grey, interbedded
0.39 COAL. bright, 40-60% bright.
calcite on cleats
0.1 CARBONACEOUS MUDSTONE, dark,
grey, interbedded, coal laminae
0.47 COAL, bright, 60-90% bright.
calcite on cleats
0.12 CARBONACEOUS MUDSTONE, dark,
grey. interbedded. coal Tarninae
PUC
(5.49)
2.66 70%. COAL. br\gh( 60-90%
bri ht calcite an cleats
CAREONACEOUS MUDSTONE.
grey, interbedded, bright
bcmds coal laminae
0.08 CARBONACEOUS MUDSTONE. dark,
arey, interbedded
1.08 75%, COAL, bright, 60—-90%
bright, calcite gn cleats
CARBONACEOQUS MUDSTONE.
k grey, carbonaceous,
mterbedd d
0.14 CARBONACEOUS MUDSTONE. dark. ¥ jggg
grey, massiv -
0.77 70%, COAL, br\gh( 60-90%
bright. calcite ‘on cleats
CARBONACEOUS MUDSTONE,
dark, grey, interbedded
0.17 CARBONACEOUS MUDSTONE dark,
grey, massive, interbedded
0.32 COAL, bright, 60—90% bright,
calcite on cleats
0.14 CARBONACEOUS MUDSTONE, dark.
grey, massive puB
0.20 COAL, br\gh( 40 60% bright. (371
calcite on clea
0.71 CARBONACEOUS MUDSTONE, dark,
grey, massive. bright bands
0.76 70%. COAL, bright, 40-60%
br\ghdt calcite on cleats,
30%, CARBONACEOUS MUDSTONE—j——=22.10
dark. grey. interbedded
1.39 MUDSTONE, grey, banded, F;‘J;u“
carbonoceous .59
——f—23.49
0.49 COAL, bright, 60—90% bright,
calcite on cleats
0.23 CARBONACEOUS MUDSTONE, dark,
grey, massive, interbedded
0.48 COAL, bright, 60—-90% bright,
calcite on cleats
0.77 CARBONACEOUS MUDSTONE, dork PuA
grey, interbedded. coal laminae  (3.24)
0.91 COAL. bright, 60-90% bright.
calcite on cleats
0.36 COAL. bright, 40-80% bright,
calcite on cleats. sideritic 2673
1.67 MUDSTONE, grey, maossive [P‘MF’J\
——f—728.40
1.10 607 COAL, b\gh( 4[] 60%
ht, calcite an cle
40 CARBONACEOUS MUDSTONE
dork grey, interbedded
0.71 CARBONACEOUS MUDSTONE, dark,
grey, massive

+—30.00




LOCALITY  PLAN

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 4 of 8

BOREHOLE No. WBGO0556

COORDNATES CPEY  -24201261 391 60hABTHGS ¥ 417400
COORDINATES CAPE X 2603151.00 COORDINATES WGS X 2603486.00

PROJELT WATERBERG PROJECT SURFACE ELEVATION 8930
DRILLER Earth Resources

xR 23110 DATE COMMENCED 10032012 DATE COMPLETED 15082012
DIAWETER OF CORE 084 mm. CASNG LEFTINHOE  m
LOGGED BY DATE

DSTRICT LEPH S;MPLED BY DATE
F/S ANALYSIS BY DATE

PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECIAL ANALYSIS BY DATE

TOPO SHEET Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DR Dingernans

INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number| (Width) YIELD % MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % |SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

31.49

32.80
33.00

33.80

34.50

36.09
36.33

39.07
39.34

40.64
40.86

41.82

42.56
42.78

43.54
43.67

44,06

45.23

45.51
45.71
45.90

46.13
46.27

46.52

47.18
47.32

47.54

48.00

0.71
0.09

CARBONACEOUS MUDSTONE, dark,
grey, massiv
COAL., b h( 10-40% bright,
calcite onm%\eot ne ”lD
CARBONACEOUS MUDSTONE, dork
grey, massive, coal laminae
COAL. bright, 60—90% bright.
calcite on cleats

MUDSTONE. grey. maossive

0.24
0.26

60%, COAL, br\gh( 6[] 90%
bri ht calcite an cle

CAREONACEDUS MUDSTDNE
dork grey, interbedded

CARBONACEOUS MUDSTONE. dark.
grey. massive

65%. COAL, br\gh( 4[] 60%
bright, calcite on cle

35% CAREONACEOUS MUDSTONE
dark, grey. interbedded

0.70 CARBONACEOUS MUDSTONE. dark,

grey. massive

PMC
(8.53)

1.59 7Q%. COAL, bright, 4t0 60%

Q
br\ght calcite on clea

307 CARBONACEOUS MUDSTONE,
dark, grey. interbedded

CARBONACEOUS MUDSTONE, dark,
grey. interbedded. coal lominae

55%, COAL. mixed, dull,
bright, 40—60% bright,
sideritic

45%, CARBONACEOUS MUDSTONE
dark, grey. interbedded. coaly

<1%

39.07

0.27
1.30

CARBONACEOUS MUDSTONE. dork
grey, massiv

50%. COAL, br\gh( 40-60%
bright, calcite on cleats,

sideritic

50%, CARBONACEOUS MUDSTONE,

dark, grey, massive,
interbedded. coal laminae

CARBONACEOUS MUDSTONE. durkPME
grey. massive 9)

0.96 COAL,. bright, 40-80% bright.

sideritic,” muddy

CARBONACEQUS MUDSTONE. dark,
grey. massive

COAL, bright, 40-60% bright. |

sideritic

CARBONACEOQUS MUDSTONE., dark,
grey, banded, bright bands

0.13
0.39

COAL, br\gh( 60 90% bright,
calcite on clea

CARBONACEOUS MUDSTONE, dark,
grey, massive, coal laminae

~

607 COAL, . bright, 60—-90%
40 ht, sideritic

CARBONACEOUS MUDSTONE,
dork grey, interbedded

CARBONACEQUS MUDSTONE. dark,
grey, massive, with bright
streaks
COAL, bright, 40-60% bright,
sideritic

CARBONACEOUS MUDSTONE. dark;
grey. interbedded PM
COAL, bright, 40-60% bright.
sideritic

CARBONACEOUS MUDSTONE, dark,
grey, medium crystalline

COAL, bright, 40-60% bright.
sideritic

CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL,_ bright, 40—80% bright.
sideritic

CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL,  bright, 40-60% bright,
sideritic, muddy

CARBONACEQUS MUDSTONE. dark,
grey. mussive. carbonaceous.
codl laminae

SSZd COAL. mixed. <10%_bright.

45%, CAREONACEOUS MUDSTONE.
dark, grey, interbedded
CARBONACEOUS MUDSTONE, dark,
grey, interbedded, coal laminae
COAL. bright, 60—90% bright.
calcite on cleats

CARBONACEOUS MUDSTONE, dork
grey, interbedded, massive
bright, 60-90% bright.
calcite on cleats

CARBONACEOUS MUDSTONE, dark,
arey, interbedded, massive

0.20
0.19
0.23
0.14
0.25
0.66
0.14
0.22

(7.44

0.46

| i)

0.81

0.1
0.29
0.26
0.16
0.24

|




LOCALITY  PLAN

B

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 5 of 8

BOREHOLE No. WBGO0556

COORDNATES CPEY  -24201261 391 60hABTHGS ¥ 417400
COORDINATES CAPE X 2603151.00 COORDINATES WGS X 2603486.00
PROJELT WATERBERG PROJECT SURFACE ELEVATION 8930
‘ DRILLER Earth Resources
Q xR 23110 DATE COMMENCED 10032012 DATE COMPLETED 15082012
DIAWETER OF CORE 084 mm. CASNG LEFTINHOE  m
LOGGED BY DATE
DSTRICT LEPH S;MPLED BY DATE
F/S ANALYSIS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECIAL ANALYSIS BY DATE
TOPO SHEET Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DR Dingernans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number| (Width) YIELD % MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % |SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

53.13

53.50
5373
54.00

54.90

56.10

56.53

57.30
57.60

58.32
58.55

58.84

59.34

60.00

61.17
61.35
61.55
61.67

62.00 p

63.45
63.70 }

66.31

66.81

2.0

o

0.37
023
0.27

1.20

0.18
0.20
0.12
0.33

0.50

2.65

0.23
0.13

0.63

1.45 70%.

CARBONACEOUS MUDSTONE, dafk, 2909
grey, interbedded, massive

60%. COAL,
bright, calcite on cleats,

sideritic
407 CARBONACEOUS MUDSTONE, |
dork, grey. interbedded

MUDSTONE, brown. massive, 1"

carbonaceous

COAL,_ bright, 40—60% bright.
sideritic
CARBONACEOUS MUDSTONE, dark,
arey. massive

COAL, bright, 60—-90% bright.
sideritic

CARBONACEQUS MUDSTONE. dark,
grey. massive

60%. COAL. mixed, dull.
bnght 40-60% bright,

365 ARBONACEOUS MUDSTONE,
dark, grey, massive,
interbedded

CARBONACEOUS MUDSTONE, dark,
grey, massive

<1%

COAL. bright, 40-80% bright.
muddy, sideritic

CARBONACEOUS MUDSTONE, dark,
grey, massive

65%, COAL, bright, 60-90%
bright,_calcite on cleats

35%, CARBONACEOUS MUDSTONE
dark, grey. interbedded

CARBONACEOUS MUDSTONE darko o

grey. massive, coaly

COAL. bright, 60— 907 br\ght
calcite on cleats, mud

CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL. bright, 40—80% bright.
calcite on cleats, sideritic

CARBONACEQUS MUDSTONE, dark,
grey. banded, carbonaceous,
Coal laminae

COAL. bright, 40—-60% bright.
calcite on cleats, sideritic
CARBONACEOUS MUDSTONE, dark,
arey, massive

COAL. bright, 40—B0% bright.
calcite on cleats, sideritic
CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL. mixed. dull,
bréghtt 40-60% bright,
sideritic

30%, CARBONACEOUS MUDSTONE,
ark. grey. interbedded

<1%

CARBONACEOUS MUDSTONE, dGI‘

grey, mossive

m\xed duH, <1%
br\ ht 407607 right,
50%. CARBONACEOUS MUDST NE.
dark, grey. interbedded, coaly

CARBONACEOUS MUDSTONE, dork
grey, massive ’b

0%. COAL._ mixed, dull. <1%
br\ght 40-60% bright, mudd
CARBONACEOUS QAUDST NE,
edde!

dark. grey. interbedd coaly

MUDSTONE. grey. massive

COAL, bright, 40-80% bright,
calcite on cleats

PM
bright, 60-90% (1.

A
10)

p—>51.10

-
),32

f—63.45

55)

—Y—70.00

MUDSTONE, grey. massive




LOCALITY  PLAN

B

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 6 of 8

BOREHOLE No. WBGO0556

COORDINATES CAPE Y —2420510261 391650HBIYUE ¥ 417400
COORDINATES CAPE X 2603151.00 COORDINATES WGS X 2603486.00
PROJELT WATERBERG PROJECT SURFACE ELEVATION 8930
‘ DRILLER Earth Resources
Q xR 23110 DATE COMMENCED 10032012 DATE COMPLETED 15082012
DIAWETER OF CORE 084 mm. CASNG LEFTINHOE  m
LOGGED BY DATE
DSTRICT LEPH S;MPLED BY DATE
F/S ANALYSIS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECIAL ANALYSIS BY DATE
TOPO SHEET Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DR Dingernans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number| (Width) YIELD % MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % |SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

70.45

70.86

7115 p

71.88

77.20
77.34

77.67

79.08
79.34

79.95

81.10

82.04

83.60

85.70

0.14
0.33

1.56

—5—70.00

MUDSTONE, grey. massive

COAL.
muddy

Al
CARBONACEOUS MUDSTONE, medi
grey, maossive

dull, dull, <1% bright,

COAL, mixed, dull,
br\ght 60 90% bmght cu\cwte
on cleats

LB
)

—f—71.88

PLj

COAL,

CARBONACEOUS MUDSTONE, dark,
grey. massive

60%. COAL. mixed. dull,
br\ght 40-60% bright,
sideritic

40%, CARBONACEOUS MUDSTONE,
dark, grey. interbedded. caaly

<1%

CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL, mixed, dull, <1%
bright, 10-40% bright

COAL, mixed, dull,
br\ght 40 60% br\gh( co\c\(e
on cleat

CARBONACEOUS MUDSTONE dark,
grey. massive, coaly

bright, 10-40% bright — |

Pl

5.32)

LA

a)

L —55.00




LOCALITY  PLAN ANGLO COAL GEQLOGICAL SERVICES SHEET NO. 7 of 8 BOREBOLE No. WBGO0556
ANGLD COAL DIVISION
) - a member of the Anglo American plc group
COORDINATES CAPE Y 2604261391 65DBYYHE ¥ 2417400
CODRDINATES CAPE X 2603191.00 COORDINATES WES X 2603486.00
PROJECT WATERBERG PROJECT SURFACE ELEVATION 829.30
‘ DRILLER Earth Resources
Q RN 23110 DATE COMMENCED 10032012 DATE COMPLETED 15032012
DIAMETER OF CORE 084 mm. CASING LEFT IN HOLE m
LOGGED BY DATE
DSTRICT LEPH S;MPLED BY DATE
/S ANALYSIS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECIAL ANALYSIS BY DATE
TOPO SHEET Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DA Dingemans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number" (Width) YIELD % MOISTURE 7% ASH 7% VOLATILE % |Fixed Carb % C.V.MJ/kg |SULPHUR % [SW.No|ROGA AFT C (RED) H.l. Al
RD

FRAC|CUML FRAC‘CUML FRAC ‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML CUML | CUML| DEF ‘ HEM ‘FLOW CUML | CUML

Tséim
— 210 557 COAL duH dull, <1% 5

LA
45 CARBONACEOUS MUDSTONE (0.70)
dark, grey. interbedded. coaly
85.70 —f—85.70

TRP2
(6.25)

89.58

2.37 SANDSTONE. variegated, white.
laminated. coal laminge, silty

91.95

—f—o91.95

1.80 60%. COAde dull, dull, <1%

brigh
g CAREONACEOUS MUDSTONE,
dark grey. interbedded, caaly

93.75

0.68 CARBONACEOUS MUDSTONE dark,
grey, massive, coaly

94.43 P

— 1.28 807 COAL dull, dull, <1%

bri
B8 ARENACEOUS MUDSTONE.
khaki, interbedded

95.71

0.89 CARBONACEOUS MUDSTONE, grey,
banded, corbanaceous

96.60 ——f—96.60

—— 0.90 COAL dull lustrous. dull o)
<1% bright, dy (0:90)

97.50 97.50

s o 029 SITSTONE. medury qrex; Fine e
medeium raine: hinl (0,29
9779 IGrminated: bl lominae N2 g7 7
T 205 SILTSTONE/SANDSTONE grey. Fine
99.85 £o_medeiu groined. (i
- lominoted

—— 20.71 SANDSTONE. Pale. grey.
oarse_to_edium_Grained,
laminated. micaceous, pebbly

T\ZQ 80
T 050 OO TsteSels, S 3
rig rg ands, si SH Ic 123.30

— 2.54 SANDSTONE/S\LTSTONE light,
? ne to medeium grained.
hinly \cmmoted gritty




LOCALITY  PLAN

B

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 8 of 8

BOREHOLE No. WBGO556

COORDINATES CAPE Y —2420510261 391650HBIYUE ¥ 417400
COORDINATES CAPE X 2603151.00 COORDINATES WGS X 2603486.00
PROJELT WATERBERG PROJECT SURFACE ELEVATION 8930
‘ DRILLER Earth Resources
Q xR 23110 DATE COMMENCED 10032012 DATE COMPLETED 15082012
DIAWETER OF CORE 084 mm. CASNG LEFTINHOE  m
LOGGED BY DATE
DSTRICT LEPH S;MPLED BY DATE
F/S ANALYSIS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECIAL ANALYSIS BY DATE
TOPO SHEET Logsheet generated 30/Aug/12
APPROVED BY HEAD of GEOLOGY DR Dingernans
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number| (Width) YIELD % MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % |SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

1.4

1.88 60%, COAL,

1.24

i

— 1.03

138.13
— 1.60

139.73

139.86
— o

140.22
140.85 0.63

2.54 SANDSTONE/S\LTSTONE light,
Fine to me ed.

eium ‘grain
hinfy laminatea, oritty

mixed, dull, <1%
bright, 40=60% bright,

sideritic

40%, CARBONACEOUS MUDSTONE,

grey, interbedde 52

(3.12)

mixed. dull. <1%

bréghtt 40 '60% bright.

si

15%. CARBONACEOUS MUDSTONE,
ark, grey. interbedded. coaly

—L—129.42

SANDSTONE/SILTSTONE. grey Fine
to medeium grained, banded
silty, muddy

SANDSTONE, Pale, grey,
ocorse_Grained, laminated

COAL, dull lustrous, dull, Bl
<1% bright, bright bands (1.p0)

SANDSTONE Pale, grey.
Coarse_Grained. massive

SANDSTONE.
Medium_ Gmmed laminated




LOCALITY  PLAN

B

PROJECT
FARM
DISTRICT
PROVINCE

TOPO SHEET

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

WATERBERG PROJECT

23119
LEPH

Lo Cape System

2327CA

SHEET NO. 1 of 7

COORDINATES CAPE
COORDINATES CAPE
SURFACE ELEVATION
DRILLER

DATE COMNENCED
DIAMETER OF CORE
LOGGED BY
SAMPLED BY

F/S ANALYSIS BY
COAL ANALYSIS BY

BOREHOLE No. WBGO557

Y
X

SPECIAL ANALYSIS BY

Lagsheet generated
APPROVED BY

-2446126 1391 6MBYIWE Y
2603400.00 CODRDINATES WGS X
830.73
Earth Resources
12032012 DATE COMPLETED
084 mm. CASING LEFT IN HOLE
DATE
DATE
DATE
DATE
DATE
28/Mug/12
HEAD of GEOLOGY

-24430.00
2603695.00

15032012
m

DRW Dingemans

BOREHOLE SECTION

BOREHOLE SECTION

BOREHOLE SECTION

DEPTH [SECTION]  WIDTH

RECORD OF STRATA

DEPTH [SECTION]  WIDTH

RECORD OF STRATA

DEPTH [SECTION]  WIDTH

RECORD OF STRATA

0.35 SO\L ‘g&rey @memGrumed clayey,
ompe ely_Wea ered
Bose of Soft Weathering 2:85 COAL. PUA Seam
. 32.85
”50[%%298%5 brown, massive, —— 1.85 COAL. PMP1 Seam
34.70 10.10 COAL. PLC Seam
6.10 Base of Weathering 2.85 COAL, PMD Seam
MUDSTONE, light,
Weathered m‘qpo grey. massive, 37.35
8.50 Base of Hard Weathering
70.90
CARBONACEQUS MUDSTONE dark, grey,
massive, Fresh_|
—— 10.84 COAL, PMC S
1280 COAL, PUE Seam e
12.55 COAL. PUP2 Seam 9.50 COAL, PLB Seam
COAL, PUD Seam
48.19
—— 201 COAL. PMB Seam 80.40
19.90 50.20
3.03 COAL, PLP1 Seam
COAL. PUC Seam 83.43
—— 8.47 COAL PMA Seam
25.35
COAL. PUB Seam 8.17 COAL, PLA Seam
28.54 58.67
29.90 COAL, PUP1 Seam ——— 2.13 COAL, PLP2 Seam
60.80 91.80 —
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % |MOISTURE % ASH % VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) H.lLo | Al
RD
FRAC [CUML | FRAC | CUML| FRAC |CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML | FRAC | CUML [CUML|CUML | DEF | HEM |FLOW | CUML |CUML
0557X  §5.0%0.0x]1 00. HD=2.33 idth=1.04 Core Recofery=100
RAW 100.0 1.4 89.3 78 15 0.50 0.18
0557T  $5.040.0x)00.0 Rp=2.31 Width=1.36 Core Recoery=[100
RAW 100.0 1.6 87.1 8.4 3.0 1.25 0.15
0557R  P5.0%0.0x]100. HD=2.33 [Width=1.85 Core Recoyery=100
RAW 100.0 1.8 89.0 8.2 1.0 0.22 0.07
05571 $5.040.0x] 00. RD=2.19 idth=2.13 Core Recoyery={100
RAW 100.0 1.6 77.2 121 9.2 3.90 0.12




LOCALITY  PLAN

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

B

PROIECT WATERBERG PROJECT
FARM 231LQ

DISTRICT LEPH

PROVINCE Lo Cape sYS'tm
TOPO SHEET 2327“

SHEET NO. 2 of 7

BOREHOLE No. WBGO557

COORDINATES CAPE Y
COORDINATES CAPE X
SURFACE ELEVATION
DRILLER

DATE CONNENCED
DIAMETER OF CORE
LOGGED BY

SAMPLED BY

F/S ANALYSIS BY
COAL ANALYSIS BY
SPECIAL ANALYSIS BY
Lagsheet generated
APPROVED BY

“2446M2613916500BYHE ¥ -24430.00
2603400.00 CODRDINATES WGS X 2603695.00
830.73
Earth Resources
12032012 DATE COMPLETED 15032012
084 mm. CASING LEFT IN'HOLE m

DATE

DATE

DATE

DATE

DATE
28/hug/12
HEAD of GEOLOGY DRW Dingemans

BOREHOLE SECTION

BOREHOLE SECTION

BOREHOLE SECTION

DEPTH ‘SECT\ON‘ WIDTH RECORD OF STRATA DEPTH ‘SECT\ON‘ WIDTH RECORD OF STRATA DEPTH ‘SECT\ON‘ WIDTH RECORD OF STRATA
—— 4.60 COAL. TRP2 Seam
96.20
—— 520 COAL. TRB Seam —— 14.73 SANDSTONE, Pale. arey..
Coorse_to_WMedium_Grained.
laminated, micaceous
101.40
10236 —— 0.96 COAL. TRA Seam
—— 1.88 COAL. TRP1 Seam
104.24
105.62 -
12678 MWW —— 068 COAL Ecco No. 3 Seom
SANDSTONE, Pale,
— 3.04 S\LTSTONE SANDSTONE. i .
Coorse_Groined, \Ommated Fine to me/e\um gromed‘%mttfrgg
13050 base.
11082 SANDSTONE /SILTSTONE, light,
rey,
112.05 = Fine to medeium omed‘gth m\g > COAL. Ecca No. 2 Seam
laminated, mosswe
134.27
SANDSTONE/SILTSTONE. arey- Fine to
135.95 medeium gromed laminated.
banded, muddy
139.41
- SANDSTONE, Pale, grey.
140.74 mr Coarse_Grained. lominated.
micaceous
142.32 COAL, Ecca No 1 Seam
ol §ANDST(€NEMgéey G "
|- S
145.96 \Gons(naetedo s\\?y‘um roine
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % |MOISTURE % ASH % VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) Hlo | AL
RD
FRAC|CUML FRAC‘CUML FRAC ‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML CUML |CUML| DEF ‘ HEM ‘FLOW CUML | CUML




LOCALITY  PLAN

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 3 of 7

BOREHOLE No. WBGO557

COORDNATES CAPEY 24461261391 GODDBBOG Y -24430.00
COORONATES CAPE X 2603400.00 CODRDNATES WGS % 2603695.00
PROJECT WATERBERG PROJECT SURFACE ELEVATION 83073
‘ DRILLER Earth Resources
a FaRM 23110 DATE COMMENCED 12032012 DATE COMPLETED 15032012
DAVETER OF CORE 084 mm. CONG LEFTINHOE  m
LOGGED BY DATE
DSTCT LEPH w1 DATC
F/S ANALYSS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 28/Mug/12
APPROVED BY HEAD of GEOLOGY DR Dingemars
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number‘ (Width) YIELD % MOISTURE 7% ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

18.87
19.10

19.33
19.48

19.77
19.90

20.30
20.54
20.70
2091

21.32
21.59

23.90
24.16

24.47
24.55

25.35
25.47

25.78
25.91

26.27
26.40

26.71
26.85
27.05

27.75

28.54

29.90

30.32
30.53

31.06

31.56

32.50

32.85

34.70

35.12

35.70

36.30

37.35

0.48
0.23
0.23
0.15
0.29
013
0.40
0.24
0.16
0.21
0.41
0.27

0.31
0.08
0.80

0.12
0.31
0.13
0.36
0.13
0.31
0.14
0.20
0.70
0.79

0.42

0.58
0.60

COAL. bright, 60 90% bright.
calcite on clea

CARBONACEDLS. JMUDSTONE. dark
grey, interbedded

COAL,
calcite on clei

CARBONACEOUS MUDSTONE., dark.
grey, massive

COAL. br\gh( 4U 60% bright.
calcite on clel

CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL, bright, 40-80% bright,
calcite on cleats

CARBONACEOUS MUDSTONE, dark,
arey. interbedded. cool larminae
COAL. _bright, 10—40% bright.
40-60% bright

CARBONACEOUS MUDSTONE, dark.
grey. interbedded. coal laminae
COAL., bright, 10-40% bright,
calcite on cleots

CARBONACEOUS MUDSTONE, dark,
grey, intefbedded, coal laminae

P

65%. COAL, bngm 40 60z ©

bright. calcite on cle
CAREONACEOUS MUDSTONE

dark, grey, interbedded,

laminge

CARBONACEOUS MUDSTONE dark,
grey, massive. with bri
streaks. coal laminae
COAL, bright, 40-60% bright,
colcite on cleats
CARBONACEOUS MUDSTONE, dark,
grey, massive
COAL, bright, 40-60%
bright, calcite o cleats
CARBONACEOUS MUDSTONE—
dork grey. interbedded
CARBONACEOUS MUDSTONE, dark,
grey, massiv
COAL. br\ght 40-60% bright.
calcite on cleats
CARBONACEOUS MUDSTONE dark,
grey, interbedded

COAL. br\gh( 60 90% bright.
calcite on cleo

CARBONACEOUS MUDSTONE dorkPUB
3.19)

grey, massive, interbedd

COAL. bright, 40—80% br\ght

calcite on cleats

CARBONACEOUS MUDSTONE dark,

grey. interbed

COAL, br\gh( 6D 90% bright,

calcite on cleats

CARBONACEOUS MUDSTONE. dark.

grey, banded. carbonaceous

60%. COAL, bright, 40-60%

bright, calcite gn cleats
CARBONACEOUS MUDSTONE. /|

dork grey. interbedded

MUDSTONE, grey, banded, bn’gh;ﬁu
bands .

COAL. bright, 60—90% bright.
calcite on cleats

CARBONACEOUS MUDSTONE., dark,
grey, interbedded

COAL, bright, 60—90% bright.
calcite on cleats

CARBONACEOUS MUDSTONE, dorkpuA

grey, massive

COAL, bright, 60—90% bright.
calcite on cleats

COAL, bright, 40-60% bright.
sideritic -

MUDSTONE. grey. massive P

d70712' CARBONACEOUS MUDSTONE.

30%. 8OAL br\ght 40-60%
bright., calcite on cleats,
interlaminated

CARBONACEOUS MUDSTONE dark,
grey, maossive. gritt:

COAL, bright, 60— So% bright. (52
calcite on cleats 2

PUD
bright, t60 90% bright, a5

uC,
.45)

MD. 05570 (2.48)
48)

16.59  emmm—18.59

Q557W (1.31)

—f—19.90

— .90

0557V (5.45)

25.35

—5 35

0557U (3.19)

[28.51 eomm—g.54

P 0557T (1.36)
6)

05575 (2.95)

[——32.85 eommm—2.85

P 0557R (1.85)
)

3470 em— 4. 70

5715  em—7.18




LOCALITY  PLAN

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 4 of 7

BOREHOLE No. WBGO557

COORDNATES CAPEY 24461261391 GODDBBOG Y -24430.00
COORONATES CAPE X 2603400.00 CODRDNATES WGS % 2603695.00
PROJECT WATERBERG PROJECT SURFACE ELEVATION 83073
‘ DRILLER Earth Resources
a FaRM 23110 DATE COMMENCED 12032012 DATE COMPLETED 15032012
DAVETER OF CORE 084 mm. CONG LEFTINHOE  m
LOGGED BY DATE
DSTCT LEPH w1 DATC
F/S ANALYSS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 28/Mug/12
APPROVED BY HEAD of GEOLOGY DR Dingemars
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Nurnber| (Width) YIELD % MOISTURE 7% ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

—— 105
37.35 “
37.61 T~ 026
37.82 ™~ 0.21
38.10 AN o008
38.35 \ ’
0.25
38.73 N 038
39.09 \ 0.36
39.38 8™ oo
— 052
39.90 T o.08
0.44
40.88 /
41.32
— 0.84
4216
—— 029
42.45
/ 1.20
0.24
43.65 / 0.27
43.89 = /
0.10
44.16 v
4426 Va 0.50
4476
4491 \
0.15
/ 1.70
0.67
46,61 /
47.28
—— o091
§ 0.25
\ 0.15
0.11
49.44 0a
— 0.76
50.20
50.36 016
— 0.74
51.10 o0
TT—— 0.37
5157
—— 1.28
52.85
— 0.22
53.07
— 173
54.80
—— 030
55.10
55.30 I
—— 093
56.23

90%. CARBONACEOQUS MUDSTONE
‘dqu grey. massive, cod

10%. COAL
bright. caldite an cleats

COAL. bright, 10— 407 bright.

calcite on cleats. mud

CARBONACEOQUS MUDSTONE dark.

grey. massive. coal laminae

COAL bright. 10-40% bright.
ddy

\

CARBONACEOUS MUDSTONE dark,
grey, interbedd
COAL, bright, 40 607 br\Qh(
caleite on cleats, mu
CARBONACEQUS MUDSTONE dork.
arey. banded. bright b

COAL, br\gh( 40— 607 br\gh(
calcite on cleats

CARBONACEQUS MUDSTONE. dork,
grey, massive

85%. COAL.
massive
15%. CARBONACEOUS MUDSTONE.,
40-60% bright, calcite on
cleots, sideritic

CARBONACEOUS MUDSTONE, dark,
grey, massive, coal laminae

bright. dark. grey.

COAL, bright, 10-40% bright,
calcite on cleats, sideritic

CARBONACEOUS MUDSTONE, dork,
grey, massive, coal laminaé
COAL, bright, 40 60%
bright, calcite on cleats,

sideriti

COAL. bright, 40-60% bright.
calcite on cleats, sideritic
CARBONACEOUS MUDSTONE, dark,
grey, interbedded

COAL, bright, 40-60%
br\ght Calcite on cleats,
sideritic
35%, CARBONACECQUS MUDSTONE,
dark, grey. interbedded, coal
lominae

CARBONACEOUS MUDSTONE. dark,

qgrey, massivs

60%. COAL. bngm 40-60%
bnght calcite on cleats,
sideritic

40%, CARBONACEOUS MUDSTONE
ark. grey. interbedded.
br\ght streaks, coal \ommoe

CARBONACEOUS MUDSTONE. dark,
rey, banded, coaly, bright
ands

60%. COAL, bright, 40-60%
bright, calcite on cleats,

sideritic
40%, CARBONACECQUS MUDSTONE,
dark, grey, interbedded, caal
laminae

CARBONACEOUS MUDSTONE, mediui
grey, massive, coal laminag

COAL. bright, 40—B0% bright.
calcite on cleats, sideritic
CARBONACEOUS MUDSTONE. dark.(2,
grey, interbedded

COAL, bright, 10-40% bright,
muddy. sideritic

CARBONACEOUS MUDSTONE, dark,
grey, massive

COAL, bright, 40-80% bright, — ]
calcite on cleats, sideritic

CARBONACEQUS MUDSTONE, dark,
grey. banded, bright bands

COAL.  bright, 40-60% bright.
calcite on clea

CARBONACEOUS MUDSTONE, dark,
grey. massive. coal laminae

8! 7htCOéL

S
5 CARBONACEQUS MUDSTONE.
dork grey. interbedded

tbr\qh( 40-60%

CARBONACEOUS MUDSTONE, dark, P!
grey, maossive .

55%, COAL, . bright, 40-60%
br\;ht, sideritic

CAREONACEOUS MUDSTONE
k. grey, interbedded, coal
laminae. sideritic

CARBONACEOUS MUDSTONE., dark,
grey, massive

COAL, bright, 10—40% bright.
calcite on cleats, sideritic
CARBONACEOUS MUDSTONE. dark,
arey, banded, bright bands,
sideritic

bright, 10-40% ﬁvswmm

V5576 em—5.76

0557P (5.10)

—' 45

PMC
40%. CS&REONACEOUS MUDSTONE,(10,84)
dark, grey. interbedded

CARBONACEOUS MUDSTONE, dark.
grey. interbedded. coal laminae

ks

05570 (5.74)

T 18,10 em—5.19

PNB 0557N (2.01)
01)

50.20 em—0.20

0557M (5.56)

o>




LO CA L ‘ TY P LA N ANGLO COAL GEQLOGICAL SERVICES SHEET NO. 5 of 7
ANGLO COAL DIVISION
a member of the Anglo American plc group

BOREHOLE No. WBGO557

COORDNATES CPEY  -244611261 391 6ohABTHGS Y 2443000

COORDINATES CPE X 2603400.00 COORDINATES WGS X 260%695.00

PROJELT WATERBERG PROJECT SURFACE ELEVATION 83073

DRILLER Earth Resources

xR 23110 DATE COMMENCED 12032012 DATE COMPLETED 15082012
DIAWETER OF CORE 084 mm. CASNG LEFTINHOE  m

LOGGED BY DATE

DSTRICT LEPH S;MPLED BY DATE

F/S ANALYSIS BY DATE

PROVNCE Lo Cape System COAL ANALYSS BY DAE

SPECIAL ANALYSIS BY DATE

TOPO SHEET 2327“ kg%sgwoeveé[)gg;emted 28/hug/12

HEAD of GEOLOGY DRW Dingemans

INTERVAL SECTION Samples ANALYSIS DATA

DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Number | (Width) YIELD % |MOISTURE % ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg | SULPHUR % [SW.No|ROGA AFT C (RED) Hlo | AL
RD

FRAC|CUML FRAC‘CUML FRAC ‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML FRAC‘CUML CUML | CUML| DEF ‘ HEM ‘FLOW CUML | CUML

0.93 CARBONACEOUS MUDSTONE darks—55.70 enmm—5.76
grey. banded. bright bands.
sideritic

56.23

0.36 COAL, bright, 40-80% bright.
colcite on cleats, sideritic

0.19 CARBONACEOUS MUDSTONE, dark,
grey. interbedded. cool lorninoe

0.21 COAL, bright, 60—90% bright,
calcite on cleats, sideritic oM 0557M (2.91)

0.27 CARBONACEOUS MUDSTONE, dark?-#
grey. interbedded. coal laminae

0.16 COAL, bright. 60—90% bright.
sideritic

0.31 CARBONACEOUS MUDSTONE. dark,
grey, massive

0.94 55%, COAL_ bright, 40-60%

ht, sidefitic, mud
5 CARBONACEOUS UDSTONE
dark, grey. interbedded, coal -
lominae %8s

56.59
56.78
56.99

57.26
57.42

=¥

5773

58.67

2.13 MUDSTONE, dark. grey. banded. S2 0557L (2.13)

carbonacedus, coal Iaminae

60.80

0.41 COAL, bright, <10%_bright,
muddy. sideritic

0.22 CARBONACEQUS MUDSTONE. dark.
arey. interbedded

0.19 COAL. bright, 60-90% bright.
calcite on cleats, sideritic

61.21
61.43
61.62

=}

CARBONACEQUS MUDSTONE, dark,
grey. massive

62.63

1.14 60%. COAL, bright. 40-60% 0557K (4.84)
bréght calcite on cieats,
sideritic
40%. CARBONACEOUS MUDSTONE.
dark, grey. interbedded

0.42 CARBONACEOUS MUDSTONE, dark,
grey, massive. coal laminae

0.50 70%. COAL, bright, 60-90%
bright,_ sideritic

CARBONACEOUS MUDSTONE,

dork grey, interbedded

0.19 CARBONACEOUS MUDSTONE, dark,
grey, massive

0.19 COAL. bright, 60-90% bright,
calcite on cleats

0.57  CARBONACEQUS MUBSTONE. dark.
grey, massive. bright ba — 5 4

0.33 COAL, br\gh( 60-907% br\gh( ch
calcite on cleats 0,10)

0.18 CARBONACEOUS MUDSTONE. dork
grey, massive

0.31 COAL. bright. 80-90% bright.
calcite on cleats, sideritic

0.44 CARBONACEQUS MUDSTONE, dark.
grey, banded, bright bands

0.45 COAL, bright, 60-80% bright,
calcite on cleats. sideritic

~
5

CARBONACEOQUS MUDSTONE, dark,
grey, banded, carbonaceous 05574 (5.26)

0.19 COAL. bright, 60-80% bright.
calcite on cleats. sideritic

0.18 CARBONACEOUS MUDSTONE, dark.
grey, interbedded

0.16 COAL. bright, 40—60% bright.
calcite on cleats, sideritic

0.31 CARBONACEOUS MUDSTONE, dark.
grey, massive

1.25 65%. COAL, bright, 40-60%
br\ght calcite on cleats,
sideritic
35%, CARBONACEOUS MUDSTONE
dark, grey. interbedded. caal
laminge 70,90 em—70.90

70.90

0.64  CARBONACEOUS MUDSTONE. dark,
grey, massive, bright ba

71.54

o

70%. CARBONACEQUS MUDSTONE,

dork reAv coaly, interbedded
L, mixed, dull, <1% PLB_ 05571 (3.45)

br\ght 10-40% bright, cu\c\te (3.45)

on “cleats

73.15
73.41

o
)
o

CARBONACEOUS MUDSTONE, dark,
grey. massive

0.74 60%. CARBONACEOUS MUDSTONE.

dark, grey. massive

OAL, mixed. 40-60%

bri ht calcite an cleats,

dull, '<1% bright V5435 74.35
0.63 CARBONACEOUS MUDSTONE, dark.

grey, massive, with bright

streoks

74.15
74.78




LOCALITY  PLAN

B

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

SHEET NO. 6 of 7

BOREHOLE No. WBGO557

COORDNATES CAPEY 24461261391 GODDBBOG Y -24430.00
COORONATES CAPE X 2603400.00 CODRDNATES WGS % 2603695.00
PROJECT WATERBERG PROJECT SURFACE ELEVATION 83073
‘ DRILLER Earth Resources
a FaRM 23110 DATE COMMENCED 12032012 DATE COMPLETED 15032012
DAVETER OF CORE 084 mm. CONG LEFTINHOE  m
LOGGED BY DATE
DSTCT LEPH w1 DATC
F/S ANALYSS BY DATE
PROVNCE Lo Cape System COAL ANALYSS BY DAE
SPECAL ANALYSIS BY DATE
TOPO SHEET 2327CA Lagsheet generated 28/Mug/12
APPROVED BY HEAD of GEOLOGY DR Dingemars
INTERVAL SECTION Samples ANALYSIS DATA
DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION Nurnber| (Width) YIELD % MOISTURE 7% ASH 7% VOLATILE % [Fixed Carb % C.V.MJ/kg |SULPHUR % [SW.No|ROGA AFT C (RED) H.I. Al
RD
FRAC |CUML FRAC ‘ CUML | FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘CUML FRAC ‘ CUML [CUML |CUML| DEF ‘ HEM ‘ FLOW | CUML | CUML

74.78

77.72

79.10
79.19

79.53

80.40

82.14
82.41

83.43

83.92

84.04 77

84.80

85.20

85.95

86.88

87.68

88.53

88.81

89.35

91.60

96.20

— 0.63

/

2.94

1.38

0.09
0.34

0.27

0.49

0.12
0.76

0.40
0.75

CARBONACEOUS MUDSTONE, dark,
gtrey massive. with bright
streo

5%, COA mixed, du
bnght 40 “60% bright, co\c\(e

cleg
35‘7"( CAREONACEOUS MUDSTONE

grey, massive, coaly
interbedded

(6.

CARBONACEOUS MUDSTONE, mediym.

grey, lominated. coal laminae

CO/é\a, dull, dull, <1% bright,
CARBONACEOUS MUDSTONE. dark.
grey, lominoted

mixed, dull,

COAL,
bright. 60-90% br\gh( muddy

80,40  e—0.40

&2

SANDSTONE, Po\e arey.
Coarse_to_Medium_Grdined.
laminated

B340 e—3.43

80%. COAL. mixed, dull, <1%
br\ ht, 10—40% bri

CARBONACEQUS MUDSTONE,
dark grey, massive,
interbedded

CARBONACEOUS MUDSTONE. mediu
grey, lominated

80%. COAL, mixed, 40-60%

br\ ht, ca\c\(e on cleats,

207 CARBONECEOUS MUDSTONE,
dark, grey. interlaminated

CARBONACEOUS MUDSTONE, dark,
grey mosswe coaly

COAl mixed, du
br\ght 40 “60% bright, cu\c\te
on cleats
10%. CARBONACEOQUS MUDSTONE
dark, grey, interbedded, coaly

SILTSTONE/SANDSTONE, grey,
laminated. banded. mudc?

75%. COAL, dull lustro

dH <17b\htb\h PLA
bands, calcite (6.97)
25%, CARBONACEOUS MUDSTONE
dark, grey. interbedded. coaly

CARBONACEOQUS MUDSTONE., dark,
grey, banded

COALY SHALE, dark, arey,
massive. coaly

CARBONACEQUS MUDSTONE dark,
grey, massive, coaly

50%, COAL, dull, dull, <1%
bright, mudd

50% CARBO%ACEOUS MUDSTONE
ark, grey. massive, coaly.
mterbedded

SANDSTONE/SILTSTONE. light.
grey, lominated. banded, muddy

PLE 05571 (6.05)

RP2
2]

—5—74.35

— 4. 35

03)

0557H (2.52)

— 5,05

— 5. 55

05576 (4.72)

——01.60 eomm—i.60

P2




LOCALITY  PLAN

ANGLO COAL GEQLOGICAL SERVICES
ANGLO COAL DIVISION
a member of the Anglo American plc group

B

SHEET NO. 7 of 7

BOREHOLE No. WBGO557

COORDNATES CPEY 244611261 391 65DABBYHCs ¥ ~24430.00
COORDNATES CAPE X 2603400.00 CODRDINATES WCS X 2603695.00
PROJECT WATERBERG PROJECT SURFACE ELEVATION 830,73
‘ DRILLER Earth Resources
Q EARM 23119 DATE COMMENCED 12032012 DATE COMPLETED 15032012
DIAVETER OF CORE 084 mm. CASNG LEFTINHOE — m
LOGGED BY OATE
DSTCT LEPH w1 DATC
F/S ANALYSIS BY DATE
PROVNCE Lo Cape System COML ANALYSIS BY DATE
SPECIL ANALYSES BY OATE
TOPO SHEET 2327CA Lagsheet generated 28/Mug/12
JPROVED BY HEAD of GEOLOGY DRW Dingemans
INTERVAL SECTION Samples ANALYSIS DATA

DEPTH ‘SECT\ON‘ WIDTH ‘ DESCRIPTION

Number | (Width) YIELD % |MOISTURE %

ASH 7%

VOLATILE %

Fixed Carb % C.V.MJ/kg

SULPHUR 7% [SW.No| ROGA

AFT C (RED) H.l.

Al

RD

FRAC |CUML FRAC ‘ CUML

FRAC ‘CUML

FRAC ‘ CuML

FRAC ‘CUML FRAC ‘CUML

CUML | CUML

FRAC ‘ CUML

DEF ‘ HEM ‘FLOW

CUML

CUML

— 14,73 SANDSTONE Pale, grey,
se_to_Medium_Grained.
\ommoted micoceous

126.78

COAL, dull lustrous, dull.
<1% bright. bright bands

COAL,
sideritic

127.15

I —

127.46

130,50

o
o
i

S\LTSTFONE/SANDSTONE light,
ne
gﬂtty at base.

65%, COAL, mixed, dull,
br\gh‘t 40-60% bright. calcit

dark, grey, interbedde

2.7 mixed, dull,

0%, COAl
br\ght 40 "60% bright,

dark, grey, interbedde

SANDSTONE/SILTSTONE, grey,
fo medeiurm grained. lamin
banded, muddy

1.33 SANDSTONE Pale, grey,
Coarse_Grained, laminated,

micaceous

140.74

COAL, dull lustrous, dull,
<1% bright, bright bands

142.32

SANDSTONE, grey.
Coarse_to_Medium_Grained,
laminated, silty

143.96

<17%

35%, CARBQNACEOUdS QAUDSTONE,

<17%

40; CARBONACEOUS gAUDSTONE

S3
(0.F8)

bright, 10-40% bright.

medeium grained

e

Fine

gted.

ES
(1.58)

126.78 enmm—]2.78

05570 (0.68)

12746 em—27 46

130,50 emm—]30.50

0557C (1.60)

—1 32,10

05578 (2.17)

134.07 emm—34.27

140,74 emmm— 40,7 4

0557A (1.58)

142,37 eom—]43.32




DALYSHOPE MINE ARD POTENTIAL ASSESSMENT
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~ CLIENT DETAKLS

Contact
Client
Address

Talephone
Facsimile
Email

Project

Crder Number
Samples

Sample matrix

Keretia Lupankwa
Golder Associates Africa (Pty) Lid

P.Q Box 6001
Halfway House
1685

Q11 254 4896

011 315 07
kupankwai@golderac.za
(Mot specified)

12613916

19

SCIL

COMMENTS — ————=~

TEST REPORT

LABORATORY DETAILS

Laborafory
Address

Telephone

Laboeratory Manager
5GS Reference
Report Nurmbear
Date Received

Dats Reported

The document is issued in accordance with SANAS'S accreditation raquirements,
Aceredited for compliance with ISCYIEC 17025, SANAS sccredited faboratory T0107.

Analysis of sulphur and carbon spacies completed by SGS Analytical Services Booysens .

PAG; Potentially acid generating, based on interpretation of ABA data alone.
PAN: Patentially acid neutralising, based on interpretation of ABA data alons.
U: Uncertain with respect to patential ackd generation or neutralisation, based on interpretation of ABA data alone.

SGS South Africa {Pty) Limitad
259 Kent Avenue
Femndala, 2194

+27 ()11 781 5688

Joanne O'Sullivan
JB12-02797 RD
0000002915

2012/0712 03:20:24PM
2012/07/27 12:55.04PM

*Sana

The Modified ABA tast method merely provides an indication of the potential for acid generation . Whether or not acidic
drainage will result depands on the minerlogy, the availability of each acid 'generaﬁng and neutralising
mineral present, the physical characteristics of the material and tha environmental setting.

SIGNATORIES

SGS Soulh Africa (Ply) Limited
Erwironmental Services

Sarah Newton

Technical Consultant/Technical Signatory

253 Kenlt Avenue, Femdala
_ | Randburg, 2164, South Africa

427 ()11 781 5689

T Lt

T0107

Joanne O'Sullivan
Laboratory Manager

Www 28 305.C0M

Mamber of the SGS Group



|
G S ANALYTICAL REPORT JB12-02797 RO
S A : | Report number 0060002915

Client reference: 12613916

Sample Number  JB12-02797.001 JB12-02787.002 JB12-02797.003 JB12-0279T.004 JEA20Z7I7.008
Sample Nama DHFO-C DHPLF1-6 DHPLP16 DHTRP2.5 DHTRP2-T

Parameter Units LOR
Paste pH and conductivity and 10% pH in soil Method: ME-AN-0Z4

. Paste pH - 1 75 59 59 73 71

Neutralising Potential (NP}  Method: ME-AN-025

Fizz Raling - - 1 1 1 1 1
Sample Waight g - 200 200 200 200 2.00
Normality of standardised HCI N - 0.100 0100 0100 G100 0.100
olume of HC! added ml - 3aa 200 200 200 200
Normality of standardised NaQH N - 0.097 0.097 0.097 0.067 0,087
1 Tiirs of NalH m| - 237 19.5 202 158 1na
| NP askg CaCOXT kg CaCO¥T - 210 27 10 124 214

SUB_Sulphur and carbon species by LECO  Method: SUB

Total sulphur as §* % 0.01 0.13 1.00 093 009 058
. Sulphide as §° % 0.01 008 097 089 005 0.54
i Sulphala as SO4* % 003 017 010 013 0.10 0.12
i Total carbon as C* % 0.0 121 553 357 3.07 an

Carborate as CO3 % 0.05 1.05 030 0.2 a94 0.40

Calculation of acid/bage batances Method: ME-AN-025

Acid potentiar kg CaCO¥T 0¥ 25 30 28 18 17

Net neutralising patentia* kg CaCOBT 100 245 276 268 108 45
| NP AP rafio* . -4 1081 0.0 0.04 7.94 I 127
. Clagsification® - = PAN PAG PAG PAN U

Sample Number, JB12-02797,006 JB12-02797.007 ' JB12-02797.008 JB12-02797.009 JB12-02797.010
Sample Name' DHTRP2-$ DHPLP-T DHPUP1-C DHPUP2-Z DHWO-C

Parameter Units LOR
Paste pH and conductivity and 10% pH in 30il  Method: ME-AN-024

i Paste pH - 1 6.0 59 73 7.9 81 |

Neutralising Potential (NP} Method: ME-AN-025

Fizz Rating - - 1 1 1 2 4

Sample Welght a - 200 2.00 2.00 2.00 i 2.00
Normallty of standardised HCI N - 0100 o100 0.100 0.100 : 0.100
Volume of HCI added mi - 200 200 200 40.9 :E:]
Nomallty of standerdised MaCOH N - 0087 0.097 0.097 0097 0.087
Titre of NaOH ml - 207 19.8 17.0 /2 rdd
NP 8% kg CaCOuT kg CaCOaT -1 02 20 aa M5 9z9

SUB_Sulphur and carbon specles by LECO  Method: SUB

i Total sulphur as $* _% o 0.87 Q.89 0.63 an 0.02
. Sulphide as §* % oo 0.es 061 0.40 004 <0.01
! Sulphats as S04° % o2 oo7 0.24 037 022 0.04
| Total carbon ag C* % o a70 719 8.58 259 1.21

Carbonate ag CO3* % 0.05 01§ 0.2a 035 094 .69

27-July-2012 Page 20f 5



ANALYTICAL REPORT

L Report number
Clien! reference;
Sample Number  JB12-02797.008  JBA202797.007  JB1202797.008
Sample Nemo DHTRP2-6 DHPLP1-7 DHPUP1-C
Paramater Units LOR
Calculation of acid/base balances  Method: ME-AN-025
Acid potential kg CaCO3T™ 0.3 a7 15 13
Met neulralising potential* kg CaCO3T -100 288 =171 -a7
NP AP ratio® - 0.01 010 070
Classification® . - PAG PAG PAG
Sample Number  JB12-027T8T.01 JB1202797.012 JB12-02797.013
Sample Name DHUSF-C DHICM-C DHPMP1-C
Barsmeter Units LOR
Paste pH and conductivity and 10% pH o soll  Method: ME-AN-024
Pasta pH - 1 71 7.5 7.3
Newutralising Potential (NP} Method: ME-AN-025
Fizz Rating - 1 1 1
Sample Weight g - 2.00 2.00 2.00
Nomiality of standardised HCI N - 0.100 0,100 0.100
Yoluma of HC! added mi 321 20,0 200
Normality of standardised NaOH K - 0.047 0097 0.097
Titre of NaOH mi - 30.2 17.7 185
NP as kg CaCONT kg CaCONT ° -1 170 74 51
SUB_Sulphur and carbon species by LECO  Method: SUB
Total sulphur as S* % 0.01 0EE 017 022
Sulphide as S* % 0.01 0.65 012 0156
Sulphale as SO4° % 003 0.34 012 025
Tolal carbon as C* % 001 4.01 10,80 385
Carbonate as CO3" % 0.05 0.28 0.37 o1
Calculation of acid/base balances Method: ME-AN-026
Acid potential* kg CaCOaT o 17 38 47
Mat nsutralising potential* kg CalOAT -100 -10.2 33 05
NP AP ratio® - -4 o 1.89 1.10
Classification” - - PAG U u
Sample Humber  JB12-02797.048 JB1202ZP87.017 | JE120279T.M8
Sample Name DHMS.C DHSD2-C DHESC-C
Paramater Units LOR
Paste pH and conductivity and 10% pH in scil  Method: ME-AN-024
i Paste pH - 1 7.2 €2 7.2
Nautralising Potential (NP) Method: ME-AN-025
Fi2z Raling - 1 1 1
Sample Waighl g 2,00 200 200
Normalily of standardised HCI N = 0100 0.100 0.100
Volume of HCI agdded mi - 20.0 »Ba s
Normalily of standardiged NaCH N - Q097 0.097 0.0687
Titre of NaQH mi 144 330 215
NP a5 kg CaCONT ky CaCO3T -1 a3 B3 2441

27-July-2012

JB12-02797 RO

Q000002915
12613918
JB1202797.009  JB42-02797.010
DHPUP2.C DHWOC
12 <031
332 928
2757 300.43
PAN PAN
JB120279T.014  JE120279T.015
DHPLP2-C DHSD1-C
7.7 64
1 1
200 200
0.100 0.100
200 327
0.007 0087
18 06
214 78
013 068
007 053
018 047
12.00 1.73
197 0.21
22 17
182 EY]
978 0.47
PAN PAG
JB12-02797.018
DHUC-C
7.2
1
200
0100
a7
0,097
171
578

Page 3of 5



Sample Numbed ~JENE0FTIT.016 | IBIZATIT
Sample ] DHMS-C i DHED2C
Parsmoter Untis LOR
SUB_Sulphur and carbon species by LECO  Method: SUB
Total sulphur as §* % 0.01 0.09 072
Sulphide as $* % 0.01 005 0.54
Sulphate as S04 % 0.03 o1 0.56
Tolal carbon as G % o.M 081 1.87
Carbonate as CO3" % 0.05 022 0.21
Calculation of acid/base balances Method: ME-AN-025
Acld potential® kg CaCO3IT 031 16 17
Net neutralising potential® kg CaCO3T  -100 77 86
NP AP ratio* - -1 593 0.49
Classification® - - PAN PAG
27-July-2012

{75

Repart number
Client reference

JB12-02797.018 }
DHESC-C

160
1.35
0.75
48.10
087

42
-18.1
0.57
PAG

RO 66
DHUC-C

217
1.50
201
44.30
215

a7
108
1.23

JB12-02797 RO

0000002915
12813918

Paged of 5



J

oD S RY JB12-02797 RO
A
| METHOD SUMM Report number 0000002915
Client reference: 12613916
== METHOD ——==- v oo s METHODOLOGY SUMMARY
ME-AN-024 Pasta pH/EC is determined by mixing a pertion of sample with water at a low liquid to sdlid ratio and measuring the

PH/EC of tha resulting paste. Based on MEND 1,20.1.
10% pH/EC is determined by mixing a portion of sample with water at a liquid to solid ratio of 10:1 for a given
peried of tme and measuring the pH/EC of the superatant.

ME-AN-025 The acid production (AP} is calculated by assuming that all the sulphide sulphur presant converts to sulphuric acid
{sulphate} at a production of four molas of hydrogen ion per mele of pyrite cxadised. AP = acid potential = sulphide
¥ 31,25, Where sulphide is reporied as below the MDL, 0.099 is used for the calculation,

ME-AN-025 The acid/basea balances {net NP, NP/AF ratio) are calculated and used to classify the sample as either having a
potential to generate acidity, a potential for acid neutralisation or, if the results fall within a cartain range,
uncertainty with respect to net acid generation potential.

Net NP = NP — AP

PAG: Potentially acid genarating, based on interpretation of ABA data alone.

PAN: Potentially acid neutralising, based on interpretation of ABA data alone.

U: Uncertain with respect to potential acid generation or neutralisation, based on interpretation of ABA dats alone,
Based on MEND 1.20.1,

L.-— FOOTNOTES

18 Insufficlent sample for analysis. QFH  QC resultis above the upper toferance
LMR  Sample listed, but not received. QFL QC rasult is balow the lower tolerance
- This anslysiz is not covered by the scope of - The sample was not analysed for this analyte
accreditation.

a Performed by ocutsida laboratory.
LOR  Limit of Reporting
1 Raised or Lowered Limit of Reporting

Samples analysed as received. Unless otherwise indicated, samples were received in containers fit for purpose.
Solid samples expressed on a dry weight basis.

This dacument is issued by the Company under its Ganeral Conditions of Service accessible at hitp://www.sqs.com/lerms and conditions htm,

Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein.

WARNING: The sample{s} to which the findings recorded herein (the "Findings“) relate was{were} draw and / or provided by the Client or by a third
party acting at the Client's direction. The Findings conslitute no warranty of the sample's representativity of all goods and strictly relate to the
sample(s). The Company accepts no liability with regard to the origin or source from which the sample{s} is/are said to he extracted.

Any unauthorized alteration, forgery or falsification of the content or appesarance of this dacument is unlawful and offenders may be prosecuted to
the fullest axtent of the law.

S5GS Environmental Services Randburg is accredited by SAMAS and conforme to the requirements of ISO/IEC 17025 for specific test or
calibrations as indicated on the scope of accreditation to be found at hitp//sanas.co.za.

tsanas

TO107

27-July-2012 Page 5of 5
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Appendix C: Laboratory Certificates



WASTE ROCK and COAL SAMPLES




WATERLAB (PTY) LTD

Building D, The Woods, Telephone: +2712 — 349 — 1066
Persequor Techno Park, Facsimile: +2712 — 349 — 2064
Meiring Naudé Road, Pretoria Email: accounts@waterlab.co.za
P.O. Box 283, 0020

WATERLAB CERTIFICATE OF ANALYSES

X-RAY FLUORESENCE

Date received: 2013-09-23 Date completed: 2013-10-22
Project number: 1000 Report number: 42099 Order number: ANG2137
Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Address: Private Bag X10046, Randberg, 2125, South Africa Email: andre.van.coller@digbywells.com
Facsimile: 011 789 9498 Telephone: 011 789 9495 Cell: 076 076 9443
Major Element Concentration (wt %)[s]
Major Elements PMB PMA PLC PLB PLA Composite
18729 18730 18731 18732 18733 18734
SiO, 48.81 45.4 37.7 38.04 35.83 36.47
TiO, 0.76 0.86 1.01 1.01 1.24 1.83
Al,O3 16.04 16.29 16.26 16.39 19.66 23.32
Fe,O3 2.04 3.62 1.7 1.49 3.39 2.49
MnO 0.03 0.05 0.02 0.02 0.04 0.04
MgO 0.26 0.33 0.32 0.15 0.16 0.71
CaO 0.29 0.71 1.97 0.98 1.24 4.69
Na,O 0.38 0.36 0.46 0.22 0.26 0.9
K,0 1.02 0.77 0.52 0.52 0.6 0.53
P,Os 0.04 0.04 0.08 0.07 0.07 0.1
Cr,0; <0.01 <0.01 <0.01 0.01 0.02 0.04
S0, <0.01 0.01 0.13 0.05 0.14 0.19
LO| 3032 31.39 30.63 40.87 37.16 28.36
Total 99.99 99.83 99.8 99.82 99.81 99.67
H,O- 0.64 0.68 1 0.89 0.79 0.97
E. Botha

Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd.
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WATERLAB (PTY) LTD

Building D, The Woods, Telephone: +2712 — 349 — 1066
Persequor Techno Park, Facsimile: +2712 — 349 — 2064
Meiring Naudé Road, Pretoria Email: accounts@waterlab.co.za
P.O. Box 283, 0020

WATERLAB CERTIFICATE OF ANALYSES

X-RAY FLUORESENCE

Date received: 2013-09-23 Date completed: 2013-10-22
Project number: 1000 Report number: 42099 Order number: ANG2137
Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Address: Private Bag X10046, Randberg, 2125, South Africa Email: andre.van.coller@digbywells.com
Facsimile: 011 789 9498 Telephone: 011 789 9495 Cell: 076 076 9443
Major Element Concentration (wt %)[s]
Major Elements OoBW1 OBW2 IBW1 IBW2 TRP2 PLP1
18735 18736 18737 18738 18739 18740
SiO, 67.35 69.85 55.3 57.07 44.45 54.91
TiO, 0.64 0.78 1.24 11 2.22 1.19
AlL,O3 13.34 15.77 22.52 21.32 29.09 27.04
Fe,03 3.3 4.98 8.81 2.04 2.99 0.95
MnO 0.05 0.04 0.14 0.03 0.04 <0.01
MgO 0.74 0.4 0.93 0.29 0.89 <0.01
CaO 4.5 0.15 0.71 0.66 7.08 0.12
Na,O 0.52 0.13 0.29 0.27 1 0.32
K20 0.96 141 1.96 13 0.61 0.55
P,0s 0.09 0.05 0.08 0.07 0.15 0.07
Cr,03 <0.01 <0.01 0.03 <0.01 0.04 0.02
SO;3 0.03 <0.01 <0.01 0.1 0.44 <0.01
LOI 8.28 6.4 7.72 15.55 10.55 14.76
Total 99.8 99.96 99.73 99.8 99.55 99.93
H,O- 0.47 0.71 0.26 0.39 0.22 0.39

[s] =Results obtained from sub-contracted laboratory

E. Botha
Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd.
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WATERLAB (PTY) LTD

Building D, The Woods, Telephone: +2712 — 349 — 1066
Persequor Techno Park, Facsimile: +2712 — 349 — 2064
Meiring Naudé Road, Pretoria Email: accounts@waterlab.co.za
P.O. Box 283, 0020

WATERLAB CERTIFICATE OF ANALYSES

X-RAY FLUORESENCE

Date received: 2013-09-23 Date completed: 2013-10-22

Project number: 1000 Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal Contact person: Andre Van Coller

Address: Private Bag X10046, Randberg, 2125, South Africa Email: andre.van.coller@digbywells.com

Facsimile: 011 789 9498 Telephone: 011 789 9495 Cell: 076 076 9443

Trace Element Concentration (ppm) [s]
race Elements PMB PMA PLC PLB PLA Composite
18729 18730 18731 18732 18733 18734
As 1.85 8.9 9.4 1.04 <1.00 18
Ba 171 175 265 323 288 608
Bi <5.00 <5.00 <5.00 <5.00 <5.00 <1.00
Br <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Cd <5.00 <5.00 <5.00 <5.00 <5.00 <1.00
Ce 37.9 9.9 <5.00 <5.00 <5.00 <5.00
Cl 655 574 641 566 551 700
Co <5.00 <5.00 <5.00 <5.00 <5.00 9.5
Cs <1.00 1.29 <1.00 1.27 2.23 <5.00
Cu 27.2 31.3 37.2 30.8 34.5 49
Ga 23.3 23.9 27.2 27.3 38.2 48.6
Ge 1.25 1.56 2.21 1.62 1.28 9.7
Hf 4.3 5.79 4.99 6.1 7.3 8.9
Hg <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
La 29.2 69 34.9 3.46 47.3 70.2
Lu <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Mo 4.72 4.76 6 5.17 5.37 8.5
Nb 20.3 20.4 19.8 21.3 25.5 38.8
Nd 35.2 39.2 39.1 39.6 37.2 55.5
Ni 16.5 36 22.4 14.4 44.6 56.2
Pb 26.9 24.9 31 22.6 23.1 76
Rb 72 66.2 42.7 41.9 50.9 27.3
Sh <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Sc 8.9 7.6 9.8 9.4 9.7 15.3
Se <5.00 <5.00 <1.00 <1.00 <1.00 <1.00
Sm 9 7.8 10.3 9.2 8.6 13.3
Sn <1.00 <1.00 <5.00 3.68 2.18 51
Sr 74 74 262 255 147 840
Ta 2.71 2.26 2.18 2.23 2.02 3.52
Te 3.02 6.1 9.2 4.27 6.23 20.5
Th 28.1 24.7 22.1 245 35 41.7
TI <1.00 <5.00 <1.00 <1.00 <1.00 1.15
Results continued on next page

E. Botha
Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd.
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WATERLAB

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria

P.O. Box 283, 0020

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

CERTIFICATE OF ANALYSES

X-RAY FLUORESENCE

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date completed: 2013-10-22
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Africa

Facsimile: 011 789 9498

Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com

Cell: 076 076 9443

Trace Element Concentration (ppm) [s]
Trace Elements PMB PMA PLC PLB PLA Comepos't
18729 18730 18731 18732 18733 18734
U 6.06 5.89 4.52 5.7 6.11 10.9
\Y 96 89 110 96 166 203
w 4.26 4.62 3.28 3.09 3.81 3.63
Y 38.3 39.3 35.7 36.8 57.3 81
Yb 13.7 10.3 15.8 13.4 11.6 19.8
Zn 40 41.7 18.1 23.1 11.9 74
Zr 221 213 245 231 301 536

E. Botha

Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of

WATERLAB (Pty) Ltd.

Page 4 of 6



0

WATERLAB

WATERLAB (PTY) LTD

Building D, The Woods, Telephone: +2712 — 349 — 1066
Persequor Techno Park, Facsimile: +2712 — 349 — 2064
Meiring Naudé Road, Pretoria Email: accounts@waterlab.co.za

P.O. Box 283, 0020

CERTIFICATE OF ANALYSES
X-RAY FLUORESENCE

Date received: 2013-09-23

Date completed: 2013-10-22

Project number: 1000 Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Address: Private Bag X10046, Randberg, 2125, South Africa Email: andre.van.coller@digbywells.com
Facsimile: 011 789 9498 Telephone: 011 789 9495 Cell: 076 076 9443

Trace Element Concentration (ppm) [s]
Trace Elements OBW1 OBW?2 IBW1 IBW2 TRP2 PLP1
18735 18736 18737 18738 18739 18740
As <5.00 3.59 <5.00 15.8 18.3 7.96
Ba 378 203 535 196 1024 258
Bi <5.00 <1.00 <1.00 <5.00 <1.00 <5.00
Br <1.00 <1.00 1 <1.00 1.16 <1.00
Cd <5.00 <1.00 <1.00 <5.00 <5.00 <5.00
Ce 46.1 325 <5.00 15 <5.00 81.1
Cl 705 709 782 725 948 656
Co <5.00 <5.00 52.8 <5.00 27.1 <5.00
Cs 1.61 <1.00 <5.00 1.18 1.36 1.51
Cu 31.4 33.7 59 40.2 57.4 32.7
Ga 17.7 23.1 31.9 30 60.8 323
Ge <1.00 2.09 7.47 2.6 10.8 2.82
Hf 5.83 7.4 9.17 6.78 9.3 6.19
Hg <5.00 <5.00 <5.00 <1.00 1.2 <1.00
La 417 37.2 <5.00 40.7 70.2 235
Lu <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Mo 4.42 3.27 4.77 5.62 12.4 8.46
Nb 19 22.6 23.6 245 46.3 21.6
Nd 313 39.2 51.9 57.3 72 60.4
Ni 28.3 45.8 121 18 62.2 37.1
Pb 16.9 15.3 24.2 40.1 80 48.6
Rb 715 104 104 87 29.5 23.6
Sh 1.89 <5.00 5.21 <1.00 <1.00 1.56
Sc 15 11.1 14.2 11.9 12.8 9.4
Se <1.00 <1.00 <5.00 <5.00 1.78 <1.00
Sm 9.6 8.66 5.94 10.6 15.6 14.6
Sn 4.83 4.64 10.4 2.76 3.67 3.39
Sr 108 90 140 91 1033 127
Ta 3.6 2.39 2.39 3.27 3.25 3.28
Te 12.7 3.11 3.31 3.88 30 3.85
Th 21.7 23 29 31.9 45.2 41.7
Tl <1.00 <5.00 <1.00 <1.00 2.09 <1.00
Results continued on next page

E. Botha

Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of

WATERLAB (Pty) Ltd.
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WATERLAB

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria

P.O. Box 283, 0020

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

CERTIFICATE OF ANALYSES

X-RAY FLUORESENCE

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date completed: 2013-10-22
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Africa

Facsimile: 011 789 9498

Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com

Cell: 076 076 9443

Trace Element Concentration (ppm) [s]

Trace Elements OBW1 OBW?2 IBW1 IBW2 TRP2 PLP1
18735 18736 18737 18738 18739 18740

U 4.23 5.17 6.63 6.9 14.8 5.51

\Y 67.1 111 182 122 254 155

w 4.17 4.94 4.59 4.87 3.06 3.13

Y 41.6 41.6 45.6 45.9 89 26.8

Yb 12.2 10.3 6.73 16.1 23.4 21.9

Zn 71.3 86.8 202 66.6 86.9 45.1

Zr 251 295 297 284 606 296

[s] =Results obtained from sub-contracted laboratory

E. Botha

Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of

WATERLAB (Pty) Ltd.
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WATERLAB

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria

P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

X-RAY DIFFRACTION

Date received: 2013-09-23

Project number: 1000

Report number: 42099

Date completed: 2013-10-22
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Africa
Facsimile: 011 789 9498

Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Composition (%) [s]
PMB PMA PLC
18729 18730 18731
Mineral (VﬁeTgohlﬂ;)) Error Mineral (VﬁeTgohlﬂ;)) Error Mineral (VﬁeTgohlﬂ;)) Error
Calcite 0.14 0.1 Calcite 1.14 0.23 | Calcite 4.34 0.36
Dolomite 0 0 Dolomite 0.72 0.3 Dolomite 0.71 0.3
Hematite 0 0 Hematite 0.17 0.11 | Hematite 0.29 0.24
Kaolinite 45.76 0.72 Kaolinite 46.3 0.75 || Kaolinite 50.76 0.9
Microcline 6.32 0.69 || Microcline 4.2 0.45 || Microcline 7.4 0.81
Muscovite 6.17 0.48 Muscovite 6.47 0.48 | Muscovite 6.06 0.54
Pyrite 0.36 0.17 | Pyrite 1.19 0.21 | Pyrite 0.14 0.15
Quartz 37.76 0.75 Quartz 33.81 0.75 | Quartz 26.39 0.84
Siderite 3.5 0.33 Siderite 6 0.42 | Siderite 3.91 0.51
Composition (%) [s]
PLB PLA Composite
18732 18733 18734
Mineral (VﬁeTgohlﬂ;)) Error Mineral (VﬁeTgohlﬂ;)) Error Mineral (VﬁeTgohlﬂ;)) Error
Calcite 1.28 0.3 Calcite 3.41 0.48 | Calcite 0.62 0.26
Dolomite 0.16 0.21 Dolomite 0.12 0.18 || Dolomite 0.5 0.24
Hematite 0.09 0.14 Hematite 0.7 0.29 | Hematite 0.08 0.11
Kaolinite 51.99 0.9 Kaolinite 58.77 1.08 | Kaolinite 47.7 0.78
Microcline 4.61 0.51 Microcline 4.45 0.84 || Microcline 7.67 0.75
Muscovite 7.19 0.6 Muscovite 7.95 0.63 | Muscovite 7.28 0.54
Pyrite 0.14 0.17 Pyrite 0.53 0.27 | Pyrite 0.52 0.17
Quartz 31.46 0.87 Quartz 20.06 0.84 | Quartz 34.64 0.84
Siderite 3.08 0.45 Siderite 4.01 0.48 | Siderite 0.99 0.21

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd.
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WATERLAB

Meiring Naudé Road, Pretoria

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

P.O. Box 283, 0020

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

CERTIFICATE OF ANALYSES

X-RAY DIFFRACTION

Date received: 2013-09-23

Project number: 1000

Report number: 42099

Date completed: 2013-10-22
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Africa
Facsimile: 011 789 9498

Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com

Cell: 076 076 9443

Composition (%) [s]
OBW1 OBW?2 IBW1
18735 18736 18737
Mineral (VﬁeTg%l:rl;)) Error Mineral (VﬁeTg%l:rl;)) Error Mineral (VﬁeTg%l:rl;)) Error
Calcite 6.58 0.42 | Calcite 0.07 0.17 | Calcite 0.31 0.23
Dolomite 0 0 Dolomite 0 0 Dolomite 0.68 0.36
Hematite 0.61 0.18 Hematite 0.49 0.26 | Hematite 0.47 0.23
Kaolinite 26.79 0.6 Kaolinite 30.53 0.66 | Kaolinite 38.43 0.78
Microcline 2.22 0.63 Microcline 2.19 0.63 || Microcline 5.66 0.45
Muscovite 5.63 0.42 Muscovite 8.07 0.45 | Muscovite 6.14 0.51
Pyrite 0.09 0.13 Pyrite 0.19 0.18 | Pyrite 0.13 0.1
Quartz 58.08 0.81 Quartz 58.45 0.81 | Quartz 44.98 0.84
Siderite 0 0 Siderite 0 0 Siderite 3.19 0.45
Composition (%) [s]
IBW2 TRP2 PLP1
18738 18739 18740
Mineral (VﬁeTg%l:rl;)) Error Mineral (VﬁeTg%l:rl;)) Error Mineral (VﬁeTg%l:rl;)) Error
Calcite 0 0 Calcite 2.91 0.3 | Calcite 0.38 0.42
Dolomite 0.91 0.33 Dolomite 0.18 0.14 || Dolomite 0 0
Hematite 0.29 0.23 Hematite 0.27 0.22 | Hematite 0.64 0.29
Kaolinite 39.93 0.81 Kaolinite 48.29 0.81 || Kaolinite 56.14 1.14
Microcline 7.21 0.87 Microcline 2.23 0.87 | Microcline 3.32 1.14
Muscovite 8.12 0.48 Muscovite 4.95 0.48 | Muscovite 7.23 0.63
Pyrite 0.3 0.17 Pyrite 0.24 0.22 | Pyrite 0.31 0.26
Quartz 32.13 0.72 Quartz 40.89 0.75 | Quartz 31.98 0.9
Siderite 11.12 0.51 Siderite 0.04 0.11 | Siderite 0 0

[s] Results obtained from sub-contracted laboratory

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd.
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Persequor Techno Park,
Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

WATERLAB

WATERLAB (PTY) LTD

‘ Building D, The Woods, Telephone: +2712 — 349 — 1066

Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

CERTIFICATE OF ANALYSES

X-RAY DIFFRACTION

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date completed: 2013-10-22
Order number: ANG2137

Client name: Digby Wells Environmetal
Address: Private Bag X10046, Randberg, 2125, South Africa

Facsimile: 011 789 9498

Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Note:

The material was prepared for XRD analysis using a backloading preparation method.
It was analysed with a PANalytical Empyrean diffractometer with PIXcel detector and fixed slits with Fe filtered
Co-Ka radiation. The phases were identified using X'Pert Highscore plus software.

The relative phase amounts (weight%) were estimated using the Rietveld method.
Errors are on the 3 sigma level in the column to the right of the amount (in weight per cent).

Comment:

* In case the results do not correspond to results of other analytical techniques, please let me know for

further fine tuning of XRD results.

» Mineral names may not reflect the actual compositions of minerals identified, but rather the mineral group

(i.e “Muscovite” would represent the mineral group “Mica”)

» Errors reported for phases occurring in minor amounts are sometimes larger than that of the quantity

reported, indicating the possible absence of those phases.

» Due to preferred orientation effects results may not be as accurate as shown in the table and the clay

minerals might be slightly overestimated.

Amorphous phases, if present, were not taken into account in the quantification.

Ideal Mineral compositions:

Calcite
Dolomite
Kaolinite
Microcline
Muscovite
Pyrite
Quartz
Hematite
Siderite

CaCOo3
CaMg(C03)2

Al2 Si2 O5 (OH)4
KAISi308

KAI3Si3010 ( OH )2
FeS2

Sio2
Fe203
FeCO3

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of

WATERLAB (Pty) Ltd.
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WATERLAB (PTY) LTD
Building D, The Woods,
Persequor Techno Park,
Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

WATERLAB CERTIFICATE OF ANALYSES

ACID — BASE ACCOUNTING
EPA-600 MODIFIED SOBEK METHOD

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

Date received: 2013-09-23
Project number: 1000

Date co mpleted: 2013-10-23

Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal
Address: Private Bag X10046, Randberg, 2125, South Afr  ica
Facsimile: 011 789 9498 Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Acid — Base Accounting Sample Identification

Modified Sobek (EPA-600) PMB PMA PLC PLB PLA
Sample Number 18729 18730 18731 18732 18733
Paste pH 7.7 7.6 7.8 7.8 7.9
Total Sulphur (%) (LECO) 0.26 0.72 0.23 0.27 0.47
Acid Potential (AP) (kg/t) 8.13 22.50 7.19 8.44 14.69
Neutralization Potential (NP) -5.50 -3.75 12.75 8.75 2.50
Nett Neutralization Potential (NNP) -13.63 -26.25 5.56 0.31 -12.19
Neutralising Potential Ratio (NPR) (NP : AP) 0.68 0.17 1.77 1.04 0.17
Rock Type I I 1 Il I

Acid — Base Accounting Sample Identification

Modified Sobek (EPA-600) Composite | OBW1 OBW2 IBW1 IBW1
Sample Number 18734 18735 18736 18737 18737D
Paste pH 7.8 7.9 8.1 8.1 8.0
Total Sulphur (%) (LECO) 0.65 <0.01 0.01 0.15 0.12
Acid Potential (AP) (kg/t) 20.31 0.31 0.31 4.69 3.75
Neutralization Potential (NP) 3.00 27.00 -10.75 3.00 2.50
Nett Neutralization Potential (NNP) -17.31 26.69 -11.06 -1.69 -1.25
Neutralising Potential Ratio (NPR) (NP : AP) 0.15 86.40 34.40 0.64 0.67
Rock Type I i Il Il ]
E. Botha

Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd . Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd .
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WATERLAB (PTY) LTD

Building D, The Woods, Telephone: +2712 — 349 — 1066
Persequor Techno Park, Facsimile: +2712 — 349 — 2064
Meiring Naudé Road, Pretoria Email: accounts@waterlab.co.za
P.O. Box 283, 0020

WATERLAB CERTIFICATE OF ANALYSES

ACID — BASE ACCOUNTING
EPA-600 MODIFIED SOBEK METHOD

Date received: 2013-09-23 Date co mpleted: 2013-10-23
Project number: 1000 Report number: 42099 Order number: ANG2137
Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Address: Private Bag X10046, Randberg, 2125, South Afr  ica Email: andre.van.coller@digbywells.com
Facsimile: 011 789 9498 Telephone: 011 789 9495 Cell: 076 076 9443

Acid — Base Accounting Sample Identification

Modified Sobek (EPA-600) IBW2 TRP?2 PLP1
Sample Number 18738 18739 18740
Paste pH 8.0 7.5 7.8
Total Sulphur (%) (LECO) 0.37 0.10 0.35
Acid Potential (AP) (kg/t) 11.56 3.13 10.94
Neutralization Potential (NP) 5.25 1.50 -12.00
Nett Neutralization Potential (NNP) -6.31 -1.63 -22.94
Neutralising Potential Ratio (NPR) (NP : AP) 0.45 0.48 1.10
Rock Type I Il Il

* Negative NP values are obtained when the volume of  NaOH (0.1N) titrated (pH: 8.3) is greater than the  volume of
HCI (1N) to reduce the pH of the sample to 2.0 — 2. 5 Any negative NP values are corrected to 0.00.

Please refer to Appendix (p.2) for a Terminology of terms and guidelines for rock classification

E. Botha
Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd . Any further use of the above information is
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ACID — BASE ACCOUNTING
EPA-600 MODIFIED SOBEK METHOD
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Project number: 1000 Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal Contact person: Andre Van Coller
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APPENDIX : TERMINOLOGY AND ROCK CLASSIFICATION

TERMINOLOGY (SYNONYMS)

» Acid Potential (AP) ; Synonyms: Maximum Potential Acidity (MPA)
Method : Total S(%) (Leco Analyzer) x 31.25

» Neutralization Potential (NP) ; Synonyms: Gross Neutralization Potential (GNP) ; Syn: Acid Neutralization Capacity
(ANC) (The capacity of a sample to consume acid)
Method : Fizz Test ; Acid-Base Titration (Sobek & Modified Sobek (Lawrence) Methods)

» Nett Neutralization Potential (NNP) ; Synonyms: Nett Acid Production Potential (NAPP)
Calculation: NNP = NP — AP ; NAPP = ANC — MPA

» Neutralising Potential Ratio (NPR)
Calculation: NPR = NP : AP

CLASSIFICATION ACCORDING TO NETT NEUTRALISING POTENTIAL (N NP)

If NNP (NP — AP) < 0, the sample has the potential to generate acid
If NNP (NP — AP) > 0, the sample has the potential to neutralise acid produced

Any sample with NNP < 20 is potentiall acid-generating, and any sample with NNP > -20 might not generate acid (Usher et
al., 2003)

ROCK CLASSIFICATION

TYPE | Potentially Acid Forming Total S(%) > 0.25% and NP:AP ratio 1:1 or less

TYPE I Intermediate Total S(%) > 0.25% and NP:AP ratio 1:3 or less

TYPE Il Non-Acid Forming Total S(%) < 0.25% and NP:AP ratio 1:3 or greater
E. Botha

Geochemistry Project Manager
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CERTIFICATE OF ANALYSES

ACID — BASE ACCOUNTING
EPA-600 MODIFIED SOBEK METHOD

Date received: 2013-09-23

Project number: 1000

Date co mpleted: 2013-10-23

Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal
Address: Private Bag X10046, Randberg, 2125, South Afr  ica Email: andre.van.coller@digbywells.com

Facsimile: 011 789 9498

Contact person: Andre Van Coller

Telephone: 011 789 9495 Cell: 076 076 9443

CLASSIFICATION ACCORDING TO NEUTRALISING POTENTIAL RATIO (NPR)

Guidelines for screening criteria based on ABA (Price et al., 1997 ; Usher et al., 2003)

Initial NPR Screening
Potential for ARD Comments
Criteria
Likely <11 Likely AMD generating
Possibly 1:1-2:1 Possibly AMD generating if NP is insufficiently reactive or is depleted at
a faster rate than sulphides
Low 2:1-41 Not potentially AMD generating unless significant preferential exposure
of sulphides along fracture planes, or extremely reactive sulphides in
combination with insufficiently reactive NP
None >4:1 No further AMD testing required unless materials are to be used as a
source of alkalinity

CLASSIFICATION ACCORDING TO SULPHUR CONTENT (%S) AND NEUTR ALISING POTENTIAL RATIO (NPR)

For sustainable long-term acid generation, at least 0.3% Sulphide-S is needed. Values below this can yield acidity but it is
likely to be only of short-term significance. From these facts, and using the NPR values, a number of rules can be derived:

1) Samples with less than 0.3% Sulphide-S are regarded as having insufficient oxidisable Sulphide-S to sustain acid
generation.

2) NPR ratios of >4:1 are considered to have enough neutralising capacity.

3) NPR ratios of 3:1 to 1:1 are consider inconclusive.

4) NPR ratios below 1:1 with Sulphide-S above 3% are potentially acid-generating. (Soregaroli & Lawrence, 1998 ;

Usher et al., 2003)

E. Botha

Geochemistry Project Manager
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ACID — BASE ACCOUNTING
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Project number: 1000 Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Address: Private Bag X10046, Randberg, 2125, South Afr  ica Email: andre.van.coller@digbywells.com
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WATERLAB

CERTIFICATE OF ANALYSES
NETT ACID GENERATION

Date received: 2013-09-23
Project number: 1000

Date completed: 2013-10-23

Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal
Address: Private Bag X10046, Randberg, 2125, South Africa
Facsimile: 011 789 9498 Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Sample Identification: pH 4.5
Nett Acid Generation
PMB PMA PLC PLB PLA
Sample Number 18729 18730 18731 18732 18733
NAG pH: (H20,) 4.8 4.3 5.6 4.3 5.9
NAG (kg H2SOa4/ t) <0.01 0.392 <0.01 1.37 <0.01
Sample Identification: pH 7
Nett Acid Generation
PMB PMA PLC PLB PLA
Sample Number 18729 18730 18731 18732 18733
NAG pH: (H20,) 4.8 4.5 5.6 4.5 5.9
NAG (kg H2SO4/ 1) 12 10 2.35 22 0.588
Sample Identification: pH 4.5
Nett Acid Generation
Composite OBW1 OBW?2 IBW1 IBW1
Sample Number 18734 18735 18736 18737 18737D
NAG pH: (H20,) 34 9.4 7.5 7.9 7.8
NAG (kg H2SO4/ 1) 2.55 <0.01 <0.01 <0.01 <0.01
Sample Identification: pH 7
Nett Acid Generation
Composite oBwW1 oBW?2 IBW1 IBW1
Sample Number 18734 18735 18736 18737 18737D
NAG pH: (H20,) 4.6 9.4 7.5 7.9 7.8
NAG (kg H2SO4/ 1) 14 <0.01 <0.01 <0.01 <0.01

E. Botha
Geochemistry Project Manager
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WATERLAB CERTIFICATE OF ANALYSES

NETT ACID GENERATION

Date received: 2013-09-23 Date completed: 2013-10-23

Project number: 1000 Report number: 42099 Order number: ANG2137

Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Address: Private Bag X10046, Randberg, 2125, South Africa Email: andre.van.coller@digbywells.com
Facsimile: 011 789 9498 Telephone: 011 789 9495 Cell: 076 076 9443

Sample Identification: pH 4.5

Nett Acid Generation
IBW2 TRP2 PLP1 PLP1
Sample Number 18738 18739 18740 18740D
NAG pH: (H202) 7.6 7.9 3.2 3.1
NAG (kg H2SO4/ t) <0.01 <0.01 3.72 3.92

Sample Identification: pH 7

Nett Acid Generation
IBW2 TRP2 PLP1 PLP1
Sample Number 18738 18739 18740 18740D
NAG pH: (H20>) 7.6 7.9 4.5 4.6
NAG (kg H2SOa4/ t) <0.01 <0.01 6.47 6.27

E. Botha
Geochemistry Project Manager
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not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd.

Page 2 of 2



0

WATERLAB

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,
Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

TCLP / ACID RAIN / DISTILLED WATER EXTRACTIONS

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date com pleted: 2013-10-30
Order number: ANG2137

Client name: Digby Wells Environmetal
Address: Private Bag X10046, Randberg, 2125, South Afr ica

Facsimile: 011 789 9498

Telephone: 011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Analyses

Sample Identification

PMB

PMA

Sample number

18729

18730

TCLP / Acid Rain / Distilled Water / H ,0, Distilled Water Distilled Water

Dry Mass Used (g) 250 250

Volume Used (m £) 1000 1000

pH Value at 25°C 7.6 7.8

Electrical Conductivity in mS/m at 25°C 215 22.4

Units mg/€ mg/kg mg/ € mg/kg
Alkalinity as CaCO 3 40 160 64 256
Chloride as ClI <5 <20 <5 <20
Sulphate as SO 4 54 216 43 172
Nitrate as N <0.2 <0.8 <0.2 <0.8
Fluoride as F 1.7 6.8 1.8 7.2
Phosphorus as P <0.025 <0.100 <0.025 <0.100

ICP-MS Quant [s]

See attached report 42099

See attached report 42099

[s] Subcontracted

Analyses

Sample Identification

ANG 2137

Sample number

18729-18740

Acid Base Accounting

See attached report 42099 ABA

Net Acid Generation

See attached report 42099 NAG

X-ray Diffraction [s]

See attached report 42099 XRD

X-ray Fluorescence [s]

See attached report 42099 XRF

E. Botha
Geochemistry Project Manager
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WATERLAB

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

TCLP / ACID RAIN / DISTILLED WATER EXTRACTIONS

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date com pleted: 2013-10-30
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Afr
Telephone:

Facsimile: 011 789 9498

ica
011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Analyses

Sample Identification

PLC

PLB

Sample number

18731

18732

TCLP / Acid Rain / Distilled Water / H ,0,

Distilled Water

Distilled Water

Dry Mass Used (g) 250 250

Volume Used (m £) 1000 1000

pH Value at 25°C 8.3 8.2

Electrical Conductivity in mS/m at 25°C 15.9 13.9

Units mg/€ mg/kg mg/ € mg/kg
Alkalinity as CaCO 3 60 240 60 240
Chloride as ClI <5 <20 <5 <20
Sulphate as SO 4 7 28 7 28
Nitrate as N <0.2 <0.8 <0.2 <0.8
Fluoride as F 2.1 8.4 13 52
Phosphorus as P <0.025 <0.100 <0.025 <0.100

ICP-MS Quant [s]

See attached report 42099

See attached report 42099

E. Botha
Geochemistry Project Manager
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WATERLAB

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

TCLP / ACID RAIN / DISTILLED WATER EXTRACTIONS

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date com pleted: 2013-10-30
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Afr
Telephone:

Facsimile: 011 789 9498

ica
011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Analyses

Sample Identification

PLA

Composite

Sample number

18733

18734

TCLP / Acid Rain / Distilled Water / H ,0,

Distilled Water

Distilled Water

Dry Mass Used (g) 250 250

Volume Used (m £) 1000 1000

pH Value at 25°C 8.2 8.2

Electrical Conductivity in mS/m at 25°C 19.7 215

Units mg/€ mg/kg mg/ € mg/kg
Alkalinity as CaCO 3 68 272 68 272
Chloride as ClI <5 <20 <5 <20
Sulphate as SO 4 28 112 27 108
Nitrate as N <0.2 <0.8 <0.2 <0.8
Fluoride as F 15 6.0 2.4 9.6
Phosphorus as P <0.025 <0.100 <0.025 <0.100

ICP-MS Quant [s]

See attached report 42099

See attached report 42099

E. Botha
Geochemistry Project Manager
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WATERLAB

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

TCLP / ACID RAIN / DISTILLED WATER EXTRACTIONS

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date com pleted: 2013-10-30
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Afr
Telephone:

Facsimile: 011 789 9498

ica
011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Analyses

Sample Identification

OBW1

OBW2

Sample number

18735

18736

TCLP / Acid Rain / Distilled Water / H ,0,

Distilled Water

Distilled Water

Dry Mass Used (g) 250 250

Volume Used (m £) 1000 1000

pH Value at 25°C 8.2 7.7

Electrical Conductivity in mS/m at 25°C 17.6 9.5

Units mg/€ mg/kg mg/ € mg/kg
Alkalinity as CaCO 3 56 224 48 192
Chloride as ClI 11 44 <5 <20
Sulphate as SO 4 7 28 15 60
Nitrate as N 0.3 1.2 <0.2 <0.8
Fluoride as F 1.2 4.8 0.7 2.8
Phosphorus as P <0.025 <0.100 <0.025 <0.100

ICP-MS Quant [s]

See attached report 42099

See attached report 42099

E. Botha
Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd . Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of

WATERLAB (Pty) Ltd .

Page 4 of 6




AU

WATERLAB
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Email: accounts@waterlab.co.za

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

TCLP / ACID RAIN / DISTILLED WATER EXTRACTIONS

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date com pleted: 2013-10-30
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Afr
Telephone:

Facsimile: 011 789 9498

ica
011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Analyses

Sample Identification

IBW1

IBW2

Sample number

18737

18738

TCLP / Acid Rain / Distilled Water / H ,0,

Distilled Water

Distilled Water

Dry Mass Used (g) 250 250

Volume Used (m £) 1000 1000

pH Value at 25°C 8.3 8.3

Electrical Conductivity in mS/m at 25°C 25.9 28.6

Units mg/€ mg/kg mg/ € mg/kg
Alkalinity as CaCO 3 96 384 104 416
Chloride as ClI 9 36 12 48
Sulphate as SO 4 19 76 23 92
Nitrate as N <0.2 <0.8 <0.2 0.8
Fluoride as F 0.9 3.6 15 6.0
Phosphorus as P <0.025 <0.100 <0.025 <0.100

ICP-MS Quant [s]

See attached report 42099

See attached report 42099

E. Botha
Geochemistry Project Manager
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WATERLAB

Telephone: +2712 — 349 — 1066
Facsimile: +2712 — 349 — 2064
Email: accounts@waterlab.co.za

WATERLAB (PTY) LTD

Building D, The Woods,
Persequor Techno Park,

Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

CERTIFICATE OF ANALYSES

TCLP / ACID RAIN / DISTILLED WATER EXTRACTIONS

Date received: 2013-09-23
Project number: 1000

Report number: 42099

Date com pleted: 2013-10-30
Order number: ANG2137

Client name: Digby Wells Environmetal

Address: Private Bag X10046, Randberg, 2125, South Afr
Telephone:

Facsimile: 011 789 9498

ica
011 789 9495

Contact person: Andre Van Coller
Email: andre.van.coller@digbywells.com
Cell: 076 076 9443

Analyses

Sample Identification

TRP2

PLP1

Sample number

18739

18740

TCLP / Acid Rain / Distilled Water / H ,0,

Distilled Water

Distilled Water

Dry Mass Used (g) 250 250

Volume Used (m £) 1000 1000

pH Value at 25°C 8.1 4.7

Electrical Conductivity in mS/m at 25°C 31.9 27.9

Units mg/€ mg/kg mg/ € mg/kg
Alkalinity as CaCO 3 76 304 <5 <20
Chloride as ClI <5 <20 <5 <20
Sulphate as SO 4 80 320 118 472
Nitrate as N <0.2 <0.8 <0.2 <0.8
Fluoride as F 1.3 5.2 0.3 1.2
Phosphorus as P <0.025 <0.100 <0.025 <0.100

ICP-MS Quant [s]

See attached report 42099

See attached report 42099

[s] Subcontracted

E. Botha
Geochemistry Project Manager
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WATERLAB (PTY) LTD
CERTIFICATE OF ANALYSES

ICP-MS QUANTITATIVE ANALYSIS [s]

Date received:
Project number:

23/09/2013
1000

Date Completed:
Report number:

30/10/2013
42099

Client name: Digby Wells Environmetal Contact person: Andre Van Coller
Adress: Private Bag X10046, Randberg, 2125, South Africa Email: andre.van.coller@digbywells.com
Telephone: Telephone: 011 789 9495 Cell: 076 076 9443
Extract Sample Dry Mass (g)| _ Volume (ml) Factor [s]= Results obtained form subcontracted laboratory
Distilled Water 250 1000 4
Sample Id Sample Number Ag Ag Al Al As As
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.001 <0.004 0.148 0.590 0.003 0.012
PMA 18730 <0.001 <0.004 0.043 0.173 0.004 0.016
PLC 18731 <0.001 <0.004 0.200 0.800 0.009 0.036
PLB 18732 0.001 0.004 0.036 0.143 0.001 0.004
PLA 18733 <0.001 <0.004 0.010 0.038 0.003 0.012
Composite 18734 <0.001 <0.004 0.139 0.555 0.008 0.032
OBW1 18735 <0.001 <0.004 0.031 0.122 0.007 0.028
OBW?2 18736 <0.001 <0.004 4.80 19 0.003 0.012
IBW1 18737 <0.001 <0.004 5.73 23 0.004 0.016
IBW2 18738 <0.001 <0.004 0.248 0.993 0.003 0.012
TRP2 18739 <0.001 <0.004 0.021 0.085 0.005 0.020
PLP1 18740 <0.001 <0.004 0.443 1.77 0.002 0.008
Sample Id Sample Number Au Au B B Ba Ba
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 0.001 0.004 0.157 0.626 0.064 0.257
PMA 18730 0.001 0.004 0.249 0.997 0.154 0.617
PLC 18731 <0.001 <0.004 0.245 0.982 0.123 0.491
PLB 18732 <0.001 <0.004 0.172 0.689 0.108 0.432
PLA 18733 <0.001 <0.004 1.04 4.14 0.055 0.221
Composite 18734 <0.001 <0.004 0.273 1.09 0.083 0.332
OBW1 18735 <0.001 <0.004 0.021 0.084 0.318 1.270
OBW?2 18736 <0.001 <0.004 0.020 0.081 0.247 0.986
IBW1 18737 0.001 0.004 0.026 0.106 0.241 0.966
IBW2 18738 0.001 0.004 0.025 0.099 0.180 0.719
TRP2 18739 <0.001 <0.004 0.036 0.143 0.091 0.365
PLP1 18740 <0.001 <0.004 0.048 0.193 0.070 0.279
Sample Id Sample Number Be Be Bi Bi Ca Ca
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.001 <0.004 <0.01 <0.04
PMB 18729 <0.001 <0.004 <0.001 <0.004 16.2 65
PMA 18730 <0.001 <0.004 <0.001 <0.004 215 86
PLC 18731 <0.001 <0.004 <0.001 <0.004 14.2 57
PLB 18732 <0.001 <0.004 <0.001 <0.004 13.6 54
PLA 18733 <0.001 <0.004 <0.001 <0.004 19.4 78
Composite 18734 <0.001 <0.004 <0.001 <0.004 17.4 70
OBW1 18735 <0.001 <0.004 <0.001 <0.004 12.9 52
OBW?2 18736 0.001 0.004 <0.001 <0.004 4.87 19
IBW1 18737 <0.001 <0.004 <0.001 <0.004 8.2 33
IBW2 18738 <0.001 <0.004 <0.001 <0.004 9.96 40
TRP2 18739 <0.001 <0.004 <0.001 <0.004 41 164
PLP1 18740 0.002 0.008 <0.001 <0.004 21.8 87
Sample Id Sample Number Cd Cd Ce Ce Co Co
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.0001 <0.0004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.0001 <0.0004 <0.001 <0.004 <0.001 <0.004
PMA 18730 0.0001 0.0004 <0.001 <0.004 <0.001 <0.004
PLC 18731 0.0001 0.0004 0.001 0.004 0.001 0.004
PLB 18732 0.0001 0.0004 <0.001 <0.004 <0.001 <0.004
PLA 18733 <0.0001 <0.0004 <0.001 <0.004 <0.001 <0.004
Composite 18734 0.0001 0.0004 <0.001 <0.004 <0.001 <0.004
OBW1 18735 0.0001 0.0004 <0.001 <0.004 <0.001 <0.004
OBW?2 18736 <0.0001 <0.0004 0.010 0.038 <0.001 <0.004
IBW1 18737 0.0001 0.0004 0.003 0.012 0.001 0.004
IBW2 18738 0.0001 0.0004 <0.001 <0.004 <0.001 <0.004
TRP2 18739 <0.0001 <0.0004 <0.001 <0.004 0.010 0.041
PLP1 18740 0.0008 0.0032 <0.001 <0.004 0.833 3.33
|| Sample Id Sample Number Cr Cr Cs Cs Cu Cu I



mg/| mg/kg mg/| mg/kg mg/| mg/kg
Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMA 18730 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PLC 18731 0.002 0.008 <0.001 <0.004 0.005 0.020
PLB 18732 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PLA 18733 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
Composite 18734 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
OBW1 18735 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
OBW?2 18736 0.005 0.020 0.001 0.004 <0.001 <0.004
1IBW1 18737 0.018 0.072 0.001 0.004 <0.001 <0.004
IBW2 18738 <0.001 <0.004 0.001 0.004 <0.001 <0.004
TRP2 18739 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PLP1 18740 <0.001 <0.004 0.001 0.004 0.071 0.284
Sample Id Sample Number Fe Fe Ga Ga Ge Ge
mg/| mg/kg mg/| mg/kg mg/| mg/kg
Det Limit <0.01 <0.04 <0.001 <0.004 <0.001 <0.004
PMB 18729 0.067 0.267 <0.001 <0.004 <0.001 <0.004
PMA 18730 0.065 0.258 <0.001 <0.004 <0.001 <0.004
PLC 18731 0.150 0.600 <0.001 <0.004 <0.001 <0.004
PLB 18732 0.072 0.287 <0.001 <0.004 <0.001 <0.004
PLA 18733 0.049 0.197 <0.001 <0.004 <0.001 <0.004
Composite 18734 0.054 0.217 <0.001 <0.004 <0.001 <0.004
OBW1 18735 0.043 0.174 <0.001 <0.004 <0.001 <0.004
OBW2 18736 2.190 8.76 0.002 0.008 <0.001 <0.004
1IBW1 18737 0.636 2.54 0.002 0.008 <0.001 <0.004
IBW2 18738 0.105 0.422 <0.001 <0.004 <0.001 <0.004
TRP2 18739 0.027 0.109 <0.001 <0.004 <0.001 <0.004
PLP1 18740 0.448 1.79 <0.001 <0.004 <0.001 <0.004




Sample Id Sample Number Hf Hf Hg Hg Ho Ho
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
PMB 18729 <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
PMA 18730 <0.001 <0.004 0.0002 0.0008 <0.001 <0.004
PLC 18731 <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
PLB 18732 <0.001 <0.004 0.0001 0.0004 <0.001 <0.004
PLA 18733 <0.001 <0.004 0.0002 0.0008 <0.001 <0.004
Composite 18734 <0.001 <0.004 0.0001 0.0004 <0.001 <0.004
OBW1 18735 <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
OBW?2 18736 <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
IBW1 18737 <0.001 <0.004 0.0001 0.0004 <0.001 <0.004
IBW2 18738 <0.001 <0.004 0.0002 0.0008 <0.001 <0.004
TRP2 18739 <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
PLP1 18740 <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
Sample Id Sample Number Ir Ir K K La La
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.01 <0.04 <0.001 <0.004
PMB 18729 <0.001 <0.004 8.83 35 <0.001 <0.004
PMA 18730 <0.001 <0.004 7.81 31 <0.001 <0.004
PLC 18731 <0.001 <0.004 5.66 23 <0.001 <0.004
PLB 18732 <0.001 <0.004 4.87 19 <0.001 <0.004
PLA 18733 <0.001 <0.004 5.79 23 <0.001 <0.004
Composite 18734 <0.001 <0.004 9.58 38 <0.001 <0.004
OBW1 18735 <0.001 <0.004 5.87 23 <0.001 <0.004
OBW?2 18736 <0.001 <0.004 10.99 44 <0.001 <0.004
IBW1 18737 <0.001 <0.004 6.77 27 0.002 0.008
IBW2 18738 <0.001 <0.004 6.82 27 <0.001 <0.004
TRP2 18739 <0.001 <0.004 5.49 22 <0.001 <0.004
PLP1 18740 <0.001 <0.004 5.39 22 <0.001 <0.004
Sample Id Sample Number Li Li Mg Mg Mn Mn
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.01 <0.04 <0.001 <0.004
PMB 18729 0.010 0.040 6.41 26 0.080 0.320
PMA 18730 <0.001 <0.004 7.42 30 0.030 0.120
PLC 18731 <0.001 <0.004 4.91 20 0.040 0.160
PLB 18732 <0.001 <0.004 4.24 17 0.020 0.080
PLA 18733 0.010 0.040 6.27 25 0.030 0.120
Composite 18734 <0.001 <0.004 5.69 23 0.030 0.120
OBW1 18735 <0.001 <0.004 5.62 22 0.020 0.080
OBW?2 18736 0.010 0.040 2.86 11 0.070 0.280
IBW1 18737 <0.001 <0.004 2.63 11 0.030 0.120
IBW2 18738 0.010 0.040 3.62 14 0.020 0.080
TRP2 18739 0.020 0.080 8.65 35 0.090 0.360
PLP1 18740 0.070 0.280 10.3 41 0.440 1.76
Sample Id Sample Number Mo Mo Na Na Nb Nb
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 0.004 0.015 10.4 42 <0.001 <0.004
PMA 18730 0.005 0.022 9.4 37 <0.001 <0.004
PLC 18731 0.011 0.045 8.2 33 <0.001 <0.004
PLB 18732 0.007 0.027 7.1 29 <0.001 <0.004
PLA 18733 0.015 0.059 9.2 37 <0.001 <0.004
Composite 18734 0.013 0.051 13.4 54 <0.001 <0.004
OBW1 18735 0.001 0.006 12.2 49 <0.001 <0.004
OBW?2 18736 0.002 0.006 6.1 24 0.001 0.004
IBW1 18737 0.076 0.304 40.6 162 0.001 0.004
IBW2 18738 0.065 0.262 41.4 166 <0.001 <0.004
TRP2 18739 0.073 0.292 7.4 29 <0.001 <0.004
PLP1 18740 0.002 0.010 6.9 27 <0.001 <0.004
Sample Id Sample Number Nd Nd Ni Ni Pb Pb
mg/l mg/kg mg/l mg/kg mg/l mg/kg
Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMA 18730 <0.001 <0.004 0.012 0.049 <0.001 <0.004
PLC 18731 <0.001 <0.004 0.004 0.015 0.001 0.004
PLB 18732 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PLA 18733 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
Composite 18734 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
OBW1 18735 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
OBW?2 18736 0.007 0.028 <0.001 <0.004 0.006 0.025
IBW1 18737 0.001 0.004 <0.001 <0.004 0.002 0.008
IBW2 18738 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
TRP2 18739 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PLP1 18740 <0.001 <0.004 1.66 6.66 0.002 0.007
Sample Id Sample Number Pt Pt Rb Rb Sb Sh
mg/l mg/kg mg/l mg/kg mg/l mg/kg




Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.001 <0.004 0.009 0.036 0.001 0.004
PMA 18730 <0.001 <0.004 0.008 0.033 0.001 0.004
PLC 18731 <0.001 <0.004 0.007 0.027 0.001 0.004
PLB 18732 <0.001 <0.004 0.006 0.024 0.001 0.004
PLA 18733 <0.001 <0.004 0.008 0.031 0.001 0.004
Composite 18734 <0.001 <0.004 0.008 0.033 0.001 0.004
OBW1 18735 <0.001 <0.004 0.003 0.011 0.001 0.004
OBW?2 18736 <0.001 <0.004 0.013 0.051 0.001 0.004
IBW1 18737 <0.001 <0.004 0.012 0.050 0.002 0.008
IBW2 18738 <0.001 <0.004 0.010 0.041 0.002 0.008
TRP2 18739 <0.001 <0.004 0.007 0.030 0.002 0.008
PLP1 18740 <0.001 <0.004 0.010 0.040 <0.001 <0.004

Sample Id Sample Number Sc Sc Se Se Si Si

mg/l mg/kg mg/l mg/kg mg/l mg/kg

Det Limit <0.001 <0.004 <0.001 <0.004 <0.05 <0.200
PMB 18729 0.003 0.012 0.024 0.098 3.73 14.9
PMA 18730 0.002 0.008 <0.001 <0.004 2.49 10.0
PLC 18731 0.002 0.008 0.019 0.077 1.85 7.4
PLB 18732 0.001 0.004 0.048 0.193 1.6 6.4
PLA 18733 0.001 0.004 0.030 0.119 2.08 8.3
Composite 18734 0.002 0.008 0.015 0.061 3.09 12.4
OBW1 18735 0.008 0.032 <0.001 <0.004 9.35 37.4
OBW?2 18736 0.018 0.074 <0.001 <0.004 20.47 81.9
1IBW1 18737 0.010 0.038 0.008 0.033 11.07 44.3
IBW2 18738 0.001 0.004 0.019 0.076 2.21 8.8
TRP2 18739 0.002 0.008 0.034 0.136 3.53 14.1
PLP1 18740 0.005 0.020 0.013 0.052 6.62 26.5

Sample Id Sample Number Sn Sn Sr Sr Ta Ta

mg/l mg/kg mg/l mg/kg mg/l mg/kg

Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.001 <0.004 0.086 0.344 <0.001 <0.004
PMA 18730 <0.001 <0.004 0.093 0.371 <0.001 <0.004
PLC 18731 <0.001 <0.004 0.071 0.284 <0.001 <0.004
PLB 18732 <0.001 <0.004 0.050 0.201 <0.001 <0.004
PLA 18733 <0.001 <0.004 0.082 0.328 <0.001 <0.004
Composite 18734 <0.001 <0.004 0.100 0.400 <0.001 <0.004
OBW1 18735 <0.001 <0.004 0.110 0.441 <0.001 <0.004
OBW?2 18736 <0.001 <0.004 0.032 0.127 <0.001 <0.004
IBW1 18737 <0.001 <0.004 0.097 0.388 <0.001 <0.004
IBW2 18738 <0.001 <0.004 0.109 0.437 <0.001 <0.004
TRP2 18739 <0.001 <0.004 0.137 0.549 <0.001 <0.004
PLP1 18740 <0.001 <0.004 0.106 0.423 <0.001 <0.004

Sample Id Sample Number Te Te Th Th Ti Ti

mg/l mg/kg mg/l mg/kg mg/l mg/kg

Det Limit <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
PMB 18729 <0.001 <0.004 <0.0001 <0.0004 0.013 0.051
PMA 18730 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
PLC 18731 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
PLB 18732 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
PLA 18733 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
Composite 18734 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
OBW1 18735 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
OBW?2 18736 <0.001 <0.004 0.0011 0.004 0.196 0.783
IBW1 18737 <0.001 <0.004 0.0007 0.003 0.303 1.21
IBW2 18738 <0.001 <0.004 <0.0001 <0.0004 0.010 0.040
TRP2 18739 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200
PLP1 18740 <0.001 <0.004 <0.0001 <0.0004 <0.05 <0.200

Sample Id Sample Number T Tl U U vV V

mg/l mg/kg mg/l mg/kg mg/l mg/kg

Det Limit <0.001 <0.004 <0.0001 <0.0004 <0.001 <0.004
PMB 18729 <0.001 <0.004 0.0003 0.0012 0.001 0.004
PMA 18730 <0.001 <0.004 0.0007 0.0028 0.002 0.008
PLC 18731 <0.001 <0.004 0.0001 0.0004 0.005 0.020
PLB 18732 <0.001 <0.004 0.0001 0.0004 0.005 0.020
PLA 18733 <0.001 <0.004 0.0003 0.0012 0.005 0.020
Composite 18734 <0.001 <0.004 0.0005 0.0020 0.004 0.016
OBW1 18735 <0.001 <0.004 0.0001 0.0004 0.015 0.060
OBW?2 18736 <0.001 <0.004 0.0004 0.0016 0.016 0.064
IBW1 18737 <0.001 <0.004 0.0005 0.0020 0.017 0.068
IBW2 18738 <0.001 <0.004 0.0002 0.0008 0.001 0.004
TRP2 18739 <0.001 <0.004 0.0006 0.0024 0.004 0.017
PLP1 18740 <0.001 <0.004 0.0005 0.0020 <0.001 <0.004

Sample Id Sample Number W w Y Y Zn Zn

mg/l mg/kg mg/l mg/kg mg/l mg/kg

Det Limit <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PMB 18729 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004




PMA 18730 0.001 0.004 <0.001 <0.004 0.002 0.008
PLC 18731 0.003 0.012 <0.001 <0.004 0.154 0.614
PLB 18732 0.003 0.012 <0.001 <0.004 0.005 0.020
PLA 18733 0.011 0.044 <0.001 <0.004 <0.001 <0.004
Composite 18734 0.001 0.004 <0.001 <0.004 0.002 0.008
OBW1 18735 0.001 0.004 <0.001 <0.004 <0.001 <0.004
OBW?2 18736 <0.001 <0.004 0.003 0.012 0.009 0.036
IBW1 18737 0.001 0.004 0.001 0.004 0.005 0.020
IBW2 18738 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
TRP2 18739 <0.001 <0.004 <0.001 <0.004 <0.001 <0.004
PLP1 18740 <0.001 <0.004 <0.001 <0.004 0.584 2.34
Sample Id Sample Number Zr Zr
mg/| mg/kg
Det Limit <0.001 <0.004
PMB 18729 <0.001 <0.004
PMA 18730 <0.001 <0.004
PLC 18731 <0.001 <0.004
PLB 18732 <0.001 <0.004
PLA 18733 <0.001 <0.004
Composite 18734 <0.001 <0.004
OBW1 18735 <0.001 <0.004
OBW?2 18736 0.007 0.028
IBW1 18737 0.004 0.016
IBW2 18738 <0.001 <0.004
TRP2 18739 <0.001 <0.004
PLP1 18740 <0.001 <0.004
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Dr Sabine Verryn

m: 083 548 0586
f: 086 565 7368
e: sabine.verryn@xrd.co.za

xro~

XRD Analytical and Consulting cc
75 Kafue Street, Lynnwood Glen,

ANALYTICAL & CONSULTING 0081, South Africa
CLIENT: Japie Oberholzer - UIS
DATE: 16 September 2013

SAMPLES: 6 Sample (8168-354784-9)
ANALYSIS: Qualitative and quantitative XRD
The samples were prepared for XRD analysis using a back loading preparation method.

They were analysed with a PANalytical Empyrean diffractometer with PIXcel detector and fixed slits
with Fe filtered Co-Ka radiation.. The phases were identified using X'Pert Highscore plus software.

The relative phase amounts (weight %) were estimated using the Rietveld method. Errors are on the 3
sigma level in the column to the right of the amount (in weight per cent).

Comment:

* In case the results do not correspond to results of other analytical techniques, please let me
know for further fine tuning of XRD results.

» Errors reported for phases occurring in minor amounts are sometimes larger than that of the
guantity reported, indicating the possible absence of those phases.

e Mineral names may not reflect the actual compositions of minerals identified, but rather the
mineral group.

» Due to preferred orientation as well as crystallite size effects, results may not be as accurate
as shown.

e Some organic carbon may be present

If you have any further queries, kindly contact me.

[ C%\/‘Q—vzm .

Dr. Sabine Verryn (Pr.Sci.Nat)

Samples will be stored for 3 months after which they will be discarded.

)

Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the
client agrees that “XRD Analytical and Consulting cc” and/or its staff can only be held liable for the cost of the analysis.

www.xrd.co.za



PMB PMA PLC
Lime 1.43 0.27 Lime 0 0 Lime 0 0
Calcite 43.63 0.87 Calcite 49.79 0.87 Calcite 38.09 0.9
Fluorite 0.07 0.09 Fluorite 0 0 Fluorite 0 0
Hematite 1.87 0.3 Hematite 2.45 0.33 Hematite 3.01 0.36
Kaolinite 3.58 0.75 Kaolinite 11.83 0.87 Kaolinite 15.18 1.29
Muscovite 3.02 0.66 Muscovite 341 0.6 Muscovite 3.56 0.75
Quartz 46.4 0.99 Quartz 32.52 0.93 Quartz 40.16 1.08
PLB PLA Composite

Lime 0 0 Lime 0 0 Lime 0 0
Calcite 37.18 0.81 Calcite 70.75 1.08 Caicite 61.69 0.99
Fluorite 0.26 0.17 Fluorite 0.15 0.16 Fluorite 0.2 0.15
Hematite 2.01 0.3 Hematite 1.18 0.29 Hematite 2.39 0.3
Kaolinite 7.55 0.93 Kaolinite 7.29 0.84 Kaolinite 2.99 0.72
Muscovite 3.36 0.66 Muscovite 2.29 0.63 Muscovite 3.09 0.6
Quartz 49.65 0.9 Quartz 18.33 0.78 Quartz 29.65 0.9
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WATERLAB (PTY) LTD

Building D, The Woods, Telephone: +2712 — 349 — 1066
Persequor Techno Park, Facsimile: +2712 — 349 — 2064
Meiring Naudé Road, Pretoria Email: accounts@waterlab.co.za
P.O. Box 283, 0020

WATERLAB CERTIFICATE OF ANALYSES

ACID — BASE ACCOUNTING
EPA-600 MODIFIED SOBEK METHOD

Date received: 2013-09-06 Date completed: 2013-10-17
Project number: 184 Report number: 41834 Order number: 8168

Client name: UIS Analytical Conta ct person: Japie Oberholzer
Address: P.O. Box 8286, Centurion, 0046 Email: japieo@uis-as.co.za

Tel: 012 665 4291 Facsimile: 012 -665 — 42 94 Cell: 072 488 1001

Acid — Base Accounting Sample Identification

Modified Sobek (EPA-600) PMB PMA PLC PLB
Sample Number 17241 17242 17243 17244
Paste pH 10.5 9.0 8.6 8.4
Total Sulphur (%) (LECO) 0.11 0.17 0.17 0.20
Acid Potential (AP) (kg/t) 3.47 5.16 5.44 6.16
Neutralization Potential (NP) 130 225 88 142
Nett Neutralization Potential (NNP) 127 220 83 136
Neutralising Potential Ratio (NPR) (NP : AP) 37 44 16 23
Rock Type I n n n

Acid — Base Accounting Sample Identification

Modified Sobek (EPA-600) PLA Composite Composite
Sample Number 17245 17246 17246D
Paste pH 9.1 9.1 9.4
Total Sulphur (%) (LECO) 0.18 1.08 111
Acid Potential (AP) (kg/t) 5.72 34 35
Neutralization Potential (NP) 137 159 167
Nett Neutralization Potential (NNP) 131 125 132
Neutralising Potential Ratio (NPR) (NP : AP) 24 4.70 481
Rock Type i Il Il

* Negative NP values are obtained when the volume of ~ NaOH (0.1N) titrated (pH: 8.3) is greater than the  volume of
HCI (1N) to reduce the pH of the sample to 2.0 — 2. 5 Any negative NP values are corrected to 0.00.

Please refer to Appendix (p.2) for a Terminology of terms and guidelines for rock classification

E. Botha
Geochemistry Project Manager

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd . Any further use of the above information is
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of
WATERLAB (Pty) Ltd .
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WATERLAB CERTIFICATE OF ANALYSES

ACID — BASE ACCOUNTING
EPA-600 MODIFIED SOBEK METHOD

Date received: 2013-09-06 Date completed: 2013-10-17
Project number: 184 Report number: 41834 Order number: 8168

Client name: UIS Analytical Conta ct person: Japie Oberholzer
Address: P.O. Box 8286, Centurion, 0046 Email: japieo@uis-as.co.za
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APPENDIX : TERMINOLOGY AND ROCK CLASSIFICATION

TERMINOLOGY (SYNONYMS)

» Acid Potential (AP) ; Synonyms: Maximum Potential Acidity (MPA)
Method : Total S(%) (Leco Analyzer) x 31.25

» Neutralization Potential (NP) ; Synonyms: Gross Neutralization Potential (GNP) ; Syn: Acid Neutralization Capacity
(ANC) (The capacity of a sample to consume acid)
Method : Fizz Test ; Acid-Base Titration (Sobek & Modified Sobek (Lawrence) Methods)

» Nett Neutralization Potential (NNP) ; Synonyms: Nett Acid Production Potential (NAPP)
Calculation: NNP = NP — AP ; NAPP = ANC — MPA

» Neutralising Potential Ratio (NPR)
Calculation: NPR = NP : AP

CLASSIFICATION ACCORDING TO NETT NEUTRALISING POTENTIAL (N NP)

If NNP (NP — AP) < 0, the sample has the potential to generate acid
If NNP (NP — AP) > 0, the sample has the potential to neutralise acid produced

Any sample with NNP < 20 is potentiall acid-generating, and any sample with NNP > -20 might not generate acid (Usher et
al., 2003)

ROCK CLASSIFICATION

TYPE | Potentially Acid Forming Total S(%) > 0.25% and NP:AP ratio 1:1 or less
TYPE I Intermediate Total S(%) > 0.25% and NP:AP ratio 1:3 or less
TYPE Il Non-Acid Forming Total S(%) < 0.25% and NP:AP ratio 1:3 or greater

CLASSIFICATION ACCORDING TO NEUTRALISING POTENTIAL RATIO (NPR)

E. Botha
Geochemistry Project Manager
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Guidelines for screening criteria based on ABA (Price et al., 1997 ; Usher et al., 2003)

Initial NPR Screening

Potential for ARD Comments

Criteria
Likely <11 Likely AMD generating
Possibly 1:1-21 Possibly AMD generating if NP is insufficiently reactive or is depleted at
a faster rate than sulphides
Low 2.1-41 Not potentially AMD generating unless significant preferential exposure

of sulphides along fracture planes, or extremely reactive sulphides in
combination with insufficiently reactive NP

None >4:1 No further AMD testing required unless materials are to be used as a
source of alkalinity

CLASSIFICATION ACCORDING TO SULPHUR CONTENT (%S) AND NEUTR ALISING POTENTIAL RATIO (NPR)

For sustainable long-term acid generation, at least 0.3% Sulphide-S is needed. Values below this can yield acidity but it is
likely to be only of short-term significance. From these facts, and using the NPR values, a number of rules can be

derived:

1) Samples with less than 0.3% Sulphide-S are regarded as having insufficient oxidisable Sulphide-S to sustain acid
generation.

2) NPR ratios of >4:1 are considered to have enough neutralising capacity.

3) NPR ratios of 3:1 to 1:1 are consider inconclusive.

4) NPR ratios below 1:1 with Sulphide-S above 3% are potentially acid-generating. (Soregaroli & Lawrence, 1998 ;

Usher et al., 2003)
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NETT ACID GENERATION

Date received: 2013-09-06

Project number: 184

Report number: 41834

Date completed: 2013-10-17
Order number: 8168

Client name: UIS Analytical
Address: P.O. Box 8286, Centurion, 0046

Tel: 012 665 4291

Facsimile: 012 -665 — 42 94

Conta ct person: Japie Oberholzer
Email: japieo@uis-as.co.za
Cell: 072 488 1001

. Sample Identification: pH 4.5
Nett Acid
Generation PMB PMA PLC PLB PLA . -
Composite |Composite
Sample Number 17241 17242 17243 17244 17245 17246 17 246D
NAG pH: (H20,) 8.6 8.6 8.6 7.8 7.8 8.3 8.3
NAG (kg H,S0,/t) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nett Acid Sample Identification: pH 7
Generation PMB PMA PLC PLB PLA . .
Composite |Composite
Sample Number 17241 17242 17243 17244 17245 17246 17 246D
NAG pH: (H20>) 8.6 8.6 8.6 7.8 7.8 8.3 8.3
NAG (kg H.S0./1) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

E. Botha

Geochemistry Project Manager
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ANALYTICAL REPORT: Coal Mix Samples

No unauthorised copies may be made of this report.

To: Digby Wells & Associates (Pty) Ltd Date of Request 06/08/13 UIS Analytical Services
Attention: Andre van Coller Analytical Chemistry
[ORDER REF: ANG2137 Laboratories 4, 6
Tel: +27 11 789 9495 Fax: (012) 665 4294
Cell: +27 11 789 9495
Certificate of analysis: 8168

Lims Sample Note: all results in parts per million (ppm) unless specified otherwise
ID ID

Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf Hg Ho Ir K La Li Mg Mn M o

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

SPLP LEACH
354784 PMB 0.001 0.062 0.006 0.001 0.319 0.175 <0.001 <0.001 58.2 <0.001 <0.001 0.014 0.001 0.001 0.018 <0.01 <0.001 <0.001 0.000 <0.0001 <0.001 | <0.001 1.35 <0.001 0.016 275 0.003 0.007
354785 PMA 0.001 0.033 0.010 0.001 0.420 0.232 <0.001 <0.001 258 <0.001 | <0.001 | 0.023 0.001 0.001 | 0.016 0.044 <0.001 <0.001 0.000 <0.0001 <0.001 | <0.001 1.97 <0.001 | 0.021 48.6 278 0.005
354786 PLC 0.001 0.045 0.004 0.001 0.336 0.277 <0.001 <0.001 139 <0.001 <0.001 0.014 0.001 0.001 0.011 <0.01 <0.001 <0.001 0.000 <0.0001 <0.001 | <0.001 119 <0.001 0.011 39.3 0.354 0.015
354787 PLB 0.001 0.025 <0.001 0.001 0.229 0.372 <0.001 <0.001 142 <0.001 | <0.001 | 0.014 0.001 0.001 | 0011 <0.01 <0.001 0.001 0.000 <0.0001 <0.001 | <0.001 1.59 <0.001 | 0.021 29.4 0.457 | 0.006
354788 PLA 0.001 0.085 0.003 <0.001 0.329 0.349 <0.001 <0.001 317 <0.001 | 0.001 0.022 <0.001 0.001 | 0.010 0.025 <0.001 0.001 0.000 <0.0001 <0.001 | <0.001 2.13 0.001 | 0.053 45.2 2.29 0.006
354789 Composite 0.001 0.023 0.001 0.001 0.584 0.160 <0.001 <0.001 252 <0.001 | <0.001 | 0.017 <0.001 0.001 | 0011 0.023 <0.001 <0.001 0.000 <0.0001 <0.001 | <0.001 3.19 <0.001 | 0.019 50.8 1.87 0.008
Sum of
pH pH Temp TDS TDS by Sum Susp. Sol. P Ak. M Alk. F Cl NO2 Br NO3 NO3as N PO4 SO4 Conducti Sum of Cat Ani lon Balance NH4
Deg C mg/l mg/l mg/l mg/l CaCO3 | mg/l CaCO3 mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mS/m mell mell % mg/l
SPLP LEACH

354784 PMB 8.85 246 278 265 NA 10 93 27 12 <0.2 <0.2 <0.2 <0.2 <0.2 74 27 5.3 6.34 -8.94 NA
354785 PMA 711 25.1 868 855 NA 0.0 609.2 19 2.6 <0.2 <0.2 <0.2 <0.2 <0.2 147 117 17.2 15.35 5.56 NA
354786 PLC 7.85 253 584 543 NA 0.0 3422 28 2.0 <0.2 <0.2 <0.2 <0.2 <0.2 124 72 103 1053 -0.90 NA
354787 PLB 7.67 254 514 493 NA 0.0 316.3 17 16 <0.2 <0.2 <0.2 <0.2 <0.2 104 70 9.7 9.13 2.99 NA
354788 PLA 7.02 253 998 1035 NA 0.0 834.2 13 29 <0.2 <0.2 <0.2 <0.2 <0.2 140 140 19.8 18.69 2.96 NA
354789 Composite 7.39 25.5 1022 925 NA 0 413 25 3.0 <0.2 <0.2 <0.2 <0.2 <0.2 338 114 17.1 15.91 3.64 NA

Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf Hg Ho Ir K La Li Mg Mn M o

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg g/kg g/kg mg/kg glkg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg ma/kg mg/kg mg/kg kg | mglkg mg/kg mg/kg |mg/kg  mglkg g/kg  malkg
Total Trace elements

354784 PMB 0.316 80783 3.31 0.038 17.3 262 2.28 0.659 108792 0.027 69.5 16.2 105.0 4.87 2.64 11310 15.3 0.414 2.60 0.03 0.334 0.038 6610 18.1 22.3 5213 1175 1.19
354785 PMA 0.422 71466 4.96 0.046 15.2 234 253 0.832 116226 0.091 65.7 10.1 59.0 3.11 4.40 23110 7.55 0.858 3.00 0.04 0.251 0.013 5142 10.8 13.2 6380 1458 1.43
354786 PLC 0.498 83854 6.55 0.049 17.3 628 2.93 1.04 71694 0.079 97.1 13.4 78.0 4.76 9.9 17470 19.0 0.314 3.52 0.07 0.488 0.045 3519 22.4 39.4 3754 868 244
354787 PLB 0.573 76548 211 0.041 15.7 486 2.96 1.25 70836 0.071 85.2 15.1 77.0 5.73 6.6 10070 145 0.271 427 0.3 0413 | 0022 3304 204 46.2 3539 566 2.05
354788 PLA 0.208 76125 3.36 0.031 14.9 337 1.77 0.484 160615 0.020 41.1 14.3 83.0 3.22 10.2 13750 15.1 0.699 1.19 0.12 0.142 0.034 3251 10.9 51.7 6922 833 2.34
354789 Composite 0.246 51927 6.22 0.030 229 256 1.70 0.394 153252 | 0.035 50.4 127 51.0 353 142 30160 7.62 0.124 1.54 0.01 0.236 | 0.030 9095 9.24 16.9 7452 1600 2.03

Sio2 AI203 Fe Fe203 Tio2 CaO MgO K20 MnO P Ba Sr \ Ni Cr Cu Zn C s

wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt%

XRF — Major Oxides
354784 PMB 39.6 153 113 1.62 0.575 15.2 0.865 0.80 0.152 0.015 0.026 0.006 0.008 0.002 0.011 <0.001 0.004 135 0.11
354785 PMA 339 135 231 330 0579 163 1.059 0.62 0188 | 0013 | 0023 | 0.006 0.007 0001 | 0006 | <0.001 0.005 145 017
354786 PLC 33.9 1538 175 2.50 0.706 100 0.623 0.424 0112 0.064 | 0.063 0.015 0.009 0.001 | 0.008 0.001 0.005 206 017
354787 PLB 351 145 101 144 0.704 9.91 0.587 0.398 0073 | 0067 | 0049 | 0012 0.009 0.001 | 0.008 0.001 0.005 201 0.20
354788 PLA 2638 144 138 197 0.721 225 1149 0.391 0107 | 0042 | 0034 | 0.008 0.010 0.001 | 0.008 0.001 0.004 138 0.18
354789 Composite 317 9.81 3.02 231 0.442 214 1237 1.095 0206 | 0015 | 0026 | 0.005 0.007 0001 | 0005 | <0.001 0.005 16.7 108
Chemical elements: Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe,Ga, Ge, Hg, Ho, Ir, K, La, Li, Mg, Mn, Mo, Na, Nb, Nd, Ni, Pb, Pt, Rb, Sh, Sc, Se, Si, Sn, Sr, Ta, Te, Th, Ti, T, U, V, W, Y, Zn, Zr
Instrument: ICP-OES , ICP-MS

Date: 02.10.2013 Date: 02.10.2013
Analysed by: Walter Masoga Authorised : JJ Oberholzer




Analysed by:

Walter Masoga

To: Digby Wells & Associates (I
Attention: Andre van Coller
[ORDER REF: ANG2137
Tel: +27 11 789 9495
Cell: +27 11 789 9495
Lims Sample
ID ID
Na Nb Nd Ni Pb Pt Rb Sb Sc Se Si Sn Sr Ta Te Th Ti Tl u \ w Y Zn zr
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
SPLP LEACH
354784 PMB 121 <0.001 | <0.001 | <0.001 0.002 <0.001 0.001 0.004 0.024 <0.001 432 <0.001 0.069 <0.001 | <0.001 | <0.001 <0.05 <0.001 0.003 0.062 0.003 <0.001 0.048 <0.001
354785 PMA 1.61 <0.001 | <0.001 0.229 0.002 <0.001 0.002 0.003 0.016 0.018 27.6 <0.001 0.154 <0.001 0.001 <0.001 <0.05 <0.001 0.006 0.010 <0.001 | <0.001 0.108 0.002
354786 PLC 121 <0.001 | <0.001 0.420 0.002 <0.001 0.001 0.004 0.016 0.038 28.6 <0.001 0.434 <0.001 | <0.001 | <0.001 <0.05 <0.001 0.006 0.054 0.001 <0.001 0.064 0.001
354787 PLB 133 | <0.001 | <0.001 | 0550 | 0.002 | <0.001 | 0.002 | 0003 | 0012 | 0017 218 <0.001 | 0.469 | <0.001 | <0.001 | <0.001 | <0.05 | <0.001 | 0.006 | 0.038 | 0.001 | <0.001 | 0.076 | 0.001
354788 PLA 153 | <0.001 | 0001 | 0725 | 0.002 | <0.001 | 0.003 | 0.003 | 0.014 | 0.00 24.2 <0.001 | 0.288 | <0.001 | <0.001 | <0.001 | <0.05 | <0.001 | 0.008 | 0030 | 0000 | 0001 | 0.112 | 0.003
354789 Composite 2.64 | <0001 | <0.001 | 0573 | 0002 | <0.001 | 0.004 | 0004 | 0014 | 0.020 24.9 <0.001 | 0.238 | <0.001 | <0.001 | <0.001 | <0.05 | <0.001 | 0.006 | 0.011 | 0001 | <0.001 | 0.00 | 0.002
SPLP LEACH
354784 PMB
354785 PMA
354786 PLC
354787 PLB
354788 PLA
354789 Composite
Na Nb Nd Ni Pb Pt Rb Sb Sc Se Si Sn Sr Ta Te Th Ti Tl U \ W Y Zn zr
mg/kg | mg/kg | mg/kg mg/kg mg/kg ma/kg g/kg ma/kg mgl/kg mg/kg m glkg | mglkg mg/kg mg/kg  |mg/kg ma/kg ma/kg ma/kg mgl/kg mg/kg m /kg | mg/kg | mglkg mg/kg
Total Trace elements
354784 PMB 731 15.8 15.9 15.1 23.9 0.020 50.7 0.630 32.9 1.33 184993 5.16 62.3 1.51 5.15 12.02 3441 0.293 4.80 76.0 69.2 22.97 44.3 87.7
354785 PMA 685 14.9 8.86 14.1 23.8 0.027 29.1 0.481 248 1.22 158672 4.28 56.5 1.29 1.35 8.35 3468 0.385 4.78 65.2 30.8 15.22 45.1 101
354786 PLC 764 18.0 21.9 10.5 32.2 0.021 13.4 0.625 31.2 0.133 158579 4.75 152 2.04 5.65 24.84 4225 0.526 4.56 86.3 56.3 32.0 47.7 141
354787 PLB 724 20.2 16.4 12.1 36.7 0.034 211 0.564 11.6 0.153 164282 5.78 115 1.82 291 24.23 4213 0.324 4.39 86.5 372 28.9 45.7 156
354788 PLA 443 17.9 9.48 7.55 27.0 0.013 32.2 0.517 23.7 0.54 125386 4.59 76.7 1.26 5.66 1.269 4319 0.314 5.05 98.2 41.8 5.98 43.8 43.6
354789 Composite 800 11.7 8.37 13.0 215 0.011 485 0.669 234 0.185 | 148107 278 51.7 0.846 5.97 351 2646 0.553 3.36 72.3 228 15.56 53.6 58.4
XRF — Major Oxides
354784 PMB
354785 PMA
354786 PLC
354787 PLB
354788 PLA
354789 Composite
Date: 02.10.2013
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esults for chemicals that are of health si in drinking-water
Parameter pH Total Alk | F cl NO3as N S04 EC Al As B* Ba* Ca Cr Cu Fe Hg K Mg Mn Mo* Na Ni Pb Sb Se N Zn ur
Unit - mg/l Cac03| __mg/l mgll mgll mgll mS/m mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mll mgll mgll mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
Class 1
(recommende
d limit) 5-95 NIA 1 200 10 400 150 03 0.01 150 0.005 05 0.1 1 0.2 0.001 50 70 0.1 200 0.15 0.02 0.01 0.02 0.2 5
Class 2 (max
allowed for
limited
lﬂjraﬂon) |4-5/9.5 - 1 NIA 15 600 20 600 370 05 0.05 300 0.010 1 05 2 2 0.005 100 100 1 400 0.35 0.05 0.05 0.05 05 10
Class 3 (not
recommende
d for
consumtion) <4/>10 N/A >15 >600 >20 >600 >370 05 0.7 >300 >0. > >0. > >2 >0.005 >100 >100 >400 >0.35 >0. 0.015
OBW1 56 . 7] 17 0.02] 0.32] 12. 0.000 <0.00 <0.001] _ <0.00 0.04]  <0.0001] 9 12. <0.00 .015] 0001
OBW2 48| <0. 15 9. 0.02] 0.25| <0.000 <0.00 .005]<0.00: <0.0001] 11 5 <0.00 .016] 0004
IBW1 o <0. 19 25. 0.03] 0.24] i 0.000 .00 .018] <0.00: X 0.0001 0. <0.00 .017] 0005
1BW2 104 <0. 23 28, 0.02] 0.18] 104 0.000 <0.00 <0.001] _ <0.00 1] 0.0002 1. <0.00 .001] .0002
TRP2 7 <0. 80 31 0.04] 0.09) 410 <0.0001] 0.01]  <0.001]  <0.001] 0.03[_<0.0001] <0.00 .004] 0006
[PLPL <! <0.] 118] 27. 0.05) 0.07| 21 0. @ 0.83 <0.001| .071] 0.4]  <0.0001] 1. <0.001] .0005|




Results for chemicals that are not of health significance in drinking-water

Parameter Ag Au Be Bi Ce Cs| Ga Ge Hf Ho Ir La Li Nd Pt Rb Sc Si Sn Sr Ta Te Th Ti Tl

Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l m m m
OBW1 <0.0 <0.0 <0.0 <0.0 <0.00: <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.001 <0.0 0.0 0. 9.35 <0.0 0.110289 <0.0 <0.0f <0.0001 <0.05 <0.0¢ .0 .0 .001
OBW?2 <0.0 <0.0 0f <0.0f 0.00954: 0 .0 <0.0 <0.0 <0.0 <0.0 <0.0 0. .0 .007. <0.0 0. 0. 20.47 <0.0 0.03168 <0.0¢ <0.0¢ 0.0011] 0.195638 <0.0f .0 .0 .007
IBW. <0.0 0f <0.0 <0.0 .0 0f .0 <0.0 <0.0 <0.0 <0.0 .0 <0.0¢ .0 .0 <0.0 0. 0. 11.07 <0.0 0.097013 <0.0f <0.0f 0.0007]| 0.302789 <0.0f .0 .0 .004
IBW. <0.0 0f <0.0 <0.0 <0.0 0f <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0. <0.0 <0.0 <0.0 0. 0.00 .21 <0.0 0.109358 <0.0f <0.0f <0.00 0.01005 <0.0f .0 .0 .001
TRP: <0.0¢ <0.0¢ <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0¢ <0.0f 0.02 <0.0f <0.0f <0.0f 0. 0.00 .53 <0.0f 0.137357 <0.0¢ <0.0f <0.00 <0.05 <0.0f <0.0¢ <0.0¢ <0.001
PLP. <0.0 <0.0 0 <0.0 <0.0 0f <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0.07 <0.0 <0.0 <0.0 0. 0.01 .62 <0.0 0.105657 <0.0 <0.0 <0.00 <0.05 <0.0¢ .0 .0 .001




COAL SAMPLES




Results for chemicals that are of health si in drinking-water

Parameter pH Total Alk | F cl NO3as N S04 EC Al As B* Ba* Ca Cr Cu Fe Hg K Mg Mn Mo* Na Ni Pb Sb Se N Zn ur

Unit - mg/l Cac03| __magll mll mgll mgll mS/m mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mgll mll mll mgll mgll mgll mgll mgll mll
Class 1

(recommended

limit) 5-95 NIA 1 200 10 400 150 03 0.01 150 0.005 05 0.1 1 0.2 0.001 50 70 0.1 200 0.15 0.02 0.01 0.02 0.2 5

Class 2 (max

allowed for

limited duration) [4-5/9.5 - 1 NIA 15 600 20 600 370 05 0.05 300 0.010 1 05 2 2 0.005 100 100 1 400 0.35 0.05 0.05 0.05 05 10

Class 3 (not

recommended for

'ﬂ <4/>10 NIA >15 >600 >20 >600 >370 0.5 0.7 >300 >0. > >2 >0.005 >100 >100 >1 0. >400 >0.35 >0.05 >0.05 0.015
PMB 7 40| < <0. 54 21. 6. <0.000 <0.00 <0.0001] 8.8 6.41] 0.08| .004] 10. <0.00 <0.00 .00: ).0003]
PMA 64 < <0. 3] 2. 0.000 <0.00 X (@‘ 7.8 7.42| 0.03] .005] .01 <0.00 .00: 0007
PLC 60 < <0. 7] 4 0.000 .00 <0.0001] 7] .91 0.04] .011] .00 .00: .00 ).0001]
PLB 60 < <0. 7] 0.000 <0.00 1] 0.0001 4 .24 0.02] 007 <0.00 <0.00 .00: ).0001]
PLA 68 < <0. EI <0.000 <0.00 0.05] _0.0002] .27 0.03] .015] . <0.00 <0.00 .00 ).0003]
Composite 68 < <0. 27 0.000 <0.00 0.1] 0.0001 69| 0.03] .013] 13. <0.00 <0.00 .00: ).0005]




I_ Results for chemicals that are not of health significance in drinking-water

Parameter Ag Au Be Bi Ce Cs| Ga Ge Hf Ho Ir La Li NI Nd P Sc Si Sn Sr Ta Te Th Ti Tl w Y Zr
Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l m m
PMB <0.0 .0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0. <0.0 <0.0 <0.0 0.008876 .0 3.73 <0.0 0.0860: <0.0 <0.0 <0.00 0.012654 <0.0 <0.00: <0.0 <0.0
PMA <0.0¢ .0 <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f <0.0f 0.008172 .0 2.49 <0.0f 0.092694 <0.0¢ <0.0f <0.00 <0.05 <0.0¢ 0.00105: <0.0¢ <0.0f
PLC <0.0 <0.0 <0.0 <0.0 0f <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0.006697 .0 1.85 <0.0 0.07087 <0.0 <0.0 <0.00 <0.05 <0.0 .00: <0.0 <0.0
PLB .0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0.00601 .0 16 <0.0 0.050305 <0.0 <0.0 <0.00 <0.05 <0.0 .00: <0.0 <0.0
PLA <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0. <0.0 <0.0 <0.0 0.00783: .0 2.08 <0.0 0.081879 <0.0 <0.0 <0.00 <0.05 <0.0 .01 <0.0 <0.0
Composite <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 0.00831 .0 3.09 <0.0 0.099932 <0.0 <0.0 <0.00 <0.05 <0.0 .00: <0.0 <0.0




ASH SAMPLES




Results for chemicals that are of health significance in drinking-water

Parameter pH TDS CO3 Alk HCO3 Alk Total Alk F Cl | NO2* | NO3* [NO3 as N| PO4 | SO4 EC Al As B* Ba* | Ca Cd Co Cr Cu Fe Hg K Mg Mn | Mo* | Na Ni Pb Sb Se V Zn
Unit - mg/l | mg/l CaCO3| mg/l CaCO3| mg/l CaCO3| mg/l | mg/l | mg/l | mg/l mg/l mg/l | mg/l | mS/m| mg/l|{ mg/l | mg/l | mg/l | mg/l| mg/l | mg/l| mg/l | mg/l| mgl/l mg/l mg/l | mg/l | mg/l | mg/l| mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l
Class 1 (recommended
limit) 5-9.5 1000 N/A N/A N/A 1 200 10 400 150 | 0.3 | 0.01 150 | 0.0050f 0.5 0.1 1 0.2 0.001 50 70 0.1 200 | 0.15 | 0.02 [ 0.01| 0.02 | 0.2 )
Class 2 (max allowed
for limited duration) 4-5/9.5-10]| 2400 N/A N/A N/A 1.5 | 600 20 600 370 | 0.5 | 0.05 300 |0.0100] 1 0.5 2 2 0.005 | 100 | 100 1 400 | 0.35 | 0.05 | 0.05] 0.05 | 0.5 | 10
Class 3 (not
recommended for
consumtion) <4 />10 >2400 N/A N/A N/A >1.5 | >600 3 50 >20 >600 | >370 | >0.5| >0.05 | 0.5 0.7 |>300] >0.01| >1 | >0.5 | >2 >2 | >0.005| >100 | >100] >1 | 0.07 | >400 | >0.35 | >0.05 | >0.05| >0.05 | >0.5| >10
PMB 8.9 278 10 83 93 2.7 1.2 | <0.2 | <0.2 <0.2 <0.2 74 27 10.062f 0.006 | 0.319 ] 0.175 | 58.2 [<0.001]0.014] 0.001 |0.018f <0.01 |<0.0001| 1.35 | 27.5| 0.003 |0.007] 1.21 |<0.001f 0.002 | 0.004]<0.001]|0.062|0.048
PMA 7.11 868 0.0 609 609.2 1.9 2.6 | <0.2 | <0.2 <0.2 <0.2 | 147 117 [0.033] 0.010 | 0.420 | 0.232 | 258 |<0.001|0.023| 0.001 [0.016] 0.044 |<0.0001| 1.97 | 48.6 | 2.78 |0.005| 1.61 | 0.229 | 0.002 |0.003| 0.018 |0.010{0.108
PLC 7.85 584 0.0 342 342.2 2.8 2.0 | <0.2 | <0.2 <0.2 <0.2 | 124 72 10.045[ 0.004 | 0.336 | 0.277 | 139 [<0.001]|0.014] 0.001 |0.011f <0.01 |<0.0001| 1.19 | 39.3 [ 0.354 |0.015] 1.21 | 0.420 | 0.002 | 0.004] 0.038 |0.054|0.064
PLB 7.67 514 0.0 316 316.3 1.7 16 | <0.2 | <0.2 <0.2 <0.2 | 104 70 ]0.025{<0.001] 0.229 | 0.372 | 142 [<0.001]0.014] 0.001 |0.011f <0.01 |<0.0001| 1.59 | 29.4 | 0.457 |0.006] 1.33 | 0.550 | 0.002 | 0.003] 0.017 |0.038/0.076
PLA 7.02 998 0.0 834 834.2 1.3 2.9 | <0.2 | <0.2 <0.2 <0.2 | 140 140 [0.085] 0.003 | 0.329 | 0.349 | 317 |<0.001/0.022|<0.001{0.010] 0.025 |<0.0001| 2.13 | 45.2 | 2.29 |0.006f 1.53 | 0.725 | 0.002 |0.003| 0.000 |0.030{0.112
Composite 7.39 1022 0 413 413 2.5 3.0 | <0.2 | <0.2 <0.2 <0.2 | 338 114 ]0.023] 0.001 | 0.584 | 0.160 | 252 |<0.001{0.017|<0.001{0.011] 0.023 |<0.0001| 3.19 | 50.8 | 1.87 |0.008| 2.64 | 0.573 | 0.002 |0.004| 0.020 |0.011{0.100
* Chemicals where WHO (2008) drinking water standards were used

Results for chemicals that are not of health significance in drinking-water
Parameter Ag Au Be Bi Br Ce Cs Ga Ge Hf Ho Ir La Li Nb Nd Pt Rb Sc Si Sn Sr Ta Te Th Ti Tl U W Y Zr
Unit mg/| mg/| mg/l mg/l mg/l mg/l | mg/l | mg/l | mg/l mg/| mg/l | mg/l | mg/l | mg/l| mg/l mg/l | mg/l | mg/l| mg/l | mg/l| mg/l | mg/l | mg/l mg/l mg/l | mg/l | mg/l | mg/l| mg/l | mg/l | mgl/l
PMB 0.001 0.001 <0.001 <0.001 <0.2 <0.001]0.001|<0.001|<0.001] 0.000 [<0.001]<0.001|<0.001|0.016] <0.001 |<0.001|<0.001{0.001] 0.024 | 43.2 |<0.001|0.069]<0.001]| <0.001 |<0.001]<0.05]<0.001]0.003| 0.003 |[<0.001]<0.001
PMA 0.001 0.001 <0.001 <0.001 <0.2 <0.001]0.001/<0.001|<0.001] 0.000 [<0.001]<0.001|<0.001{0.021] <0.001 |<0.001|<0.001{0.002] 0.016 | 27.6 |<0.001{0.154]|<0.001]| 0.001 [<0.001]<0.05]<0.001]0.006]<0.001{<0.001] 0.002
PLC 0.001 0.001 <0.001 <0.001 <0.2 <0.001]0.001|<0.001|<0.001] 0.000 [<0.001]<0.001|<0.001{0.011] <0.001 |<0.001|<0.001|0.001] 0.016 | 28.6 |<0.001|0.434]<0.001]| <0.001 |<0.001]<0.05]|<0.001]0.006| 0.001 |[<0.001] 0.001
PLB 0.001 0.001 <0.001 <0.001 <0.2 <0.001]0.001/<0.001| 0.001 | 0.000 [<0.001]<0.001|<0.001{0.021] <0.001]<0.001|<0.001{0.002] 0.012 | 21.8 |<0.001{0.469]<0.001| <0.001 [<0.001]<0.05]|<0.001]0.006] 0.001 [<0.001] 0.001
PLA 0.001 <0.001 <0.001 <0.001 <0.2 0.001 |0.001}<0.001| 0.001 ] 0.000 |<0.001|<0.001| 0.001 [0.053] <0.001| 0.001 |<0.001{0.003] 0.014 | 24.2 | <0.001{0.288]<0.001| <0.001 | <0.001]<0.05]<0.001]0.008| 0.000 | 0.001 | 0.003
Composite 0.001 0.001 <0.001 <0.001 <0.2 <0.001]0.001/<0.001|<0.001] 0.000 [<0.001]<0.001]<0.001{0.019] <0.001 |<0.001|<0.001{0.004] 0.014 | 24.9 |<0.001{0.238]<0.001| <0.001 [<0.001]<0.05]|<0.001]0.006| 0.001 [<0.001] 0.002




