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The findings, results, observations, conclusions and recommendations given in this report are based on the
Fdz K2NRa o0Sad AO0ASYGATAO IyR LINRPFTSaaazyrt 1yz2e¢tSR3AS
assessment techniques, which are limitey information available, time and budgetary constraints relevant to

the type and level of investigation undertaken and Gradient Consulting (Pty) Ltd reserve the right to modify
aspects of the report including the recommendations if and when new infoonatiay become available from

ongoing research, monitoring, further work in this field, or pertaining to the investigation. Although Gradient
Consulting (Pty) Ltd exercises due care and diligence in rendering services and preparing documents, Gradient
Constting (Pty) Ltd accepts no liability, and the client, by receiving this document, indemnified Gradient
Consulting (Pty) Ltd against all actions, claims, demands, losses, liabilities, costs, damages and expenses arising
from or in connection with the senas rendered, directly or indirectly by Gradient Consulting (Pty) Ltd and by

the use of the information contained in this documerithis report has been drafted as per the latest
requirements for specialist reports as set by the Department of Environmental Affairs and listed in Government
Gazette No. 40713, dated 24 March 2017 and Government Gazette No. 40772 dated 07 April 2013 if ter

the National Environmental Management Act, 1998 (Act No. 107 of 1998) (NEWA)ealise that a false
declaration is amffence in terms of regulation 48 of the Environmental Impact Assessment Regulations, 2014

(as amended) promulgated in terms of the National Environmental Management Act, 107 of 1998 (NEMA) and

is punishable in terms of section 49B of the NEMA.

I, JFW Mosterthereby declare that:

| act as thendependent specialist in thigvestigation.

| will perform the work relating to thetudyin an objective manner, even if this results in views and

findings that are not favourable to th&pplicant.

-l declare that there are no circumstances that may compromise my objectivity in performing such work

- | have expertise in conducting the speciaditdy, including knowledge of the Act, Regulations and any
guidelines that have relevance to the activity

- 1will comply with the Act, Regulations and all other applicable legislation

- | have ne, and will not engage in, conflicting interests in the undertaking of the activity

- | undertake to disclose to thapplicantand the competent authority all material information in my

possession that reasonably has or may have the potential of influenaimgdecision to be taken with

respect to theprojectby the competent authority; andthe objectivity of any report, plan or document

to be prepared by myself for submission to the competent authority

- All the paticulars furnished by me in this form are true and correct

Respectfully submitted.

/]
ir /—F—
JFW Mostert (Hydrogeologist)

M.Sc. Hydrogeology, Pr.Sci.Nat.
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Executive summary

GradientConsulting (Pty) Ltd wappointedby Environmental Impact Management Servi¢esy)Ltd (hereafter
referred to as EIMSp conduct a hydrogeological baseline investigation and groundwater impact assessment

to support a water use licence (WUL) amendment process to be followed for the Mooiplaats Colliery.

MooiplaatsColliery (Pty) Ltd is an existing underground mining operatfmratesandhas an approved Mining
Right MP 30/5/1/2/2/68 MP, 2007 (MRiInd Integrated Water Use Licence No. 08/C11B/AGJ/2141, 02 May
2013 Active mining is no longer taking place arfie texisting coal beneficiation plant and associated
infrastructure is intended to be repurposed for Toll Washing (the processing offhitgt supplier coal)The
applicant would like to amend their existing Water Use Licence to align the water usiesexisting

infrastructure and the proposed future activities on site.

This investigation will focus on the status quo of the regional groundwater system and quantify and qualify
potential impacts of existings well as proposedctivities and infrastructuren the receiving groundwater

environment.

The topography of the greater study area is strongly undulating with surrounding hills and plains. The highest
topographical elevation osite is 1724.0 mamsl to the northern boundary of the mine lease area while the
lowest is at 1587.0 mamsl forming pat the lower laying drainage system towards the southwestern part of
the mine lease area. Gsite gradients are relatively gentle to moderate with the average slope calculated at
3.0% and;3.10% respectively

The project area falls under thdJpper VaalWMA is situated within quaternary catchmentll1lB. The
Witpuntspruit convergence with the Vaal River before entering the mine lease area and the Wolwespruit joins

the Vaal River just before it exists the mine lease boundary.

Patched rainfall data indicate thatean annual preipitation (MAP) for this rainfall zone is 700.16 mmiath
the 5" percentile521.72mm/a and the 958 percentile866.03mm/a.

The study area is underlain by tBeca Group of the Karoo Supergram fall within theVryheid Formation,
consisting mainly ofrenaceous and argillaceous strata geological lineament and inferred dyke structure
transect the northern footprint of the proposed underground workings striking in a general soutingetbteast

direction.
Three main hydrostratigraphic units/aquifer systems can be inferred in the saturateel

i. A shallow, weathered zone aquifer occurring in the transitional soil and weathered bedrock formations

underlain by more consolidated bedrock.

ii.  An intermediate/deeper fractured aquifewhere groundwater flow will be dictated blyansmissive

fracture zones

iii. Shallow quaternary and recent types of sedimen({gerched, unconfined) are characteristically

primary porosityaquifer.
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Hydraulic conductivity values for the weathered, shallow aquifer is expected to be higher than the fractured

aquifer host, however isolated discrete fractures may also provide high conductivity.
An approximation of recharge for thetudyarea isestimated at~6.0 % of MAP i.e-42.0 mm/a.

Of the boreholes visited during the hydrocensus user survey, the majority is in use (>90.0%)) with the

groundwater application mostly for domestic and livestock purposes ~90.0%.

In order todetermine the sustainable yield at which the proposed production boreholes can be abstracted,
boreholes were subjected toonstant dischargaquifer tests to obtain site representative aquifer parameters
and hydraulic propertiesA sustainable abstraction rate of 1692.8th(0.471/s) is recommended for a 4ur

duty cycle while an abstraction rate of 1188.3h(0.33l/s) is recommended for a 2¥bur duty cycle for the
Potable Water Borehole whereas a sustainable abstraction rate 673%3n#/d (4.46l/s) is recommended for

a 12hour duty cycle while an abstraction rate of 338.57n¥/d (3.16l/s) is recommended for a Z#bur duty

cycle for the Usuthu borehole.

The unsaturated zonwithin the study area is in the order of ~0.50m to ~18.With a mean thickness of

approximately 4.0m.

The minimum water level recorded & monitoring borehole GKL, 0.82mbgl, with the deepest water level
measured IS at the potable water borehole, 58iBgl. The average water level recorded, with inclusion of
potential dynamic water levels is 13.32mbgl, while the average water level, only considering the static water
levels is calculated at 4.79mbgl. The relatively low standard deviation compared to the repém to
groundwater i.e., @efficient of Variation (CV) < 100%, suggests a relatively steadye stgoundwater

environment.

Analysed data indicate that the surveysthtic water levels correlaterery well to the topographical elevation

with the correlation calculated & >0.99. It should be noted that when static water levels as well as dynamic
water levels are considered, the correlation is not good andRhe0.81. Accordingly, it can be assumed that
under natural conditionsthe regional groundwater flow directiowill be dictated by topographyhowever
localised deviation in groundwater flow direction can be observed and is attributed to abstraction causing
negative hydraulic gradients towards respective boreholes, altering flow directions. The inferred regional
groundwaer flow direction of the shallow aquifer will thus ewards the lower laying drainage systarhthe

Vaal River traversing the study area. The groundwater flow in the northern segment of the mining right area will
be in a general south to southeastern direction whereas the groundwater flow in the southern section of the

mining right area will bén a generahorth to northwesterndirection.

The averagegroundwater gradient (ipf the shallow, weathered aquifer in the vicinity of the study aiga
relatively flatand calculated ak mean of 0.004, with a maximum of 0.007 in a southwestern to northeastern

orientation.

The expected seepage rate from contamination originatinguwface pollution sourcess estimated at an
average ofapproximately 3.63metres per annum fn/a), with a maximum distance of ~8.39m/a in a

southwestern to northeastern orientation.
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Regional drainages can be generally classified as influent or gaining stream systems. Groundwater head
elevation compared to topographicalevation confirms that there exists groundwater discharge as baseflow to

local drainages.

The overall water quality of groundwater samples analysepoisr with the majority of monitoring points
analysed indicating elevated sulphate concentratiofsiter quality can be described as neuti@hcidic saline

to very salineas well as moderately soft to slightiyard. Isolated samplingpcalitiesindicate above limitotal
dissolved solids (TDS), V805 and W-B06, with sulphate and sodium the main drivers of the high salt loads
observed. Monitoring locality W$05 also indicates elevated concentrations of manganese. It can be observed
that the overall salt load (TD$® much higheiif compared to the groundwater monitoring localities with

sulphate the main driver of the higher mass load.

The overall water quality of groundwater samples analysed is good with the majority of macro and micro
determinants below the SANS 241:2015 limitster quality can be described as neutradn-salineand slightly

to moderatelyhard. Isolated samplintpcalitiesindicatea high salt load i.e., GKID and the Usuthu borehole.

It should be noted that monitoring locality GKD suggests elevated fluoride, sodium as well as aluminum and
iron concentration while monitoring locality Usuthu BH suggest a very Tiafd (very saline) with elevated
sulphate and sodium concentrations. The latter can be attributed to the defunct underground workings
targeted.

All the surface water monitoring localities can distinguishedas being of a MagnesiwBulphate dominance
suggestive of a dynamic and coordinated environment which have potentially been impacted by mining related
activities. It is evident that the majority of groundwater monitoring localities can be characterizbdiag
recently recharged groundwater and unimpacted groundwater environment (MagneBig@arbonate
dominance) while isolated boreholes suggest SodCimoride dominance (GKID) and the Usiiu borehole

and GKI5S indicating an area of a dynamic and coordinated environment (Seilgcarbonate dominance).

Geochemical testing was performed onine wastefacilities,i.e., coal discard material as well as coal product

gathered from existing stockpile$t is evident thatboth composite samples analysed havdilkely acid

generation capacityand due to the relatively highsulphide concentrations observedhere are enough

oxidisable sulphides to sustain long term acid generation. The waste assessment conducted resultbe in all

material analysedbeing classed as Type 3 wastath alow-risk capacity for leachate

Il Dva LYRSE I n ¢6Fa&a SadGAYIFGiSR F¥2N (KS Melicrt FSNOSE 40 S
groundwater protection is required for this aquifer systefccording to the DRASTIC index methodology

F LI ASRXE GKAA YAYAY3I FOGAGAGASA IyR | aaz2OAHighR Ay FNI &
=121 due to the relatively shallow groundwater table/ piezometric head as well as flat topographical .slopes
Abstraction of water fromhe study are® & -&qgRifer{iexpressed as a percentage of recharge on the mining
properties,is classified a€ategoryA (Proposed abstractior ~43.58% ofrainfall recharggwhile abstraction of

water from te study are® & -&Rifriiexpressed as a percentage of recharge reporting to the delineated

sub-catchment,is alsoclassified a€ategoryA (Proposed abstractior ~19.3%4 ofrainfall rechargg The latter
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indicatesa small scale of abstraction6B8% recharge on propentyand consequentliow levels of stress in terms

of the abstractionrechargeratio.

For the purposes of this investigatioih,can be assumed thajroundwaterabstraction will be limited to th
mesacatchment (esource managementnit (RMU) i.e., subcatchment for the simulated groundwater
capture zonewhich has a total area d7.6&n?. If current abstractionand ecological waterequirement
(Reserve) is accounted fiirere exists a surplus volume/allocable groundwater volume of 0.78N#1(25.141/s)
within the RMU. Accordinglyt can be concluded that thproposedvolume of groundwateto be abstracted
from the production boreholesfalls within the calculatedroundwater available for allocation, which also

accounts for the Reserve.

Data and information gathered during the site investigatiowas incorporated to develop a conceptual
understanding of the regional hydrogeological systemwhich the numerical groundwater flow model was
based onThe latter was calibrated to an acceptable error margin by using site specific hydrogeologidal data

serve as a tool to evaluate various water management options and scenarios

Scenario 02 simulated the water level drawdown caused by abstraction from proposed production boreholes
for the operational phase(s). It is evident that the abstraction activities change the hydraulic gradient as
groundwater is removed from storage. It alid be noted that the simulated groundwater drawdown zone
intercepts various monitoring boreholes and stretches to the drainage systems or associated wetlands in the
proximity of the site. Thegroundwaterdrawdown during the simulated abstraction period lwrange from
<1.0mbsl (meter below static level), i.e., relatively little drawdown expected within the Usuthu boreholes to
>21.0mbsl simulated within the Potable water borehdlbe groundwater capture zone i.e. drawdown zone of
influence extent will cover an estimated footprint of approximat8lyekm? propagating radiallyeaching a
maximum distance oépproximately 1.40# in a general south to southeastern directiofs there exist a
pronounced interaction between surface and groundwater it can be rassuthat the two regimes are well
linked. Groundwater contribution to bseflow dischargéaccounts to approximatelyl.33E*m3/d during
baselineconditions, whereagroundwater contribution tobaseflow discharge during theperatioral period
decreases to :29E""m3d. The latteraccounts for an average loss 268 %m?d, ~2.846with a maximum

reduction of 421% for the operational phase(s).

Scenario 03 simulated the pollution plume migration within the intergranular aquifer originating from the waste
infrastructure footprints for the duration of the operational period without any mitigation or management
measures applied i.e., worstse sceario. It can be observed that the pollution plume migration is generally in

a northeastern to eastern direction towards the lower lying drainage systérm.pollution plumextentcovers

a total area of approximatel@.95kn?, reaching a maximum distance -©830.0n in a generahortheastern to
eastern directionThe simulation indicates thahe pollution plume generated is mostly confined to the mining
right area, however, does intercept various monitoring boreholes and reach to the local drainage system and
associated wetlands. It can be observed that the sulphate mass load contributimretmbservation boreholes

increases to a maximum of between 950.0mg/l to 1500.0mg/l and is a function of the distance towards the

1 Baseflow calculations ixpressed as the observed ldsssed orthe drainage system traversing the project area.
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waste body footprints. The sulphate concentration for all the monitoring boreholes situated in relatively close
proximity to the waste infrastructure is above the SANS 241:2015 acute health threshold concentration after a
simulation period of approximatel20 years. It can be observed that the mass load contribution to the local
drainage system increases to a maximum of 130.0mg/l however remain below the SANS 241:2015 acute health
threshold concentration for the duration of the simulation period.

A postclosure scenario was simulated to evaluate the pollution plume migratitnin the intergranular aquifer
hostafter discontinuing o€urrentactivities.It can be observed that the postosure pollution plume migration
remains in a general northeastern to eastern direction towards the lower lying drainage system.-year50
simulation period suggest thalé pollution plumeextentcovers a total area of approximately25kn¥, reaching

a maximum distance of500.0n in a generahortheastern to eastrn direction towards the lower laying
drainage systemd he 100year simulation period suggest thdid pollution plumeextentcovers a total area of
approximatelyl.47kn?, reaching a maximum distance-€570.0n in a generahortheastern to easterulirection
towards the lower laying drainage systerfitie simulation indicates thale pollution plume generated slightly
extends beyond the mining right area and intercepts various monitoring boreholes situated towards the north
and northeast. Furthermore, it is noted that the simulated pollution plume reaches the local drainage system
and associated wetlands. It can be observed tha sulphate mass load contribution to local observation
boreholes continues to increase during the pokisure phase, reaching a maximum concentration of between
1950.0mg/I to 2150.0mg/l and is a function of the distance towards the waste body footpfihts sulphate
concentration for all the monitoring boreholes situated in relatively close proximity to the waste infrastructure
remains above the SANS 241:2015 acute health threshold concentration for the duration of thelgzose
period. It can be olerved that the mass load contribution to the local drainage system increases to a maximum
of >1400.0mg/l, breaking through the SANS 241:2015 acute health threshold concentration after a simulation
period of approximately 15 years pesibsure. It can be rted that the mass load contribution during the pest

closure phase for all borehole receptors have not reached a egtass conditions and remains in an upward

Various alternative management and mitigation scenarios were simulated to evaluate the remedial options
available.An activemanagement scenario evaluating the mitigating effect of seepage capturing boreholes i.e.
scavenger boreholes on the plume migratieia active pumpingvere simulated Based on the constraining

effect of this mitigation scenario on both the pollution plume migration as well as reduced mass load

contribution, this alternative can be viewed as the best remedial option for implementation

The model results were incorporated into a risk rating matrix to determine the significance of potential

groundwater related impacts.

During the operational phase the environmental significance rating of groundwater yield (dewatering) impacts
on down-gradientreceptorsare rated asmedium negativewhereas the groundwater quality related impacts

are rated as low negative Groundwater quality impacts from the discard dump and coal stockpile areas are
rated as medium negative without implementation of remedial measures antbw negative with

implementation of mitigation measures.
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Post closure phasenpacts resulting from seepage and leachate from mine waste facilities on-doadient
receptorsarerated asmedium negatie without the implementation of remedial measures alosv negative
with implementation of mitigation measures.

The following recommendations are proposed following this investigation:

i. It is recommended that thenanagement and mitigation measures be implemented as part of the
integrated groundwater management plg®ection 16 of this ReportThe Licensee shall appoint a
suitably qualified and responsible person and make all of the necessary and reasonable financial,
KdzYlFy +FyR SljdzZALIYSyd NBaz2dz2NOSa @At ofS (G2 KAYKK
stipulated in specialist reports to ensure compliance to liceomeaditions pertaining to activities to
ensure that potential impact(s) are minimised, and mitigation measures proposed are functioning
effectively.

ii. It is recommended that the monitoringetwork andprogram as set out in this report should be
implemented and adhered to. It is imperative that monitoring be conducted to servanasarly
warning and detection systeriMonitoring results should be evaluated on a quarterly basis by a suitably
qualified person for interpretation and trend analyaisd submitted to the Regional Head: Department
of Water and Sanitation

iii. Additional monitoring boreholeas recommended shoulge established dowsgradient ofthe existing
waste infrastructure footprintsn order to evaluate thgroundwater drawdown as well asass load
contribution to environmentaland sensitive groundwatereceptors. Drilling localities should be
determined by means of a geophysical survey in order to target lineaments and weathered zones acting
as preferred groundwater flow pathways and contaminant transport mechanisms.

iv. Newly established monitoring boreholes should be subjected to aquifer hydraulic parameters to
supplement and verify existing hydraulic parameters interpreted as part of the first phase drilling and
testing run.

v.  Groundwater abstraction from proposed production boreholes should not exceed recommended
sustainable or safe yields and pump duty cycles.

vi.  All waste material analysed cde classed as Type 3 wastew hazardous was)eand should be
handled and stored/ disposed as such

Vi, Groundwater flow modelling assumptions should be verified and confirmed. The calibrated
groundwater flow model should be updated on a biennial basis as newly gathered monitoring results
become available in order to be applied as groundwater management fmofuture scenario
predictions.

viii.  Alternative remedial optionsas suggested in this repoghould form part of the mine closure and

rehabilitation strategy.
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1. INTRODUCTION

1.1. Project background

GradientConsulting (Pty) Ltd wappointedby Environmental Impact Management Servi¢esy)Ltd (hereafter
referred to as BMS) to conduct a hydrogeological baseline investigation and groundwater impact assessment

to support a water use licence (WUL) amendment process to be followed for the Mooiplaats Colliery.

MooiplaatsColliery (Pty) Ltd is an existing underground mining operatfmratesandhas an approved Mining
Right MP 30/5/1/2/2/68 MP, 2007 (MRiInd Integrated Water Use Licence No. 08/C11B/AGJ/2141, 02 May
2013 Active mining is no longer taking place arfie texisting coal beneficiation plant and associated
infrastructure is intended to be repurposed for Toll Washing (the processing ofhitgt supplier coal)The
applicant would like to amend their existing Water Use Licence to align the water uglesexisting

infrastructure and the proposed future activities on site.

This investigation will focus on the status quo of the regional groundwater system and quantify and qualify
potential impacts of existings well as proposedctivities and infrastructuren the receiving groundwater

environment.

1.2. Objectives

The oljective of this investigation i®:
i. Establish site baseline and background conditions and identify sensitive environmental receptors by

evaluation and interpretation of existing tirsgeries monitoring data.

ii. Determine the current status quo of the regional groundwater system including aquifer classification,

aquifer unit delineation and vulnerability.

iii. Perform constant discharge aquifer tests to determine aquifer sustainable borehole yields and

borehole duty cycles.

iv. Data analysis and interpretation of water level drawdown and recovery curves for estimations of

borehole sustainable yields, duty cycles as well as pump specifications.

v.  Geochemical characterisation, waste assessment and first order evaluation on thefongotential

for the occurrence of acid rock drainage.
Vi. Rapid Reserve determination and groundwater catchment water balance.

vii.  Utilising the existing numerical groundwater flow and mass transport model to perform updated

abstraction scenarios.
Viii. Hydrogeological impact assessment and risk matrix.
ix.  Recommendatioson best practise mitigation and management measures to be implemented.

X.  Review and evaluation on the adequacy of the existing groundwater monitoring network and protocol.
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1.3. Terms of reference

The investigation is based on the terms of refererssel scope of work (SoWjs detailed inproposat
ref.no. HGP-23-051-V2, submitted in September2023 as well as ref.noHGP-24-009-V2, submitted in
May 2024 This project plan and scope of work (SoW) was compiled baséslovernment Notic®O. R. 267
Regulations regardinghé procedural requirementsdr water use licence gplicationsas published by the
Department of Water Affairs and Sanitation (DWZ17 as well asGovernment NoticeNO. R.982
Environmental Impact Assessme(EIA) Regulations controlling environmental authorization applications
(NEMA, 2014)The scope of work is listed below.

1.3.1.Phase ADesktop review and data evaluation

Phase Awill entail the following activities:

i. Information gathering andlata acquisition.
ii. Desk study and review of historical groundwater baseline information and existing specialist reports.

iii. Fatal flaw and gapnalysis

1.3.2.Phase B: Hydrogeological baseline assessmeieview of existing monitoring data, hydrochemical
analysis and aquifer classification

Phase B will entail the following activities:
i. Review of existing timseries monitoring data in order to evaluate possible trends in water levels and
water quality as well as identification of potential sensitive groundwater receptors in close proximity

to the amended activities and infrastructure

ii. Data interpretation aiding in aquifer classification, delineation and vulnerability ratings. Development

of a scientifically defendable hydrogeological baseline.

iii. Compilation of geologicahydrogeological and hydrochemical thematic maps summarising the aquifer
system(s), indicating aquifer delineation, groundwater piezometric map, depth to groundwater,

groundwater flow directions as well as regional geology.

1.3.3.PhaseC Aquifer testingg Constant discharge pump tests

PhaseCwill entail the following activities:
i. Constant discharge pump tesise. 24-hour constant discharge and recovery measurements to
determine sustainable yielden two (2) boreholes All pumptests will be conducted under test

supervision and according to SANS 1029903 standards.

ii. Sampling of newly established boreholes according to best practice guidelines and analyses of two (2)
water samples to determine the macro and micro inorganic chemistry and hydraulic connections based

on hydrochemistry (analyses at SANAS accredited latnyfat

iii. Data analysis and interpretation of water level drawdown and recovery curves for estimations of

borehole sustainable yields, duty cycles as well as pump specifications.
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iv. Rapid Reserve determination and groundwater catchment water balance.

1.3.4.PhaseD: Geochemical characterisation and waste assessment

PhaseD will entail the following activities:
i. Desk study and review of historical geochemical baseline information including existing specialist

reports.

ii. Formulation of an opinion on the expected geochemical character of the coal sourced from regional

collieries.

1.3.5.PhaseE Update the existing numerical groundwater flow and mass transport model

PhaseEwill entail the following activities:

ii. ¢KS OFtAONFrGSR Y2RSt gAtf 0SS dzas G2 aavydz I GS

puf

a. Steady state groundwater flow directions, hydraulic gradient and flow velocities.

b. Impact of dewatering of the underground Usutu workings as well as associated cone of

depression zone.

c. Seepage potential fromadditionalwastewater facilities and mass transport plume migration

with time.
d. Mine postclosure pollution plume migration with time.

e. Water management alternatives and best practice mitigation measures.

1.3.6.PhaseF: Hydrogeological impact assessment and reporting

Phaserwill entail the following activities:
i. Compilation of a detailed hydrogeological specialist investigation report with conclusions and

recommendations on the following aspects:

a. Fatal flaw and gap analyses.

b. Sitebaseline characterisation.

c. Field work summary and interpretation.

d. Aquifer classification and vulnerability.

e. Local groundwater exploitation potential and groundwater availability.

f. Safe sustainable groundwater abstraction rates on successful boreholes.
g.Geochemical characterisation and waste assessment opinion.

h. Update of the existing umerical groundwater flow and mass transport modegalibration and

managemensimulations.
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i. Formulation of an impact assessment and risk matrix of proposed activities.
h. Recommendation on best practise mitigation and management measures to be implemented.

ii. Review and evaluation on the adequacy of the existing groundwater monitoring network and protocol.

1.4. Details and expertise of the author

The details of the author(s) who prepared this report are summarisedaiole 1-1 below. The specialist

Curriculum Vitae is included as Appendix E.

Tablel-1 Details of the authors.

Author JosephFerdinandwillem Mostert

Highest qualification M.Sc. Hydrogeology

Yeas' experience 17+

Professional SACNASP Member (Reg. No 4005¢/%ater Resource Science).

registration Member of theGroundwater Division of the Geological Society of South Africa (MGSSA
1.5. Available information

The following information was available and usedpart of the desktop review phasetbfs investigation:
i.  Aquiworxsoftware. 2016. Version 2.5.2.Gentre for Water Sciences and Management at the North

West University
ii. Barnard, H. C., 2000. An explanation of the 1:500 000 general Hydrogeological Map. Nelspruit 2530.
iii. Chief Directorate. Surveys and Mapping. 2008pe Town2630CAMap]. Edition 9. Scale 1:50,000.
Mowbray, South Africa: Chief Directorate of Surveys and Mapping.
iv. Council of Geoscience geological map si2&30 Mbabane(1:250 000).
v.  Department of Water AffairsDirectorate Hydrological Services, 2012. Aquifer classification of South
Africa.
Vi. Department of Water AffairsDirectorate Hydrological Services, 2012. Aquitesceptibilityof South
Africa.
Vii. Department of Water AffairsDirectorate Hydrological Services, 2012. Aquifdnerability of South
Africa.
Viii. Department of Water Affairs and Forestry, South Africa. 2004. Internal Strategic Perspepjes:
VaalWater Management Area. Prepared by PDNA, WMB and WRP on behalf of the Directorate National
Water Resources Planning. Report no. P WMAO08/000/00/0304.
ix. ESRI basemaps, 202
X.  Fourie, J. 201Mooiplaats North Groundwater Stud@eostratum, Report number V1110001.
xi.  Google Earth, 202 6.0.12032 Beta.
xii.  Geo Soil & Water2024. Mooiplaats Colliery Water Quality Rep&egport numbeMCGQWQR 12024
xiii.  Gradient Consulting, 2020Mooiplaats Colliery Hydrogeological Specialist Investigation and
Groundwater Impact Assessment. Report numberR{T®-008-V2.
xiv.  Gradient Consulting, 2021. Mooiplaats Colliery Feistsure Geochemical Characterisation. Report

number HGR-21-015V1.
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xv.  Institute of Groundwater Studies (IGS), 20Hydrocensus and Groundwater Investigation at Usutu
CollieryReport number 2011/19/PDV.
xvi.  JR Vegter, DWS and WRC, 1995. Groundwater Resources of the Republic of South Africa.
xvii.  Lynch, S.D., Reynders, A.G. and Schulze, R.E., 1994: A DRASTIC approach to groundwater vulnerability
mapping in South Africa. SA Jour. Sci., Vol. 93, pG6

xviii.  Parsons, R, 1995. A South African Aquifer System Management Classification, Water Research
Commission, WRC Report No KV 77/95.
Xix.  van Tonder and Xu, 2000. Program to estimate groundwater recharge and the Groundwater Reserve.
xx.  Vegter JRDWS and WRC, 1995. Groundwater Resources of the Republic of South Africa.

xxi.  Water Research Commission (WRC), 2012. Water Resources of South Africa

1.6. Projectassumptions and limitations

Data limitations were addressed by following a conservative appraadmassumptions include the following:

i. The scale of the investigation wastat 1:50 000 resolutions in terms of topographic and spatial data,
a lower resolution of 1:250 000 scafer geological data and a 1: 5000 scale resolution for
hydrogeological information.

ii. The Digital Elevation Model (DEM) data was interpolated wltts& $rid spacing of 25 m intervals.

iii. Rainfall data and other climatic information was sourced from the WR2012 database.

iv.  Water management and catchmebtsed information was sourced from the GRDM and Aquiworx
databases.

V. The concept of representative elementary volum@EV)have been applied i.e. a scale has been
assumedso thatheterogeneity within a system becorsaegligibleand thus can then be treated as a
homogeneousystem.The accuracy and scale of the assessment will result in deviations at point e.g.
individual boreholes

Vi. The investigation relied on data collected as a snapshot of field surveys and existiitgring data.
Further rends should be verified by continued monitoring as set out in the monitoring program.

Vi, Groundwater divides have been assumed tgmlivith surface water divides and is assumed that
groundwater cannot flow across thigpe of boundaries.

viil. Model calibration was achieved by assigningatio of 1:1 for Hydraulic Conductivity (K) mandy
directions with a ratio of 1:10 in the direction i.e. anisotropic aquifer.

iX. Perennialrivers within the model domainhave beentreated as gining type streams. As such
groundwater is lost from the system vi@sdlow to local drainages.

X.  The numerical groundwater flow model was developed considering site specific information. It should
be stated that influences from neighbouring mining developments were not taken into consideration
as part of this investigation.

xi.  Prior to developmenbdf the groundwater modelthe system is in equilibrium and therefore in steady
statei.e. quasi steady state

Xii. Where data was absent or insufficient, values were assumed based on literature studies and referenced
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accordingly.

2. METHODOLOGY

The groundwater impact assessment was undertaken by applying the methodologies as summarised below.
2.1. Desk study and review

This task entails the review of available geological and hydrogeological information including DWS supported
groundwater databases (NGA/ Aquiworx), existing specialist reports, mine plans as well as climatic and other
relevant groundwater data. Data colled was used to delineate various aquifer and hydrostratigraphic units,

establish the vulnerability of local aquifers, aquifer classification as well as agugeeptibility.

2.2. Review and evaluation of monitoring data

Review of existing timseries monitoring data in order to evaluate possible trends in water levels and water
quality as well as identification of potential sensitive groundwater receptors in close proximity to the amended

activities and infrastructure

2.3. Hydrochemical analysis

Water samples collected were submitted at a SANAS accredited laboratdetgomine the macro and micro
inorganic chemistry angotential hydraulic connectionpresent. SANS 241:2015 DrinkiMgater Sandardswas
applied and used a guidelindor all water quality analysis Inorganic chemistry was used to develop

hydrochemical diagnostic plots for evaluation of hydrochemical signatures.

2.4. Aquifertests

Production boreholes were subjected to aquifer tests i.e. pump tests to determine hydraulic parameters and
borehole sustainability or safg@elds. Pump tests comprised the following phases:

i.  Stepped discharge test: Also referred to as step drawdown test and is performed to determine optimal
discharge yield at which the perspective borehole will be subjected to during the constant discharge
test. This involves pumping of the borehole at consecutive pumping rates, measuring the magnitude
of drawdown against time. Calibration steps may vary from 60 to 120 minutes.

ii. Constant discharge test: Performed to assess the aquifer response to borehole stressing, determining
safe yield at which groundwater can be abstracted and defining hydraulic propeffigs. entails
pumping the borehole at a discharge rate which is kept constant over period of fi@st should be
utilized approximately 70 % of available drawdown (borehole depstatic water level).Drawdown
in water level is continuously measuring.

iii. Recovery test: Provides an indication of ability of borehole to recover from stress of

abstraction. Recovery rate is again analysed to determine hydraulic properties of local agéfter.

2 Where model assumptions were made or reference values used, a conservative approach was followed. Data gaps identiftel should
addressed as part of the model update.
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pump has been switched off, the test encompasses a period of monitoring, with duration of test

governed by the period of constant discharge test.

2.5. RapidReserveDetermination
The Departmentof Water Affairsand Sanitationis required to determine the Reserve for all or part of any
significant water resource before any water use canablecated and/or licensedA groundwater balance is

calculated on the targeted catchment in order to determine allocable volumes for licencing purposes.

2.6. Geochemical assessmeand waste classification

The potential risk of mine waste to generate acick. acid rock drainagéARD) was evaluated bgview of
availableacid base accounting testtonducted orcoal sourced from regional collierieBhe latterinvolves a
combined measurement of sulphur contents (total sulphur, sulphuric acid, sulphur, and organic sulphur),
neutralisation capacity (NP), paste pH and the calculation of acid potential (AP), net neutralisation potential
(NNP) and NP/AP ratio (NPRJrthermore existingwaste classificationesultsof wastewasreviewedin terms

of the NEMA National Norms and Standards for the Assessment of Waste for Landfill Disposal (DEEAT, 2010

2.7.  Numerical groundwater flow andnasstransport modelupdate

The existinghumerical groundwater flovand mass transpornodel wasupdated and recalibratetdased orthe
site characterisation data gathered as weltlasredefined groundwater conceptual moddihelatter will serve
as a tool to evaluate various water management optiand different scenarios wilbe applied to quantify and

qualify potential groundwater impacts.

2.8. Groundwater impact assessment

Identification of preliminary and potential impactand ratings related to new developments and/or listed
activities are defined based on outcomes of the investigatieamimpact can be defined as any change in the
physicalchemical, biological, cultural and/or soggonomic environmental system that can be attributed to
human and/or other related activities The broad approach to the significance rating methodology is to
determine the environmental risk (ER) by considering the consequence (C) of each impact (comprising Nature,
Extent, Duration, Magnitude, and Reversibility) and relate this to the probalikiéyihood (P) of the impact
occurring. This determines the environmental risk. In addition, other factors including cumulative impacts, public
concern, and potential for irreplaceable loss of resources, are used to determine a prioritisation factdni¢idF) w

is applied to the ER to determine the overall significanceigation measures were recommended in order

to render the significance of impacts identified.
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3. LEGAL FRAMEWORK AREBGULATORY REQUIREMENTS

The following water managemetggislation should be adhered to:
3.1. The National Water Act (Act 36 of 1998)

The purpose of the National Water Act, 36F M ddy 6 ab 2 IEQ0 A28y asSai A2adzid 28 yS y{a dzNB |
water resources are protected, used, developed, conserved, managed and controlled, in a way which inter alia
considers the reduction, prevention and degradation of water resources. The NWA st&dion 3 that the
blFidA2y+f D2@SNYyYSyid Aa (GKS LlzofAO (NMzaiSS 2F GKS bl
ensure that water is protected, used, developed, conserved, managed artdolbeth in a sustainable and

equitable manner for the benefit of all persons and in accordance vétbatstitutional mandateSection 22 of

the NWA states that a person may only use water without a license if such water: ymansssible under

Schedule 1, if that water use constitutes as a continuation of an existing lawful water use, or if that water use is
permissible in terms of a general authorization issued ur@@tion 39. Permissible water use furthermore

includes water use authorised by a lisenissued in terms of the NWA or alternatively without a license if the
responsible authority dispensed with a license requirement under subsectidMo8iplaats Collieryperates

underan approved Water Use Licen@®UL ReNo. 08/C11B/AGJ/2141ksuedd2 May 2013 This investigation

will serve as supporting documentation to amend this existing licence to cater for newly identified water uses

as listed below:
3.1.1.Section 21 water use activities
Section 21 of the National Water Act indicatinat water use includes the following:
a. taking water from a water resource (section 21(a));
b. storing water (section 21(b));
c. impeding or diverting the flow of water in a water course (section 21(c));
d. engaging in a stream flow reduction activity contemplated in section 3649 (section 21(d));

e. engaging in a controlled activity which has either been declared as such or is identified in section
37(1)50 (section 21(e));

f. discharging waste or water containing waste into a water resource through a pipe, canal, sewer, sea

outfall or other conduit (section 21(f));
g. disposing of waste in a manner which may detrimentally impact on a water resource (section 21(qg);

h. disposing in any manner of water which contains waste from, or which has heated in, any industrial or

power generation process (section 21 (h));
i. altering the bed, banks, course or characteristics of a water course (section 21(i));

j- removing, discharging or disposing of water found underground if it is necessary for the efficient

continuation of an activity or for the safety of people (section 21(j)); and
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k. using water for recreational purposes (section 21(k)).

3.1.2.GN 704 Regulations on the use of water for mining and related activities aimed at the protection of
water resourceq1999)

It is important that integrated water management should be conducted in accordance with Government Notice

(GN) 704. The following regulations were referenced from the GN 704 document published.

Section 4: Restriction of Locality
@ b @erson in control of a mine or activity may

i. Locate or place any residue deposit, dam, reservoir, together with any associated structure or any other
facility within the 1:100 year floofine or within a horizontal distance of 100 metres from any
watercourse or estuary, borehole or well, excludingddwles or wells drilled specifically to monitor
the pollution of groundwater, or on waterlogged ground, or on the ground likely to become
waterlogged, undermined, unstable or cracked;

ii. Except in relation to a matter contemplated in regulation 10, carry on any underground or opencast
mining, prospecting or any other operation or activity under or within the 1:50 year {ioedr within
a horizontal distance of 100 metres from any watarse or estuary, whichever is the greatest;

iii. Place or dispose of any residue or substance which causes or is likely to cause pollution of a water
resource, in the workings of any underground or open cast mine excavation, prospecting diggings, pit
or any other excavation; or

iv. Use any area or locate any sanitary convenience, fuel depots, reservoir or depots for any substance
which causes or is likely to cause pollution of a water resource within the 1:50 yeadifiecaf any
gl GSNO2dz2NBS 2NJ S&idzZ NB d¢

Section 6: Capacity requirements of clean and dirty water systems
G9DSNE LISNE2Y Ay O2yGNRBft 2F | YAYS 2N FOGA@GAlGe Ydzal

i. Confine any unpolluted water to a clean water system, away from any dirty area;

ii. Design, construct, maintain and operate any clean water system at the mine or activity so that it is not
likely to spill into any dirty water system more than once in 50 years;

iii. Collect the water arising within any dirty area, including water seeping from mining operations,
outcrops or any other activity, into a dirty water system;

iv. Design, construct, maintain and operate any dirty water system at the mine or activity so that it is not
likely to spill into any clean water system more than once in 50 years; and

V. Design, construct, maintain and operate any dam or tailings dam that forms part of a dirty water system
to have a minimum freeboard of 0.8 metres above full supply level, unless otherwise specified in terms
of Chapter 12 of the Act.

Vi. Design, construct and maintain all water systems in such a manner as to guarantee the serviceability of
such conveyances for flows up to and including those arising as a result of the maximum flood with an
F SN 3S LISNA2R 2F NBOdZNNBYyOS 2F 2yO0S Ay pn &SINARO®
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Section 7: Protection of water resources

OEvery person in control of a mine or activity must take reasonable measures

Vi.

Vii.

viii.

3.2.

Prevent water containing waste or any substance which causes or is likely to cause pollution of a water
resource from entering any water resource, either by natural flow or by seepage, and must retain or
collect such substance or water containing wasteuse, reuse, evaporation or for purification and
disposal in terms of the Act;

Design, modify, locate, construct and maintain all water systems, including residue deposits, in any area
S0 as to prevent the pollution of any water resource through the operation or use thereof and to restrict
the possibility of damage to the riparian iorstream habitat through erosion or sedimentation, or the
disturbance of vegetation, or the alteration of flow characteristics;

Cause effective measures to be taken to minimise the flow of any surface water or floodwater into mine
workings, opencast workings, other workings or subterranean caverns, through cracked or fissured
formations, subsided ground, sinkholes, outcrop excavesj adits, entrances or any other openings;
Design, modify, construct, maintain and use any dam or any residue deposit or stockpile used for the
disposal or storage of mineral tailings, slimes, ash or other hydraulic transported substances, so that
the water or waste therein, or falling therein, Wilot result in the failure thereof or impair the stability
thereof;

Prevent the erosion or leaching of materials from any residue deposit or stockpile from any area and
contain material or substances so eroded or leached in such area by providing suitable barrier dams,
evaporation dams or any other effective measures teyant this material or substance from entering

and polluting any water resources;

ensure that water used in any process at a mine or activity is recycled as feaciEable, and any
facility, sump, pumping installation, catchment dam or other impoundment used for recycling water, is
of adequate design and capacity to prevent the spillage, seepage or release of water containing waste
at any time;

At all times keep any water system free from any matter or obstruction which may affect the efficiency
thereof; and

Cause all domestic waste, including wagditer, which cannot be disposed of in a municipal sewage

system, to be disposed of in terms of an authorisation under the Act.

Mineral and Petroleum Resources Developmehtt (Act 28of 2002

The establishment, reclamation, expansion or decommissioning of residue stockpiles or residue deposits must
be authorised in terms ahe Mineral and Petroleum Resources DevelopmAant (MPRDA)Act 280f 2002.
Section 42 of the MPRDA states that:

Residue stockpiles and residue deposits must be managed in the prescribed manner on any site
demarcated for that purpose in the environmental management plan or environmental management

programme in question.

30| Page Doc Reference: H&24-014-V2



Gradient Consulting (Pty) Ltd Mooiplaats CollieryWUL Amendmenitlydrogeological Impact Assessment

ii. No person may temporarily or permanently deposit any residue stockpile or residue deposit on any site

other than on a site contemplated in subsection.

3.3.  National Environmental Managemenict (Act 56 of 20(2)

The establishment, reclamation, expansion or decommissioning of residue stockpiles or residue deposits must
be authorised in terms ahe Mineral and Petroleum Resources DevelopmAnt (MPRDA)Act 280of 2002.
Section 42 of the MPRDA states that:

3.4. National Environmental Management: Waste Aghct59 of 2008

Furthermore, the establishment, reclamation, expansion or decommissioning of residue stockpiles or residue
deposits mustalso be authorisedthrough a waste management licence issued in terms of the National

Environmental Management Waste Act 59 of 2008.
The classification and definitions herein considered the following docunients

i. Government Notice 635, National Environmental Management: Waste Act 59 of 2008: National Norms
and Standards for the Assessment of Waste for Landfill Disposal (henedéiged to asGNR 635)

ii. GovernmentNotice 636, National Environmental Management: Waste Act 59 of 2008: National Norms
and Standards for Disposal of Waste to Landfill (hereaétferred to asGNR 636).

It should be noted that Government NotiGN 99(published in September 2018 serve to améeheregulations
regarding theplanning andnanagement ofesiduestockpiles andesiduedeposits(2015. The main aimisto

allow for the pollution control measures required for residue stockpiles and residue deposits, to be determined
on acaseby-casebasis, based on a risk analysis conducted by a competent peksoardingly, aisk analysis

must be conducted to determine the pollution control measures suitableaf specific residue stockpile or

residue deposit as part of an application for a waste management licence.

31t should be noted thatalthougha pollution control barrier system designed in terms of the National Norms and Standards for the
Assessment of Waste for Landfill Disposal (GN R68%he National Norms and Standards for the Disposal of Waste to Landfill (GIN R636
is no longer applicable and/or enforceable, the Total Concentration (TC) and Leachable Concentration (LC) thresholds e istipulat
GNR635 standards are still applied as part of the waste assessment because guidelines and limits areEradsshorental Protection
Agency (EPAY the Australian State of Victoriand still bears reference
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4. STUDY AREMNDINFRASTRUCTURE
4.1. Regional setting andite locality

The projectextentand greater mine lease aréslocated orPortions 1, 2, 8, 9 and Remaining Extent of Portion
1 as well as 9 of the Farm Mooiplaats 290 in the Msukaligwa Local Municipality, Mpumalanga P®wirhe
Africa Mooiplaats Colliery is located approximately 15km seedist of the townof Ermeloand is accessilel
from the N2 national route and is situated approximately 1.7 km from the Camden Power SGioeral site
coordinates are listed ifable4-1 with the site locality and project boundary depictedhigure4-1. Refer to

Figure4-2 for an aeriakextent of the project area.

Table4-1 General ge coordinates(Coordinate System: GeographiQatum: WGS84)
Latitude 26°38'39.99"S
Longitude 30°05'50.74"E

4.2. Mining infrastructure and schedule

Mooiplaats Colliery is an existing coal minomgeration. The applicant would like to amend their existing Water
Use Licence to align the water uses with existing infrastructure and the proposed future activities on site. As a
main objective, Mooiplaats Colliery is no longer undertaking undergrountl nodng and the existing coal
beneficiation plant and associated infrastructure is intended to be repurposed for Toll Washing (the processing
of third-party supplier coal). Existing and new water uses will be necessary for the intended repurposing of the
plant to take effect(Figure4-3).
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5. PHYSIOGRAPHY
5.1. Topography

The topography of the greater study areaisongly undulating wittsurroundinghills and plains. Topographical
high areas are usually shaped by more resistant 6@sbo dolerite intrusions while valleys are underlain by
Karoo sedimentsut by local drainage patternas evident at the study aredhe regionallandscape gradually
flattens out towards the lower laying drainage syst@nthe eastern perimeter, also forming the groundwater
and surface water divide of this catchment arg@aehighest topographical elevation esite is 7724.0 mamslto

the northern boundary of the mine leasgea while other topographical high areas also exist to the northwest
and south-easternperimeters(1714.0 mamsl). The lowest topographical elevation within the study area is at
1587.0mamsl forming part of the lower laying drainage system towardsthghwesternpart of the mine lease

area.

Onsite gradientsare relatively gentle to moderatewith the average slope calculated 8t0% and¢3.10%
respectively The Vaal River drainage system enters the project area at an approximate elevation of 1626.0
mamsl| and exists at 1598.0 maneh elevation loss d8.0 m over a lateral distance 06:50 km. respectively

with an elevation loss of 129.0 m over a lateral distance of 2.7Rafer toFigure5-1 for a topographical cross

section of thegreater study area anBigure5-2 depicting the regional topographical contours.

Figure5-1 Topographical crossectiors of the greater study area.
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5.2. Drainage and catchment

The project area is situated in primary catchment (C) of the Wilge, Liebenbergsvlei and Vaal River drainage
systems. The resource management falls under thpper Vaal WateManagement Area (WMA) which is
situated in thesouthwesternpart of Mpumalanga Provinceprth-eastern part othe Free State as well as parts

of Gauteng and relatively small area in thEorth WestProvince Thestudy area is situated within quaternary
catchmentC11B(nett surface area 0534.7km?), falls within hydrological zonB and has an estimated mean
annual runoff (MAR) oB5.4 mcm (million cubic metres) (WR 2012)he regional drainage occurs in a
southwestern direction via the Vaal River transecting the greater project area. The Witpuntspruit convergence
with the Vaal River before entering the mine lease area and the Wolwespruit joins the Vaal River just before it
exists the mine lease boundary. From here the Vaal River continues draining in a western tovestatly
direction where the Kleivaal River joins the drainagettern approximately 6.5 km southwest of the project
area. Refer toFigure5-3 for a spatial layout of the project area in relation the water management area,
guaternary catchments as well as regional drainage pattefifable 5-1 provides a summary of relevant

climatological and hydrogeological information for quaternary catchment C11B.

Table5-1 Quaternary catchment informationC11B.
Attribute Catchment information
Water Management Area (WMA) Upper Vaal
Primary catchment C
Secondary catchment C1
Tertiary catchment Ccl1
Quaternary catchment C11B
Major rivers Wilge, Liebenbergsvlei, Vaal
Hydrozone D
Rainfall zone C1A
Area (km) 534.7
Mean annual rainfall (mm) 705.3
Mean annual evaporation (mm) 1400
Mean annual runoff (mm) 66
Baseflow 6.92
Population 1554
Total groundwater use (I/s) 2.8
Present Eco Status Category Category B
Recharge 6.70
Average water level (mbgl) 8.8
Soil type LmSaSalLm
Groundwater General Authorization 150 n¥/ha/a

Note: Catchment based information sourced from Aquiworx 2014
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5.3. Climate

VVVVVV

¢CKS addzRe FNBI Q& ¢SIGKSNI LI GG§SNY NB B4£0%dD précipitationi & LIA O
occurring as higiintensity thunderstorms fronDctoberto March.Patched rainfall and evaporation data were
sourced from the WR2012 database (Rainfallez6iA) and span a period of somey@ars(1920¢ 2009).The
calculated mean annual peiitation (MAP) for this rainfall zone is 700.16 mm#dgth the 5" percentile of the

data set (rougly equivalent to a 1:20 year dught period) calculated at 52422 mm/a and the

95" percentile (represeting a ~1:20 flood period) 866.08m/a. The highest MAP for the 9@arsof rainfall
datawasrecorded as ofL128.35mm (1995) while the lowest MAP @b53.74mm was recorded during 1991.

This quaternary catchment is categorised under evaporation zone 13B which have a mean annual evaporation
(span) of 1400.0 mm/a, more than double the annual precipitation for the greater study Rigae5-4 depicts

a bar chart of the yearly rainfall distributiomgith Figure5-5 indicating monthly rainfall patternsFigure5-6
provides a comparison of monthly precipitation and evaporation volumes. A summary of rainfall data used as

part of this statistical analysis is summarised\ppendix A: Rainfall data
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Figure5-4 Bar chart indicating yearly rainfall distribution for rainfall zone C1A (WR2012)
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5.4. Geological setting
5.4.1.Regional geology

The greater study area falls within the Ecca Group of the Karoo Supergroup, which consists of a sequence of
units, mostly of nonmarine origin, deposited between thete CarboniferouandEarly Jurassi¢Schliiter and
Thomas, 2008)The PermianEcca Grougollows conformably after th®wyka Groupn certain sections,
however in some localities oveads unconformably over older basement rockBhe Ecca Groupnderlies

the Beaufort Groupn all knownoutcropsand exposuresaand comprises a total of 16 formationsresising

largely of shalesandsandstones The latter can be grouped in three geographical areas i.e. southern,

western/north-western as well as norteastern areas.

5.4.2. Localgeology

According to the geological mg@630,Mbabane the study area falls within the Vryheid Formation (Rajch

is covered in various areas throughout the mine lease area by dolerite of the Karoo Dolerite Suite (Jd). The
Vryheid Formationconsiss mainly of fine-grainedmudstoneg carbonaceoushalewith alternating layers

of bituminous coakeams, and coarsgrained,bioturbatedimmature sandstonesespectivelyarenaceous and
argillaceous strata The uneven pr&aroo topography along the northern and nostrestern margins of the

basin, where the formation rests directly on pik@roo rocks or the Dwyka Group, which gives rise to marked
variations in thicknessThe different lithofacies of the Vryheid Formation are mainly arranged in upward

coarsening cycles which are deltaic in origin (Johnson et al, 2009).

The Karoo Basin is characterised by a vast network of intrusive dolerite sills and dykes that rapidly intruded at
183.0 to 182.3Ma (Svensen et al., 2QIR)e intrusive Karoo dolerite suite represents a shallow feeder system
which occurs as an interconnectegtwork ofdykes, sills as well as sheets which typically form resistant caps

of hills compromising softer sedimentary strata (Chevallier and Woodford, 1999).

Isolated patches within the study area are covered by aeolian sand (Qw) of the geeifedl.toFigures-7 for a

summary of the generalised stratigraphic column of the Ermelo Coalfield riilee5-8 indicate the regional

geology.
5.4.3.Structuralgeology

On a regional scalesarioussouthwest northeaststriking geological lineaments occur throughout the larger
study areaA geological lineament and inferred dyke structure transect the northern footprint of the proposed
underground workings striking in a general southwesttheast direction.The latter mayplay a major role in
aquifer compartmentalisationas they can act as semito impermeable barriers to the movement of
groundwater.The number of spring localities observed during the hydrocensus user survey may confirm this
assumptionDolerite dykes are vertical to sukertical discontinuitiesvhichrepresent linear zone of relatively
higher permeability whichmay act as conduits for groundwater flow within the aquifékccording to the

geological mamo major faults in the direct vicinity of the project area are evident.
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6. HYDROGEOLGIAL BASELIMSSESSMENT
6.1. Desktopstudy

The Department have characterised South African aquifers based ofrdubsformations in which it occurs
together with its capacity to transmit water to boreholes drilled into relative formations. The water bearing

properties of respective formations cdie classified into four aquifer classes defined as:

a. Class Alntergranular o Aquifers associated either with loose and unconsolidated formations such as
sands and gravels or with rock that has weathered to only partially consolidated material.

b. Class BFractured o Aquifers associated with hard and compact rock formations in which fractures,
fissures and/or joints occur that are capable of both storing and transmitting water in useful quantities.

c. Class CKarst o Aquifers associated with carbonate rocks such as limestone and dolomite in which
groundwater is predominantly stored in and transmitted through cavities that can develop in these
rocks.

d. Class Dintergranular and fractured o Aquifers that represent a combination of Class A and B aquifer
types. This is a common characteristic of South African aquifers. Substantial quantities of water are
stored in the intergranular voids of weathered rock but cany be tapped via fractures penetrated by
boreholes drilled into it. Each of these classes is further subdivided into groups relating to the capacity
of an aquifer to transmit water to boreholes, typically measured in I/s. The groups thereforesesg

various ranges of borehole yieldsigure6-1).

Principal groundwater occurrence
Borehole yield class (median I/s)
(excluding dry boreholes)
. 0.0-0.1 0.1-0.5 0.5-2.0 2.0-5.0 >5.0
% * % %
Intergranular
%
g Fractured b2 b3 b4 b5
3
< | Karst c2 c3 c4 c5
%
Intergranular
and fractured d2 d3 d4 d5
B Borehole yield boundary
Note: Groundwater occurrence depicts the aquifer type(s)
with the highest borehole yield which does not always
correlate with surface lithology.
Figure6-1 Principal groundwater occurrences in South Africa
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6.1.1.Regional hydrogeology

According to the DWS Hydrogeological map (DWS Hydrogeological map series 2530 Nelspruit) the site is
predominantly underlain by an intergranular and fractured aquifer syst@®) ¢gomprising mostharenaceous

rock of the Ecca Formation with a compact natFéggure6-2). Karoo sediments of the Ecca and Beaufort
Groups, which consist of mainly sandstonesidstonesand shales, cover a large portion of the WMA. The
aquifers are secondary aquifers with water associated with fracturing. Natural springs and seepages, although
their flows are markedly seasonally affected, are extensively exploited as domestic water soppdes in the

rural residential and agricultural portions of the WMBWS ISP, 2004)he aquifer hagin extremely low to
medium development potentia(DWA, 2008) with borehole yields ranging from @.2.0 I/s, while higher

yielding boreholesX 5.0 I/s) may occur along intruding dyke contact zonesathdr structural features i.e.

fault zones etcBarnard, 2000)C I dzf 1 a> 22Ayida |yR AYy(iNHzAAODS YINRB2 R2f S|
are zones usually of increased groundwater presgb&'S ISP, 2004

The maximum aquifer depth (i.e. shallow/weathered aquifer system) ranges betweerg 3D® mbgl with

water stored mainly in decomposed/partly decomposed rock and water bearing fractures principally restricted

to a shallow zone below the static groundwaievel. Refer toFigure6-3 for a regional lrdrogeological map

illustrating the typical groundwater occurrence for the study region

6.1.2.Hydrostratigraphic units
For the purposes of this investigation, three main hydrostratigraphic units/aquifer systems can be inferred in

the saturatedzone*

i. A shallow, weathered zone aquifer occurring in the transitional soil and weathered bedrock formations
underlain by more consolidated bedrodkroundwater flow patterns usually follow the topography,
discharging as natural springs at topographic-lging areasUsually this aquifercan be classified as a
secondary porosity aquifer and is generally unconfined with phreatic water levels. Due to higher

effectiveporosity f)this aquifer is most susceptible to impacts from contaminant sources

ii. An intermediate/deeper fractured aquifeavhere groundwater flow will be dictated blyansmissive
fracture zones that occur in the relatively competent host rdedacturedsandstones, mdstonesand
shalessequences areonsideredas fracturedockaquifers holding water in storage in both pore spaces
and factures.Groundwater yields, although more heterogeneous, can be expected to be higher than
the weathered zone aquifer. This aquifer system usually displays-cmfined or confined
characteristics withpiezometric heads often significantly higher than the wétearing fracture

position.

iii. Shallow quaternary and recent types of sedimer(fgerched, unconfined) are characteristically
primary porosityaquifer. These aquifers arformed by the alluvial material along thigparian zone of

local drainages andre limited to a zone of variable width and deg{riscoll, 1986)

4it should be noted that no site characterisation boreholes have been drilled to confirnagbisnption and this is based on historical
hydrogeological investigation in this area and/or similar environments
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6.2. Hydraulic parameters

To follow is a brief overview of aquifer hydraulic parameters based wlighed literature for similar

hydrogeological conditionas well as historical reports

6.2.1.Hydraulic conductivity andrransmissivity

Hydraulic conductivity is the constant of proportionalitybarcy's Lawvhichstates that the rate of flow through
a porous medium is proportional to the lossha#ad and inversely proportional to the length of the flow path

as indicated in the following equation:

Equation6-1 | 8RNI dzft AO / 2y RdZOGABAGE 65 NDeQa [+ 60

where:

K =Hydraulic Conductivity (m/d).

Q = Flow of wat@er unit of time(m%/d).
dh/dl = Hydraulic gradient

A =sithe crosssectional area, at a right angle to the flow direction, through which the flow odoof)s

Thehydraulic conductivity of sedimentary formations such as evident on site can rangé&®ogi(°. Hydraulic
conductivity of fractured igneous rocks (i.e. dolerite) varies betwg@hg 10> m/d, while conductivity values
for un-fractured igneous rocks (i.e. fresh dolerite sill) ranges betwidd ¢ 10° m/d. The hydraulic conductivity
of quaternary deposits and alluvial pockets associated with the drainage systetiwerbed aquifers can be
orders higher and cawary between 1§ ¢ 10° m/d (Freeze andCherry, 1979)The calculated hydraulic

conductivity for thealluvialzonesis 4.0 m/d (Geostratum, 2011)

Transmissivity can bexpressed as the product of the averaggdraulic conductivity(K)and thickness(b) of

the saturated portion of an aquifeand expressed by:

Equation6-2 Transmissivity.
d L
1 b
where:
T=Transmissivity (ffd).

K = Hydraulic Conductivity (m/d).

b = Saturategquiferthickness.
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Figure6-4 Typical hydraulic conductivity values for esite hydrostratigraphical units

6.2.2.Storativity

Typical storativity values fdractured rock systems is in the order of%1§ 10%, while Storativity values of the

shallow, weathered aquifezanbe slightly higher i.e. 1(Freeze and Cherry, 1979).
6.2.3.Porosity

Porosity is an intrinsic value of seepage velocity and hence contamination migration. The porosity of fractured
crystalline rocks ranges betwedén03 ¢ 0.10, while porosity of weathered formations can be as high as 15%
depending on the nature and state of weatheriffereeze and Cherry, 1979he average calibrated effective
porosity for the shallow, weathered aquifer and deeper, fractured aquifer is 0.03 and 0.003 respectively
(Geostratum, 2011).

6.2.4.Recharge

An approximation of recharge for tretudyarea isestimated at~6.0 % of MAP i.e.42.0 mm/a as summarised

in Table6-1. Goundwater recharge wa calculated using the RECHAR@IgrBm1(van Tonder and Xu, 20Q0)

which includes using qualified guesses as guided by various schematic maps. The following methods/sources
were u®d to estimate theecharge{i) ChlorideMassBalance(CMB)method (Figure6-5) (ii) Geology (iii) Vegter
Growndwater Recharge Map-{gure6-6) (iv)Harvest Potential Mafv) BasefloMap (Figure6-7) (M) Literature

review; and (Vi) Qualified opinionUsing the simplified CMB method as proposed by Bean (2003), the following

equation applies to calculating recharge
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Equation6-3 Chloride Mass Balance formula.
1 s
FF
where:

R =Recharge (mm/a)
Ch= Representativenean chloride concentration in rainwater including contributions from dry deposition

Ch=Chloride concentration in groundwater resulting from diffuse recharge

Table6-1 Recharge estimation (after van Tonder and Xu, 2000).

Recharge method/ Reference Recharge (mm/a) Recharge (% of MAP) Weighted i\\:.a[ﬁa 1) (High
Chloride 40.34 5.72 3.00

Geology 36.68 5.20 3.00

Vegter 50.00 7.09 3.00

Harvest Potential 45.00 6.38 3.00

Baseflow 50.00 7.09 3.00

Literature 40.00 5.67 5.00

Qualified Opinion 38.79 5.50 4.00

Weighted average 42.55 6.04 24.00

Notes: Recharge per annum were calculated using a MAP of 705 mm.

Figure6-5 Chloride method summary
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