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1. INTRODUCTION
1.1. BACKGROUND

In 2019 Delta H (Delta-H Water System Modelling PTY Ltd) was appointed by SRK Consulting (South Africa) (Pty) Ltd
(SRK) to update the Groundwater Specialist Study Report by JMA Consulting (2015) for Anglo Operations (Pty) Limited
(AOPL) proposed Elders Colliery. The updated specialist study (Delta H 2019) considered changes in the box cut, mined
seam (No. 4 seam only), mining schedule and surface infrastructure, entailing an overburden stockpile at the colliery.
The mining schedule was subsequently updated to comprise underground mining of the No. 2 and No. 4 seam,
necessitating a model update (Delta H 2020a). The current model update takes cognisance of the recent pumping tests
within the proposed mining area (Delta H 2020b), which yielded lower conductivity values than previously envisaged
and subsequently lower predicted inflow rates.

To achieve a stand-alone report, only the sections addressing the groundwater model calibration and predictive
simulations were updated from the previous (Delta H 2020a) report and the other sections including the unchanged

impact rating carried over.

1.2. ScoPe OF WORK

The scope of work as defined by the client comprised of an update of the numerical groundwater flow model (Delta H
2019) to account for the recent pumping test results within the proposed mining area (Delta H 2020b).

The updated 3D numerical groundwater model was used to:

e Estimate future mine inflows over life of mine (on an annual basis based on provided LoM plans), which
represent the updated groundwater balance for the life of mine

e Investigate the impacts of the proposed mine workings on the surrounding aquifers.

e Evaluate the potential impacts of the mine residue deposit and ore stockpile on the receiving groundwater
environment (considering no intervention) using an advective-dispersive transport model.

e Estimate the rate of mine inundation post closure and potentially associated decant rates and areas over a
period of 100 years.

e Predict life of mine and post-closure migration of contaminant plumes emanating from the ore and
overburden stockpiles.

The impact assessment of the proposed development on the groundwater environment is based on the outcomes of
the numerical groundwater flow and transport model and differentiates impacts related to:

e achange in the groundwater quality,

e achange in the volume of groundwater in storage or entering groundwater storage (recharge), or

¢ achange in the groundwater flow regime.
Following the impact assessment itself, a monitoring programme to monitor the status of the groundwater resource is
proposed. The monitoring programme outlines necessary sampling locations, frequencies and parameters.

1.3. PROJECT DESCRIPTION

The Elders Colliery is a proposed underground coal mine located approximately 25 km north of the town of Bethal, on
the R35 provincial road in the Mpumalanga Province. Anglo Operations (Pty) Limited (AOL) submitted an environmental
authorisation application to the Mpumalanga Department of Mineral Resources (DMR) for the proposed project on 16
July 2015 and subsequently a Scoping Report and Environmental Management Programme (EMPr) was submitted. The
environmental authorisation for the proposed Elders Colliery is pending. AOL proposed to make several changes to the
proposed project and subsequently requires environmental authorisation.
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Recently proposed changes involve a new mine plan, which now entails the underground mining of the No. 2 and No. 4

coal seam by means of bord and pillar mining methods, making use of continuous miners and shuttle cars. Further

changes relate to the locations of the overburden and ROM stockpiles, with the latter designed as a bin and an

emergency stockpile area that will be cleared within in 24 hours, should the need arise to use it. The ROM stockpile and

emergency stockpile area are therefore not considered as potential pollution sources in the current model application.

1.4.

1.4.1.

DATA SOURCES AND DEFICIENCIES

Data Sources

The following specialist reports, mine plans, water monitoring data and mine water balance information were

considered for the purpose of this study (Table 1.1).

Table 1.1: Reports and data retrieved for the study.

iy Title Report No Description
Consultant
Hydrocensus, borehole and geochemical
IMA (2006) Geological and g'roundwater inputs for the JMA Project: 10314A data for impact assessmept of ope.ncast and
Anglo Elders Project underground (bord and pillar) mining of
No.2 and No.4 Coal Seams
JMA/20014/2012 Impact assessment for underground (bord
IMA (2014) Elders Colliery: Underground and Mini-pit Prj5624 and pillar) and opencast (mini-pits) mining of
Geohydrological Baseline Report. EldersBaselineReportMar | No. 2 and No. 4 Coal Seams, relies mostly on
ch2013 2006 data, updated hydrocensus
Groundwater Specialist Report, Anglo JMA Project: IMA/10456 Lmnzz(r:tf:j:zs?;z:; Z;Zroiﬂ:rs‘;aiinin of
JMA (2015) Operations Ltd — Elders project - No.2 & JMA Report: Prj5924 & P . &
No.2 and No.4 Coal Seams, relies on 2006
No.4 Seam Underground SRK Ref: 484436
and 2014 data
GEOSTRATUM
Groundwater . .
and Enwronmgntal ge.ochemlcal Report — Report No. 1502.002 ABA and kinetic leach tests on 6 coal
. Geochemical testing of Coal Samples from Report Status: First Draft
Geochemistry . samples
the Elders Colliery Report
Consult
(2015)
Australian ]
Laboratory Acid Mine Drainage (AMD) Prediction from 2::\fircae“sa(nAt2;):reat§r?No Kinetic shake flask testing of six coal samples
Services [ALS] | coal samples — A Shake Flask Kinetic Test P ’ J P
2
(2012)
SRK Anglo Operations Pty Ltd Elders Colliery
Consulting Integrated Water and Waste Management | JW212/15/D202 —Rev 1 IWWMP
(2015) Plan
Ukwazi, 2019 | 102ELDO26-RS0003-000-C-ELDERS BLOCK | _ Stockpil, Pollution Gontrol e anl rine
’ PLAN (Bound).DWG pre,
dam
S2_1.dxf - S2_4.dxf, S4_1.dxf to S4_7.dxf,
i, 202 " =TT > = Li [
Ukwazi, 2020 EldersPPP_v1.pptx Updated Life of Mine plan
. 102ELD029-RS0022-000-E-ELDERS BLOCK Updated box cut and surface infrastructure
Ukwazi, 2020
PLAN.DWG layout
Anglo
American, eld_topo_bhwe_thk_1m.dxf - Basal horizon of weathering, Elders Colliery
2019
Anglo eld_s4_totrf_cnt_5m.dxf and
American, - - - = - Roof and floor of No 4 Seam, Elders Colliery
eld_s4_totfl_cnt_5m.dxf
2019 - - - =
Anglo
American, stauIts_O?:lG.dxf and séfaults_0316.dxf, Delineated faults and sills, Elders Colliery
aeromag_interp_2005.dxf
2019
JMA / SRK Wetlands_updated_07092015_Cape.shp - Map of delineated wetlands
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1.4.2. Deficiencies

Knowledge gaps identified during the data review process relate to the following:

e Hydraulic conductivity values only available from slug tests performed at shallow depth (i.e. not the targeted
seams). However, this is a common approach and the model predictions should accordingly be updated once
early mine inflow data become available.

¢ Dolerite dykes/sills conductivities based on literature values only — common approach.

2. GEOGRAPHICAL SETTING

2.1. TOPOGRAPHY AND DRAINAGE

The Elder Colliery is located on various farm portions from Kleinfontein 49 IS, Boschkrans 53 IS, Elandsfotine 75 IS,
Middelkraal 50 IS, Halfgewonnen 190 IS, Vlakfonein 76 IS and Geluk 226 IS, located in Mpumalanga Province. The
project area is approximately 18 km north from Bethal and 24 km east of Kriel, with the R23 running north to south
through the project area, illustrated in Figure 2.1. The project area falls within qquaternary catchment B11A (with a
small portion into B11B) of the Olifants Water Management Area. The topographical feature ranges from
approximately 1700 metres above mean sea level (m AMSL) to 1550 m AMSL towards the Olifants and Viskuile Rivers.
The major Olifants and Viskuile Rivers, together with some smaller tributaries; all flow towards the north-west.
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Figure 2.1: Locality map of the project area.

Elders Colliery Hydrogeology Report - Update



2.2. CLIMATE

The area is characterised by an undulating topography and typical Highveld climate, with rainfall predominantly in the
warm summer month and cold dry winters. JMA (2015) collated and analysed a comprehensive rainfall data set for the
area using the combined rainfall record of the 0478292W Langsloot (1914 to 1992) and 0478303 Secunda (1984 to
2008) stations (Table 2.1). JMA (2015) present also Mean Annual Runoff (MAR) values for catchments in the wider
project area from the WR90 database, with a MAR of 39 mm for quaternary catchment B11A into which most of the
Elders project area falls.

Table 2.1: Average Monthly Rainfall depths for SAWS station 0478292W/ 0478303 and Evaporation Depths from WR90 (JMA
2015).

Month Average rainfall (mm) Average evaporation (mm)
October 77.2 139.7
November 112.1 1334
December 121.9 148.7
January 129.9 147.8
February 90.5 129.1
March 82.0 127.4
April 38.0 98.0
May 19.9 81.6
June 9.6 64.7
July 6.8 69.2
August 8.9 89.4
September 21.8 115.9
Annual Total 718.6 1344.9

A summary of readily available hydrological data for the catchments of interest is provided in Table 2.2, with the
proposed mine falling primarily into quaternary catchment B11A and to a minor portion B11B.

Table 2.2: Summary of information for the quaternary catchments the Elders model area (GRAIl; DWAF 1996).

Quaternary Mearl :Ann.ual Mean Annual Mean Annual Mean Annual Mean Annual Recharge
catchment AT ) Runoff Baseflow Recharge after Vegter (1995)
(mm/a) (mm/a) (mm/a) mm/a % of MAP mm/a % of MAP
B11A 699 38.94 12.86 41.73 5.97 32.26 4.61
B11B 687 36.20 11.90 50.97 7.42 38.80 5.65
B11C 673 33.18 12.47 34.36 5.11 32.00 4.75
B11D 671 30.08 11.78 38.83 5.79 32.12 4.79
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3. METHODOLOGY
3.1. DESK STUDY

The desktop study relied on a review of readily available data in the form of

e hydrogeological specialist reports (see Table 1.1),

e site layout as provided by the client,

e results from the continuous monitoring program at Elders Colliery,

e data from the national Groundwater Archive and Groundwater Resource Assessment Phase Il, maintained by

the Department of Water Affairs and Sanitation,

e published regional geological and hydrogeological maps.
The desktop study focussed on the establishment of a sound conceptual hydrogeological model as detailed in chapter
6.5.

3.2. HYDROCENSUS

A groundwater hydrocensus of the Elders Colliery project area was undertaken from the 18" of February to the 22" of
February 2019. The hydrocensus took cognisance of the 2002 and 2012 hydrocensus completed by JMA Consulting (Pty)
Ltd. A total of 50 boreholes were located and verified in the field, largely within the proximity of the proposed
underground mining area. The spatial distribution of the boreholes is shown in Figure 3.1, while the identified borehole
coordinates, status and uses including groundwater levels are shown in Table 3.1. The ESW boreholes in Table 3.1 are
generally in a poor condition, mainly because of their age and neglect.

Ten water samples were analysed for major and trace elements to provide an evaluation of the ambient groundwater
quality. Additional photos of the boreholes (and headworks) is provided in Appendix A. Twenty-six groundwater level
measurements could be obtained during the hydrocensus. The water levels measured during the 2019 hydrocensus in
the area ranged between 0.6 metre below ground level (mbgl) and 35.2 mbgl, with an arithmetic average of around
8.4 mbgl.
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Figure 3.1: Hydrocensus (2019) boreholes, Elders Colliery.
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Table 3.1: Summary of hydrocensus boreholes (bold BH IDs indicate sampled boreholes).

GW level

BH Long_WGS Lat_WGS (mbgl) Comment Parent Farm
BH-1 29.49667 -26.29163 0 Wind pump. Borehole in use for domestic purposes. SCHURVEKOP
BH-2 29.49522 -26.24825 35.2 Monitoring borehole, well is in good condition. No markings could be observed. GELUK
EDK-4 29.52087 -26.25541 9.96 General condition of the borehole is good. Allen key bolt was replaced and thread lubricated.
EFN-13 29.44468 -26.24283 3.54 -
EFN-14 29.44915 -26.23246 4.94 Overall condition good. Bee infested.
EFN-15 29.43346 -26.25468 3.31 Open hole not in use.
EFN-6 29.42410 -26.25876 14.81 Wind pump not in use
EFN-7 29.43364 -26.26773 - Destroyed ELANDSFONTEIN
EFN-8* 29.43145 -26.26470 4,95 Open hole, not used.
EFN-9 29.43276 -26.26220 6.87 Wind pump. Borehole is in use and pumps into a 5000l JOJO tank for domestic use.
EFN-F3 29.44175 -26.24506 - Spring
ESW-12* 29.46254 -26.28849 2.54 General condition of the borehole is good. Allen key bolt was replaced and thread lubricated.
ESW-13 29.45942 -26.28270 5.07 General condition of the borehole is good. Allen key bolt was replaced and thread lubricated. VLAKKUILEN
ESW-14 29.47126 -26.28423 - Open hole, not used.

General condition of the borehole is good. accept for casing. Allen key bolt was replaced and
ESW-16* 2947888 -26.28602 3.06 thread lubricated. Bolt size is 8mm. SCHURVEKOP
ESW-18 29.47892 -26.27635 - Bee infested
ESW-20 29.47201 -26.26912 8.17 General condition of the borehole is good. Allen key bolt was replaced and thread lubricated.

General condition of the borehole is in a reasonable condition. Bee hives inside the borehole.
ESW-21 2945892 -26.26843 ) Could not measure water level. VLAKKUILEN
ESW-22 99.45928 -26.26391 456 EIirc.Jnr:nhole is in a reasonable condition. Allen key bolt was replaced and lubricated. Bolt size is
ESW-25* 29.46559 -26.22593 0 Artesian hole MIDDELKRAAL
ESW-31 29.49487 -26.24775 13.12 Borehole in good condition. Borehole is fenced off. GELUK
ESW-34* 29.50588 -26.30322 13.26 Borehole damaged, casing bent. UITGEDACHT
ESW-42 29.46197 -26.23277 t.b.d. Borehole with 75mm ID casing (located in bean crops) MIDDELKRAAL
ESW-43 29.46248 -26.23299 t.b.d. Borehole with 75mm ID casing (located in bean crops)
HGN-4 29.49976 -26.24700 4.39 Borehole is open and not in use. HALFGEWONNEN
HGN-5 29.49718 -26.24493 - No access
MKL-1* 29.47506 -26.23572 0.6 Open hole not in use. Situated at old homestead. MIDDELKRAAL
RP-1 29.38531 -26.28984 - Hand pump and is used for domestic purposes. RENSBURGSHOOP
SBH-2 29.47937 -26.28071 2.8 Overall borehole condition is good accept for marker pole. Borehole was drilled in 2017. SCHURVEKOP
SBH-4* 2949770 26.29527 391 Monitoring borehole. Overall condition is very good. Borehole drilled in 2017. More details in

spreadsheet.
SVK-10 29.49188 -26.29709 - SCHURVEKOP
SVK-11 29.49208 -26.29991 - Borehole equipped with a hand pump Borehole water is used for domestic purposes.
SVK-3 29.47955 -26.29185 - Wind pump. No access for meter to measure water level. Borehole used for cattle drinking water.
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GW level

BH Long_WGS Lat_WGS (mbgl) Comment Parent Farm
SVK-4 29.48053 -26.28850 8.32 Wind pump. Water used for cattle
SVK-5 29.49388 -26.27478 - Borehole is equipped with a windmill. Not in use. Base plate closed no access.
SVK-8 29.49309 -26.29222 - Maize field
VKN-1 29.45401 -26.26631 15.54 Borehole is used for domestic purposes. Hole is equipped with a 0.56kw submersible pump.
VKN-10 29.47667 -26.25623 1.89 Newly renovated wind pump. Water used for cattle.
VKN-12 29.45138 -26.25658 16.91 Borehole is equipped with a new wind pump. Water is used for cattle.
VKN-13 29.45570 -26.25798 - Open hole, not in use blocked at 1.0m
VKN-2 29.45585 -26.26372 - _IE-):.stLoye?] | — — - | — —— - — VLAKKUILEN
VKN-3 29.45556 26.27286 24.69 pu|r;pore ole supplies drinking water to a village close by. Hole is equipped with a submersible
VKN-4 29.45871 26.27787 0 B'orehole is equipped with a windmill. Borehole is not in use. Located next to an abandoned

village.
VKN-7 29.47059 -26.24318 0 Destroyed
SVK-6* 29.49578 -26.27161 5.49 Borehole is open and not in use. The pipe in the borehole has no use. SCHURVEKOP
SVK-5 29.49388 -26.27478 0 Wind pump\cattle water SCHURVEKOP
KT-02 29.36526 -26.32362 0 Blocked KRAALSTAD
HBO0-04* 29.38364 -26.32659 1.25 Borehole is open and is not in use. KRAALSTAD
ESW-24 29.46379 -26.23547 0 Overall condition good. Bee infested. MIDDELKRAAL
GLK-01* 29.50796 -26.24933 0 Newly renovated wind pump. Water used for cattle. GELUK
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3.3. GEOPHYSICAL SURVEY AND RESULTS

The objective of the geophysical surveys was to investigate the sub-surface for geological anomalies and deep
weathering zones, which could potentially act as preferential flow paths and to optimize the selection of drilling sites
for water supply boreholes. Available Skytem data with inferred dykes, faults, and other anomalies together with
topographic and geological maps were used to provide guidance for the ground geophysical traverse locations, which
entailed Magnetic Method, Earth Resistivity Tomography and Electromagnetic Method (see Delta H 2020b).

3.4. DRILLING AND SITING OF BOREHOLES

Seven (7) new boreholes were sited using ground geophysics and drilled as part of this study. While Table 3.2 provides a
summary of the boreholes, the reader is referred to Delta H (2020b) for a more detailed description of the boreholes.

Table 3.2: Summary of newly drilled boreholes.

BH ID Iohe . Station Water Intersection (drillers Depth C'asing Water level OD:pvc
note) [m] height [m] [m] [mm]
EGW-BH1 29.47760 | -26.23530 7/275 Seepage (no strike) 42.78 0.22 5.8 90
EGW-BH2 29.47110 | -26.24270 6/755 Water (strike 27) 49.1 0.33 6.23 140
EGW-BH3 29.47170 | -26.24230 6/830 Little Water (strike 48) 50.8 0.48 3.81 90
EGW-BH4 29.46800 | -26.24510 6/340 Water (strike 24) 43.59 0.44 7.01 140
EGW-BH5 29.48120 | -26.23390 7/675 Water 48.37 0.58 6.4 140
EGW-BH6 29.47310 | -26.24130 6/1005 Significant water (strike 30) 48.3 0.27 1.85 140
EGW-BH7 29.47480 | -26.23190 8/155 No-strike 43.58 1.3 5.37 90

Furthermore, approximate positions (to be refined by ground geophysical investigations) for new monitoring boreholes
are proposed in chapter 8.1.

3.5. AQUIFER TESTING

The seven (7) newly drilled boreholes (Table 3.2) were tested to determine the site specific aquifer parameters. Four (4)
boreholes were pump tested whereas the remaining three (3) boreholes were slug tested due to low yields (Delta H
2020b). Additional hydraulic conductivity values of the aquifers are also available from previous hydrogeological studies
for the site (JMA 2006, 2015).

3.6. SAMPLING AND CHEMICAL ANALYSIS

In addition to earlier water analysis (see chapter 4.6), ten groundwater water samples were taken during the 2019
hydrocensus and analysed by an accredited laboratory for major and trace elements to provide an evaluation of the
ambient groundwater quality. The recent hydrocensus results are also discussed in chapter 4.6.

3.7. GROUNDWATER RECHARGE CALCULATIONS

The main source of recharge into the shallow primary aquifers is direct rainfall recharge that infiltrates the aquifer
through the overlying unsaturated zone. Recharge of the deep Karoo aquifer is limited to vertical seepage from the
shallow Karoo aquifer through permeable fracture systems that cut through dolerite sill or Karoo sandstones and link
the two aquifers hydraulically. Due to the heterogeneous nature of fracture systems, the hydraulic interaction is highly
variable. The percentage of the mean annual precipitation (MAP) of around 670 mm for the area of interest recharging
the regional undisturbed shallow weathered Karoo aquifer was estimated in GRAIl (DWAF 2006) to range from 4.6 % to
7.4 % of MAP or 32 to 51 mm/a for the catchments of interest (Table 2.2).

JMA (2015) estimated recharge rates of 4% of MAP for areas below the No.4 coal seam covered by natural vegetation,
of 13% for areas below the delineated surface water bodies and 8% for areas within 100 m from surface water bodies
for their calculation of the mine water balance. While the recharge rates for delineated surface water bodies, which
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include wetlands, are certainly too high for wetlands (which evapotranspirate water), the natural vegetation recharge
rate appears reasonable based on experience from other mines in the area.

The following recharge rate estimations were used in the current study:
e aregional recharge rate of 4% of MAP or 29 mm/a
e arecharge rate of 2.7% of MAP or 20 mm/a for wetlands
e arecharge rate of 5% of MAP or 36 mm/a for the overburden stockpile during LoM
e  a seepage rate of 12 mm/a for the lined Pollution Control and Brine Dams during LoM, which is considered a
conservative overestimation of seepage rates for lined facilities (see chapter 6.4.3).

3.8. GROUNDWATER MODELLING

A three-dimensional numerical (finite-element) groundwater flow and transport model was developed for Elders
Colliery. A numerical model is a mathematical approximation of the real word aquifer system, and there are always
errors associated with groundwater models due to uncertainty in the data, potential alternative conceptual models in
describing the real world system or the capability of numerical methods to describe natural physical processes.
However, numerical groundwater models are considered the best tools available to quantify / estimate groundwater
and contaminant transport, and the results can be used in management decisions. The chosen software code, model
set-up, assumptions and results are described in detail in chapter 6.

4. PREVAILING GROUNDWATER CONDITIONS
4.1. GEOLOGY

4.1.1. Regional Geology

The project area is predominantly underlain by litho-stratigraphic units from the Karoo Supergroup (Figure 4.3),
overlain along major river courses by quaternary, alluvial deposits. The Karoo Supergroup formed during the Late
Carboniferous to Middle Jurassic eras from plant assemblages, thick glacial deposits and extensive flood basalts with
their associated dolerite sills and dykes. Extensive coal deposits establish the economic importance of the Karoo
Supergroup. The project area is characterised by the Main Karoo Basin which is underlain by the stable Kaapvaal Craton
floor. The Main Karoo Basin consists of a number of sub-groups, i.e. Dwyka, Ecca, Beaufo, Drakensburg and Lebombo
Groups. These sub-groups are further divided into formations. One such formation, the Vryheid Formation, forms part
of the Ecca Group, and characterise the geology and geomorphology of the project area. There are no exposures of Pre-
Karoo rocks in the project area as outcrops are limited to Karoo dolerite and the Ecca Group. The Vryheid Formation is
mainly from deltaic origin, consisting of upwards coarsening sedimentary material such as dark-grey, muddy siltstone,
sandstone, dark siltstone and mudstone units, with interbedded coal units of variable thicknesses at depths.

The dolerite intrusions present within the project area are younger than the lithologies of the Ecca Group and intruded
into and through these sedimentary lithological units. The dolerite intrusions typically occur as sills or dykes and are
often responsible for the devolatization of the coal adjacent to these intrusions. Typically, dolerite sills crop out on
surface, occur very close to the surface or have been entirely removed through erosion in places. These sills are usually
fine crystalline, although it can occur in varying degrees of texture starting from fine crystalline and grading to a
medium crystalline texture.

4.1.1. Local Geology

Based on geological logs from exploration boreholes, Anglo Operations (Pty) Limited developed a detailed geological
model for the site, describing the depth of soft overburden, base of weathering and coal seams as well as structural
information (dykes, faults). The information was used to develop the conceptual as well as numerical model, i.e. the
model layers align with the provided geological model (Figure 6.2 and Table 6.1).
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Figure 4.1 shows a generalised geological profile for Elders Colliery, while Figure 4.2 shows the bowl shaped No. 4 coal
seam floor contours, which essentially reflects the topography of the proposed 4 and 2 seam underground workings.

Figure 4.1: Generalised geological profile for Elders Colliery (client data, file name: Elders_Attachment_10_StratColumn.pptx).
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Figure 4.2: No. 4 Seam floor elevations at Elders Colliery.
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Figure 4.3: Regional geological setting of Elders Colliery.
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4.2, ACID GENERATION CAPACITY

4.2.1. Previous Assessments

JMA (2006) retrieved geochemical samples from nine hydrogeological boreholes (ESW-4, -9, -13, -24, -25, -27, -29, -34
and EDK-4) to determine the geochemical characteristics of the different lithological units at EldersColliery. Acid Base
Accounting (ABA) results are available for 29 samples (Table 4.1), XRD results for 12 over- and interburden (Table 4.2)
as well as 14 coal samples (Table 4.3). Particle size analyses as required for kinetic geochemical models are available for
the clastic sedimentary units and coal seam (Table 4.4). Except for a few (1 Rhyolite, 1 sand, 2 sandstone and 1
siltstone) samples, the tested over-/interburden and coal samples are generally classified potentially acid generating.

Table 4.1: ABA results for the Elders Colliery samples (after JMA 2006, sample type reclassified).

No. | Lithological description | Paste pH | Oxidized pH | Total S (%) | AP (kg/t) | NP (kg/t) | NNP (kg/t) | NPR Type
1 | Carbonaceous Siltstone 7.65 7.52 0.183 5.72 48.75 43.03 8.52 NAG
2 | No.5 coal seam 7.4 3.73 0.348 10.88 8.75 -2.13 0.8 PAG
3 | Sandstone 7.34 2.35 1.739 54.34 11 -43.34 0.2 PAG
4 | No.5 coal seam 6.33 1.35 0.215 6.72 0 -6.72 0 PAG
5 | Carbonaceous Siltstone 3.89 1.95 0.897 28.03 0 -28.03 0 PAG
6 | Carbonaceous Siltstone 7.59 7.45 2.332 72.88 55.5 -17.38 0.76 PAG
7 | No. 4 coal seam 7.52 7.07 0.974 30.44 11.5 -18.94 0.38 PAG
8 | Sandstone 8.09 2.63 0.492 15.38 5.75 -9.63 0.37 PAG
9 | Carbonaceous Siltstone 7.43 3.25 0.653 20.41 2.75 -17.66 0.13 PAG

10 | No. 4 coal seam 7.83 7.29 0.985 30.78 3.25 -27.53 0.11 PAG
11 | Sandstone 8.12 3.25 1.325 4141 14.25 -27.16 0.34 PAG
12 | No. 2 coal seam 7.44 3.81 0.623 19.47 12.75 -6.72 0.65 PAG
13 | No. 4 coal seam 6.6 4.55 0.041 1.28 1.25 -0.03 0.98 PAG
14 | No. 4 coal seam 7.52 3.2 0.355 11.09 4.25 -6.84 0.38 PAG
15 | Sandstone 8 2.7 0.233 7.28 3.75 -3.53 0.52 PAG
16 | No. 2 coal seam 7.26 3.6 0.548 17.13 9 -8.13 0.53 PAG
17 | No. 4 coal seam 8 7.19 1.239 38.72 34.25 -4.47 0.88 PAG
18 | Sandstone 8.93 6.76 0.323 10.09 12 1.91 1.19 PAG
19 | No. 2 coal seam 8.19 5.81 1.275 39.84 17.75 -22.09 0.45 PAG
20 | Sand and clay 8.2 7.37 0.001 0.03 0 -0.03 0 Uncertain
21 | No. 4 coal seam 6.75 1.51 0.085 2.66 0 -2.66 0 PAG
22 | No. 4 coal seam 7.55 3.45 0.199 6.22 5 -1.22 0.8 PAG
23 | Rhyolite 9.66 8.66 0.015 0.47 6.25 5.78 13.33 NAG
24 | Sandstone 8.24 8.43 0.009 0.28 10 9.72 35.56 NAG
25 | No. 5 coal seam 7.78 2.8 1.281 40.03 3.5 -36.53 0.09 PAG
26 | Sandstone 9.12 3.67 0.066 2.06 2.5 0.44 1.21 | Uncertain
27 | Sandstone 8.85 8.76 0.001 0.03 43.5 43.47 1392 NAG
28 | No. 5 coal seam 7.78 7.4 1.145 35.78 9 -26.78 0.25 PAG
29 | Carbonaceous Shale 7.93 3.06 1.481 46.28 4.75 -41.53 0.1 PAG
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Table 4.2: XRD analysis of clastic and clastic carbonaceous samples, Elders Colliery (JMA 2006).

Elders Colliery Hydrogeology Report - Update

Unit Ed o = 3 2|2 g & ‘= - © ° 2 = S s B
Seg ||l C|®| 5| £| 5| 3|l 2|8 RS,
84 = < = T < o 4 \ S
ESW13, 8-10m, Carbonaceous Siltstone 5 6 5 4 - 2 - 1 - 24 - 14 | 37 - 3
ESW24, 18-25m, Carbonaceous Siltstone 7 - 8 9 - - - 1 - 20 - - 55 - -
ESW24, 28-29m, Carbonaceous Siltstone - - 4 16 - - - trace - 53 - - 27 - -
ESW25, 8-16m, Carbonaceous Siltstone 2 - 1 8 3 3 - 1 1 56 - - 22 5 -
EDK4, 21-22m, Carbonaceous Shale - 3 3 1 - 4 - 3 1 32 - 7 39 - 7
ESW13, 15-17m, Sandstone 1 - 2 11 - - - trace 1 41 - 4 39 - 2
ESW25, 7-8m, Sandstone - - 1 2 - 2 - - - 81 - 2 8 4 -
ESW25, 19-27m, Sandstone - - - 3 - - - - - 91 - - 6 - -
ESW29, 11-17m, Sandstone - - - 16 - 19 - - - 52 9 4 - - -
ESW4, 16-17m, Sandstone 5 1 2 7 - 6 - 1 - 52 - 8 15 - 3
ESW34, 17-18m, Sandstone - 1 1 11 - 4 - - 1 71 - - 11 - -
ESW9, 6-10m, Sandstone - - 1 1 - 3 - 1 1 49 - 10 | 31 - 3
Table 4.3: XRD analysis of coal samples, Elders Colliery (JMA 2006).
» o L 0
BH s | E a| 8| = &l o| & E| =| ®| =| s| 85| &| =| Y&
1249 2| g g| °| = E| &| 8| 2| 2| 8| =| 2| S| EE%
agq @ < z| T o < c | "E &
ESW13, 10-15m 5 5 1 3 4 - - - 1 - - - 28 - 5 52 - 2
ESW24, 14-18m 5 - 8 - 4 - - - - - - - 31 - 9 48 - -
ESW9, 5-6m 5 - 1 11 - - - - - 1 - 58 - 4 21 - 4
EDK4, 20-21m 5 12 2 22 7 3 - 1 - - - 17 - 5 25 - 4 -
ESW24, 29-30m 4 - 1 2 2 - - - - - 1 - 42 - 3 47 - 2
ESW25, 18-19m 4 - - 5 - - - - - - - 22 18 - - 55 - -
ESW?29, 5-6m 4 - - - 4 - - - - - - - 77 - - 18 - -
ESW29, 7-10m 4 - - - - - - - - - - - 23 - - 66 - -
ESW4, 13-15m 4 - 8 - 4 - 7 - 1 - - - 28 - 9 26 18 -
ESW27,17-24m 4 - - 10 6 - - - 1 - - - 29 - - 46 - 8
ESW34, 14-15m 4 - - 3 12 - 18 - - 13 - - 21 - 16 18 - -
ESW29, 2-4m 2 - - 2 2 - - - 1 - 1 - 11 - - 83 - -
ESW4, 11-13m 2 - 21 9 8 - 7 - 1 - 1 - 16 - 11 16 10 -
ESW27,5-7m 2 23 - - 2 - 2 - 3 - 3 - 19 - 3 9 3 22
Table 4.4: Particle size analysis of sedimentary units, Elders Colliery (JMA 2006).
Grain size interval (mm) | Grain type (Wentworth size class) Gasticledimentanyunits Eoallseams
g wt-% g wt-%
4.75 10 Gravel (Granule-Pebble) 102.7 1.21 131.36 | 1.81
2.8 4.75 Gravel (Granule-Pebble) 65.7 2.08 63.47 2.35
2 2.8 Gravel (Granule) 45.05 3.48 45.04 | 4.07
1.7 2 Very coarse sand 19.74 4.07 19.95 4.81
0.5 1.7 Coarse and very coarse sand 106.89 5.51 103.18 | 6.22
0.3 0.5 Medium sand 47.72 14.75 43.15 15.6
0.15 0.3 Fine to medium sand 54.37 22.41 48.31 | 23.29
0.075 0.15 Very fine to fine sand 33.85 27.9 25.69 | 24.77
0 0.075 Clay and fine coarse silt 22.55 18.59 17.72 | 17.08
Total 498.57 100 497.86 100
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Leach tests were performed on 18 samples with significant total sulphur content, but the tested lithological units were
not specified (JMA 2006). The leach tests were performed after treating the samples with various concentrations of
H20: to simulate different degrees of oxidation. The leach test results show increased dissolved solids and sulphate
concentrations as the pH decreases with increasing oxidation of the samples, essentially pyrite oxidation controlled by
available oxygen.

A geochemical model was developed in Geochemist Workbench to predict the likely water quality as a function of
oxygen supply to the interlinked (backfilled) box-cut and underground mine voids. The ABA, leach test and geochemical
model results were then used to estimate ranges of likely water qualities for the site (Table 4.5).

Table 4.5: Estimated Water Qualities at Different Mining Phases (JMA 2006).

Parameter Operational Phase (up to 17 years) | Post Closure (closure to full flooding)
pH 7.8t0 5.5 (or pH < 3)* 5.5

TDS (mg/l) 200 to 4 500 4500 to 6 500
Ca (mg/l) 24 to0 950 950 to 750 **
Mg (mg/1) 12 to 250 250

Na (mg/l) 23 to 250 250 to 800

K (mg/l) 6to 30 30to 80
504 (mg/l) 6to 1 600 1 600 to 4 500
Total. Alkalinity (mg/I) 200 (to 5)* 5

Al (mg/l) <1to5 <5

Fe (mg/l) <1to 10 <10

* Local Patches around carbonaceous material ** Concentration decrease due to precipitation

Shake Flask Kinetic leach testing of 6 coal (2 and 4 Seam) samples (S2T, S2L, S2S, S4T, S4L and S4S) was done by ALS
(2012) over a period of 30 days at a liquid to solid ration of 3:1. While the leachate of all coal samples was neutral to
alkaline (pH within 7.0-9.0), conductivities and sulphate concentrations gradually increased over the test period to up
to 2 700 uS/cm and 1 700 mg/| respectively. ALS (2012) predicted accordingly sulphate loads of between 2 333 and
5 667 g to be released from the coal seam materials, i.e. neutral but high sulphate leachate from the coal seams.

Additional ABA, NAG, leach and kinetic leach (22 weeks) tests were done by Geostratum (2015) on 6 coal samples (No.
4 and No. 2 seams). The ABA results (Table 4.6) show that all coal samples have an uncertain or low to medium

potential for acid generation, but will generate a medium to high salt load.

Table 4.6: ABA and NAG pH results for the Elders Colliery samples (from Geostratum 2015).

Seam Total S | Sulphide AP NP NNP
BHID. | Depth (m). No. Paste pH | NAG pH (%) s (%) ke/t) | (ke/t) | (kest) NPR Type
ESWA45 | 47-54 4 6.91 5.56 1.09 0.89 27.81 | 43.29 | 15.48 | 1.56 | Uncertain
ESW45 | 73-78 2 7.26 4.36 0.88 0.81 25.31 | 16.51 | -8.80 | 0.65 PAG
ESW46 | 66-73 4 6.98 5.79 1.19 1.09 34.06 | 48.47 | 14.41 | 1.42 | Uncertain
ESW46 | 89-97 2 7.20 5.61 1.09 0.93 29.06 | 39.50 | 10.44 | 1.36 | Uncertain
ESW47 | 78-85 4 7.20 5.71 1.30 1.12 35.00 | 46.67 | 11.67 | 1.33 | Uncertain
ESW47 | 110-114 2 7.36 5.16 0.81 0.78 24.38 | 25.50 1.12 1.05 | Uncertain

Static distilled water leach test at a liquid to solid ratio of 1:20 (according to ASTM D3987) showed circum-neutral pH
values around 7.8 and no elevated major ions or metal concentrations leached from the samples (Geostratum 2015).
Kinetic leach tests (according to ASTM D5744-07) were performed on one No.2 and one No. 4 coal seam sample over 20
weeks at a liquid to solid ratio of 1:2. Neutral to alkaline pH values between 6.3 and 8.2 were observed throughout the
period, with elevated sulphate concentrations in the first two leachates attributed to dissolution gypsum (Geostratum
2015). Elevated fluoride concentrations were observed in the leachate from No. 2 seam sample as well as nickel and to
a lesser degree barium, lead and selenium in leachate from both coal samples. Based on the kinetic test results,
Geostratum (2015) suggested a neutral drainage from the coal seam.
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4.2.2. Recent Assessment of Overburden

Delta-H (2020c) retrieved six fresh overburden material samples from two newly drilled boreholes to represent the
lithology intersected by the proposed box cut and therefore of the overburden stockpile for static and kinetic
geochemical testing. Based on static Acid Base Accounting and Net Acid Generation test results (Table 4.7), two
samples from borehole E1 (E1_Carb Sandstone (18-20m) and E1_Sandstone (25-26m)) were classified as non-acid
generating, one coal sample (E3_Coal (23m)) as inconclusive and potentially acid generating conditions if preferentially
exposed and three samples (E3_Carb Sandstone (14-22m), E3_Carb Sandstone (52-52m) and E1_Carb Sandstone (28-
30m)) as potentially long term acid generating. The results are in general agreement with the earlier assessment by
JMA (2006), which also classified most tested carbonaceous siltstones and sandstones as potentially acid generating,
and only selected samples as non-acid generating.

Table 4.7: ABA and NAG pH results for the Elders Colliery overburden samples (Delta-H 2020).

SULPHUR SPECIATION | NET ACID GENERATION ACID BASE ACCOUNTING
sample ID TotalS | SO, | S* NAG NAG (kg | Paste | AP i'ﬂ’(’?:; NP | NNP |
(%) (%) (%) (pH) H2504/t) pH (kg/t) (ke/t) (kg/t) | (ke/t)
E3_Carb
Sandstone (14- | 038 | 022 | 015 | 55 1.18 71 | 12.00 4.69 447 | 73 | o038
22m)
E3_Coal (23m) 16 | 074 | 086 | 45 35.00 7.4 | 50.00 26.88 28.00 | -22.0 | 0.55
E3_Carb
Sandstone (52- | 2.19 | 024 | 1.94 | 45 14.00 6.1 | 68.00 60.63 733 | -61.0 | 0.11
53m)
E1_Carb
Sandstone (18- | 0.17 | 0.14 | 0.03 7.7 <0.01 76 | 521 0.94 849 | 33 | 163
20m)
El Sandstone | ., | 445 | 01 7.7 <0.01 78 | 6.86 3.13 19.00 | 120 | 276
(25-26m)
E1_Carb
Sandstone (28- | 2.7 | 047 | 224 | 45 13 68 | 84.00 70.00 30.00 | -55.0 | 0.35
30m)
Duplicate 27 | 047 | 224 | 45 13 69 | 84.00 70.00 29.00 | -55.0 | 0.34

Kinetic testing of a composited (mixture of non-acid generating and acid generating materials) E1 borehole sample
showed that the composited material contained enough Neutralisation Potential to buffer potential acidity generated
by the carbonaceous sandstone. Kinetic test results for a composited E3 borehole sample, a mixture of materials which
have been initially classified as predominantly long-term acid generating or inconclusive, suggested a medium term
neutral leachate quality, but acidic leachate conditions could potentially prevail in the long term due to limited
Neutralisation Potential of the composite sample.

A geochemical model of the overburden stockpile, considering water and diffusive oxygen ingress as reactants in the
oxidation of pyrite bearing material, was developed in PHREEQC. Various scenarios for the mineralogical composition of
the stockpile (based on average composition of borehole E1, E3 and E1 and E3 combined) were simulated and sulphate
concentrations in the seepage at the bottom of the dump (assumed height 25m) before interaction with the underlying
aquifer estimated. Increasing over the first 45 years, sulphate concentrations stabilised for most scenarios at around
4200 mg/l, controlled by gypsum equilibrium. With simulated sulphate concentrations consistently around 1 000 mg/I
at the end of life of mine (30 years), the model results were in good agreement with predictions by JMA (2006,
Table 4.5). The expected pH values of the leachate remained for all simulated scenarios circum-neutral.
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4.3. HYDROGEOLOGY

4.3.1. Unsaturated zone

Based on the 2002, 2012 (JMA) and recent 2019 hydrocensus results, the thickness of the unsaturated zone ranges
from 0.7 m to 35.2 m, with an arithmetic average of around 10.1 m. The groundwater model considers flow and
transport processes within the unsaturated zone, with a capillary pressure-saturation relationship (after van
Genuchten) typically of a loamy sand assigned to the weathered aquifer and of a coarse sand assigned to the fractured
Karoo rocks and dolerites.

4.3.2. Saturated zone

Based on the conceptual hydrogeological understanding of the site, the following hydro-stratigraphic zones are
differentiated within the model area:
Shallow alluvial and weathered Karoo aquifer

2. Fractured Karoo aquifer
3. Dolerite intrusions
4. Artificial mine aquifer

Weathered Karoo aquifer

The weathered zone of the Karoo sediments hosts the unconfined or semi-confined shallow weathered Karoo aquifer
or hydro-stratigraphic zone. The weathered zone is typically around 15m thick and water levels within this aquifer are
often shallow (few meters below ground level). Due to direct rainfall recharge and dynamic groundwater flow through
the unconfined aquifer in weathered sediments, the water quality is generally good, but in the absence of an overlying
confining layer also vulnerable to pollution. Localised perched aquifers may occur on clay layers or lenses, but are due
to their localised nature of no further interest in the context of the current study. Water intersections in the weathered
aquifer are mostly above or at the interface to fresh bedrock (sandstone or sills), where less permeable layers of
weathering products and capillary forces limit the vertical percolation of water and promote lateral water movement.
Groundwater daylights as springs where the flow path is obstructed by less permeable dolerite sills (contact springs) or
where the surface topography cuts into the groundwater level at e.g. drainage lines (free draining springs).

Fractured Karoo aquifer

The fractured Karoo aquifer consists of the various lithologies of siltstone, shale, sandstone and the coal seams.
Groundwater flow is governed by secondary porosities like faults, fractures, joints, bedding planes or other geological
contacts (including coal seams), while the rock matrix itself is considered impermeable. Geological structures are
generally better developed in competent rocks like sandstone, which subsequently show better water yields than the
less competent silt- or mudstones and shales. Not all secondary structures are water bearing due to e.g. compressional
forces by the neo-tectonic stress field overburden closing the apertures. The fractured Karoo aquifer is considered a
semi-confined aquifer, depending on the prevailing sedimentary succession.

Fractured Karoo aquifers have typically a low hydraulic conductivity (<0.001 m/d), but are known to be highly
heterogeneous with yields ranging from 0.5 to 2 L/s. Higher yields are typically associated with higher hydraulic
conductivities along shallow coal seams and at contact zones with intrusive rocks. Depending on the residence time of
the water in the aquifer, groundwater quality can be poor.

Dolerite intrusions

The Karoo rocks in the project area were intruded by dolerite sills or dykes, with their contact zones with the host rock
providing preferential flow paths, while the dolerite itself is rather impermeable or semi-permeable (hydraulic
conductivity of approximately 1E-8 m/s). This setting promotes groundwater ponding and flow along, but not across the
sills and dykes.
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Artificial mine aquifer

Artificial Karoo aquifers will be created by the future underground (bord and pillar) mining of the No. 4 coal seam with
an average extraction factor of 68% and an average stoping height of around 3m (pers. comm., C. Els, Lead mining
engineer, Ukwazi). The underground mining will create artificial high porosity and conductivity networks within the No.
4 coal seam of the fractured Karoo aquifer.

4.3.3. Hydraulic conductivity

JMA Consulting (Pty) Ltd drilled during their 2002 Elders Colliery groundwater studies 40 hydrogeological boreholes (4
deeper EDK boreholes ranging from 45 to 90 mbgl and 36 shallow boreholes to generally 30 mbgl, which were
augmented in 2005 by two additional shallow (30 mbgl) boreholes (JMA 2006). Geological logs, blow yields, water levels
(2002) and hydraulic conductivity values determined by slug tests are available for most of the boreholes (Table 4.8).
Only nine water levels are available for the deeper boreholes. Blow yields range from 0 to 6 I/s, with an average of
0.98 L/s for 17 boreholes with blow yields larger zero. Hydraulic conductivity values based on slug tests performed on
43 shallow boreholes (ESW boreholes) and 4 deep boreholes (EDK boreholes) are summarised in Table 4.9, along with
measured porosities and calculated storativities. The arithmetic averages were subsequently used as initial hydraulic
conductivities of the shallow weathered and deep fractured aquifers for the model calibration.
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Table 4.8: Summary of hydrogeological boreholes at Elders Colliery (JMA 2006, hydraulic conductivity outliers indicated in grey).

Water | Water Water Water
Collar Depth of
site ID No v X b4 height Depth B E_st. Blow | level level level level K
(mamsl) (m) (m) strike (m) Yield (I/s) | (mbgl) | (mamsl) | (mbgl) (mamsl) [ (m/d)
Aug 2002 2012
2629AD10001 EDK-1 -38464.16 | 2907899.5 1658 0.51 90 14-15, 25.5-26 | 0.02, 0.02 5.84 1652.16 4.94 1653.06 0.004
2629AD10002 EDK-2 -43325.52 | 2906999.77 1643.5 0.47 48 6.3 1637.2 4.02 1639.48 0.002
2629AD10003 | EDK-3 | -49697.69 | 2908773.17 1607 0.55 45 19-20 1.5 10.15 | 1596.85 0
2629BC10004 | EDK-4 | -52055.19 | 2904961.3 1633 0.59 58 20-21 5 10.67 | 1622.33 0.19
2629AD00001 ESW-1 -39881.2 | 2907982.45 1676 0.7 30 21-22 0.4 10.3 1665.7 0.9 1675.1 0.254
2629AD00002 | ESW-2 | -36295.76 | 2909642.57 1607 0.4 30 23-26 3.5 13.1 1593.9 160.36
2629AD00003 | ESW-3 | -35372.75 | 2911545.57 1603 0.53 30 16-17 0.02 5.72 1597.28 0.027
2629AD00004 | ESW-4 | -36372.15 | 2913012.97 1600 0.47 30 9.24 1590.76 0.003
2629AD00005 ESW-5 | -36286.62 | 2913248.71 1578 0.71 30 7-8, 10-11 0.02, 0.05 3.9 1574.1 0
2629AD00006 | ESW-6 -40510.9 2913572.6 1598 0.53 30 14-19 0.2 7.98 1590.02 0.215
2629AD00007 ESW-7 | -40608.65 | 2907251.3 1662 0.57 30 10-26, 0.4 3.2 1658.8 2.49 1659.51 0.02
2629AD00008 | ESW-8 | -43466.92 | 2907707.07 1621 0.55 30 2.26 1618.74 0.01
2629AD00009 | ESW-9 | -43938.62 | 2908224.94 1607 0.49 30 1.8 1605.2 0.02
2629AD00010 | ESW-10 | -43926.57 | 2908537.33 1611 0.47 30 6.59 1604.41 0.004
2629AD00011 | ESW-11 | -44958.21 | 2908568.57 1597 0.47 30 20-30 1.3 1.25 1595.75 1.204
2629AD00012 | ESW-12 | -46226.99 | 2908481.1 1592 0.62 30 3.67 1588.33 0.024
2629AD00013 | ESW-13 | -45894.28 | 2907949.23 1597 0.39 30 7.27 1589.73 0.009
2629AD00014 | ESW-14 | -47056.31 | 2908119.59 1594 0.64 30 3.08 1590.92 3.01 1590.99 0.01
2629AD00015 | ESW-15 | -47037.65 | 2909127.71 1610 0.35 30 3.58 1606.42 0.042
2629AD00016 | ESW-16 | -47855.68 | 2908305.33 1601 0.43 30 3.48 1597.52 0.02
2629AD00017 | ESW-17 | -48894.96 | 2907112.69 1586.5 0.43 30 14-15, 18-19 0.5,4.5 5.58 1580.92 0.033
2629AD00018 | ESW-18 | -47845.61 | 2907248.36 1592 0.61 30 5-6, 0.3 3.71 1588.29 0.167
2629AD00019 | ESW-19 | -47773.57 | 2906468.14 1584 0.57 30 21-23 0.5 4.66 1579.34 0.194
2629AD00020 | ESW-20 | -47207.29 | 2906435.04 1588 0.61 30 7.98 1580.02 7.2 1580.8 0.007
2629AD00021 | ESW-21 | -45877.92 | 2906365.99 | 1605.5 0.66 31 12-14 0.5 3.69 1601.81 0.06
2629AD00022 | ESW-22 | -45913.69 | 2905858.71 1621 0.89 30 18-19 0.1 5.95 1615.05 0.017
2629AB00023 | ESW-23 | -44878.99 | 2904342.81 1619 0.69 30 11-12 0.8 3.7 1615.3 0.125
2629AB00024 | ESW-24 | -46366.53 | 2902708.38 1605 0.68 30 4.73 1600.27 0.003
2629AB00025 | ESW-25 -46523 2901670.85 1572 0.67 30 6-7 6 1.24 1570.76 -0.02 1572.02 0.908
2629AB00026 | ESW-26 | -48160.5 | 2902082.32 1575 0.31 30 0 1575 0.011
2629AB00027 | ESW-27 | -49168.67 | 2902116.02 1575.5 0.53 30 15-16 2.5 0 1575.5 0.23 1575.27 0.094
2629AB00028 | ESW-28 | -49564.54 | 2901291.05 1579 0.48 30 10-11 2.5 3.7 1575.3 0.218
2629BA00029 | ESW-29 | -50511.31 | 2902222.01 1581 0.32 30 2-7 0.01 3.2 1577.8 3.28 1577.72 0.02
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Water Water Water Water
Collar Depth of
site ID No v X b4 height Depth B E.st. Blow | level level level level K
(mamsl) 0 (m) strike (m) Yield (I/s) | (mbgl) | (mamsl) (mbgl) (mamsl) (m/d)
Aug 2002 2012
2629BA00030 | ESW-30 | -50763.82 | 2903064.99 1584 0.54 30 17-18 0.3 2.89 1581.11 2.64 1581.36 0.14
2629AB00031 | ESW-31 | -49434.96 | 2904083.55 1606 0.47 30 23-24 0.14 11.2 1594.8 0
2629AD00032 | ESW-32 -49089 2905754.04 1578 0.67 30 6-10 0.25 3.2 1574.8 0.033
2629AD00033 | ESW-33 -49035 2910463 1603 0.49 30 8.3 1594.7 0.003
2629BC00034 | ESW-34 | -50541.16 | 2910230.51 1605 0.72 30 11.44 | 1593.56
2629BC00035 | ESW-35 | -53589.42 | 2906495.36 | 1642.25 | 0.51 30 6.79 1635.46
2629BA00036 | ESW-36 | -52641.24 | 2903096.86 1610 0.54 30 9.32 1600.68 7.26 1602.74
2629BA00037 | ESW-37 | -50247.72 | 2899819.08 1581.1 0.76 30 1.89 1579.2 2.62 1578.48 0.017
2629BA00038 | ESW-38 | -50201.43 | 2900416.05 | 1579.5 0.73 30 8.5-19.5 0.1 2.87 1576.6 0.08
Mar-2015

2629BA00039 | ESW39 -45287.58 | 2904438.45 | 1613.28 0.43 74 3.72 1575.78
2629BA00040 | ESW40 | -45268.37 | 2905076.54 | 1627.65 0.54 72 4.54 1608.74
2629BA00041 | ESW41 -45849.96 | 2905314.57 | 1627.27 0.54 62 3.22 1624.43
2629BA00042 | ESW42 -45682.81 | 2903135.82 | 1598.25 74 3
2629BA00043 | ESW43 -46464.33 | 2902811.77 | 1599.45 79 3
2629AB00044 | ESW44 | -45921.72 | 2902541.72 | 1584.34 0.36 58 2.30 1597.15
2629AB00045 | ESWA5 | -49946.93 | 2902715.04 | 1589.94 | 0.57 100 10.94 1573.4
2629AB00046 | ESW46 | -49823.72 | 2903833.56 | 1606.84 | 0.27 108 20.93 1569.01
2629AB00047 | ESW47 -49555.52 | 2904729.95 | 1612.53 114 32.22 1574.62
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Table 4.9: Hydraulic conductivity values for the Elders Colliery hydrogeological boreholes (from JMA 2015).

. . . Hydraulic Conductivity k | Porosity | Storativities
Description of Statistical Analyses y (m/day) y (%) y (%)*
Shallow Weathered Zone Aquifer (ESW-Group)

Min 0.0010

Max 117.16

Arithmetic Mean 3.561 8.9 4.45
Geometric Mean 0.033

Harmonic Mean 0.006

Proposed value 0.025

Deep Fractured Karoo Aquifer (EDK-Group)

Min 0.001

Max 0.190

Arithmetic Mean 0.049 49 0.49
Geometric Mean 0.006

Harmonic Mean 0.002

Proposed value 0.004

*Methodology not provided, but appears to be based on arbitrary fractions (5 and 10%) of porosities.

Recent pumping and slug tests by Delta H (2020b) focussed on the upper weathered and fractured Karoo aquifer (up to
50 m below ground level) within the mining area itself. Determined transmissivity and conductivity values are provided
in Table 4.10 and Table 4.11. While borehole EGW-BHS5 is considered an outlier (next to a wetland, which appears to
provide localised recharge to the borehole), the determined values (median conductivity of 8E-07 m/s or 0.07 m/d) fall
essentially between the conductivity values suggested by JMA (2015) for the upper and deeper aquifer. This appears
plausible as the recent tests focussed exactly on the upper fractured and weathered aquifer, providing conductivity

estimates for the transition zone of the shallow weathered and upper fractured aquifers.

Table 4.10: Summary of the aquifer parameters (transmissivity values in m2/day) based on the pump tests.

Aquifer properties (Pump Test)
BH ID Cooper-Jacob Papadopulos- Theis (Step Agarwal FC Sheet
(late) Cooper Test) (Recovery)
T-value T-value T-value T-value S-value
EGW-BH2 3.135 2.778 3.90 4.569 6.83E-04
EGW-BH4 0.3282 0.01 2.18 1.889 6.83E-04
EGW-BH5 50.52 52.65 106.40 164.1 7.06E-04
EGW-BH6 2.62 5.1 3.74 7.98 6.80E-04

Table 4.11: Summary of the aquifer parameters (hydraulic conductivity values in m/day) based on the slug tests.

Aquifer properties (Slug Test)
BH ID Slug input Bouwer-Rice KGS Model
K-value Yo-value K-value Ss-value
In 0.0034 0.099 0.04 2.00E-03
EGW-BH1 Out 0.007 0.027 0.15 1.30E-05
In 0.016 0.033 no fit no fit
E -B
GW-BH3 Out 0.0002 0.11 no fit no fit
In 0.0002 0.09 no fit no fit
E -B
GW-BH7 Out 0.21 0.29 no fit no fit
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4.4, GROUNDWATER LEVELS

Groundwater levels were collated from the 2002, 2012 (Table 4.8 and Table 4.12, both by JMA) and the current 2019
(Table 3.1) hydrocensus in the Elders area, with the most recent water levels used if several entries existed.

Table 4.12: Summary of geohydrological boreholes of external water users, Elders Colliery (JMA 2006, 2014).

Water Water Water Water
s level level level level
Site ID No Y X Yield Use
(1/5) (mbgl) (mamsl) (mbgl) (mamsl)
May-Aug 2002 2012

2629AD20001 VKN-1 -45380.3 2906121.61 1 Y 16.05 1604.95
2629AD20002 VKN-2 -45565.12 2905835.32 0.8 Y 7.01 1617.99
2629AD20003 VKN-3 -45532.58 2906847.81 1 Y 33.25 1575.75
2629AD20004 VKN-4 -45845.27 2907403.97 0.5 Y Closed
2629AD20005 VKN-5 -45066.69 2907533.07 0.5 Y 4.12 1627.88
2629AD20006 VKN-6 -45732.73 2904202.88 0.5 Y Closed
2629AD20007 VKN-7 -47010.92 2903568.21 1 Y 6.99 1601.01
2629AB20008 VKN-8 -47330.15 2903706.75 0.5 Y Closed
2629AD20009 VKN-9 -47065.54 | 2904484.63 0.3 Y Closed
2629AD20010 VKN-10 -47648.07 2905013.01 ? Y 2.18 1572.82
2629AD20011 VKN-11 -46808.95 2908298.17 N
2629AD20012 VKN-12 -45121.33 2905042.73 ? N 2.15 1619.85
2629AD20013 VKN-13 -45552.37 2905199.34 N
2629AD30001 SVK-1 -47904.97 2907403.69 ? N
2629AD30002 SVK-2 -49411 2905387.44 ? N 5.09 1595.11
2629AD30003 SVK-3 -47886.2 2908964.64 1 Y Closed
2629AD30004 SVK-4 -47985.46 2908592.76 2 Y 11.94 1596.06
2629AD30005 SVK-5 -49359.6 2907074.57 1 Y Closed
2629AD30006 SVK-6 -49550.74 2906724.1 0.5 Y Closed
2629AD30007 SVK-7 -50000 2906000 Y
2629AD30008 SVK-8 -49273.32 | 2909006.42 N
2629AD30009 SVK-9 -47542.67 | 2909765.49 ? N 3.75 1615.25
2629AD30010 SVK-10 -49150.42 2909545.5 0.5 Y 5.04 1602.96
2629AD30011 SVK-11 -49169.2 2909858 0.5 Y 21.6 1587.4
2629AD30012 SVK-12 -49910.34 2909572.79 0.3 Y 31.07 1558.93
2629AD30013 SVK-13 -49866.51 2909542.7 1 Y Closed
2629AD30014 SVK-14 -49859.994 | 2909405.95 0.5 N 18.28 1575.72 1.92 1592.08
2629AD30015 SVK-15 -49881.213 | 2909601.04 1 Y 27.87 1567.13 2.53 1592.47
2629BC30016 SVK-16 -50005.85 | 2909410.29 1 Y 18.66 1574.34
2629AD30017 SVK-17 -49814.46 | 2909315.38 2.2 Y 20.71 1573.29
2629AD30018 SVK-18 -49671.13 2909187.42 0.5 Y Closed
2629AD30019 SVK-19 -49755.13 2908901.91 0.5 Y Closed
2629AD30020 SVK-20 -49780.29 | 2908852.15 15 N 9.85 1584.15
2629BC30021 SVK-21 -51002.7 2909888.37 0.3 N Blocked
2629BC30022 SVK-22 -51504.83 2909689.84 Y Closed
2629BC30023 SVK-23 -51473.07 2906882.29 ? N Closed
2629AD30024 SVK-P1 -49948.8 2906598.22 0.5 N 1.78 1574.22
2629AD30025 SVK-F1 -51580.94 2906386.38 0.03 Y 0 1618.5
2629AD30026 SVK-F2 -49382.37 | 2905819.41 0.02 Y 0 1584
2629AD40001 MKL-1 -47495.573 | 2902739.74 ? N 0 1591 0.65 1590.35
2629AD40002 MKL-2 -49257.48 | 2899780.93 0.6 Y Closed
2629AD40003 MKL-3 -49252.17 | 2899338.87 1.5 Y 1.74 1620.26
2629AD40004 MKL-4 -48205.64 | 2898543.91 0.5 N 0.35 1620.65
2629AD40005 MKL-5 -48102.509 | 2900472.99 0.2 N 2.8 1613.2 3.23 1612.77
2629AD40006 MKL-6 -48864.42 2900117.35 0.2 N Closed
2629AD40007 MKL-7 -49152 2899922.34 0.2 N 0.67 1621.83
2629AD40008 MKL-8 -46827.73 2902833.02 0.5 N 2.04 1600.96
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Water Water Water Water

Est. level level level level
Site ID No Y X Yield Use
(1/5) (mbgl) (mamsl) (mbgl) (mamsl)
May-Aug 2002 2012
2629AD40009 MKL-F1 -48923.86 2900785.63 0.02 0 1581
2629AD40010 MKL-F2 -46362.81 2901794.36 0.02 0 1579

2629BA50001 HGN-1 -51657.5 2898959.36 0.2 0.46 1639.04

2629BA50002 HGN-2 -52783.64 2902972.25 0.5 4.86 1599.14

2629BA50003 HGN-3 -52605.78 2902969.31 0.5 Closed
2629AD50004 HGN-4 -49958.768 | 2903998.676 0.5 Closed 5.06 1603.44
2629AD50005 HGN-5 -49666.96 2903772.01 0.5 32.2 1574.8
2629BA50006 HGN-F1 -52433.99 2902952 0.05 0 1601
2629BA50007 HGN-F2 -51690.22 2899027.07 0.02 0 1640
2629BA50008 HGN-F3 -52031.38 2902183.71 0.1 0 1592
2629BA60001 GLK-1 -50795.12 2904255 ? Dry
2629BC60002 GLK-2 -51908.23 2904486.53 0.5 Closed
2629BC60003 GLK-3 -52264.02 2904955.5 0.5 Closed
2629BC60004 GLK-4 -52264.25 2904898.99 0.5 Closed
2629BC60005 GLK-5 -53570 2906130 0

2629BC60006 GLK-6 -53011.73 2905101.46 Closed

2629AD70001 UGT-1 -49265.17 2910356.92 2.5 3.09 1598.41

2629AD70002 UGT-2 -49173.43 2910322.22 0.4 6.53 1594.97

2629AD70003 UGT-3 -49376.8 2910416.06 0.6 15.65 1578.35

2629AD80001 EFN-1 -41198.16 2905943 16.02 1628.98

2629AD80002 EFN-2 -42285.49 2907032 27.23 1629.77

2629AD80003 EFN-3 -40647.36 2908281

2629AD80004 EFN-4 -42054.32 2905012.46 2.5 Blocked
2629AD80005 EFN-5 -42045.08 2905396.86 0.5 Closed
2629AD80006 EFN-6 -42395.14 2905275.03 0.3 12.79 1665.21
2629AD80007 EFN-7 -43344.88 2906271.95 0.5 4.2 1652.8
2629AD80008 EFN-8 -43127.23 2905935.53 0.3 Closed
2629AD80009 EFN-9 -43259.02 2905659 0.1 Closed
2629AD80010 EFN-10 -43449.6 2905431.41 0.15 Closed
2629AD80011 EFN-11 -44756.83 2904997.15 1 Closed

2629AB80012 EFN-12 -44665.19 2904339.86 0.8 0.93 1611.07

2629AB80013 EFN-13 -44457.2 2903517.09 3.58 1603.42

2629AB80014 EFN-14 -44907.81 2902369.77 0.15 Closed

2629AD80015 EFN-15 -43331.74 2904826.11 Closed

2629AD80016 EFN-16 -42006.38 2905006.76 0.3 10.02 1649.98

2629AD80017 EFN-17 -43835.54 2906810.93 2.5 4.34 1650.66

2629AD80018 EFN-F1 -43084.19 2906860.47 0.03 0.03 1646.97

zl<|<|<|zZ|<|z|z|<|z|z|z|z|<|<|<]|<|<|<|zZ|<|zZ|zZ|zZ|zZ|<|<|<|<|zZ|zZ|zZ2|zZ2|<|<|<]|<]|<]|zZ|<|zZ|<|<|<|zZ|<|<|zZ|<|<|<|<|z|<|z

2629AD80019 EFN-F2 -41854.54 2905312.04 0.5 0.3 1656.7

2629AB80020 EFN-F3 -44163.6 2903763.14 0.02 0 1617

2629AB80021 EFN-F4 -43166.72 2903680.01 0.05 0 1651

2629AB90001 SVI-1 -44749.179 | 2901430.451 3.25 6.58 1603.42 6.93 1603.07
2629AB90002 SVI-2 -44556.89 2901838.99 0.3 Closed

2629AB90003 SVI-F1 -44530.51 2901957.44 0 Dry

2629AD11001 HBO1 -39534.17 2910737.81

2629AD11002 HBO2 -40112.01 2911815.35 6.62 1628.38

2629AD11003 HBO3 -38335.87 2912742.79

2629AD11004 HBO4 -38330.723 | 2912777.795 2.83 1617.17 2.92 1617.08
2629AD12001 LRO1 -44643.78 2907934.88 7.95 1624.05

2629AD12002 LRO2 -44399.54 2907506.39 6.16 1635.85

2629AD12003 LRO3 -43916.868 | 2908438.303 0.83 1608.17
2629AD12004 LRO4 -41214.97 2908504.02 14.24 1650.76

2629AD12005 LRO5 -41678.27 2908547.61 0.5

2629AD12006 LRO6 -41963.32 2912419.5 0.5 3 1647

2629AD12007 LRO7 -46228.53 2910002.24 0.2

2629AD12008 LRO8 -45889.45 2909870.3
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Water Water Water Water
Est. level level level level
Site ID No Y X Yield Use
(1/5) (mbgl) (mamsl) (mbgl) (mamsl)
May-Aug 2002 2012

2629AD12009 LRO9 -45711.25 2909428.73 N 3.86 1596.14
2629AD13001 RPO1 -38486.8 2909005.23 Y
2629AD13002 RP0O2 -41140.35 2911549.37 N 6.31 1643.69
2629AD13003 RPO3 -39395.97 2908572.57 Y 8.65 1673.35
2629AD13004 RPO4 -39773.55 2909208.55 N
2629AD13005 RPO5 -40370 2909142.82 N
2629AD13006 RPO6 -40505.31 2911536.28 Y 14.61 1630.39
2629AD14001 KTO1 -36992.21 2912304.58 0.5 Y
2629AD14002 KT02 -36496.57 2912442.76 N
2629AD14003 KTO3 -36476.61 2912440.49 N
2629AD14004 KT04 -36345.53 2912539.83 Y
2629AD14005 KTO5 -36494.18 2912580.13 N 5.95 1613.05
2629AD14006 KTO6 -38601.71 2913659.81 Y 10.31 1594.7
2629AD14007 KTO7 -38577.81 2913638.69 1 Y 5.76 1599.24
2629AD14008 KTO8 -38626.16 2913494.81 Y
2629AD14009 KT_FO1 -38491.63 2913744.79 Y 0 1600
2629AD14010 KT_F02 -35866.95 2913011.55 Y 0 1610
2629AD15001 BKS-1 -38163.15 2905976.43 N Closed
2629AD15002 BKS-2 -39130.33 2905922.82 N Blocked
2629AD15003 VFN-1 -36011.18 2907119.13 N 1.63 1634.87
2629AD15004 VFN-2 -35393.06 | 2907049.84 N 5.39 1631.61
2629AD15005 VFN-3 -35098.34 | 2907803.51 0.3 Y Closed
2629AD15006 RBP-1 -37053.82 2907187.44 N 7.1 1634.4
2629AD15007 RBP-2 -38305.493 | 2907140.89 1 Y Closed 12.15 1628.35
2629AD15008 RBP-3 -38154.358 | 2907245.588 N 6.66 1635.34 7.85 1634.15

Based on the 104 collated data, the groundwater levels are generally shallow and range from just 0.68 mbgl (or 0 mbgl
for springs) to 35.2 mbgl; with a regional average of of 10.1 mbgl. Using the measured groundwater table elevations,
Delta H established the correlation between surface topography and elevation of the groundwater level within the
shallow aquifer (Figure 4.4) for the wider area of interest. Based on the regional results, a very good correlation
between the measured water levels and surface topography is obvious (R? = 0.98, i.e. approximately 98 % of observed
water level variations can be explained by variations in surface elevation) and it can be assumed that the water table
within the shallow weathered aquifer mimics the surface topography at the regional scale. The few obvious outliers
from the regression line in Figure 4.4 are probably due to groundwater abstractions preceding water level
measurements.
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Figure 4.4: Groundwater elevation versus surface elevation in the wider Elders Colliery project area (JMA 2006, 2014 and Delta H
2019).

The observed, correlation is used to improve the interpolation of initial water levels for the numerical model in data
scarce environments by applying a co-kriging algorithm based on the known topography (Bayesian interpolation). The
Bayesian interpolation method uses correlated data to improve the spatial interpolation of the unknown variable, in
this case the groundwater levels based on known surface elevations. As a Universal Kriging algorithm, it relies on a
mathematical description of the change (or variance) of a variable with distance, i.e. to what extent neighbouring
observations are spatially correlated. Such correlation is expressed in a semi-variogram, as depicted in the empirical
semi-variogram for the wider Elders Colliery model area below (Figure 4.5) with the fitted Bayesian model used for the
interpolation. The semi-variogram model is then used in combination with the knowledge of the surface elevation and
its correlation to the groundwater elevation as a qualified guess to improve the spatial interpolation of water levels.
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Figure 4.5: Empirical semi-variogram and fitted Bayesian model.

The interpolated (unconfined) groundwater piezometric map for the shallow weathered aquifer in the Elders project
area using Bayesian interpolation (with the model parameters given above) is shown in Figure 4.6 and was
subsequently used as initial heads for the Elders Colliery model (steady-state) calibration. It must be noted that initial
heads only facilitate the mathematical convergence of a steady-state model, but do not change the outcome of the
model i.e. the calculated steady-state heads.
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Figure 4.6: Bayesian interpolated groundwater levels within the weathered Karoo aquifer for the Elders project area (proposed
underground mine layout indicated in light blue).

4.5, GROUNDWATER POTENTIAL CONTAMINANTS

Based on the site specific geochemical studies (chapter 4.2) and experience from active collieries, the main potential
impacts on the ambient groundwater quality associated with the proposed underground mining of the No. 4 and 2 coal
seams are acidic contact water with elevated salt and metal concentrations, i.e. acid rock drainage.

Acid rock drainage conditions are likely to be associated with coal exposed in the underground mine voids (included
abstracted groundwater in contact with the coal) and the overburden stockpile, as most tested over-/interburden and
coal samples were classified potentially acid generating (JMA 2006, Table 4.1).

The elevated salt concentrations due to the oxidation of sulphide bearing minerals are dominated by sulphate, whereas

metals of concern potentially mobilised under acidic conditions are iron and manganese (Table 4.5) and to a lesser
degree barium and nickel.
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4.6. GROUNDWATER QUALITY

4.6.1. Earlier water quality results

Most boreholes sampled by JMA in 2002/03 (with 8 additional analysis for 2012) show a good drinking water quality
with a few exceedances of NHs (2 boreholes), NOs (1 borehole), F (2 boreholes) and Fe (2 boreholes) limits. The Piper
diagram (Figure 4.7), a graphical visualisation of major cation and anion ratios, characterises the regional groundwater
type as a Ca-Mg-HCOs or Na-HCOs facies, with several samples trending towards Na-Cl facies. The bicarbonate
dominance is most samples is a result CO2 equilibration of rainwater with the atmosphere and percolating rainwater
with the further CO2 enriched soil atmosphere as a result of the decay of plant humus, litter and other organic
substrates. Water seeps through the soil and vadose zone, also rich in carbon dioxide from weathering of carbonate
minerals, which in turn dissolves as bicarbonate into the water. The bicarbonate enriched water signature indicates
potential fresher, recently recharged groundwater. The mixed cation signatures (calcium/magnesium versus sodium)
can be attributed to cation exchange reaction that occurs during the evolution of groundwater within the soil and rock
matrix.

Figure 4.7: Piper diagram for the groundwater quality at Elders (after JIMA, 2015).
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Some groundwater samples, i.e. MKL-2, HGN-F1, HGN-3 and EFN-F1, are clearly dominated by chloride anions instead
of bicarbonate anions. These sodium-chloride waters indicate highly mineralised, deeper, and less mobile water which
is not part of the active hydrogeological cycle. The depositional environment of the Karoo Supergroup was driven by
sea water interaction and deposition with sodium and chloride enrichment of deposited minerals. The same
enrichment is observed in groundwater interacting with these minerals. The mixed groundwater signatures between
bicarbonate and chloride anion respectively calcium/magnesium and sodium cation dominance indicate the evolution
and/or mixing of groundwater within the natural aquifer system from freshly recharged shallow groundwater to deeper
mineralised groundwater.

4.6.2. 2019 Hydrocensus water quality results

A total of ten (10) groundwater samples were collected during the hydrocensus to determine the current baseline
water quality at Elders Colliery. A list of the water samples collected during the hydrocensus is given in Table 3.1 and
the major ionic composition shown in Figure 4.8.
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Figure 4.8: Piper diagram for groundwater hydrocensus samples at Elders Colliery (samples with SO4 and NOs as N concentrations
below limit of detection are visualised as an order of magnitude smaller than the detection limit concentration).
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Similar to the earlier results, the majority of groundwater samples collected during the hydrocensus show a dominant
Na-HCOs (sodium- bicarbonate) water facies, indicating freshly recharged groundwater which had limited time to
equilibrate with the aquifer material along its flow path. Dominant bicarbonate anion signatures are as before
attributed to CO: equilibration with the atmosphere (rainwater) and vadose zone. Sample ESW-3, characterised by a
Na+K-CI+NOs (chloride + nitrate) water facies, represents highly mineralised, stagnant groundwater that equilibrated
with sodium and chloride rich sediments of the Karoo Supergroup.

The water quality results are compared in Table 4.13 to the stipulated limits as set out in the SANS 241-1:2015 for
Drinking Water and the more stringent South Africa Water Quality Guidelines (SAWQG) for domestic use. The original
laboratory results are included in the Appendix.

The TDS, Ca, Cl and NOs as N concentrations exceed in borehole ESW-3, and TDS and Na concentrations in borehole
ESW-12 the DWA SAWQG for domestic use. The iron concentration in borehole ESW-16 exceeds both, the DWA
SAWQG for domestic use target values and SANS 241-1 (2015) drinking water limits, while iron concentrations in
boreholes HBO4, MLK-1 and SBK-4 exceed only the DWA SAWQG for domestic use target values. The elevated iron
concentrations at these boreholes are not expected to be geogenic, but potentially from the rusted steel casing of the
boreholes itself. All tested samples exceed turbidity value based on the SANS 241-1 (2015) drinking water standards.
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Table 4.13: Groundwater quality from the hydrocensus results compared to relevant standards (exceedances are presented in red and parameters below limit of detection are excluded

from the table, included in the appendix).

Borehole ID EFN-8 ESW-3 ESW-12 | ESW-16 | ESW-25 GLK-1 HBO-4 MLK-1 SBK-4 SVK-6
SAWQG SANS
Parameters Target 241:2015 56179 56180 56181 56182 56183 56184 56185 56186 56187 56188
Values
pH Value @ 25°C 6.0-9.0 5-9.7 6.1 6.5 7.6 7.4 6.7 9.3 7.0 6.8 7.4 8.0
C°“d”c“;"5t)’cms/ me| 570 170.0 4.9 73.8 79.1 34.7 26.8 41.2 12.5 9.6 28.1 40.4
Total Dissolved Solids |  0-450 1200.0 66.0 498.0 476.0 206.0 162.0 270.0 86.0 90.0 198.0 198.0
Calcium, Ca 0-32 - 2 47 24 12 26 21 8 6 16 12
Magnesium, Mg 0-30 - 1 26 20 5 7 13 3 1 7 16
Sodium, Na 0-100 200 5 28 122 46 15 42 1 9 26 39
Potassium, K 0-50 : 17 15.7 35 55 3.4 5.7 11.6 25 7.7 5.8
Total gké’g?'ty as - - 16.0 80.0 400.0 112.0 116.0 156.0 40.0 40.0 120.0 184.0
Bicarbonate, HCO; - : 19.5 97.6 486.2 136.3 1415 159.2 48.7 488 146.0 2223
Carbonate, CO; - : 0.0 0.0 0.9 0.2 0.0 14.7 0.0 0.0 0.2 1.0
Chloride, CI 0-100 B 4.0 106.0 23.0 41.0 10.0 40.0 4.0 3.0 16.0 17.0
Sulphate, S04 0-200 ; <2 10.0 <2 <2 3.0 5.0 10.0 2.0 <2 <2
Nitrate as N 0-6 11.0 <0.1 29.0 0.1 <0.1 <0.1 <0.1 0.6 <0.1 <0.1 0.2
Fluoride, F 0-1 15 <0.2 <0.2 05 0.2 0.4 0.2 0.4 <0.2 <0.2 0.4
Ai:f:j:i‘; 23':\;‘:4 - - 0.3 12 03 0.3 0.2 <0.1 16 1.1 0.4 3.3
Turbidity in N.T.U 1 7.2 12.0 100.0 47.0 39.0 2.0 40.0 121.0 37.0 9.8
Iron, Fe 0-0.1 2.0 0.047 <0.025 <0.025 3.48 0.056 <0.025 1.66 0.481 0.188 <0.025
Manganese, Mn 0.4 0.4 0.085 0.165 0.177 0.182 0.079 <0.025 0.084 0.184 0.172 0.061
Zinc, Zn 5 5.0 0.065 2.87 0.019 0.030 0.029 0.040 0.091 0.039 0.029 0.035
Lead, Pb ] 0.01 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Cobalt, Co ] 05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Copper, Cu 0-1 0.4 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Chromium, Cr 0.05 } <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Boron, B 24 } <0.010 <0.010 0.043 <0.010 0.021 0.020 0.010 <0.010 <0.010 0.198
Ortho Phosphate as P - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Silicon, Si - : 143 192 75 7.6 1238 8.7 7.7 156 6.1 1.0
Barium, Ba - 1 0.03 0.50 0.32 0.20 0.36 0.18 0.02 0.04 0.14 0.07
Nickel, Ni - 0.07 <0.010 <0.010 <0.010 0.015 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
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5. AQUIFER CHARACTERISATION
5.1. GROUNDWATER VULNERABILITY

Groundwater vulnerability gives an indication of how susceptible an aquifer is to contamination. Aquifer vulnerability is
used to represent the intrinsic characteristics that determine the sensitivity of various parts of an aquifer to being
adversely affected by a contaminant load imposed from surface. Figure 5.1 shows the national groundwater
vulnerability ratings underlying the project area, indicating the tendency or likelihood for contamination to reach a
specified position in the groundwater system after introduction at some location above the uppermost aquifer. The
method is based on the DRASTIC method which includes the following parameters: Depth to water table; Recharge
(net); Aquifer media; Soil media; Topography; Impact of the vadose (unsaturated) zone; conductivity (hydraulic).

Based on the national results (Figure 5.1), the aquifer underlying the project area has a medium vulnerability rating.

Figure 5.1: Groundwater vulnerability map for the Elders project area.

5.2. AQUIFER CLASSIFICATION

According to the Hydrogeological Map (1:500 000) series, the regional hydrogeology is characterized as an
‘intergranular and fractured aquifer’ with a typical potential yield of 0.1 to 0.5 litres per second, (Figure 5.2). A micro-
fractured matrix in the fractured Karoo aquifers provides the storage capacity with limited groundwater movements,
while secondary features such as fractures / faults and bedding planes enhance the groundwater flow. The
intergranular aquifer is associated with the river alluvial and quaternary sand deposits.
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Figure 5.2: Aquifer classification map for the Elders project area.

Based on the aquifer classification map (Parsons and Conrad, 1998), the aquifer system underlying the site is regarded a
mainly “poor aquifer” to “minor aquifer” (Figure 5.2). A summary of the classification scheme is provided in Table 5.1.
In this classification system, it is important to note that the concepts of Minor and Poor Aquifers are relative and that
yield is not quantified. Within any specific area, all classes of aquifers should therefore, in theory, be present.

Table 5.1: Aquifer classification scheme after Parsons and Conrad (1998).

Aquifer Description

. An aquifer used to supply 50% or more of urban domestic water for a given area, for which there are
Sole source aquifer

no reasonably available alternative sources, should this aquifer be impacted upon or depleted.

Major aquifer region High-yielding aquifer of acceptable quality water.

Minor aquifer region Moderately yielding aquifer of acceptable quality or high yielding aquifer of poor quality water.

Insignificantly yielding aquifer of good quality or moderately yielding aquifer of poor quality, or aquifer
that will never be utilised for water supply and that will not contaminate other aquifers.
Special aquifer region An aquifer designated as such by the Minister of Water

Poor aquifer region

5.3. AQUIFER PROTECTION CLASSIFICATION

As part of the aquifer classification, a Groundwater Quality Management (GQM) Index is used to define the level of
groundwater protection required (Parsons 1995). The point scoring system and classification of the Elders project area
are presented in Table 5.2.
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Table 5.2: Groundwater Quality Management (GQM) Classification System.

Aquifer System Management Classification

Class Points Project area
Sole Source Aquifer System: 6

Major Aquifer System: 4

Minor Aquifer System: 2 2
Non-Aquifer System: 0

Special Aquifer System: 0-6

Aquifer Vulnerability Classification

Class Points Project area
High: 3

Medium: 2 2

Low: 1

The recommended level of groundwater protection based on the Groundwater Quality Management Classification is
calculated as follows: GQM Index = Aquifer System Management x Aquifer Vulnerability=2x2=4

A Groundwater Quality Management Index of 4 was estimated for the project area from the ratings for the Aquifer
System Management Classification (Table 5.2). According to this estimate, a medium-level of groundwater protection
(Table 5.3) is required for the intergranular and fractured aquifer. Reasonable groundwater protection measures are
recommended to ensure that no cumulative pollution affects the aquifer, even in the long term. DWSs water quality
management objectives are to protect human health and the environment. Therefore, the significance of this aquifer
classification is that if any potential risk exists, measures must be taken to limit the risk to the environment, which in
this case is the protection of the underlying aquifer.

Table 5.3: GQM index for the Elders project area.

Index Level of Protection Project area
<1 Limited

1-3 Low Level

3-6 Medium Level 4
6-10 High Level

>10 Strictly Non-Degradation
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6. GROUNDWATER MODELLING
6.1. SOFTWARE MODEL CHOICE

The software code chosen for the numerical finite-element modelling work was the 3D groundwater flow model
SPRING, developed by the delta h Ingenieurgesellschaft mbH, Germany (Konig, 2011). The program, formerly known as
SICK 100, was first published in 1970, and since then has undergone a number of revisions. The current saturated and
unsaturated program module SPRING-SITRA is based on the well-known SUTRA model (Voss, 1984). SPRING is widely
accepted by environmental scientists and associated professionals. SPRING uses the finite-element approximation to
solve the groundwater flow equation. This means that the model area or domain is represented by a number of nodes
and elements. Hydraulic properties are assigned to these nodes and elements and an equation is developed for each
node, based on the surrounding nodes. A series of iterations are then run to solve the resulting matrix problem utilising
a pre-conditioning conjugate gradient (PCG) matrix solver for the current model. The model is said to have “converged”
when errors reduce to within an acceptable range. SPRING is able to simulate steady and non-steady flow, in aquifers of
irregular dimensions.

SPRING solves the stationary flow equation independent of the density for variable saturated media as a function of the
pressure according to:

K -k
_V(Kith) ==V <errm %Vh) =q=-V [%rel (pgVz + Vp)]
v ( 0 90 0 )
ox’ 9y’ 0z
q Darcy flow
K;j Hydraulic conductivity tensor

pPg Density - gravity

Kperm Permeability

u Dynamic viscosity
Ko Relative permeability
p Pressure

The relative hydraulic conductivity is hereby calculated as a function of water saturation, which in turn is a function of

the saturation:
2

Krea(5) = (541 = (1= (Se)%)m]

S-(p) Relative saturation dependent on pressure

S, Effective saturation

l Unknown parameter, determined by van Genuchten to 0.5
m equalto 1 —(1/n)

n Pore size index

Sres  Residual saturation
Ss

Maximum saturation
De Capillary pressure
De Water entry pressure

Solving these equations for the relative saturation as a function of the capillary pressure S/pc) results in the capillary
pressure- saturation function according to the Van Genuchten (1980) model as used in SPRING:
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1_
Pc\" Tn
Sr(pc) = Spes + (Ss - Sres) ' [1 + (p_) ]
e

The water entry pressure is a soil specific parameter and defined as the inverse of a = 1/pe in the saturation parameters.

The density independent, instationary flow equation for variable saturated media as a function of the capillary pressure
is given as follows:
p (Sr(pc)Ssp +0 T(pC)> +65, () 5 —p -V [pw(vp +pgVz)| = q
dp at u
The specific pressure dependent storage coefficient Ssp is hereby given as
Sep =a(1—0)+pé

a Compressibility of porous media matrix
B Compressibility of fluid (water)
0 Aquifer porosity

The transport equation for a solute in variably saturated aquifers is given as follows:

ac
0S (pc) -+ 6S,(p)vVe — V(8S,(0) (D1 + Dy)Ve) = qc* + R,

qc* Volumetric source/sink term with concentration c *
Dy, Molecular diffusion
1 Unit matrix
Dy Hydrodynamic dispersion
R; Reactive transport processes (sorption, decay, etc. )

The software is therefore capable to derive quantitative results for groundwater flow and transport problems in the
saturated and unsaturated zones of an aquifer.

Stability criteria
In order to simulate the solute transport accurately and to comply with applicable numerical stability criteria (Courant
Criteria), the time step width has to be adapted for the predictive scenarios.

VAt
C——<1

The geometry of the mesh can have an undesirable effect (numerical dispersion) on the simulated spreading of solutes,
if the elements are too large in relation to the dispersion length. The mesh was therefore designed to comply with the
Peclet criteria:

L <2q
v Flow velocity
At Discrete time step
L Longest dimension of an element in the direction of flow
a; Longitudinal dispersion coefficient

A measure of this ratio is the Peclet number Pe, which should be less than 2 so that the proportion of the non-
hyperbolic part of the transport equation dominates:

vAl
r=l5
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It describes the ratio of the advective part to the dispersion part (D) with respect to a characteristic length (side length
of the elements, Al). The lower the Peclet number, the less iterations are necessary to achieve a pre-defined maximum
value of the residuals. Once this dimensionless number exceeds the value of 10, it is no longer guaranteed that the
solution converges. An optimal discretization in space results for a Peclet number lower 2.

6.2. MODEL SET-UP AND BOUNDARIES

The model domain covers a surface area of 1 705 km? and overlaps the B11A, B, C and D quaternary catchments. The
boundaries of the model follow in the south and west the boundaries of quaternary catchment B11A, in the north the
boundary of quaternary catchment B11B and in the east the perennial Steenbokspruit and for sa short section a
topographical high. The topographic highs (catchment boundaries) are sufficiently far removed from the proposed
Elders Colliery underground workings and are therefore considered to define also local groundwater divides or natural
flow and transport boundaries. The chosen approach ensures a dependable water balance for the model with rainfall
recharge instead of assigned (and uncertain) flows being the driver of groundwater flow.

6.3. GEOMETRIC STRUCTURE OF THE MODEL

The finite-element model was set-up as a three-dimensional groundwater flow model. The model domain was
discretised into multiple layers in accordance with the developed conceptual model. The final 3D numerical model area
of 1705 km? is spatially discretised into 98 161 nodes on tent node layers, which make up nine element layers
comprising of 110 300 elements (triangles and quadrangles) per layer. While the model layers generally correlate with
the various hydrogeological units underlying the project area, the horizontal element size (side length) varies from 10 to
50 m within the mining areas to a maximum side length of 150 m further away from the area of interest and expected
steep head or concentration gradients.

A summary of the layer arrangement is provided in Table 6.1. In accordance with the developed conceptual model, the
uppermost two element layers represent the weathered Karoo aquifer, whereas the next two element layers represent
the fractured Karoo aquifer above the No 4 coal seam, i.e. overburden. The split into two model layers for the aquifer
units was solely done to ensure numerical stability and an accurate calculation of unsaturated flow processes. Element
layer V and VII represent the No. 4 and No. 2 Coal seams respectively and are only present within the area covered by
the provided geological model and not throughout the model domain.

The surface elevation (i.e. node layer 1) is based on a regional (50m x 50m) digital Elevation Model (DEM), with surface
elevations within Elders based on the DEM provided by the client. The bottom of the weathered zone is within the mine
lease area based on the weathering elevation as provided by the client (file name: eld_topo_bhwe_thk_1m.dxf) and
regionally off-set by 15 metres from the surface elevation. The zone of weathering was split for numerical accuracy into
two model layers.

To ensure numerical stability and accuracy, the fractured Karoo overburden to the No. 4 coal seam was vertically
discretised into 2 element layers by splitting its thickness to the roof of the coal seam. The roof and floor elevations of
the No.4 and No. 2 coal seams, i.e. the thickness of element layers V and VII, were based on the grid provided by the
client  (file names: eld_s4_totrf_cnt_5m.dxf, eld_s4_totfl_cnt_5m.dxf, eld_s2_totrf_cnt_5m.dxf  and
eld_s2_totfl_cnt_5m.dxf). The deepest model layers 11X and IX represent the fractured Karoo aquifer below the No. 2
coal seam and were regionally off-set by 75 and 150m meters from surface, respectively (or split in two layers of even
thickness underneath the coal seam). The depth of 150 mbgl is the lowest depth of active groundwater flow.

Elders Colliery Hydrogeology Report - Update 39



Figure 6.1: Finite element mesh of the Elders Colliery groundwater model (proposed underground mine layout indicated in bright
blue).

Table 6.1: Layer arrangement for the Elders Colliery groundwater model.

'I\lac:i‘: Element layer Aquifer / Mining feature Data used for interpolation
1 |, top Surface elevation DEM
2 |, bottom . % depth of weathering
3 I, bottom Weathered aquifer Base of weathering, eld_topo_bhwe_thk_1m.dxf
4 I, bottom Fractured Karoo aquifer % depth of overburden
5 IV, bottom Roof of No 4 Coal Seam, eld_s4_totrf_cnt_5m.dxf
6 V, bottom No 4 Coal Seam Floor of No. 4 Coal seam, eld_s4_totfl_cnt_5m.dxf
7 VI, bottom Fractured Karoo aquifer Roof of No 2 Coal Seam, eld_s2_totrf_cnt_5m.dxf
8 VII, bottom No 2 Coal Seam Floor of No. 2 Coal seam, eld_s2_totfl_cnt_5m.dxf
9 IIX, bottom Fractured Karoo aquifer % depth to bottom of active flow system
10 IX, bottom Regional DEM -150 m, bottom of active flow system
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Figure 6.2: Example of the vertical grid layout across the mining area (E-W cross section, colours indicate numerical model layers
only).
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6.4. GROUNDWATER SOURCES AND SINKS

6.4.1. Groundwater recharge

The groundwater recharge and seepage rates as given chapter 3.7 were assigned to the top layer of the Elders Colliery
groundwater model as aerial seepage rates (2" type/Neumann or specified flux boundary condition). The recharge
rates were considered fixed for the calibration of the model.

6.4.2. River courses

Water leaves the model domains via a number of non-perennial and perennial rivers. All non-perennial rivers or
drainage lines were generally classified within the model domain as continuously gaining rivers (i.e. groundwater is only
allowed to discharge into them) and therefore described within the model using SPRING’s ‘river package’, with no
exfiltration of surface water allowed. The chosen approach ensures no water losses from rivers into the model domain,
while simulating potential leakage of groundwater into surface water courses (groundwater baseflow) as suggested by
GRA |l (Table 2.2). The stage of each river node was carefully aligned with the height of the Digital Elevation Model
(DEM) at that point and an incision the river bottom of 5 m below topography assumed.

Water leaves the model domain via numerous perennial and non-perennial rivers. Notwithstanding the type, all surface
water drainages were classified as continuously gaining river courses. A river or 3" type (Cauchy) boundary condition
was assigned to the streams and river courses within the model domain whereby the leakage of groundwater into the
river (or vice versa) depends on the prevailing gradient. Based on estimated baseflow rates for the catchments of
interest, the streams/rivers were generally classified as potentially gaining streams/rivers and no leakage of surface
water into the aquifer respectively the model domain allowed. With the chosen approach, no water losses occur from
the perennial and non-perennial rivers into the model domain, but groundwater on either side of the river/drainage
might discharge into it as a function of the calculated gradients. The streams act therefore only as groundwater sinks. In
the absence of site-specific data, a river bed conductance of 1E-7 m/s was assumed for all river courses within the
model area and an incision of 5 meters below the surrounding topography is assumed for the hydraulic active riverbed.

6.4.3. Pollution Control Dams

The Pollution Control Dams (PCDs) and brine dam will be lined with a Class C liner, i.e. a composite liner (GM/CCL)
comprising of a HDPE Geomembrane (GM), a low permeability compacted clay liner (CCL) of 300 mm thickness and an
underdrainage system (e.g. finger drains) for leak detection. Due to the extremely low permeability of the HDPE liner,
leakage through a composite liner occurs predominantly through geomembrane defects, with the fluid passing through
the geomembrane defect (pinholes and welding defects), flowing laterally some distance between the geomembrane
and the clay liner (interface flow due to liner wrinkling) before it infiltrates and seeps through the clay liner (Giroud
1997).

Considering a class C liner for the PCDs and Brine Dam, Giroud (1997) gives the following equation to estimate the
leakage rate through composite liners with a head larger than the thickness of the CCL (300 mm) of fluid on top of the
liner and for a circular defect:

Q = A-n-0.976Cy[1 + 0.1(h/t,)*%5]dO2nO2k07*

Geomembrane area (m?)

Hydraulic head on top of the geomembrane (m)
Thickness of CCL (m)
Assuming a hydraulic head h of 1 m on top of the liner for the PCDs and Brine dam, a diameter d of 0.0005 m for one (n)

A
n Number of defects
h
t

circular defect per 1 000 m? and a hydraulic conductivity k of 1E-08 m/s for the CCL (values suggested by Giroud 1997
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for an average CCL), a flow rate of 3.88E-10 m3/s*m? or 12.23 mm/a*m? is estimated and used as a “recharge” rate for
the PCDs and Brine dam.

6.4.4. Underground Mine workings

The proposed underground mine workings were integrated in annual increments as per mining schedule (Figure 6.3,
Figure 6.4) into element layer V and VIIU, representing the targeted No. 4 and No. 2 coal seams respectively, of the
numerical model. Note that the pink blocks in Figure 6.3 are excluded from mining. The underground mine workings are
represented as zones of elevated hydraulic conductivity (1E-03 m/s) and porosity (68%). The porosity is hereby based
on the envisaged average extraction rate of 68 %, with 32% pillars remaining behind (average extraction height: 3m).

In order to estimate groundwater inflows into the future underground mine workings (Figure 6.3) and quantify thereby
dewatering requirements associated with the mine development, a free seepage boundary (with no losses or flow of
water into the model domain) were assigned to the floor elevations of the targeted No. 4 and 2 Seams (node layer 6
and 8). The chosen approach assumes that any groundwater entering any of the underground workings is removed
immediately and no groundwater storage or flow within the mine workings or return flows into the aquifer is
considered. In other words, it is assumed that the entire mine workings are dry due to continuous dewatering of any

water ingress.

Figure 6.3: Proposed life of mine plan for No. 4 Seam, Elders Colliery (file name: EldersPPP_v1.pptx).
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Figure 6.4: Proposed life of mine plan for No. 2 Seam, Elders Colliery (file name: EldersPPP_v1.pptx).

6.4.5. Groundwater Abstractions

While Elders Colliery itself does currently not abstract any groundwater, a number of external water users were
recognised during 2002 and 2012 hydrocensus (JMA 2006, 2014, see Table 4.12) as well as the recent 2019
hydrocensus. While no actual abstraction rates could be established, JMA (2015) summarised the groundwater use as
follows:

e 19 boreholes are used solely for domestic purposes.

e 17 boreholes are used for both agricultural and domestic purposes.

e 26 boreholes are used solely for stock watering.

e The above boreholes supply roughly 789 people, 4 gardens, one nursery, 5 622 large stock units, 1 dairy, 1 200

small stock units and 27 050 poultry units.

In view of the various yields and usages of the boreholes, Delta H assigned 1% of the borehole yields in Table 4.12 (as
reasonable agricultural and domestic usage rates) as abstraction rates to used boreholes only. This is obviously an
oversimplification of the actual abstraction rates and patterns, but in view of no other available data and variable water
levels observed in neighbouring (used and unused) boreholes considered a reasonable approach.

6.4.1. Regional Groundwater Flow

Due to the lack of data, deeper (> 60 mbgl) regional groundwater flow across the model boundaries were neglected in
the model. This contributes potentially to errors associated with the model calibration and predictions, but these are
considered acceptable in the context of the model application. The errors affect predominantly the water balances, as
water which would have otherwise left the model domain as deeper regional groundwater flow reports now to surface
water courses, leading to an overestimation of groundwater baseflow, especially at the model boundaries. Since these
are far removed from the colliery, errors with regard to predicted mine inflows and associated impacts are considered

marginal.
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6.5. CONCEPTUAL MODEL

The conceptual understanding of the different aquifers in the area, namely the

1. Shallow alluvial and weathered Karoo aquifer,

2. Fractured Karoo aquifer including Dolerite intrusions, and the

3. Artificial mine aquifer
is summarised in chapter 4.3.2. While the alluvial and weathered aquifer were considered a single unit for the
numerical model setup (due to absent geological mapping of alluvial aquifers in the area), the weathered and fractured
Karoo aquifers were incorporated into the numerical model as such, as well as mapped faults and dykes (file names:
s2faults_0316.dxf and s4faults_0316.dxf, aeromag_interp_2005.dxf).

While both, the shallow weathered and deep fractured Karoo aquifers will contribute to future mine inflows and water
levels will be impacted upon, the shallow weathered zone aquifer will be the main receptor and pathway of potential
pollution from mine residue deposits. The water quality in the deep fractured Karoo aquifer will mostly be impacted
post closure due to acid rock drainage within the open mine voids once the water table rebounds.

6.6. NUMERICAL MODEL

6.6.1. Numerical Parameters

SPRING uses an efficient preconditioned conjugate gradient (PCG) solver for the iterative solution of the flow equation.
The closure criterion for the solver, i.e. the convergence limit of the iteration process was set at a residual below le-
06 m. The Picard iteration, used for the iterative computation of the relative permeability for each element as a
function of the relative saturation (i.e. capillary pressure), used a damping factor of 0.5 and was limited to 8 iterations.
The mean difference between the computed pressures for the last two iterations was generally lower than 0.01 m.

6.6.2. Initial and Assigned Conditions

The initial conditions specified in the numerical model were as follows:

e Starting heads for the shallow aquifer were interpolated from measured water levels using Bayesian
interpolation, i.e. co-kriging using the established correlation between surface topography and groundwater
elevation (Figure 4.6).

e Hydraulic conductivities of 1E-06 m/s for the weathered aquifers and 1E-07 m/s for the fractured aquifers.

e Vertical hydraulic conductivities were set at 10% of the horizontal conductivities

e Effective porosity values were specified as 8% for the weathered Karoo and Basement aquifer, 5% for the
fractured Karoo and basement aquifers decreasing to 3% with depth.

e Inthe absence of site specific data, values of dispersivity were inferred from literature values.

0 Auniform longitudinal dispersivity of 50 m was used for all aquifers units.
0 The transversal dispersivity is set at 10 % of the longitudinal dispersivity (NRC, 1990).

6.6.3. Selection of Calibration Targets and Goals

The 104 groundwater levels (in metres above mean sea level) collated from the 2002, 2012 (

Table 4.8 and Table 4.12, both by JMA) and the current 2019 (Table 3.1) were used as calibration targets for the steady
state flow model calibration. While it is obviously far from ideal to combine water level observations spanning over
more than a decade, neglect of the older 2002 water level measurements would have resulted in a limited number and
spatial coverage of water levels. More emphasis was obviously placed on fitting the most recent water levels monitored
at Elders Colliery.
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6.6.4. Steady State Calibration

Since the modelled groundwater levels are directly related to the assigned recharge rates and hydraulic conductivities,
an independent estimate of one or the other parameter is required to arrive at a potentially unique calibration of the
model. The estimated regional recharge rates were therefore considered fixed during the calibration and only the
hydraulic conductivities varied. The original model was run with the initial conditions and aquifer conductivities
adjusted within sensible boundaries until a best fit between measured and computed heads was achieved. No attempt
was made to change hydraulic conductivity values within the different hydro-stratigraphic units, to achieve
representative uniform parameters for these.

The root mean square error (RMSE) respectively the normalised root mean square error (NRMSE) were used as
quantitative indicators for the adequacy of the fit between the 111 (=n) observed (hoss) and simulated (hsim) water

levels:

Z(hobs - hsim)2
n
RMSE

RMSE =

NRMSE =

hmax - hmin
The normalised root mean square error scales the error value to the overall range of observed heads within a model
domain (here hmax — hmin =1673.52 mamsl — 1557.08 mamsl = 116.45 m), with values lower than 10% considered
acceptable.
While the corresponding root mean square error of 6.31 and normalised root mean square error of 5.42 % are slightly
higher than in the previous model update (5.81 and 4.85 %, respectively, Delta H 2020a), they are still considered more
than acceptable for the purpose of the model.

Despite the intended constraint of uniform hydraulic conductivity values for the different geological units, a good
correlation between observed and modelled water levels (R? = 0.95 or 95% correlation, Figure 6.5) was achieved for the
steady-state calibration, with no apparent bias of systematically under- or overestimating water levels with the model
(even distribution of points around regression line in Figure 6.5).
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Figure 6.5: Steady-state calibration of the Elders Groundwater Model

The calibrated hydraulic conductivity values as given in Table 6.2 and simulated steady-state water levels (Figure 6.6)
were subsequently used for the predictive model scenarios.

Table 6.2: Final calibrated hydraulic conductivities.

. Hydraulic conductivity

Aquifer

a [m/s] [m/d]
Weathered Karoo 5 E-06 0.43-0.35
Lower weathered/upper fractured 8.4E-07 0.07
Karoo
Fractured Karoo, decreasing with depth 4 - 3E-08 3.5E-03 - 2.6E-03
No. 4 and No. 2 coal seam 5E-08 4.3E-03
Dykes 6E-09 5E-4

6.7. RESULTS OF THE MODEL

6.7.1. Pre—Mining

The pre-mining water levels as simulated by the calibrated model (Figure 6.6) represent the status-quo or baseline
hydrogeological conditions against which potential impacts on groundwater in storage (water level drawdown) or
groundwater flow directions by the proposed mining project will be evaluated.

The pre-mining or baseline groundwater quality, based on earlier and current hydrocensus results, was discussed in
chapter 4.6. Potential constituents of concern associated with the mining project which could impact on the ambient
groundwater quality are given in chapter 4.5 .Considering the low to non-detectable background concentrations of

sulphate, which is a prime constituent of concern, impacts on the ambient groundwater quality associated with
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leachate from mine residue deposits or mine workings are presented as net impacts without any assumed background
concentration.

While this approach is certainly applicable for sulphate, it must be kept in mind that several water samples in the
project area showed naturally elevated iron and manganese concentrations, which were also identified as constituents
of concern (Table 4.5). Since these metals are highly redox-sensitive and their transport generally delayed by sorption in
comparison to sulphate, sulphate transport was conservatively chosen to visualise mining related impacts on the
ambient groundwater quality.

Figure 6.6: Simulated steady-state water levels of the Elders Groundwater Model (proposed mining area indicated in bright blue).

6.7.2. During Life of Mine

6.7.2.1. Life of Mine Inflows

Elders Colliery intends to mine the No.2 and 4 coal seams using the bord-and-pillar method with an envisaged average
extraction factor of 65 % and an average stoping height of 3.5 m. The continuous development of the mine voids will
lead to water ingresses during the LoM with an associated dewatering of the surrounding aquifers. The calibrated
steady-state groundwater model was used to predicted the mine inflow rates and associated cones of aquifer
dewatering over the LoM.
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In order to reflect the annual planned underground mining blocks, the following changes to the boundary conditions in
the model were performed:

1. For each year of LoM a free seepage boundary (with no losses or flow of water) was assigned to the floor
elevation of the targeted seam and mining block as per schedule (Figure 6.3 and Figure 6.4).

2. Updated hydraulic conductivity values (1E-03 m/s or ~90 m/d) and porosity values equal to the envisaged
average extraction factor (0.68, consider remaining pillars as well as coal remaining in the roof and floor of the
respective workings) are assigned to the mine block.

The model was then run (with a time step width of 3 days) for the given year, before the next mining block was
incorporated until the end of LoM (2050).

The chosen approach assumes that any groundwater entering the underground mine workings is removed immediately
and no groundwater storage or flow within the mine workings or return flows into the aquifer is considered. In other
words, it is assumed that the entire LOM workings are dry due to continuous dewatering of any water ingress. The
estimated dewatering rates do not account for any water storage in mining compartments, sealing of mining areas or
grouting of mine inflows and are therefore considered an upper estimate.

The simulated average annual mine inflows into planned No. 2 and No. 4 Seam underground mine workings of Elders
Colliery are given in Table 6.3 and shown in Figure 6.7.

Table 6.3: LoM inflows into the No. 2 and No. 4 Seam underground workings of Elders Colliery.

Year 4 Seam 2 Seam | Total
All in Mi/d
2021 0.42 0.42
2022 0.29 0.29
2023 0.91 0.91
2024 2.76 2.76
2025 4.10 4.10
2026 5.61 5.61
2027 6.10 6.10
2028 6.66 6.66
2029 6.89 6.89
2030 7.38 7.38
2031 8.17 8.17
2032 9.28 9.28
2033 9.02 9.02
2034 0.10 8.13 8.23
2035 0.23 7.76 7.98
2036 0.52 7.08 7.60
2037 0.71 5.80 6.52
2038 1.35 1.35
2039 1.63 1.63
2040 1.65 1.65
2041 1.84 1.84
2042 2.07 2.07
2043 2.29 2.29
2044 2.08 2.08
2045 1.81 1.81
2046 1.57 1.57
2047 1.69 1.69
2048 1.83 1.83
2049 2.03 2.03
2050 1.62 1.62

Elders Colliery Hydrogeology Report - Update 49



Figure 6.7: LoM inflows into the No.2 and No. 4 Seam underground workings of Elders Colliery.

The predicted future inflows reflect mostly the depth of the targeted seam and extent of planned mine extensions,
moderated by increasing dewatering of the aquifer and variable mining depths. Especially the earlier mining of the No.
2 Seam triggers significant inflows of up to around 9.3 Ml/d in 2032 as deeper sections of the seam (in the central area
of the bowl shaped seam topography in the mining area) are mined out. This represents also the predicted total peak
inflow, albeit inflow remain high thereafter until mining of the No. 2 seam cedes in 2037. Inflows into the shallower No.
4 seam remain thereafter generally below 2.3 Ml/d due to the preceding dewatering of the No. 2 seam, with water
levels still recovering and thereby reducing predicted inflows into the shallower mine workings.

It must be emphasised that the predicted inflow values do not consider any interventions like grouting or upfront
dewatering and are considered conservative upper estimates. They are furthermore very sensitive to assigned hydraulic
parameter for the fractured Karoo aquifer (e.g. hydraulic conductivity and unsaturated flow/van Genuchten
parameter), which are generally considered to be highly heterogeneous. They should therefore be reviewed once
measured early inflow values become available.

6.7.2.2. Water table drawdown during LoM

Assuming re-use or other environmentally acceptable disposal practices of the groundwater entering the underground
mine voids, the environmental impacts associated with the mine inflows are primarily associated with:
e the partial dewatering of the aquifer above and in the vicinity of the underground mine voids with subsequent
impacts on groundwater dependant eco-systems and groundwater users,
e the interception of ambient groundwater flow, which would have under natural conditions discharged into the
surface drainages, provided baseflow to the rivers, or contributed to deeper regional groundwater flow.
The simulated impact of the partial dewatering of the weathered and fractured Karoo aquifer due to mine inflows is
depicted in Figure 6.8 and Figure 6.9 respectively as contours of predicted maximum drawdown at the end of life of
mine (2050) from the pre-mining groundwater table in meters. The cones of dewatering are presented as contour areas
with cut-off values of 1 and 5 m respectively, representing the perceived seasonal variability of water levels (water level
fluctuations are typically larger in the lower porosity, fractured Karoo aquifers) as well as the uncertainties associated
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with the model predictions for the different aquifers (fractured aquifers are generally more heterogeneous and hence
difficult to characterise hydraulically).

Due to a limited hydraulic connectivity between the shallow weathered and deeper fractured Karoo aquifers, the cone
of dewatering is expectedly far more pronounced in the actually mined, deeper fractured aquifer. The cone of
dewatering in the fractured aquifer is furthermore steeper due to its low permeability, whereas the higher permeability
of the weathered aquifer results in a wider, but shallower cone. Both cones of dewatering, i.e. in the shallow and
deeper Karoo aquifers, are most pronounced at the projected end of mining (2050) in the eastern mining areas, with
maximum drawdowns of around 10 and 90 metres, respectively.

The simulated extent of the (steady-state) zone of impact (1m cut-off) of the underground workings on the shallow
weathered aquifer extends around 400 meters from the mine workings, with maximum extents of 900 metres in the
west (Figure 6.8), correlating with the area of the last No. 4 seam mining blocks (Figure 6.3). Drawdowns above 5m
within the deeper fractured Karoo aquifer extend around 700 metres from the last underground mining blocks in the
west and east, with the most pronounced drawdown in the east, also visible within the shallow aquifer.

Figure 6.8: Final (2050) water table contours and drawdown within the shallow weathered Karoo aquifer at the end of life of mine
(mining area indicated in bright blue, mine lease boundary in red).
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Figure 6.9: Final (2050) water table drawdown within the deeper fractured Karoo aquifer (actually mined blocks indicated in
bright blue, mine lease boundary in red).

6.7.2.3. Transport from MRDs

The solution of the calibrated steady-state groundwater model was used as the basis for the transport model using the
transport code built into SPRING (chapter 6.1). The overburden stockpile, PCDs and Brine dam were identified as
potential pollution sources and incorporated into the model as recharge boundaries with specified recharge/seepage
rates (chapter 3.7) and source concentrations (100%). Because the ROM stockpile will be designed as a bin (with an
emergency stockpile area that will be cleared within in 24 hours, should the need arise to use it), it was not considered
a pollution source for the groundwater transport simulations.

The model was then run with a weekly time-step width for the Life of Mine (30 years or 2050). Following the
precautionary principle, only advective-dispersive transport of a potential pollutant without any retardation or
transformation was assumed. The impact assessment of the potential pollution sources on the groundwater quality are
therefore considered conservative.

A uniform longitudinal dispersion length of 75 m was assigned to all model layers, with transversal dispersivities set at
10% and vertical dispersivities at 1% thereof. Porosities were assigned as per Table 4.9.
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Since no element specific retardation or transformation is simulated, a unit source concentration of 100% was assigned
to the pollution sources and the seepage plume contours visualised as percentages of the unit input/source
concentration with a minimum and increment of 10 % up to 100 %.

Considering that the tested over-/interburden samples were generally classified as potentially acid generating
(Table 4.1), JMA (2006) estimated a range of likely water qualities for the operational (if patches of water are allowed
to accumulate in the mine workings) and post-closure mining phases (Table 4.5), which can be applied to the
overburden stockpile exposed to oxygen and rain water, PCDs and Brine dam (representing also contact water from the
underground mine voids). The single legend Table 6.4 shows the expected ranges of both sulphate and Total Dissolved
Solids (TDS) concentrations for the operational phase of the mine based on these and Delta-H’s (2020) predictions.

Table 6.4: Contamination map legend for the Elders LoM (30 years) transport model (all values in mg/I).

Legend Sulphate (mg/I) TDS (mg/I)
(Unit %) Lower Case Likely Case Upper Case Lower Case Upper Case
0.6 100 160 20 450
1.2 200 320 40 900
1.8 300 480 60 1350
24 400 640 80 1800
3 500 800 100 2250
3.6 600 960 120 2700
4.2 700 1120 140 3150
4.8 800 1280 160 3 600
5.4 900 1440 180 4050
6 1000 1600 200 4500

It must be emphasised that the source concentrations in Table 6.4 are very broad estimates, which should be reviewed
along with the transport model simulations once actually observed source concentrations or further geochemical test
results become available.

The source concentrations above are furthermore considered very conservative for the overburden stockpile, as
carboniferous over- and interburden material will be trucked to Goedehoop South mineral residue dump. However,
following the precautionary principle they provide and should be seen as a worst case scenario for the stockpile.

No initial or background concentrations of e.g. sulphate (see chapter 6.7.1) or any other constituent of concern are
assumed in the predictive model runs and the simulated plumes represent therefore predicted net effects of the
Overburden Stockpile, PCDs and Brine dam seepage quality on the ambient groundwater quality.

The maximum extent of the seepage plume (with a cut-off value of 10%) at the end of LoM (2050) emanating from
Overburden Stockpile is around

e 105 m towards the east, driven by the hydraulic gradient towards the underground mine workings,

e 50 m towards the north or the box-cut area, and

e 30 m towards the west and south.
The plume extent is confined to the site and it is not foreseen that the plume impacts on any groundwater user.

The maximum extents of the seepage plume at the end of LoM emanating from the lined PCDs and Brine dam are
around 20 m. The limited plume extents due to the lined nature of the facilities (albeit still assumed to leak due to
average construction, chapter 6.4.3) and are almost confined to the footprint areas itself. No impact on any

groundwater user are foreseen.
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Figure 6.10: Simulated pollution plumes emanating from the MRDs at the end of LoM (surface layout indicated in black,
underground mining areas in bright blue).

6.7.2.4. Transport from Underground Mine Workings

Due to continuous dewatering of the underground mine voids during the Life of Mine, the hydraulic gradients in the
aquifer are generally directed towards the underground mine voids and capture therefore any potentially released
contaminant. No transport from the underground mine voids was therefore simulated for the Life of Mine.
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6.7.3. Post —Closure

6.7.3.1. Water Table Rebound and Potential Decant

For the post-closure model simulations, the predicted potential heads at the end of life of mine (2050) were assigned as
starting heads. Groundwater seepage into the underground mine voids is no longer removed from the model domain
(i.e. the seepage boundary was removed) but allowed to fill up the mine voids over time. In other words, it is assumed
that pumping ceases immediately at the end of the ‘life of mine’ from the No. 4 Seam workings and the ground-water
levels in the deeper fractured Karoo aquifer are allowed to rebound freely and flood the mine. It must be noted that
the rebound of the water table within the 2 Seam workings was assumed to have already started in 2037 as mining
ceased (Figure 6.4), i.e. 13 years before final mine closure. The model was then run with weekly time-steps for a period
of 100 years to simulate the establishment of the new equilibrium water levels post-mining.

Considering approximate final underground mining areas of 12.57 and 12.09 km? for the No. 2 and No.4 Seam workings
respectively, an average mining height of 3 m and an average extraction rate of 68%, the total underground mine
volumes to be flooded amount to approximately 25.65 and 24.67 Mm? respectively.

The numerical post-closure modelling results (Figure 6.12) suggest that it will take around 90 years after closure before
the water levels within the shallow weathered aquifer have stabilised, albeit the rebound or recovery curves show a
typical parabolic profile with a substantial recovery of water levels within earlier years post closure. It must be noted
that the simulated timeframe of water table rebound is highly sensitive to assigned aquifer storativities and the
regional recharge rate; both of which are poorly defined input parameter into the numerical model. The predicted rate
of mine flooding and water table rebound should therefore be re-evaluated once groundwater abstractions from the
mine voids start and groundwater monitoring data of the actual water table drawdown become available, as these will
allow for better estimates of storativities and recharge rates. The simulated rebound rates should therefore be seen as
a first order estimate only.

The simulated post closure water levels suggest no direct decant of mine impacted water to surface via the decline.
However, the bowl shape topography of the seams (Figure 4.2) means that the hydraulic heads at the higher lying
edges of the mine workings equilibrate across the mine workings, which could trigger direct surface decant of mine
impacted water if exploration boreholes within the mining area are not sealed off. The open mine voids create
essentially an artificial network of communicating pipes, in which the pressure head (not the free water table)
equilibrates (Figure 6.11). While the equilibrated heads are insufficient to cause decant along the incline (starting at
higher ground), open boreholes could provide a pathway to the surface. It is therefore of utmost importance that any
exploration borehole, especially within the central lower lying mining area, is sealed.

While no direct decant to surface is expected, the elevated pressure heads within the open mine voids cause upwards
directed flow gradients (i.e. from the deeper fractured Karoo aquifer towards the shallow weathered aquifer) and
thereby potential transport of mine impacted water. This issue is addressed in chapter 6.7.3.3.
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Figure 6.11: Conceptual cross-section of pressure heads within 4 Seam workings (turquois layer).
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Figure 6.12: Simulated steady-state post closure water tables for Elders Colliery (mining blocks indicated in black) and water table rebound curves.
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6.7.3.2. Transport from MRDs

The solution of the life of mine transport model for the MRDs (Figure 6.10) was used as the basis (starting heads and
concentrations) for the post closure transport model, which was run with weekly time steps for a period of 100 years
post closure. It is assumed that the PCDs and Brine dam will be no longer active post closure (i.e. removed and
rehabilitated) and the assigned recharge rates and concentrations therefore removed from the model. The predictions
simulate therefore the dissipation of the existing life of mine plume from these sources under changing post closure
gradients.

Furthermore, it is assumed that the overburden stockpile will be fully covered, top-soiled and seeded post closure,
limiting rainwater and oxygen ingress. The source concentration of the Overburden stockpile was therefore reduced
from 100% to 50% for the post closure simulations. The post closure transport model simulates therefore the
continuous migration of the seepage plume from the Overburden stockpile, albeit at a lower recharge rate (equal to
natural background) and concentration due to its assumed rehabilitation and with changing gradients due to the post
closure rebound of water levels (Figure 6.13 to Figure 6.16).
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[ 80.00- 90.00
™1 90.00- 100.00

Figure 6.13: Simulated pollution plumes emanating from the MRDs 10 years post closure (surface layout indicated in black,
underground mining areas in bright blue).
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Figure 6.14: Simulated pollution plumes emanating from the MRDs 25 years post closure (surface layout indicated in black,
underground mining areas in bright blue).

While the remnant pollution plumes from the PCDs and Drine dam is still evident (albeit at low concentrations with a
maximum of 10%) and migrates slightly further northwards 10 years after mine closure (Figure 6.13), they are entirely
dispersed (to below 10% of source concentrations) within 25 years post closure (Figure 6.14). Similarly, the seepage
plume from the overburden stockpile plume dissipates due to a lower source strength (concentration and seepage rate)
with maximum predicted groundwater concentrations of around 30% to 40% in the weathered aquifer and an
essentially unchanged spatial extent (Figure 6.14).

Due to natural attenuation (dispersion and mixing) and a low source strength, the seepage plume from the overburden
stockpile migrates only very slowly towards the north and east according to the new prevailing gradients (Figure 6.15)
and is predicted to extend 100 years post closure approximately 80 m northwards and 140 m eastwards from the
footprint area (Figure 6.16).
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Figure 6.15: Simulated pollution plumes emanating from the MRDs 50 years post closure (surface layout indicated in black,
underground mining areas in bright blue).
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Figure 6.16: Simulated pollution plumes emanating from the MRDs 100 years post closure (surface layout indicated in black,
underground mining areas in bright blue).
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6.7.3.3. Transport from Underground Mine Workings

While the underground mine voids acted generally as groundwater sinks during the Life of Mine, with the cessation of
groundwater abstractions at mine closure and the subsequent rebound of the water table, contaminants linked to acid
rock drainage from the previously exposed (oxidised) sulphide bearing coal seams (see chapter 4.2) can be released.

To simulate the potential release of contaminants from the No. 2 and 4 Seam mine workings, the previously assigned
seepage boundary was removed and a constant concentration boundary of 100% assigned to the floor and roof of the
respective mine workings. Following the precautionary principle, no reduction of post closure source concentrations
due to e.g. depleted sulphide sulphur contents in the coal seam or consumption of oxygen or ferric iron (as the
oxidising agents in acid rock drainage reactions) were assumed for the simulations. The simulated heads at the end of
the Life of Mine (Figure 6.8 and Figure 6.9) were used as starting heads and the model run in transient state for a period
of 100 years with a weekly time step width.

Since no element specific retardation or transformation is simulated and a unit source concentration of 100% assigned
to the mine workings, the emanating plume is visualised as percentages of the unit source concentration with a
minimum and increment of 10 % up to 100 %. As for the LoM transport model, expected post closure ranges of both
sulphate and Total Dissolved Solids (TDS) concentrations in Table 6.5 are based on estimates by JMA (2006, see
Table 4.5). Since no background concentrations are assumed in the predictive model runs, the simulated plumes
represent predicted net effects of pollutants released from the underground mine voids on the ambient groundwater
quality.

Table 6.5: Contamination map legend for the Elders post closure underground transport model (all values in mg/l).

Legend Sulphate (mg/l) TDS (mg/l)
(Unit %) Lower Case Upper Case Lower Case Upper Case
160 450 450 650
320 900 900 1300
480 1350 1350 1950
640 1800 1800 2 600
800 2 250 2250 3250
960 2700 2700 3900
1120 3150 3150 4 550
1280 3600 3600 5200
1440 4050 4050 5850
1600 4500 4 500 6 500

It must be emphasised that the source concentrations in Table 6.5 are very broad estimates, which should be reviewed
along with the transport model simulations once actually observed concentrations or further geochemical test results
become available.

The simulated pollution plume within the deeper fractured Karoo aquifer (No. 4 Seam mining horizon) 100 years after
mine closure is shown in Figure 6.17. Due to the low hydraulic conductivity of the Karoo aquifer, minimal lateral
hydraulic gradients prevailing post closure (Figure 6.12) and the bowl-shape topography of the No 4 (and 2) coal seam
in the mining area (promoting flow towards the lower lying seam areas in the centre of the mine void, see Figure 4.2),
no significant transport of pollutants from the mine void into the surrounding fractured Karoo aquifer is simulated. The
maximum simulated lateral plume migration 100 (!) years post closure within the fractured aquifer is around 400 m
(with a plume cut-off value of 10%) at the shallower northern and eastern edges and around 200 m at the southern and
western edges of the mine voids. No separate visualisation of the 50-year plume extent was considered for the deeper
fractured aquifer due to the scale of the plume.
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Figure 6.17: Simulated pollution plume within the fractured Karoo aquifer (4 Seam elevation) 100 years post closure.

With mine void roof elevations between approximately 1 524 and 1 590 mamsl and surface elevations between 1 569
and 1 626 mamsl within the undermined area, there is a theoretical possibility that the flooded mine voids decant to
surface. However, the topography lows and coal seams highs do not overlap (the minimum overburden thickness or
distance between the underground mine roof and surface topography is around 26 to 30 m at the box-cut and southern
boundary of the mine voids) and no decant should occur, unless preferential flow paths (e.g. unsealed exploration
boreholes) facilitate the upward migration of mine water (see also chapter 6.7.3.1).

If the term ‘decant’ is used in a wider context as the movement of groundwater from the flooded mine workings into
the shallow Karoo aquifer (which is in hydraulic connection with surface drainages), the likelihood of decant is not only
dependent on the hydraulic pressure exerted, but also dependent on the proximity and connectivity of the mine
workings to the shallow aquifer. As the water table rebounds and floods the mine, the hydraulic pressure heads within
the open mine voids equilibrate (principle of communicating pipe, Figure 6.11). Due to the bowl shaped No. 4 and 2
seam topography within the mining area (Figure 4.2), the hydraulic heads at the edges of the mine void result in
upwards directed gradients for the central (lower lying) parts of the mine voids during flooding. These gradients drive
potential contaminant transport from the mine voids into the overlying fractured and eventually the weathered
aquifer.
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Figure 6.18 to Figure 6.20 show the simulated pollution plume2 within the shallow Karoo aquifer 25, 50 and 100 years
post closure. It becomes evident that the upwards gradients within the central part of the mine workings as well as the
proximity of the mine workings to the shallow Karoo aquifer at the boundaries of the mine could facilitate the transport
of mine impacted water into the shallow weathered Karoo aquifer. Similarly, the thinner overburden at the edges of
the mine workings promote upward migration of pollutants from the (especially the No. 4 seam) mine voids into the
weathered aquifer at the edges of the mine workings. While the potential subsurface “decant” plume dissipates after a
relative short flow distance within the mine lease area, potential groundwater baseflow to surface waters could trigger
off-site migration. Post closure monitoring of water qualities within this area is therefore required.
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Figure 6.18: Simulated pollution plume within the shallow weathered Karoo aquifer 25 years post closure.
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Figure 6.19: Simulated pollution plume within the shallow weathered Karoo aquifer 50 years post closure.

Elders Colliery Hydrogeology Report - Update

20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

100.00

65



[ 110.00-
1 20.00-
[ 30.00-
[ 140.00-
[150.00-
[ 160.00-
[ 170.00-
1 80.00-
1 90.00-

Figure 6.20: Simulated pollution plume within the shallow weathered Karoo aquifer 100 years post closure.
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6.8. CONFIDENCE IN MODEL PREDICTIONS

Preamble: “A decision often must address the fact that something bad may happen. We may be willing to pay a price to
reduce the likelihood of its occurrence. How much we are prepared to pay depends on the cost of its occurrence and
the amount by which its likelihood can be reduced through pre-emptive management. The role of modelling in this
process is to assess likelihood. This must not be confused with predicting the future.” (Australian groundwater
modelling guidelines, Barnett et al. 2012). Delta H shares this view, specifically for long-term predictions of the
behaviour of a natural groundwater system under a limited set of changing parameters.

6.8.1. Methodology

In the absence of other internationally accepted standard, Delta H follows the Australian groundwater modelling
guidelines (Barnett et al. 2012) to distinguish the confidence-levels (Class 1, Class 2 or Class 3 in order of increasing
confidence) of a model. The factors used by the guideline for the classification depend foremost on

e the available data, including their spatial and temporal coverage to fully characterise the aquifer and the
historic groundwater behaviour,

e the calibration procedures, including types and quality of data used as calibration targets,

e the consistency between the calibration and predictive analysis, e.g. a steady state calibration is bound to
produce transient predictions of low confidence and a transient prediction is expected to have a high level of
confidence if the time frame of the predictive model is of less or similar to that of the calibration model (e.g. a
10 year transient calibration period would be required for a high confidence prediction over 25 years), and

e the level of stresses applied in predictive model in relation to the stresses included in the calibration (e.g. if a
model was calibrated without major abstractions, simulations of significant abstractions or mine inflows will be
of low confidence).

While a model may fall into different classes for the various criteria (data, calibration and prediction), it should be
classified as Class 1 if any of the criteria fall into a Class 1 classification irrespective of all other ratings. A class 1 or low
confidence model is often used for an initial assessment of a project if insufficient data are available to support a full
conceptualisation of the aquifer(s) and subsequently improved to higher confidence classes as additional data from e.g.
an associated monitoring programme become available.

6.8.2. Classification

In accordance with the guideline, Delta H provides a classification for each of these criteria as well as an overall model
classification that reflects their importance with regard to the model objectives (Table 6.6).

Table 6.6: Criteria specific and overall model confidence level classification.

. Confidence level . s
Criteria e .- Key indicators
classification

Limited/absent groundwater monitoring data for deep Karoo aquifer.
Limited site-specific hydraulic parameter for targeted deeper Karoo aquifer.
Data 1 No pollution plume monitoring data obviously yet available.

No independent estimation of MRD seepage rates.

No data on river flows.

Steady-state calibration statistics are good (water levels), but obviously not based on

Calibration 2 . . . .
datasets required for prediction (future inflows and contaminant transport).
.. Transient inflow and transport predictions are made when calibration is in steady
Prediction 1
state only.
Two criteria fall into a Class 1, model to be updated once more data become
Overall 1 available
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It is obvious that the model confidence is significantly curtailed by the obvious absence of mine inflow and pollution
plume monitoring data for a non-existent mine, albeit the model is used to predict these parameters. The model
predictions must therefore be inherently of low confidence.

However, this does not mean that the model is not fit for purpose, namely to provide first-pass estimates of extraction
volumes and rates required for mine dewatering, the prediction of long-term impacts of proposed developments in
low-value aquifers and as a starting point on which to develop higher class models as more data is collected (Barnett et
al. 2012).

6.8.3. Recommendations to improve Model Confidence

In order to increase the formal classification of the model confidence from Class 1 to Class 2, the following steps should
be undertaken as part of future model updates (in decreasing priority):

e Annual (for first 2 years) to Biennial (thereafter) model updates as monitoring data become available. The first
2 years of mine development are in this regard of special interest for predicted mine inflows, as they give first
actual observations of inflows due to shallow mining within the fractured Karoo aquifer.

e Drilling and testing of monitoring boreholes targeting the future underground mine workings.

e Independent measurement/estimation of seepage rates for the overburden stockpile, PCDs and Brine dam.
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7.

GEOHYDROLOGICAL IMPACTS

Impacts on the local and regional ambient groundwater environment due to the proposed mining of the No 2 and 4

Coal Seams at Elders Colliery may consist of changes in the groundwater quantity (i.e. groundwater levels and flow

directions), changes in the ambient groundwater quality, or both. Altered groundwater conditions will most likely

impact on other aspects of the environment such as river baseflow, in-stream water quality or vegetation types (for e.g.

groundwater dependent wetlands).

The most significant groundwater impacts which could potentially arise from the following activities / infrastructure:

Construction

0 Although the impact of surface clearing for the box-cut and a local lowering of the water table will be
evident, associated groundwater impacts are assessed as part of the overall life of mine inflows and
associated drawdowns and discussed as part of the operational phase.

0 Accidental spillages may occur during the construction and operational phase of the project.

Operational

0 The operational phase entails active underground mining using continuous miners.

0 Groundwater inflows into the box cut and underground mine voids change the volume of
groundwater in the aquifer storage (lowering of water table) and re-directs local to regional
groundwater flow towards the mine voids (representing a new, lower drainage elevation). Initial
shortfalls in water inflows during construction and ramp up of production will be (partially) met by
groundwater abstractions with similar impacts on groundwater storage, i.e. a lowering of water table
and a re-direction of local to regional groundwater flow towards abstraction boreholes.

0 Influences on the groundwater quality during LoM are associated with seepage from Mine Residue
Deposits (MRDs), namely the Pollution Control Dams (PCDs), the Brine dam as well as the overburden
stockpile.

0 Once groundwater enters the mine voids, it is considered “dirty” due to the interaction with exposed

sulphide bearing minerals, dust, etc. and will require appropriate management after abstraction.
However, since the groundwater flow is towards the mine, no impacts on the surrounding ambient

groundwater quality are expected from the underground mine voids itself during Life of Mine (LoM).

Closure/Post-closure

(0]

The mine voids are highly permeable flow paths, which will result in new equilibrium water levels
within the area of influence, different from the pre-mining water levels.

Groundwater quality within the underground(s) mine voids is expected to deteriorate due to acid
mine drainage and other chemical interactions between the geological and the groundwater regime.
The resulting groundwater pollution plume will migrate along the new local and regional hydraulic
gradients as the water table rebounds. Depending on the topographic setting of the mine and the
post-closure topography, the rebounding water table might lead to the surface decant of mine water.

The applied impact significance rating system involves the following four parts:

A.

D.

Define

impact consequence using the three primary impact characteristics of magnitude, spatial

scale/population and duration;

Use the matrix to determine a rating for impact consequence based on the definitions identified in Part A;

Use the matrix to determine the impact significance rating, which is a function of the impact consequence

rating (from Part B) and the probability of occurrence; and

Define the Confidence level.

The impact significance rating system is summarised in Table 1.
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Table 7.1: Method for rating the significance of impacts.

PART A: DEFINING CONSEQUENCE IN TERMS OF MAGNITUDE, DURATION AND SPATIAL SCALE
Use these definitions to define the consequence in Part B

Impact o o
characteristics Definition Criteria
Substantial deterioration or harm to receptors; receiving environment has an inherent
Major - value to stakeholders; receptors of impact are of conservation importance; or identified
threshold often exceeded
Moderate - Moderate/measurable deterioration or harm to receptors; receiving environment
moderately sensitive; or identified threshold occasionally exceeded
MAGNITUDE - — - - ——
Minor - Minor deterioration (nuisance or minor deterioration) or harm to receptors; change to
receiving environment not measurable; or identified threshold never exceeded
Minor + Minor improvement; change not measurable; or threshold never exceeded
Moderate + Moderate improvement; within or better than the threshold; or no observed reaction
Major + Substantial improvement; within or better than the threshold; or favourable publicity
Short term Up to 18 months
DURATION Medium term 18 months to 5 years
Long term Longer than 5 years
Site or local Site specific or confined to the immediate project area
SPATIAL SCALE OR Regional May be defined in various ways, e.g. cadastral, catchment, topographic
POPULATION National/

International

Nationally or beyond

PART B: DETERMINING CONSEQUENCE RATING Rate consequence based on definition of magnitude, spatial extent and duration

SPATIAL SCALE/ POPULATION

Site or local Regional Nation.aI/
International
MAGNITUDE
Long term Medium Medium ﬁ
Minor DURATION Medium term Low Low Medium
Short term Low Low Medium
Long term Medium
Moderate Duration Medium term Medium Medium
Short term Low Medium Medium
Long term
Major Duration Medium term Medium Medium

Short term Medium Medium

PART C: DETERMINING SIGNIFICANCE RATING Rate significance based on consequence and probability

CONSEQUENCE
Low Medium
Definite Medium Medium
PROBABILITY - -
X Possible Low Medium
(of exposure to impacts)
Unlikely Low Low Medium
PART D: CONFIDENCE LEVEL
High Medium Low
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7.1. CONSTRUCTION PHASE

7.1.1. Impacts on Groundwater Quantity

Although the impact of surface clearing for the box-cut and a local lowering of the water table will be evident,
associated groundwater impacts are assessed as part of the overall life of mine inflows and associated drawdowns and
discussed as part of the operational phase.

7.1.2. Impacts on Groundwater Quality

Potential contamination of shallow groundwater resources due to accidental hydrocarbon or other chemical spillages
from vehicles and operational activities might occur. Spillages are commonly minor and localised.
The significance rating of the groundwater quality impacts during the construction phase is provided in Table 7.2.

Table 7.2: Groundwater quality impacts during the construction phase.

Activity Accidental spillages
Project .
Construction through to end of LoM
phase
Impact . . . .
Minor and local deterioration of shallow groundwater quality
summary
Potential Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Impact . . ; .
. Moderate Short term Local Medium Possible Medium - High
Rating
Develop and maintain a Standard Operating Procedure to contain and remediate any accidental hydrocarbon or
other chemical spillages.
Management — - - - — -
M Spill kits should be made available and used in the event of a spill. Contain spillage, excavated and dispose of
easures
contaminated material/soil required at accredited disposal site. .
If properly contained and/or excavated quickly impacts are reversible and unlikely to occur
After Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Management
Impact Minor Short term Local Low Possible Low - High
Rating

7.1.3. Groundwater Management

The mine should develop and maintain a Standard Operating Procedure to contain and remediate any accidental
hydrocarbon or other chemical spillages. Such containment can be achieved by utilisation of spill kits and/or excavation
of affected soil with subsequent disposal at an accredited disposal site. Staff should be trained in the appropriate usage
of spill kits and excavation of affected soils. Any excavation of affected soils should be supervised by the Environmental
Site Officer.

Groundwater inflows into the box-cut area should be minimised by grouting, measured during abstraction (using a flow
meter), re-used in the operations or disposed of in an environmentally acceptable way. Depending on observed water
qualities, treatment might be required before disposal.

7.2. OPERATIONAL PHASE

7.2.1. Impacts on Groundwater Quantity

It is expected that the groundwater inflows into the proposed No. 2 and No. 4 seam underground mine voids change
the volume of groundwater in the aquifer storage (i.e. lowering of water table), especially in the deeper fractured
aquifer and to a lesser degree in the shallow weathered Karoo aquifers during life of mine and for more than 50 years
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post closure (until the water table rebounds). The partial dewatering of the aquifer above and in the vicinity of the
underground mine voids will impact:
0 on groundwater baseflow, spring yields and Groundwater Dependant Eco-systems (GDEs), which rely on
groundwater within the shallow weathered aquifer, within the depicted cone of dewatering area (Figure 6.8),
0 on other groundwater users, which rely at least partially on groundwater within the shallow and deeper
fractured aquifer, within the depicted cone of dewatering area (Figure 6.9). The lowering of the water table
will result in a partial to complete reduction of borehole yields within the affected areas.
The significance rating of impacts on the groundwater quantity during the operational phase of the mine is provided in
Table 7.3. Note that the confidence rating below refers to the confidence in predicted inflow volumes and associated
extent of aquifer dewatering, not to the general occurrence of mine inflows and water table drawdown (which would
be rated high/definite).

Table 7.3: Groundwater quantity impacts during the operational phase.

Activity Mine inflows and associated lowering of water table
Project .
Construction through to end of LoM and 50 years post closure
phase
Impact Moderate lowering of water table with an associated reduction in groundwater baseflow (to surface waters and
summary GDES) and borehole yields
Potential Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level

Impact . - :
. Major Long term Local Definite - Medium
Rating

Continuous monitoring of underground mine inflows (daily quantity and quarterly quality) and water levels
(quarterly) within the predicted zone of dewatering

Excess water must be pumped to the surface water storage facilities (PCDs) for re-use and/or treatment and
Management | environmentally acceptable disposal.

Measures Provision of alternative water supply to affected users / compensation for well yield losses or increased pumping
costs (due to increased lift height and/or yields)

Monitoring of GDEs, potential augmentation of groundwater flows or wetland off-sets, monitoring of surface water
qualities up- and downstream of the underground mining area

After Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Management

Impact Moderate Long term Local Medium Definite Medium - Medium

Rating

7.2.2.  Impacts on Groundwater Quality

Impacts on the shallow aquifer groundwater quality due to seepage from MRDs

The seepage plumes emanating from the PCDs, Brine dam and overburden stockpile will predominantly impact on the
ambient groundwater quality of the shallow weathered aquifer. The predicted extents of the plumes (Figure 6.10) are
limited due to lining of the PCDs and Brine dam. The plume extents are foreseen to be confined to the immediate
surroundings of the site and not impacting any groundwater user. The significance rating of impacts of the seepage
plume emanating from the MRDs on the shallow groundwater quality during the operational phase of the mine is
provided in Table 7.4.
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Table 7.4: Groundwater quality impacts on the shallow weathered aquifer during the operational phase.

Activity Stockpiling of overburden, storage of polluted water (PCDs) and brine (Brine dam)
Project . . :
h Construction through to end of LoM (PCDs and Brine dam) and post closure (Overburden stockpile)
phase
Impact . . . .
Minor to moderate impacts on ambient groundwater quality due to seepage from MRDs
summary
Potential Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Impact
. Moderate Long term Local Low Definite Medium - High
Rating
Continuous monitoring of pollution source and plume concentrations
Management — - - — -
M Concurrent rehabilitation/covering of overburden stockpile (smooth slope angles, topsoiling and seeding)
easures
Adaptive management of plumes, i.e. hydraulic plume containment if and when required
After Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Management
Impact Minor Long term Local Low Possible Low - High
Rating

Impacts on the deeper aquifer groundwater quality due to underground mine voids

The underground mine voids are a “sink of groundwater” due to underground mine inflows (and subsequent
abstractions) during life of mine. Since the groundwater gradient within the deeper Karoo aquifer is generally re-
directed towards the mine voids, no contaminant will be released from the mine during life of mine and no changes in

the ambient groundwater quality due to the underground mine voids (acid mine drainage) are expected.

7.2.3. Groundwater Management

The mine should develop and maintain a Standard Operating Procedure to contain and remediate any accidental
hydrocarbon or other chemical spillages. Such containment can be achieved by utilisation of spill kits and/or excavation
of affected soil with subsequent disposal at an accredited disposal site. Staff should be trained in the appropriate usage
of spill kits and excavation of affected soils. Any excavation of affected soils should be supervised by the Environmental
Site Officer.

Groundwater inflows into the box-cut and underground mining areas should be minimised by grouting, measured
during abstraction (using a flow meter), re-used in the operations or disposed of in an environmentally acceptable way.
Depending on observed water qualities, treatment might be required before disposal.

Monitoring of mine effluent and seepage should be performed to assure protection of the environment. Monitoring
and field testing provide early detection of potential environmental issues, allowing evaluation and, if necessary,
adaptive management interventions

It is furthermore recommended that the numerical model and geochemical study is updated biennially during the life of
mine in order to calibrate and validate its results and to inform effective water management and closure planning.

7.3. DECOMMISSIONING PHASE

No immediate impacts on the groundwater quantity are foreseen during the decommissioning of facilities, i.e. the
rebound of the water table due to cessation of pumping as well as continuing contaminant transport are longer term
processes assessed in the post-mining phase (chapter 7.4). The only foreseen groundwater impacts associated with the
decommissioning phase are accidental hydrocarbon or other chemical spillages from vehicles and operational activities,
which are commonly minor and localised. The impact and associated management measures are equivalent to the
construction phase and were already assessed in chapter 7.1.
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7.4. POST- MINING PHASE

7.4.1. Groundwater Quantity

Post-closure, groundwater seepage into the underground mine voids is no longer abstracted, and the water levels start
to re-bound, filling up the mine void itself as well as the previous cone of dewatering. In other words, the previous
impacts on water-levels and flow directions associated with the mine dewatering will start to dissipate and water levels
similar to pre-mining conditions will be re-established. However, since the underground mine voids are now highly
permeable flow paths, which will equilibrate the water levels across their extent, slightly altered water levels in
comparison to the pre-mining water levels will be established within the deeper fractured Karoo aquifer, while only
insignificant impacts on water levels within the weathered aquifer are foreseen once they have rebound. While no
direct post-closure decant to surface is predicted, it might occur if unsealed exploration boreholes are left behind.

The significance rating of impacts on the groundwater quantity post closure are provided in Table 7.5

Table 7.5: Groundwater quantity impacts during the post closure phase.

Activity Rebound of water levels within mine voids and Karoo aquifers
Project
Post closure
phase
Impact . X X . e . .
Minor impact on deeper fractured Karoo aquifer water levels due to high permeability underground mine voids
summary
Potential Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Impact . . . . .
. Minor Long term Local Medium Definite Medium - High
Rating
Monitoring of water levels (quarterly) within mine voids to ensure no decant to surface occurs
Management - - - — -
Measures Adaptive Management of mine water levels should environmentally critical water levels be breached, i.e. decant to
u
surface
After Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Management
Impact Minor Long term Local Medium Definite Medium - High
Rating

7.4.2. Groundwater Quality

Impacts on the shallow aquifer groundwater quality due to seepage from MRDs

With the assumed removal of the PCDs and Brine dam and rehabilitation of the overburden stockpile at mine closure,
the source strengths are eliminated or significantly reduced, resulting in dissipating seepage plumes from these
footprints. While the seepage plumes associated with the PCDs and Brine dam are likely to disperse to below 10% of
the initial source concentrations within 25 years, the seepage plume from the overburden stockpile continues to
migrate up to 700 m northwards under the new post closure water levels and gradients. However, associated

concentrations are low.

The significance rating of post closure impacts of seepage plumes emanating from the MRDs on the ambient
groundwater quality of the shallow weathered Karoo aquifer is provided in Table 7.6.
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Table 7.6: Groundwater quality impacts on the shallow weathered Karoo aquifer during the post closure phase.

Activity Stockpiling of overburden, storage of polluted water (PCDs) and brine (Brine dam)
Project
Post closure
phase
Impact . . . .
Minor to moderate impacts on ambient groundwater quality due to seepage from MRDs
summary
Potential Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Impact
. Moderate Long term Local Medium Definite Medium - High
Rating
Management | Monitoring of natural plume attenuation
Measures Adaptive management of plume. i.e. hydraulic plume containment if and when required
After Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Management
Impact Minor Long term Local Low Possible Low - High
Rating

Impacts on the deeper aquifer groundwater quality due to underground mine voids

Post closure, groundwater abstractions cede and the underground mine voids act no longer as groundwater sinks,

allowing contaminants from previously exposed sulphide bearing minerals (acid rock drainage) to be released into the

groundwater and migrate according to the new hydraulic gradients. While the source concentrations should gradually

(decades)improve as the system is starved of oxygen and the sulphide sulphur content depleted, the model predictions

assumed conservatively constant source concentrations 100 years post closure. They represent therefore a worst case

scenario. The significance rating of post closure impacts of seepage plumes emanating from the underground mine

voids on the ambient groundwater quality of the shallow weathered and deep fractured Karoo aquifer is provided in

Table 7.6.

Table 7.7: Groundwater quality impacts on the Karoo aquifers during the post closure phase.

Activity Acid Rock Drainage from underground mine voids
Project
Post closure
phase
Impact Moderate impacts on ambient groundwater quality due to Acid Rock Drainage within the underground mine voids,
summary might contribute to surface water discharge if unmanaged
Potential Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Impact . . . .
. Moderate Long term Regional Possible Medium - High
Rating
Monitoring of water qualities (quarterly for 5 years, thereafter annually until stabilised) within mine voids and
overlying aquifer
Management - - - — -
M Adaptive Management of mine water levels should environmentally critical water levels be breached, i.e. “decant”
easures
to weathered Karoo aquifer
Should mine water enter the shallow Karoo aquifer, hydraulic plume containment should be initiated
After Magnitude Duration Scale Conseq. Probab. SIGNIFICANCE +/- Conf. level
Management
Impact Minor Long term Local Low Possible Low - Medium
Rating
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7.4.3. Groundwater Management

The mine should ensure that any exploration borehole within the mine lease area is properly sealed to prevent vertical
flow paths to surface based on best practice. Similarly, the declines should be sealed to prevent surface water and
minimise oxygen ingress. Prior the installation of a seal adequate monitoring equipment within the underground mine
workings should be installed to monitor the rate of flooding and quality of water within the flooded mine voids.
Monitoring of water level rebound and qualities within the shallow weathered aquifer should continue until stabilised;
this will take several decades. It is furthermore recommended that the numerical model is updated biennially post
closure for 20 years to increase the confidence in the post closure predictions.
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8. GROUNDWATER MONITORING SYSTEM
8.1. GROUNDWATER MONITORING NETWORK

8.1.1. Source, plume, impact and background monitoring

The spatial distribution of proposed monitoring boreholes for Elders Colliery is shown in Figure 8.1, while Table 8.2 list
the coordinates and purpose of the different boreholes.

Figure 8.1: Existing (blue) and proposed (red) groundwater monitoring network for Elders Colliery (surface layout indicated in
black, underground mining areas in bright blue).

8.1.2. System response monitoring network

The system response monitoring network relates to the predicted drawdown of groundwater levels due to mine
dewatering and the rebound thereof once dewatering ceases post closure. A number of monitoring boreholes were
strategically sited within the predicted cone of dewatering and potential future decant areas to monitor these
responses during life of mine and post closure (see Table 8.2).
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8.1.3.

Monitoring frequency

The following monitoring frequencies are recommended during the construction and Life of Mine:

e  Mine inflows:

e  Water levels:

Continuously, and aggregated on a daily inflow rates

Quarterly

e  Water qualities: Quarterly

The monitoring frequency could be relaxed post-closure once water levels and qualities stabilise:

e  Mine inflows:

e  Water levels:

Not applicable
Annually

e  Water qualities: Annually

8.2. MONITORING PARAMETERS

A list of groundwater parameters to be monitored is given in Table 8.1.

Table 8.1: List of groundwater monitoring parameter.

Description

Parameter

Comments

Potential heads

Static groundwater levels

Measured in metres below ground level (mbgl)
and converted into metres above mean seal level
(mamesl). Collar elevations of the boreholes need
to be considered.

Physico-chemical
parameter, field

pH, Electrical Conductivity (EC), Temperature,
Redox-Potential (mV), colour and smell (if any)

Parameters to be measured during sampling in
the field, should stabilize before sample is
retrieved

Physico-chemical
parameter, laboratory

pH, Electrical Conductivity (EC), Temperature,
Redox-Potential (mV)

To assess deviations from field measurements

Major elements

Ca, Mg, Na, K, Total Alkalinity, SO4, NO3, Cl,
Total Dissolved Solids (TDS)

Trace elements

Al, As, B, Ba, Cr, Cu, F, Fe, Mn, Mo, Ni, Pb

Samples to be filtered and acidified on-site.

The following recommendations are given with regard to the monitoring protocol for the mine:

e The static groundwater levels should be measured in the boreholes without any preceding abstractions.

e The boreholes should be purged (replacing approximately three times the stagnant water within the borehole)
until the physic-chemical parameters stabilize and are determined. Samples for analysis should be retrieved

after stabilization of the field parameters.

e Suitable sample containers should be utilised for the sample collection, i.e. plastic or glass containers for major

elements and plastic or boron-glass containers for minor and trace elements.

e Samples for trace element analysis should be filtered and acidified (HNOs, pH < 2) on-site.

e Sample collection including determined physic-chemical parameter should be documented in a sample

protocol for each site and signed off by the sampling personnel as part of the chain of custody.

e The samples should be delivered to an accredited laboratory as soon as possible for analysis of the above

parameters.
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8.3. MONITORING BOREHOLES

Figure 8.1 gives an overview of existing and proposed new monitoring boreholes for Elders Colliery, with the
coordinates of the proposed boreholes and their scope provided in Table 8.2. The borehole locations should be refined
based on site specific geophysical investigations and ground truthing regarding potential infrastructure conflicts.

Table 8.2: List of coordinates for the proposed monitoring boreholes.

Name X Y Comment (depth)

ESW20 47207.29 -2906435.03 Background Monitoring

ESW24 464367.81 -2902704.75 Background Monitoring

ESW26 48195.48 -2902078.66 Background Monitoring

ESW27 49203.61 -2902112.36 Background Monitoring

ESW29 50546.3 -2902218.35 Background Monitoring

ESW30 50798.8 -2903061.39 Background Monitoring

ESW31 49469.89 -2904079.89 Background Monitoring

ESW32 49089 -2905754.03 Background Monitoring

ESW39 45361.72 -2903924.57 Background Monitoring

ESW40 45871.34 -2905520.18 Background Monitoring

ESW41 45878.64 -2904797.1 Background Monitoring

ESW42 46188.88 -2902412.92 Background Monitoring

ESW43 46238.28 -2902434.35 Background Monitoring

ESW44 45917.98 -2902017.92 Background Monitoring

ESW45 49944.38 -2902191.86 Background Monitoring

ESW46 49876.16 -2903336.46 Background Monitoring

ESW47 49503.09 -2904136.56 Background Monitoring

ELDWCH?2 47314 -2902752 Background Monitoring

VKN-7 47010.92 -2903568.21 Background Monitoring

VKN-8 47330.15 -2903706.75 Background Monitoring

HGN-4 49958.768 -2903998.676 Background Monitoring

HGN-5 49666.96 -2903772.01 Background Monitoring
Newly proposed boreholes*

E-1 46775 -2903310 Overburden Stockpile

E-2 46840 -2903405 Overburden Stockpile

E-3 46900 -2902420 PCD / Brine Dam

E-4 50549 -2903478 Impact Drawdown (60 mbgl)

E-5 51387 -2904200 Impact Drawdown

E-6 51200 -2903385 Impact Drawdown

E-7 48419 -2904109 Impact Post Closure

E-8 49900 -2901380 Impact Post Closure

E-9 48150 -2902290 Impact Post Closure

E-10 47630 -2906040 Impact Post Closure (60 mbgl)

E-11 46314 -2905204 Impact Post Closure

E-12 50200 -2905305 Impact Post Closure (60 mbgl)

E-13 46430 -2904325 Impact Post Closure (60 mbgl)

* - Only approximate location (proper siting of positions using ground geophysics required)

The newly proposed boreholes monitoring boreholes should be drilled with a nominal inside diameter of 77.8 mm to
the bottom of weathered aquifer plus 1m into fractured rock unless specified otherwise in Table 8.2. The boreholes
should be equipped with screened casing throughout the saturated thickness of the aquifer.

Additional monitoring boreholes into the underground mine voids should be drilled (or installed in shafts and declines)
post closure to monitor the flooding of these and enable sampling. These boreholes should be sited and designed as
part of the post closure strategy for the entire mine site, considering potential mining compartments and/or sealed off

areas.
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9. GROUNDWATER ENVIRONMENTAL MANAGEMENT PROGRAMME
9.1. CURRENT GROUNDWATER CONDITIONS

The current groundwater conditions presented in chapter 4.6 indicate a typical Karoo aquifer system, with shallow and
fresh groundwater (Ca-Mg-HCOs or Na-HCOs water facies) within the shallow weathered Karoo aquifer and deeper
water levels and higher mineralised water (Na+K-Cl water facies) due to prolonged residence times in the underlying
fractured Karoo aquifer. Elevated iron and nitrate concentrations observed in several boreholes are a result of well
design and land use practices.

9.2. PREDICTED IMPACTS OF MINING

The predicted impacts of the proposed underground coal mine on the ambient groundwater conditions are primarily
associated with:
e Potential accidental spillages of pollutants (life of mine)
e Lowering of the groundwater table due to mine inflows (life of mine, Figure 6.8 and Figure 6.9).
e Seepage from the Overburden stockpile, PCDs and Brine dam (life of mine and post closure, Figure 6.10 and
Figure 6.13 to Figure 6.16).
e Migration and potential decant of mine influenced water (post closure, Figure 6.17, Figure 6.18 and Figure
6.20).
The main impacts of Elders Colliery to be monitored and managed are therefore the seepage plumes within the shallow
weathered aquifer emanating from the Overburden stockpile, PCDs and Brine dam as well as water levels within and
beyond the proposed underground mining area.

9.3. MITIGATION MEASURES

9.3.1. Lowering of groundwater levels during mining

Groundwater inflows into the Elders underground coal mine will result in a partial dewatering of the aquifer above and
in the vicinity of the underground mine voids, which will impact on groundwater baseflow, spring yields and
Groundwater Dependant Eco-systems (GDEs) and other groundwater users.

Continuous monitoring of underground mine inflows (daily quantity and quarterly quality), water levels (quarterly) and
GDEs (frequency to be determined by wetland expert) within the predicted zone of dewatering should therefore be
initiated. Potential augmentation of groundwater flows (or wetland off-sets) to affected GDEs as well as provision of
alternative water supply to affected users (or compensation for well yield losses or increased pumping costs) should be
considered.

Excess water must be pumped to the surface water storage facilities (PCDs) for re-use and/or treatment and
environmentally acceptable disposal.

9.3.2. Rise of groundwater levels post-mining

The post-closure rebound of the groundwater level within the mine void and Karoo aquifers should be monitored until
a new dynamic equilibrium (i.e. stable water levels with seasonal fluctuations only) is established. Adaptive
management of mine water levels might be required should environmentally critical water levels be breached, i.e.
decant to surface via unsealed exploration boreholes be observed.

9.3.1. Spread of groundwater pollution during mining

No spread of groundwater pollution from the underground mine void itself are expected due to the prevailing hydraulic
gradients towards the mine. Potential seepage plumes emanating from the PCDs, Brine dam and overburden stockpile
will impact on the ambient groundwater quality of the shallow weathered aquifer and will require continuous
monitoring of pollution source and plume concentrations. Adaptive management of seepage plumes (i.e. hydraulic
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plume containment) should be initiated if and when required. It is furthermore recommended to rehabilitate (top-
soiling and seeding) as soon as disposal operations allow to minimise air and rainwater ingress.

9.3.2.  Spread of groundwater pollution post mining

Post mining groundwater pollution will spread from the underground mine void and the overburden stockpile, while
the PCDs and Brine dam are assumed to be removed at closure. Continuous monitoring of the potential overburden
stockpile seepage plume as well as underground mine plume will be required until the plume migration has stabilised.
Adaptive management of the stockpile seepage plume (i.e. hydraulic plume containment) should be initiated if and
when required. Furthermore, should decant of mine water to surface or into the shallow weathered aquifer be
detected, the water level should be managed below environmentally critical levels, e.g. the bottom of the weathered

zone.
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10. POST CLOSURE MANAGEMENT PLAN

There is currently insufficient information available to develop a detailed post closure management. The currently
outlined brief measures should therefore be seen preliminary and should be updated throughout the life of mine as
new monitoring data and mining information become available.

10.1. REMEDIATION OF PHYSICAL ACTIVITY

The proposed project entails the extraction of coal from the No. 4 coal seam, which in itself can obviously not be
remediated. However, potential decant of mine water to surface should be monitored and managed, i.e.
environmentally critical levels defined beyond which management of water levels will be required.

10.2. REMEDIATION OF STORAGE FACILITIES

It is recommended that the PCDs and Brine dam are removed post mine closure and their respective footprint areas
rehabilitated (top-soiling and seeding). The rehabilitation of the overburden stockpile should entail re-shaping to
encourage surface run-off (with smooth transitions to the surrounding topography) and prevent any ponding of
rainwater to minimize water ingress into the dump. The stockpile should furthermore be covered with soil and seeded
to promote evapotranspiration and limit water and oxygen ingress into the dump, thereby reducing seepage generation
and oxidation of sulphide bearing minerals respectively, i.e. the overall source strength of the dump pots closure.

10.3. REMEDIATION OF ENVIRONMENTAL IMPACTS

The seepage plumes emanating from the lined PCDs and Brine dam are considered marginal and no significant off-site
migration of pollutants is expected. Monitored natural attenuation of seepage plumes is therefore recommended post
closure.

Depending on actual seepage concentrations (to be determined during life of mine), the plume emanating from the
Overburden stockpile during the operational and post-closure phase should be hydraulically contained if acceptable
concentration thresholds (i.e. Resource Quality Objectives) for constituents of concern are breached in downstream
monitoring boreholes. Monitored natural attenuation of seepage plumes is otherwise (or after hydraulic plume
containment) recommended for the post closure phase.

Post closure water levels within and above the underground mining area should be monitored and potential decant of
mine water to surface prevented by maintaining levels below environmentally critical levels (e.g. minimum surface or
weathered aquifer elevation within the mining area). Potentially abstracted groundwater should be treated, re-used or
discharged into the environment.

10.4. REMEDIATION OF WATER RESOURCES IMPACTS

Considered in chapter 10.3 above.

10.5. BACKFILLING OF THE PITS

The proposed project entails no opencast, but underground mining. However, a box-cut area will be required to access
the targeted No. 2 and 4 coal seam and could be interpreted as a remaining open mine void. The potential positive and
negative impacts of backfilling the box-cut area with the overburden material should be assessed as part of a closure
plan. While the removal of the overburden stockpile in itself would generally be positive, the re-handling and exposure
of overburden material to the atmosphere before placing it in direct contact with groundwater within the box-cut area
needs to be assessed as actual seepage quality data for the stockpile become available throughout life of mine.
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12, DECLARATION OF INDEPENDENCE

Delta-H Water System Modelling Pty Ltd (Delta H) and its associates have no direct or indirect business, financial,
personal or other interests in the activity, application or appeal other than fair remuneration for work performed in
connection with that activity, application or appeal and there are no circumstances that may compromise the
objectivity of the persons performing such work. The remuneration of the services provided by Delta-H is in no way
contingent upon the conclusions or opinions expressed in this report.

13. DISCLAIMER

Delta-H Water System Modelling Pty Ltd (Delta H) has executed this study along professional and thorough guideline,
within their scope of work. The specialist report has been compiled by an experienced, fully qualified, and duly
registered Professional Natural Scientist.

No representation or warranty with respect to the information, forecasts, opinions contained in neither this report nor
the documents and information provided to Delta H is given or implied. Delta H does not accept any liability whatsoever

for any loss or damage, however arising, which may directly or indirectly result from its use.

This report is intended for the confidential usage of the client. It may be used for any lawful purpose but cannot be
reproduced, excerpted, or quoted except with prior written approval of Delta H.
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APPENDIX A — MODEL CONFIDENCE CLASSIFICATION

Confidence Data
level

classification

Class 3 ® Spatial and temporal

distribution of groundwater
head observations adequately
define groundwater
behaviour, especially in areas
of greatest interest and where
outcomes are to be reported.

e Spatial distribution of bore
logs and associated
stratigraphic interpretations
clearly define aquifer
geometry.

e Reliable metered groundwater
extraction and injection data is
available.

e Rainfall and evaporation data
is available.

e Aquifer-testing data to define
key parameters.

e Streamflow and stage
measurements are available
with reliable baseflow
estimates at a number of
points.

o Reliable land-use and soil-
mapping data available.

e Reliable irrigation application
data (where relevant) is
available.

e Good quality and adequate
spatial coverage of digital
elevation model to define
ground surface elevation.

Class 2 e Groundwater head
observations and bore logs are
available but may not provide
adequate coverage throughout
the model domain.

e Metered groundwater-
extraction data may be
available but spatial and

Calibration

e Adequate validation* is
demonstrated.

e Scaled RMS error (refer Chapter
5) or other calibration statistics
are acceptable.

® long-term trends are adequately
replicated where these are
important.

e Seasonal fluctuations are
adequately replicated where
these are important.

e Transient calibration is current,
i.e. uses recent data.

o Model is calibrated to heads and
fluxes.

® Observations of the key
modelling outcomes dataset is
used in calibration.

e Validation* is either not
undertaken or is not
demonstrated for the full model
domain.

® Calibration statistics are
generally reasonable but may
suggest significant errors in parts
of the model domain(s).

Prediction

Length of predictive
model is not excessive
compared to length of
calibration period.
Temporal discretisation
used in the predictive
model is consistent with
the transient calibration.
Level and type of stresses
included in the predictive
model are within the
range of those used in the
transient calibration.
Model validation*
suggests calibration is
appropriate for locations
and/or times outside the
calibration model.
Steady-state predictions
used when the model is
calibrated in steady-state
only.

Transient calibration over
a short time frame
compared to that of
prediction.

Temporal discretisation
used in the predictive
model is different from
that used in transient

Key indicator

Key calibration statistics are acceptable and
meet agreed targets.

Model predictive time frame is less than 3
times the duration of transient calibration.
Stresses are not more than 2 times greater
than those included in calibration.

Temporal discretisation in predictive model is
the same as that used in calibration.

Mass balance closure error is less than 0.5%
of total.

Model parameters consistent with
conceptualisation.

Appropriate computational methods used
with appropriate spatial discretisation to
model the problem.

The model has been reviewed and deemed fit
for purpose by an experienced, independent
hydrogeologist with modelling experience.

Key calibration statistics suggest poor
calibration in parts of the model domain.
Model predictive time frame is between 3 and
10 times the duration of transient calibration.
Stresses are between 2 and 5 times greater
than those included in calibration.

Temporal discretisation in predictive model is
not the same as that used in calibration.

Examples of specific uses

Suitable for predicting
groundwater responses to
arbitrary changes in applied stress
or hydrological conditions
anywhere within the model
domain.

Provide information for sustainable
yield assessments for high-value
regional aquifer systems.
Evaluation and management of
potentially high-risk impacts.

Can be used to design complex
mine-dewatering schemes, salt-
interception schemes or water-
allocation plans.

Simulating the interaction between
groundwater and surface water
bodies to a level of reliability
required for dynamic linkage to
surface water models.

Assessment of complex, large-scale
solute transport processes.

Prediction of impacts of proposed
developments in medium value
aquifers.

Evaluation and management of
medium risk impacts.

Providing estimates of dewatering
requirements for mines and
excavations and the associated
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Confidence
level
classification

Class 1

Data

temporal coverage may not be
extensive.

Streamflow data and baseflow
estimates available at a few
points.

Reliable irrigation-application
data available in part of the
area or for part of the model
duration.

Few or poorly distributed
existing wells from which to
obtain reliable groundwater
and geological information.
Observations and
measurements unavailable or
sparsely distributed in areas of
greatest interest.

No available records of
metered groundwater
extraction or injection.
Climate data only available
from relatively remote
locations.

Little or no useful data on
land-use, soils or river flows
and stage elevations.

Calibration

Long-term trends not replicated
in all parts of the model domain.
Transient calibration to historic
data but not extending to the
present day.

Seasonal fluctuations not
adequately replicated in all parts
of the model domain.
Observations of the key
modelling outcome data set are
not used in calibration.

No calibration is possible.
Calibration illustrates
unacceptable levels of error
especially in key areas.
Calibration is based on an
inadequate distribution of data.
Calibration only to datasets
other than that required for
prediction.

Prediction

calibration.

Level and type of stresses
included in the predictive
model are outside the
range of those used in the
transient calibration.
Validation* suggests
relatively poor match to
observations when
calibration data is
extended in time and/or
space.

Predictive model time
frame far exceeds that of
calibration.

Temporal discretisation is
different to that of
calibration.

Transient predictions are
made when calibration is
in steady state only.
Model validation*
suggests unacceptable
errors when calibration
dataset is extended in
time and/or space.

Key indicator

Mass balance closure error is less than 1% of
total.

Not all model parameters consistent with
conceptualisation.

Spatial refinement too coarse in key parts of
the model domain.

The model has been reviewed and deemed fit
for purpose by an independent
hydrogeologist.

Model is uncalibrated or key calibration
statistics do not meet agreed targets.
Model predictive time frame is more than 10

times longer than transient calibration period.

Stresses in predictions are more than 5 times
higher than those in calibration.

Stress period or calculation interval is
different from that used in calibration.
Transient predictions made but calibration in
steady state only.

Cumulative mass-balance closure error
exceeds 1% or exceeds 5% at any given
calculation time.

Model parameters outside the range
expected by the conceptualisation with no
further justification.

Unsuitable spatial or temporal discretisation.
The model has not been reviewed.

Examples of specific uses

impacts.

Designing groundwater
management schemes such as
managed aquifer recharge, salinity
management schemes and
infiltration basins.

Estimating distance of travel of
contamination through particle-
tracking methods. Defining water
source protection zones.

Design observation bore array for
pumping tests.

Predicting long-term impacts of
proposed developments in low-
value aquifers.

Estimating impacts of low-risk
developments.

Understanding groundwater flow
processes under various
hypothetical conditions.

Provide first-pass estimates of
extraction volumes and rates
required for mine dewatering.
Developing coarse relationships
between groundwater extraction
locations and rates and associated
impacts.

As a starting point on which to
develop higher class models as
more data is collected and used.
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INDEMNITY AND CONDITIONS RELATING TO THIS REPORT

The findings, results, observations, conclusions, and recommendations given in this report are based
on the author’s best scientific and professional knowledge as well as available information. The report
is based on survey and assessment techniques which are limited by time and budgetary constraints
relevant to the type and level of investigation undertaken and WCS Scientific (Pty.) Ltd. and its staff
reserve the right to modify aspects of the report including the recommendations when new
information may become available from ongoing research or further work in this field or pertaining to
this investigation.

Although WCS Scientific (Pty.) Ltd. exercises due care and diligence in rendering services and preparing
documents, WCS Scientific (Pty.) Ltd. accepts no liability, and the client, by receiving this document,
indemnifies WCS Scientific (Pty.) Ltd. and its directors, managers, agents and employees against all
actions, claims, demands, losses, liabilities, costs, damages and expenses arising from or in connection
with services rendered, directly or indirectly by WCS Scientific (Pty.) Ltd. and by the use of the
information contained in this document.

This report must not be altered or added to without the prior written consent of the author. This also
refers to electronic copies of this report which are supplied for the purposes of inclusion as part of
other reports, including main reports. Similarly, any recommendations, statements or conclusions
drawn from or based on this report must make reference to this report. If these form part of a main
report relating to this investigation or report, this report must be included in its entirety as an appendix
or separate section to the main report.
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1. INTRODUCTION AND TERMS OF REFERENCE

W(CS Scientific (Pty.) Ltd. (WCSS), a member of the Wetland Consulting Services Group, was appointed by SRK
Consulting (South Africa) (Pty.) Ltd. to undertake a wetland delineation and impact assessment to support a
Water Use Licence Application being compiled for the Elders Colliery near Bethal, Mpumalanga Province.
Although the Elders Colliery mine development is already approved (though not yet constructed), the Colliery
requires additional activities to be authorised due to changes in the mine plan.

The initial Water Use Licence (WUL) Authorisation for the Elders Colliery was received in April 2017 and
amended in November 2017 (WUL No. 03/B22A/ACFGIJ/5047, File No. 27/2/2/B111/11/1). Since issuing of
the WUL, synergy has been lost with Goedehoop, to which Elders Colliery was originally envisaged to serve
as a life extension project. Consequently, there have been resultant changes to project description and block
plan layout for Elders Colliery. Specifically, for the purpose of this wetland assessment report, the Section 21
(c) and (i) Water Uses under consideration are detailed in Table 1 below.

The purpose of this report is to provide a detailed delineation and baseline assessment of wetlands likely to

be impacted by the water uses under consideration, to identify and assess expected impacts, and to provide
mitigation and management recommendations within the context of the mitigation hierarchy.

Table 1. Summary of Section 21 (c) and (i) water uses that form the focus of this wetland assessment.

Water Water Use Name Reason Volume Location

Use

Type

Section | Combined discharge of | Authorised in WUL | 1 168 000 m3 | Portion 6 of Middelkraal 50 IS

21 (f) treated water from Water | but increase in | 3200 m3/d 26° 14' 17.47" S, 29° 28' 42.89"
Treatment Plant volume required. E

Section | Dust Suppression using | Authorised in WUL | 60 955 m?3 Portion 3 of Middelkraal 50 IS

21 (g) wastewater from PCD but increase in 26°14'0.91"S,29°28'0.42"E

volume required.

Section | Main PCD with silt trap | Authorised in WUL | 1 218 370 m3 | RE/3 of Middelkraal 50 IS

21 (g) and silt  drying area, | but increase in 26° 13' 50.05" S, 29° 28' 13.80"
collecting water from the | volume required. | Capacity =2 29 | E
underground  workings | Capacity is reduced. ML

and dirty water collection
from the shaft complex
dirty water areas

Section | Emergency coal loading [ New Water Use RE/3 of Middelkraal 50 IS
21 (g) area 26°14'12.19" S, 29° 28' 0.37"E

To meet the project objectives, the terms of reference for the current study were defined as follows:
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= Review of available wetland data for the study area from published sources as well as previous
wetland assessment studies;

= Field survey to verify delineated wetlands and update as necessary. Use was made of the delineation
methodology detailed in the DWAF (2005) wetland delineation guidelines;

= Delineated wetlands were subdivided and typed into hydro-geomorphic wetland units as per the
Level 4 classification (Ollis et al., 2013);

= Present Ecological State of all wetland units identified within the project study area was undertaken
using the recently published WET-Health Version 2 Level 1b assessment tool;

= Wetland Importance and Sensitivity (IS) was determined for all wetland units identified within the
project study area using the Rountree (2012) methodology;

= A wetland functional assessment was undertaken for each of the different wetland types recorded on
site suing the WET-EcoServices assessment tool;

= Review of the proposed project activities;

= |dentification and assessment of impacts;

= Development of suitable mitigation and management measures to avoid, minimize and mitigate
impacts to wetlands; and

= Compilation of a specialist wetland assessment report.
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2. SPECIALIST REPORT REQUIREMENTS

This report has been compiled to comply with the requirements for specialist technical reports as detailed in
Government Notice 267 (24 March 2017) which details regulations and procedural requirements for water
use license applications and appeals. The section below details the requirements in table format and

references the relevant section of this report where the required information can be located.

Table 2. Checklist for specialist wetland assessment reports as detailed in GN 267 (24 March 2017).

No. Requirement ‘ Section in report

6 Wetland Delineation Report

1 Introduction Section 1

2 Terms of Reference Section 1

3 Knowledge Gaps Section 6

4 Study Area Section 7 (7.1.1)

5 Expertise of Specialist Section 3

6 Aims and Objectives Section 1 and Section 5

7 Methodology

7.1 Wetland identification and mapping Section 5 (5.3)

7.2 Wetland delineation (riparian habitat) Section 5 (5.3)

7.3 Wetland functional assessment Not applicable

7.4 Determining the ecological integrity of wetlands (riparian habitat) Section 5 (5.4)

7.5 Determining the Present Ecological State of wetlands (riparian habitat) Section 5 (5.4)

7.6 Determining the Ecological Importance and Sensitivity of wetlands | Section 5 (5.4)
(riparian habitat)

7.7 Ecological classification and description Not applicable

8 Results

8.1 Wetland delineation (riparian habitat) Section 7 (7.2.1)

8.2 Wetland unit identification Section 7 (7.2.1)

8.3 Wetland unit setting Section 7 (7.2.1)

8.4 Wetland soils Section 7 (7.2.1)

8.5 Description of wetland type (riparian habitat) Section 7 (7.2.1)

8.6 General functional description of wetland types Section 7 (7.2.1)

8.7 Wetland ecological functional assessment Section 7 (7.2.2)

8.8 The ecological health assessment of the study area Not applicable

8.9 The PES assessment of the remaining wetland areas (riparian habitat) Section 7 (7.2.2)

8.10 The EIS assessment of the remaining wetland areas (riparian habitat) Section 7 (7.2.3)

9 Impact Assessment Discussions Section 8

10 Conclusions & Recommendations Section 9

11 References Section 10
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3. DETAILS OF SPECIALIST

3.1 DETAILS OF THE SPECIALIST WHO PREPARED THE REPORT

Table 3. Details of the Specialist

Project Consultancy W(CS Scientific (Pty.) Ltd.

Company Registration 2017/076482/07

Professional Affiliation South African Council for Natural Scientific Professions (SACNASP)
Contact Person Mr Dieter Kassier (Pr. Sci. Nat.)

Building 1, Eulophia Corner, 38 General van Ryneveld, Persequour Park,

Physical Address .
Pretoria 0184

Postal Address P O Box 72295, Lynnwood Ridge, 0040
Telephone Number +27 12 349 2699

Fax Number +27 12 349 2993

E-mail dieterk@wetcs.co.za

3.2 EXPERTISE OF THE Specialist

3.2.1 Qualifications of the Specialist

Dieter Kassier holds the following degrees:

e B.Sc. from UNISA (2007) Environmental Management (Zoology Stream).
e B.Sc. (Hons) from the NWU Potchefstroom Campus (2012) in Environmental Science: Aquatic
Ecosystem Health.

Dieter Kassier holds a Professional Registration with SACNASP since 2014 — 400254/14. He is registered in
two fields:

e Environmental Science
e Ecological Science

3.2.2 Past Experience of the Specialist

Dieter Kassier, Wetland Ecologist, Holds a B.Sc. degree in Environmental Management (with specialisation in
Zoology) from the University of South Africa (UNISA) as well as a BSc degree (Hons — with distinction) in
Aquatic Ecosystem Health from the University of the North West (Potchefstroom Campus). After 5 years
working within the field of nature conservation and tourism in the Limpopo Lowveld and a short stint as an
environmental consultant, Dieter joined Wetland Consulting Services in 2007 and is based in Pretoria. Since
2017 he has also been a Director of WCS Scientific. Over the past few years he has gained extensive
experience in the delineation and assessment of wetlands and riparian zones and the development of
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mitigation and management measures for the purposes of Environmental Impact Assessments in a wide
range of projects, with special emphasis on coal mining in the Mpumalanga Coalfields and infrastructure
developments within the greater Gauteng and Mpumalanga region. International work experience includes
wetland prioritisation and rehabilitation planning in the Highlands of Lesotho as well as mining-related
wetland impact assessment studies in Mozambique and the Democratic Republic of Congo. In addition, he
has contributed to the wetland component of various Ecological Reserve studies, including for the
Olifants/Letaba River System.

4. DECLARATION OF INDEPENDENCE

I, Dieter Kassier, as the appointed specialist hereby declare/affirm the correctness of the information
provided as part of the application, and that:

= | act as the independent specialist in this application;

= | will perform the work relating to the application in an objective manner, even if this results in views
and findings that are not favourable to the applicant;

= | declare that there are no circumstances that may compromise my objectivity in performing such
work;

= | have expertise in conducting the specialist report relevant to this application, including knowledge
of the Act, Regulations and any guidelines that have relevance to the proposed activity;

= | will comply with the Act, Regulations and all other applicable legislation;

= | have no, and will not engage in, conflicting interests in the undertaking of the activity;

= | undertake to disclose to the applicant and the competent authority all material information in my
possession that reasonably has or may have the potential of influencing any decision to be taken
with respect to the application by the competent authority; and - the objectivity of any report, plan
or document to be prepared by myself for submission to the competent authority;

= all the particulars furnished by me in this form are true and correct; and

= am aware that it is an offence in terms of Regulation 48 to provide incorrect or misleading
information and that a person convicted of such an offence is liable to the penalties as contemplated
in section 49B(2) of the National Environmental Management Act, 1998 (Act 107 of 1998).

Signature of the specialist

W(CS Scientific (Pty) 