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CHAPTER 1:
INTRODUCTION

11 GENERAL INTRODUCTION

DishabaMine is reported t@xperienceapproximatelyl6 ML of groundwater igressdaily. The
wateringresses occuacross the mine, from oefeef haulages to mostly Merensky reef stopes. The
water enters the mine workingrough fractures, boreholes, and open mining excavatems

poses a risk in terms of mine safety. However, the water entering the minpredsmts an
opportunity for the mine to reduce its reliance on potable water and potentially use groundwater to

meet day to day water requirements for mining and ore processing.

1.1.1 Location ofStudy Area

Dishaba Mine is a platinum mime the southern part of the Limpopo province s@&&m south of
Thabazimbi(Figure 1). The mine forms part othe Amandelbult Mining Complexof Anglo-
AmericanPlatinum.
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Figure 1: Location of Anglo American Platinum Operations. Notethe Amandelbult Complex
consisting ofthe Tumela and Dishaba Mines circled in red (Anglo Platinum, 2009)
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The mine lies on the northernmost edge of the western limb of the BudgwnelousComplex
(BIC). Thenorthreastern boundary of the mine leastendsalongthe Bushveldlransvaal contact
(Figurel). The western boundary sits along MeldellaagteGraben and separates the mine from
Tumela Minelease arealThe mine lease area covers an area of approximatelyh2/@0ross the
farms from west to east, Middellaagte 382 KQ, ElandsBui8 KQ, Haakdoorndrift 374 KQ, and

Grootkuil 376 KQ Figure?2).

DISHABA MINE LEASE AREA

LEGEND

Mine Lease
Farm Boundary
Crocodile River

ol

Okm °* 1km 2km 3km

Elandskuil 278KQ

Hoakdoorndrift KQ374

Grootkull 3768KQ

Figure 2: Farm portions covered by the Dishaba Mine lease

1.1.2 Mining Method andInfrastructure

The UG2 (Upper Group 2) and MER (Merensky) reefs are narrow tabular orelfbirlsam
2004)with an average thickness of In§, dipping in the soutteasterly direction between °1&8nd
25° (Walterset al, 20094. The reefs are extracted from surface via an opencast operation, and
through underground operatiotts depths obver 1 km below surfaceAccess to the underground
portion of the mine is via th€ertical Shaft (#2 Shaft), three decline shafts (E4450E and #62f

and44Eraisebore Figure3).

Due tothe inclined nature of the orebodies, the mine gets deeper inEhdir8ction with middling
of approximately 70n between levelskigure 4 shows a typical platinum mine section across a
vertical shaft.The decline shafts are located on the outcrop side of the minat &dhabavine

the deepedecline shafends oD Level which isapproximately546m below surface.
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Figure 3: Mining infrastructure within the mine lease area.
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Figure 4: Typical section across a vertical shaft in th&IC. The middling between the UG2
and MER reef at DishabaMine is between 40m and 60 m (adapted from
Buchanan, 1987.

Conventional scattered breast miniisgused across the underground operations of the. e

reef is extracted from panels with a stoping width of approximatelynltben theblasted ores
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scraped into the 28-high advancestrike gullies andraises. Theblasted oregoes from the raise

into a locomotive via an o#pass(also called a boxyvhich connects theaise and therosscut The
locomotive then transports theasted orevia the crosscutand haulage tunnels which are typical
3m wide by 3m high. The ore is then hoisted to surface and transported to the plant via the

railway. Figure5 shows a typical scattered breast mining layout.
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3 -—'---
LT " stope pIO"®
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Figure 5: Typical scattered breast mining layout &édapted from Ferreira, 2012)

Figure 6 shows the layout of the minkocations in the mine are described using haulaes
crosscut/raise line§he naming is in the order of Level/Crosscut/Pane| B/§5E meansgb Level

55E Crosscut while 5/55AE 3W meang®t Level 55AE raise lineg 3W paneb. Panels are
additionally specified whether they are UG2 or MER parfelslock of reef generally extending to
about 100m on either side of a raise is called a stope and consistieof @anels(typically up to

five) on either side of a raisédaulagesare relatively flat (5° inclination) 3 m by 3m tunnels
excavated roughly along the strike direction of the orepody alonga SWNE direction. The
haulages are numbered as depth levels starting from 3 Level close to surface up to 20 Level at the
bottom of the #2 Vertical Shaft. The vertical distance between the haulages is approximately 70
Crosscuts are also relatiyelflat (5° inclination) 3m by 3m excavationsthat are almost
perpendicular to the haulages. Raise linesdeveloped from the crosscuts and share the same
numbering as the crosscuts. Raise lines follow the dip of thél&ef 23° inclination)and connect
multiple levels A raise line willhencehave the same number fronL8vel down to 19 evel.No

active miningtakesplaceon 20 Leveland this levels used fohoisting.

4
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Dishaba Mine Haulages and Crosscuts
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Figure 6: Plan view of the mining haulages and crosscuts at Dishaba Min&he 2# Vertical Shaft is located on the blue dot alonghe 44E Line.
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The crosscuts/raise lines are numbered laterally from 36E on the western side of the mine to 71E on
the far eastern side of the mine. Note that the OE to 34E diems inthe neighbouring Tumela
Mine, located on the soutwestern side of Dishaba Mine.

Figure7 shows a typical raise lineosssection(alongAB) while Tablel shows the average depths
of the different levels alonthpe 44ELine and thé#2 Vertical Shaft.

Section View —
—- Not to sca Ie Green —Survey pegs on reef continiies o

Black — Survey pegs off reef level above

Green
Outline:
Raise Line
Black Orebody

with red /
footwall (UG2)

RO i e o I S Smp— 1

? .

Crosscut:
Level Above

Crosscut:

A
%;’_-_-_1_1L_J1__-.l._l.____!__L;___-___L____L_J//' Level Below

Figure 7: Typical raise line and crosscut configuration aDishaba Mine.
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Table 1: Average depths and elevations of different levels along the 44E line and ¥2rtical

Shatft.
Level Average depth| Elevation
below surface (mamsl)
(m)

3 150 787
4 211 726
5 277 660
6 344 593
7 410 527
8 477 460
9 546 391
10 610 327
11 681 256
12 752 185
13 823 114
14 894 43

15 964 =27
16 1033 -96
17 1101 -164
18 1169 -232
19 1240 -303

mamsl = meters above mean sea level
1.1.3 HistoricalBackground

DishabaMine has been experiencing groundwater ingress into mine workings at variousfdepths
many years Ngubaneet al, 2013. The hard lockdown brought about by the COVID pandemic
brought mining operations to a complete standstill between March and April 2020. During this time,
engineering pumping recordsN.( Nxiweni, personal communication 2020 show that
approximately & ML of groundwater was pumped out of the mine dailydall water supply from
surface was stoppett canthereforereasonably be assumed thia¢ water pumpeétom the mine

wasgroundwater.

From where and how the water enters the mine is a subject of debateet EHtu2009) proposed

that the water enters the mine from surface via fracture networks that either drain the surface
weathered aquifer or the nearByocodile River. Exploration boreholes (surface and underground)
and open mining excavations then intersect these fractures leading to water running into the mining

excavations

Golder (2018) estimated an inflow of Mi/d into mine workingsand indicated that this large
volume of waterwould require recharge from another source other thanBte They then
proposé that the water sources lie below and above the mining areas and identified possible source
aquifers to be Chuniespoort Group, Magaliesberg quartzite and the Crocodile River alluvial

sediments.
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In a study into Limpopo thermal springs, Morrow (2015) concluded that the water originated from
meteoric water which underwent watexck interaction The Piper plots of theanalysed water
samplesrevealeda NaK-HCOs water. The geochemistry of the water was found to be largely
influenced by the lithology through which the water flpwamely theRustenburg Layered Suité

the BIC and thePretoria Group sediments and dolomibéshe Transvaal Supergroup. The tritium

ages provided watearycling age of 14.38 years.

Underground observations by Ngubagteal (2015) showed that the water is mostly intersected
along the anorthosites of the U@1pper Group 1footwall and the Merenskiganging wall. The
water intersections are largely unpredictable and vary in qudirdin 100L/h to over 10000L/h.
This water ingress impactsusiness planning and executicausesafety concerns and accelerated
wear and tear of equipmenHowever, he water ingress also presents an opportunity for
groundwater harvesting and consequeatieduction in therelianceof the mine on fresh water

supply from the Magalie®¥/aterBoard.

The concentrator plandf the mine requiresa water volume of approximateR4 ML/d. Currently
10ML/d comes fromthe Dishaba Underground andpproximately 13.5ML/d comes from
Magalies Water Boar(N. Nxiweni, personal communicatip020) The groundwater intersections

at DishabaMine therefore play a critical role in the business sustainability of the Amandelbult
Mining Complex.However, acatch22 situation ariseOn the one hand dry mining environment

is requiredfor underground mining operations to continue safely and profitalilis means that
groundwater must be seateff from the mine workingsindeed problems that arise due to the
water ingress are well documented by Ngubenal (2015) On the other handhe groundwater

ingress is a significant water source for processing (plant) operations.

1.2 PROBLEM STATEMENT

Striking the balance between keeping the mine workatdishala Mine dry and still being able to
supply the plant with water remains a challenge. To get this right, a comprehensive groundwater
management plan needs tofhd in a place. For an appropriate and useful water management plan,

it is imperative that water ingress is correctly mapped, the quantity and quality of water is known,
and the structures that transmit water are well mapped andsahaly

1.3 AIMS AND OBJECTIVES

The research aims to aid in the development of a groundwater managemeirt pfadgting the

existing hydrogeological conceptual model andassessg whether more groundwater can be
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abstracted from underground workingsreduce therelianceof Dishaba Mineon potable water

supplied bythe MagaliesNaterBoard.

The main objectives of the project are:

T

1.4

To investigate groundwater ingress into the mine in terms of locations, origins, volumes, and

qualities,
To assess the groundwater harvesting potential of the mine

To create a groundwater management plan that will ensure dry mining conditions whilst

maintainng a supply of groundwater to surface operations of the mine
To contribute data about the fractured aquifer that will improve the conceptual, miodel

To create an effective mine operating procedure for dealing with groundwater intersections

RESEARCH METHODOLOGY

To achieve the objectives statalddove the workflow shown irFigure 8 was carried out. The key

actions were:

T

Groundwaterseepagesurvey i An assessment of water ingress voluraad locations was
undertaken across the minkhe assessment consist&dphysicalundergroundnapping and

field parameter testing with a handheld multiparameter pribleeHanna 9815 model). The
parameters tested were pkémperature gectrical conductivity (EC) and total dissolved
solids (TDS). The lithology and geological structures through which groundwater is flowing
was also recorded. Aanalysis of various records of groundwater intersections and ingress in
the minewas also carried ouThe records consistiof mine plans and maps, drillirgcords,
geologyborehole databasend the pumping recorasd the mine The aimof this investigation
wasto establishwhere how muchand based on field parameters, what kindyodundwater

flows into the mine.

Hydrochemical samplingz/as undertakefrom undergrouncéreaswith sustainedyroundwater
ingress across the min&@he sampling coveredreas inthe upper sectionldvels closer to
surface) and the lower section of the miag well asareas in the eastern and western sections
of the mine. The aim was tachievespatial coverage that would be representative of the
different areas and geological structures across the mireehydrochemical analgs were
carried outat the Aquatico laboratories in Pretoria aridotope analys were done atthe

iThemba laboratories in Johannesburg. The hydrochemical and isotopic aaatyesisto



[OFFICIAL]

establishthe groundwater facies across the mihe, possible sources of the groundwater

well asthe quality and by extension tpessibleusability of the groundwater in the mine.

1  The collecteddata were compiled into various tables and graphs. Various plots from the
hydrochemical analysis were created such as Piper diagrams to better visualise and interpret

the results obtained.

1 From the gathered data, the conceptual hydrogeological model for Dishaba Mine was updated
to better explain the causes of the observations made across the mine with particular reference

to where and how groundwater flows relative to the geology of the mine.

1 A water managemenstrategy was developed that would allow for the harvesting and

monitoring of groundwater across the mine whilst ensuring dry mining conditions.

Groundwater e e Data

Results and

SEFIEEE Outcomes

Survey

Compilation

= RE and Analysis

Groundwater Groundwater Map *  Conceptual Model

Compilation and
analysis of known
groundwater
interceptions
Analysis of existing

sampling for water

quality and isotopes
from boreholes and
water ingress points

(Locations, quality
etc.)
Hydrochemistry
analytical diagrams
(Piper, Durov etc.)

.

Groundwater
Management Plan

groundwater and underground

structural plans
Detailed underground
mapping

Collection of
underground field
parameters
(Temperature, TDS
etc.)

Figure 8: Research project workflow.

15 STRUCTURE OF DISSERTATION

The dissertation discusses various aspects of groundwater ingress and geology at Dishaba Mine.

The dissertation is structured as follows:

i Chapter 1 gives an introduction and background information on Dishaba mine. It gives an

overview and rationalbehind the research project

i Chapter 2 is a review of literature and existing information on the geology and groundwater

aspects of the mine

1 Chapter 3 describébe data collection that took pladaringthe research project

10
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Chapter 4oresentsghe findings and results from the work done as describ€tapter 3

Chapter 5 discusses the results and gives possible reasons for the results obtained and their

influence on the conceptual model

Chapter 6 gives recommendations aaggests avay forward for groundwater management

and future research wosgk the mine.

11
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CHAPTER 2:
LITERATURE REVIEW

2.1 GEOLOGY AND REGIONAL SETTING

2.1.1 Overview of the BushvelthneousComplex

The BushveldigneousComplex BIC) occupies an area of approximately@®km? in the north
eastern part of SoutAfrica (Figure9). The BIC outcrops infour limbs (Viljoen and Schurman,
1998) named thenorthern, southerrgasternand westerdimbs (Cawthorn and Lee, 1998). The
northern limbextendsfrom Mokopane in thesouth to Villa Nora in the northThe western limb
forms asemtcircular arc which stretchefrom Thabazimbio Rustenburgand further eastwards to
Pretoria The eastern limiof the BIClies opposite the western limbtretchesrbm Burgersfort to
Belfast andis generally similato the western liml{Cawthornet al, 1998) The southern limb is
found in Belfastin Mpumalanga and ivuried under youngesediments (Eales and Cawthorn,
1996).
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u\'c“‘s.- 7 \ { 2 S
d A\ .
Amandelbult -\'habal\_ “3- )9 - g 2 Main
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267 27 28° 29° 30° . Viaakfontein Ni pipes
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Figure 9: Detailed geology map of the Bushveld IgneouSomplex (Naldrett et al,, 2009)

The BIC isthoughtto have beeformedby severalrepeatednagmainjectiors into a subvolcanic,
shallow level chambgiKruger, 2005) These magma injections resulted in the formation of various
lithostratigraphic suites, namely thebowa Granite Suit€LGS), the Rashoop Granophyre Suite

12
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(RGS) andthe Rustenburg Layered Suite (RLS). Tapproximately &m thick RLS isthe most
economically significant suite as it hosts the platinum depdsiis divided into theJpper,Main,
Critical, and Lower Zones. TheCritical Zone is where the most important mining activities take

place because of its richnesglatinumgroupeementsPGEs)(Cawthorn, 1999)

The BIC is host to thdargest platinum group resourcesthe world (Cawthorn, 1999)The three
main orebodies from which platinum is mined are the MereRdsf, the Upper Group 2 (UG2)
and the PlaReef. Other notable world class mineral deposits found iBt@einclude chromium,

vanadium, fluorite and andalusite (Cawthetral., 2006).

2.1.2 Local Stratigraphy

Dishaba Mne is located in thaorthernmospart of the western limb of tH&lC. The mine also lies
in the uppermost part of th@ritical Zone from where the Merensky and UBRefs are mined.
Several cyclic unitare exposed by miningxcavationgKruger, 1990);these are locally termed
markerhorizonsor simply markers Underground excavations generally reveal thppéi Group 1
(UG1) to BastarcReef markeihorizons(Figure10).

Figure 10 shows a detailed local stratigraphic successiothefAmandelbult CompleXrefer to
Figure 6 for the spatial location of the different crossdut§he lithological units are sequentially
numbered relative to a marker e.g. UG2 FW 1 refers to the first lithology in the FW of theAUG2.
brief descriptiorof the critical markers and theassociated rock typdsllows below For detailed
descriptionsthe reader is referred to Maier and Walters (1994) and Waltals(2004).

2.1.2.1 The UG1

The Upper Group 1 (UG1) is a chromitite layapproximately In thick. It is underlain by an
anorthosite with chromitite bands (ANCR). The ANCR is abont thick and has aebrastripes
appearance. Below the ANGReover 100m of alternating anorthosHeorite layers that lead to the
middle group chromitites.

Directly ontop of the UG1 chromitite is a straparallel shear that is possibly a thrigilt (Friese,
2004). The hangingwall of the UGlconsists ofover 10m of pyroxenite leading up to the UG2

horizon.

2.1.2.2 The UG2

The Upper Group 2 (UG2) is one of thwo orebodies currently being exploited for its PG
content. The UG2 is made tfo or threechromitite layers; the main bapdhichis between 0.8
and 1m thick andoneor two leader seamsvhichare 10cm to15 cm thick. The main band and the

leader seamare separated by approximately-d@-thick pyroxenite barsl

13



[OFFICIAL]

TUMELA MINE

(28W-34E)

DISHABA MINE
(36E-59E)

HW&

¥ [FI
-1
FGM o6 0 [HK £) 13 f3| MR Hwd
[EY
GF',IJ, €1 i3 3| WR HWE

BASTARD REEF

FRFNSKY BEFF

FOOTwALL MWARKER

P2 B
=k ]
LGz
LG —
LEDGEND
-Nuri-a --"yr'nxeni-re

b_olanorinosite

Crhromitito

Ol ivine Morite

Harzburgi te

Faldspathis Pagmatoidal
Pyrgwan i te

DISHABA MINE

(60E-64E)

DISHABA MINE

(B4E-74E)

MR H¥@

GG I
£ 0 0 |MRE HYE

1 T W
0 o] F

Figure 10: Local stratigraphy from the west to the east of the Amandelbult CompleXrea (Sibiya, 2017.

14



[OFFICIAL]

TheUG2 usually sits above arh-thick feldspathic pegmatoidal pyroxenite (UG2FW1) with@arl
chromitite stringer at its base. The UG2FW1 is underlain by a {eadte that is about & thick
andalso has a chromitite stringer at its base surrounded by pyroxenite. This pyroxenite marks the
start of the UG1 hangingall pyroxenite.The vertical distance between the UG1 and UG2 is about
20m.

The hangingwall of the UG2 consists of a 1dn feldspathic pyroxenite followed by an
approximately 8@m-thick olivine-rich pyroxenite or harzburgite which is followed by aboun 8
of pyroxenite. The hangingall marker is a chromitite stringer that sits betweehahd 1.2m

above the UG2 and is surrounded by pyroxenite.

2.1.2.3 TheP1

The Lower Pseudo Reef (P1) lies approximatelynlabove the UG2 reeThe term pseudo reef
implies a resemblance to the Merensky Ra&&éfijg and Cowell, 1999)The P1 consists of an
approximately 0.5to 1-m-thick feldspathic pegmatoidal pyroxenite or harzburgite capped by a
1cm chromitite stringer.The P1 has interstitial sulphide mineralisation with low Pt grades
(a1.5g/t). The footwall of the P1 is the approximatelyn&hick pyroxenite which extends to the
UG2 horizon. In théhanging wallof the P1 is an anorthosite with scattered chromitite or olivine
grains. The thickness of the hangingll anorthositevaries between <1€m to about In and

terminates on the feldspathic harzburgite of the P2.

2.1.2.4 The P2

The Upper Pseudo Reef (P2) is a feldspathic harzburgite with a thickng@€snof The P2 is not
economically mineralisedhowever there are traces of sulphide mineralisation above and below the
P2 across the nortivestern limb of the BIC (Mitchekt al, 2019)Directly above thdarzburgitas

a 206 to 30-cm-thick feldspathic pegmatoidal pyroxenite with minor sulphide mineralisafi@m
aroundthe 55E Line (refer toFigure®6), the harzburgite disintegrates and scatters olivine into norite
in an easterly direction. This results in the formation @&Oan thick olivinerich noritein the
eastern part of theine (60E to 74E irFigure10) (Maier and Walters, 1994)

In some parts of the minghe P2 sits directly on the R4ith the normal footwall anorthosite
(hangingwall of the P1) completely abserfthe hangingvall of the P2 consists of a norite layer
with a small anorthosite and chromitite batatally named the Lone Chrome Strind@valterset
al., 2004)sitting just above the PZThis is followed by an alternating norite, anorthosite (footwall

marker) and norite horizon leading to the footwall of the MereR&ef.

15
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2.1.2.5 The Merensky Reef

The worldfamous MerenskyReef consists of a feldspathic pegmatoidal pyroxenite bound by
chromitite stringers and the bottom and the top. The thickness of the Merensky Reef varies from
less than 1@m to just over 1.5n. The normal Merensky reef sits on at® 6-m-thick poikilitic
anorthosite and has significant sulphide mineralisation with oggr Bt grade. The hangingall

consists of a-1to 3-m-thick pyroxenite.

Mining at Dishaba Mine takes platierough the Swartklip facies of the MerendRgef (Viljoen
1999. TheSwartklip facies consist of variousthole facies whereby the reef transgresststhe
FW lithologies (Figure 10). The Merensky reef at DishalMine can thus be divided intiiree
broad faciesthe NormalReef(NMR), the Transition ZongTRZ, includingthe Contact Reef (CRF)
andthe PotholeReef (PHR))and theHaakdoorndrift(HDD) facies Figure11). Haakdoorndrift is
the name of the farm where this type of Merensky reef in the mine is mainly (seeligure 2).
The presence of various Merensky facies has been describedherbsult of regional potholing
(Viljoen, 1999) and more recently to bige result ofstepandstairtype of transitionsbecause of

intruding sills to successive stratigraphic leV@stchell et al, 2019).

The transition zone consists of mixed potholed facies whereby the reef is unstable and sits on
various footwalllithologies (Viljoen, 1999). In th&lDD facies the reef sits on the footwall marker

and has significant footwall mineralisation extending beyond [2low the reef. The reef itself is
<10cm thick with large sulphide mineralisation.

The MerenskyReef horizon represents the best depiction of the cyclic units dBitbgKruger,
1992)whereby the mafic rockgpyroxenite) are found at the base with upward grading into acidic
rocks (anorthosite) at the top. The total thickness of this unit is about&@ terminates on the
BastardReef.

The middling between the UG2 and the Meren8leef goes from about 48 in the western
section of the mine (Normal MerensiReef) to over 60n in the eastrn HDD facies(Mohulatsi,
2022)

16
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DISHABA MERENSKY REEF FACIES 2022
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Figure 11: Distribution of Merensky Reef facies across Dishaba Minbumakude et al., 2022)

2.1.2.6 The Bastard Reef

The Bastard reef is - to 3-m-thick pyroxenitewith about 10cm of sulphide mineralisation at its
base.lt is located some 1&® 20 m above the Merensky Reéfhe pyroxenite of th&astardReef
grades upwards into a firgrained melanorite, followed by norite and thapproximatelyl0-m-
thick giant poikilitic anorthositéGPA) at 10 to 15m above théBastardReef marks the end of the
Critical Zone.The Porphyritic Gabbro Marker (PGM) is found in the lower part of the Main Zone
(Mitchell, 1990)and is only exposed by surface exploration drilling as itcsies 500m above the

Merensky Reeflt has no known economic mineralisation.

2.1.3  Structural Setting

Basson(2019) qwvedetailed effects and properties of the major deformation structural features of
theBIC. Dishaba Mne sits between th@rocodileRiver Fault andthe Middelaagte GrabenKigure

12). The Thabazimbi Murchison Lineament (TMligs immediatelynorth of the mine.The
Middellaagte Graben marks the western boundary of the mine and separates it from the
neighbouring TumelaMine. The graben is estimatéd have a throw of 50th on the east and
700m on the west(Bamisaiye, 2016)Underground observations show that there seeeral

sympathetic faults with relatively smallgmrows Eigurel3).
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The Crocodile RiveFault liesnortheastto themine (Figure 12). The fault apparently marks the

northern end of the western limb of tB& (Basson, 2019)The TML further north of the mine is

associated with thrust faults (Mohlahlana, 20¥)hough there is prominent thrust faulting in the

north-eastern part of the mine (Maakamedi and Moyo, 2018), no direct correlation has been

established between the major thrust fault system in the mine and the TML.

A detailed study of the faults and associated joints in the mine lease area was condé&cieskby
(2004) andarebriefly described below

T

The Pongola extensional fault zones: These are the odtlestures ~2.041.93Ga. They are
moderatesteeply inclined and havererthwest/soutkeastto north-northrwest/soutksouth

eaststrike.

The Ventersdorp extensional fault zones: These are of similar age to the Pongola extensional
fault zones,and trend north-east/soutfwest to north-north-east/soutfsouthwest They are
confined to an approximatelykdn zone across the Dishaba lease area and represent a graben
or half graben as part of the Neoarchaean Ventersdorp impactogenal rift system in the
basement to thBIC.

North-westverging layerparallel thrust zones on major littstratigraphic boundariese.,

on the top contacts most predominantly of UG1, P1, and P2. The thrust zones represent load
stress compensation thrusts, which formed during Rustenburg Layered Suite emplacement in
Upper Zone time in response to thermal subsidence oRU&and vertical load stresses
induced into the floor rocks and pupper Zone stratigraphy.

North/southtrending, moderate to steeply dipping Kibaran extensional fault zones which
formed in response to eAséest crustal extension induced by the Kibaran Orogeny at +d.35
1.2Ga. There are fault zones with relatively smaller net displacements and aantped.

They developed as interlinking structures that are parallel to and oblique to the Pongola
extensional fault zones. These are genetically related to individual phases of sinistral and
dextral transtensional reactivation tectonics along these prominent extensional fault zones
during the Eburnean (Kheis) and Kibaran orogenies at %.8¥3Ga and ~1.3%0 1.2Ga

respectively.

A group of pervasivewestsouthwest, west and westnorthwesttrending extensional
fracture zones that traverse all other fault zones. These have no significant displacement and
are generally the youngeste., postKaroo extensional fracture systems formed at ~80

90 Ma.
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Friese (200) also noted that the Dishaba Mine area has a smaller abundance of dykes relative to the

rest of the AmandelbultMining Complex. He further statk that several generations and

petrological types have intruded along the various groups of faults as follows:

1  The Pongola extensional fault zoriesorth-westtrending, up to 10m wide diabase dykes

1  The Kibaran fault set north/southstriking, relatively thin ¢p to 2m wide) carbonate rich

alkaline dykesand,

1  The postkaroo systemi westsouthwest and westtrending, variable thickness dolerite

dykes.

Joints in the mine occur randomly and in sets, sometimes parallel to major stragtiresfaults
and dykes. The joints tend to be filled with chlorite, serpentine, and caBziddr, 2022 Two
detailed studies were carried outtbe characteristics of the joints on the miGeiber 2022. One

on the MerenskyReef horizon and another on the UG2 horizon. A totdbaf andsix prominent

joint sets were found on the MerendRgef horizon andhe UG2 horizon,respectively The joints

on the MerenskyReef horizon aregenerallysubvertical dipping at over 80 One anomaly was a

particularset of joints(J4) dipping at below 40and striking at 094 (Table 2). Thejoints on the

UG2 reef horizonare generallyrelatively shallower and more varied in dip. They broadly dip
between 70to just over 80 (Table3).

Table 2: Characteristics of joint sets found on theMerensky Reefhorizon (Gerber, 2022.

Orientation

Spacing (m)

Set Dip () Dip Direction ()
L Standard Standard | Minimum | Average \Maximum
Mean . . Mean . .
deviation deviation
Il 88 8 62 22 0.10 0.82 5.50
12 83 7 107 21 0.14 1.32 6.70
I3 88 8 161 23 0.11 0.65 2.30
T4 39 10 o4 21 0.12 1.94 6.30

Table 3: Characteristics of joint sets found on thedJG2 Reef horizon(Gerber, 2022.

Orientation Spacing (m)

S Dip (") Dip Direction (°)
Set . .

Standard Standard | Minimum | Average \Maximum

Mean . . Mean . L

deviation deviation
Il 77 8 166 8 0.10 2.00 6.00
I2 82 0 245 13 0.00 2.60 0.00
I3 79 10 103 11 0.40 3.20 6.70
I4 80 0 6 5 4.00 4.00 4.00
I5 74 8 316 15 0.30 2.60 4.80
I6 72 11 205 6 0.10 0.20 0.30
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2.2 HYDROGEOLOGICAL SETTING

This sectiondiscusseshe climate and hydrological settingroundwateroccurrencegroundwater
quality, and the groundwater conceptual model based on current understanding of the groundwater

regime across thBishaba Mne.

2.2.1 Climate and Hydrologicabetting

The Thabazimbi area receives most of its rainfall in summer from November to @ipréverage,

the area receives an average of 808 of rain per year. The winter season has the lowest amount
of rainfall with Juy being the driest month with almosin@m while January has the most with
500mm. In June, the average daytime temperature is 21.8°C, while in January, it is 31.7°C
(Meteoblue, 2022 Figure 14 shows theaverageclimate conditions based on 30 years of hourly

weathembservations.

40 °C 100 mm

32 °C 32:°C. 32.°C 32 °C
31 °C

30 °C 30 °C—
30 °C 28 °C / 75 mm
26 °C
25 °C
6 7 2EC 22°C
20 °C

20 °C 19 °C

20 °C 19.°C 50 mm
V-
1~< 14 °C
: L 10 °C

10 °C 8 °C 25 mm

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec

Precipitation — Mean daily maximum Hot days
— Mean daily minimum Cold nights

Figure 14: Average weather conditions in the Thabazimbi area (Meteoblue, 2022)

The DishabaMine lease area fallsvithin the Crocodile (West) Marico Water Managem@mea
within the quaternary catchmeniA24F (BierspruiRiver) to the west ané24C (CrocodileRiver)
to the east of the #2ertical Shaft (Figurel15).
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Figure 15: The nineteenWater ManagementAreas, primary catchments,and the six-general
hydro-climatic zonesof South Africa (DWA, 2013). Dishaba Mine fallswithin
Water Management Area 3as indicated with the red star

The topography of the area surrounding the mine is generally flat and featufidlessiost
prominent surface features being the agriculturaliyive farms(the dark green crop circles in
Figure 3) and minng related infrastructure. lle Transvaal Supergroupmountains occur

approximatelyl0 km northof the mine

According to Golder (2018jyydrological unitfound at and below the mine arese belonging to

the BIC, the Chuniespoort Group, Magaliesberg quartzite and the Crocodile River alluvial
sedimentgFigure22). Aquifers within theBIC can be generally divided into thrgges an alluvial

aquifer on the banks of rivers and streams; a shallow, weathered bedrock aquifer; and a deep,

fractured bedrock aquiféGebrekristos and Cheshire, 2012)

2.2.2 GroundwateOccurrence

Groundwater in the Dishalddine lease area occurs mainly in the shallow weathered aquifer and
the deep fracturedquifer(Titus et al, 2009). Theweathered aquifer system generalcursdown

to a depth of approximately 46bgl (meter below ground leveBnd is connected to the deeper
fractured bedrock aquifer system through fractures at specific localities. Groundwater travels
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through these interconnected fractures from the weathered aquifer system into the fractured bedrock

aquifersystem Figure16).

Iron crust

Paleosurface

Water table

. 20-30m

Percolation front
(bottom of the aquifer)

40-60 m

Figure 16: Idealised single-phaseweathering palaeeprofile in a hard rock, crosscut by the
current topography (from Wyns et al, 2009. The laminated layer and fissured
layer refer to saprolite and saprock layers defined by Titugt al (2009.

The shallow weathered aquifer is monitotbtbugh a number dforeholeqFigure17) distributed
acrossthe Amandelbult Mining Complex with special focus on the tailings storage facility. A far

smaller network of vibrating wire piezometers exists underground at depthi0tuabgl.

2.2.2.1 The shallow weathered aquifer

Titus et al (2009) described the shallow weathered bedrock aquifer system as being composed of
the saprolite and saprock zonekich are formed due to weathering of the underlying bedrock.
These zones an@aterbearing due to natural recharge, irrigation return floaval other surface

water sourcesAlong the river courses, this system is partially or fully replaced by alluvial aquifers.

The alluvial aquifersconsistof sand, silt, clay and gravel deposited by the rivers and have a great
variety of thickness. Linkages with surface wateusethem to have high yields. However, low yields
have also been encountered in areas where there islessdtay and silt contents (Gebrekristos and
Cheshire, 2012).

Dishaba Mne has an extensive network of groundwater monitoboggholes Eigure 17) spread
across the Amandelbult Mining Complex. Thdsmeholesare mainlyused formonitoring the
shallow surface aquiferThe groundwaterlevel occursat averagedepths of between 1.9 and
19.7mbgl on the Biespruit River side and between 2.1 and 5infhgl in the Crocodile River
drainage sid€Figure 18) (Groundwater Complete, 202Ihe shallowgroundwaterdepths in the
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vicinity of the tailings dam and its holdirdamare presumed to kibe result of artificialaquifer

recharge in the form of seepage from the dams.
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Figure 17: Distribution of groundwater monitoring boreholes across Amandelbult Complex

(Groundwater Complete, 2021)
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Figure 18 Water level depths across Amandelbult complex as observed in the groundwater
monitoring network boreholes (Groundwater Complete, 2021)
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The groundwateflow directionis generallytowards the Bierspruit River and the Crocodile River
i.e,, north/northwest towards Bierspruit and neetlist towards the CrocodiRiver. Figure 19

shows the groundwateelevations anflow trends as observed in the year 2020.
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Figure 19: General shallowgroundwater flow across Amandelbult Complex. (Groundwater
Complete, 2021)

The monitoring boreholes are sampled on a quartedgis Groundwater Complete (2021)
concluded that the groundwater qualities varied within relatively short distammiiatthis could

be ascribed to aquifer heterogeneity and compartmentalisation.

2.2.2.2 Thedeepseatedractured aquifer

Fractured rock aquifersomprisea network of fractures that cut throughedatively impermeable

rock matrix (Cook, 2003). Whenharacterisinghe fractured rock aquifers, information on the
nature of theracturesand the rock matrix is critical. Fractures are planes along which stress has
caused a loss of cohesion in the raeid there is hardly any visible displacement parallel to the
surface of the fracture. If there is any movement or displacement, then the fracture is classified as a

fault.
The following fracture properties have an impact on the natuyeoohdwater flow (Cook, 2003):
1 Dimensions gperture, length width)

1 Location prientation, spacingetc), and,
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1  The nature of the fracture wallsu¢face roughness).

Variation in the fracture properties listed above, leads to variation in conductivity of a rock mass.
Dykes can also cause fracturing of the country rdblereby leading to an increase in the
yield/hydraulicconductivity of the fractured rock (Samnd Hughes1996). Bromleyet al (1994

found thatdykes that are thicker than h®tend to form water barriers while those of smaller width

arepermeable as they develop cooling joints and fractures.

At Dishaba Minegroundwater is intersected the underlyingsolid and unweathered crystalline
rocks (i.e., below the weathered zon€llhese rocks at depths over ¥@Bgl, generally have low
porosity, and high hydraulic conductivitylong fractureg(Titus et al, 200%9). The hydraulic
properties and conductivityary within the same rock mass and ovikors distances. This isvident
through the varied yields in underground borehat@se excavationand geological fracturesver
short distancegNgubaneet al, 2015) Titus et al (2009) noted that structural features (fractures)
are also extremely variable with regards to frequency, spatial exsgerture, and

interconnectedness.

The volume of groundwateand pumpedfrom the #2 Vertical Shaft is estimated to be
approximately16 ML per day (N. Nxiweni, personal communicatipr2020) This estimate is
derived from a simple calculation of water pumped opnus water pumped dowrand the
differenceis assumed to bgroundwateingress The yields of mdividualgroundwateintersections

vary from less than 100/h to over 10000L/h. Figure 20 shows the distribution of known
groundwater intersections in the miagcavationsin Figure 20, there appears to be a significant
difference in water intersections between levels abovéeM@| and those below. 10 Level and
below appear to have groundwater intersections across the length of mining excavations from west
to east, whereas Qevel and above appear to have sporadic intersections and hardly any

intersections in the middle (i,eaetween 38E and 62E raise lines).

27



[OFFICIAL]

DISHABA MINE WATER INTERSECTIONS ot | o |
S~

s | 5|

s+ | o 16|
5 m &80
IGE A7E 3RE 39F 40E 41E 42E 43k # 4E #5 E o ) £ STE & 344 593
T I r " HE “E WE P 4 5 ME SSE WA 7 10

E <« #62E

Sl » 3 477 460
" }’ ‘l I h } h 4» .‘. ~ ,] SEE 59; sSiE o1 '['mmb_"__ 190 ;z ;gl
E - 63E . <
3L ' A i 4444 1t TG . e o O
4L I - 4}. b Eﬁlﬁ- g& T A A E ] Fi T ] 67E ggg.rog 12 752 185

] b: g

i ' 1# 3 §

¥

} OAE7IE 3 5 4
il EMBRIES ' T
T :\Q;-q}- =
RILEEIEL
[ 1

“"‘l-

|17 | um 64|

| 1. | ue 232

L1e | 1240 -303
marns| = meters above mean sea level

LI

16 1033 56
¥ b -

T
' b+
* .
-

LEGEND

Water Intersection

I Methane Intersection
Il Mining Excavation

1km 2km 3km

Figure 20: Plan view showing the patial distribution of known water intersections in underground mine excavations across Dishaba Mine

28



[OFFICIAL]

2.2.2.3 Conceptuamodels

Titus et al. (2009 conducteda groundwater modellingexerciseat Dishaba Mine In their
conceptual model, they proposedwa-layer aquifer system consisting of the shallow weathered
aquifer and the deep fractured aquifer. The surface water inflows into the mine workings were
estimated at a third (H8L/d) of the total mine fissure inflows, regional groundwater inflows at
46% (~11IML/d) and direct recharge from rainfatlapproximately20% (~5ML/d) (Figure21). No

direct linkwas found between theérocodileRiver and the mine working$t was suggested thtte

regionalgroundwateflow could be recharging from outside the A24C catchment.

) Tumela o \\ SR -
Surface water % Dishaba Discharge (22Ml/d):
o ™ '\\\
8MUd (% 35%) A
Recharge 5Ml/d Note: Equivalentto 60% of
P (£ 15%) recharge in A24C
- ””:’/‘_ L3 \A\T p

.......
.....
.,
.

‘ Hydrochemlcalestlmatlon:
’ Regional Inflow 250%
Surface Water Inflow £50%

Figure 21. Hydrogeological conceptual model of AmandelbulComplex (Titus et al, 2009.

In a more recent update of thenceptual moddFigure22 andFigure23), Golder (2A8) proposé

that the regionagroundwateflow is from sources above and below the mining areas, and recharge
occurs further afield from thBIC. The main identified aquifers atleose belonging to (1heBIC,

(2) theTransvaalSupergoup pecifically the Chuniespoort Group and the Magaliesberg quartzite),
and (3) the Crocodile Riveralluvial sedimentsThe conceptual model also suggesthat since
faulting is assumed to be continuous between the Transvaal Supergroup Bid, theoundwater
exchange between the two formations is possilite. Crocodile RiveFault and the Middellaagte
Grabenwere identified as th&ey faudt structures that allow for groundwater exchange between the

various aquifers and the mine voids.
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Figure 23: Regionalgroundwater flow around in Dishaba Mine following theconceptual model by Golder (2018)
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2.3 GROUNDWATER QUALITY

Over the yearsvarious sampling andchemical analysis campaigns have been undertaken at
Dishaba Mine to understand the groundwater quality on surface and at teeperwithin the

mine.

2.3.1 Shallow Groundwater

A quarterly groundwater sampling survey is undertaken on the monitoring boreholes across the
Amandelbult Complex Kigure 17). As of 2021, a total of 58 monitoring boreholesross
Amandelbultwereincorporatedn the surveyThe survey focuses mainly on groundwater level and
quality trends across the Amandelbult Complex (Groundv@benplete 2021).0One of the reasons

the environmental boreholes are sampled regularly is to ensure the mine remains compliant to the
water use license as granted by epartment ofWater andSanitation (DWS) (P. Mofomme

personal communicatio2027).

The monitoring boreholes provide an easy way to build a continuous databgserfanch trend
analysis that describe water in the shallow weathered agaifertal of 20 boreholes within the
Dishaba Mine lease area were sampte@020(Figure24). The values highlighted in reate major
ion concentrationghat exceed theprescribed levels of thevater use licencethese couldbe

impacted byfarming andopen cast mining operations (Groundwaemplete 2021).

Sulphate anditrate were identified as the most dominant contaminants. This is possibly due to
mining and farming activitiesThe Expanded Durobiagram compiled for the water samples
(Figure 25) showed high heterogeneityn terms of the hydrochemistry of the sampled sitdse
groundwater quality chandeover short distancesyhich could be caused by contamination from

the various source areas, aquifer heterogeneity and compartmentalisation.
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Figure 24: Sampledboreholes on the Dishaba Mine lease area with their results in 2020
(Groundwater Complete, 2021)
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Figure 25: Expanded Durov diagram from data collected in 2020 from the monitoring
boreholes in the Dishaba Mine lease area (Groundwater Complete, 2021)

The plot positions of monitoring boreholes in the first two fieldshef ExpandedDurov diagram

represent relatively clean, fresh groundwater dominated by calcium/magnesium cations and
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bicarbonate alkalinity on the anion side. On the other hand, plot positions lower down on the
Expanded Durodiagrammay beindicative of mine induced impacts on the groundwater quality

conditions

To better understand trends andts variation in theExpandedDurov diagram, the boreholes
have been grouped by where they are located in the Amandelbult ComgleXumela Mine,
Dishaba Mine, HDDOpenPit and the Concentratéliant (Table4). The samples mostly plot within
three categories on the Expanded Durov Diagrare. fresh young water with limited ion
exchange, a mix of different waters with sulphate contamination and a mixed type with nitrate

contamination.

The Dishabaine samples show relatively more variemyth young water with both sulphate and
nitrate contaminatianThis trend extends to the HDOpen Pit samples. The nitrate contamination
appears to be more pronouncedhieHDD, possibly due to the mining activities. The Tuniglae

samples are generally mixed type with sulphate contammattich ispossibly due to leakages

from the tailings dam.

Table 4: Grouping of groundwater monitoring holes according to their location acrosshe
Amandelbult Complex.

Monitoring holes per section of the Amandelbult Complex

Concentrator | Tumela Mine | HDD Open Pit| Dishaba Mine
EMPR 05 EMPR 01 HDW1 EMPR 09
EMPR 07 EMPR 02 HDWI10 EMPR 10
EMPR 08 HT 31 HDW2 EMPR 11
EMPR 15 HT 32 HDW3 MB16-06
EMPR 19 MB16-10 HDW4 MB16-07
EMPR 20 MB16-11 HDWS MB16-08
EMPR 22 MB16-12 HDW6 MB16-09
EMPR 23 MB16-13 HDW7 MB16-18
WB 01 MB16-14 HDWS MB16-19
WM 04 MB16-15 HDW?9 MB16-20
WM 05 MB16-16 MB16-21
WM 07 MB16-17
WM 08 TBHO1

MB16-01 TBHO2

MB16-02 TBHO5

MB16-03

MB16-04

MB16-05

2.3.2 Deep Groundwater

The following water facies are commonly found in the vicinity of the mine lease area with the
associated geology (Titet al, 2009):

i BIC: CaNa-Mg-HCOs watertype,
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1 Dolomites: CaMg-HCOs watertype, and

1 Crocodile River Valley: MgNa-HCOs-Cl watertype

Following a sampling program carried out by Tiatsal (2009), three clusters of water chemistry

were identified from the samples taken in Amandelfitijure26):
1  Clusterl and 2typical BIC,
1 Cluster 2:dolomitic water, and

1 Cluster 3: Mine water inflows fisure water) generally associated with high N

concentrations.

Compared to the shallow aquifer water, the deep mine inflows were found to be relatively uniform

in chemical character, dominated tye NaCl water type.

Legend
" . E 2054 (pump test)
C . ) Cluster 3: Mine
Blll';;tﬂi]-Typlca] Influxes D 2023 (Shen 1)
ve dCOmplex water C 1970 (hydrocensus)
B 1969 (Shaft 2)
A 1896 (Shaft 2)
Cluste!- 2 Typical
Dolomitic water S04
Cl rich
samples
o v y
Ca Na+K HCO3 cl

Figure 26. Groundwater quality in Tumela Mine (Shaft 1) and Dishaba Mine (Shaft 2ffrom
Titus et al, 2009)

In 2016 16 samplesfrom the undergroundmine workings (Figure 27) were submitted for
hydrochemical and environmental stable isotope assessr@Gamde( 2016). All these water
samples growgd togethem the NaCl quadrant of theentral diamond of thBiperdiagram(Figure
28).
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Figure 27: Geology andspatial distribution of samples taken in the 2016 sampling program by Goldg2016).
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Figure 28: Piper diagram for the water samplesrom the 2016 samplingprogramme by

Golder and Associates Golder, 2016)

In a 2017 hydrochemicalurvey (Golder, 2018, five undergroundvatersamplesvere takerfrom

the following working areas

= == =2 =4 -2

5/41AE Crosscut

5/55AE Crosscut

14/55E 5W Merensky Reef Panel
16/4(E Haulage

17/49ECrosscut

The samples were found to have a varied chersmalposition(Figure29). From these sampleg, i

was concluded thathere are two main sources of groundwater ingress into the mine, the
Chuniespoort Dolomite (Ca/M#COs signature) and the Crocodile RiveNd/Mg-Cl/SO,

signature) It was suggested thahhd Crocodile River watewith its strong evaporation signature

forms part of the mine water cycle.
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Figure 29: Piper diagram for the water samples from the2017sampling run (Golder 2018a)

2.4 GROUNDWATER MANAGEMENT

The presence ofroundwater in a mine has a negateiect on production, ground control,
ventilation, and safety (Ngubanet al, 2015; Straskraba and Effner, 1998)he DWAF (2008)

further lists the following negative effects of groundwater ingress into mine workings:

1 Reduction in the ability of affected surface/groundwater resource to provide other water users

with water

1  Water quality deterioration due to contact between water and ores with sulphide minerals,

cyanide from backfill operations, explosives and other chemicals used in mining operations
i Flooding of the underground mine

1 Closed mines may decant contaminated water into the surrounding aquifers or surface water

resourcesand,

1 Inter-mine flow may occur where water from adjacent mine flows into and becomes part of

the water balance of the receiving mine.

Failure to adequately plan for and mitigate against any adverse groundwater impaateus for

any miningoperatio. The fundamental principle that applies to water management in underground
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mines according to DWAF (2008):i®lan, design, operate and close the underground mining
operations in a manner that reduces thgress of clean water into the mine, minimizes the volume
of water used in mining operations, maximizes water reuse, minimizes the water quality

deterioration within the mine and minimizes the impacts on the water resource.

The groundwater management strategfy Dishaba Mine is continuously being revisad new
information becomes available. The excess water that is pumpedHeamderground isised in
processing operationgor sanitation and is also recycled tobtain water ohigh-quality drinking

standardN. Nxiweni, personal communicatip2020)

Groundwater control inrundergroundmining usually takes the form of grouting or dewatering
(Straskraba and Effner, 1998). The two methods can be applied simultaneously depending on a
number of factorssuch ashe hydrogeological characteristics of the mine, the depth of the mine
and the mining methodiAt DishabaMine, the function of groundwater control lies within the
Geology DepartmentGroundwatercontrol is guided mainly bythe standard operating procedure

titted ACover drilling and water / flammable gas intersections undergtound

According to the mine standard procedure, cover holes are drilled ahead of mining at an inclination
of between ®and 5 and almost parallel to or along haulages arasscutsThe holes are 12

long. The primary purpose of the cover holes is to intersect waterfeEamdmablegasses ahead of
mining. On water intersectiorthe holes are either grouted or allowed to drain freely (dewater)
depending on the volume of water intersected.

A staggeredingleor double cover pattern is usetkpending on thgroundwaterisk classification
of thearea(Figure 30). The singlecover pattern requires that the holes have an overlap of A%
either side of the mining excavation. The double cover requires an overlaprofGa@rently the
underground hydrogeological risk areas are divided into two: the low sisigjle cover areas {B4
Level) and the higher riskdouble cover areas (4B Level).Figure 31 shows thecover drilling

layer of themine water planvith the groundwaterisk classification
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Figure 30: (A) Double cover drilling pattern and (B) single cover drilling pattern.

When groundwater is intersected byhaulage or crosscumining is stoppedi.e. all mining
activities are stopped and the mining crew is withdrawn from that specific mining excavation that
has intersected water. A diamond drilling crew moves in and stagscover drilling {.e., flat

holes drill&l on the faceof the excavatioin a ringlike configuration) andhe ring cover holes are

then grouted with cemerbue to cost implications, grouting is done using normal portland cement.
iwWat er seal ing chemicalso tend to be far mo
groundwater ingress into mine workindg.(Moyo, personal communicatio2022. Depending on

the amount of water intersectegtoutingtakes anything fromthreeproduction shifts to well over a

mont hés worth of production shifts | ost.
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DISHABA COVER DRILLING
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Figure 31: Cover drilling layer of the mine water plan,showing the different groundwater risk classificationsand associated cover drilling
requirements.
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CHAPTER 3:
DATA COLLECTION

3.1 INTRODUCTION

Datacollection for this research project was carried out through a seepage survey which included a
desktop study seepage survey and underground mapparglysis ofthe existing borehole
database, groundwater samplingnd hydrogeochemicalanalysis throughthe Aquatico and
iThemba laboratories. This chapter details the processes followed and equipment usethia the
collection, processing, and interpretation for this project.

3.2 GROUNDWATER SEEPAGE SURVEY

The seepage survey started with a reviewexikting dataand was followed by underground
mapping and recording of field parametern(perature, pHEC and TDS) The existing datand
informationconsist of the water plan, the borehole datalthsgeology plarand flow meter data.

3.2.1 TheWaterPlan

The water plan(or map)is a multi-layereddigital plan depicting all the developmerftunnel)
excavationst the mine with waterrelated information. The plan shows groundwater intersections,
groundwater propertiethecover drilling plan, gas intersectio(especially methangnd the virgin

rock temperatures.

The mine is divided intdwo zones basedn the geology and historic hydyedogical information

which define the risk of disruptive groundwatatersectiongFigure 31). The two zonesare the

single cover,and the double cover zamelhe single coveronestarts at 3_evel (approximately
150mbgl) and ends at 14evel (approximatel00mbgl). Extensive mining has taken place across
this zoneand as a result the classification applies mainly to the eastern edge of the mine. The
wesern and central part was mined out in the 198®90sand most of the historical water
intersections have been groutéd. Moyo, personal comnunication 2022. Some of the cover
drilling datawerenot recorded even though water was intersected. Hrerievewaterprone zones

demarcated on thaan, particularly at the centre of the mirmjt no details are given.

Thedouble cover zone starat 15 evel (approximatel@70mbgl) and extends to the bottom of the
mine at20 Level approximately 130@nbgl. In this zoneyelatively recent expansion tiie mine

into virgin ground has taken place. A better record of groundwater intersections is also found in this
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zone.Water intersections are generally found in cover holes across the haulage excavations. They

tend to be associated with calerteh joints and leucocratic rocks in the footwall of the UGL1.

Another importantomponenbf the water plan is theirgin rock temperature (VRTplan Figure

32). Aswould be expected with mormalgeothermal gradient, the VRT increases with depth. The
VRT closer to surface onl3evel is26°C and steadily increases tver46°C at shaft bottom on 20
Level. Recordedwater temperaturevary betweerabout 22C close to surfacend 45°C on 19

Level This impliesa direct relationship between VRT and groundwater temperature.

DISHABA VIRGIN ROCK
TEMPERATURE PLAN

= a ’ S
i >
eI %
44. 4\

46.1 /\_:_:l
0 250m H00Om 1000 m

Figure 32 The Virgin Rock Temperature layer of the water plan.

In terms of spatial distributionhé most prominent water intersecti@argrecordedon 18-19 Level
easthaulage 53E to 55BEMerensky stope across all levelsand the western haulages approaching
the ShowStopper Fault andMiddellaagte Graben (Figure 20 and Figure 33). A prominent
anomabus area is the 17/49Blerenskystope. The stope is not connected to kngwn water
prone geologicabtructure,but a surface borehole is continuously bringing water into the .stope
Other notable mining excavations with water ingrass

i 17/40E Merensky Stope

1  41E Line Across all levelsr{ the vicinity of theShow-StopperFault),

i 19/45E UG2 Stopeand,
1

17W Haulage
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DISHABA MINE PROMINENT WATER AREAS
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Figure 33: Areas with recorded prominent groundwaterintersections (1) 18E and 19E Haulages(2) 53E-55E Lines,(3) ShowStopper Fault
area, (4) Western haulages approaching Middellaagte Graberand (5) 17/49E MER stope. Other notable areagA) 17/40E MER
Stope,(B) 19/45E UG2 Stopeand (C) Historic intersections in the middle of the mine.
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The water plan is revised annually with new intersections added frormitiieg and drilling
activities of the previous year. For the year 202021, the following wateintersections were
recorded:

1 15/41A Xcut North: Warm water dripping from thanging wallin the vicinity of theShow-
StopperFault,

15/41EAdiamond drilling into theShow-StopperFault,
15/51E Bullnose Water drippingrom the haulage hanging wall

19/45E4W UG2 PanelWater dripping from the hanging waiind,

= = =4 =

17/40E3E and5E Merensky Panel: Water dripping from the hanging.wall

No new prominent, flowing intersections warrorded;however,all these new intersections fall

within the prominent areas described above. The lack of new prominent intersections due to mining
could be ascribed tthe fact thaimining occurredonly in the UG2 under the mineaut Merensky
stopes. No fAvirgin ground o0 durmg thée 2082022 rprodiictione | o p

year

3.2.2 TheBorehole Database

The borehole database at Dishaba Mine consists of approximately 5000 boréhelesiost
notable groundwater intersections from boreholes are logatkih the prominent areas described
above i.e.on 19 Level Haulage, 54Eine and 41H.ine. On 19 Level, the ost intersections are
throughthe ring cover and cover holes. These are boreholes drilled relatively flat along the HLGE

andcrosscuts. The intersections are largely along the footwall of the UGL1.

Numerous prospect holes were drilled specifically to dewater thd_b®%E These extend from 410
16 Level Figure34 shows an example of ring cover holes drilled into the hanging wall of 13/54E
Crosscut The three holes in the example were drilled along the direction of minwgydsthe

southeasterly direction as well &s thesouthwesterly direction.
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Figure 34: An example of ring cover drilling. (A) Plan view and(B) a representative section of
the same aregnot to scalg.

Boreholes drilled from surfacesufface holes) make up approximately a quarter of the overall
borehole database. These holes are drilled across the mine lease area in active and inactive farming
areas above the mining excavations. The surface holes are generally drilled ahead gfaninin
resource classification and delineation of geological structures. Mining excavations expose historic

surface holes. These exposures are known to have water ingress as water builds up inside the holes.

Historically, only the top 56n of surface holes were plugged with cement. This was mainly to
cover the weathered zone. With the continued exposure of surface holes with water running into
mine workings, it became obvious that surface holes act as conduits for groundwater from the
weathered zoneain or even possibly irrigatigrio reach thedeep mine workings. A decision was
taken to fully grout the entire length of any surfé@aceehole tominimise groundwater ingress into
themine workinggM. Moyo, personal communicatio2020. Figure35 showsthe locations of the

surface holes drilled across Dishaba Mine tait sealing status aat theend of 2021.
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F\DISHABA MINE SURFACE BOREHOLES
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Figure 35: Sealing status of surface boreholes across Dishahtine.
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3.2.3 The Geology Plan

The geology of the mine is recordedvo digital plans onefor the Merenskyreef horizon and the
other for the UGZReef horizon.Off-reef excavationge.g., haulages anttosguts)are shared for
the mining of either reef typand therefore share the same geological informaliba. Merensky
Reefat DishabaMine has been mined since ttate 1970s while mining ofthe UG2 only started in
the early 2000sln 2020 the mine moved to a 100% UG2 mining undergroundaafad smalkr
amount ofthe MerenskyReef (just over 3000m?) was mined in the open pit.

As a resultof relatively more mining of the Merenskyhere is far more information on the
MerenskyReef horizon than on the UGReef horizon. The MerenskRReef horizon plan does
however have a shortage gfeological data in areas mined prior to say 2008s is possibly due
to a shortage of residemine geologists in the mining industry at the tind. (Moyo, persnal

communication 2022.

Figure 13 shows the distribution of major faults and dykes onMegensky reef horizarivarious
linear structuresjg@ints, shears,veins, dykes, andfaults), reef disturbancegdtholes,slumps,and
reef rolls),lithological units and drilled boreholes alrecorded on the geology plan

In addition to geological features, water intersections are also recorded in the geologygpiamn.

36 shows an example of groundwater information recorded on the geology plan. The individual or
smaltscale water records build up to a water plan and the water intersections can be extracted on
their own without geologyinformation Eigure 20), this allows forsimpler spatial analysis of

groundwater intersections.

e U Tnw LEGEND
= A 1 1 ] ! e 0 ' .
AR C,' . :_I-_I:E:; Water Intersection
S i 1)

Joint

| Mining Excavation

Survey Peg

Figure 36: An example of water information recorded on the geologplan.
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3.2.4 Flow Meter Data

Severalflow meters are installedt the mine mainly along the different decline shafts and the
Vertical Shaft. These flowmetersmonitor water sent down to underground workings and water
pumped out fronthe underground. The difference betweitre volumes ofvater sent down and
water pumped out is assumed todoe togroundwateiingress For this project, the focus is on the

#2 Vertical Shaft data because this is the deepest shaft and accesses the deepest fractured aquifer.

Figure 37 shows thelowmetersdatarecordedin the #2 Vertical ShafbetweenJanuary2017 and
September 2028y the Water Resources Engineer of Dishaba Mi@elumn A and B is thetotal
water pumpedrom the shaftfi ViterDown S h a is thé& amount of service water sent down the
shaft andfingress is the estimated groundwater ingress into the nftigure 37 shows thathe
estimated groundwater ingress varies betweeB0D30 19000m?¥d. A detailed analysis of the

data was carried out with the results presented in the following chapter.
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Figure 37: A plot of flow meter data from #2 Vertical Shaft.

3.2.5 UndergroundMapping

Underground visits were carried out igentify areas with groundwatenflows, to obtain feld
measurements pertaining to groundwater intersecgtanmsto sample the wateMost of the water
intersections indicated on the geology maps and vdéerin Figure 20 havebeensealedoff for
ventilation control ogroutedto allow for dry mining conditionsTheareasdescribed belowshown

in Figure48) werefound to have significant groundwater flaws
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3.2.5.1 3/62E Haulage

3 Level 62E Haulage is located in the upper eastern section of the najpgraximately 148nbgl|
at an elevation o¥89mamsl (Figure 38). There is water flowing from behind a ventilation wall
Using a \¢notch(Figure39), the flow rate was found to be ab@312L/h.

Figure 38 Plan view of the location of the 3/62E sample

Figure 39: Photographs showing \/notch placement (left) and measuringright) at 3/62E The
ventilation control wall made of bricks can be seen in the background on the right
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