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1 Introduction

This report presents the results of a geohydrology study and groundwater impact assessment conducted for the
proposed Yzermyn Underground Coal Mine. The terms of reference, project background, objectives and scope
of work of the assessment are outlined in the following sections.

1.1 Terms of Reference

WSP Environmental (Pty) Ltd (WSP) was appointed by Atha to undertake a comprehensive social and
environmental impact assessment (ESIA) for the proposed mine. The ESIA included several specialist studies.
This report details the findings of the geohydrological baseline assessment and the geohydrological impact
assessment.

1.2  Project Background

Atha Africa Ventures (Pty) Ltd (Atha) acquired the coal prospecting rights' to an approximate area of 8,360
hectare (ha) located some 58 kilometres (km) southwest of Piet Retief in the Mpumalanga Province (Figure 1).
Mindset has completed exploration activities (infill drilling) to adequately identify the proposed coal resource for
the Yzermyn Underground Coal Mine.

The mine will apply underground drill and blast/ BORD and PILLAR mining methods with a portal/adit being
sunk in the northemn section (27°13'14.05"S; 30°18'39.25"E) of the resource area.

It is proposed that the Utrecht Coalfield of the Karoo Supergroup will be mined. The Alfred and Dundas coal
seams, which form part of the Utrecht coal field, will be extracted.

1.3 Assessment Objectives

The objectives of the geohydrology study are to characterise the baseline geohydrological conditions in the
target area and identify the potential impacts of the underground mining on groundwater. Specific objectives
include:

Confirmation of the underlying geology, fractures and structural features;
Determination of the occurrence and depths of groundwater beneath the study area;
Installation of test boreholes at selected sites;

Assessment of borehole yields in terms of the mine water demand;

Determination of the prevailing groundwater quality; and

Evaluation of impacts of the mine on groundwater occurrence and quality.

! The prospecting rights were previously held by BHPBilliton, Ingwe Colliery and transferred to Bunengi Mining in 2011. Subsequent to this, Atha bought the
shares from Bunengi Mining thereby becoming the primary holder of the prospecting right.

1 BsWSP



1.4

Scope of Works

The following scope of work was conducted:

Desktop Geohydrological Review

This included a desktop assessment of the main aquifer formation in the area, including its characteristics
and review of exploration drilling logs.

Geohydrological Fieldwork programme

Hydrocensus

Inspection of the target area and surrounding farm land to determine if there are any boreholes in the
vicinity of the project area and for what purpose (i.e. domestic or agricultural).

Borehole Siting
Borehole sites were selected from exploration drilling data and aquifer targeting.
Borehole Installation

Installation works were undertaken by a specialist contractor to advance boreholes at selected
locations.

Pump Testing

e 24 hour constant discharge;
e Recovery testing; and
e Slug testing.

Groundwater Quality Assessment

To determine the environmental baseline groundwater quality and suitability of groundwater for use,
water samples were collected and analysed.

Geohydrological Modelling Programme

Development of a Site Conceptual Model
Documenting key assumptions
Numerical model inputs from the desktop review and fieldwork results

Numerical model calibration against field data

Groundwater Impact Assessment

Determined the extent of potential impacts to groundwater quantities and quality from numerical model
results,

Developed a Groundwater Management Plan

Recommended measures for the management of groundwater during construction phase, operational
phase and closure of the proposed Yzermyn Underground Coal Mine.

The above scope is described and discussed in the remainder of this report.
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2 Site Description

Atha holds the prospecting right for an area of 8,360 ha (comprising 12 farms) located in the Pixley ka Seme
Local Municipality in the Mpumalanga Province (Figure 1). This includes three farms and a portion of an
additional farm: Kromhoek 93, Goedgevonden 95, Yzermyn 96 Portion 1 and a portion of Zoetfontein 94. The
identified resource area considered in this assessment is located approximately 30 km northeast of the town of
Wakkerstroom and comprises hilly grasslands, containing ridges, plateaus and valleys, with the highest area
recording 1,765 metres above mean annual sea level (m amasl).

2.1 Geology

The proposed Yzermyn Underground Coal Mine is located in the Vryheid Formation of the Karoo Supergroup,
on the northemn boundary of the Utrecht Coalfield (RSA DMEA, 1988). The site consists predominantly of
sandstones and shales interbedded with sandstones. As illustrated by the red colour in Figure 2 numerous
dolerite intrusions (dykes and sills) have intruded the Vryheid Formation. Dolerite sills are generally favourable
for perched groundwater conditions above the sill. This can result in springs and seep where the water day-
lights at surface. There is significant faulting of the surrounding country rock. These could act as potential
groundwater flow pathways.

The general stratigraphic profile at the proposed Yzermyn Underground Coal Mine is presented below:

- Dolerite Sill

Pe Karoo Supergroup : Escourt Formation — Sandstone and Mudstone
Pvo Karoo Supergroup : Volksrust Formation — Shale and Siltstone
Pv Karoo Supergroup : Vryheid Formation — Sandstone and Shale

2.2  Geohydrology

The following sections characterise the groundwater occurrence both regionally and locally in relation to the
proposed Yzermyn Underground Coal Mine.

2.2.1 Regional Setting

It has been noted that the rocks of the Karoo Supergroup do not generally generate economic aquifers. High
yielding boreholes are known to be located along dyke margins where alteration of the sandstones and shale
has resulted in preferential pathways for groundwater.

Groundwater in the Karoo is commonly considered to occur in two distinct aquifers; a shallow intergranular and
fractured upper aquifer in the weathering zone; and deep-seated fractured rock aquifers. The latter would
include faults in the sandstone and shale.

Groundwater levels in Karoo aquifers are generally found to mimic surface topography. Groundwater tends to
flow from elevated areas towards lower lying areas which are often associated with surface drainage and water
courses. Surface water and groundwater interaction occurs along the river and stream courses.

A groundwater assessment for a proposed coal mine expansion was conducted on the farm Kransbank, some
30 km north of Yzermyn, in 2012 (ERM 2013). Data from 75 hydrocensus sites (44 boreholes and 31 natural
springs), 8 km of geophysical survey and drilling of 10 groundwater exploration/monitoring boreholes was
consolidated in a conceptual hydrogeological model. Key features of the model included:

3 BsWSP



Five types of groundwater bearing horizons:
e Perched groundwater
e  Alluvial horizon
e Weathered horizon
e Regional fractured horizon
e Groundwater related to geological structures

Groundwater flow generally follows surface topography

Groundwater feeds surface water features including springs, wetlands, streams and rivers
Dolerite sills can act as barriers to groundwater flow

Faults and fractures may connect water bearing strata above and below the dolerite sills
The groundwater bearing horizons are interconnected

These features may also be applicable to Yzermyn.

2.2.2  Local Setting

WSP undertook Phase 1 groundwater drilling during the scoping phase of the ESIA. Five boreholes were
drilled in the northern portion of the resource area where the Alfred and Dundas coal seams were expected to
be shallow (Table 1).

The boreholes were drilled to depths of approximately 70m bgl and intersected both Alfred and Dundas coal
seams. All five boreholes proved to be poor sources of groundwater. Only one borehole had an estimated
yield greater than 0.5l/s. Water strikes in these boreholes were confined to shallow depths between 10 and
20m bgl in the weathered shallow aquifer.

Based on the drilling results and local topography groundwater is considered to flow in a northeasterly direction.

ATHA-BH1 -27.216343 30.301979 62 Seepage 23.64 <0.1
ATHA-BH3 27.223212 30.314948 61 12 4.03 <0.1
ATHA-BH4 -27.222509 30.315511 67 11, 62 454 0.13
ATHA-BH5 27.221349 30.282341 70 Seepage 9.87 <0.1
ATHA-BHG -27.221882 30.316052 67 16, 33, 39 3.02 0.25

Project number: 24514
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3 Geohydrological Assessment

The geohydrological assessment contains a description of the fieldworks undertaken including hydrocensus,
borehole siting, borehole installation and aquifer testing. This assessment provides for a quantitative
assessment of groundwater occurrence in the target area to develop inputs into the conceptual site model and
the geohydrological model.

3.1 Hydrocensus

It appears that water in the project area is generally not sourced from boreholes. This was suggested by a
search of the Department of Water Affairs: National Groundwater Database. No registered boreholes were
found within a 30km radius of the target area.

WSP conducted a hydrocensus to identify local boreholes and water sources from 3 to 5 March 2013.
Surrounding farmers were approached and asked for information regarding the installation and locations of
boreholes on their farms. WSP were informed that water is generally not sourced from boreholes but from
springs (locally referred to as “fonteins”). Known locations of springs are listed in Table 2 and displayed in
Figure 3. The springs are used for both domestic and livestock watering purposes. Most of the springs occur
high up near the sources of water courses and appear to be associated with dolerite geology.

No boreholes were identified in the project area.

Fountain 1 -27.23077 30.30374 1582.00
Mawandlane -27.24912 30.30864 1718.00
Fountain 2 -27.23433 30.30409 1560.00
Fountain 3 -27.21399 30.29832 1475.00
Fountain 4 -27.22309 30.30504 1520.00
Fountain 5 -27.22588 30.29819 1590.00
Fountain 6 -27.24592 30.23894 1679.00
Fountain 7 -27.24136 30.23899 1700.00
Fountain 8 -27.23876 30.2375 1705.00
Fountain 9 -27.22106 30.22846 1695.00
Fountain 10 -27.2499 30.24822 1695.00
Fountain 11 -27.25129 30.25583 1715.00
Fountain 12 -27.28924 30.24068 1854.00
Fountain 13 -27.29062 30.24373 1905.00
Fountain 14 -27.2281 30.27492 1605.00
Fountain 15 -27.25047 30.27026 1730.00
Fountain 16 -27.24958 30.26935 1736.00
Fountain 17 -27.24495 30.27021 1734.00
Fountain 18 -27.24184 30.27103 1727.00
Fountain 19 -27.25528 30.26039 1734.00
Fountain 20 -27.26601 30.26277 1767.00
Fountain 21 -27.2665 30.26087 1757.00
Fountain 22 -27.26722 30.25529 1726.00
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Fountain 23 -27.27641 30.25215 1785.00

3.2 Borehole Siting

A Phase 2 drilling programme was conducted from 23 May 2013 to 8 June 2013.

The geological model developed for the Yzermyn coal resource includes inferred faults from significant
elevation differences on the coal seam. Dirilling records from exploratory boreholes indicated several boreholes
had encountered groundwater, generally on geological contacts. This data was used to identify five target
locations for drilling of groundwater exploration/monitoring boreholes. Shallow and deep boreholes were
recommended for each borehole location to allow separate access to the shallow and deeper aquifers for the
purposes of testing and sampling. The five borehole siting locations are shown in Figure 4.

3.3 Borehole Installation

Boreholes were advanced by air percussion drill with a diameter of 165mm. Solid steel casing was installed at
the top of the deeper boreholes to prevent groundwater from the shallow weathered aquifer impacting on the
deeper fractured aquifer. Solid steel casing and slotted steel casing were installed in shallow boreholes to
target water strikes observed in the shallow aquifer. Due to site access issues not all of the target locations
could be reached by the drill rig. Additional locations and boreholes were added to the initial programme at the
request of Atha. Drilled borehole locations are shown in Table 3 and displayed in Figure 5.

CBH1 30.31597 27.23156
CBH2S 30.28051 27.22868
CBH2D 30.28053 27.22878
CBH3S 30.30128 27.23360
CBH3D 30.30128 27.23360
CBH4S 30.30956 27.22252
CBH4D 30.30956 27.22253
CBH5S 30.29597 27.22661
CBH5D 30.29530 27.22608
CBH 6 30.30590 27.21990
CBH7S 30.30639 27.22672
CBH7D 30.30630 27.22668
CBH8 S 30.29018 27.22597
CBH8 D 30.29016 27.22597

Table 4 displays a drilling summary for each borehole including final depth of borehole, depth of fractures
(water strikes), estimated yields and measured groundwater level in the boreholes.

CBH 1 0-18 0 94 20 2.64 <0.5
CBH2S 0 0-24 34 24 15.16 <0.5
CBH2D 0-24 0 130 25, 85 15.49 3.5
CBH3S 0-12 12-18' 70 10, 18 1.63 2.6
CBH3D 0-24 0 208 10, 44,75 44.75 <0.5
CBH4S 0 0-6 36 None 11.75 Seepage
CBH4D 0-24 0 214 29, 191 37.95 <0.5

Project number: 24514
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CBH5S 0-24 0 49 38 12.7 <0.5

CBH5D 0-15 0 214 40 24.99 Seepage
CBH6 0-18 0 82 19 30.95 <0.5
CBH7S 0-6 6-18' 40 10 8.97 3.8
CBH7D 0-18 0 202 10, 16 57.77 Seepage
CBH8 S 0-6,12-18 6-12' 49 None 14.6 <0.5
CBH8 D 0-26 0 214 None 38.75 <0.5

Based on observations made during borehole installation groundwater water occurrence appears scarce with
only three of the boreholes (CBH2D, CBH3S and CBH7S) providing estimated yields above 0.5l/s. The lack of
groundwater encountered in boreholes in the project area suggests that it would be difficult to develop a
sustainable groundwater supply.

Geology and drilling observations were recorded for each borehole and are included in the borehole logs in
Appendix B.

3.4  Aquifer Testing

Aquifer characteristics have been determined from pump test and slug test data. Boreholes with estimated yield
greater than 0.5l/s were tested using step drawdown and constant discharge tests from 10 to 15 June 2013.
The remaining boreholes were slug tested.

Step tests were conducted on boreholes 2D, 3S and 7S. Three one-hour pumping steps were conducted at
progressively increasing pumping rates with recovery measured on conclusion of pumping. This information
was then used to determine a sustainable pumping rate for the constant discharge test of the borehole.

Constant discharge tests were conducted over a 24 hour period with recovery recorded immediately thereafter.
Aquifer transmissivity was assessed from plots of drawdown versus time. Graphs for the three boreholes
tested are provided in Appendix C.

Slug tests were undertaken on those boreholes with estimated yield less than 0.5l/s. Slug tests involve
displacing the water in the borehole using a slug of known volume and measuring the recovery of the water
level. Due to low yields some boreholes contained a slurry of silt and water with insufficient depth to conduct a
slug test. These boreholes were reported as “filled with silt”. Slug test field measurements and hydraulic
conductivity calculations are provided in Appendix D.

The hydraulic properties determined from all tests are tabulated in Table 5.

CBH1 Slug Test 0.01*
CBH2S Slug Test 1.3
CBH2D Constant Discharge Test 0.02
CBH3S Constant Discharge Test 0.4
CBH3D Unable to test borehole filled with silt -
CBH4S Unable to test borehole filled with silt -
CBH4D Slug Test 0.5
CBH5S Slug Test 1.3
CBH5D Unable to test borehole filled with silt -
CBH 6 Slug Test 0.01*
CBH7S Constant Discharge Test 0.4
CBH7D Slug Test 0.3
CBH8 S Unable to test borehole filled with silt -
CBH8 D Unable to test borehole filled with silt -

*Very little flow registered during slug test
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Generally the hydraulic conductivity of the shallow weathered aquifer is higher than the deeper aquifer.
Constant discharge testing indicates the presence of low permeability aquifer boundaries consistent with the
presence of water-bearing fracture systems of limited extent.

Based on the test data the geometric average hydraulic conductivity for the shallow boreholes is 0.72 m/d and
for the deeper fractured rock aquifer 0.05 m/d. Estimated transmissivities vary between 1 and 5 m7d.

3.5  Groundwater Quality Assessment

The groundwater samples were screened against the DWAF Water Quality Guidelines for Domestic Water Use
(DWAF 1996). The target water quality ranges associated with domestic water use are considered applicable to
the proposed Yzermyn project water use and provide a conservative indicator of suitability for environmental
uses.

3.5.1  Sampling Procedure

Prior to sampling, an electronic dip meter was used to determine the groundwater level in each borehole which
was measured from the top of the monitoring borehole casing and recorded in meters below ground level.

Dedicated Teflon bailers were used to obtain groundwater samples. Water samples were collected filtered in
the field (0.45um) and preserved using nitric acid solution. Samples were placed in laboratory prepared,
sterilised containers specific to the determinants being analysed. Clean, disposable gloves were used during
sampling and changed between sampling locations to minimise the potential for cross-contamination. Samples
were recorded on a site-specific Chain of Custody sheet and placed in a cooled container (~4°C) for
submission to Alcontrol Laboratories (Hawarden, United Kingdom) in 2 working days. Laboratory certificates
from Alcontrol Laboratories can be made available upon request.

Groundwater samples were submitted for the following analytical programme:
Indicator Parameters: pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Alkalinity.

Inorganic Compounds: Anions F, Cl, NO,, NO3, and Sulphate (SO,); and cations Na, K, Ca, Mg, including
trace metal scan

3.5.2  Water Quality Results
Results are presented in Table 6 for the shallow boreholes and Table 7 for the deep boreholes.

Alkalinity, -- NA BDL BDL BDL BDL BDL BDL
Conductivity 7000 NA 0.326 0.259 0.186 0.245 0.17 0.17 - 0.326
Total Dissolved Solids 45000 NA 257 201 132 196 140 132 - 256
Aluminium (ug/l) 300 BDL 134 11.2 9.98 3.21 17.1 3.21-17.1
Arsenic (pg/l) 10 0.279 0.355 9.08 0.132 1.2 BDL BDL - 9.08
Chromium (pg/l) 50 1.5 1.87 1.52 1.43 2.02 2 1.43-2.01
Lead (ng/l) 10 BDL 0.509 0471 0.362 0.8 0.224 BDL-0.8
Manganese (pg/l) 500 66.4 776 37.9 55.6 121 259 37.9-776
Nickel (ug/l) 70 1.23 1.63 2.7 0.959 1.34 3.37 1.23-3.37
Selenium (pg/l) 10 BDL BDL 0.522 BDL 0.467 BDL BDL - 0.522
Vanadium (pg/l) 200 0.314 BDL 1.36 BDL 0.375 0.413 BDL - 1.36
Zinc (ug/l) 5000 0.555 6.47 13.5 2.5 5 7.36 0.555- 13.5
Nitrite as NO2 (mg/l) 0.9 0.05 BDL BDL BDL 0.119 BDL BDL - 0.119
Chloride (mg/l) 300 BDL 4.3 6.3 2 BDL BDL BDL- 6.3
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Phosphate as PO4 (mg/l) -- BDL BDL BDL BDL 0.095 BDL BDL - 0.095

Nitrate as NO; (mg/l) 11 NA BDL 1 BDL 3.31 BDL BDL - 3.31
Calcium (mg/l) - 48.4 34.9 33.4 18.6 39.3 17.7 17.7 - 48.4
Sodium (mg/l) 200 18.9 15 19.3 14.7 7.32 6.36 6.36- 19.3
Magnesium (mg/l) 70 14.2 20.9 8.92 11.6 10.4 12.3 8.92-20.9
Potassium (mg/l 50 1.61 BDL 2.68 1.05 1.13 BDL BDL - 2.68
Iron (mg/!) 2 BDL 11.8 0.0362 0.0782 BDL 11.4 BDL-11.8
pH 6-9 NA 8.34 8.31 7.98 7.94 7.06 7.06 - 8.34
Alkalinity, - 185 NA NA NA NA BDL BDL NA

Conductivity 7000 2.84 NA NA NA NA 0172  0.447 NA

Total Dissolved Solids 45000 2220 NA NA NA NA 133 351 NA

Aluminium (ug/!) 300 7.75 16.1 3.66 12.8 BDL 4.75 30.2 BDL - 30.2
Arsenic (ug/l) 10 1.8 1.73 0.149 3.56 0.939  0.401 1.84 0.149-3.56
Chromium (ug/l) 50 3.46 1.83 1.37 4.64 1.64 2.67 2.3 1.37-4.64
Lead (ug/l) 10 0.186 0.2 BDL 0189 0905 0313  0.606 BDL-0.905
Manganese (pg/l) 500 13.6 11.9 45.6 13.3 55.1 6.18 12.7 6.18-55.1
Nickel (ug/l) 70 1.28 0.375 0898  0.566 2.22 1.05 3.47 0.375-3.47
Selenium (ug/l) 10 3.08 BDL BDL 1.84 BDL BDL BDL BDL-3.08
Vanadium (ug/l) 200 0.625  0.38 0265 0887 0361 13.1 0.342 0.265-13.1
Zinc (ug/l) 5000 2.54 BDL 0.717 BDL 8.04 12.4 12.9 BDL-12.9
Nitrite as NO, (mg/l) 0.9 BDL BDL BDL BDL BDL BDL 0.356 BDL-0.356
Chloride (mg/!) 300 367 22.2 BDL 103 BDL BDL BDL BDL-367
Phosphate PO, (mg/l) - BDL 0.131 BDL 0.096 0128  0.109 0.05 BDL-0.131
Nitrate NO; (mg/l) 11 BDL NA NA NA NA 2.03 28.1 NA

Calcium (mg/l) - 10.3 3.19 23.7 2.42 59.2 19 11.4 2.42-59.2
Sodium (mg/l) 200 828 118 41 477 22 7.66 105 7.66-828
Magnesium (mg/l) 70 4.37 0.721 7.3 1.09 10.4 10.2 412 0.721-10.2
Potassium (mg/l 50 6.73 2.24 2.14 2.96 2.19 BDL BDL BDL-6.73
Iron (mg/l) 2 0.0281  0.091 BDL BDL BDL BDL  0.0716 BDL-0.091
pH 69 8.79 NA NA NA NA 8.06 7.9 NA

Groundwater quality in both the shallow and deep boreholes largely falls within the drinking water guideline
values. The range of results indicates a groundwater quality baseline for the shallow and deeper aquifers that
has been captured in Tables 6 and 7.
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4 Geohydrological Modelling

The development of a numerical simulation model of the groundwater environment at Yzermyn is discussed in
the following sections. A conceptual geohydrological model has been developed which combines the results of
the drilling (Scoping Phase and Assessment Phase) and testing programmes. The conceptual model was used
as the basis for coding of the numerical groundwater flow and mass transport model. The numerical model
was then used to indicate the extent and magnitude of groundwater impacts associated with the proposed
Yzermyn Underground Coal Mine.

4.1 Conceptual Geohydrological Model

Twenty-three (23) groundwater strikes were recorded during the Scoping Phase and the Assessment Phase
fieldwork:

Six (6) at the base of weathered zone (18m — 29m bgl);
Six (6) perched in colluvium or weathered siltstone (10m bgl);
Six (6) in fractured rock (16m — 40m bgl); and
Five (5) on geological contacts (44m —191m bqgl).
This suggests that three groundwater bodies exist in the project area:
Perched on low permeability material in the weathered zone or in colluvium;
Perched on hard rock at the base of the weathered zone; and
Held in fractures and geological contacts;

These groundwater occurrences are similar to those identified at other sites in the general vicinity of Yzermyn.
The occurrences are presented schematically in Figure 7.

Groundwater perched on low permeability material in the weathered zone or in colluvium may be a source of
water to hillside seeps and springs. It is not clear what the source of water is for the wetlands identified at the
proposed adit and plant site. The wetlands appear to be perched on low permeability material in the weathered
zone and may also be fed from springs and shallow groundwater from the higher topography to the south of the
adit and plant site (Figure 7). These groundwater bodies are likely to be directly recharged from rainfall.

Groundwater perched on hard unweathered rock at the base of the weathered zone may also be a source of
water for wetlands. This water body would also be recharged from rainfall and the water level would be
sensitive to seasonal variations in rainfall recharge.

Groundwater on horizontal and semi-horizontal contacts between different rock types may also be a source for
springs. Springs appear to be associated with the dolerite sill that is present at higher altitudes in the project
area. Hard rock dolerite is expected to have a significantly lower permeability compared to the Karoo-type
rocks. Therefore dolerite sills may act as a barrier to vertical groundwater flow from shallow to deeper levels.
The springs are considered to be fed by water bodies perched on the dolerite.

Groundwater in the deep aquifer is confined to fractures, faults and geological contacts at depth. Not all these
features are expected to contain groundwater (Figure 7). Recharge of this groundwater body is expected to
occur along those few fracture systems which connect the deeper aquifer to shallower groundwater bodies or
directly to surface.

As a result of the limited connectivity between the deeper and shallower groundwater bodies drawdown in the
deeper aquifer is expected to have a limited impact on the shallow perched aquifers. Faults and fractures may
provide preferred pathways for groundwater flow and could result in locally significant inflows where intersected
by underground workings. Dolerite contact zones are expected to act as preferential pathways to groundwater
flow, similarly to faults and fractures.
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4.2 Numerical Model Parameters

Based on available information, the aquifer parameters assigned to the conceptual model for the Karoo
aquifers present in the project area are presented in Table 8 below. These were used in the development of
the numerical groundwater model.

Shallow Thickness (m) 30 Exploration and monitoring borehole loas
Weathered Depth of groundwater level (mbal) 10 Average from 2013 shallow monitoring boreholes
Karoo Saturated thickness 20 Based on available information
Aquifer Hydraulic conductivity (K) (m/d) 0.72 Average from 2013 shallow monitoring boreholes
Storage coefficient 1E-3 Assumption, based on similar experience
Rate of recharge (% of MAP) 2% Assumption, based on similar experience
Deeper Thickness (m) 300 Exploration and monitoring borehole loas
Fractured Depth of groundwater level (mbal) 20 Average from 2013 deep monitoring boreholes
Rock Karoo  gatyrated thickness 280 Based on available information
Aquifer Hydraulic conductivity (K) (m/d) 0.05 Average from 2013 deep monitoring boreholes
Storage coefficient 1E-4 Assumption, based on similar experience
Rate of recharge (% of MAP) Not applicable Not applicable to this layer
Dolerite Thickness (m) Discrete zones Exploration and monitoring borehole loas
intrusions Depth of groundwater level (mbal) Not available Interpolated from DTM
Saturated thickness Varying Based on DTM and zones in which dolerite occurs
Hydraulic conductivity (K) (m/d) 0001 Assumption, based on similar experience
Storage coefficient 1E-5 Assumption, based on similar experience
Rate of recharge (% of MAP) 1% Assumption, based on similar experience, where

dolerite outcrops

The fractured rock aquifer was simulated as two layers to enable the incorporation of the Alfred and Dundas
underground workings. The parameters used for both layers remains the same as the fractured rock aquifer in
Error! Reference source not found..

Groundwater receptors in the project area include the Assegaai and Mawandlane Rivers, both of which
originate in the upland areas of the project area (see Figure 18 and Figure 9).

4.3  Numerical Modelling

The numerical model for the project was constructed using Processing MODFLOW Pro, a pre- and post-
processing package for MODFLOW and MT3D. MODFLOW and MT3D is a widely used simulation code, which
is well documented.

The following were included as inputs for the numerical model:
The parameter information for the Karoo aquifers and dolerite intrusions presented above,;

The Digital Terrain Model (DTM) for the area was incorporated into the model as the topographical surface,
and,;

Water levels used in the model were statistically calculated from site measurements and the DTM (by
assuming a relationship between topography and groundwater level).

The model was calibrated in both steady state and transient state to quantify aquifer parameters.

Calibration for transmissivity, specific storage (or storativity) and recharge for the Karoo aquifer was
undertaken, as these parameters are key to the simulations. These parameters were systematically varied to
improve the match between simulated and measured groundwater levels. Due to the fact that the aquifer is
heterogeneous and that values for these parameters were assigned regionally, it was not possible to match
simulated and measured water levels exactly. A good match was however achieved with the available
information (Figure 10).
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4.4  Assessment of Uncertainties

The accuracy of the modelling project depends on the quality of the input data and the available information.

Future predictions were calculated with the calibrated groundwater flow model, which is a simplified version of
reality. The model cannot be viewed as a precise simulation of reality and all models have inherent error in
them. Numerical models are however good groundwater management tools that can be used in combination
with other tools to develop management plans to minimise the impact of mining on aquifers.

Uncertainties are approached conservatively, based on the precautionary principle, to ensure that the
predictions and impact assessment in this report addresses the maximum potential impact of the proposed
mine. Uncertainty in this model relate to:

Assumption and estimation uncertainties: The geohydrological characteristics of the aquifers.
Quantification of the aquifer characteristics of the faults and dolerite intrusions specifically need to be
confirmed through additional fieldwork. Both of these could influence groundwater flow patterns and the
rate of the spread of contamination and must therefore be confirmed.

Mathematical modelling uncertainties: It is not possible with the available information, timeframe and
budget to quantify every fault zone to quantify the heterogeneity present in the aquifer. For this reason,
there are inherent uncertainties in the model. The calibration results however indicate that these
uncertainties are in acceptable limits in the project area and that the model can be used to estimate the
impact of the Yzermyn Underground Coal Mine operations. Itis however importantto update the model on
aregular basis, as more information becomes available.

Assumption on the timing of mining: It is recommended that the mine schedule is included during
simulations to refine the anticipated groundwater seepage rates to the underground workings.
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) Groundwater Impact Assessment

The geohydrological model was used to quantify the extent and magnitude of groundwater impacts. Those
project components expected to result in significant groundwater risk were identified. Numerical model
simulations were then run based on the inputs derived from previous sections. The resulting modelled impacts
are discussed in this section.

The conceptual surface layout map used during this assessment, is presented in Figure 6. The following
components of the proposed mining project are expected to impact on groundwater quantity and/or quality:

Discard facility: To minimise discard quantity, the coal will be washed in two stages at the washing plant.
This will maximise the recovery of saleable product from the Run-of-Mine (ROM) coal. For modelling of
worst case scenario it has been assumed that the discard facility will not be lined. The base of the discard
facility will however be compacted and sloped towards cut-off drains or toe paddocks to manage seepage.

Pollution control dams (PCD): it is assumed that these dams will be lined with HDPE. Under this
assumption, the PCDs are not considered a source to groundwater pollution, provided that they do not
overtop and spill.

Coal stockpiles (ROM, Primary and Secondary): the washed coal will be stockpiled on site before being
transported offsite. It is assumed that the stockpile area will aet be lined and will be placed directly on soil.

Underground workings: conventional board and pillar underground mining methods will be used. This will
involve drill and blast and continuous miner operations. The pillars will be 6m wide and to the mining
height. No high extraction is planned. The dolerite sill intruded into the area is expected to increase the
strength of the overburden material. Fhe—risk—of—=substdence—is—therefore—considered—to—be-tew. The
estimated life of mine (LOM) is 15 years. It is estimated that 40% of the coal will remain as pillars. The
underground void space is therefore 60% of the area disturbed.

Impact significance was determined using the WSP standard methodology adopted for the Yzermyn
Underground Coal Mine ESIA. This considered the consequence and likelihood of potential impacts, based on:

The modelled/anticipated deterioration of the baseline conditions;
The duration of the impact;
The modelled/anticipated extent of the impact;
The frequency of the impact; and
The probability of occurrence of the impact.
The significance of each assessed impact is presented in Appendix E.

There are three periods during the life of the mine that are expected to generate impacts; Construction Phase,
Operational Phase and After Mine Closure. These impacts may be related to groundwater availability,
groundwater quality, or both.

5.1 Construction Phase

List of activities that may have an impact on groundwater during the construction phase:

Construction of the adit.

5.1.1  Groundwater Availability
The impact significance on groundwater levels during the construction of the adit phase will be limited since:

e The construction phase will be of short duration; and

e The aditis a small structure (7m wide, 3m high) relative to the aquifer extent.
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Local dewatering of the aquifer is expected to occur around the adit when the excavation depth exceeds 10 m
bgl. The modelled cone of depression is steep around the adit and will not extend more than 500m away
(iLEH, 2013). Water level drawdown is expected to be limited to the weathered aquifer. Shallow groundwater
beneath wetlands in the vicinity of the adit may be affected if perched water bodies are dewatered into the adit
excavation.

Groundwater will seep into the adit and decline shaft but this flow is likely to be sealed off during lining of the
adit walls. The volume of groundwater expected to seep into the adit during the construction phase is
estimated to be 35 to 80 m%d (iLEH, 2013). However, this may increase depending on whether significant
water-bearing fractures and faults are intersected.

This impact is assessed to be of low to medium environmental significance (Appendix E).

5.1.2  Groundwater Quality

Adit construction is not expected to have an impact on surrounding groundwater quality as groundwater flow
will be towards the adit due to dewatering. Groundwater flowing into the adit may be contaminated by:

Occasional hydrocarbon spills or leaks from construction machinery; and
Sulphide oxidation in the exposed coal seam, interburden and overburden.

To keep the operations dry excess water will be removed to the surface by pumping. This will be considered
dirty water and will be dealt with in the mine's water management system.

This impact is assessed to be of low environmental significance (Appendix E).

5.2  Operational Phase
List of activities that may have an impact on groundwater during the operational phase:
Inflow of groundwater into the underground workings;
Dewatering of aquifers above the underground workings;
Abstraction of groundwater for water supply;
Development of acid mine drainage; and

Seepage of contaminated groundwater from the discard facility.

5.2.1  Groundwater Availability

The availability of groundwater during the operational phase of the mine is anticipated to be affected by inflow
of groundwater to the underground mine workings subsequent dewatering of the underground workings and
potential abstraction of groundwater for water supply.

5.21.1 Inflow of groundwater to underground workings

Groundwater inflow is expected to occur when mining intersects water-bearing geological features such as
water bearing faults, fractures and dyke contact zones. The numerical groundwater model was used to
estimate the volume of groundwater flowing into the underground workings considering the range of
permeabilities assigned to the deeper aquifer (Table 9).

Expected minimum (m®/d) 327 549
Expected maximum (meld) 917 1277
Expected average (meld) 536 842
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Modelling results indicate that inflow may vary between 330 and 1280 m®/d (iLEH, 2013) over the life of the
operation. Measured inflow during mining may differ significantly from the model results. This is because the
model is not able to account for specific water-bearing features with characteristics that vary from the average
considered in the model simulations.

This impact is assessed to be of medium environmental significance (Appendix E).

5.2.1.2 Aquifer dewatering

Groundwater inflow to the Yzermyn underground workings will result in reduced groundwater levels in aquifers
above the workings. This creates a cone of depression above and around the mining area. The extent of the
cone of depression depends on the depth of mining and the permeability of the aquifers that are dewatered.

Cones of depression in the deep aquifer were simulated in the numerical model and are presented in Figure
1311, Figure 12 and Figure 143. These figures show the expected drawdown cone at five year intervals
during the mining operations. The expected life of mine is 15 years.

Vertical hydraulic conductivity in the project area is expected to be lower than horizontal conductivity due to the
horizontal layering of the sedimentary geology. Model results indicate groundwater levels in the deep aquifer
may be affected up to 3.5km from the mine workings by the end of mining (Figure 13) (iLEH, 2013). Boundary
conditions along the southwest model boundary have distorted the simulated drawdown cone. However, this is
not expected to significantly impact on the validity of the simulations. The simulated drawdown cone provides a
first order assessment of the impact of mining on the fractured rock aquifer.

The conceptual geological model suggests that the position and permeability of faults intersected by the
underground workings will play a role in the extent and shape of the dewatering cone. However, it is uncertain
whether the inferred faults in the geological model exist or would be water-bearing and act as preferential
groundwater flow paths. Therefore two scenarios were tested in the numerical model:

Water-bearing faults included as discrete zones in the fractured rock aquifer with hydraulic conductivities
double that of the host rock (3m?/d).

Water-bearing faults with hydraulic conductivities equal to that of the host rock

Including the faults as transmissive features in the model resulted in similar simulated drawdowns to excluding
the faults from the model. Highly transmissive water-bearing features may be present at Yzermyn even though
there is no data to confirm this.

The shallow and deep aquifers are hydraulically connected. According to the conceptual geohydrological model
flow from the shallow aquifer is considered to recharge the deep aquifer. Therefore, drawdown in the deep
aquifer will also draw down water level in the shallow aquifer. The impact on water level in the shallow aquifer
will depend on the connectivity between the two aquifers. This could not be quantified from the fieldwork
programme or other geohydrology studies.

As indicated in the conceptual model, connectivity is likely to be localised and driven by geological structures
which intersect both the shallow and deep aquifers. The numerical groundwater model assumed a uniform
connectivity between the shallow and deep aquifers. The connectivity was assumed to be related to the
transmissivity of the aquifers as determined from the fieldwork programme.

The modelled drawdown in the shallow aquifer as a result of mine dewatering is presented in Figure 14.
Drawdown in the shallow aquifer after 15 years of mining is generally limited to a zone approximately 1 500m
around the mine workings. The simulated shallow groundwater level declines up to 2m south of the adit and
plant (Figure 14). This area includes several wetlands delineated by Natural Scientific Services (NSS, 2013).
These have been indicated on Figure 15.

Geological exploration borehole results indicate no dolerite sills in the vicinity of the adit entrance. Therefore,
the identified wetlands are not perched on dolerite. Based on the conceptual geohydrological model, wetlands
near the base of slopes may obtain water from one or all of the following sources: the shallow aquifer, perched
water and springs at higher altitude. The numerical simulations do not apply to water bodies perched on low
permeability horizons in the weathered zone or colluvium deposits which are likely to be unaffected by lower
water levels in the shallow weathered aquifer. The simulation results are considered to indicate that the volume
of water available to the wetlands may be reduced by the decline in water level in the shallow aquifer.
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The worst case impact would be experienced in those wetlands where the single source of water is the shallow
weathered aquifer. There is no information indicating which of the wetlands this condition applies to, if any.

The proposed bord and pillar mining method is not expected to result in surface subsidence. Therefore, the low
vertical permeability of the dolerite sill is not expected to increase due to fracturing induced by mining. As such,
no significant impact on springs perched on dolerite is expected.

Based on the model simulation results, the boreholes and springs that may be affected by mine dewatering are
listed in Table 10.

ATHA-BH4 0—5m Scoping Phase Boreholes — not considered a significant impact. Borehole may continue to

ATHA-BH6 - perform under pre-mining conditions.

ATHA-BH3 5_10m Scoping Phase Boreholes — not considered a sianificant impact. Borehole may continue to

ATHA-BH1 perform under pre-mining conditions.

CBH4D 10— 15m Assessment Boreholes - may be a significant impact. Borehole may not continue to perform

CBH6 under pre-mining conditions.

BH116 15— 20m Assessment and Exploration Boreholes will probably be sianificant impacted on. Boreholes will

CBH1 not perform under pre-mining conditions. Reduced yields are expected to occur

BHO56 20— 25m Assessment and Exploration Boreholes will probably be significantly impacted on. Boreholes wil

CBH7D not perform under pre-mining conditions. Reduced yields/drying-up are expected to occur

BHO73

BH084 25 —30m Scoping Phase and Exploration Boreholes will probably be significantly impacted on. Boreholes

BH106 - will not perform under pre-mining conditions. Drying-up are expected to occur

ATHA-BH5

CBH2D

CBH3D

CBH5D

CBHS >30m Assessment and Exploration Boreholes will be significantly impacted on. Borehole will not
perform under pre-mining conditions. Drying-up is expected to occur.

BHO57

BHO092

BH102

The extent to which the boreholes will be impacted will depend on whether the borehole is located in the
shallow or deep aquifer. It will also depend on the specific transmissivity characteristics of the water bearing
feature(s) intersected.

This impact is assessed to be of high environmental significance (Appendix E).

5.2.1.3 Abstraction of Groundwater for use in Wash Plant and Mine Supply

The groundwater model was used to simulate abstraction from boreholes CBH2D and CBH3S. Based on
aquifer test data it is unlikely that these boreholes could be continuously pumped at the rates provided in
Aquifer characteristics have been determined from pump test and slug test data. Boreholes with estimated
yield greater than 0.5l/s were tested using step drawdown and constant discharge tests from 10 to 15 June
2013. The remaining boreholes were slug tested.

Step tests were conducted on boreholes 2D, 3S and 7S. Three one-hour pumping steps were conducted at
progressively increasing pumping rates with recovery measured on conclusion of pumping. This information
was then used to determine a sustainable pumping rate for the constant discharge test of the borehole.

Constant discharge tests were conducted over a 24 hour period with recovery recorded immediately thereafter.
Aquifer transmissivity was assessed from plots of drawdown versus time. Graphs for the three boreholes
tested are provided in Appendix C.
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Slug tests were undertaken on those boreholes with estimated yield less than 0.5l/s. Slug tests involve
displacing the water in the borehole using a slug of known volume and measuring the recovery of the water
level. Due to low yields some boreholes contained a slurry of silt and water with insufficient depth to conduct a
slug test. These boreholes were reported as “filled with silt”. Slug test field measurements and hydraulic
conductivity calculations are provided in Appendix D.

The hydraulic properties determined from all tests are tabulated in Table 5.
Table 55. It was therefore assumed that the boreholes will be pumped for 12 hours per day.

The model results are presented in Figure 15. The impact of mine dewatering is not included in the
assessment. It is shown that groundwater levels may be drawn down to 36m in CBH2D and to 20m in CBH3S
(iLEH, 2013). The resultant cone of depression in both the shallow and deeper aquifers is not expected to
extend more than 1km from the boreholes.

Under the assumed pumping regime, some 430 m®d (12 900 m®month) of groundwater could be abstracted,
which is equivalent to a third of the monthly water demand at the plant (iLEH, 2013). It is however noted that
these two boreholes are between 2 and 3.5km from the plant which may limit their use as a convenient source
of water supply.

Based on the field programme and model results the potential of the aquifer to provide bulk water supply
appears to be limited. Bulk water abstraction therefore results in a significant drawdown of groundwater levels.

This impact is assessed to be of low to medium environmental significance (Appendix E).

5.2.2  Groundwater Quality

During the operational phase shallow groundwater quality could be impacted by the storage of concentrated
discard material on the site at the proposed co-disposal discard facility seeping out into the receiving
environment.

5.22.1 Seepage of contaminated water from discard facility

A source term presents the mass released from a contaminant source over time. It is generally developed using
the results of geochemical characterisation of mine materials such as discard, overburden and coal. Source
terms were estimated from published sources by Solution[H'] (2013a) and supported by limited geochemical
testing results (Solution[H+] 2013b).

Sulphate, a product of acid mine drainage, was used as an indicator of impact on groundwater quality. At
moderate concentrations sulphate has limited chemical interaction in the aquifer. Sulphate is relatively mobile
when compared to other dissolved constituents in groundwater. Therefore, sulphate mobility is a conservative
indicator of the movement of dissolved groundwater contamination.

The discard facility source term was included in the groundwater model and is summarised in Table 11.

Consistent with site specific geochemical data

Infiltration to groundwater limited by the Uncovered
Discard permeability of material underlying the discard " discard:
facility Infiltration rate could be similar to background 6.51 7400 862-2329 15 — 40% of MAP

rates, if discard slopes towards drains to
capture excess seepage.

Two scenarios were simulated:

High permeability: The discard facility footprint was conservatively assigned the same permeability as the
shallow aquifer; and
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Low permeability: The discard facility footprint was assigned a permeability of 107 cm/s, as specified for
H:H waste facilities in the DWAF Minimum Requirements guidelines (DWAF 1998).

Model results indicate that the plume from the discard facility will move to the north and northeast with a smaller
component to the south and west due to dispersion and the effect of increased recharge from the discard
facility.

The high permeability scenario indicates sulphate concentrations of up to 650 mg/l (iLEH, 2013) in the shallow
weathered aquifer adjacent to the discard facility. The contaminated groundwater plume is expected to extend
up to 500m to the north of the facility and 500m west to the Mawandlane River after 15 years of operation
(Figure 16). Groundwater sulphate concentrations at the plume front are expected to be more than 60 mg/l.

Under the low permeability scenario the extent of the sulphate plume does not change significantly. However,
sulphate concentrations at the plume front are significantly lower with the modelled concentration at the
Mawandlane River about 10 mg/l (Figure 17).

This impact is assessed to be of high environmental significance (Appendix E).

5.3 After Mine Closure

List of post-closure impacts on groundwater:
Possible decant of contaminated water from the underground workings;
Development of acid mine drainage (AMD) and contamination of water in the mine workings; and

Contamination of the aquifer from surface and underground sources after mining ceases.

5.3.1  Groundwater Availability

Mining activities and mine dewatering will cease on mine closure. However, groundwater will continue to seep
into the workings and the workings will eventually fill. Groundwater levels are expected to recover after mine
closure. The recovery will not be immediate and the residual effects of the mine will still impact the surrounding
environment.

5.3.1.1 Decant of water from the abandoned underground workings.

This impact relates to the addition of a water source where none existed before mining. This is likely to change
ecological conditions around and downstream of the water source.

Numerical modelling indicates that groundwater levels will recover between 20 and 50 years after mining (iLEH,
2013). Since no ground subsidence is expected from mining recharge to the underground workings is expected
to take place at natural (pre-mining) rates.

The proposed adit entrance is above the pre-mining groundwater level. Modelled post-mining groundwater
levels are not significantly different to pre-mining levels. Therefore, it is considered unlikely that excess water
from the underground workings will decant from the adit. Other access points to the underground workings
(such as ventilation boreholes) may be a source of decant if located at a lower elevation than the adit.

If faults with high permeabilities are intersected in the workings, the hydraulic head at potential decant points
may be higher than the pre-mining head. This could result in decant unless the decant points are sealed. A
decant scenario was simulated in the numerical model considering a mining height of 1.2m and underground
void space 60% of the total area mined. The assumptions and results are presented in Table 12.
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Alfred UG 2 1480 195 640 334 705 10 500 000 31-53 <100
Dundas UG 2 1480 307 330 466 105 10 500 000 23-34 <100

This impact is assessed to be of medium environmental significance (Appendix E).

5.3.2  Groundwater Quality

In the long-term oxidation of sulphide minerals exposed in the walls, roof and floor of the mine workings may
lead to acid mine drainage (AMD). This will affect the quality of water accumulating in the mine workings.
Lasting groundwater quality impacts may result, both at the level of the workings, and from surface decant.
These impacts are discussed in the following sections.

5.3.2.1 Potential for acid mine drainage

The potential for acid mine drainage from the proposed mining activities was assessed by Solution[H+]
(2013b). Fifteen samples were obtained from geological exploration boreholes drilled at the proposed Yzermyn
Underground Coal Mine. The samples included:

Five coal samples;
Five samples of sandstone/siltstone from the roof and floor of the Alfred Seam; and
Five samples of sandstone/siltstone from the roof and floor of the Dundas Seam.
The samples were submitted for acid-base accounting (ABA) testing at Waterlab laboratory in Pretoria.

All samples from the Dundas Seam roof and floor are non-potentially acid generating (non-PAG). This is
due to low sulphur concentrations in the samples and significant neutralisation potential.

All samples but one from the Alfred Seam roof and floor are potentially acid generating (PAG). This is due
to higher sulphur concentrations than the Dundas samples although neutralistion potential (NP) values are
similar.

Two of five coal samples are PAG and the remainder uncertain. This arises since the coal samples
generally have the highest sulphur concentrations. The coal samples also have significant NP. High paste
pH values suggest that the coal seams may be associated with veins of calcite which is a source of NP.

Based on the ABA results, it appears that there may be distinct differences in drainage quality between the
Dundas workings and discard, and the Alfred workings and discard.

A source term presents the mass released from a contaminant source over time. It is generally developed using
the results of geochemical characterisation of mine materials such as discard, overburden and coal. Source
terms were estimated from published sources by Solution[H'] (2013a) and supported by limited geochemical
characterisation (Solution[H+] 2013b). These are summarised in Table 113 and subsequently used in
numerical modelling of post-closure groundwater contamination.

SO, < 450 mg/l <2500 mg/I
pH >7 6-7

Acid mine drainage is not an environmental impact itself. AMD gives rise to impacts on surface and
groundwater quality. Therefore, the impact significance of AMD has not been assessed. However, specific
impacts from AMD contaminated water have been assessed individually in this report.

5.3.2.2 Contamination of aquifers from surface and underground sources after mining ceases

Water filling the workings after closure is a source of contamination. However, the hydraulic gradient and
groundwater flow is generally towards the underground workings until groundwater levels recover after mine
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dewatering. As indicated in Section 5.3.1.1 it is expected to take 30 to 50 years before groundwater levels
recover. Therefore, significant movement of contamination from the mining areas is unlikely to occur until a
considerable time after closure. Migration of contamination from the workings and discard facility was simulated
in the numerical model.

Two scenarios of groundwater contamination from the discard facility were modelled:

High permeability: The discard facility footprint was conservatively assigned the same permeability as the
shallow aquifer; and

Low permeability: The discard facility footprint was assigned a permeability of 107 cm/s, as specified for
H:H waste facilities in the DWAF Minimum Requirements guidelines (DWAF 1998).

The high permeability scenario indicates groundwater contamination will have extended approximately 1 600m
north of the facility 100 years after closure (Figure 198). Modelled sulphate concentrations up to 500mg/l may
be present at the head of the plume. The plume also extends northeast along the Mawandle River.

The low permeability scenario indicates a significantly reduce plume extent and concentration. The plume is
modelled to extend approximately 1 000m north of the facility with sulphate concentrations of 10 to 20mg/l at
the head of the plume (Figure 19). The low permeability sulphate plume also extends a shorter distance along
the Mawandlane River (Figure 19).

Both model scenarios show potentially contaminated groundwater from the discard facility flowing into the
Mawandlane River and the tributary of the Assegaai River. Normally the groundwater component of stream
base flow is comparatively low. However, during the dry season, the groundwater base flow component may
become more pronounced when surface runoff is reduced or absent.

Preliminary groundwater base flow calculations based on model results suggest groundwater flow of 27 m%d
into the Mawandlane River. The associated salt load will depend on the contaminant concentrations in the
inflowing groundwater. Base flow to the Assegaai River tributary is estimated to be 19 m?®d.

Model simulations indicate that groundwater contamination will move from the mine workings in a north and
northeast direction in the deeper fractured rock aquifer. The plume may extend more than 2km down gradient
of the mining operations (Figure 2020). Simulations considered the inferred faults to act as preferential paths of
groundwater flow.

This impact is assessed to be of medium environmental significance (Appendix E).

5.4 Key Assumptions
The groundwater study is based on the following assumptions and statements:

The hydrogeological conceptual model and parameters for the project are based on available information
and were inferred where necessary. Should additional information become available, it is recommended
that the hydrogeological parameters presented in this report be re-evaluated. The values assumed during
conceptualisation are discussed in Section 4.2 above.

The groundwater impact assessment is based on the information available at the time of compilation of this
report. The results of this study and specifically the modelled impact assessment should be confirmed
once additional information is available.

Some aquifer parameters could not be obtained from the fieldwork programme results. Therefore,
storativity for the two aquifers simulated and the characteristics of the dolerite intrusions, were inferred from
experience with similar Karoo aquifers elsewhere.

It was assumed that groundwater flow mimics the topography. Groundwater levels were statistically
estimated from the DTM generated for the sub-catchment in which the project is situated.

It was assumed that pollution control dams at the wash plant and discard facility will be lined and the plant
area will be paved. These will limit seepage to the underlying aquifers. Therefore, the discard facility and
underground workings are the only significant source of groundwater contamination considered in the
numerical model.
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The contaminant source terms for the discard facility and underground workings should be revised once
more specific information is available. This information may include geochemical analysis of discard
samples once the wash plant is in operation, and samples of underground water during mining operations.
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6 Groundwater Environmental Management Plan

Based on the impact assessment, the groundwater impacts of medium to high significance include:
Aquifer dewatering;
Groundwater contamination from the discard facility;
Groundwater inflow to the underground workings; and
Groundwater contamination from the flooded underground workings after closure.

Mitigation measures for the above impacts and general groundwater management measures are discussed in
detail in this section under the headings of groundwater management and groundwater monitoring. For clarity
Groundwater Management Programme has been tabulated in Appendix F. Initial estimates of management
and monitoring costs are presented under the heading Financial Provision.

6.1 Groundwater Management

Specific mitigations to address identified significant groundwater impacts are presented by project phase in the
following sections.

6.1.1  Construction Phase

Minimise the impact of aquifer dewatering during adit construction by ensuring that sufficient infrastructure is in
place to manage underground water seepage. The following items are to be actioned:

Water that is required for underground mining must be kept in a dedicated sump.

Ensure that pollution control dams on surface are adequately sized to accommodate excess underground
water. The pollution control dams must be lined to prevent seepage to the underlying aquifers.

If the adit and underground workings need to be dewatered, an application for a water use license must be
made to the Department of Water Affairs (DWA).

Prevent dirty water runoff from leaving the general mining area. The surface water management plan must
allow for the volumes of dirty water removed from the adit and mine workings.

The plant area must be paved to prevent contaminated seepage from the stockpiles and coal washing
areas to the underlying aquifers.

All dirty water from the plant area must be contained in the plant pollution control dams and re-used in the
mining process.

Compact the base of the discard facility to minimize infiltration of poor quality water to the underlying
aquifers during the operational phase. Toe drains should be installed to remove discard seepage and
reduce the volume available for infiltration to the aquifers.

The water balance of the operations should consider the potential underground water make so that the
additional volume can be managed in the dirty water management system.

Seal the adit walls to reduce groundwater seepage into the excavations.

Commence groundwater monitoring to establish a groundwater quality and level baseline against which
future mining impacts can be measured.

6.1.1.1 Discard facility alternatives

Based on the results of this assessment, several alternatives to discard placement and the design of the
discard facility have been identified. These include separation of Alfred and Dundas seam discards, changing
the location and orientation of the proposed facility, and assessment of discard as a saleable product.
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Since Yzermyn is a proposed mine, no samples of discard from the beneficiation plant were available for
geochemical characterisation. However, the ABA results from coal seam and roof/floor samples collectively
provide an indicator of the potential quality of coal discard material.

Four of 15 samples were found to be non-potentially acid generating (non-PAG). The remainder are either PAG
or uncertain. The results are not definitive but suggest that NP could be strongly related to the occurrence of
calcite veining and matrix cement in coal and sandstone samples. Therefore, the potential acid drainage risk is
likely to be linked to the amount of calcite that persists in the discard after the washing process.

Given that the Dundas roof/floor rock samples are generally non-PAG, the discard from the Dundas workings
may also have a lower acid rock drainage risk than discard from the Alfred workings. An alternative discard
placement strategy would be to encapsulate high acid potential Alfred discard within lower acid potential
Dundas discard. This could potentially reduce oxygen and moisture and therefore AMD generation in the Alfred
discard. However, this would require separate washing of ROM from the Alfred and Dundas workings.

The numerically modelled plume of contaminated groundwater from the discard depends on the location of the
facility. The proposed east-west orientation of the facility results in a wide front for release of contaminated
seepage into two catchments (Mawandlane River and Assegai River tributary). Rotating the footprint so that the
longer axis lies north-south could limite the potential impact to the Mawandlane River catchment.

Additional geochemical characterisation and numerical groundwater modelling of these alternatives is required
to confirm the potential reduction in environmental impact.

Finally, the potential markets for coal fines and discard as low-quality coal should be assessed. If a saleable
use for these materials can be found, the need for a co-disposal facility is largely removed and the potential
groundwater contamination impact can be considerably reduced.

6.1.2 Operational Phase

The aim of groundwater management during the operational phase should be to restrict impact of polluted
groundwater to the mining area and mitigate the loss of groundwater from the catchment. This will require
implementation of the following:

Implement and maintain a groundwater-monitoring programme as described in Section 6.2. Boreholes in
the zone of impact, as listed in Table 34, should be included in the monitoring programme. The borehole
distribution, monitoring frequency and parameters to be measured should be reviewed by a registered
groundwater professional on an annual basis. The review should include recommendations for additional
boreholes and/or modifications to the monitoring programme as required.

It is important to measure the flow of all springs in the potential zone of impact before mining commences.
This will establish a baseline against which future impacts can be measured.

Should the groundwater-monitoring programme indicate that private boreholes/springs are impacted by
mining activities; the provision of an alternative source of water supply should be negotiated with the
affected party.

Seal water bearing geological structures (faults, fractures, dykes) as they are intersected in the
underground workings. This will reduce groundwater seepage into the workings and limit dewatering of
surrounding aquifers.

Re-use groundwater seepage collected in the underground workings in the mining process.

Should the mine water balance become positive and underground safety is affected by wet underground
conditions, an application to DWA must be made for a water use license to pump excess mine water.

If subsidence above the workings is noted or anticipated, the groundwater impact assessment must be re-
evaluated. Additional mitigation measures may be required to manage resulting groundwater impacts.

6.1.3 Mine Closure

The results of monitoring data obtained during the Construction and Operational Phases of the project will be
required to obtain approval of mine closure from the Government. In any event, groundwater quality and
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groundwater level monitoring should continue for at least five years after mining ceases. The monitoring
information will be used to update, verify and recalibrate the predictive tools to meet legal requirements.

The following actions are to be implemented during closure:

The adit and other identified decant points (such as ventilation shafts) must be sealed with a low
permeability barrier that will be chemically and geotechnically stable for an extended period.

Use the results of the monitoring programme to confirm/validate the predicted impacts on groundwater
availability and quality after closure.

Update existing predictive tools to verify long-term impacts on groundwater. It is of specific importance that
site specific geochemical information is used to update the contaminant transport modelling presented in
this report.

Water in the underground workings will be affected by the coal seam roof and floor rocks. Based on the ABA
results, water in the Dundas workings is not likely to be significantly affected by acid generation. However,
water in the Alfred workings will be affected. Nevertheless, Dundas workings water is unlikely to be suitable for
discharge.

Should significant post-closure decant be expected, it may be possible to blend Alfred and Dundas waters to
achieve a consistent feed to a water treatment plant. Therefore, the post-closure mine water management
strategy should consider the potential difference in Dundas and Alfred water quality and keep the waters
separate as far as possible.

6.2  Groundwater Monitoring
Groundwater monitoring should include;

Monitoring of groundwater levels in the monitoring and hydrocensus boreholes. This will indicate the
impact of mine dewatering on the surrounding aquifers.

Groundwater inflow into the underground workings by daily measuring volumes of water contained in
underground sumps and the volume of water used for drilling, dust suppression or other mining activities.

Specific measurement of discharge rates from water bearing geological structures intercepted in the
workings.

Sampling and laboratory analysis of groundwater from underground workings and the monitoring and
hydrocensus boreholes.

The monitoring programme, including borehole distribution, monitoring locations, monitoring frequency and
parameters to be measured should be reviewed by a registered groundwater professional on an annual
basis. The review should include recommendations for additional boreholes and/or modifications to the
monitoring programme as required.

Table 14 presents the initial monitoring programme recommended for the proposed Yzermyn Underground
Coal Mine.

Construction, Operational and Decommissioning Phases

Monitoring boreholes Quarterly Full chemical analysis SANS: Class 1
(April, duly, Oct, Jan) Groundwater level

Rainfall Daily at the mine No analysis Not Applicable
Post-closure phase for 5 years after mining ceases *

Monitoring boreholes Quarterly Full chemical analysis SANS: Class 1
(April, duly, Oct, Jan) Groundwater level
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Rainfall Daily at the mine No analysis Not Applicable

*If the results of the screening elements show an increase in concentrations above 10%, the borehole must be resampled and a full
chemical analysis be performed.

Laboratory analysis should be conducted by a SANAS accredited laboratory. The mine environmental officer
should develop a groundwater-monitoring database to systematically store all relevant groundwater data. The
database should be stored in multiple copies to ensure that data is preserved.

An annual compliance report should be compiled by a SACNASP registered groundwater professional. The
compliance report should be submitted to the authorities for evaluation and comment. The mine is responsible
for developing a monitoring response protocol after the completion of the Construction Phase of the project.
This protocol should describe procedures in the event that groundwater-monitoring information indicates that
action may be required.

6.3 Financial Provision

The financial provision that should be provided to comply with the commitments made with respect to
groundwater includes:

Groundwater monitoring during mining operations, according to the schedule presented in Table 14 above.

The cost for mine dewatering is not included, as it is assumed that this cost will be absorbed in the mining
operational budget for the project.

Groundwater monitoring after mining ceases, for an initial period of five years. The length of this monitoring
period must be negotiated with Government authorities during the Decommissioning Phase of the project.
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CEBHA
TOTAL DEPTH: 94 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: #3-05-13t0 250513

- Water leve i comp eted we |

DRILLING CO-EDRS

DREILLER:

RIS TYPE: Truck Maountad

METHCD OF DRILLIMNG: Relary Aar Peisussion
SAMPLING METHODS: None

Lepts Aock

Rack Desciption

Strikess
Seapage
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Zhale ard Sandsone Ve llaminated shale with fine grair =d sandstons . Grey celaur,
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Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CEBHA
TOTAL DEPTH: 94 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: #3-05-13t0 250513

- Water leve i comp eted we |
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WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CEBHA
TOTAL DEPTH: 94 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: #3-05-13t0 250513

- Water leve i comp eted we |

DRILLING CO-EDRS
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! WSP FIELD BOREHOLE LOG
Environmental EOREHOLE NO..CEH1
WSP House, Bryansten Place Offlee Park, 199 TOTAL DEPTH: 94 m
Eryanston Drive, Bryanston, 2021
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: ¥zormyr Coal Minc DRILLING CO-EDRS
SITE LOCATION: Wakkerstroom DRILLER:
JOB NG 24014020 RIS TYPE: Truck Maountad
LOGGED BY: Andrian Van Bardt METHCD OF DRILLING: Rolary An Peioussion
PROJECT MANAGER: Adam Smith SAMPLING METHODS: Mona
DATES DRILLED: #3-05-13 t0 250513
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CEBHA
TOTAL DEPTH: 94 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: #3-05-13t0 250513

- Water leve i comp eted we |

DRILLING CO:EDRS
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RIS TYPE: Truck Maountad
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SAMPLING METHODS: None
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! WSP FIELD BOREHOLE LOG
Enviranmental BOREHOLE NO..CBHZD
WSP House, Bryansten Place Offlee Park, 199 TOTAL DEPTH: 130 m
Eryanston Drive, Bryanston, 2021
PRCJECT INFORMATION DRILLING INFORMATION
PROJECT: ¥zormyr Coal Minc DRILLING CO-EDRS
SITE LOCATION: Wakkerstroom DRI_L_EZR:
JOB WO 24514020 RIG TYPE: Truck Maountad
LOGGED BY: Andrian Van Bardl METHCD OF DRILLING: Bolary An Peisussion
PROJECT MANAGER: Adam Smith SAMPLING METHODS: Monz
DATES DRILLED: 24-05-131tn 250513
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH2ZD
TOTAL DEPTH: 120m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: 24-05-13to 250513

- Water leve i comp eted we |

DRILLING CO:EDRS
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RIS TYPE: Truck Maountad

METHCD OF DRILLIMNG: Relary Aar Peisussion
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! WSP FIELD BOREHOLE LOG
Enviranmental BOREHOLE NO..CBHZD
WSP House, Bryansten Place Offlee Park, 199 TOTAL DEPTH: 130 m
Eryanston Drive, Bryanston, 2021
PRCJECT INFORMATION DRILLING INFORMATION
PROJECT: ¥zormyr Coal Minc DRILLING CO-EDRS
SITE LOCATION: Wakkerstroom DRI_L_EZR:
JOB WO 24514020 RIG TYPE: Truck Maountad
LOGGED BY: Andrian Van Bardl METHCD OF DRILLING: Bolary An Peisussion
PROJECT MANAGER: Adam Smith SAMPLING METHODS: Monz
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH2ZD
TOTAL DEPTH: 120m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: 24-05-13to 250513

- Water leve i comp eted we |

DRILLING CO:EDRS
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH2ZD
TOTAL DEPTH: 120m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: 24-05-13to 250513

- Water leve i comp eted we |

DRILLING CO-EDRS

DREILLER:

RIS TYPE: Truck Maountad

METHCD OF DRILLIMNG: Relary Aar Peisussion
SAMPLING METHODS: None
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Rack Desciption
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH2ZD
TOTAL DEPTH: 120m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: 24-05-13to 250513

- Water leve i comp eted we |

DRILLING CO:EDRS
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RIS TYPE: Truck Maountad

METHCD OF DRILLIMNG: Relary Aar Peisussion
SAMPLING METHODS: None
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! WSP FIELD BOREHOLE LOG
Enviranmental BOREHOLE NO..CBHZD
WSP House, Bryansten Place Offlee Park, 199 TOTAL DEPTH: 130 m
Eryanston Drive, Bryanston, 2021
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: ¥zormyr Coal Minc DRILLING CO-EDRS
SITE LOCATION: Wakkerstroom DRI_L_EZR:
JOB WO 24514020 RIG TYPE: Truck Maountad
LOGGED BY; Andrian Van Bardl METHCD OF DRILLING: Rulary An Pricussion
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DATES DRILLED: #4-05-131tn 250313
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH2s
TOTAL DEPTH: 34 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: #3-05-13t0 250513

- Water leve i comp eted we |

DRILLING CO:EDRS

DREILLER:

RIS TYPE: Truck Maountad

METHCD OF DRILLIMNG: Relary Aar Peisussion
SAMPLING METHODS: None
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH2s
TOTAL DEPTH: 34 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: #3-05-13t0 250513

- Water leve i comp eted we |

DRILLING CO:EDRS
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH 3D
TOTAL DEPTH: 208 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: 22-05-13 to 30513
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH 3D
TOTAL DEPTH: 208 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
PROJECT MANAGER: Adam Smith
DATES DRILLED: 22-05-13 to 30513
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§-WSP

Envirenmental

WSP House, Bryanston Place Offlce Fark, 199
Eryanston Drive, Bryanston, 2021

FIELD BOREHOLE LOG

EQOREHOLE NO..CBH 3D
TOTAL DEPTH: 208 m

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Yzormyn Caoal Minc

SITE LOCATION: Wakkorstroom

JOB NG 24014020

LOGSED BY; Andrian Van Bardi
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CBH1 CBH2S CBH4D CBHS5S

Time Recovery Time Recovery Time Recovery Time Recovery
(min)  m/mm (min)  (m/mm) (min) (m/mm) (min) (m/mm)
241 ’ 15.88 38.72 13.42
0 1.17 0 15.14 C 37.69 0 12.81
05 1.2 0.5 15.15 0.5 37.74 0.5 12.95
1 1.2 1 15.23 1 37.79 1 13
15 1.21 15 15.28 15 37.79 15 13.03
2 1.21 2 15.3 2 37.86 2 13.12
3 1.21 3 15.37 3 37.89 3 13.15
4 121 4 15.41 4 37.95 4 13.19
5 1.22 5 15.41 5 38.02 5 13.22
6 1.22 6 15.48 € 38.05 6 13.26
7 1.22 7 15.53 7 38.08 7 13.26
8 1.22 8 15.6 & 38.01 8 13.27
9 1.22 9 15.65 g 38.13 9 13.28
10 1.22 1C 15.7 10 38.17 10 133
12 1.22 12 15.78 12 38.23 12 13.33
15 1.22 15 15.8 15 38.29 15 13.34
20 1.22 2C 15.8 20 38.33 20 13.35
25 1.22 25 15.82 25 38.34 25 13.35
30 1.23 3C 15.85 30 38.36 30 13.37
35 1.23 35 15.85 35 38.37 35 13.37
40 1.25 4C 15.85 40 38.38 40 13.37
45 1.25 45 15.85 45 38.38 45 13.37
50 1.25 5C 15.85 50 38.39 50 13.37
60 1.25 6C 15.85 60 38.39 60 13.37
70 1.25 7C 15.85 70 38.39 70 13.37
80 1.25 8C 15.85 80 38.39 80 13.37
90 1.25 9C 15.85 0] 38.39 90 13.37
100 1.25 100 15.85 100 38.39
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Geohydrology
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Appendix F: Groundwater Management Programme
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Management Management Action Required Action Responsible Phase
Measure Recommendations Ref. Party
Ref.
11 Water that is required for 11 This should be incorporated | Mine planner, | Pre-construction/
underground mining must be into an EMPR and initiated | Environmental Constructi
kept in a dedicated sump by mine environmental | Manager onstruction
manager
1.2 Ensure that pollution control 1.2 This should be incorporated | Mine planner, | Pre-construction/
dams on surface are into an EMPR and initiated | Environmental .
; . X Construction
adequately sized to by mine environmental | Manager
accommodate excess manager
underground water
13 Prevent dirty water runoff from 13 This will be achieved with a | Mine planner, | Pre-construction/
leaving the general mining area cutoff trench around the | Environmental .
X . Construction
adit, plant and discard | Manager
facility
14 Prevent contaminated seepage 14 Plant area must be paved Mine planner, | Pre-construction/
from the stockpiles and coal Environmental Constructi
washing areas to the underlying Manager onstruction
aquifers
15 All dirty water from the plant 15 This should be incorporated | Mine planner, | Pre-construction/
area must be contained in the into an EMPR and initiated | Environmental .
. . X Construction
plant pollution control dams and by mine environmental | Manager
re-used in the mining process manager
1.6 Minimize infiltration of poor 1.6 Compact the base of the | Mine Planner | Pre-construction/
quality water to the underlying discard facility Environmental .
: Construction
aquifers. Manager
1.7 Minimise groundwater seepage 1.7 Seal the adit walls Mine Planner | Pre-construction/
into the excavations Environmental .
Construction
Manager
1.8 Groundwater Monitoring 1.8 This should be incorporated | WSP, Operational/
programme into an EMPR and initiated | Environmental .
b . . Decommissioning/
y mine environmental | Manager
manage Rehabilitation
1.9 Minimise groundwater seepage 1.9 Seal of water bearing | Mine Planner Operational/
to the workings and to limit the geological structures like

impact of mine dewatering

faults and dykes as they are

Decommissioning/

Project number: 24514
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Management Management Action Required Action Responsible Phase
Measure Recommendations Ref. Party
Ref.
intersected in the
underground workings
2.0 Prevent subsidence in the 2.0 Implement sound | Mine Planner and | Operational/
overburden material and pillar geotechnical and rock | Mine Engineer .
failure in the underground mechanic principles Decommissioning
g princip
workings
21 Minimise the rate at which 21 In the long-term excess | Mine Planner Decommissioning
groundwater quality will seepage must be removed
deteriorate to a suitable facility on
surface or in the
underground workings
during the  operational
phase to limit the reaction of
pyrite with oxygen and
water
2.2 Prevent decant 2.2 The adit must be sealed | Mine Planner and | Decommissioning

using sound engineering
principles

Mine Engineer
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Bryanston Place, 199 Bryanston Drive
Bryanston

2191

South Africa

Tel: +27 11 361 1393
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www.wspenvironmental.co.za
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TRAFFIC IMPACT ASSESSMENT
PROPOSED NEW YZERMYN COAL MINE, MPUMALANGA

1 Introduction

1.1 Purpose

WSP SA Civil and Structural Engineers were appointed by WSP Environment & Energy to prepare a
Traffic Impact Assessment for the proposed new Yzermyn coal mine near Piet Retief in

Mpumalanga.

1.2 Locality

The site of the proposed mine is situated approximately 10km south-west of Dirkiesdorp along the
existing dirt road. Dirkiesdorp is located approximately midway between \Wakkerstroom and Piet
Retief when traveling along the R543. (See Figure 1: Locality Map.)

1.3 Scope
This study covers the following aspects related to traffic:

» A brief description of the proposed development;

»  Discussion of trip generation, distribution and assignment associated with the proposed mine;
»  Analysis of traffic operating conditions for the proposed mine;
»  Comment on public and road safety issues;

»  Comment on on-going road pavement management and maintenance; and

& Conclusions and recommendations.

Project number; 13844 R ~‘ ﬁ__lws P

Dated: 20130801 3|61
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TRAFFIC IMPACT ASSESSMENT
PROPOSED NEW YZERMYN COAL MINE, MPUMALANGA

2  Description of the Development

2.1 Existing Land Use

The land surrounding the proposed mine site is generally open uncultivated land with small areas of
cultivated agricultural land in some places.

There are two townships between the proposed mine site and the Piet Retief siding to the North of
the proposed mine. The Dirkiesdorp township is approximately 10km north-east of the site and the
KwaSema township is approximately 25km north-east of the site (see Figure 1: Locality Map).

There are two schools in the study area, one along the dirt road between Dirkiesdorp and the
proposed mine site (shown in Photo 1, Appendix A} and the other in Dirkiesdarp. This may raise
safety issues, discussed in Section &, Public and Road Safety.

2.2 Proposed Development

The proposed Yzermyn coal mine will produce just under 2 Mt per annum at maximum operating
capacity. Construction is estimated to commence towards the end of 2014 with the commissioning
phase of the mine starting in 2018. The expected lifespan of the mine will be 15 years.

The coal from Yzermyn will be transported by means of 30 ton capacity trucks (similar to that shown
in Photo 2, Appendix A) along the route of the existing dirt road past Dirkiesdorp, towards Piet Retief
along the R543. Once at the existing Piet Retief siding, the coal will be transported via rail from
Fiet Retief to the Richards Bay Coal Terminal.

Production at Yzermyn as well as the transportation of the product will ocour 6 days per week.

2.3 Existing Road Network

The proposed mine is to be situated on the western side of the R643 between Wakkerstroom and
Dirkiesdorp, to the south-west of Piet Retief which is to the west of the intersection of the R543 and
the N2. Access to the site will be via the existing intersection with the R543 and Vaalbank Road in
Dirikiesdarp. The intersection is shown in Photo 3, Appendix A and is labelled Intersection 1. The
R543 in the vicinity of Intersection 1 is a tarred, 2-lane undivided road The speed limit along the
R&43 in the vicinity of the intersection is 60 km/h. Vaalbank Road is a dirt road providing access fo

the proposed mine site.

There is ancther intersection along the R543 where heavy vehicles are deployed (R543 and
Uitgevallen Road Intersection). This intersection will be called Intersection 2 and is approximately
20km North-east of Intersection 1 (R543 and Vaalbank Road). The R543 in the vicinity of
Intersection 2 is a tarred, 2-lane undivided road with localised widening at the intersection. The
speed limit along the R543 in the vicinity of Intersection 2 is 80 km/h.

Further north along the R543, approximately 25km from Intersection 2, is the intersection of the
R543 and the access road to the Piet Retief Railway Siding. This intersection will be known as
Iintersection 3. The speed limit along the R&43 in the vicinity of Intersection 3 is 60 km/h. The
entrance to the Railway Siding is shown in Photos 4 and 5, Appendix A,

The three intersections mentioned above are identified on the Locality Plan (Figure 1).

Project number: 13944 R SR e T ‘ i! WSP (—.
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3  Traffic Data

Manual, classified traffic counts were conducted at Intersections 1, 2 and 3 on Wednesday, 16 March 2012
between 06:00 and 18:00 (12 hours). Intersection 2 will not be analysed further in this study as the impact
of the free-flow through movements on this intersection will be negligibly small. The resulting AM and PM
peak hour traffic volumes at intersections 1 and 3 are shown in Figures 2 and 3. The volumes shown in
Figures 2 and 3 are given in passenger car units (PCU's). It was assumed that 1 heavy vehicle is
equivalent to 8 passenger car units.

24-Hour electronic traffic counts were undertaken over a 7-day period at two |ocations along the R543.
Classified (light and heavy} counts of vehicles in each direction were carried out starting on Thursday,
17 May 2012 to Wednesday, 23 May 2012 at the following two locations:

s E-1: onthe R543 between Intersection 1 and 2; and

s E-2. onthe R543 between Intersection 2 and 3.

See Figure 1 for the location of Station E-1 and E-2.

It can be seen from these counts that the daily volumes of traffic are relatively low, with 7-day (24 hours)

averages as follows:

Table 3.1: Seven-day Average Volumes (24-hours)

B IS P . L
E-1 Heavy 104 104 208
""" Al 445 437 879

Light B 604 1126

E-2 Heavy 130 95 224
A 654 897 1352

The detailed traffic count data are included herewith in Appendix B.

Project number: 13944 R
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4

4.1

Trip Generation, Distribution and Assignment

Trip Generation

Trip generation rates for this type of development are not available from standard sources. The trip
generation used has been extracted from information provided by the client. This infermation is sub-
divided into the construction phase, the commissioning phase and the operating phase and can be
summarised as follows:

4.1.1 Construction Phase

It is expected that the Construction Phase will commence in 2015 and is estimated to
continue for approximately 8 months. It was also assumed that the construction plant will
remain on site for the duration of the construction phase and the impact of the
construction on the surrounding road network is therefore considerad to be negligible.

4.1.2 Commissioning and Operating Phase

Yzarmyn mine is expected to be commissioned in 2016 operation will ramp up to full
capacity within the third year of operation {2018). The expected annual production
volumes are given in Table 4.1 below:

Table 4.1: Estimated Annual Production Volumes

0B2)| 138| 190 | 166 194| 194 ) 106 | 189 ( 184) 196| 193 | 183 | 1.35| 029

= Coal Transportation

Product will be transported for 20 hours {two 10-hour shifts) on weekdays and
during the single shift on a Saturday, The 30-ton haul trucks will transport the coal
via the existing dirt road through Dirkiesdorp towards Piet Retief along the R543 to
the Piet Retief siding. It was assumed that one empty truck will return to Yzermyn
mine for every loaded truck that departs from the mine.

Initially five 30-ton trucks will be needed per hour on weekdays for transporting the
product to the siding. Peak operation will be reached by 2018, at which point twelve
30-ton trucks per hour will be required during the weekdays.

= Labour Transportation

It was assumed that all employess will start working with the commissioning of the
mine in 2016. The total staff compaonent of Yzermyn mine is expected to be 350
people.

The mine will operate in two 10-hour shifts during the week (Monday to Friday) from
05:00 to 16:00 and from 15:00 to 01:00. There will also be a "dog” shift from 01:00
to 06:00 (5-hours). There will only be one shift on a Saturday, which was not
considered in the analysis because the weekday traffic volumes will be the worst
case scenario.

Dated: 2071308/
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The distribution between skilled, semi-skilled and unskilled staff was assumed to be
30%, 15% and 55% respectively. The skilled workers will work predominantly
during the day-shift. The unskilled workers were further distributed; 10% were
assumed to travel to and from the town of Dirkiesdarp, 10% to and from the town of
KwaSema and 80% coming from other nearby towns; i.e. Piet Retief to the north
and Volksrust and Wakkerstroom to the south.

The 350 employees will be split into the different shifts as follows; day shift (08:00
to 16:00) will comprise of 55% of the total employees, night shift {15:00 to 01:00)
will be 35% and dog shift (01:00 to 08:00) will be 10%.

The staff composition as explained above is summarised in Table 4.2

There will be approximately 50 private vehicles transporting employees to/from the
mine, assuming that all private vehicles are owned by the skilled employees, i.e.
mast private vehicle trips are expected during the day-shift. For a worst case
scenario, vehicle occupancy of 1 person per private vehicle was assumed. It was
assumed employees without private vehicles will use minibus taxis which can
transport approximately 15 passengers.

The employee's trip generation as explained above is summarised in Table 4.3.

Table 4.2: Staff Composition

Skilled (30%) 105 g4'

Semi-skilled (15%) 53 23 23 7
Unskifled from Dirkiesdorp 19 9 a 2 Bl
Unskilled from KwaSema | 19 TR 2
Unskilled from Other 154 e | 67 19
Total unskilled (55%) 192 86 83 23
TOTAL 350 193 122 35

1. Skiled smployess work predominantly day-shift. It was assurmed that 80% of the shilled employeas will work
during the day shift (5:00 f 16:000, 15% during the right shift (15:00 fo 01:00) and 5% during the dog shift

Table 4.3: Employee Trip Generation

Private Vehicles 50 12l
Tovfrom Dirkiesdorm 3 1 1 1
Tofrom KwaSema | 2 1 1 1
Taffrom Other 18 g | A P I
Minibus Taxis 24 11 g 4
TOTAL 74 51 17 6

2. Skilad empioyees work predominantly day-shift and these emplovess will own the privale vehicles, The
private vehicles wers disiributed the same as the skilled emplovess distibutions; 80% for day shift (5:00 lo
16000, 15% for night siift (75:00 o §1:00) and 5% for dog shift.

Froject number: 13944 R
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4.2 Trip Distribution and Assignment

To consider the worst case scenario it was assumed that the employee trips would occur during the
AM and PM peak hours of the background traffic.

Most of the residential areas in the vicinity of the mine are located along the R543, north of the site
which includes Dirkiesdorp, KwaSema and Piet Retief and south of the site to Wakkerstroom and
Wolksrust. It was assumed that 10% of the unskilled workers will travel to and from Dirkiesdorp, 10%
unskilled will travel to and from KwaSema and the 80% unskilled, all semi-skilled and all skilled
workers will travel to and from "other destinations” namely; Piet Retief (north) or Wakkerstroom and
Volksrust (south). A 50:50 split between the north and south was assumed for trips to “other

destinations”,

Those trips to/from Dirkiesdorp will only effect the access at the proposed mine site, Intersection 1 is
an the outskirts of Dirkiesdorp and will not be effected.

Those trips toffrom KwaSema will affect the access at the proposed mine site and Intersection 1 as
the town in further north of Dirkiesdorp.

Those trips to/from Piet Retief will affect the access at the proposed mine site. Intersection 1 and
Intersection 3. Intersection 2 was disregarded because the impact of the free-flow through
movements on this intarsection will be negligibly small.

Those trips toffrom Wakkerstroom will affect the access at the proposed mine site and Intersection 1
as the town in south of Dirkiesdorp and the proposed mine,

As the day shift (6:00 to 16:00) and the night shift {15:00 to 01:00) overlap, it was assumed for 3
worst case scenario that the minibus taxis dropping employees off for the 15:00 shift will not wait for
the 16:00 shift to leave and therefore each shift, day and night, will have their own set of minibus
taxis. The dog shift staff was assumed to depart with the minibus taxis which drop off the day shift at
06:00,

The loaded trucks will travel north to Piet Retief and once unloaded will travel back south to the
mine. The trucks will affect Intersections 1 and 3. Intersection 2 was disregarded because the impact
of the free-flow through movements an this intersection will be negligibly small.

The generated trips during the weekday peak hours at commissioning stage (2016) are shown in
Figures 4 and §. The generated trips at peak operation (by 2018) are shown in Figures 6 and 7.

Dated: 20730801 1181
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4.3 Traffic Growth

An annual growth rate of 3% was assumed for the background traffic.

The assigned generated traffic was combined with the background traffic to produce the expected
total AM and PM peak traffic volumes for the base year (2016) without Yzermyn Mine (Figures 8 and
9} and with Yzermyn Mine (Figures 10 and 11).

The total AM and PM traffic volumes in 2018, when operations will reach maximum capacity, are
shown in Figures 12 and 13.

The total horizon year traffic volumes (2021) without Yzermyn Mine are shown in Figures 14 and 15
and the horizon year (2021) with Yzermyn Mine is shown in Figures 16 and 17.

The volumes shown in Figures 8 to 17 are givenin PCU's.

Project number: 13944.R ‘ évl ws P
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Figure 4: Generated AM Peak Hour Trips at Commissioning Stage (2016)
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Figure 8: Base Year {(2016) AM Peak Hour Traffic
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Figure 11: Base Year (2016) PM Peak Hour Traffic with Yzermyn Mine
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5 Operational Assessment

5.1 Levels of Service

Operating conditions for peak hours are normally assessed in terms of Levels of Service (LOS),
volume to capacity ratios {vic), and average delay.

At this point it is worth considering what is meant in terms of levels of service. In this regard the
following is an extract from the US Highway Capacity Manual.

"The concept of level of service uses qualitative measures that characterize operational conditions
within a traffic stream and their perception by molorists and passengers. The descriptions of
individual levels of service characterize these conditions in terms of such factors as speed and travel
timea, freedom to manosuvre, traffic interruptions, and comfort and convenience,

Six levels of service are defined for each type of facility for which analysis procedures are available.
They are given letter designations, from A to F, with level of service (LOS) A representing the best
operating condifions and LOS F the worsf. Each level of service represents a range of operating
conditions.

The volume of traffic that can be served under the stop-and-go conditions of LOS F is generally
accepled as being lower than possible at LOS E, consequently, service flow rale E is the value that
corresponds fo the maximum flow rate, or capacity, on the facility. For most design or planning
purposes, however, senvice flow rates D or C are usually used because they ensure a more
acceptable quality of service to facility users.”

5.2 Operational Assessment

According to the South African Manual for Traffic Impact Studies ", a development of this size
requires an analysis for the base year, which has been assumed to be 2016 and a horizon year of §
years, i.e. 2021,

In this regard the AM and PM peak hours of the following scenarios have been considered for
analysis:

s Scenaric 1: Existing traffic (2013);

m  Scenario 2; Base year (2016) without Yzermyn Mine;

s Scenario 3 Base year (2016) with Yzermyn Ming;

= Scenario 4. Full operation of Yzermyn (2018);

s Scenario 5: Horizon year (2021) without Yzermyn Mine; and
» Scenario 6 Horizon year (2021) with Yzermyn Mine.

Analysis of the operational conditions with respect to the above has been undertaken using the
SIDRA 5.1 software .

Project number: 13844 R 5!ws P
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5.3 SIDRA Analysis Results

The results of the analysis of the Intersections1 and 3 can be summarized as follows.

5.3.1 Iintersection 1: R543/Vaalbank Road

The foliowing comments are relevant to the analysis of the intersection of the R543 and
Vaalbank Road

Figure 18 below shows the schematic layout of the existing two-way stop controlled

intersection. The SIDRA results are summarized in Table 5.1 and 5.2 below. The detailed
analysis results are included herawith in Appendix C.

1 N R543

HUBGRRA
Dvirt Road

R543

Figure 18: Existing Layout of the Intersection 1 (R543/Vaalbank Road)
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Table 5.1: SIDRA Results for Intersection 1 during the AM Peak Hour

Base Year Full Operation Horizon Year
E Eﬂl;::l;g (2018) [2018) (2021)
z ety Without Mine With Mina Without Mine With Mine
= wic Los wie LOS vic LOs vig LOS vic LOS vl LOs
R543 -
i
{Soulh) T 00441 A 045 A 0081 A 0.057 A 0.052 A 0068 A
R
_ L c
u'{é:;?d T | oo B 0.004 B 0,005 B 0.006 B 0.005 ] 0.006
B
R
R543 :
{Morlh) T 0101 A 0411 & 0172 B 0218 A 0,129 A 0.244 A
R
L
Vaalbank
[Wast) T 0013 B 0014 B 0.063 B 0114 B 0016 B 0120 B
R
Average Delay (sec) 2.2 22 4.9 6.1 2.3 5.8

Table 5.2: SIDRA Results for Intersection 1 during the PM Peak Hour

= = Base Year Full Operation Herizon Year
: E';';:’;;ﬂ (2016) {2018) (2021)

g g Without Mine With Mina Without Mina With Ming
] ve | 1os | vic | Los | wie | Los | we | o8 | we | oS | we | Los
L

RE43

[Sauth} T 0.064 A 0.071 A 0.079 A 0.073 A 0.031 A 0.089 A
R
L c

Dirt Road

{East) T 0.005 B 0.005 B 0008 - 0.007 c 0.006 B 0.008 c
R
L

R543

{Morth) T 0138 A 0.151 A 0.204 A 0.245 A 0A7S A 0,285 h
R
L

Vaalbank

Wast) T 0,010 B 0012 B 0.180 B 0.264 B 0.012 B 0.290 B
R

Average Delay (sec) 1.7 1.8 5.1 6.3 1.9 6.1

ot rumber zWSP |
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5.3.1.1 Scenario 1: Existing Traffic (2013)

s AM Peak Hour

All movements are well above the acceptable level of service D, operating at
LOS A and B, and all */; ratios are well below 0.95 during the existing (2013)
AM peak hour. The overall average delay per vehicle i1s 2.2 seconds.

= PM Peak Hour

Similar to the AM peak hour, all movements during the PM peak hour are
well above the acceptable level of service D (LOS A and B) and all "/ ratios
are well below 0.95. The overall average delay per vehicle is slightly lower
than during the AM peak hour, i.e. 1.7 seconds.

5.3.1.2 Scenario 2: Base year (2016) without Yzermyn Mine

=AM and PM Peak Hours

Traffic growth alone has hardly any effect on the traffic operating conditions
during both the AM and PM peak hours.

5.3.1.3 Scenario 3;: Base year (2016) with Yzermyn Mine

= AMand PM Peak Hours

The estimated trips generated by Yzermgn Mine have a noticeabls impact on
the average delay per vehicle and the '/; ratio from the western approach.
However, the operating conditions are expectad to continue at very good
levels of service during both the AM and PM peak hours.

5.3.1.4 Scenario 4: Full Operation (2018B)

Yzermyn Mine is expected to reach maximum production in 2018, at which point
the maximum number of haul trucks to/from the mine will be generated.
»  AM Peak Hour

The levels of service remain unchanged during the AM peak hour. Slight
increases in the '/ ratios and average delays are expected. Operating
conditions remain at acceptable LOS.

= PM Peak Hour

During the PM peak hour the LOS from the eastern approach changes from
B to C, which is still acceptable. As with the AM peak hour slight increases
in the “/; ratios and average delays are expectad, but operating conditions
remain at acceptable.

5.3.1.5 Scenario 5: Horizon year (2021) without Yzermyn Mine

=AM and PM Peak Hours

Traffic growth between the base and horizon years has hardly any effect on
the traffic operating conditions during both the AM and PM peak hours.

Project number: 13044 R N /[?Lw Sf _ r
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5.3.1.6 Scenario 6: Horizon year (2021) with Yzermyn Mine

" AM Peak Hour

The estimated mine trips will change the LOS of the left-turn from the
eastern approach from LOS B to C. The other LOS remains unchanged and
the intersection continues to operate at acceptable conditions during the AM
peak hour,

" PM Peak Hour

The trips generated by the mine will change the LOS on the eastern
approach from B to C. The other LOS remains unchanged and the
intersection continues to operate at acceptable conditions during the PM
peak hour,

Dated: 2013/08/01 3|81
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5.3.2 Intersection 3

The following comments are relevant to the analysis of the T-junction of the R543 and
the access road to the Railway Siding.

Figure 19 below shows the schematic layout of the T-junction with the stop-controlled
access road and free-flow along the R543, The SIDRA results are summarized in Table
5.3 and 5.4 below. The detailed analysis results are included herewith in Appendix D.

1N R543

Buipis Aem|iey

R543

Figure 19: Existing Layout of Intersection 3 (R543/Siding Access)
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Table 5.3: SIDRA Results for Intersection 3 during the AM Peak Hour

Base Year Full Operation Horizon Year
E E Eﬂg;:i;}u (2016) (2018) (2021)
E Without Mina With Mine Withaut Mina With Mine
= 2 | we |os| we [os| vwie |[Los | we |tos | we | Los | we | Los
o L Joows| A |ootz| A |oosa2| A |oore| A Joozo| A |ooeo| a
{South) T |ooss| A |ooes| A |oosr| A fo1w3| A Jomm| a |orz| a
RE43 T o2 A |o124| A Jo13z| A o141 | A |ows| A |ois5| A
(North) R |omz| B |ow4a| 8 |ots2| 8 |o1a1| ¢ Jowus| 8 |oiss| c
Raiwaysiging | L ] 00| B |oosz| B Josaa| c Joswe| c [oow| c [oss2| c
(West) R |oos| B |ooz2| 8 |o14s| ¢ |oze| ¢ |oom| ¢ |omms2| ¢
Average Daelay (sec) 1.8 2.0 34 24 5.3
Table 5.4: SIDRA Results for Intersection 3 during the PM Peak Hour
Base Year Full Operation Heorizon Year
E{!zlg%n (20186) {2018) (2021}
Without Mine With Mine Without Mine With Mine
= [ we |[os| vie |Los| we |Los | we |Los | wie | Los | we | Los
fiia L |ooos| A |ooto| A |ooss| A |ooso| A Jooi2z| A |oos2| a
(South) T |o1zs| A |o137| A |otd6| A |o154| A |otse| A |oise| A
o T Jow2| A |oma| A Jotas]| A |o1s7| A |oee| A |otra| a
{Warthi} R |o132| ¢ |o1a| ¢ Jous| ¢ Jotwsz| ¢ |omwa| ¢ |o1ra| o
Raiway Siding | - |00 | B |ooss| 8 Jo2r| ¢ |oem| o |ooes| B [oma| o
(West} R |omo| B |ooss| 8 |o2ri| ¢ |os3| o |ooss| ¢ |ows| o
Average Delay (sac) 2.4 2.7 4.6 34 8.9
Praject number; 133944 R ‘ 5- ws P ’
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5.3.2.1 Scenario 1: Existing Traffic (2013)

" AM Peak Hour

Currently all movements are well above the acceptable level of service D,
operating at LOS A and B, and all */; ratios are well below 0.95 during the
AM peak hour. The overall average delay per vehicle is 1.8 seconds.

™ PM Peak Hour

Similar to the AM peak, all movements are well above the acceptable level of
service D, operating at LOS A to C, and all "/ ratios are well below 0.95,
The average delay per vehicle is slightly higher during the PM peak hour, i.e.
2.4 seconds,

5.3.2.2 Scenario 2: Base year (2016) without Yzermyn Mine

»  AMand PM Peak Hours

The effect of traffic growth alone is insignificant in terms of the operating
conditions during both the AM and PM peak hours.

5.3.2.3 Scenario 3: Base year (2016) with Yzermyn Mine

« AMand PM Peak Hours

The estimated trips generated by the mine will change the LOS from the
siding from B to C during both peak hours. The other LOS remains the same
as before. The average vehicle delay is slightly increased by the additional
traffic volumes.

5.3.2.4 Scenario 4: Full Operation (2018)

»  AM Peak Hour
The LOS of the right-turn from the northern approach will change fromBto G
during the AM peak hour. The other LOS remains the same.

s PM Peak Hour

During the PM peak hour the LOS on from the railway siding is changed from
LOS C to D, which is still acceptable. The other levels of service are not
affected.

5.3.2.5 Scenario 5: Horizon year (2021) without Yzermyn Mine

» AM Peak Hour

Traffic growth between the base and horizon years results in the LOS from
the siding access to change from B to C during the AM peak hour,

. PM Peak Hour

During the PM peak hour only the right-turn from the siding access road is
affected and changed from LOS B to C.

Praject numbar: 13844.R ‘ ;l. ws P
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5.3.2.6 Scenario 6: Horizon year (2021) with Yzermyn Mine

" AM Peak Hour

The estimated mine traffic is expacted to change the LOS of the right-turn
from the north (R543) from LOS B to C. The intersection will still be
operating at acceptable LOS during the AM peak hour.

¢ PM Peak Hour

During the PM peak hour the mine traffic will change the LOS of the right-
turn from the north from C to D and both movements from the railway siding
is expected to operate at LOS D. These operating conditions are still
considered to be acceptable.

5.3.3 Mitigation Measures

The Manual for Traffic Impact Studies'"’ states that the traffic impact of any proposed
development should be mitigated under the following circumstances:

s Ifthe level of service (LOS) of any element of the facility drops below D; or

s [f the volume to capacity {v/c) ratio of any element of the facility increases above
0.950; and

s If the contribution of the development is at least 2% of the sum of the critical lane
volumes of the element.

The above relates to peak hour conditions and based on these warrants, and taking the
above analysis results into account no mitigation measures to the intersections are
required as a result of the propesed Yzermyn Mine,

Project number; 13044 R L & WSP r
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6 Public and Road Safety Issues

The following issues are considered to be relevant to the public and road safety in the vicinity of the
proposed mine, as well as along the haul route (R543),

6.1 Public Safety

There are two schools in the study area, one along the dirt road between Dirkiesdorp and the
proposed mine site (shown in Photo 1, Appendix A) and the other in Dirkiesdorp. The learners walk,
play and stand around in the roadway as shown in Photo § in Appendix A. This is obviously a public
safety concern, which will be exacerbated once the traffic volumes on the R543 increase due to
Yzermyn mine.

The public, especially children, needs to be educated about road safety. Consideration should be
given to pedestrian crossing(s) for children who need to cross the R543. These should be clearly
marked with the appropriate road signs as per the South African Road Traffic Signs Manual.

Note that the use of pedestrian crossings could increase accident potential as pedestrians would
expect vehicles to stop at the crossings but in reality the case is not always so. An alternative is to
place warning signs along the raute near the schools to wam motorists of pedestrians.

6.2 Road Safety

The following issues are considered to be relevant to road safety:

s Shoulder sight distance;

s Heavy vehicle turning movements;
s Dust; and

= Road surface conditions.

6.2.1 Shoulder Sight Distance

Shoulder sight distance is the distance that the driver of a vehicle that is stationary at the
stop line of a8 minor road can see along the major road, to be able to enter or cross the
major road before an approaching vehicle reaches the intersection.

It is therefore a function of the speed of vehicles travelling on the major road, the width of
the major road and the type of vehicles that are trying to cross,

In the case of the intersection of the R543 and Vaalbank Road the speed to consider on
the R543 is 60km/h, the width of the R543 is assumed to be 7m to 7.5m and the design
vehicle is assumed fo be a single unit plus trailer (SU+T), according to TRH 17,
Geometric Design of Rural Roads ™, the shoulder site distance at the intersection should
be of the order of 225m. There is an existing shoulder site distance greater than 225m in
baoth the south and north directions of the intersection.

The speed in the vicinity of the Piet Retief Railway Siding intersection is B0km/h, the
width of the R543 is assumed to be 14m to 14.5m and the design vehicle is assumed to
be a single unit plus trailer (SU+T). According to TRH 17 the shoulder site distance at
the intersection should be of the order of 250m. There is an existing shoulder site
distance greater than 250m in the southern direction of the intersection. In the northemn
direction the existing shoulder site distance is approximately 150m due to the obstruction
of the railway bridge and is considered insufficient. Figure 20 shows the sight distance to
the north at the Siding,

Project number: 13844,k ] ‘ gj;;WSP r

Dated: 20130801 36| 61




TRAFFIC IMPACT ASSESSMENT
PROPOSED NEW YZERMYN COAL MINE, MPLUIMALANGA

6.2.2

As there are already heavy vehicles using the existing Siding access with the sub-
standard northern shoulder site distance, the addition of heawy wehicles from the
proposed mine site to this access will increase the accident potential of the intersection.
It is recommended that the intersection control be altered, ie. signalisation, or the
access be moved towards the south, which will require expropriation of land. Further
investigation should be undertaken to determine the most appropriate solution. Note that
the stopping sight distance, according to TRH 17, of vehicles approaching from the narth
at 80km/h is required to be 85m. The existing site distance from the railway bridge to the
siding access is 150m which is well above the required distance. The existing stopping
sight distance will accommodate vehicles travelling above 80km/h and is considered
sufficient for the siding access to operate under safe conditions given the absence of
shoulder sight distance to the north,

MARIMyL

Ir' - ].
ot |

B2 R etal Siding
I AT R AN TSR iy L
HEREI 5 0 Ra T 5

Figure 20: Sight Distance at Piet Retief Siding to the North

Heavy Vehicle Turning Movements

The W107 and W108 intersection warning signs should be erected sither side of the
Yzermyn access in accardance with the requirements of the South African Road Traffic
Signs Manual {(SARTSM) and it is recommended that IN 11.569 supplementary warning
plates be added to these warning signs indicating the presence of heavy vehicles at the
intersection. This signage should also be provided at the siding intersection if signs are
not provided already.

IN11.569

W107 W108

Froject number: 13944 R
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6.2.3 Dust

Dust should not be an issue on the tarred R543 transport route because it is situated far
from the mine site. Fine coal dust could impair driver visibility at the new mine access
and mitigating measures should be implemented, i.e. cleaning of area and wetting etc.

6.2.4 Road Surface Conditions

A visual inspection of the existing road surfaces in the vicinity of the proposed mine and
along the R543 was undertaken during a site visit on 29 March 2012.

The R543 is tarred all the way between Dirkiesdorp and Piet Retief and is mostly in an
acceptable condition for current traffic use. There is however a few sections of the R543
which show signs of failure (cracked surface, filled in potholes and crocodile cracks in
wheel paths), as shown in Photos 7, 8 9 and 10 in Appendix A. The irregular road
surface is a road safety concern, especially in dark or wet conditions when potholes
aren't clearly visible.

The road leading from Dirkiesdorp to the proposed mine is a dirt road and would require
major upgrades in order to be used as a haul route from the proposed mine. A few
sections of the dirt road are shown in Photos 11, 12, 13, 14 and 15 in Appendix A.

6.2.4 Noise

It was indicated that haul trucks will operate for 20 hours per day (2 x 10-hour shifts),
which means that the transportation of coal to the Piet Retief siding will continue during
the night. Transportation during the night will have a noise impact on the residential
areas, such as Dirkiesdorp, along the transport route.  This potential social impact
should be further investigated and addressed.
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7 Road Pavement Management

7.1 R543 Pavement

The problem areas in terms of existing road pavement that were identified along the R543 which
farms part of the proposed haul route are shown in Photos 7 to 10. Localised pavement failure is
apparent in the presence of potholes and previcusly repaired potholes. The road surface is
cracked and crocodile cracking is visible in the wheel paths. The surface appears to be asphalt
with rolled in chips.

7.2 Route between Yzermyn and Dirkiesdorp

As shown in Photos 11 to 15 in Appendix A, this road is currently not surfaced. A detailed
pavement and geometric design will be required for this road.

7.3 Current Traffic Loading

Traffic loading is measured in E80's which is defined by the Guidelines for the Provision of
Engineering Services and Amenities in Residential Township Development (Amended 1995) as
follows:

“The cumulative damaging effect of all individual axle loads is expressed as the number of
equivalent 80kN single-axle loads (E80's). This is the number of BOKM single-axle loads that would
cause the same damage to the pavement as the actual spectrum of axle loads."

The impact of the relatively low volume of light vehicles along the proposed haul route (R543) is
considered to be insignificant. The 24-hour 7-day average traffic volumes from Table 3.1 were
used to determine the existing heavy vehicle loading. It was assumead that the average heavy
vehicle is equal to 3 ES0's and the calculated current traffic loading is given in Table 7.1 below.

Table 7.1: Current Annual Traffic Loading

ot

Morthbound 104 113 880 0.1

E1
Southbound 104 113 880 0.11
- Morthbaund 130 142 350 0.14
| Southbound [ 85 104 025 010

* Millien aquivalent standard axles

7.4 Additional Loading

The cumulative effect of the existing and additional traffic loading from Yzermyn along the R543 to
Piet Retief is analysed over the estimated life of the mine.

The number of loaded trucks was calculated from the estimated annual production volumes and is
summarised in Table 7.2 below. |t was assumed that one empty truck will retum to Yzermyn
mine for every loaded truck that departs from the mine

Project number: 13944 R ﬁ! ws P {
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Table 7.2: Loaded trucks from Yzermyn

44 8559 5771

Trucksfannum | 27 243) 46 194 63 259 B4 654 64 520| 65 457] 62 243 64 734| 65 211( 64 281| 61 061

Trucksimanth 22| 3ado| 5272 5441 538B| 537T| 54657 5245 5304 5434| 5357 5088 37ad 814
Trucksiday 103 175 240 247 245 244 243 238 245 247 243 23 170 37
Truckshaur 5 4 12 12 12 i2 12 12 12 12 12 12 5 2

It was assumed that a loadad truck from Yzermyn is equal to 3.6 EB0's and each of the empty,
returning trucks, is equal to 0.2 EBQ's. The additional traffic loading from Yzermyn mine to the

Railway Siding is summarised in Table 7.3 below.

Table 7.3: Additional Traffic Loading between Yzermyn and Piet Retief Siding

Yzermyn to Siding (loaded) 769 483 2770140 207
Yzermyn to Siding (empty) 769 483 153 897 0.15

* Milion equivalent standard sxles.

7.5 Required Measures

The additional loading calculated above is likely to accelerate the deterioration of the exisling
surfacing, causing more potholes and breaking up of the surfacing. The existing surfacing
therefore needs to be replaced in the identified problem areas. As a minimum requirement. to
ensure no significant deterioration, a surface treatment is required.

Project number: 13944 R &ws P
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7.6 Further Investigation

Further investigation, which is beyond the scope of this report, would be required to establish the
remaining capacity of the road, as well as the materials classification to be able to make a more
informed recommendation with regards to the reguirements that should be undertaken.

A generic Road Maintenance Management Proposal to facilitate on-going management and
maintenance of the haul route is included in Appendix E.

| B=WSP [
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8 Conclusions and Recommendations

8.1 Conclusions

In view of the findings of this assessment, the following conclusions and recommendations may be

drawn:

()] It was found that the impact of the proposed mine on the peak hour traffic operating
conditions of the surrounding road network will not necessitate any mitigation measures
such as intersection upgrades.

(i) There are two schools along the haul route which raise public safety issues which need to

be addressad for current and future road use,

{iii} The heavy vehicle loading impact of the proposed mine on the existing road network will
require the replacement of surfacing at the problem areas identified. At the very least a
surface treatment is required.

{iv) The northern shoulder site distance at the intersection of the R543 and the Piet Retief
Railway Siding is insufficient but the stopping site distance for traffic approaching from the
north is adequate.

(v} The potential noise as a result of haul trucks operating during the night will have to be
investigated and addressad.

8.2 Recommendations

i) Taking the above conclusions into account, with respect to roads and traffic, the impacts
associated with the proposed mine can be managed and accommodated within normal,

acceptable limits.

(i) Further investigation should be undertaken to determine the remaining pavement capacity
af the haul route and to establish the upgrading and maintenance requirements.

{iii} Further investigation should be undertaken to determine if the intersection of the R543 and
the Piet Retief Railway Siding's control should be altered, i.e. signalised, or if the siding
access should be moved southwards fo improve the northern shoulder site distance, taking
into account the excess available stopping site distance.

Projectmumber 13044 - W ﬁ;WSP r
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Appendix A Photographs
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PHOTO 1: School near Dirkiesdorp

PHOTO 2: Trucks used for transport of coal
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PHOTO 3: Access Intersection to Yzermyn Mine (view from Dirt Road to Intersection)

PHOTO 4: Entrance Road to Railway Siding (Photo 1)
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PHOTO 5: Entrance Road to Railway Siding (Photo 2)

PHOTO 6: Primary School Learners in the Road (Dirkiesdorp)
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PHOTO 7: R543 Road Condition (Photo 1)

PHOTO 8: R543 Road Condition (Photo 2)
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PHOTO 10: R543 Road Condition (Photo 5)
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PHOTO 11: Dirt Road from Dirkiesdorp to Proposed Mine (Photo 1)

PHOTO 12: Dirt Road from Dirkiesdorp to Proposed Mine {Photo 2)
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PHOTO 13: Dirt Road from Dirkiesdorp to Proposed Mine (Photo 3)

PHOTO 14: Dirt Road from Dirkiesdorp to Proposed Mine (Photo 4)
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PHOTO 15: Dirt Road from Dirkiesdorp to Proposed Mine (Photo 5)
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Appendix B Traffic Counts
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MOVEMENT SUMMARY

R&43 ard Vaalkanx Road
Slop (Two-Yayn

Site: Existing 2013 AM

.-au1:‘R 3

] L 1 00 0041 BT LOSA .2 1.7 0.26 076 49,1
8 T i 0.0 0.041 o5 LOSA 0.2 1.7 0.22 0.0 S5
b e B RE R0 8D LOSA L2 nze 08T 4800
" Approach 4 04 0.0 0.8 M (.2 1.7 024 ana G45
. East: Girt Road
©od L 1 H] 0.0 12.4 L% R B0 0.1 0.35 0.7E 4531
5 T 1 0.0 0404 120 LOEE o g 0.35 0.3 AGT
ced R a0 eats 122 LesB B0 O 035 .. 087 455
Approach 3 a0 0054 122 LoS B Ay b1 0.35 0,83 45,5
Marih: Ff43
3 L. 1 a0 2,101 LR LOS A o6 40 .20 0TE 488
2 T 144 0. 0.1 .4 LOS & 6 40 .20 200 5.0
i1 R 33 0 0.901 5.5 LOSA o BE 4D 020 DA3  4RE
 appraach 181 0. 0,401 24 M2, H 4.0 .20 013 4.4
| Wagt: Waalhank
2 L i 04 ooiE M3 LQSE .l 0.3 15 0.5 4.1
gl T 1 20 0.013 108  LCSB 0 0.3 18 0.33 46 &
LR - i 0 0o M2 BeEe L BO 03 Gas D88 46.2
{ Approach g & n.o1a 12 LOSE .0 0.3 LRT 0.8 46.2
Al vahleles 2 0.0 .14 22 MA, 6 4.0 022 n1a 53.8°

Level of Service (LOS) Malnod: Delay (HSM 20000,

Whicle moveinerd LOS values are based on average celay per maverment

Mings Read Angrozck: LOS values are based on average delay e all velicle mavermsnts.

MA: Intgraeckon LOS and Major Read Apdrach LOS vallzes are Mol Agpllcabie for tvo-wasy sign control since ke average defay i not 2
good LOS measure due to zem delays azsociated with major road mavements.

Si0RA Standard Delay Madel used.

Procassad. 26 July 2013 02:00:35 PA Cagyight € 2000-2011 Akce-k ane Asscozles Py L . [ 20 o
SICRA INTERSECTION 5.1 3.49%0 sy S TR MG, O ‘_i'xé'i';’:" [l o A P TN
Project: Widelkek Froecis\ 13000013844 F, - Yzarmyn TiSvH - Raponsill.1 Qther ReponsiRavised * beee e s T e il
Te5 2053-07-1050RA_ 201307 28 ntersection | RE438Vaslbank.ap
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MOVEMENT SUMMARY ... .. Site:Existing 2013 PM

R543 and vaslbank Joad
Stop (Two-Way)

i

b L 1 0.0 064 @ LOS & 04 2.0 037 268 452
5 T 122 oo 0.054 ng LS A 0.4 a0 037 a0g B34
PRl ho 00493 LeEA 0.4 LLAn o RaET G498 0 Az
_Approach 125 ao 0.064 £ NA, 0.4 a.0 037 002 533 |
" East: Dirt Road :
PB £ 1 0.0 0008 154 LOS B aa o3 .44 0.77 445
5 T 1 0.0 0.005 13.0 LOS B oo 0. .44 0.85 440
AR L L e Jonoas 133 LDSE O | X SO . 0.85 M7
- fpproach 3 0.4 0005 13.2 LOS B nn 0.1 .44 0.8z 44.7
Morth; 545 :
3 L 1 0o 0.138 a7 04 60 037 073 490
2 T 222 a0 0,158 08 09 G0 0.27 a0 54.3
ot R e a0 o nage o RE 08 6o D20 469
. Approach 254 a0 0136 15 o9 G0 0.27 o3 54.0
st Vaalbank
Pz L 5 ao G010 12.2 LOS 3 0.4 0.2 [.28 283 £5.4
1 T 1 0o 2,010 1.8 LG B 0.0 0z 0.78 .91 487
L R__ R Do ama 121 Loss .00 oz, . ___ D=8 _ 0482 455
Approzch & 0.4 2.010 12.2 LS & 0o 0.2 0.28 1S ABS -
All viehicles 388 o4 0.138 1.7 M2 0o 6.0 0.31 010 53.4 |

|ewel of Servige (LOS) Method: Delay (HEWM 20000

Veficle movement LOS values are based on avarage delay per movemnani

Winor Road Approach LO5 values are based an average dalay fos all vehicle mevements,

ka: Interzecian LOS and tielar Road Approach LOS values are Mot Applicable far two-way sigo condrol since the averape delay is nof a
gaad LSS reasure due fo zero delays assoriated with major road movernanis.

SIDEA Stancard Delay Made! ueed.

Copyngtl © 2000-2011 Akgelis ard Azsopiales Py Lt LT o e
' P E RS ECTIIMN

Praacessed, 26 July 2015 Q5 GOU5E PM

SIDRA INTERSECTION 5.1.2.1830 ey, SidrAgeItans com

Projecd. WoDellak Projeclsh 30000 35448 - Yzermyn TISH - Reporteril 1 Sther Repoilafewsed
TIE_&0 3-07-18SIDRA_2013-07-26 nlersection_ Rb4 34\ aribank. sip
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MOVERMENT SUMMARY Site: Baso 2018 without Mine AM

Rads and azlbank Foad
Sdop (Two-Way)

9 I 1 oa 0.045 5.8 5 A 4.3 8 0,30 075 491
K f T i o 0045 0.5 13 A w3 34 d.30 1100 Fd 5
TR 1 n4 0045 90 1@SA Q3 0 tw 030 08T a9
: Approach B [ 0145 0.4 OF:% 4.3 1.4 .30 Q.03 a3

. East: Birl foad :
; 00 0.004 126 LOSE 0.0 0.1 037 0h 4532

& L 1
§ T 1 2.0 0.004 122  LOSE 00 0.1 0.37 043 55 |

R R S 1 2.0 0004 324 Loss o oD 04 D3 0.a7 454

_ : dapraach 3 & 0,004 i24  LOSH 0.0 a.1 0.37 0.83 as.A

* Morth; R543

. 3 L : 0.0 a1 855 LOSA 0.6 4.4 0.21 078 8.0

z T 157 oo 2111 04 LOSA 0.6 4.4 0.21 0.00 55.4

i R L3800 0 87 LOBA D6 44 021 _ 088 488

: mpproach 108 00 Q111 20 b4 0.6 44 021 0.18 542

i  West: Vaalbank

12 L 12 0.4 014 ita  10S® 0.t 0.4 0,99 048 461

: 1 T 1 0.0 o014 108  LOSH 0.1 4 0.19 093 ABS

’ @ R 1 mp 4014 1z LOSE 3 .4 019 085 462
sppraach 14 o 2014 1.3 LOZ & 0 0.4 (.14 59 481
Al Vehiclas 307 0.0 011 22 37 0.6 4.4 f#24 D18 537 |

Level of Service (LOS; Methed: Delay (HCRM 2000).

Maficle movermnant LGS values arg Sased an average delay per mavemant

Minor Road Aparoach LSS valuas are based or averape telay e ail vehlcle movemeants.

MA: Irtersection 105 and Major Read Spprosch |08 values are Mot Apploable for wo-way sign control singe 1he average delay is not a
gquad L3S measure due o zem delays asseated with major road movements.

EBIDRA Standare Delay Modal ieed

Pracessed. 26 July 20713 03:60.38 P Capyright € 2000 -2017 Akoelik and Assaciales Pty Lid SANE B
SIORA NTERSECTION 51,5 1900 et 517 [ g [binr s, com R T Y
Palect Wideltek Sroeclsh G000 3944 & - ¥zermyn TIEV1 - Repansili 1 Giner ReportsiRevised TR FRGE AT N
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MOVEMENT SUMMARY ... .. BiteHase 2016 without Mine PM

RE543 and vaalbark Rosd
Stop {Twe-Way)

“South: 543

4 L 1 a0 0,071 g LOSE & 0.5 2.4 0.39 065 493

& 1 154 an 0071 1.0 LIS A& 0.5 a4 059 000 530
et R 1 Ry eov L8R LOSA we 24 0Ee L R o= R
- Appraach 137 a0 oo 12 () b5 3.4 0,54 9.0z 529 :
.~ East Dirt Read :
. B L 1 an 0005 13.8 LOS S 0.0 03 .46 077 442!

5 T 1 0.0 0,006 134 0% 8 0.0 01 0.4 0E2 4d.
oA R 1 oo oong L 13E LDSS oo B b4 DEE 0 A4a
 Approdch k! an 0008 135 LOS B 0.0 0.1 DAG 0482 de
* Narth: R543

a4 L 1 an 0,151 8.4 LOS A $.0 6.7 0.2 07s a0

2 T 247 oo 0,151 0.6 LOS A, 0 5.7 02o .00 544
S AU SRR SO {1 AR VN - g . LosA 00 67 .02 g0 . ABD

Appreach 277 an M6 16 M, 1.4 6.7 029 0.1 E3T

" ezt Vaalbank
Y L 7 0.0 0012 123 LOS B 0.4 4.3 0.29 0.54 4G4

11 1 1 0.0 0.012 ME  LDEE 0.4 0.3 0.2 91 45,7
SN LI > SO SURUNL 1 SO A clze_ _Losn . 00 o3 029 L4 48]
" Approact: a o0 E 125 LOSEB 0.1 0.5 .29 .55 454
: All'vehiclas 426 0.0 0,151 18 A 1.4 6.7 0,52 0.0 832 :

lgwd of Sanvice (LOS) Method: Delay HCR 20000

Yehicke movemani |08 valies ar2 based on avarage celay per mavement

Minor Read Approach LOS values are baser on avenage delay for all vedicle movemants.

M Intersection LS and Majer Road Approast LOS vaives are Mot Applicable for teg-way sign contral gince the averaga delay is nal a
good LOS measure due s zerg delave assoclated with major road movements.

SIGRA Slardard Delay Model used,

Ficoessed: 26 Juby 3045 65:00:27 MM Copyrighl £ Z000- 2641 Alcelik and Associates Fly L PR g w
SIDRA INFTERSECTION &1 5.4850 et AR AN Cem ”\g-vr CER AR E T
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MOVEMENT SUMMARY . site: Base 2016 with Mine AM

RE3 ard Vaaibank Road
Stop (Two-Wey)

B I a2 na .06 L LS A 04 2.5 034 0Ed 457

a T B4 .0 0061 06 LIS A 0.4 24 L34 000 £33
R e noes B0 LOSA O 45 SN L 83 . 486
- Approach 16 0a 0.061 29 A 0.4 2.6 0.34 497 518 ;
. East: Did Hoad :
8 L. 1 .0 0005 15.05 LDS B 0.0 0.1 .41 0.7 444 :
5 T E a0 0.005 13.1 438 & 0.0 0.1 041 085 447 |
LA R Lo ool 134 LOSE LU0 SUUTONE -5 SR ' QLER. . A4SE
_ Approach 3 20 n.005 134 LS R 0.0 K 0.1 .85 445
" Merlh: RE43
3 l. 1 a0 0.7z a7 LOS A 1.0 & 036 n.ez 435
¥ T 157 0.0 0172 05 LOS A 1.0 B8 0.26 0.00) BA5
i1 R .. e oo oave &8 LOIA 10 GEo__.._ 9 07 48.4
Approacn G 0.0 ni7e 4.9 MA 1.4 B8 0.26 0154 817
: Wesd Vaglbank
12 L 5E a0 0,063 1.4 LS B 0.2 1.6 a2.219 088 461
11 T 1 0o 0.063 110 |38 B 0.2 16 0.:2% 0.95 45.4
W R LAl e oopes s Lose 0 02 LoiE o nEs 08 46.2
Aparazch &3 oo .06 i1.4 LSE B 0.z 16 221 .88 i1
© Al vphlcles 458 0.0 oAve © 48 MA 1.0 6.8 .27 k[ s05

Level of Sandre (.05} Method; Dalay (HCH 2000}

Vaniciz movemean LS values are based o average delay per mavemani

Mingr Rgas Appraach LS valies are baged on average deigy for 2d vehicle meverments.

M Intgraeslion LOS and Majer faad Aaproach LS valuss ane Mot Applicable far twg-way 5iga control 2ince the average delay is net o
goad LOS measure due to zero dedays agsociated with major road maovemanis.

SIZRA Stardard Delay Model used.
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MOVEMENT SUMMARY  Site: Base 204 with Mine P

F542 and Vaslbank Road
Stop {Two-Way)

2 L. il (ERA] 0.073 o LS A 0.5 3.5 U 0.E% 454

a T 134 4.0 0.073 1.4 LOS A .5 38 .41 0,00 52.5
A io.oAan oove o Bs LOSA 8B a4 04 DB 420
: Approach 182 [P} 0.07% 20 M, 0.5 an 041 0o7 5.0
Easd Oirt Road

g L 1 a0 0.006 151 oS C .0 0.2 £.50 0trh 455

5 T 1 0.0 0.006 14.7 LoS B 0.0 &z .50 .85 435 |

& R A Qoo oo 148 0aBk 00 G2 .. pad o 0a% 433
© Appeoach a 4.0 0,008 140 1o5 B 0.0 &2 0.5 0,519 433
" North: R543 :
Cooa L 1 0.0 0.204 a5 05 A &0 0.32 £52 405

2 T 243 n.o 0.704 L7 LOS A 5.0 n.a2 0.oo 536
] - a9 0. 0.204 E.1 LOSA 20 L L T . 2
- Approach 943 0.0 0,204 1.2 MA 5.0 0.32 0.24 52.1 !
- West Vaalhank ;

12 L 100 0.0 0190 13,7 LS R 0.8 5.3 034 1 4403
1 T 9 0.4 RL) 12.7 LOSE 0.8 5.3 034 0.0 A5.0
.10 R .38 0.5 2180 A3a e9SE_ bA 83 034 187 44T
: Approach £40) 0.8 8180 134 LOS B 0.8 5.5 0.4 0.50 447 ;
Al ahigles 525 oA é}.;zm 41 A, 1.3 Y 0.5% 035 52

Lavel of Servica {LOS) Method: Delay (HCRM 2000).

Yehicla mavemenl LS values ara hased oo average delay per movemeni

Mirer Read Approach 1LOES values are based on average 1glay [ar ali vahicls mavements.

NA; Imersection LOS and Major Rosd Approach LOS vakes are Nel Apalicable for beo-way sign sontral since the average detay s not 3
good LS measure dus to Zoro delays associated with major road mevements,

SIDRA Stardard Dalay Madal 1reed.
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MOVEMENT SUMMARY Site: Full Operation 2018 AM

FEdd and vaalbank Rozd
Stop [ Two-Way)

g L a2 on 0.057 BT LOIE & a.a 24 0.33
B T 76 an 0.087 a6 LS A 0.3 24 0.33
S S 1 0.0 nosT 40 Losa L0320 . 84 L
Apnsoact 104 0.0 (.067 30 2 0.3 2.4 0.33
East: Difd Eoad :
- L 1 0.0 0.006 143 LOB B a0 0.1 04z 075 437
5 T 1 0.0 0,008 13.9 LDSE oo 0.1 042 0,56 440
; . B E oo 0.006 Jdas | LDsB 40 ad JDaz _..Dgn 438,
; i Appreach 5 04 0006 141 LOSB 0.0 0.1 0.42 0.84 438
- North: R543
: "3 L 1 0.0 n2a 8.7 LOS A 1.2 58 0.26 0.5 453
; 2 T 144 a0 0.218 05  LOSA 1.2 5.5 (.26 0.00 54.3
! i R 8700 0218 88 LOSA 12 &8 026 ... 074 283
: Approach 232 0o 0,218 52 M 12 B.G .26 0.42 0.7
Ciest: Vaalbank
oz L. 113 a0 a.114 1.3 LOS B 0.4 a0 021 £&G Ag1
14 T 1 a0 a.114 105 LOS B 0.4 a0 &2 048 45 5
Poe R o4 .nn o omd Na LQ$e b4 3D 02 01 ¢ 46.2 -
: Approach 118 an 0.4 11.3 LS B 04 an .21 LA 452 |
- Al Vishllas 62 oo - 0218 g1 . Na 12 - B.5 0268 048 490

Level of Service (LO3) Methed: Delsy {HCRM 20000

Vehicie imovemant £05 valkies are baged on average daiay per movemeint

heisar Road spproech 105 values are based an average delay (1 all vehicle mevemeants.

MN&. Intgrgection LOS apd Major Soad Approach LOS viiues are Mol Applleable far two-way sign canlol $ince 1he average delay is not a
good LOS meazure due o Zero delaye assoec:atad with major road movements.

SIDRA Standard Deiay Mode! psad.
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MOVEMENT SUMMARY

R543 and Vaalbanx Road
Stop ( Peo-vifayh

Sauih: k543

9 L 18
B T 122
7k 1
. Approach 1443
* Eagt: Dlst Riad
P L 1
5 T 1
4 R i
' Aparaach 3
- Morth: RE43
3 L i
2 T 222
U R LIBE
S Approagh ada
| Wask vaalthank
12 L 173
11 T 1
..o L . I
" Approach 213
: Al Viehicles 744

an
0
oo
an

0.0
0.0
0.
0.3

04
a0

A4

&l

a.0
0.0

LS

oo

IR

0073
Q075
nors
Qors

0.007
n.onT
0.007
0.007

0.245
0245

SBEAE L

(240

{264
G.264

Sa2ed L

0 254

0.264

Level of Service (LOS) Methed: Delay (HCM Z000.
Wehicla maovament 103 values are based a0 average defay per movament
Minzr Rpac Approach LOS values are basad an average deiay for all vehisla mavements.
M&; infarsection LOS and Major Road Approach LOS values are Wel Sgmlicatle far bwo-way sign control since the average delay iz natl a

good LOS measure fue to #en delays assooialed will majar read movements.
SIDRA Standard Delay Mode? used.
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0.8

0a
0.3
0.3
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0a

a0

1.0
1.5

1.8

1.1
71
1.1
1.1

i5

LSS

Site: Full Operation 2018 PM
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0.2
0.2
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1.2
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MOVEMENT SUMMARY

F243 and Vaalbark Road
Sop [ Twoe-Wayd

Site: Hotlzon 2021 with Mine AM

b L e
8 T ar
. Approach 130
" East: Dirt Roat
i} L
Ph T
U SN 5 SO
Approack
Merth: RE£3
3 I. 1
i T 1352
o LR 180
: Approach a74
: Wesd Vaalbank
- L 16
11 T 1
LA R4
Approach 121

. Al vehicles a24

[ it =

n

a0

a0

an

an
0.0
AE
0.0

]
{0

80

&0

an

0,058
IRHA]

0058

[ERA 3]
006

LA08

{008

0.244
{1.244
0 244
0.244

01326
o1z

UL S

0124

f1.244

Level of Servics [LOE) Method- Celay (HCM 20007,
Vehicle movemenrt LOS vaiues air@ baseo or average delay per movemeni
hirgr Foad Appreach LOS walues ars dased on average delay far alk valkicle movements.
M lmersection LOS ané Major Road Approach LOS walues are Mot Applicable for two-way sign genhal since the sverage delay is net a

good LOS measure due o zerc delays associated with major read mewvernents.
SI0AA Standard Delay Moedel usead.
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MOVEMENT SUMMARY —  Site: Horizon 2021 with Ming P

R543 and Vaalkanik Fead
Etop {Two-Wey)

Soath: R542

o L 1§ &0 0,089 8.5 LOS A 0.5 48 45 0,56 45.0
g T 158 a0 0,088 1.3 LS & 06 45 046 200 5.8
I A S 1 a.0 0025 a.7 LosA 06 e DS A % )
L Appraach: 175 Y .05 2.9 (P 0.6 4.5 QLA 0ae 516
" East: Dirt Raad
B L 1 a.n 0208 1758 LOS G 0. 02 0.87 0.75 41z
5 T 1 0.0 L0 E0 17.2 LS C a4 0.2 0.57 0.87 415
4 . R 1 oo C.05E 17.4 Lsc o ea o2 05 JES O sla
_Approach 4 oo o008 17.4 LOS G 0. 0z nar 0.85 1.4
| Nortt: A543 _
i3 L 1 0.0 0.285 9.1 LOS A 1.9 134 037 054 484
P T 280 .4 0.285 1.0 LS A 14 13.4 037 0.0 525 |
L] mooo o MF2 &0 02es 93 EDEA 18184037 0.82 48.4
" Appraach 454 &0 0285 4. b 1.4 13.4 037 151 504
. West Vaslbank '
Sz L 175 a.0 0,290 o LOS & 1.2 .5 058 AT 44.4 -
11 T 1 0.0 0,280 150 LOS B 1.2 85 038 1.00 44.8°
;10 R o..B3e oo D2eo i34 LDSE Az BS . 038 101, 4458,
- pprrach 215 0.0 0,250 13.5 LOS B 12 8.5 038 0.A9 44.4
- Al Vehicles 244 0o o200 8.1 A 14 13.4 0.39 D4t 497

tevel of Senvice (LOS! Method: Dalay (HCM 2000).

Wehicie movernand L3S values are based on averaye delay per movens=ni

Iinor Road Approach LOS vaives are based on average delay for &l vehicle rmpovements.

MA: Interseclion LOS and Majer Road Approach LOS values are Mot Applicable far bwo-way sign control since he average tdelay is ned a
gocd L3S measure due 1o 2ors deiays associate:d with major coad maowvamanis.

BIDRA Standart Delay Model usead,
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MOVEMENT SUMMBARY Site: Horzon 2021 withoui Mine
A M

543 2nd Vaalhank Road
Stop {Two-Weay)

R
Bouth: R543

] L 1 0 [.052 89 LOSA 0.5 2.3 0.33 072 492
i 8 T a7 0.0 0.652 07 LOSA 0.3 23 .33 pod 5.0
B R lRLLLA0bbs2 8 LosA D3 23 A3 889 481
" Agproach 100 2.0 0852 0.9 b, 0.3 2. p.aa .02 539
" East: Dirt Road '

i L 1 G005 B0 LOSA 0.0 0.1 0.0 0y 449 :

5 T 1 4,005 25 LOSE 0.0 0.1 0.4% 0.83 a5,z |
LA R A o_Ldoos o 2d  Losd 0D LV O 1 | L S
 Appreach 3 0.005 128 LOSE 0.0 0.1 0.40 0.82 451
| Morth: R543

3 L 1 0.4 Dize g6 108A 0. 5.3 0.23 0.7% 4548 -

2 T 152 2.0 0128 D4  LOSA 0.8 5.3 023 0.00 883
B AR a0 pigy BT L8A L hE 5 o2 OB ABH-
. Approach w2 a. 0125 %9 bk 0.8 5.3 0.2% 015 53.8
: wieek: vaalbank
Y L 14 a0 0015 M4 0S8 0.1 0.4 0.2 067 45,0

11 T 1 0.0 0015 1.0 LOSS 0.1 0.4 0.2 093 46.4
OO L SRR . SO SO 1% U 11 L SO b P S .- 3~ N 0.1 L0 LRl .60 4.1
Approach i6 0.0 0,016 114  LOSB 0.1 0.4 .21 .55 461
Al veticles 348 0.4 0129 2.3 MA na 5.3 n.24 $.17 53.4

Level of Servieg {LOS) Mafed; Dalay (HCM 2000).

Vehicle mavament LOS values are bazed on avarage delay per movemsant

Winer Aoad Appreach LOS values are bagad an average dejay far all wahlole imovemernts.

#A: Intesgection LOS and Major Road Approach LOS values are Mot Applicable for bwe-way sign conlrol siqee e average delay iz not 2
good LOZ messure due to zan delays associated with major read moverments.

SERA Siandard Delay Model uzed.
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MOVEMENT SUMMARY Site: Morizon 2021 withoot Mine
P

R&23 ard Vealbank Road
Stop {Two-Yifay)

D Zouth; R4S

O L i LR 0.054 G4 105 A [EN ) 41 043 LE2 A0 2
: ! T ThHS G0 01.00F 1.3 LOS & (X} A n43 0an 5.4
7 R i 1.0 0081 BT LOSA 0B 4T D43 DLBE 483
; Asnraach 58 a0 .08 14 A, 0B g% 0.4% 0.G1 e o

East Dt Road

B L 1 a0 0, D0 14.5 L05 B 0.0 0. 0.49 077 437 ;
5 T 1 0.0 0.00E 14.1 LO5 B 0.0 0.1 a.49 084 440
a B oo oooe o 143 tosBe oo 0.1 Mdaw 087 433
; Approach 3 0.0 0. DO 143 LO5 B 0.0 0.1 043 043 438 ;
 North: R543 ;
: Coa L 1 0.0 0178 £ LS A 1.2 .1 032 T Al
. 2 T 250 0.4 0175 07 LG A 1.2 E.1 .3z Loo Bad -
' L R g pave 0 64 LOS A RO 5 WO - LRk ARG
Appraash 320 0.0 8175 1.7 (3P 1.2 E.1 032 a.11 532
: West, Vaalbank

1z L 7 0o a.012 124 LOS B 0.0 0.3 0,32 0.a3 451"

11 T 1 a0 a1z 12.2 LOS B 0.0 1.3 0.2 0.5z 45.5
oM R 1. a0 amz 125 LOSB o 0003 032 084 450

| Approach g 0.0 0012 12,5 LOS B 0.0 0.a 0.3 0.86 452

All vehicies 490 0.0 0.975 14 ha 1.2 a1 Q.36 010 2.7

Level of Servica {LOS) Method: Delay (HCRM Z000).

Mihicle movemen] LS valizes are based an average delzy per movement

ktinar Road Approach LOS values are based on average dalay for all vehicle mavenents.

WA; Infersection LOS and Major Read Approach LOS values are Mol Applicai for woeway 2ign confol since the average deiay iz not a
gooE LOS measure Jue e zere delays assagialed with malar read maven:ents.

SIDRA Standard Delay Model used.
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TRAFFIC IMPACT ASSESSMENT
FPROPOSED NEW YZERMYN COAL MINE, MPUMALANGA

Appendix E Road Maintenance Management
Proposal

Project number: 13344 R ﬁ,ws P
Dated: 2013/08/01 57| 61 i _



YZERMYN COAL MINE

ROAD MAINTENANCE MANAGEMENT PROPOSAL

1.

INTRODBUCTION

Foufing read maintenance needs to be carried out by a team that can:

X

appreciate

the wvarious aspects of
environmentat iszues, materiats and squipiment;

identify vargpus problems that need attention;

uvnderstand the reasons for the problems;
select suitable actions or repair methods;

priofitize actions required; and

have a systematic approach to maintenance work,

road  management, pricrities, safety,

FPavement structures, materialz, traffic and climafte are all impartant variables that affect
the actions required in response. In addition a balance is required between a safe,

sfficient road network and responsibde environmental practica.

2. ROAD MANAGEMENT

2.1

Management Duties and Inspections

The maintenance team should inspect the site frequently so that problems are
fdentified, the causes investigated and assessed and the actions required
identified and carried out timeously. These inspections should also be carmried out
at night to view potentially hazardous locations, signs and markings, and in
adverse weather conditions to assess drainage and the performance of the road
elernents, like signs and road markings, under these conditions.

Cbvious problems should be noted as soon as they becoms evident and serious
sifuations should be reacted to and reported immediately. A list containing the
various aspecis fo be checked, the frequency of the inspections, previous
inspection date and due date of next inspection should be drawn up. The following
reqiirements should be taken into account in drawing up the check fist:

La M

Road markings

Guardrai.lé

Structures

" “Waekly

Annually

Foad condition

o o e

Crainags

Annually

Waonthly




7. Instabilities Dependent of degree of problem

8. Fencing : Maonthby
B, lllegal signage Weekly

2.2 Pavement Information {Structure and Condition)

A basic knowledges of the pavement structure along the reute is essential. Whers
"as-built” plans are available the team should have a copy. The type of surfacing,
base and sub-base together with the age of the pavement should all be known.
Thiz information should be supplemented by in-situ testing of the suifacing and
underlying pavement layers by standard metheds sush as dynamic cone
penatrometer tests (DCPs),

The team should know the overail condition of the various sections of the route
and rates of deferioration. This information assists in the decision on what actions
nead to be taken particufarly with regard to the extent and prioritization of repairs.

Imability to correctly identify problems and understand the cause can, and has
resuited in unnecessary or wrong repair methods being used. Having carrectly
identified the problem it is equally important {o select an appropriate treatment,
Becauge situationg are not always the same mare than one treatment may nead to

be considerad .

2.3 Maintenance Rates and Quantities

Familiarity with rates and quantities is needed not only fo contral the expenditure
an the project but also to fest the cost implications of varioug repair methads.
Freguently more than one repair mathod is possible and cost shauld he a key
factor to he weighad against other issues such as materials availability, weather,
traffic and constructability, in making the correct choice.

The team should have a good idea of which materials are available, their cost and
their sgurce |ncaticns. Eefore considering the use of material from & borrow pit of
quary, the status of the material source should be clarified in terms of approvad by
the Department of Minerals and Energy (DME). Advance laboratory testing also
needs to done as part of gueality controd.

PRIORITIES

it is fikely that road maintenance in particular will always be faced with budgetary
constraints. As g result it is vitally important that maintenance is cost effective and
that work is prioritized in situations of limited funding.

The three main objectives of routing road maintenance are o,

Frovide a safe and acceptable level of service for the fravelling public;




4,

4.1

4,2

Maintain the condition of the read such that maximum life is obtained from the
mad; and
Enzure that the road environment is attractive.

Top pricrity is to keep the road safe at alt thnes. Situations which may result in
accidents or cause damage to vehicles should be handled first. Generally this wilf
mean that a failed read surface will receive top pricrity. Secondary issues such as
smooth surfaces and rutitng alse pose a safety threat

To priotitize other maintenance actions the guestion should be asked "will this action
protect the pavement and prevent further deferioration?' Any situation where
significant amounts of water can get into the pavement iz critical and, # left
unattended, wili result in rapid deterdoration of the pavement structure,

GENERAL ROAD PAVEMENT REPAIRS

Materials

While there are numearous rekair materals the following are the most significant in
this particular case:

= Base Material: Experience indicates that the use of unsuitable material is the
primary cause of early failure of base repairs; and

= Modified Cape Seal: This consists of a tack coat of ermuision with a chip sizs
dependant an the layer thickness required and sy,

Repair of Road Failures

Failure is & term widely used but one that is not clearly defined. Failure can be
described as a situation where an element (or elements) in the road system no
longer perfarms satisfactorily and can lead to a rapid delerioration in the function
of other elemeants in the system, or affect road safsty,

Failure can be indicated by the breaking up of the road surface and in some cases
the underlying pavemsnt layers. While some of the conditions preceding failure,
such as surface cracking, may he due to other causes failure of the road surface is
usuzally associated with the action of vehicle wheels and in particular heawy
vehicles, Water increasas the rate of deterioration of the road pavement and many
more failures can be expected during ar just after wet weather.

Two broad categories can be used to group failures as follows:

= Mon- structural, such as surfacing failures and potholes; and
Structural, such as pavement failures.

The actions requited are described under the following headings:

#  Failures: surfacing failures, pothales, and pavement failures;
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- Active cracks: Stabilization cracks, volcano cracks, expansive soil cracks,
and longifudinat cracks;
Fassive cracks: surfacing cracks, crocodile cracks. fong cracks., pumping,
deformation, rulting, settlement, and undulations;

= Texture: bleeding and raveling; and

= Shoulders: edge break, gravel loss/steep shouiders, and flathigh/obstrucied.

ROAD RESERVE MANAGEMENT

Management of the road reserve is also important to enable the road structure to be
protected and to provide a safe operating environment for the road user. Issues o be
considerad include:

#  Guardrails: An assessment of the overall guardrail system condition should be

made on an annual basis to identify deteriaration and aliow early forecasting of
any replacement costs,
Fencing: This can be damaned or lost as a result of ageing, accldents, theft or
cutting to provide access for grazing animals or people ta the road reserve, Where
fances are darmaged due to accidenis where they act as barriars to livestock they
should be repaired immediately. unrestricted movement of livestock can be
extremely dangerous.

« Grass cutting: This should be carred out for reasans of visihility, drainaga, plant
invader contral, and security and firs hazard. Grass can however form an essential
part of the road reserve environment, preventing dust and erosion; and

= Pruning of trees and shrubs: This only really needs to be done where they
awerhang the read, chscure signs, or affect lines of sight.

TRAFFIC DATA

Understanding the nature of the traffic that uses the various sections of a road is also
an important issse connacted to effective road maintenance and managsment. [deally
classified fraffic counts should be carried out for at least a continuous perind of 7-
days on a regular basis depending of the lsvel of development in the area. In this
case a frequency of 3-5 years should be sufficient. At the same time it weuld also be
beneficial to underiake vehicle waigh-in-mation measurements to maintain records of
the cumulative loading on the road structure. This is relevant when deciding on the
type of repairs that ara rmost cost-effactive.
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