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Abstract

The quantification of water ingress volumes and rates from different aquifer systems through
open voids can aid in related studies concerning water quality, decaptitantial, and stability
evaluations especially in areas where historic mining has played a significant role in altering the
groundwater environmentThe objective of the research and approach is to evaluate if numerical
groundwater modelling can be used as a tool to quantify ingress rates from shallow aquifer
systems during rapid recharge ewswhenthese aquifer systemecomesaturated and water
seeps through individual mine related open voids on a regional saadetually reachingistoric

mining infrastructure and deeper hard rock aquifers.

A case study thdbcused on the East Rand Basin was used to evaluate if numerical modelling can
be used to produce quantified ingress rates from shallow aquifer systems throughretated
open voids. The East Rand Basin has a rich history of mine related activities which still has a large

influence on the regional aquifer systems.

The research included gathering spatial and-sfecific data required to construct and represent

a numerical groundwater model in FEFLOW groundwater modelling software. The representative
model was used to simulate a scenario that included monthly rkinégordsthat indicated
elevated rainfall events andpplied as timalependantrechargeto the shallow aquifer systems
identified along the Blesbokspruit and associated tributaries. The mapped-neleted open

voids that fell within the shallow aquifesystems were assigned as discrete features to represent
open voids leading to the mapped historic underground mine workings. The simulation included
hydraulic head raises with each consecutive rainfall event to saturate the shallow aquifer systems

and theingress rates were recorded at each individual open void.

The outcome of the numerical modelling assessment proved that ingress rates can be quantified
with results indicating thaa maximum of 1200 n#/d can flowfrom the shallow aquifer systems
during heavy rainfall events through 33 (out of 69) mapped open voids. The results were
compared to a similar studiyvaal, 2013)that indicated a good comparison inflow rates The

model illustratedthat roughly 16% of surfaeeelated water (includhg ingress through shallow

aquifer systems) could come from 46% of mine related open voids.

Numerical groundwater modelling proved to be a valuable tool to quantify ingress rates from
aquifer systems through open voids, however data availability dath quality add major

limitations to the result accuracy and model confidence.
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Chapter 1 Introduction

The Witwatersrand Gold Fielgsesentshuge challenges regarding groundwater management
due to theextensivehistoricalminingand associatedpen voids that exist as remnarftem the
historical mining activitie$DWAF, 2013)The mining related opewoidscan be old mine shafts
or surface cavities that remaaa opendue tosub-surface cavingt shallow mine tunnelsThese
miningrelated open voids carserve as preferential pathways for water to flow freely into the
underground groundwater systenad could havextensive influence on how the groundwater
aquifer systemsbehaveduring flooding periods if these voids are situaiadclose proximity to
perennial streamsand rivers as well assmdler tributaries typically assaiated with shallow
alluvial aquifer systemdncreasedvater ingressfrom rapidly recharged shallow aquifer systems
into open voidduringflooding or excessive wet perioasll haveanimpacton the groundwater

guantity andquality of the deeper hard rock aquifer systems

If ingress volumesould accurately be modelled numerically, the possibility existdetier
guantify water management programs terms of water quantity and qualityrhe conceptual
idea is illustrated ifFigurel-1 and Figurel-2 whichindicates the groundwater conditions under
normal static conditions and the shallow aquifer ingress into the méatated open voids in the
associated floodplain area of the river systefiAgurel-1). During a floodevent, the river would
flood itQ Banks and fill the floodplain aresith subsequent rapid recharge to the shallow alluvial
aquifer systemgFigurel-2). Anymine-related open void that exists in the shallow aquifer system
or in close proximityo the shallow aquifer systems could experience increased inflows dilméng

flooding event.

This dissertationand researctwill detail hownumerical groundwater modellingmay be useds
a tool to determine and quantifghallow aquifewater ingress volumes and rates through open
voidsand make use of a case study focus on ingress througminingrelated open voidgo

underlyingaquifersystems
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1.1 Research questioh¥pothesis.

The interaction between groundwater and surface water as mentioned is an uncertain science in
terms of quantifying the actualvater inflow rates and volumes. The components that are
associated with the interaction processes can be described scientifically and represented with
some quantification criteria through numerical modelling, however the range of uncertainties
becomes larger as thewsly area increases due to data insufficiencies and poor quality of data.
Onecomponent in particularis the interaction of shallow aquifer water ingress through direct
media such as open voids into the deeper groundwater systems and the quantification of the

water volumes and rates.

The research question can thus be formulatéslit possible to quantify accurately the water
volumes and rates associated with shallow aquifer water ingress through operretated voids
leading to the mine workings that directly link with the underground aquifer systems; and can
numerical modellig be applied as a tool to model the ingress processes considering both the

shallow aquifer and associated water body during rapid recharge events.

1.2 Research aims ambjectives.
The aim of the research is to investigate the potential additional volumes of water that could
enter open mine voids through shallow aquifer recharge during a high rainfall event where the

shallow aquifer recharggetsamplifiedby flooding rivers andtreams.

The objectives to achieve the aims is to implement predictive numerical groundwater modelling
asatool to simulate the inflows into old mine voids situated inside or nearby the shallow aquifer

systems during high rainfall events with associated rapid recharge to shallow aquifer systems.

1.3 Researchmethodology.

This dissertation focused on two main aspettslook at how numerical modelling can aid in
guantifying the ingress of water through mine related open voids during rapid recharge events
The first sectiorfocuses mainly on theeview of literature andresearch of available data and
information related to shallow aquifer ingress through open vpédswell as groundwater studies

that has been conducted for the Witwatersrand Gold Fields.

The second section will focus on a case study conducted for the East Rand/iakimprovides
the ideal settingo achieve the objectives of thi&udy.The main objective of the case study is to
constructandrepresenta numerical groundwater model that will be used to simulate a scenario

where rapid recharge to the shallow aquifarsthe East Rad basinand water ingress during

4



these rapid recharge events intoine related open voidsan be measurednd quantified.Ste
specific datawill be required to construct andepresentthe numerical model and further

research and data collectiomill be conducted to fulfil this requirement.

The followingspatial andsite-specificdata will be gathered during tle case study assessment:

1 Topographical datand surface drainage network to duate the regionatopography
and surface drainage regime from which a salichment area can be defined that will
sewve as thanodel boundary.

1 Mapped geology and geological informatisunch ageological structur¢hat forms part of
the subcatchment area which will represent the different aquifer systems incorporated
into the modelboundary at surface and to depth.

1 Wetland areas which together with the alluvaiposits along the river systems associates
with the shallow aquifer systemthat forms the major aquifersthat will be assessed
during the modelling scenario.

1 Rainfall record$rom weather stations within the sub catchment artwat will indicate
the flooding events that forms the main driver for the rapid rechaeyents that will be
modelled.

1 Groundwater chemistry and more specific Chloride concentrations to determine the
recharge rangeshat can be appliedo the different aquifer systeméncluded in the
numerical model.

1 Measured groundwater levels within the sub catchment which will form one of the main
input parameters torepresentthe numerical modeland illustrate the current state
aquifer status of the sub catchment.

1 Hydraulic parameters suashydraulicconductivitiesthat will be applied to the different
aquifer systems and adjusted tepresentthe numerical model.

1 The current main mining activities to evaluate the potential dewatering frondtfierent
aquifer systems as well as the historic mining footprint and mapped mine related open
voids which will be used as the input locations from which the rapid recharge and

associated water ingressill be recorded and measured during the scenario simulation.

Thedata and information gathered as part of the research process will be used to formulate a
conceptual model that will describthe purpose of the numerical model and the problem
statementthat will be addressed by the numerical groundwater model. The conceptual model

will also describe the important input parameters and htvese will relate and support the



numerical model construction, representation and eventually the scenario simulatioto

formulate the answers needew fulfil the research question and hypothesis.

The rainfall datavill be evaluated to select a specifieriodof actual rainfall records that indicates
possible flooding events which will be incorporated into tepresentativenumerical model The
scenario simulation will then simulate the rapid recharge applied tostielowaquifer systems
over theserechargeevents and thesimulated inflow rates into the mine related open voids will
be recorded angresented as graphs to show how numerical groundwater modelling can be used

to quantify water ingress into open voids.

The results from the scenario simulation will hecussedand important observations from the
seenario simulation will be noted which could aid in future groundwatssessmentselated to
mine impacted areasThe final stages of the dissertation will include some recommendations

derived from the discussion of the literatureudy and model results.



Chapter 2 Literature review

Thefirst part of the literature review include studiesthat focused on the interaction between
surface water and groundwater systepas well as numécal modelling methods that cabe
applied tobetter explainand describehe flow dynamics betweeithe two water systemsThe
second part of thditerature review look at studies conducted for the Witwatersram@bld Fields
in terms of water volumesind rates entering the aquifer systejrend how muchwater can

originate fromsurface water bodies.

2.1 Modelling themteraction between surface and groundwater systems

The interaction between surface water and groundwater systems has belemgedebated
subject from both hydrology andeohydrologydisciplines(Tanner, 2015and (Midgley et al.,
1994) The main issue with understanding the interaction between surface water and
groundwater systems is the uncertaimy how much water can be contributed by each of these
systemsand the connection between surface stream flovehallow purged aquifer systems
associated wittsteans andriverbedsand the connection witldeeper hard rock aquifer systems
(DWAF, 2006) The typical rationale is thatwater entersthe catchment systemthrough
precipitationand drainsvia streamsrivers and lakeg/hereit then enters the subsurface aquifer
systemsthrough recharggParsons, 2004)Aquifer systems can also transmit water $arface
water bodies through springs, decanting points arslbaseflow componentsom the shallow

perchedaquifersystems

The USGeologicalQurvey (Winter et al., 1998)Yescribes the differeninteractions between
surface and groundwater systenrsdetailwith specific reference ttlow the hydrological cycle
and different componentgrivers,streamsand lakesgan interact withgroundwater systemand
aquifers.Although the general undstandingof howthe two water systems can interactdicates
limited confidence inthe quantification of actual volumes and raté#/agener et al., 200-9nd
(Wagener, 2005)

Numerical modelling could be applied evaluate the rates and volumesssociated with the
different components comprising these water systearsd their interaction(FEFLOW, 2022)
Different modelling approaches exists thatnche considered when modelling the interamis
andthe choice of method is dictatelly the different procesassociated with the groundwater

surfacewater interactions(Pathare, 2017and (Baily, 2023)Theseprocessedargelydepend on



the influences that each of the water systehsve on each othefTable2-1 andFigure2-1). The
groundwaterdriven processesan be seen when water is abstracted framaquifer system that
relates toa surface water body through media such aalluvial material or weathered rock
material. Surface watedriven processes can be in the form of overland flewch as rainfall
flowing on surface anthrough flow where water flows through a shallow aquifer syst&vater

can alsde stored irriverbedsas they widen and deepens as river flow attenuation.

The storage capacitan also be increasetiiring flooding eventsWater can also be stored in off
stream water bodies such amms or lakes creating seepage to the shallow aquifer systems that
surrounds them During flooding events a differential gradient can be creatsdhe river rises
into its floodplainand rechargng the shallow aquifer system as bank storage and over bank
flooding caroccurwhen the aquifer systemare fully saturated and exceeds the sége capacity

of surface waterbodies Theseprocesses often need measurable dataring wet and dry

conditions ancare typically challengingp quantifyon a regional scale.

Table2-1 Groundwater - Surface water interaction processes
Ground WaterDriven Processes Surface Water Driven Processes

Overland flow and through flow Overland flow or
sheet flowincorporates surface flow during rainfall
events whereas through flow describes shallow-sub
surface flow along the riverbeds or shallow perched
aquifer systems.

River Flow Attenuation Storage effects created by
rivers affect peak flows during rainfall events. The
attenuation can be caused by the widening or
deepening of the river base

In-stream Storages and Reservoir Operatidevents
that increase the irstream storage capacity during
flooding events

Stream Depletion Abstraction of stream water via an
aquifer system that is connected to a surface water bod|
due to a fully saturated media Off-Stream StoragesDams or lakes that can contribut
to seepage to the aquifer systems

Bank StorageDuring a flooding event a differential
gradient can exidbetween the rising river level and
floodplain high conductive shallow aquifers system
causing water to move into the shallow perched aquif
system, as the river water level drops then water gets
released back into the river over time
OverBankFlooding Groundwater recharge and soil
water exceeds the surface water storage capacity
during heavy rainfall events
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A study conducted bthe Water ResearcBommissiorfTanner, 2015)lescribes the uncéainties
related to quantifyingthe interaction process by looking at regional catchment assessnaants
part of groundwater reserves determinatiomsSouth AfricaThe outcome ofhe study indicated
that the lack of ield specific dataas well as the poor qualiyf the datathat existsfrom a model
input perspectiveproves to be a major uncertainty to accurately mottet interaction between
the water systems on a regional scal@e report{Tanner, 20153Iso clearly states thdhe overall
hydrology for both surface and stgurface is a uncertain scienceue to its variabilityand non
stationary nature The lack of accurate data and information amdso expressed in the
Groundwater Reserve Determination stucilynductedby (Hobbs et al., 2013pr the UpperVaal
water management aredespitethe limitationsnumericalmodelling might still be efficierto fill

gaps where insufficient datand informationis not available

2.2 Surface water/groundwater modelling software packages

To date severalsoftware packages is available to conduct nurredrigater modelling withthe
specific purposé¢o model either groundwater or surface watélow. More recentnumerical
modelling packages were developed to model the interaction between the two middraerical
software packages thatould be applied to model the interactions between surface water and
groundwater systems includellKE SHE integrated numerical modelling software developed by
DHI(MIKE, 2022)The MIKE software packages have a wide rangriidéce water applications
as well as the groundwater software package FEFIEBWWLOW is a numerical modelling software
programme that makes use of the finite element approximation methidte newest version of
FEFLOW (7.presens the opportunity to link withMIKE SHEhrough the application of a DFS2
file that includes inputsuch & rechargefor improved modelling of groundwateresource
management assessments. The integration also includes water quality assesgmasssand

concentrations) that can bmtegrated through the DFS2 file input.

With the release of FEFLOW @riother application FEFLOW piMIKEwas also introduced his
application replaced thf#mMIKE11 package and providesolutionto couplewith the FEFLOW
Huid Transfer Boundary Conditiorand a river network file from MIKE 1(B-EFLOW, 2022)
FEFLOW.5 has also introduced an application that employsRiehards equatio(Bonan, 2019)
gKAOK O2 Yo A y(Shaitaker| 198B)with the kadicrinciplesf water conservation to
estimate the movement of watein soil or the unsaturated zond&his application cloud also be

helpful to model theperiodc flow through unsaturated media during recharge evehtsvever

10



input data to this application requires additional field measurements and testing for

quantification purposes.

Additionalmodelling programmes thanhakeuse of thefinite difference approximation method
could also be considered such asF=GEW Numerical modelling softwardeveloped by the US
Geological SurveyGSFLOWis an integrated software package thdinks the two software
package?’RMSV (PrecipitatiorRunoffModelling System) and MODFLEB0O5/NWT(Modular
Groundwater Flow ModellGSFLOWs used to numerically model tH®w in catchment systems
and includessurface flow, subsurfaceaturated and unsaturated flolnd flow within streams
and lakeqUSGS, 2021)

The software packages and applications available to numerically ntoealifferent aquifer
systems and interactions between tlaguifer systems does present opportunities to quantify
ingress rates and volumdsowever limited information existghat relates toapproaches and
studies conducted to quantify ingress rates and volumes through open voids. This observation
also limits the evaluation on the accuracy and confiden€é¢he recorded inflow rates and
volumes. The results usuabye presented as rangewhich results in further studies having to

rely on increased assumptions in the comparison of dau information

2.3 Groundwaterandsurfacewater interaction in the Witwatarand Gold Fields
Numerous studies have been conducted to understand waer systemsboth surfa@ and
groundwater relatedin the Witwatersrand Gold FieldPWAF, 2004)A conceptual mapHigure

2-2) taken from(Winde, 2015pf the Witwatersrand Goldfields indicates the major river systems
and dams thatare associated with the goldfields area on a regional scale with all the major
tributariesleading to the Vaal Riv&ystem(Hobbs et al., 2013These watebodieshave aquifer
systems associatedith the alluvialdepositsthat forms the shallow aquifer systensd may
intersect the old mine open voids through which water ingress can occur during flooding events.
The understanding of how surface water and groundwater intereotsd determine thempacts

that increasedvolumes and water quality can have on both water systgWsaal, 2013)
Furthermore,the complexty due to the dolomitic (karstic) aquifer systeranderlying parts of

the gold fieldsareamay be connected to thkistoricmining infrastructure that left largamount

of openmine relatedvoids(shafts andpen fissuresycattered over the shallow resouregeas

(Mare, 2007)
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The network of historic mine workingeferred(i2 & d&ol aiAyaé¢ KlFa | R
increased water volumes into the groundwater systems due to the floodingthef
decommissioned opeminevoids(Coetzee, 2010)here are several ways that surface water can

enter the mine working¢Coetzee, 2010)

1 Direct rainfall thatentersdirectlythroughopen mine workings

1 Groundwater rechargwith associated seepage due to ground disturban(depressions
and subsidencdgrom the mine workings

1 Surface streams that losses water directly to the open mine voids due to the shallow
aquifer systems associated with the streams beingectosor above the shallow mine
workings

1 Surface mine workings that directly connects with the underground open voids which
creates pathways for water to seep directly into the underground mine voids.

1 Mine residue areasT@ilings facilitieand Waste rock dumpscausing increased fluxes to
the underground mine workings due to increased recharge potential of the waste
material.

1 Damaged wterinfrastructure like watesupplypipelines, sewerageetworks and storm
water reticulation systems that cross the old mine workings and voids can contribute to
seepageanto the open voids

1 Isotope analysis indicated that groundwater gets rapidly recharged due to possible open
voids contributing to surface water ingreasd subsequentiflows to the shallow aquifer

systems

A study conducted by Itasca Afri@authe, 2020)nvestigated the possible volumes and rates of
shallow aquifer water that can ingress into old mine open shafts and mapped open void positions
in the Modderfontein area of the East Rand Basin. The potential ingress locations were modelled
numerically baseé on their location in terms of proximity to perennial streams and associated
flood plain areas as well as general topography during a flooding event. The study outcome
indicated that numerical modelling might be possible to quantify surface water inbmgsver

more sitespecific data and information is required to increase the confidence of the results.

The contribution thatrapid surface water recharge to the shallow aquifer systdmas during
flooding eventsand howopen mine voids contribute t@verall inflows during such flooding
events where the open mine voidseasituated near river systems and inside shallow aquifer

systemsduring such flooding eventould providebetter quantificationof volumesenteringthe
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deeper aquifersystemsii KI 1 Qa O2yy SOl SR {the rapkdSecharged the N& O
shallow aquifer systems during heavy rainfalents and subsequertonnection with deeper
aquifer systems coulplay a major role ithe dilution of flooded miness the main driver foAcid

Mine Drainagg AMD)at downgradientdecanting positions along the major Ris@nd streams
(McCarthy et al., 2010)

The quantification of water ingress throughine related open voids and rates and volumes that
could come from the shallow aquifer recharge may also assist to evaluate the effect on deeper
more significant aquifer systenmsuch as théMalmanidolomite aquifers in terms of stability and
where minerelated open voids intersect this dolomite at depfthis appliesiot just during rapid
recharge eventdut also during normal recharge according to time dependant recharge applied
as per actual historic rainfall records. Studies conducte(Dijypenaar et al., 201&nd, (Danél

et al., 2021and (Winde, 2015) raised concerns on the ingress and decanpotential of the

dolomite and karstic aquifer systems in the Wits goldfields and how this can affect the:

1. Stability of the ground conditions with the formation of sinkholes through ingress
mechanisms such as rainfall events into open voids and leaking pipelines forming dolines
(Dippenaar, 2018) he event densities and occurrence of sinkholes are displayédune
2-3 which shows the large contribution that water ingress makes to sinkhole creation in
the west rand alone.

2. Water quality during decanting as groundwater leveée due to consecutive recharge
events and elevated water ingress caused by open voids letalihg mine void. Another
aspectto consider is the flooding and#gatering of the mine void once mining stops. The
estimated time for the mine voids and dolomitic compartments to fill once mining
operations stops ranged between 15 and 30 yg&shrader, 2014pased on numerical
modelling methods and estimatgsowever this period may blessbecause of the added
ingress potential from open mine voids that links the deeper underground aquifer systems
to shallow aquifer systems. The decanting potential affects the surface water resources
and systems as groundwater gets exposed to atmosphendittons causing reactive

processesforming acid mine drainag@/an Tonder 2021; Eckart 2016).
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The possibility existthat by means of numerical groundwater modelljtige percentages of
ingress through open voids that contributes to the overall ingress volumes can be determined

and more specifically which open voids can be identified as possible locations that can be

capped to minimise the ingress potential.

BWest Rand - dewatering

B Ekurhuleni - dewatering
@ West Rand - ingress
BTshwane - ingress

B Ekurhuleni - ingress

(a) Sinkhole event densities for dewatered and
non-dewatered (ingress) areas in Gauteng (blue-
shaded - ingress scenario).

Figure2-3 Sinkholeeventdensitiesidentified in Gautengand associated causess
dewatering or ingresgTaken fromDippenaar 2018)

The literature reviewlooked in detail at the complexterplay between surface water and
groundwater systems, particularly within the Witwatersrand Gold Fidlds.reviewndicatedthe
challenges in quantifyindpe volumesand inflowratesfrom ingressnechanismsand their effects

on subsurface aquifersighlightingthe uncertaintiegelatedto limited site-specific data and the
variableas well aglynamic conditionshat groundwater systems can presefithe integration of
numerical modelling methodsind applications presentebly software packages like MIKE SHE,

FEFLOW, and GSFLOW, offeportunitiesto better understand and quantify these interactions.

Sudies that focused on theWitwatersrandGold Fieldsndicatedthe significantinfluencesof
historical mining infrastructure, such as open voids and shafts, on surface water ingtess
different aquifers and howingress can impact ostability, water quality, and the potential for
acid mine drainageAdditionally, the literature review indicatettie complexities of surface water
and groundwaterinteractions and dynamicthat supportsthe need for more sitespecific data
and refined modelling techniques to confidently address the questions surrountfiag

interaction and relatedquantificationof water ingressand itseffectson both water systems.
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Chapter 3 Site characterisation and conceptualisation

The justification of conducting this research can aid in studies relating to water management
programs and investigatigthat incorporates areas with opemine-related voids such as old
mine workings and karstic aquifer systems where these voids are exposed to surfece.
Witwatersrandhave numerous issues concerning acid mine drainage and decanting potential at
downgradient rivers and streams and threcreased recharge to the shallow aquifer systems and
subsequent deeper aquifer systems through the open mine voids could furfiaence he
potential chemical makeup of the associated groundwater systeBysquantifying the volumes

and rates associated witehallow aquiferwater ingress during dry and wegteriods or rapid
recharge eventsand the effects that the water ingress has on the sustainability of the aquifer
systems could aid in decision making process onetlter to seal, divert or managghallow

aquiferrechargeandwater ingress intdhe minerelatedopen voids.

Thequantification of surface water ingress through the old mine workings inNitevatersrand
Gold Fieldsould be considered due to the effect that the seasonal flooding of the old mine
workings has on current mining and dewatering operations as well as management in preparation

of future mining activities.

The Witwatersrand Gold Fieléstends regionally over a large araad is mostly contained in the
Witwatersrand Geologicabupergroup(Tucker et al., 2016)Figure3-1). Thegoldfields can be

divided into nine known resource areaamely:

The Evander Goldfields in the north eats of the Wits basin

The East Rand Goldfields just east of Benoni

The Central Rand Goldfields just north of Johannesburg

The West Ran@oldfields, between Klerksdorp and Randfontein
South Deep Goldfields just southwest of Westonaria

The Western Areas located in and around Westonaria.
Carletonville Goldfield located just south of Carletonville.

The Klerksdorp Goldfields located southeasKigrksdorp.

=4 =2 =4 4 A4 -4 A4 -4

The Welkom Goldfields located in areas around Welkom.
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The goldfields originatefrom Evander in thenortheast extending northwards towards
Johannesburg andsouthwest ward with the most southern resource at Welkom. The
Witwatersrand Geological Supergroup which hosts most of the known Wits gold deposits covers

an area of approximately 480 kn#.

As mentioned in section 2, a numerical groundwater model could be employed in an attempt to
model the ingress potential of shallow aquifer systems into mine related open voids during rapid
recharge events. Due to the large area that the Wits goldfields cover, and the amount of input
needed to develop such a large numerical groundwater mdadeas decided to only look at the

East Rand Goldfields as a historic mining area to simulate and quantify the ingress rates and

volumes from shallow aquifers to the openine voids.

The East Rand Goldfields covers an area of approximately 53@ridrextends from Daeyton

from its northern boundary to Nigel at its southern boundary. The eastern boundary includes
Daggafonteinand the western boundary includes parts of Van Dyk ParkP&ykland Van Eick
Park. The East Rand Goldfields and the mining footprint contained within is indicateglne

3-2.

The East Rand Goldfields is unique in the sense that it is geologically located in @\zesin
2013)hence referred to as the East Rand Baandit is mostly contained within two quaternary
catchment areas (C21D and C21E) which implies that recharge into the groundwater systems
would mostly be from these catchment areas and the geological setting would support a confined

regional aquifer system\Naal, 2013.
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3.1 Datareview and acquisition

The development of the conceptual model as well as the numerical groundwater model requires
spatial as well asite specific data and informatioiihe data required can be divided into different
types that will serve different purposes in developing the groundwater model. The different types
of data will be integrated in the model during the construction aagdresentationphase.The
model input data and sourcemre summarised ifTable3-1 and described in the sections that

follows.

Table3-1

Model input data and sources

Data

Data source

Topographical data

United StatesSeological Survey (USGS) Shuttle Radar Topogrd
Mission (SRTM) data developed and issued by the United Stat
National Geospatidhtelligence Agency (NGA) 30m spacing

Geology data

Council for Geoscience (CGS) of South Africa in digital format
geological map 1:250 000 Geological Map 2628 East Rand, 19

Wetland areas

Aquifer Dependant Ecosystems (ADE) spatial files index as we|
the National Landcover database supplied by the department g
forestry of South Africa. Additional wetlardeas were delineated
from satellite imagery supplied by Arc Map (Esri) as part of the
base maps function

Rainfall data

Water Resources of South Africa, 2012 Study (WR2012) intern
data base which included 4 rainfall stations that falls within the
subcatchment area

Groundwater levels

Local groundwater levels: Supplied by the Department of Wate
Affairs (DWA), Geodata base for Quaternary Catchments C211
C21E. Project studies conducted(B¢gholtz, 2013YKoekemoer,
2020)

Regional groundwater levels: Data gathered form research pag
(Botha, 2018)(Abiye, 2011)

Hydrochemistry: Cl Concentrations
and Recharge

Local: Supplied by the Department of Water Affairs (DWA),
Geodata base for Quaternary Catchments C21D and C21E. Pr
studies conducted b{Scholtz, 2013)Koekemoer, 2020)
Regional groundwater levels: Data gathered form research pag
(Botha, 2018)(Abiye, 2011)

Recharge estimates determined from information supplied\msn
Wyk et al., 2011)

Aquifer parameters

Gathered from project reports that included aquifer tests
(Koekemoer, 202Q)Scholtz, 2013)

Mine dewatering (Grootvlei mine)

Gathered from "Water management strategies to redimeg
term liabilities at Grootvlei gold min8drene Lea, Chris Waygood,
Andrew Duthie (2001) 8th Internation@longress on Mine Water
& the Environment, Johannesburg, South Africa.

Historic Mine footprint and open void

Supplied in digital format by Council for Geoscience (CGS) of §
Africa

20



3.1.1 Spatial data
Spatial data will be required to conduct the numerical modelling according to scale that would
represent therealworld both indimension and distances. The spatlatawill be used taconduct

the following

1 Selecion of a model domain or project area according tew@wface drainage catchment
area on a regional scale.

1 Topographical data that together with the surface water drainage patterns will ensure
accuracy in selecting the numerical model domain and boundary.

1 Geological data that can be plotted and subdivided into the different geological units that
will represent the different aquifer systems.

1 The surface drainages that are included in the sub catchment area and the alluvial
deposits that associates with the drainage and flood boundaries.

1 Wetland areas that also holds the potential for shallow perched aquifer systems and

associates with théow-lyingareas along the riverand streams.

3.1.1.1 Topography and surface drainagmtained in thequaternary catchments

The quaternary catchments as well as thainriver systems for South Africa were gathered in
digital format as shapefiles form the Department of Water Affairs (DWA) website data base
network (DWAF, 2012)Thetributaries leading into the main river systems were delineated from
Satellite imagerprovided as base maps in Arc Map (Esstgfrom more detailed satellite imagery

in Google EarthThe topographical data set was developed frtme United States Geological
Survey (USGS) Shuttle Radar Topography Mission (SRTMaskatevelopedand issued by the
United States National Geospatlatelligence Agency (NGA). The data is available in raster format
from the internet(Watkins, n.d.and reworked into a point file format at 30m spacing across the

EastRandBasin research area.

The surface drainage, quaternary catchments and topographical data were analysed in Arc Map

(Esri) which can be observedRigure3-3.

The quaternary catchments contain most of the Eats Rand BasimcludesC21D and C21E.
These two catchments were considered to form a sub catchment area which consists of the
Blesbokspruit surface drainagleat drainsthe sub catchmenfrom north to south through the

two quaternary catchments. The cumulative surface area of the two quaternary catchments is

approximatelyl073 kng.
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TheEastRand Basinis mainly drained by the Blesbokspruihich has its origins in the Daveyton
in the north as well as from secondary drainages flowing frommitiehwestin the Brakpan area
that joins the main Blesbokspruit stream in the central badase to Welgedacht~gure3-2).
The Blesbokspruit extends further south and existssgtle catchmennear Nigelwhere it drains
into the quaternary catchment C21F further southwardfe smaller tributariesvere delineated
from satellite imagery which is containedthin quaternary catchments CBland C21Evhich

flowstowards the Blesbokspruit from the eéasn and western sub catchment boundaries.

The surrounding quaternary catchments to the north of the East Rand Basin includes the Rietvlei
and Hennops Rivers that drains quaternary catchment A21A, the Osspruit that drains quaternary
catchment B20C and the Koffiesprthiat drains quaternary catchment B20B. The Elsburgspruit
and Rietspruit drains quaternary catchments C22B and @2&3@ctively andocatedeastof the

East Rand BasiQuaternary catchments C21A and C21B are drained by the Boesmanspruit

southeastof the East Rand Basin.

The topographical data were interpolated in Arc Map (&sth the Kriging interpolation method
to build a regional raster fileThis raster file was clipped to tiseib catchment aredo evaluate
the topographical surfacen relation to the surfacedrainage system included in the sub
catchment Thetopography indicates thelevationhigh areas along theorthern, western and
eastern boundaries from which the sewarydrainageglow towards thelow-lyingcentral region
of the BlesbokspruitThe lowest area (1538 mamsd)at the exit point of the Blesbokspruit in the
southwesterncorner of the sub catchment and theighest poing (1832 mamsl)is in the
northwestsectionof the sub catchment which supports tigeneral surface flow direction of the
Blesbokspruit towards the soutfihe high ridge bend in thesoutheast of the sub catchment
diverts the Blesbokspruibwards the westThe difference in elevation from thelevation high
areas in the north west and southeast to the southwest of the sub catchmegpsximately
294 mindicating a relatively low surface gradiesibping towards the south at 1m drapver
approximately 140m if an averag#istance of 40 knfrom north to south through the sub

catchment is consideredFrimmel, 2019)
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3.1.1.2 Geology

Geological datavere provided by the Council for Geoscience (CGS) of South Africa in digital
format for 1:250000 Geological Map 262Bast Rand, 198@ he geological descriptioof the
different rock types thatire included in the sub catchment as welltlas stratigraphic units that

they belong toare summarisedn Table3-2. Themapped spatiajeologywasclipped to the sub
catchment arean Arc GIEsri)which is indicated ifrigure3-4 and thegeological descriptions

are indicated in theyeological keyHigure3-5).

The geological descriptiomdicated inTable3-2 provided major rock typethat were grouped
togetherandcan be considered as major aquifer systemsch will be essential in understanding
how the groundwater will behaveonsidering the aquifer properties that associates with the
different aquifer systems. The different rock types will also play an important role during model
constructionin terms of lithologicasuccessionsvith depth andvaryinghydraulicconductivities
associated with the deeper rock formatiofi$efollowingmajor rock types that can be associated

with aquifer units were identified.

T Alluvium which is considered as quaternary depositsd mostly associates with the
surface drainage regions.

1 Basaltic Lav@/olcanicRock)as part of the Alberton formatianThe basaltic lavas belong
to the Klipriviersberg group that falls under thventersdorpSupergroup

9 Diabasandicated asanintrusive rock type.

1 Diamictite(Sedimentary Rock)elonging to the Dwyka formatioand forms part of the
Ecca groupTheDiamictitealso forms part of the Karoo sequence.

91 Dolerite dykes also indicated as intrusive rottiat intruded intothe KarooSupergroup

1 Dolomite and Limestone(Sedimentary RocK)elongingto the Malmani subgroup and
forming part of the Chuniespoort grouphisgeology type alséalls within the Transvaal
sequence.

1 GraniteandGneisgqIntrusive Rockyvhich mainly forms the basemenbcks.

1 Sandstone and shalgSedimentary Rockyom the Vryheid formation and also falling
under the Ecca groupThe sandstone and shale formatiofem part of the Karoo
sequence.

1 Quartzite and Conglomera{&edimentary Rockpostly belonging to th€entral rand and

Chuniespoort groupthat falls under the Witwatersrand Supergroup.
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1 Quartzite and ShaléSedimentary Rock) that forms part of tigentral and Westand

groups also belonging to the Witwatersrand Supergroup.

The geological stratigraphy indicates the rock types that falls within the sub catchment area
however it is important to understand theuccessiorof the different rock type and associated
aquifers with deptn(NWU, 2016)This geological succession will determine the numerical model
construction and more specifically the layering with depth. The geological successions can be
easier explained by referring tBigure 3-6 which indicates the geological units with depth
conceptually in sectioras seen from west to east along a section of the Blesbokspruig
conceptual model was taken frogfrimmel, 2019)hat formed partof a hydrogeologicaktudy

that focused on the decanting potential of flooded mine water over the East Rand &asin
indicates the orientation of a basin with the geological successions dipping towards the south

from the north of the sub catchment

The geological succession basically indicates the alluvial deposits that associates with the
Blesbokspruit and smaller tributaries that drains the sub catchment drea.alluvium deposits

form part, and is in some way containgdithin the Sandstoneand Shale formations that covers

most of thed dzo OF G OKYSy G4 | NBIF |yR A& A¥Fdge®dd th8R | a I
Malmani Dolomites are outcropping in some areas along the Blesbokspruit and dipping towards

the south. The Dolomites are also indicated as saturatetimay implyhat this formation could

play a major role in increased seepage and storage of groundwater throughout the sub catchment

area making this a major aquifer systefnine Diamictite formations forms the contact regions of

the dolomite even where dolomite is not outcropping. This relationship can be sdegure3-4

where the green Diamictite surrounds the Dolomite outcrop.

Below the Malmani Dolomites lays the Quartzite formations indicatedrigure 3-6 as the
Turffontein, Johannesburg, Jeppestown, Government and Hospitaubijroupsn which most

of the minable reefs exists.

The Granite and Gneiss formations forms the basement rocks below the Qufotrittions and
protruding from the basement rock would be the intrusive formation like the Diabase, Dolerite
Dykes and Basaltic Lavas mostly indicated as isolated features intruding through the Quartzites

and Karoo sequences.
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Table3-2

Geological description and stratigraphy

Major Rock Type| Geological description Legend label| Formation Subgroup Group SuperGroup Parent
Alluvium Alluvium Qa
Basaltic lava (porphyritic), tuff (amygdaloidal in
places) Ral Alberton Klipriviersberg| Ventersdorp
Basaltic lava Tholeiitic basalt Rk Klipriviersberg| Ventersdorp
Lava (mainly andesite ampliartz porphyry), shale,
quartzite, conglomerate Rpl Platberg Ventersdorp
Diabase Diabase V-di
Diamictite (polymictic clasts, set in a poorly sorte
fine-grained matrix) with varved shale, mudstone
with drop stones andluvioglacial gravel common
Diamictite in the north GPd Dwyka Ecca Karoo Sequence
Network of dolerite sills, sheets and dykes, mainl
Dolerite Dykes | intrusive into the Karoo Supergroup Jd Karoo Dolerite
Dolomite and Dolomite,subordinate chert, minor carbonaceous
Limestone shale, limestone and quartzite Vma Malmani Chuniespoort Transvaal Sequence
Granite and
Gneiss Undifferentiated granite and gneiss 723
Sandstone and | Fine to coarsegrained sandstone, shalegal
Shale seams Pv Vryheid Ecca Karoo Sequence
Quartzite, conglomerate Rt Turffontein Central Rand | Witwatersrand
Quartzite and Quartzite, subordinate conglomerate and shale | Vbr Black Reef Chuniespoort Transvaal Sequence
Conglomerate _ )
Quartzite, subordinate conglomerate, shale and
amygdaloidal lava Rjo Johannesburg| Central Rand | Witwatersrand
Quartzite, shale, minor/subordinate conglomeratg Rg Government | West Rand Witwatersrand
Shale, quartzitesubordinate lava, minor
conglomerate Rj Jeppestown | West Rand Witwatersrand
ale, subordinate quartzite 0 ooysens entral Ran itwatersran
gk‘:alrtz'te and | ghale, subordinat tzit Rb B Central Rand | Witwat d
ale
Subequal shale and quartzite, minor conglomeraj Rh Hospital Hill | West Rand Witwatersrand
Fine to mediumgrained quartzite, shale (in middl¢
of formation) Ror Orange Groove West Rand Witwatersrand
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Mapped Geology
I Eassitic lsva (porphyaitic), tuff {amygdaloidal in places)
B Dst=se
- Dsamictile {polymictc clasts, setin 3 poorhy sorted, fine-grained matrix) with varved shale, mudstone with dropstnes and fluviogla cal grasel commeon in the north
Dodomite, subordinate chert, minor carbonaceous shale, limestone and quartzie
Fine- o ooarse-grained sandstone, shals, coslseams
Fine- i me dium-grained quartzite, shale {in middle of brmafion)
Lava {mainty andesite and quartz porphynyd, shale, quarkite, conglomerat
I network of doleriie sills, sheets and dykes, mainlyintrusive ints fhe Karoo Superyroup
I Cusrzie, conglomerae
I cuartie, hale, minorsubordinate conglomerte
B cusrtie, subordinate conglomersts and shals
B Cusriie, subordinate conglomerats, shale and amygdaloidal lava
Shale, quartzite, subordinate lava, minor conglomeraie
I shale, subordinat quartzie
I subequal shale and quartzie, minor conglomerae
Bl Thoiiitic bacatt
Unsfifierentiated granite and gneiss

Figure3-5 Geological key forFigure3-4

28



“5<<., Schematic model of the Eastern Basin

Sewerage
¥ o Plant Flooded

Coal Mine

(pumping shaft)  collieries

Not to Scale

LEGEND
-===: Decant Level (mamsl)
=== STI ECL (mamsl)

'''''' Proposed LTS TOL
== Possible LTS ECL

Figure3-6 Schematic drawin@f the sub surface gzegology of the East Rand Bd3aken fom Frimme| 2019).



3.1.1.3 Wetland Areas

Spatial files fothe wetland areashat fall withinsub catchmentvasgathered from the Aquifer
Dependant Ecosystems (ADdpatial files index as well as the National Laner database
supplied by the department of forestry of South Afriéaditional wetland areas were delineated
from satellite imagerysupplied by Arc Map (Esap part of the base maps function. The three
wetland spatial files were integrated to include one spatial file set for the wetland incorporated

in the sub catchment.

The wetlands were overlain with the mapped and delineasdidvial depositsas described in
section3.1.1.2 to evaluate the relation that the alluvial depos$itsre with the wetland areas. The
topography and surface drainage were addedndicate the relationshiphat the wetland areas
and the alluvial deposits have withe low-lying topographyand associated surface drainages.

Thespatial plot that indicates the relationship between the spatial fiseshown irFigure3-7.

The main wetland areasllow along the Blesbokspruit and a few tributaries in ti@rthwestas

well as in the east that joins the Blesbokspruit. Thareisolated wetland areas scattered over

the sub catchment that associates with lower depressions and forms pans. The main wetland
areas clearhassociatewith the alluvium deposits that follows along the surface drainages. This
observation would imply that the wetland areas and the alluvadepositsform the shallow and

perished aquifer systenmare mostly dependant on rainfall for recharge during the wet season.
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3.1.2 Site specific data

The sitespecific data and information are required to construct the numerical model for ease of
calibration purposes. The si#mpecific data is usually measured data and information that will
serves as input data to calibrate the numerical model and Ipeesentative of the actual real

groundwater regime and status. Te&e-specificdata willconsistof the following:

1 Rainfall records of the sub catchment area to determine the mean annual rainfall figure
and determine recharge to the different aquifer systems.

1 Water quality data specifically Chloride (CI) concentrations to determine the recharge
percentages for the aquifer systems according to the chloride method for recharge
determination.

1 Measured groundwater levels from existing boreholes that falls withirstlie catchment.

The groundwater levels will serve as input to represent therent status of the
groundwater regime.

1 Hydraulic parameters such as hydraulic conductidégermined from aquifer testing
conducted on borehole within theub catchment The hydraulic conductivities will be
assignedo the aquifer systemsdescribed irsedion 3.1.1.2

1 The historic underground mining footprint that associates with the subsurface open voids

left behind which might have collapsed or were partially backfilled.

3.1.2.1 Rainfalrecords

Rainfall records were gathered from tNeéater Resources of South Africa, 2012 Study (WR2012)
internet data base which included 4 rainfall station that falls within the sub catchment area. These
stations are 0476644W, 0476736W, 0476766W and 047683%M/ full monthly rainfall records

are tabulated in Appendix Ahe station positions anglotted in Figure3-8 and indicates three of

the stations (0476644W, 0476736W and 0476766W }etad together on the western boundary

of the sub catchment area. Station 0476835W is situated further south almost at the exit point of
the BlesbokspruitThe rainfall stations and the years that rainfall was recorded are indicated in
Table3-3. The earliest rainfall records were taken at station 476835W from 1905 and the latest
rainfall figures were recorded &76766W. The station with the longest set of rainfall figures is
rainfall station 476736W starting from 1909 to 2003 (94 years). Rainfall station 476766W however
has at least 86 years of rainfall records from 1920 to 2006 which is also the most recéait rain
figures. It is for this reason that the data from rainfall station 476766W will be considered for the

model calibration and predictive modelling simulation.
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Table3-3 Rainfall station and recorded years

Rainfall station Year from Year too Total years
476644W 1921 1986 65
476736W 1909 2003 94
476766W 1920 2006 86
476835W 1905 1949 44

The rainfall records were analysed, and graphs were generated that indicates the yearly rainfall
figures for each of the rainfall stations. The mean annual precipitation (MAa$jlso determined

as well as the upper 95and lower 9% percentiles of the yearly totals. The MAP provides a good
indication of the average yearly rainfall and associated recharge to the aquifer systems of the sub
catchment. The upper and lower 9%ercentiles could be used as a tool to assume flooding and
drought conditionsYearly rainfall above the 95percentile can be considered as a flooding event

and below the 98 percentilemay represent a drought period

TheMAP from all4 rainfallstations range between 682 mna and735 mm/a The MAP for the
rainfall station clustered on the eastern boundary of the sub catchment does not differ that much
from the station situated to the south which indicates that the rainfall figures are homogeneous
over the sub catchment aredhe rainfall records from all the rainfall stations show different

flooding and drought periods.

The rainfall stations (476736W and 476766W) with longer and more recent rainfall records will
be more suitable to evaluate the flooding and drought conditions. Both rainfall stations indicated
flooding conditions during 1988995 and 1999. The drought conditions from these two rainfall
stations were during 1945, 1965 and 1982. Rainfall station 476766W indicated at least 5 flooding

events and 5 drought events over the 86 ypariod.

The most extremelimatic eventsseemto have occurred during the period from 1980 to 2006
(26-year period) with numerous flooding and drought events. For predictive modellifigyaar
rainfall set can be used over this period to ensure that a flooding and drought period are included

in the simulation.
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Rainfall Station 476766
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Rainfall Station 476835
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3.1.2.2 Groundwater Chloride Concentraticaasd Recharge

Thegroundwater chloride concentrationsvere sourced from theDepartment of Water Affairs
(DWA), Geodata base for Quaternary Catchments C21D and &2M€ll asproject reports

(Scholtz, 2013)Koekemoer, 202nd research papdAbiye, 2011) (Botha, 2018)The ground
water quality data were integrated to represent a full set bfacide concentrationswvhich is

presented inAppendixB. A total of 167 groundwater quality samples could lgathered that

included CI concentrations for groundwatdihe groundwate/Cl concentrationganbe used to
determine the recharge potentidior the different aquifer systemgMarei et al., 201Q)The

chloride method for determining recharge potential could be appled the recharge

percentages assigned to the different aquifer systewisserveas input to the numerical model

A spatial bubble plot of th€l concentrations can be seerFigure3-13which showghe samples
that falls within the sub catchment area as well as sampéss the sub catchmen Most of the
samples that wereanalysed and presented in the research paf&biye, 2011)are located
regionally across the Witwatersrand Goldfieldsowever samples that are near the sub
catchment area also provides a good indication of the recharge potediotialelated aquifer
systems that falls outsidef the subcatchment areaThe samples thaarelocated within the sub
catchmentareaare located mostly towards the north, dzand central partsvith a fewsamples

further southin the sub catchment and towardgere the Blesbokspruit exits the sub catchment.

The bubble plot indicate€l concentrations ranging froehmg/l to 90 mg/l for sanplesalong the
northern and easterrpart of the subcatchment.The samples in the central partdicate higher
concentrationghat can rangdrom 462 mg/l to 7437mg/l. These increased concentrations may

be due tohistorical as well as current active mining operations in these ar@d&® samples
indicating concentrations abov@00 mg/l and within the sub catchmerdre situatedjust south

of the GrootvleiMine (GROOTVALLEY (DUP NAME 226®&Djust north of the GedulBroprietary

Mines (G10D and G23Djhe proximity to the mining activities would imply possible seepage to
the groundwater systems within the mining areas and increased Cl concentrations. The samples
further south within the sub catchment mostly indicate Cl concatidns ranging from 91 mg/I

to 462 mgl.
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Recharge to the different aquifer systeroan be determined through the chloride method by
using the MAP for the associated area and the groundwater Cl concentrd@mmsad et al.,
2004)and(Van Dyk, 2006)he groundwater samples that had increased Cl concentratioaso

mining activities were not considered for the recharge estimations.

The Chloride method makes use oétthlorideconcentrationsan groundwater the mean annual
rainfall as well as thehloride concentrations imainwaterfor the specific area. Thehloride mass
balance foideterminingrecharge can bdescrib&l byEquation 31, whereRrepresents Recharge
in mm/a, P representdrecipitation (mm/a) Cl (GW) represent€hloride concentrations in

groundwater and Cl (RW) represents Chloride concentratioraimmvater.

The potential chloride concentrations in rainwat&an best be described by looking at thHeban
Highveld CI concentrations in rainwater during earbeak and drytier intervalsof semiarid
regions in South Africevan Wyk et al., 2011yhich is indicated ifTable3-4 as 0,6 mg/for early,
0,3 mg/las peak and 1 mg/l during dry periodethree tier chloride concentrationare also
represented inFigure3-14 for the Pretoria region a®,7 mg/l during early periods, 0,3 mg/l at

peak conditions and mg/l during dry periodé¢van Wyk et al., 2011)
0aYw

 —
0 00w

C-

Y

Equation3-1 Chloride mass balance to determirrechargepotential.

Table3-4 Rainwater chloride concentrations for South Afridaaken from(van Wyk et al.,
2011)
Attribute Karoo Region! | Savanna Regionz | Ghaap Plateau® | Urban Highveld4 | Bushveld Regions Kalahari
Sandvelds
Anions: mg Lta

ClE|08|07|13|09|08|10|07|04|10|06|03]|10|10|07|20]|07]|03]|0.8

SOz - 01/08|11|36|27|11|13|10(15|16|14|50|01]|22|41|24)|06]| 1.6

NO= 09|02|14| 11|07 j 01| j 16| 14,0405/ 01|01|01]|09]| 03] 1.6

Beaufort West area (northeast), towards the Nuweveld Escarpment, Westeiinv@kfliée reserve

Stella area, Vryburg District (south), Northern Capstock farming and dryland irrigation

Catchment of the KurumanBye at Kuruman (south), Northern Capevildlife reserve

Pretoria East (Lynnwoo@Barsfontein), Gauteng (sethumid region) urban residetial

Taaiboschgroet area in the Alldays District (southwest), Limpopddlife reservé Van Zylsrus area (west), Gordonia District, Nort
Capeiwi | dl i fe reserve |j Not detect®d, concentration |l evel pro

oo W N e
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RAINWATER CHLORIDE CONCENTRATION IN SUMMER (S) AND WINTER (W) REGIONS

Collected over a three tier interval as follows:
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Figure3-14  Figure indicating the rainwater chloride concentrations over SoutfricaTaken from(van Wyk et al., 2011)
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The potential recharge estimatiofi®©m using the chloride mass balance equation asduming
the peak conditionsfor chloride concentrations as indicatedbove together with the
groundwater chloride concentrations from the samplese summarised ippendix CThe
assumptions for samples that could be influenced by mining activities as well as concentrations

that wereat the detection limits were not considered for the recharge estimations.

The minimum recharge potentiatascalculated at 1,8 mm/a0(2%) and the maximum at 509,7
mm/a (69,3%). Theaveragerechargewas calculated at 82,6 mm/a (11,2%Jhe recharge
potentials indicate a wide range of possible recharge to the different aquifer systants

potential additional influencefom contaminant sourcesn a regional scale

Thepotential recharge estimations for the sample locations within the sub catchment area were
plotted against the geology evaluate thepotential recharge for the associated aquifer systems
in terms of geology types. Thieubble plot indicated inFigure 3-15 shows thatrecharge
percentages for the different geology types amsbaciatedaquifer systemwaries over a wide
range.Therecharge potential and related geology for the sample locations in the sub catchment

are summarised in Appendixvidth the followingthat needs to be noted:

1 Recharge to the alluvial deposigmd shallow aquifer systentan range fron3,9%to
14,25 of MAP.

1 Recharge to the Diamictifermations andassociated hard rock aquifer systems can range
from 0,2% to 17,6% MAP.

1 The Dolomitic and karstic aquifer systems whpredominantly underlies the shallow
aquifer andalluvialdepositshas recharge ranging from 0,6% to 29,5% of MAP.

1 The sedimentarySandstone and Shale aquifer systems that covers most of the sub
catchment area indicated recharge ranging from 0,5% to 40% of MAP

1 The high rechargpercentages from the sedimentary aquifers may also be influenced by

externalfactors.
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Mapped Geology
I Eassitic lsva (porphyaitic), tuff (amygdaloidal in places)
B Ostse
- Dizmictie {polymictc clasts, setin 3 poorhy sorted, fine-grained matrx) with varved shale, medstone with dropsiones and fluviogla cal gravel commeon in the north
Dolomite, subordinate chert, minor carbonaceous shale, limestone and quartie
Fin=- o ooarse-grained sandstone, shale, coslssams
Fine- o me dium-grained quartzite, shale {in middle of briation)
Lawa {mainty andesite and quartz porphyry), chale, quartzite, conglomerae
I tetwork of dolerie sills, shasts and dykes, maintyintrusive i fhe Karoo Supergroup
I Cusrzie, conglomerae
B Cusrrite, shale, minonsubordinate conglomerte
B Cusrtie, zubordinate conglomerat and shale
B cusrtie, subordinate conglomerate, shale and amygdaloidal lawa
Shale, quartzite, subordinate lava, minar conglomerat
I shale, subordinat quartzie
I Subequal shale and quartzie, minor conglomerae
Bl hokiitic basalt
Undifierentiated granite and gneiss

Figure3-16  Geological key foFigure3-15
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3.1.2.3 Groundwater levels

Groundwater levels from at leadtl2 regionalboreholes could be gathered from Department of
Water Affairs (DWA), Geodata base for Quaternary Catchments C21D and C21Esfomnbik
sameproject reports (Scholtz, 2013), (Koekemoer, 2020) and research pgiaye, 2011and
(Botha, 2018)Limited data regarding recent groundwater levels for the sub catchment area could
be sourcedhowever, it is believed that with the active mining and dewatering from the mines
that exit in the sub catchment area that there will probably be more groundwater lgatel
available, and this information might be of a sensitive nature which will require special permission

to be used for research purposes.

The groundwater levels are summarisedippendixEwhich indicateghe regionalgroundwater
levels for the sub catchment area and surroundinfse measurements dates for theesearch
papers and project reports range froh®84 t02023. The groundwater level data sourced from
DWA have at leastour boreholes(C2N1113, C2N1114, C2N0890 and C2NO8&])were
measuredwithin the last four years with two sites (C2N0890 and C2N0893) that were measured
in January 2023. The oldest measurensadtes t01984and 1989 for boreholes C2N0113 and
C2N0888 respectively whichayimply that these boreholedo not exist anymore. The shallowest
groundwater level measurement waseasuredat 0,3 mbgl and the deepest at 169 mbgl. This
observation indicatethat the aquifer system could be influenced dgwateringand abstraction

that causes the wide range of water level deptfibe average water level depth was estimated

at 32,9 mbgl.

The groundwater pagons the fallsvithin the sub catchment area and associated hydraulic ead
were plotted against topographFigure3-17) to look at the correlation between hydraulic head
and elevation. Generallya good correlatiofetweenmeasured hydraulic head and topography
would be represented by at least 90% and abbweever in this case for the sub catchmgthie
correlationis around 8% which would imply a large influefien groundwater abstraction at
some of the boreholes and subsequent water level dayping abstraction. The regional
groundwater level could also be influenced by dewatering from Grootvlei riine45-degree

angle line does indicate some correlation for specific boreholes and that the general trend show

that water levels are below topography as all the holes plot above this line.

A spatial plot of theegionalgroundwater levepositionsin and around the sub catchmeand

their respective water levels depths represented as bubble plots are presenfeglure3-18. The

groundwaterlevelsi K G Q& Ay Of 2a4S LINR Egenérally @dicated shalioBer R NI A y
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groundwvater levels(0,3 to 7 nibgl) and could be due to théaseflow component that surface
water presents to the groundwater systems from the drainages amdted shallow alluvial
aquifers This is also evident from the borehsléBH41 and BH2I)cated to the easbf the sub
catchmentand next to the lake along the Rietsprulthe boreholeghat are situated along the
Rietvlei River to the north of the sub catchment indichggoundwater levelss deep ai69 mbgl

and its possible thathese holes may be used for irrigational purposes for farming activities or

water supply to the local municipalities.

The groundwater levedositionsprovided by DWAall fallwithin the sub catchment area and are
mostly concentrated along the northern and nomtlastern boundary of the sub catchmefithe
boreholes located along theortheasternboundary of the sub catchment area indicates deeper
groundwater levels (7269 mbgl) which also may imply abstraction from groundwagsources

for mining and agricultural purposes. The EnviroServe Holfortemdfill site is adjacent to a

mining activity and C2N0113 (138.4 mbgl), C2N1113 (49.57 mbgl) and C2N1113 (48.95 mbgl) is

situated almost on the boundary of this mining facility

The groundwater level positions clustered along the eastern boundary osubecatchment
indicated groundwater levels ranging from 3,5 mfgN08)to 100,5 mbg(DN57). The shallow
water levels in this area may alée due to the shallow aquifer systems although the deeper

water levels may be influenced by farming and irrigatignaposes.

The hydraulic heads from the groundwater positions that falls withinghle catchmentvere
contoured to evaluate the groundwater flow regime loca(yigure 3-19). The correlation
between hydraulic head and topography implies an aquifer tisatreadily influenced by
groundwaterabstraction and thisbservation is reflected when looking at the contoursdlation

to the sub catchment topographyt this stage it is difficult to sayhat the groundwater regime
andflow direction is however some indication in the northern part of the sub catchment shows
groundwater flow to be towards the Blesbokspruit and foeast and west trending tributaries

and then a general southwards flow direction towards the exit point of the Blesbokspruit.
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Figure3-19  Measured Hydraulic Heads interpolated from the reported groundwater
levels

48


















































































































































































































