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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 rights1 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 northern 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.

1 The prospecting rights were previously held by BHPBilli ton, Ingwe Coll iery 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.
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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

24 hour constant discharge;
Recovery testing; and
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 northern 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:

Jd 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:
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Five types of groundwater bearing horizons:

Perched groundwater

Alluvial horizon

Weathered horizon

Regional fractured horizon

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.
Table 1: Boreholes installed during the Scoping Phase

Borehole ID Latitude
(WGS 84)

Longitude
(WGS 84)

Total Depth
(m bgl)

Fractures
(m bgl)

Water Level
(m bgl)

Estimated Yield
(l/s)

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 4.54 0.13
ATHA-BH5 -27.221349 30.282341 70 Seepage 9.87 <0.1

ATHA-BH6 -27.221882 30.316052 67 16, 33, 39 3.02 0.25
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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.
Table 2: Springs identified during the 2013 hydrocensus

Spring Latitude (WGS 84) Longitude (WGS 84) Elevation

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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Spring Latitude (WGS 84) Longitude (WGS 84) Elevation

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.  Drilling 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.
Table 3: Final Borehole Installation Locations

Borehole ID Longitude (WGS 84) Latitude (WGS 84)
CBH 1 30.31597 27.23156
CBH 2 S 30.28051 27.22868
CBH 2 D 30.28053 27.22878
CBH 3 S 30.30128 27.23360
CBH 3 D 30.30128 27.23360
CBH 4 S 30.30956 27.22252
CBH 4 D 30.30956 27.22253
CBH 5 S 30.29597 27.22661
CBH 5 D 30.29530 27.22608
CBH 6 30.30590 27.21990
CBH 7 S 30.30639 27.22672
CBH 7 D 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.
Table 4: Summary of Boreholes Drilled

Borehole ID Steel Casing
Solid (m)

Steel Casing
Slotted (m)

Total Depth
(m bgl)

Fractures
(m bgl)

Water Level
(m bgl)

Estimated Yield
(l/s)

CBH 1 0-18 0 94 20 2.64 <0.5
CBH 2 S 0 0-24 34 24 15.16 <0.5
CBH 2 D 0-24 0 130 25, 85 15.49 3.5
CBH 3 S 0-12 12-18' 70 10, 18 1.63 2.6
CBH 3 D 0-24 0 208 10, 44, 75 44.75 <0.5
CBH 4 S 0 0-6 36 None 11.75 Seepage
CBH 4 D 0-24 0 214 29, 191 37.95 <0.5
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Borehole ID Steel Casing
Solid (m)

Steel Casing
Slotted (m)

Total Depth
(m bgl)

Fractures
(m bgl)

Water Level
(m bgl)

Estimated Yield
(l/s)

CBH 5 S 0-24 0 49 38 12.7 <0.5
CBH 5 D 0-15 0 214 40 24.99 Seepage
CBH 6 0-18 0 82 19 30.95 <0.5
CBH 7 S 0-6 6-18' 40 10 8.97 3.8
CBH 7 D 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.
Table 5: Calculate Hydraulic Conductivity Values

Borehole ID Test Type Hydraulic Conductivity (m/day)
CBH 1 Slug Test 0.01*
CBH 2 S Slug Test 1.3
CBH 2 D Constant Discharge Test 0.02
CBH 3 S Constant Discharge Test 0.4
CBH 3 D Unable to test borehole filled with silt -
CBH 4 S Unable to test borehole filled with silt -
CBH 4 D Slug Test 0.5
CBH 5 S Slug Test 1.3
CBH 5 D Unable to test borehole filled with silt -
CBH 6 Slug Test 0.01*
CBH 7 S Constant Discharge Test 0.4
CBH 7 D 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



Project number: 24514
Dated: 2013/09/03 8
Revised:

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 m2/d.

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 (0.45 m) 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 (~4oC) for
submission to Alcontrol Laboratories (Hawarden, United Kingdom) in 2 working days. Laboratory certif icates
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, NO2, NO3, and Sulphate (SO4); 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.
Table 6: Water Quality Results for Shallow Boreholes

Parameter
TWQG

Domestic
Use

CBH2S CBH3S CBH4S CBH5S CBH7S CBH8S

Shallow
groundwater

baseline quality
range

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 (µg/l) 300 BDL 13.4 11.2 9.98 3.21 17.1 3.21 - 17.1
Arsenic (µg/l) 10 0.279 0.355 9.08 0.132 1.2 BDL BDL - 9.08
Chromium (µg/l) 50 1.5 1.87 1.52 1.43 2.02 2 1.43 - 2.01
Lead (µg/l) 10 BDL 0.509 0.471 0.362 0.8 0.224 BDL - 0.8
Manganese (µg/l) 500 66.4 776 37.9 55.6 121 259 37.9 - 776
Nickel (µg/l) 70 1.23 1.63 2.7 0.959 1.34 3.37 1.23 - 3.37
Selenium (µg/l) 10 BDL BDL 0.522 BDL 0.467 BDL BDL - 0.522
Vanadium (µg/l) 200 0.314 BDL 1.36 BDL 0.375 0.413 BDL - 1.36
Zinc (µg/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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Parameter
TWQG

Domestic
Use

CBH2S CBH3S CBH4S CBH5S CBH7S CBH8S

Shallow
groundwater

baseline quality
range

Phosphate as PO4 (mg/l) -- BDL BDL BDL BDL 0.095 BDL BDL - 0.095
Nitrate as NO3 (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/l) 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

Table 7: Water Quality Results for Deep Boreholes

Parameter
TWQG

Domestic
Use

CBH1 CBH6 CBH2D CBH3D CBH4D CBH5D CBH7D

Deep
groundwater

baseline quality
range

Alkalinity, -- 185 NA NA NA NA BDL BDL NA
Conductivity 7000 2.84 NA NA NA NA 0.172 0.447 NA
Total Dissolved Solids 45000 2220 NA NA NA NA 133 351 NA
Aluminium (µg/l) 300 7.75 16.1 3.66 12.8 BDL 4.75 30.2 BDL - 30.2
Arsenic (µg/l) 10 1.8 1.73 0.149 3.56 0.939 0.401 1.84 0.149-3.56
Chromium (µg/l) 50 3.46 1.83 1.37 4.64 1.64 2.67 2.3 1.37-4.64
Lead (µg/l) 10 0.186 0.2 BDL 0.189 0.905 0.313 0.606 BDL-0.905
Manganese (µg/l) 500 13.6 11.9 45.6 13.3 55.1 6.18 12.7 6.18-55.1
Nickel (µg/l) 70 1.28 0.375 0.898 0.566 2.22 1.05 3.47 0.375-3.47
Selenium (µg/l) 10 3.08 BDL BDL 1.84 BDL BDL BDL BDL-3.08
Vanadium (µg/l) 200 0.625 0.386 0.265 0.887 0.361 13.1 0.342 0.265-13.1
Zinc (µg/l) 5000 2.54 BDL 0.717 BDL 8.04 12.4 12.9 BDL-12.9
Nitrite as NO2 (mg/l) 0.9 BDL BDL BDL BDL BDL BDL 0.356 BDL-0.356
Chloride (mg/l) 300 367 22.2 BDL 103 BDL BDL BDL BDL-367
Phosphate PO4 (mg/l) -- BDL 0.131 BDL 0.096 0.128 0.109 0.05 BDL-0.131
Nitrate NO3 (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 4.12 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 6-9 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 bgl).

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.
Table 8: Conceptual Model (iLEH, 2013)

Aquifer
Unit

Aquifer parameter Value/Comment Source

Shallow
Weathered
Karoo
Aquifer

Thickness (m) 30 Exploration and monitoring borehole logs
Depth of groundwater level (mbgl) 10 Average from 2013 shallow monitoring boreholes
Saturated thickness 20 Based on available information
Hydraulic conductivity (K) (m/d) 0.72 Average from 2013 shallow monitoring boreholes
Storage coeff icient 1E-3 Assumption, based on similar experience
Rate of recharge (% of MAP) 2% Assumption, based on similar experience

Deeper
Fractured
Rock Karoo
Aquifer

Thickness (m) 300 Exploration and monitoring borehole logs
Depth of groundwater level (mbgl) 20 Average from 2013 deep monitoring boreholes
Saturated thickness 280 Based on available information
Hydraulic conductivity (K) (m/d) 0.05 Average from 2013 deep monitoring boreholes
Storage coeff icient 1E-4 Assumption, based on similar experience
Rate of recharge (% of MAP) Not applicable Not applicable to this layer

Dolerite
intrusions

Thickness (m) Discrete zones Exploration and monitoring borehole logs
Depth of groundwater level (mbgl) Not available Interpolated from DTM
Saturated thickness Varying Based on DTM and zones in which dolerite occurs
Hydraulic conductivity (K) (m/d) 0.001 Assumption, based on similar experience
Storage coeff icient 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.  It is however important to update the model on
a regular 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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5 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 not 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.  The risk of subsidence is therefore considered to be low.  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:

 The construction phase will be of short duration; and

 The adit is 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 m3/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.

5.2.1.1 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).
Table 9: Simulated groundwater seepage rates (iLEH, 2013)

Groundwater seepage rate Alfred Seam Workings Dundas Seam Workings
Expected minimum (m3/d) 327 549
Expected maximum (m3/d) 917 1277
Expected average (m3/d) 536 842
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Modelling results indicate that inflow may vary between 330 and 1280 m3/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 (3m2/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.
Table 10: Simulated drawdown in boreholes (iLEH, 2013)

BH ID Simulated
drawdown (m) Comment

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

perform under pre-mining conditions.ATHA-BH6
ATHA-BH3

5 – 10m Scoping Phase Boreholes – not considered a significant impact. Borehole may continue to
perform under pre-mining conditions.ATHA-BH1

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

under pre-mining condit ions.CBH6
BH116

15 – 20m Assessment and Exploration Boreholes will probably be significant impacted on. Boreholes will
not perform under pre-mining conditions.  Reduced yields are expected to occurCBH1

BH056
20 – 25m Assessment and Exploration Boreholes will probably be significantly impacted on. Boreholes will

not perform under pre-mining conditions.  Reduced yields/drying-up are expected to occurCBH7D
BH073

25 – 30m Scoping Phase and Exploration Boreholes will probably be signif icantly impacted on. Boreholes
will not perform under pre-mining conditions.  Drying-up are expected to occur

BH084
BH106
ATHA-BH5
CBH2D

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

CBH3D
CBH5D
CBH8
BH057
BH092
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 m3/d (12 900 m3/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.

5.2.2.1 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.
Table 11: Discard source term used during numerical modelling simulations

Source
identified Comment Avg

pH
Avg SO4 at

source (mg/l)

Avg SO4
downstream in
aquifer (mg/l)

Seepage rate

Discard
facility

Consistent with site specific geochemical data
Infiltration to groundwater limited by the
permeability of material underlying the discard
Infiltration rate could be similar to background
rates, if discard slopes towards drains to
capture excess seepage.

6.51 7400 862 – 2329*

Uncovered
discard:

15 – 40% of MAP

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 10-7 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.
Table 12: Summary of modelled decant scenario

Mining area
Recharge

rate
(% MAP)

Decant
Elevation
(mamsl)*

Average
groundwater
seepage rate

(m3/a)

Maximum
groundwater
seepage rate

(m3/a)

Estimated
volume to

decant level
(m3)

Time to
flood

(Years)

Decant Rate
under maximum

seepage
conditions

(m3/d)
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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.
Table 13: Summary of expected decant quality (Solution [H+], 2013)

Parameter Most likely long-term scenario Worst case long-term scenario
SO4 < 450 mg/l < 2500 mg/l
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 10-7 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 m3/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 m3/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.
Table 14: Recommended groundwater monitoring programme

Monitoring position Sampling interval Analysis Water Quality Standards

Construction, Operational and Decommissioning Phases

Monitoring boreholes Quarterly
(April, July, Oct, Jan)

Full chemical analysis
Groundwater level

SANS: Class 1

Rainfall Daily at the mine No analysis Not Applicable

Post-closure phase for 5 years after mining ceases *

Monitoring boreholes Quarterly
(April, July, Oct, Jan)

Full chemical analysis
Groundwater level

SANS: Class 1
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Monitoring position Sampling interval Analysis Water Quality Standards

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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Appendix A: Figures
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Figure 1: Locality Map of proposed Yzermyn Underground Coal Mine
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Figure 2: Geology Map of Mine Prospecting Area and Target Area (RSA:DMEA, 1988)



Project number: 24514
Dated: 2013/09/03 30
Revised:

Figure 3: Locations of Springs Identified during Hydrocensus
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Figure 4: Borehole Siting Locations
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Figure 5: Drilled Borehole Locations
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Figure 6: Surface Infrastructure Conceptual Layout (Mindset, 2013)
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Figure 7: Conceptual Groundwater Model



35

Figure 8: Groundwater flow patterns based on available field measurements for Shallow Aquifer (iLEH, 2013)
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Figure 9: Groundwater flow patterns based on available field measurements for Deep Aquifer (iLEH, 2013)
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Figure 10: Model Calibration Results  (iLEH, 2013)
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Figure 11: Simulated Drawdown in Deep Aquifer 0 – 5 years (iLEH, 2013)
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Figure 12: Simulated Drawdown in Deep Aquifer 5 – 10 years (iLEH, 2013)
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Figure 13: Simulated Drawdown in Deep Aquifer 11– 16 years (iLEH, 2013)
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Figure 14: Simulated Drawdown in Shallow Aquifer 11– 16 years (iLEH, 2013)
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Figure 15: Simulated Drawdown of Extraction from Groundwater Supple Boreholes (iLEH, 2013)
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Figure 16: Simulates Sulphate Seepage from Discard facility at end of LOM High Permeability (iLEH, 2013)
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Figure 17: Simulates Sulphate Seepage from Discard facility at end of LOM Low Permeability (iLEH, 2013)
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Figure 18: Simulates Sulphate Seepage from Discard facility at 100 years after LOM High Permeability (iLEH, 2013)
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Figure 19: Simulates Sulphate Seepage at Discard facility 100 Years after LOM Low Permeability (iLEH, 2013)
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Figure 20: Simulates Sulphate Seepage of Mine Workings 100 Years after LOM (iLEH, 2013)
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Appendix B: Drilled Borehole Logs
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Appendix D: Slug Test Data
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CBH1 CBH2S CBH4D CBH5S

Time Recovery Time Recovery Time Recovery Time Recovery

(min) m/mm (min) (m/mm) (min) (m/mm) (min) (m/mm)

2.41 ` 15.88 38.72 13.42

0 1.17 0 15.14 0 37.69 0 12.81

0.5 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

1.5 1.21 1.5 15.28 1.5 37.79 1.5 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 1.21 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 6 38.05 6 13.26

7 1.22 7 15.53 7 38.08 7 13.26

8 1.22 8 15.6 8 38.01 8 13.27

9 1.22 9 15.65 9 38.13 9 13.28

10 1.22 10 15.7 10 38.17 10 13.3

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 20 15.8 20 38.33 20 13.35

25 1.22 25 15.82 25 38.34 25 13.35

30 1.23 30 15.85 30 38.36 30 13.37

35 1.23 35 15.85 35 38.37 35 13.37

40 1.25 40 15.85 40 38.38 40 13.37

45 1.25 45 15.85 45 38.38 45 13.37

50 1.25 50 15.85 50 38.39 50 13.37

60 1.25 60 15.85 60 38.39 60 13.37

70 1.25 70 15.85 70 38.39 70 13.37

80 1.25 80 15.85 80 38.39 80 13.37

90 1.25 90 15.85 90 38.39 90 13.37

100 1.25 100 15.85 100 38.39
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CBH6 CBH7D

Time Recovery Time Recovery

(min) m/mm (min) (m/mm)

15.27 75.37

0 14.01 0 74.06

0.5 14.04 0.5 74.09

1 14.05 1 74.1

1.5 14.05 1.5 74.11

2 14.05 2 74.15

3 14.06 3 74.18

4 14.07 4 74.2

5 14.07 5 74.24

6 14.07 6 74.29

7 14.07 7 74.31

8 14.07 8 74.32

9 14.07 9 74.32

10 14.07 10 74.33

12 14.08 12 74.35

15 14.08 15 74.37

20 14.08 20 74.38

25 14.08 25 74.4

30 14.08 30 74.4

35 14.08 35 74.4

40 14.08 40 74.41

45 14.1 45 74.42

50 14.12 50 74.44

60 14.12 60 74.44

70 14.13 70 74.44

80 14.13 80 74.44

90 14.13 90 74.44

100 14.13 100 74.44

110 14.13
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Appendix E: Impact Rating Sheets



145

Geohydrology
A B C D E F G (DxG) (DxG)
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1.1

Construction
Phase :

Construction
of Adit

Groundwater
Availability: Local
dewatering around
the adit.

Seal walls to reduce
groundwater seepage
into the adit.

2.0 4.0 1.0 2.3 1.0 5.0 3.0 7.0

1.0 4.0 1.0 2.0 1.0 5.0 3.0 6.0

1.2

Construction
Phase :

Construction
of Adit

Groundwater
Quality: Not ex-
pected to have
significant impact
as groundwater will
flow into adit and
potentially contam-
inated water will
not flow out

Spill prevention and
clean-up procedures

2.0 1.0 1.0 1.3 3.0 4.0 3.5 4.7

2.0 1.0 1.0 1.3 3.0 3.0 3.0 4.0

1.3

Construction
Phase :

Construction
of Adit

Groundwater
Quality: Inflow  of
groundwater into
the underground
workings.

Dewatering of under-
ground workings.

3.0 5.0 1.0 3.0 5.0 5.0 5.0 15.0

2.0 5.0 1.0 2.7 5.0 5.0 5.0 13.3

1.4 Operational
Phase

Groundwater
Availability: De-
watering of the
aquifer as mining
progresses.

Alternative water supplies
to local water users.
Wetland offsets and res-
toration.

4.0 5.0 3.0 4.0 5.0 5.0 5.0 20.0

3.0 5.0 3.0 3.7 5.0 5.0 5.0 18.3
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Geohydrology
A B C D E F G (DxG) (DxG)

Ref. Phase Impact Descrip-
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1.5 Operational
Phase

Groundwater
Availability: Aqui-
fer dewatering
near water supply
boreholes.

Manage groundwater
abstraction within sus-
tainable rates.
Consider alternative wa-
ter supply sources to
groundwater.

2.0 4.0 1.0 2.3 5.0 3.0 4.0 9.3

1.0 4.0 1.0 2.0 5.0 3.0 4.0 8.0

1.6 Operational
Phase

Groundwater
Availability: Pos-
sible contamination
from the discard
dump.

Reduce permeability of
facility footprint (compac-
tion, liner).

4.0 5.0 3.0 4.0 5.0 5.0 5.0 20.0

3.0 5.0 2.0 3.3 5.0 5.0 5.0 16.7

1.7 Operational
Phase

Groundwater
Quality: Decant of
groundwater from
underground work-
ings.

Seal adit entrance and
other decant points.

3.0 5.0 2.0 3.3 4.0 2.0 3.0 10.0

1.0 5.0 1.0 2.3 3.0 2.0 2.5 5.8

1.8
After Mine
Closure
Phase

Groundwater
Availability:
Groundwater con-
tamination from
discard facility and
underground mine.

Seal faults and fractures
encountered during min-
ing.
Seal adit entrance and
other decant points.
Reduce discard footprint
permeability (compaction,
liner).

4.0 5.0 3.0 4.0 4.0 2.0 3.0 12.0

2.0 5.0 2.0 3.0 3.0 2.0 2.5 7.5
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Appendix F: Groundwater Management Programme
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Management
Measure

Ref.

Management
Recommendations

Action
Ref.

Required Action Responsible
Party

Phase

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

1.1 This should be incorporated
into an EMPR and initiated
by mine environmental
manager

Mine planner,
Environmental
Manager

Pre-construction/

Construction

1.2 Ensure that pollution control
dams on surface are
adequately sized to
accommodate excess
underground water

1.2 This should be incorporated
into an EMPR and initiated
by mine environmental
manager

Mine planner,
Environmental
Manager

Pre-construction/

Construction

1.3 Prevent dirty water runoff from
leaving the general mining area

1.3 This will be achieved with a
cutoff trench around the
adit, plant and discard
facility

Mine planner,
Environmental
Manager

Pre-construction/

Construction

1.4 Prevent contaminated seepage
from the stockpiles and coal
washing areas to the underlying
aquifers

1.4 Plant area must be paved Mine planner,
Environmental
Manager

Pre-construction/

Construction

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

1.5 This should be incorporated
into an EMPR and initiated
by mine environmental
manager

Mine planner,
Environmental
Manager

Pre-construction/

Construction

1.6 Minimize infiltration of poor
quality water to the underlying
aquifers.

1.6 Compact the base of the
discard facility

Mine Planner
Environmental
Manager

Pre-construction/

Construction

1.7 Minimise groundwater seepage
into the excavations

1.7 Seal the adit walls Mine Planner
Environmental
Manager

Pre-construction/

Construction

1.8 Groundwater Monitoring
programme

1.8 This should be incorporated
into an EMPR and initiated
by mine environmental
manage

WSP,
Environmental
Manager

Operational/

Decommissioning/

Rehabilitation

1.9 Minimise groundwater seepage
to the workings and to limit the
impact of mine dewatering

1.9 Seal of water bearing
geological structures like
faults and dykes as they are

Mine Planner Operational/

Decommissioning/
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Management
Measure

Ref.

Management
Recommendations

Action
Ref.

Required Action Responsible
Party

Phase

intersected in the
underground workings

2.0 Prevent subsidence in the
overburden material and pillar
failure in the underground
workings

2.0 Implement sound
geotechnical and rock
mechanic principles

Mine Planner and
Mine Engineer

Operational/

Decommissioning

2.1 Minimise the rate at which
groundwater quality will
deteriorate

2.1 In the long-term excess
seepage must be removed
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

Mine Planner Decommissioning

2.2 Prevent decant 2.2 The adit must be sealed
using sound engineering
principles

Mine Planner and
Mine Engineer

Decommissioning



WSP Environmental (Pty) Ltd
WSP House
Bryanston Place, 199 Bryanston Drive
Bryanston
2191
South Africa
Tel: +27 11 361 1393
Fax: +27 86 504 1033
www.wspenvironmental.co.za
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