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DECLARATION OF INDEPENDENCE

GCS (Pty) Ltd was appointed to conduct this specialist groundwater study and to act as the
independent groundwater specialist. GCS objectively performed the work, even if this results

in views and findings that are not favourable. GCS has the expertise in conducting the
specialist investigation and does not have a conflict of interest in the undertaking of this
study. This report presents the findings of the investigations which include the activities set

out in the scope of work.
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APPENDIX 6 OF THE EIA REGULATIOBICHECKLIST AND REFERENCE FOR

THIS REPORT

Table 1 - Requirements from Appendix 6 of GN 326 EIA Regulation 2017

Requirements from Appendix 6 of GN 326 EIA Regulation 2017 Chapter
(a) Detalils of:

(i) The specialist who prepare the reports; and Aopendix G
(ii) the expertise of that specialist to compile a specialist report including a curriculum PP '
vitae
(b) Declaration that the specialist is independent in a form as may be specialities by the .

: Appendix G.
competent authority

(c) Indication of the scope of, and purpose for which, the report was prepared Section 2

(cA) Indication of the quality and age of base data used for the specialist report

Sections 1, 2, 4 and 5.

(cB) A description of existing impacts on the site, cumulative impacts of the proposed
development and levels of acceptable change

Sections 6, 7 and 8

(d) Duration, Date and seasons of the site investigation and the relevance of the season to
the outcome of the assessment

Section 1.2

(e) Description of the methodology adopted in preparing the report or carrying out the
specialised process include of equipment and modelling used

Section 4

(f) Details of an assessment of the specifically identified sensitivity of the site related to
the proposed activity or activities and
inclusive of a site plan identifying alternative

t

Sections 1, 2, 4 and 5

(9) Identification of any areas to be avoided, including buffers

Section 10.2.

(h) Map superimposing the activity and associated structures and infrastructure on
environmental sensitivities of the site including areas to be avoided, including buffers

Section 1, 3,56, 7 and 8.

(i) Description of any assumptions made and uncertainties or gaps in knowledge

Sections 1, 7, and 8.

(1) A description of the findings and potential implications of such findings on the impact of
the proposed activity including identified alternatives on the environment or activities

Sections 7, 8 and 10.

(k) Mitigation measures for inclusion in the EMPr

Sections 9 and 10.

() Conditions for inclusion in the environmental authorisation

Refer to recommendations
in Section 10.

(m) Monitoring requirements for inclusion in the EMPr or environmental authorisation

Refer to recommendations
in Section 10.

(n) Reasoned opinion 8

(i) as to whether the proposed activity, activities or portions thereof should be authorised.
(iA) regarding the acceptability of the proposed activity or activities; and

(ii) if the opinion is that the proposed activity, activities or portions thereof should be
authorised, and avoidance, management, and mitigation measures should be included in
the EMPr, and where applicable, the closure plan

Section 10.3.

(o) Description of any consultation process that was undertaken during preparing the
specialist report

None required.

(p) A summary and copies of any comments received during any consultation process and
where applicable all responses thereto

None required.

(q) Any other information requested by the competent authority

None required.

22-0161 GW 17 November 2023

Pageiv




Kangra Coal(Pty) Ltd Maquasa East

CONTENTS PAGE

Declaration of INdEPENAENCE  ....vvvvviiiiiiiiiiii s e aeeeeeas ili
Appendix 6 of the EIA Regulation 9CHECKLIST and Reference for this Report ............ iv
CONTENTS PAGE ...ttt ettt ieees artieea et i
LiSt Of FIQUIBS ooiiiiiiiiiiiiiiiiiiiiiis ettt avrreaaaa e e e ii
LiSt Of TADIES ooviiiiiiiiiiiiiiiiiies e iii
List Of APPENTICES ooiiiiiiiiiiieiiiis e e iv
GlOSSArY Of TEIMS ooviiiiiiiiiiiiiiiiiies e %
LIST OF ACRONYMS....oiiiiiiiiiiiiiiiieiiiis e inneees avrreeessnnnneeas viii
1 INOAUCHION  cooviiiiiiii i e e 1
R A = o1 Tox Al o = Vo (o £ 10 o PSSR 1
1.1, Water TreatMent PIant:.........coooiiiiiiiiiiiieeeeee e a e e e e e e e 1
1.1.2 CODISPOSAl FACIHILY. ....eieveeieeiiiiiee et 2

1.2  Study relevance to the season in which it was undertaken.............ccccoocvveeeeiiiiinncens 3
R T @ | o] 1= o 1Y Y |
1.4  The layout Of thiS rePOLL.......ccccee i e

2 SCOPE OF WOIK oiiiiiiiiiis i e 6
3 Area of INVESHIgatioN .......oovvviiiiiiiiiiiiiies e s 8
3.1  Subcatchments / hydrological response units (HRUS)............ccoorrririiieiiiiicciieee e, 8
3.2 Local ge0lOgY & SOIlS......uuiiiiii i ———————— 8

I R N O [ 1 = (= PR PU PSR TPPRP 12
3.3.1 =] 18] LT = LU (=SSP UPPTP P 12
3.3.2  Wind speed and dir€CHQN. .........ceieiiiiiiiei e 13
3.3.3 Rainfall and evaporation. ... 13
3.34 U ] o) 3 R 15

N . 1= 1 o o (o] [0 o | 16
4.1  Literature review and desktop StUAY .......ccccooiiiiiiiiiics e 18
4.2  Hydrological OVEIVIEW .....cccocvviiiiiiiiiiiiiiiiiies it 18
4.3  Groundwater users inthe study area .........cccoovvviiiiiiciccs s 19
4.4 Field investigation ........cccccciiiiiiiiiiiiiiiis e e 19
4.4.1 Field hydrOCeNSUS.......ccovviiiiieeiiiiiiiies i e 20
4.42  Geophysical assessment findings.......cccccccceiiiiiiiiiiiies e 22
4.4.3  Aquifer slugtesting .....cocviiiiiiiiiiiiiis i .. 26

4.5  Geochemical aSSESSMENL.......ccciiiiiiiiiiiiiiiiiie e o 29
451 ABA s i e 29
452  NAG..cooi it e e 32

4.6  Mineralogy and total element analySes .......ccccccevvveiviieiiics e 33
4.7  Acid potential .....cccooveiiiiiiiiis e 33
4.8 Staticleach testing ...t e 35
4.9  Numerical model development ......ccccvviiiiiiiiciccs e 36
49.1 Model software package........ccccccveiiiiiiiiiiiies e 36
4.9.2  Governing EQUAtIONS ......ccccviiiiiiiiiiiiiis e .. 36
4.9.3  Model confidence level classification .........cccccccceees i 37
4.10 Geohydrological risk @sSeSSMeNt..........cccooiiiiiiiiiiiiies 38
4.11 Water monitoring Plan ... e 38

5 Prevailing groundwater conditions  .....cccocciiiiiiiiiiiiiciis e 39
5.1  Agquifer characteristics, classification, and groundwater recharge .................. 39
5.2 AQUIfer transSmisSiVity ....cccccooviiviiiiiicis e e 42
5.3  Groundwater reCharge .....cccccccvviiiiiiiiiiiiiiies e 42
5.4  AQUIfEr StOrAQE ..coooeeiiiiiiiiiiiii e e 43
5.5 Depth to groundWater ........ccccvviiiiiiiiiiiiiies e e 43
5.6 Wetland areas ...t s e 44

22-0161 GW 17 November 2023 Pagei



Kangra Coal(Pty) Ltd Maquasa East

5.7  Present ecological state (PES) and environmental sensitivity and ecological

importance (EIS) dquaternary SCale .....ccccoeevevviieiiiiiciis e 44
5.8  Aguifer contextualization and extent ........ccccccviccieiiiies e 45
5.9  Groundwater qUANTtY ......ccccccvvvviiiiiiiiiiiiies veeereeeeeeeeeee . e 45
59.1 Quaternary catChment .........cocccciiicis 45
5.9.2 Subcatchment delineation ........ccccccccciiiiiiiiiies e 46
5.9.3  Groundwater balancCe ........ccccvviiiiis e . 46
5.10 HydroChemiStry ......ccooviiiiiiiiiiiiiiis et e 47
5.10.1 Groundwater LEVEIS .....ccccccoviiiiiiiiiiiiiis e o A7
5.10.2 Groundwater QUAIILY .....cccccviiiiiiiiiiiiiiiiiins eeeeeeeeeeee e .. 48
5.10.3 Surface Water QUAlity .......cccooiiiiiiiiiiiiiiiis e 49

6 Site conceptual model .........ccoiis e 53
6.1  SOUICES ..ottt ettt e 53
6.2 PathwaysS......occoiiiiiis e 53
6.3 RECEPIOIS...cc ot e e 54

7 Numerical groundwater model .......cccooviiiiiiiiiies 56
% R Y/ T Yo L= o] o =1 1= PSP 56
7.2 Assumptions and IMILALIONS..........coiiuiiiiiiiie e 56
7.3  Conceptualisation and Model GLid............cooiiiiiiiiiiiiiiiee e 58
7.3.1 Boundary CONAItIONS..........uiiiiiiiiiiie et 58
7.3.2 Construction of the Finite Difference Grid............ccccooiiiiiie e, 59
7.3.3  VertiCal DISCretiIZAtION. ........ueeiiiiieeeie ittt e e e eees 59
7.3.4  TiMe DiISCIetiZAtION.........ueviiiiiiiiieee ettt e e e e e e e e e e s e s inenneneeed 60
7.3.5  Transient State Model Simulation TiMEe...........ccoiiiiiiiiie e 60
7.3.6 Input Parameters / Initial Model ConditiQns...............uviiiiiieniiiiieiee e 64
7.3.7 Model CaliBration............coiviie i 65

7.4  Calibrated floW MOELS.........cooiiiiiieee e e 69
7.5 Simulated 2022 plume and 3@ar PIUMES...........eeeiiiiiiiiieiiiieee e 69

8 Geohydrological Risks Assessment & Mitigation Measures .............cccccceeeeeeeenns 72
8.1  Premining/development PRASE.........ccoiiiiiii e 72
8.2  Operational PRASE........ccoiiiiiiiii it 73
8.3  Closure and POSTIOSUIE PRASE........uuuiiiiiieeeieiieiieiieiee et e et e e e e e e e 74

9  Groundwater MONItONNG  ..ocovviiiieieiiiiiiii s e aeeeens 79
IO S 0 o 11T £ 81
10.1 Proposed Groundwater Management ASPECLS........cceuiurrieeiniiirieeeaiieee e e e 82
10.1.1 Operational / DECOMMISSIAN........uuiiiiiiiiiiee ittt 82
10.1.2 Groundwater CloSure ODJECHIVES ... ....uiiiii i 82
10.2 RECOMMENUALIONS. ...ciiiiiiiiiiitiie et ee ettt e e e e e e e e e e re e e e e e e e e e e e e e s e aanerebeees 83
10.3 Identification of any areas that should be avoided............cc.oovvvviiiiiiiiie, 84
10.4 Reasoned opinion on whether WULA should not be granted............cccooovvviviiceeeennnn. 85
11 BIibliography ... e 85

LIST OF FIGURES

Figure 1-1: Proposed WTP and possible brine evaporation pond.....................ooooo. 2
Figure 1-2: Proposed CaDisposal Facility (Phase 1 already approved, Phase 2 & 3 will be
co-disposal) 3

Figure 1-3: Site locality and drainage .........cccccciiiiiiiiiiiies 5
Figure 3-1:  LoCal gEO0IOQY....cccuviiiiiiiiieiiiiiiiiiiies v eeeeeeen 10
Figure 3-2: Subcatchments and [and COVEr types .......cccovvvvviiiiiiiices e, 11
Figure 3-3: Average yearly temperatures (Meteoblue, 2022) .............ccciiiiiinn .12
Figure 3-4:  Wind rose (Meteoblue, 2022).......ccccccciiiiiiiiiiiiicces ttieeeeeee e 13

22-0161 GW 17 November 2023 Pageii



Kangra Coal(Pty) Ltd Maquasa East

Figure 3-5:  Average rainfall for Station 0407639W & WR2012 evaporation ................. 14
Figure 3-6: Simulated natural (unmodified) runoff for W51B ................ccceeeenne . 15
Figure 4-1: Hydrocensus borehole locations ..........ccccccccveeiiiies i, 21
Figure 4-2:  Magline L.t i e 23
Figure 4-3: Mag line 2 ...t e e 23
Figure 4-4: Magline 3. e e 24
Figure 4-5: Magline 4.t i e, 24
Figure 4-6:  Mag line 5 ... e e 25
Figure 4-7: Magline 6.t i e 25
Figure 4-8: Mag line 7 ...t ettt e, 26
Figure 4-9: Geophysical investigation area ..........ccccvvvviiiis e 28
Figure 4-10:  Slurry deposit at discard dump .......ccccceevveeiiiiics e, 29
Figure 4-11:  Dry discard depOSIt .......cccccveeiiiiiiiiiiiiiies et e e . 29
Figure 4-12:  Acid Potential dbased on sample AP/NP and %S............cccoeecvvvvnnenn. 34
Figure 4-13:  Numerical groundwater modelling process ......cccccccvvvvvvvvvvvvvncces veeen 36
Figure 4-14:  MONItOrNNG PrOCESS......uviiiiiieiiiiiiiiiiiis ettt .. 38
Figure 5-1: Local hydrogeology ......ccccoovviiiiiiiiiiiiicies i . 41
Figure 5-2: Groundwater elevation vs topography elevation & correlation (Kangra
MONItOrING HOIES) oot e e 43
Figure 5-3: Groundwater base-flow concept (DWS, 2011) ....ccccoevvvvvvvviiciiveeenees e, 44
Figure 5-4:  Groundwater level time trend graph for Maquasa East ...........cccccccoeene 47
Figure 5-5: Maquasa East logarithmic groundwater sulphate graph .......................... 49
Figure 5-6: Maquasa East logarithmic surface water TDS graph........cccccccooeevvvnnnnnnn. 50
Figure 5-7: Maquasa East logarithmic surface water sulphate graph..................o... 51
Figure 5-8: Monitoring Network for Maquasa East ...........cccccvciiiiieivices ceieeen, 52
Figure 6-1:  Site conceptual model ........cccccooiiiiiiiiiiiicis e 55
Figure 7-1:  Model grid & condUCHIVILY .....occcciiiiiiiiiiiiiiiiiies e 62
Figure 7-2:  Model boundary conditions .........cccovviiiiiiiiiiiiiies e 63
Figure 7-3: Steady-state model calibration achieved ..........ccccccooniiiiiiiicees i 66
Figure 7-4: Flow model calibration achieved (2022) ........cccooevevvviiiiiiieces e, 66
Figure 7-5:  Sulphate plume calibration achieved (2017 -2018 period)........................ 67
Figure 7-6: PEST Sensitivity Analysis HiStogram ..........cccovvviiiiicicces i, 68
Figure 7-7: PEST Sensitivity Analysis Weighted Parameter Sensitivity ..................... 68
Figure 7-8: Calibrated flow model .......cccccooiiiiiiiiiiiiicis e 70
Figure 7-9: Calibrated 2022 SQ, plumes, 50Y and 100Y unmitigated plumes from proposed
AeVEIOPMENLIS v e e ———————— 71
Figure 9-1: Proposed groundwater monitoring pointS ........cccccccvvvviiiiiicees vveeee 80
LIST OF TABLES
Table 3-1:  MAP of nearest rainfall Stations ........ccccccccevviiiiiiiis s 13
Table 4-1:  Project methodology flow diagram .........cccoccviiiiiiices i 17
Table 4-2:  Groundwater users within a 2.5 km radius of the site ..........cccccceeviiinns 19
Table 4-3:  Field hydrocensus boreholes identified in the project area ..................... 20
Table 4-4:  Geophysical Survey Record SUMMAry..........vvvvvivviiiiiiiiiies aeeeeeeeeeeenn, 22
Table 4-5: Summary of slug test results ............ccciiis e 27
Table 4-6:  ABA and NAG screening criteria (adapted from (Price, 1997) and (Fourie, 2014)
........................................................................................... 31
Table 4-7:  NAG screening methods used (Edited from (Miller, et al., 1997) ............... 32
Table 4-8:  XRD results and mineral classification .........cccccccvvvvvviiiciiees veeveeeeee, 33
Table 4-9:  Summary of ABA and NAG screening resultS..........cccccvvicieees s 34
Table 4-10: Summary of 1:20 DW Leachate Analytical Results...............cccoouueee 35
Table 5-1:  Aquifer characteristics and classification .......ccccccciviiiiiiiicees e, 39
Table 5-2:  Summary of aquifer tranSMISSIVILY ......ccccccoviiiiiiiiiiicccces e, 42
Table 5-3:  Summary of PES and EIS for the Quaternary Catchment............cccccc..... 44
Table 5-4: Summarised Quaternary Catchment Information ........................o. .. 45
Table 5-5:  Groundwater reserve determination ..........ccccccvvveiees veeeeee 46
Table 7-1:  Summary of the target water quality range as per DWAF guidelines ........... 57

22-0161 GW 17 November 2023 Pageiii



Kangra Coal(Pty) Ltd Maquasa East

Table 7-2: Identification of the real -world boundaries and the adopted model boundary

[od o] o 1110 T =TT 59
Table 7-3:  Model SIMulation TIMe ......ooviiiiiiiies e 61
Table 7-4:  Input parameters to the flow model ........ccccovviiiiiciiiiiees 64
Table 8-1:  Riskrating SCale.........coooiiiiiiiiiicis e e 72
Table 8-2:  Pre-mining / construction phase hydrogeological risk ...........ccccccccoiinnn 76
Table 8-3:  Operational phase hydrogeological risK........ccccccvvvvvviviviiiiies vevvveeeenn, 77
Table 8-4:  Closure Phase Hydrogeological RiSKS..........cccooiivccs i, 78
Table 9-1:  Proposed monitoring POINtS ...cccccevvviiviiiiiiiiiiiees eeeeeevveeevveeeveeeeeenns 79
Table 11-1: Proposed Criteria and Rating Scales to be used in the Assessment of the
Potential IMPACES ... e e 126
Table 11-2: Explanation of Assessment Criteria........cccccvvvvvvvvvvviiiiiies cvvvveeeeeen, 128
LIST OF APPENDICES

Appendix A: PhotographiC LOQ ......cccviveiiiiiiiiiiiiies it .. 87
Appendix B:  Geophysical Investigation ...........cccccciiiiiiiiiiiies e 92
Appendix C:  Laboratory CertificateS .....ccccovvveiiiiiiiiiiiiies e 113
Appendix D:  Risk Assessment Methodology ........ccccccvveiiiiiiiviiiies e, 126
Appendix E:  Model Confidence MATRIX ....coiiiiiiiiiiiiiiiiiiiiie v, 130
Appendix F: DISCIAIMEr ... s e 131
Appendix G:  Details OF THE SPECIALIST, DECLARATION OF INTEREST AND
UNDERTAKING UNDER OATH....cooiiiiiiiiiiiiies tieeeeeeiiiiien e e 132
Appendix H:  CV of SpecialiSt .......ccccviiiiiiiiiiiiiiis i ... 134

22-0161 GW 17 November 2023 Pageiv W



Kangra Coal(Pty) Ltd Maquasa East

GLOSSARY OF TERMS

A confined aquifer is a formation in which the groundwater is isolated from the atmosphere at the point of
discharge by impermeable geologic formations; confined groundwater is generally subject to a pressure greater

than atmospheric pressure.
Advection is the process by which solutes are transported by the bulk motion of the flowing groundwater.

An unconfined, water -table or phreatic aquifer are different terms used for the same aquifer type, which is
bounded from below by an impermeable layer. The upper boundary is the water table, which is in contact with the

atmosphere so that the system is open.

Aquifer 8 A body of rock, consolidated or unconsolidated, that is sufficiently permeable to conduct groundwater

and to yield significant quantities of water to wells and springs.

Aquifuge : An impermeable body of rock which contains no interconnected openings or interstices and therefore

neither absorbs nor transmits water.

Compartment dln a slope-aquifer system, an area formed by the undulation of the water  table generally conform s
to undulation in the overlying topography. The crests of the water  -table undulations represent natural groundwater
divides that, under natural conditions, restrict the movement of groundwater to the boundaries of the

compartment.

Cone of Depression 8 A depression in the potentiometric surface of a body of groundwater that has the shape of

an inverted cone and develops around a well/mineshaft/open -pit mine from which water is being withdrawn.

Discharge Area dAn area in which there is an upward component of the hydraulic head in an aquifer. Groundwater
flows toward the land surface in a discharge area and escapes as a spring, seep, or baseflow to streams, or by

evaporation and transpiration.

Dispersion is the measure of the spreading and mixing of chemical constituents in groundwater caused by diffusion

and mixing due to microscopic variations in velocities within and between pores.

Drawdown 0 The decline of the water table or potentiometric surface as a result of withdrawals from wells or

excavations.

Effective porosity is the percentage of the bulk volume of a rock or soil that is occupied by interstices that are

connected.

Equipotential line 8 A line in a two -dimensional groundwater flow field on which the total hydraulic head is the

same at all points.

Fault 6 A fracture or fracture zone along which there has been displacement of the sides relative to one another

parallel to the fracture.
Fracture OA crack, joint, fault or another form of break  -in rocks caused by mechanical failure.

The groundwater table is the surface between the zone of saturation and the zone of aeration, also the surface

of an unconfined aquifer.
Heterogeneous indicates non-uniformity in a structure.

Hydraulic conductivity  (K) is the volume of water that will move through a porous medium in unit time under a
unit hydraulic gradient through a unit area measured perpendicular to the area [L/T]. Hydraulic conductivity is a
function of permeabil ity aositfht the fluidds density and visc

The hydraulic gradient is the rate of change in the total head per unit distance of flow in each direction.

Hydraulic Head 0 Generally, the altitude of the free surface of a body of water above a given datum.
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Hydrodynamic dispersion - Processes of mechanical dispersion and molecular diffusion.

Interflow & The lateral movement of water in the unsaturated zone during and immediately after precipitation.
Interflow occurs when the zone above a low permeability horizon becomes saturated and lateral flow is initiated

parallel to the barrier.
Joint 8 A fracture in rock along which there has been no visible movement.

Mechanical dispersion is the process whereby a group of pollutants are spread in a longitudinal as well as a

transverse direction because of velocity distributions.

MetamorphicRock 8A r ock f ormed at dept h i-existingreckssbpmirefalogeal,chemicalt fr om pr e
and structural changes caused by high temperature, pressure and other factors. Examples include slate, schist and

gneiss.
An observation borehole is a borehole drilled at a selected location to observe parameters such as water levels.

Perched Water Table 0 The upper surface of a body of unconfined groundwater is separated from the main body

of groundwater by the unsaturated material.

Permeability is related to hydraulic conductivity but is independent of the fluid density and viscosity and has the

dimensions L2. Hydraulic conductivity is therefore used in all the calculations.

pH is a measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral solutions, increasing
with increasing alkalinity and decreasing with increasing acidity.

Piezometric head (f) is the sum of the elevation and pressure head. An unconfined aquifer has a water  table, and
a confined aquifer has a piezometric surface, which represents a pressure head. The piezometric head is also

referred to as the hydraulic head.

Porosity &The ratio of the aggregate volume of interstices in a rock or sail to its total volume. It is usually stated

as a percentage.

Potentiometric Surface 8 An imaginary surface representing the total head of groundwater and defined by the

level to which water rises in tightly -basedwells. The water table is a potentiometric surface.
Pumping tests are conducted to determine aquifer or borehole characteristics.
Recharge is the addition of water to the zone of saturation through the vadose/unsaturated zone.

Sandstone is a sedimentary rock composed of abundant rounded or angular fragments of sand setin a fine -grained

matrix (silt or clay) and firmly united by a cementing material.

Sedimentary Rock A layered rock resulting from the consolidation of sediment deposited by some geologic agent
such as water, wind, or ice. Typical sedimentary rocks include sandstone, limestone and shale.

Shale is a fine -grained sedimentary rock formed by the consolidation of clay, silt or mud. It is characterised by a
finely laminated structure and is sufficiently indurated so that it will not fall apart on wetting.

Specific storage (%), of a saturated confined aquifer, is the volume of water that a unit volume of aquifer releases
from storage under a unit decline in hydraulic head. In the case of an unconfined (phreatic, water -table) aquifer;
specific yield is the water that is release d or drained from storage per unit decline in the  Finite Difference water
table.

The static water level is the level of water in a borehole that is not affected by the withdrawal of groundwater.

Storativity is the two -dimensional form of the specific storage and is defined as the specific storage multiplied by

the saturated aquifer thickness.

Total dissolved solids (TDS) is a term that expresses the quantity of dissolved material in a sample of water.
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Transmissivity (T) is the two -dimensional form of hydraulic conductivity and is defined as the hydraulic

conductivity multiplied by the saturated aquifer thickness.

The vadose zone is the zone containing water under pressure less than that of the atmosphere, including soil
water, intermediate vadose water, and capillary water. This zone is limited above the land surface and below the
surface of the zone of saturation, that is, the  water table.

Water -table is the surface between the vadose zone and the groundwater, that surface of a body of unconfined

groundwater at which the pressure is equal to that of the atmosphere.
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LIST OF ACRONYMS
Acronym Description
DEM Digital Elevation Model
DWA Department of Water Affairs
DWAF Department of Water and Forestry
DWS Department of Water and Sanitation (previously DWA and DWAF)
DWS Department of Water and Sanitation
EMPR Environmental Management Plan Report
FD Finite Difference
GCS GCSWater and Environment Consultants (Pty) Ltd
GRIP Groundwater Information Project
GW Groundwater
h Potentiometric head
ha Hectare
HDPE High-Density Polyethylene (Plastic)
HMP Hydrogeological Management Plan
HRU Hydrological Response Unit
IWULA Integrated Water Use License Application
IWWMP Integrated Waste and Water Management Plan
K (k) Hydraulic Conductivity (m/day)
Kxx Hydraulic Conductivity on the x -axis (m/day)
Kyy Hydraulic Conductivity on the y -axis (m/day)
Kzz Hydraulic Conductivity on the z -axis (m/day)
m Metres
m3 Cubic Metres
MAE Mean annual evaporation
mamsl| Meters above mean sea level
MAP Mean Annual Precipitation
MAR Mean Annual Runoff
mbgl Meters below ground level
n Porosity
NEMA National Environmental Management Agency
NGDB National Groundwater Database
n-Value Manni ngds Roughness Coef fic
NWA National Water Act, 1998 (Act No. 36 of 1998)
PCD Pollution Control Dam
PCD Pollution Control Dam
PEST Parameter Estimation Simulation
PFD Process flow diagram
Re Recharge (%)
S Storativity
SANS South African National Standards
Ss Specific Storage
SW Surface Water
Sy Specific Yield
T Transmissivity (mz2/d)
t Time (days)
TDS Total dissolved solids
UsG Unstructured Grid
W Groundwater Flux
WMA Water Management Area
WQ Water Quality
WR2012 Water Resources of South Africa 2012
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ZOl Zone of Influence
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Kangra Coal(Pty) Ltd Maquasa East

1 INTRODUCTION

GCS Water and Environment (Pty) Ltd (GCS) was appointed by Kangra Coal (Pty) Ltd to
undertake a geohydrology assessment for the proposed development of a Co-Disposal Facility
and Water Treatment Plant (WTP) in the Maquasa East, near Driefontein, Mpumalanga
Province (refer to Figure 1-3). The project falls in quaternary catchment W51B of the Pongola
to Mtamvuna Water Management Area (WMA)(DWS, 2016)

1.1 Project background

Kangra Coal is an existing coal mine located in Driefontein, near Piet Retief, in the Mkhondo
Local Municipality within the Gert Sibande District Municipality. The Maquasa East (MQE)
operations include the historical opencast and underground operations. K angra is proposing
to construct a water treatment plant as well as a co -disposal facility at their Maquasa East
operations. The treatment plant will be used to treat water from the existing decant point as

well as any surplus water within the mining opera tions.

1.1.1 Water Treatment Plant:
Decant is currently observed in the form of clear groundwater discharge emanating from the

old underground workings at MQE close to the Heyshope Dam. This decant is observed at an
elevation range of approx. 1303 to 1306 mamsl and is contained in an unlined contamination
dam. This excess decant is currently pumped from the unlined dam back to the MQE PCDs.
Based on available data from previous studies undertaken at the mine decant observed

emanating from the old workings occurs at a rate ranging from 1 220t o 2 700 m3/d (average

1 800 m3/d), depending on the rainfall season.

Kangra intends to upgrade the current contamination dam with a correctly lined dam as
approved by the Department of Water and Sanitation to prevent any seepages onto the
Heyshope Dam. The decant will be pumped into the proposed wastewater treatment plant
that will be situated close to the Maquasa East PCDs. Construction and operation of the

discussed infrastructure will trigger listed activities that will require authorisation.

The master layout plan associated with the proposed water treatment plant and brine storage

facilities proposed (and existing PCDs) is shown in Figure 1-1.

It should also be noted that Kangra is investigating the possibility of storing brine on the
discard dump/co -disposal that will come from the water treatment plant. This is one of the
two options, with the other being dedicated brine evaporation ponds. GCS has not yet received
confirmation as to which option Kangra are opting for, thus impacts relating to both are

considered in this assessment.
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Treated water will be discharged into the Heyshope dam at the existing decant rate at pristine

water qualit y (in line with GA limits for treated effluent discharge), and therefore will likely
not have a negative impa ct on wate r quantity or quality. Compared to the active d ecant wate

quality, the proposed activity is pre dicted to improve the Heyshope water quality. Proposed
discharge will take place at an e xisting abstraction point west of Driefontein, that is no longer

in use.

Legend
9 KangraMine, Community centre

EXISTINGDISCARDDUMP

GIHDRESLURRIERIRELINE

>

Google Earth
.:hng}@ss
Figure 1-1: Proposed WTP and possible brine evaporation pond

1.1.2 Co-Disposal Facility
The discard dump at MQE has an approved environmental authorisation and a water use

license. As aresult of changing operational requirements, there is now a need foraco -disposal

facility at MQE, this co -disposal facility is not authorised.

1 The co-disposal facility will be located within the MQE operation on the remaining
(RE) portion of the farm Rooikop 18 HT. The co -disposal facility will accommodate
discarded produced from the benefaction plant located at Maquasa East, which
currently was hes and processes coal from the surrounding Kangra Coal operations and

will receive coal from future expansion areas.
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1 This discard dump was originally designed as a three-compartment side hill -type dump
with a footprint of approximately 65ha. The three -compartment layout allows for a
modular implementation approach with the benefit of delaying capital expenditure.

The implementation of this project will be done in two phases:
1 Phase 1 will entail the use of the approved discard dump, and
1 Phases 2 and 3 will entail the use of a co -disposal facility that requires authorisations.

In the phases, the plan is to build the full waste dump over 20 years. Phase 1 (7 years capacity),
Phase 2 (7 years capacity), and Phase 3 (6 years capacity). GFK are undertaking detailed
designs of the dump, as well as stormwater sizing. The facility will be lined with an

impermeable barrier. The layout plan for the co -disposal facility is shown in Figure 1-2.

| Proposed Co-Disposal Facility o
e Q Kangra Mine, Community centre

D1
CULVERT DTp PELINE TO

CULVERF
ROAD e

’
DIRT ¥ ATERIC i/

EXISTING HRPESLURRYAPI

N

Disposal Facility (ase 1 aIread;/ approved, Phase 2 & 3 will
be co-disposal)

1.2 Study relevance to the season in which it was undertaken

This study was undertaken as a once-off study and relies on field -generated data, backed by
historical geohydrological and climate data for the site, as well as recognised geo-hydrological
and water resource databases for South Africa. Data generated during the time of this study
is not seasonally bound as average yearly data was applied where required and as scientifically

acceptable.
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1.3 Objectives

The objectives of this study, were as follows:

1 Undertake a site walkover assessment to identify natural and man-made drainage lines

and establish baseline surface water quality.
9 Evaluate the site's hydrological setting (i.e., climate, rainfall, drainage, etc.).

1 Understand and characterize the geohydrological setting, to set a basis for evaluating

potential impacts relating to the proposed activities.

1 Review existing specialist groundwater reports for Maqgwasa Eastand monitoring data
for the existing groundwater monitoring system, to verify groundwater quantity and

quality and impacts thereon.

1 Develop a site conceptual model (CSM) to illustrate the geohydrological setting,

underlying aquifers and groundwater flow paths.

I Understand all risks associated with the Maqgwasa Eastactivities on the groundwater

environment:

0 The groundwater model was developed to more fully characterize the

groundwater flow systems (i.e. particle flow analyses); and

0 To determine the Zone of Influence (ZOl)/impact area of the  proposed dump
on the groundwater environment (i.e. pumping borehole zones of influ ence

[ZOI¥] and potential pollution migration &zone of impact [ZOIp] ).

0 The Australian Groundwater Modelling Guidelines (Barnett, et al., 2012) were
considered to ensure that the numerical model adheres to international norms

and standards.

1 Produce a comprehensive report which can be used for decision -making purposes and
input into the WULA.

1.4 The layout of this report

The report has been structured, as far as possible, as per Annexure D of the Government
Gazette (GN267 of 24 March 2017) applicable to geohydrological studies for environmental
impacts assessment/water use license applications. This report further considers Appendix 6

of EIA guidelines.
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LOCALITY & DRAINAGE
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Figure 1-3: Site locality and drainage
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2 SCOPE OF WORK
The scope of work completed is as follows:
1. Desktop data review:

a. All available reports relating to the site were assessed, including a review of

all geohydrology, hydrology, hydrochemistry, and geology literature data.

b. GCS water monitoring data for the site were assessed and integrated into this

investigation.

c. A desktop-level hydrocensus was conducted. The National Groundwater
Archive (NGA, 2019) Groundwater Resource Information Project (GRIP, 2016)
and the Southern African Development Community Groundwater Information
Portal (SADAC GIP) databases were assessed to identify existing groundwater

users in the area.
2. Baseline Hydrology Review:
a) Hydro-meteorological data collection and analysis.
b) Catchment delineation and drainage characteristics.
c) Determination of catchment hydraulic and geometric parameters.
3. Field investigation:

a) A site walk-over assessment was undertaken to map sensitive groundwater-

surface water interaction zones identified on a desktop level.

b) Several geophysical traverses were conducted to identify preferential

groundwater flow paths and to site future monitoring boreholes.
¢) Slug testing was conducted on suitable bor eholes at the site.

d) A groundwater hydrocensus was conducted within a 5 km radius of the

proposed development.
4. Hydrogeological and geological conceptual model:

a. A hydrogeological and geological site conceptual model was developed with
data obtained for the study area & focussing on the proposed co-disposal

facility.
5. Groundwater numerical flow and transport ~ modelling:

a. A steady-state model was developed and calibrated with data available for
the study area. The steady -state model was converted to a transient -state

model to enable scenario modelling. The following were evaluated:

i. Groundwater flow velocities and directions;
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ii. Groundwater depth; and
iii. Likely source term impacts.
6. Geohydrological risk and impact assessment:

a) A risk assessment was conducted based on the sourcepathway-receptor

principle.

b) The potential im pacts associated with the development of the co -disposal
facility on the groundwater and subsequent surface water environments were

evaluated.
7. Monitoring plan:

a) A groundwater and surface water monitoring plan, with mitigation measures,
was developed for the site based on the baseline assessment of the site

conditions.
8. Reporting:

a) This report encompassing all work done as well as a risk assessment and

monitoring plan was compiled.
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3 AREA OF INVESTIGATION

The following section supplies a brief overview of the regional setting, topography, climate,
and geological and soil occurrences in the project area. The information in this section was

obtained from the public domain, fieldwork and reports for the project.

3.1 Sub-catchment hydrological response units (HRUS)

Seven (7) hydrological response unit (HRUs) describes the natural drainage for the study area
(using a 1:1 000 stream count and 30 m DTM fill) &refer to Figure 1-3. The sub-catchment
relates well to desktop -delineated drainage lines for the project area, as well as verified

streams associated with the project area.

Primary drainage from the position of the proposed co -disposal site, and much of the MQE
area is towards the northeast, to the perennial Egude River, which makes up the bottom inflow

of the Heyshope Dam. Drainage from the southern portions of the MQE area, and Maquasa
West (MQW) is towards the south, via several perennial and non-perennial drainage lines,
towards the southern inflow of the Heyshope Dam. The Heyshope Dam is therefore the end
received of any surface water -related pollution that may take place at the MQE operations.
The sub-catchments that are associated with the proposed co -disposal facility are HRU1 to 3,

and HRU®G. The subcatchment associated with the proposed treatment area is HRUS.

3.2 Local geology & soils

According to the 1:250 000 geological series (2730 Vryheid), the local surface geology is
characterised by occurrences of dolerite, and sediments associated with the Vryheid
Formation, of the Ecca Group, of the Karoo Sequence (DMEA, 1998g)refer to Figure 3-1.

Numerous Jurassicage dolerite dykes and sills intruded the Vryheid Formation at various

stratigraphic levels . In general, the area has been divided into two (2) lithological units:
1 arenite dsiliciclastic coal -bearing rocks of the Ecca Group; and

1 dolerite 0 late-stage igneous rock which has been emplaced into the sedimentary

rocks.

During the deposits of sediments in the still sagging basin, the tension in the crust due to

continuing sagging led to failure and subsequently intrusion of the Post -Karoo dolerite sills and
dykes along weak zones (e.g. fault/fracture zones). Consequently , dykes and sills varying
between a few centimetres to a couple of metres in thickness intruded.  Although the proposed
Project is situated within the Ermelo Coalfield, the coal seams of interest ha ve been logged
as the Utrecht Coalfield seams of Gus and Dundas. The Gus sean lies stratigraphically above

the Dundas seam with a parting of ~15 to 20 m. The Gus seam occurs at a depth of
approximately 100 m from the surface with an average width of ~1 to 2 m, whilst the Dundas

seam occurs at a depth of approximately 45 m from the surface with varying thickness.
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According to the Land types of South Africa databases (Land Type Survey Staff, 1972 62006c),
the soils in the area typically conform to land types of the Bb36 group, which typically entail

red and yellow, dystrophic/mesotrophic, apedal soils with plinthic subsoils (plinthic soils
comprise > 10% of land type, red soils comprise < 33% of land type). According to WR2012 soil
data for the area, the erodibility of the soils for the area can be considered medium (WRC,
2015) drefer to Figure 3-2.

In terms of Hydrological Soil Types, the soils in the project area are classified as Type C, with
an erosion factor of 7 and runoff factor of about 0.39.
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KANGRA DRIEFONTEIN TREATMENT PLANT & CO-DISPOSAL FACILITY - LAND COVER & SUB-CATCHMENTS
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3.3 Climate
Climate, amongst other factors, influences soil -water processes. The most influential climatic
parameter is rainfall. Rainfall intensity, duration, evaporative demand and runoff were

considered in this study to indicate rainfall partitioning within the project area.

3.3.1 Temperature
The average yearly temperature (refer to Figure 3-3) for the project area ranges from 25 to

33°C (high) and -4 to -2°C (Low). The study area is situated in a subtropical highland climate
or temperate oceanic climate with dry winters (Cwb) area, as per the Képpen Climate

Classification (Kottek, et al., 2006) . The project area receives summer rainfall.
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Figure 3-3: Average yearly temperatures  (Meteoblue, 2022)
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3.3.2 Wind speed and direction
Figure 3-4 shows the wind rose for the project area (Vryheid used as reference) and presents

the number of hours per year the wind blows from the indicated direction. The wind blows
from WW, ENE and E more often, at velocities ranging from 1 km/hr to 28 km/hr; and f rom

other directions but less frequently and at lower velocities (< 19 km/hr).

0 >1 >5 >12 ® >19 ® >28 ® >38 >50 >61 km/h

Figure 3-4: Wind rose (Meteoblue, 2022)

3.3.3 Rainfall and evaporation
The project area is situated in rainfall zone W5A. The mean annual precipitation (MAP)

measured at several rainfall stations that fall close to the site is summarised in  Table 3-1,
below.

Table 3-1: MAP of nearest rainfall stations
Station Name ID MAP (mm/yr)
GROOT RIETVLEI 0407639_W 770
DIRKIESDORP (POL) 0407730_W 681
SPITSKOP 0407397_W 800
BRERETON PARK 0443807_W 900
Average 787.75

The monthly rainfall data used to calculate MAP was obtained from rainfall station 0407639W
(Grootvlei). The rainfall record is for the period 1929 to 2003 (74 years). Monthly rainfall for

the site is likely to be distributed as shown in  Figure 3-5, below.
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Available rainfall data suggest a MAP ranging from 482 (30™ percentile) to 1372 (90 ™
percentile) mm/yr. The average rainfall is in the order of 768 mm/yr. The project area falls
within evaporation zone 13A, of which Mean Annual Evaporation (MAE) ranges from 1 200 to
1 300 mm/yr. The MAE far exceeds the MAP for the site, which implies grea ter evaporative
losses when compared to incident rainfall. Monthly evapotranspiration for the site is likely to

be distributed as shown in Figure 3-5, below.

Estimated Monthly Rainfall - Station ©497639W & WR2012 Evaporation
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Figure 3-5: Average rainfall for Station 0407639W & WR2012 evaporation
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3.3.4 Runoff

Runoff from natural (unmodified) catchments for quaternary catchment W51B is simulated in
WR2012 (WRC, 2015) as being equivalent to 103.5 mm/yr (or 13% of the MAP). This is

approximately 51.369 Mm3/yr NMAR for the surface area of W51B.
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Figure 3-6:

Simulated natural (unmodified) runoff for W51B
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4 METHODOLOGY

A logical and holistic approach was adopted to assess the study area. The Best Practice
Guidelines for Impact Prediction (G4) (Department of Water Affairs and Forestry [DWAF],

2008), were considered to define and understand the three basic components of the

geohydrological risk associated with the site activities:

I Source term - The source of the risk;

Source Receptor

1 Pathway - The pathway along which the risk propagates; RISK
and
1 Receptor - The target that experiences the risk. hathway,

The approach was used to assess:
1. How the existing/proposed site activities could impact groundwater Quality ; and
2. How the existing/proposed site activities could affect the groundwater  Quantity.

Subsequently, a groundwater model was developed to illustrate the conceptual understanding
of the groundwater flow system. Groundwater modelling is an efficient tool for groundwater
management and remediation. Models are a simplification of reality to inve stigate certain
phenomena or to predict future behaviour. The challenge is to simplify the reality in a way
that does not adversely influence the accuracy and ability of the model output to meet the
intended objectives. In terms of quality control, the Aus tralian Groundwater Modelling
Guidelines (Barnett, et al., 2012) were considered to ensure that the numerical model adheres
to international norms and standards. Table 4-1 presents an overview of the project

methodological approach followed.
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Table 4-1: Project methodology flow diagram

Phase 1: Data Review and Baseline
Information Gathering

Review of new and historical data
and reports.

Consolidation of information into a
GIS based database for
interpretation, mapping and
spatial representation.

Phase 4. HCMU

Hydrogeological Conceptual Model
Development.

Confirmation of aquifer parameters.

Detailed groundwater quality assessment
based on hydrocensus data and available
monitoring data.

Confirmation of Source -Pathway- Receptor
Principles.

Evaluation of the groundwater reserve and
impacts thereon.

Phase 5: NGWMU

Numerical Groundwater Model Update -
Grid refinement, site plan refinement,
confirmation of site plans.

Simulation of mass transport and model
calibration.

Phase 2: Field Investigations

Hydrocensus to confirm all
regional groundwater users
within a 5 km radius.

Field sampling - water and
waste bodies.

Aquifer testing - confirmation of
aquifer parameters.

Geophysics - assessment of
aquifer mechanics, preferential
flow paths and future
monitoring requirements.

Phase 3: Source Term
Assessment

Geochemical field sampling
and laboratory analyses (or
apply existing data).

Assessment of ABA and NAG
(apply existing and gathered
data).

Assessment of all geochemical
data to evaluate source
terms.

Phase 6: Report Conclusions
and Recommendations.

Constructive evaluation of
phases above with detail impact
assessment.
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4.1 Literature review and desktop study

The following sources supply an overview of the geohydrological conditions of the project

area, as per the desktop information reviewed for this assessment:

1 Groundwater Resource Information Project (GRIP, 2016), National Groundwater
Database Archives(NGA, 2019)

1 SADC Groundwater Information Portal (SADC GIP) borehole data(SADC GIP, 2022)

1 2829 Vryheid 81:500 000 Hydrogeological map series (King, et al., 1998) .

1 2930 Vryheid 61:250 000 Geological map series (DMEA, 1998q)

9 Literature on similar geology and hydrogeology:

(o]

(0]

A South African Aquifer System Management Classification (Parsons, 1995)
Aquifer Classification of South Africa (DWA, 2012)

Karoo Aquifers: Their Geology, Geometry and Physical Properties. Water
Research Council (WRC) Report No: 457/1/98 (Botha, et al., 1998) ;

Karoo Groundwater Atlas Volume 2 (Woodford, 2013); and

The relationship between South African geology and geohydrology (Lourens,
2013).

1 GCS internal database and reports for Kangra (refer to reference list).

4.2 Hydrological overview

Hydrometeorological data for the study area were obtained from various sources including the
South African Water Resources Study WR2012 databas€Bailey & Pitman, 2015) , South African

Atlas of Agrohydrology, and Climatology (Schulze, 1997), and the Daily Rainfall Data Extraction

Utility (Lynch, 2004). Moreover, sources such as the Képpen Climate Classification (Kottek, et
al., 2006), World Climate Data CMIP6 V2.1 (Eyring, 2016), and Meteoblue (Meteoblue, 2022)

were used to refine hydrological data.

These sources provided means of determining the Mean Annual Precipitation (MAP), Mean

Annual Runoff (MAR), and Mean Annual Evaporation (MAE) of the study site as well as the

design rainfall data. Data was applied to the site water balance calculations, run  off peak flow

estimates for flood line modelling and stormwater runoff peak flow estimates for stormwater

system sizing (where applicable to this study).

22-0161_GW
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4.3 Groundwater users in the study area

According to Water Allocation Registration Management System (WARMS 2019), there are no

WARMS water users within a 5 km radius of the proposed activity. According to SADAC GIP and

National Groundwater Activities (NGA) data, there are at least 3 registered boreholes within

a 5 km radius of the proposed activities (refert o Figure 1-3 and Table 4-2).

Table 4-2: Groundwater users within a 2.5 km radius of the site
Latitude (WGS84) Longitude (WGS84) Elevation LCHI?
ID Source . . Level
Decimal Degrees Decimal Degrees (mamsl) (mbgl)
SADAC GIP /
736675 NGA 2022 -27.06383 30.39031 1322 2.1
SADAC GIP /
736687 NGA 2023 -27.02717 30.41504 1351 15
SADAC GIP /
611988 NGA 2024 -26.974167 30.400833 1351 No Data

4.4 Field investigation

The field investigation took place from 6 to 21 October 2022. The following summarises the

findings and work completed:

1.

A hydrocensus was undertaken within the project area and within a 5 km radius of the
proposed discard. Nine (9) boreholes could be located in the field, two (2) of which
are fitted with pumps (FB7 and FB$§ and the rest are used for monitoring . The

boreholes fitted with pumps are sealed, and no water levels could be obtained.

A geophysical assessment with the use of magnetic methods was undertaken on the
Maquasa Eastproperty, specifically focus ing on the proposed co-disposal discard. The
survey aims to identify any subterranean structures which promote/limit groundwater
movement through the area . Future monitoring boreholes will be sited and drilled into

structures identified, where possible.

Slug aquifer tests were conducted on MBH5 and MBH3to determine hydraulic
permeabilit ies to supplement the numerical groundwater model development as well

as the risk assessment.
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4.4.1 Field hydrocensus
Table 4-3 provides a list of field boreholes identified in the project area

with the spatial

distribution of boreholes shown in Figure 4-1. A photographic log of photos taken during the

field investigation is available in  Appendix A .

Table 4-3: Field hydrocensus boreholes identified in the pr  oject area
Latitude (WGS84) Longitude (WGS84) Elevation Water Level
ID Source . .
Decimal Degrees Decimal Degrees (mamsl) (mbgl)
MBH4 Field 30.38519 -27.0081 1332 7.1
FB7 Field 30.41598 -26.998 1228.79 Could not
measure/Sealed
FBS Field 30.41766 -26.9991 1320.94 Could not
measure/Sealed
FB9 Field 30.39507 -27.0236 1357.45 Could not
measure/Sealed
FB10 Field 30.39573 -27.0231 1371.3 22.8
MQW1 Field 30.34877 -27.0078 1466.88 3.1
MBH5 Field 30.38149 -27.0157 1339.21 5.15
MBH3 Field 30.38799 -27.0158 1369.75 12.18
FB12 Field 30.34989 -27.0092 1469.62 17.1
22-0161_GW 17 November 2023 Page 20
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4.4.2

The geophysical
promote/limit groundwater

investigation methodology and data interpretation are available in

Geophysical assessment findings
investigation aimed to identify any subterranean structures which
movement through the area The detailed geophysical

Appendix B. The findings

are briefly summarised as follows:

1 Seven (7) Magnetic (Mag) profiles were completed (refer to Table 4-4). The Mag
traverse varied from approximately 500 m to 2.4 km lengths. Mag readings were taken
at 10 mintervals. The spatial orientation of the survey and resulting profile lines are
indicated in Figure 4-9.

1 Based on the geophysical investigation undertaken, and the geophysical m ethod
applied, no evidence of contact zones could be identified. Hence, the area
investigated is highly likely void of these preferential flow path structures.
Groundwater movement is therefore expected to be via the bulk aquifer rock, in
connected fractures or intergranular sedimentary occurrences.

1 Itis important to calibrate the magnetic data generated, by drilling boreholes in the
anomalies identified. The proposed drilling positions are captured in Section 9 as part
of the proposed groundwater monitoring improvements for the site.

Table 4-4. Geophysical Survey Record Summary
Coordinates -
Traverse Traverse Line Start Line End TR .
At = - - - Length Geological Target
Number Direction Latitude Longitude Latitude Longitude [m]
[DD] [DD] [DD] [DD]
Lineament (dyke) and
Line 1 SSWNNE -27.023740 | 30.379095 | -27.004351 | 30.387018 ~2360 geological formations
boundaries
Lineament (dyke) and
Line 2 NESW -27.023053 | 30.381174 | -27.005158 | 30.391205 ~2430 geological formations
boundaries
Lineament (dyke) and
Line 3 SENW -27.023727 | 30.383178 | -27.021526 | 30.378342 ~560 geological formations
boundaries
Lineament (dyke) and
Line 4 NNESSW | -27.021670 | 30.378498 | -27.014713 | 30.380873 ~850 geological formations
boundaries
Lineament (dyke) and
Line 5 NNESSW | -27.014962 | 30.381219 | -27.006637 | 30.385266 ~1080 geological formations
boundaries
Lineament (dyke) and
Line 6 W-E -27.005931 | 30.385603 | -27.004662 | 30.390827 ~590 geological formations
boundaries
Lineament (dyke) and
Line 7 SWNE -27.023803 | 30.382935 | -27.019889 | 30.389451 ~880 geological formations
boundaries
Note/s:
Unit and coordinate system description:

[DD] - decimal degrees
[m] - metres

Datum: WGS84

22-0161_
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4.4.2.1 Magnetic Line 1
Line 1 was conducted from the south-southwest to the north-northeast over the length of the

proposed discard dump footprint. The total length of the line was approx. 2360 m. The

magnet i ¢ anomalies observed, suggest the @msence of
to x & 1140, f ol bnetiwandmaley with thesrneost arbm ineatobservedat x a
1800mand x & 2100 m. The anomalies suggest that ther

between thin do lerit e dykes, as well as dolerite dykes nearing the northern portion of the site

(refer to Figure 4-2). The presence of these structures need s to be confir med by drilling.

Mag Line 1
28650 PW Line

28600
28550 Mt

28500

28450

28400

28350

Magnetic Field Int (nT)

s Mag (Field Data)
28300

——— Mag (Mov Avg)

b1 I s L s LA AL L A U A L A L L

120 230 340 560 670 780 890 100011101220 1330 14401550 16601770 18801990210022102320
Station

Figure 4-2: Mag line 1
4.4.2.2 Magnetic Line 2
Line 2 was conducted from the northeast to the southwest direction over the length of the
proposed discard dump footprint . The total length of the line was approx. 2430 m. The result
from the survey indicates a magnetic spike at 1040 m, which could represent the contact
between the previously rehabilitated dump and the natural ground . A magnetic spike (and
then drop) exists at station 2270. This could indicate the presence of a geological contact
(refer to Figure 4-3).

Mag Line 2
28650

28600

28550

28500

28450 ﬁ P’
28400 -
............ Mag (Field Data)

28350 ———— Mag (Mov Avg) | |

Magnetic Field Int (nT)

28300
0

200 510 710 910 1110 1310 1510 1710 1910 2110 2310
Station

Figure 4-3: Mag line 2
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4.4.2.3 Magnetic Line 3
Line 3 was conducted from the southeast to the northwest direction across the southern

boundary of the proposed discard dump footprint. The total length of the line was approx.
560 m. The result from the magn etic survey suggess the pre sence of a thin doler ite dyke, at
posi ti2a0to 200 na(referto Figure 4-4).

Mag Line M03
28560

28540

28520

28500
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28460

........... Mag (Field Data)

28440

——— \ag (Mov Avg)

Magnetic Field Int (nT)

28420

28400

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 470 490 510 530 550
Station

Figure 4-4. Mag line 3

4.4.2.4 Magnetic Line 4
Line 4 was conducted from the south west to the north east direction along the lower western

boundary of the proposed discard dump footprint. The total length of the line was approx.
850 m. There was a lot of noise on this line, as a result of shallow Ferricrete outcrops.
However, after ref ining the data, the presence of a likely dolerite dyke is notedfromx & 500 m

t o %20&n (referto Figure 4-5). The data correspond well to Line 1 .

Mag Line M04
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28580

28560 "7 \
28540 |

e £ o
< 28520 4 / \%N I’ X
‘E i
s 28500 \ﬂ
@ L
L 28480 o
15
T 28460 Cae )
§ Jga40 L | e Mag (Field Data)
= 28420 —+— Mag (Mov Avg)
28400

0 30 60 90 120 150 180 210 240 270 300 330 470 500 530 560 590 620 650 630 710 740 770 800 830
Station

Figure 4-5: Mag line 4
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4.4.2.5 Magnetic Line 5
Line 5 was conducted from the north-northeast to the south-southwest direction along the

upper western boundary of the proposed discard dump footprint . The total length of the line
was approx. 1080 m. The result from the survey indicates two distinct parabola anomalies at
X & 710 m968 mdrefer to &igure 4-6). The data suggest the presence of two (2)
shallow thin doler ite dykes. The data correspond well to Line 1.

Mag Line M05
28600

28550

28500

28450 °

28400

Magnetic Field Int (nT)

% 11 T A —————————————————————————————— Mag (Field Data) m

——t— Mag (Mov Avg)

28300 T T T T I T T T T T I T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 510

860 910 960 1010 1060

Figure 4-6: Mag line 5

4.4.2.6 Magnetic Line 6
Line 6 was conducted from the west to the east direction along the northern boundary of the

proposed discard dump footprint. The total length of the line was approx. 590 m. The result
from the survey showsthe presence of a shallow weathered dolerite sill (referto  Figure 4-7).
Ferricrete was also observed in this area, with the outcrop of the Ferricrete relating well to
the observed peak anomalies.

Mag Line M06
28560

28540

oo <o Mag (Field Data)
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Magnetic Field Int (nT)
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Figure 4-7: Mag line 6
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4.4.2.7 Magnetic Line 7
Line 7 was conducted from the southwest to the northeast direction along the southeastern

boundary of the proposed discard dump footprint. The total length of the line was approx.

880 m. The result from the survey suggesst he presence of a dolerite

Mag Line M07

28560

28540

28520

28500

28480 A

28460

28440
............ Mag (Field Data)

Magnetic Field Int (nT)

28420 ——t— Mag (Mov Avg)

P2 T 10 R e L L L
0 30 60 90 120150 180210240270 300 330470500 530 560 590 620 650 680 710 740 770 800 830 860

Station

Figure 4-8: Mag line 7
4.4.3 Aquifer slug testing
As mentioned above, two (2) slug tests were conducted. A slug test is a controlled field
experiment performed by groundwater hydrologists to estimate the hydraulic properties of
aquifers in which the water level in a control well is caused to change suddenly (rise or fall)
and the subsequent water -level response (displacement or change from static) is measured
through time in the control well and one or more surrounding observation wells. Slug tests are
frequently designated as rising -head or falling -head tests to describe the direction of water -
level recovery in the control well following test initiation. Other terms sometimes used instead

of slug test include bail -down test, slug-in test and slug-out test (AQTESOLYV, 2022)

The goal of a slug test, as in any aquifer test, is to estimate the hydraulic properties of an
aquifer system such as hydraulic conductivity. The aquifer test results are summarized in Table
4-5, and the diagnostic analyses plot using the Bower-Rice (1976). A saturated hydraulic

thickness of 30 m is assumed, and the K-values estimated are for the weathered zone.
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Table 4-5:

Summary of slug test results

Borehole ID

Est. K (m/day)

MBH3

0.06

MBH5

0.02

Displacement (m)

0.1

T

MBH3 Slug

o

Og

o
— HHIOOOO 00000000000 0000000000 0000 0G S SR E8E

96

14.4
Time (min)

MBH3

Obs. Wells
O New Well
Aquifer Model
Unconfined
Solution
Bouwer-Rice
Parameters

K =0.05519 m/day
y0=08584m

Displacement (m)

01

MBHS5 Slug

Time (min)

MBH5

Obs. Wells
o New Well
Aquifer Model
Unconfined
Solution
Bouwer-Rice
Parameters

K =0.02153 m/day
y0=1.044 m
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4.5 Geochemical assessment
Two (2) rock/material samples were subjected to static geochemical testing. The samples
were obtained from the slurry (refer to Figure 4-10) and dry (refer to Figure 4-11) material

from the existing discard dump at MQE.

Two (2) types of static testing were used to assess the acid (short & long -term) and
neutralisation potential of the rock at the mine, namely Acid -Base Accounting (ABA) and Net
Acid Generation (NAG).

Figure 4-11:

’ Figure 4-10:  Slurry deposit at disc dup Dry discard depsikt

451 ABA
ABA is a static test where the net potential of the rock to produce acidic drainage is

determined. The percentage sulfur (%S), the AP (acid potential), the NP (neutralisation
potential) and the Net Neutralization Potential (NNP) of the rock material are de  termined in
this test, as an important first -order assessment of the potential leachate that could be
expected from the rock material. The ABA screening criteria as described by (Price, 1997) are

listed in Table 4-6. The components of an ABA analysis are further explained below:

1 If pyrite is the only sulphide in the rock the AP is determined by multiplying the %S
with a factor of 31.25. The unit of AP is kg CaCO3/t rock and indicates the theoretical

amount of calcite neutralized by the acid produced.

1 The NP is determined by treating a sample with a known excess of standardized
hydrochloric or sulfuric acid (the sample and acid are heated to ensure a complete
reaction). The paste is then back titrated with standardized sodium hydroxide to
determine the amount of unconsumed acid. NP is also expressed as kg CaCO3/t rock
to represent the amount of calcite theoretically available to neutralize the acidic

drainage; and

1 NNP is determined by subtracting AP from NP (EPA, 1994)
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For the material to be classified in terms of its AD potential, the ABA results could be screened
in terms of its NNP, %S and NP: AP ratio as follows:

1 A rock with NNP < 0 kg CaC@'t will theoretically have a net  potential for acidic
drainage. A rock with NNP > 0 kg CaCQ/t rock will have a net potential for the
neutralization of acidic drainage. Because of the uncertainty related to the exposure
of the carbonate minerals or the pyrite for reaction, the interpretation of whether a
rock will be net acid generating or neutra lizing is more complex. Research has shown
that a range from -20 kg CaCQ/tto20kgCaCOy/ t exi st s which is defined
area in determining the net acid generation or neutralization potent ial of rock.
Material with an NNP above this range is classified as Rock Type IV - No Potential for
Acid Generation and material with an NNP below this range as Rock Type | - Likely

Acid Generating; and

1 (Soregaroli & Lawrence, 1998) further states that samples with less than 0.3% sulphide
sulphur are regarded as having insufficient oxidisable sulphides to sustain long -term
acid generation. Material with a %S below 0.3% is therefore classified as Rock Type IV
- No Potential for Acid G eneration, and material with a %S of above 0.3%, as Rock Type

| - Likely Acid Generating.
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Table 4-6: ABA and NAG screening criteria (adapted from  (Price, 1997) and (Fourie,
2014)
ABA: NPR Screening Criteria ABA: %S Screening Criteria ABA: NNP Screening Criteria
Potential NP: Potential Potential NP:
Acid AP Comments Acid % S Comments Acid AP Comments
Generation (NPR) Generation Generation (NPR)
Rock Type
Rock Type I . IV: No
Likely }/I\F():id <1 Liiely A.MD potential >20 g AMD
Generating. generating. . Acid potential
ocll< Type The sample SETEETe
1V: No may
Potential produce
Possibly AMD for Long_- Sl AMD bit
. . Term Acid will be
Rock Type ge_nerat_e; UL e Generation short term. .
Il: Possibly insufficiently Rock Type I: Likely AMD
e 1-2 reactive or is Likely Acid <-20 A
Acid ) potential
Generating. . depleted at a Generation.
aster rate than
sulphides.
Not potentially
AMD generating
unless significant
preferential
Rock Type exposure of
Il: Low sulphides along The sample
Potential 2-4 fracture planes, may become
for Acid or extremely acidic or
Generation. reactive Rock Type remain
sulphides in I: Likely Potential 20to neutral. Use
combination with Long-Term >0.3% | forlong- Uncertain 20 the
insufficient Acid term AMD. conjunction of
reactive NP. Generation the other
criteria to
resolve this
No further AMD uncertainty.
Rock Type testing is
IV: No required unless
Potential >4 materials are to
for Acid be used as a
Generation. source of
alkalinity.
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452 NAG
In the NAG test hydrogen peroxide (H,0,) is used to oxidize sulphide minerals to predict the
acid generation potential of the sample.

The NAG test provides a direct assessment of the potential for a material to produce acid after
a period of exposure (to a strong oxidant) and weathering. The test can be used to refine the
results of the ABA predictions (referto Table 4-7).

In general, the static NAG test involves the addition of 25 ml of 30% H ,0, to 0.25 g of sample
in a 250 ml wide -mouth conical flask, or equivalent. The sample is covered with a watch glass
and placed in a fume hood or well -ventilated area. Once "boiling" or effervescing ceases, the
solution can cool to room temperature and the f inal pH (NAG pH) is determined. A quantitative
estimation of the amount of net acidity remaining (the NAG capacity) in the sample is
determined by titrating it with NaOH to pH 4.5 (a nd/or pH 7.0) to obtain the NAG Value
(Lapakko & Lawrence, 1993).

Table 4-7: NAG screening methods used (Edited from (Miller, et al., 1997)
Rock Type NAG pH NAG Value (H:SO; kg/t) NNP (CaCQ kg/t)
Rock Type la. High Capacity Acid <4 > 10 Negative
Forming.
Rock Type Ib. Lower Capacity Acid <4 o 10 )
Forming.
Uncertain, possibly Ib. <4 >10 Positive
Uncertain. O 4 0 Negative
Rock Type IV. Nonracid Forming. o 4 0 Positive
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4.6 Mineralogy and total element analyses

The mineralogical composition of the solid rock samples was determined using X-ray

diffraction (XRD). The XRD results and a simplified classification of the identified minerals are
listed in Table 4-8. The results are summarised as follows:

1 Boromuscovite (32.3%) is the dominant mineral in the dry sample whereas Quartz

(45.7%)is by far the dominant mineral in the slurry sample

1 Quartz (26.4%), Orthoclase (18.7%) and Calcite (14.7%)pre the other dominant
minerals in the dry sample;

1 Diapose (14.9%), Enstatite (13.1%), Orthoclase (8.9%) and Muscovite(7.9%) are the
other major minerals found in the slurry sample ;

No sulphide-bearing minerals were identified however, Calcite and Aragonite (5.1%) were

identified in the dry sample.

These are carbonate-bearing minerals which are typically

associated with acid generation/neutralisation reactions.

Table 4-8: XRD results and mineral classification
Sample ID K-DISCARD K-SLURRY
Rock Type > Mineralogy Dry Discard Slurry
Aragonite 5.1
Calcite 14.7
Diapose 14.9
Enstatite 13.1
Franklinite 2 0.7
Magnesite 7.6
Muscovite 32.3 7.9
Orthoclase 18.7 8.9
Phlogopite 1.3
Portlandite 0.8
Quartz 26.4 45.7
Totals 100 100.1

4.7 Acid potential

The Acid-Base Accounting (ABA) and Net Acid Generation (NAG) screening results are
presented in Table 4-9. Figure 4-12 presents the acid pote nti al of the samples, based on NP/AP
and %S .Based on the screening results, the following is noted:

1 The net acid potential

(NNP) and nag screeningsuggest no longterm acid pote ntial
(AP). However, the ABA and %S paint a different picture in terms of the material AP.

1 Samples are potentially acid generating (PAG) and long -term acid drainage is

associated with the samples analysed; and
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1 NAG results suggest that samples are PAG.

Table 4-9: Summary of ABA and NAG screening results
Sample ID K-DISCARD K-SLURRY
Description Coal Discard Coal Slurry
Paste pH 7.36 8.01
Total %S 2.01 3.24
Sulphide %S 0.854 0.846
AP CaCO3 kgft 62.8 101
NP CaCO3 kgt 56.3 56.3
NNP CaCO3 kgt 29.9 29.6
NP/AP 0.896 0.556
NAG pH: (H202) 7.38 3.07
NAG (kg H2S04/t) 0 16.6

Rock Type NNP

1V d AMD not likely

1V d AMD not likely

Rock Type %S

| dlong-term AMD

| dlong-term AMD

Rock Type NP/AP

| dlong-term AMD

| dlong-term AMD

1600.00 ¢
Not Poten'r’aIIyAl:id Generating
: m(Coal Discard
1
1
i
lee.e0 | : Coal Slurry
i
1
1
1
1
10.00 | 1
1
o 1
¢ 1
=~ 1
S i
: Uncertain
1.080 + |
i ' o 10
I
1
1
1
1
0.10 | L
1
1
1
1
1
: Potentially Acid Generating
0-01 = I Total S [wt%
Short Term ote [wt%] Long Term
Figure 4-12: Acid Potential dbased on sample AP/NP and %S
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4.8 Static leach testing
1-20 (rock to water ratio) distilled water (DW) tests were conducted on the samples obtained.
The leachate analytical results are summarised in Table 4-10, below. The following is noted

from the static leach testing results:

1 All samples exhibit near-neutral pH conditions ;

1 Sulphate (SQ) and calcium (Ca) concentrations are observed to be high, co mpared to

DWAD ideal water limits for potable water use.

1 Several metals are observed to be present in the leachate.

Table 4-10: Summary of 1: 20 DW Leachate Analytical Results
Locality K-DISCARD K-SLURRY1
Sample type Geochem Geochem DWAF 1996
Domestic Use WQO
Sampled date 10-Oct-2022 10-Oct-2022
Geo - Reagent water Leach 1:20

20 - pH pH 8.1 8.11 4-9
20 - EC mS/m 554 91.5 0-70
01 - Alk mg CaCall 41.9 44.8 ns
02 - Cl mg/l 2.3 6.38 0- 100
03 - SO4 mg/l 220 421 0- 200
04 - PO4 mg/l -0.005 -0.005 ns
06 - NO3 mg/l -0.194 -0.194 0-6
30 -Ca mg/l 90 106 0-32
30 - Mg mg/l 7.91 17.4 0-30
30 - Na mg/l 6.19 57.3 0- 100

30-K mg/l 6.58 8.28 0-50
31-Al mg/l -0.002 -0.002 0-0.1
31-Fe mg/l -0.004 -0.004 0-0.1
31-Mn mg/l 0.043 0.095 0- 0.05
31-Cd mg/l -0.002 -0.002

31-Co mg/l -0.003 -0.003

31-Cr mg/l -0.003 -0.003

31-Cu mg/l 0.005 0.01

31 - Ni mg/l -0.002 -0.002

31-Pb mg/l -0.004 -0.004

31-2Zn mg/l -0.002 -0.002

33-B mg/l -0.013 -0.013

33 -Ba mg/l 0.066 0.054

33 -Be mg/l -0.005 -0.005

33-V mg/l -0.001 -0.001

32 - Bi mg/l 0.011 0.015

32 - Ag mg/l -0.001 -0.001

32 - Ga mg/l 0.002 0.002

32 -Li mg/l 0.006 0.009

33 - Mo mg/l 0.039 0.052

32-Rb mg/l 0.01 0.011

33-Sr mg/l 1.35 2.65

32-Te mg/l -0.001 -0.001

32-TIl mg/l -0.037 -0.037

Below Detection limits
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4.9 Numerical model development

The modelling processes followed are indicated in  Figure 4-13.

1) Site

Conceptualisation Update

! ?“‘H

Figure 4-13:  Numerical groundwater modelling process

4.9.1 Model software package
The numerical model for the project was constructed using Visual Modflow 6.1 Pro, Build

7088.31257, a pre-and post-processing package for the modelling code MODFLOW. MODFLOW
is a modular three -dimensional groundwater flow model developed by the United Stat es
Geological Survey (Harbaugh, et al., 2000) . MODFLOW uses 3D finitedifference discretisation

and flow codes to solve the governing equations of groundwater flow.

4.9.2 Governing Equations
The numerical model used in this modelling study was based on the conceptual model

developed from the findings of the desktop and the baseline investigations. The simulation
model simulates groundwater flow based on a three -dimensional cell -centred grid an d may be
described by the following partial differential equation:

L(Kxxm)+i(KyymHﬁ(Kum)"W: ssw Equation 1
0% Xy Wz Tz pt
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where:

1 Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate
axes, which are assumed to be parallel to the major axes of hydraulic conductivity
(L/T).

1 his the potentiometric head (L).

1 Wis a volumetric flux per unit volume representing sources and/or sinks of water,

1 W <0.0 for flow out of the ground -water system, and W > 0.0 for flow in (T -1).
1 Ssis the specific storage of the porous material (L -1), and

T tistime (T).

Equation 1, when combined with boundary and initial conditions, describes transient three -
dimensional groundwater flow in a heterogeneous and anisotropic medium, provided that the
principal axes of hydraulic conductivity are aligned with the coordinate directions  (Harbaugh,
et al., 2000) .

4.9.3 Model confidence level classification
The Australian Groundwater Modelling Guidelines (Barnett, et al., 2012) refer to the following

two principles that were considered in the numerical calibration process (refer to

Appendix B):
1 Guiding Principle 2.3:

0 A target model confidence level classification should be agreed upon and
documented at an early stage of the project to help clarify expectations. The
classification can be estimated from a semi -quantitative assessment of the
available data on which the mo del is based (both for conceptualisation and
calibration), the way the model is calibrated and how the predictions are

formulated.

0 GCS aimed to construct a Class 2 flow and transport model. Class 2 models are
founded on sufficient hydrogeological data (i.e. water level data and aquifer
hydraulic parameters) and can be used to predict the future behaviour of a

groundwater aquifer syste m.
1 Guiding Principle 2.4:

o Theinitial assessment of the confidence level classification should be revisited
at later stages of the project, as many of the issues that influence the

classification may not be known at the model planning stage.
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4.10 Geohydrological risk assessment
As per GNR 982 of the EIA Regulations (2014), the significance of potential hydrological impacts
was assessed. The risk assessment methodology and ratings applied to the study area and

proposed activities are available in  Appendix C.

4.11 Water monitoring plan
The monitoring network is based on the principles of a monitoring network design as described
by the DWAF Best Practice Guidelines: G3 Monitoring (DWAF, 2007) The methodological

approach that the monitoring plan follows is represented in  Figure 4-14, below.

@ Design initial
i itori itoring
Audit monitoring moni
programme and programme or

recommend changes to

existing
changes monitoring

programme

Implement initial
monitoring
Report programme or
information and changes to
data existing
monitoring
programme

Collect and
capture data

Figure 4-14:  Monitoring Process

A groundwater monitoring plan was drafted and is based on the existing monitoring points,

the site's conceptual model and risk assessment.
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5 PREVAILING GROUNDWATER CONDITIONS

The following section supplies an overview of the prevailing geohydrological conditions

encountered in the area for the proposed redevelopment. The data were derived from

available literature sources and completed fieldwork.

5.1 Aaquifer characteristics, classification, and groundwater recharge

The general aquifer characteristics and aquifer classification are summarised in  Table 5-1.

Table 5-1:

Aquifer characteristics and classification

Characteristics

Aquifer Classification

The aquifer can be referred to as being primarily both
intergranular (nearing alluvium areas) and intergranular &
fractured (King, et al., 1998) .

Groundwater is typically encountered in:

1  Fractures and bedrock contacts are recharged
through overlying saturated sands;
Contacts between lithologies or unconformities; and

Dolerite dyke contacts (King, et al., 1998)

The weathered rock aquifer hosted within the Vryheid

Formation Sediments is classified as the uppermost weathered
rock. Exploratory drilling at the site shows an average d epth
of weathering of less than ~12 mbgl with borehole yields
generally less than 2 L/s. Discrete and localised variations in
hydraulic parameters may exist due to geological structural

features (e.qg. fractures, fault zones) referto Figure 5-1.

The fractured rock aquifer is classified as a thick sequence of
sediments (i.e. sandstone, shale, siltstone, carbonaceous
shale and coal). The matrix of the Vryheid Formation
Sediments has a very low primary porosity; therefore,
groundwater storage and movement are predominantly
confined and are associated with geological structures and

associated fracturing throughout the unit.

Water strikes with discrete fracture zones generally range
between ~20 and ~50 mbgl with moderate to high borehole
yields (>3 L/s). Higher yields (~5 to >10 L/s) are largely

associated with dolerite intrusion contact zones.

Transmissivity values (GCS, 2012), analysed usingseveral
analytical (Cooper-Jacob, Theis) methods, range from ~0.4 to
~30 n?/d.

Based ona review of available data, it is evident that the key
aquifer host media within the regional Project area can be

generalised as follows:

1. Unconsolidated aquifer dAlluvial material;
2. Semiconfined aquifer - weathered rock; and
3. Fractured rock aquifer. The aquifer present is

classified as a Minor Aquifer system (Parsons, 1995)

minor aquifer region which is a moderately -yielding aquifer
system of variable water quality , with reported yields ranging
from 0.5 to 2 I/sec &ClassD3 aquifer.
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Characteristics

Aquifer Classification

The aquifer is an important contributor to groundwater

baseflow to streams and rivers (King, et al, 1998).
Groundwater contribution to baseflow (BF) on a quaternary
scale is estimated to range from 4.91 mm/yr [Pitman Model]

to 25.7 mm/yr [ HughesEstimate].
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Figure 5-1: Local hydrogeology
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