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Lafarge Lichtenburg Kiln 4 and Associated Structures
Geotechnical Investigation

Final Report

Introduction

The Lafarge cement plant is situated just east of Lichtenburg. Lafarge South Africa (Pty) Ltd
(Lafarge), as part of their expansion programme, propose constructing a new kiln (Kiln 4) and
associated structures immediately north of the existing plant and new gypsum and slag stockpiles to
the south. SRK Consulting (Pty) Ltd (SRK) were appointed to carry out a geotechnical investigation
for the above structures in terms of the Lafarge appointment letter dated 17 October 2005 and the
SRK proposal dated 12 September 2005.

A preliminary interim report prepared on completion of the rotary cored drilling programme, but
before laboratory testing of samples taken from the borehole samples, was submitted to Lafarge on
22 December 2005.

The objectives of the present investigation of the plant site are:

o Identify the soils and rocks on site;

e Determine the engineering properties of the soils and rocks;

e Evaluate the founding conditions;

e Present the results in a report, which will include recommendations for founding methods at

each of the structures.
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Available Information
Lafarge provided un-numbered drawings showing the required positions of boreholes and the
proposed extensions.

A report on “The Subsoil Conditions Applying to the Site for the New (1969) Extensions to the
Cement Factory at Lichtenburg — the “B” Works” for White’s South African Portland Cement
Company by C.A.Rigby and J.E.Jennings (April 1972).

Schwartz Tromp and Associates Report No 81/3/1 for a cement mill, a walcrete silo and a packing
plant comprising two 17 000 ton silos (April 1981).

Schwartz Tromp and Associates Report No 81/3/3, for a detailed investigation for the 17 000 ton
silos. (October 1981).

Schwartz Tromp and Associates Report No’s 83/64/2 for the raw mill complex (July 1983).
Published 1:250 000 scale geological map (Sheet 2626, West Rand ).
Published 1:50 000 scale topographical sheet, Sheet 2626AA, Lichtenburg.

Only the Schwartz Tromp and Associates report, numbered 83/64/2 was of a site close to the proposed Kiln
4 and associated structures. However, the Rigby and Jennings report provides a fairly detailed description of

the site geology and was useful in this respect.

3

Scope of Work

The investigation down to estimated suitable founding depth for heavy structures was carried out by
rotary cored drilling of ten rotary cored boreholes, labelled LBH1 to LBH10, which were drilled at
the positions of critical plant structures as shown in SRK Drawing No 354189/Figure 1. The
purpose of the drilling investigation was to determine the rock mass conditions underlying the
proposed plant site. The boreholes were drilled by geotechnical drilling contractor, Diabor.

The boreholes were logged according to the guidelines set out in Guidelines for Soil and Rock
Logging in SA (AEG, SAICE, SAIEG 2002). The detailed borehole logs are presented in Appendix
Al and photographs of the core are shown in Appendix A2. The soil was described according to
colour, consistency, structure, soil type and origin and the following parameters for rock description

were recorded:
- Colour
- Degree of weathering
- Fabric (particle size)
- Structure (discontinuities)
- Hardness

- Lithography

WARW
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4

- Core recovery
- Fracture frequency (number of fractures per meter)
- Rock Quality Designation (RQD).

It was not possible to investigate the site by means of test pits due to the near surface hardpan

calcrete covering much of the area.

Laboratory testing — samples taken from the borehole core were submitted to a soil and rock
laboratory (Soillab and Rocklab) for indicator testing (particle size analysis and Atterberg limits)
and unconfined compressive tests (UCS). The results are presented in Appendix B.

Preparation of the borehole and laboratory test data, analysis and reporting.

Site Description

The Latarge plant is situated about 2km east of Lichtenburg on the Koster road. The area of the proposed
new kiln development is situated on a flat area immediately north of the existing Kiln 6 and the raw meal
silos. The area is partly undeveloped, but is used by heavy vehicle traffic. On the northern part of the
proposed site, there are limestone and waste product stockpiles.

The slag and gypsum stockpiles are to be located at the position of the existing drawing office.

The positions of the structures covered by this report are shown on Figure 1

5.1

Geology

General

The published 1:250 000 scale geological map (Sheet 2626) shows that the site is underlain by the
Dwyka Group of the Karoo Supergroup. Over much of the site, calcrete occurs in the upper 6m to
8m of the soil profile. According to the Rigby and Jennings report (1972, see Section 2 above), the
calcrete, which comprises hardpan and powder calcrete, has formed by the calcretisation of an

alluvial horizon.

The calcrete overlies decomposed Dwyka shale, which is usually partly calcretised in its upper few
metres, having white scattered calcrete nodules. The shales usually become less weathered with
depth and often have a varved horizon near the base. In the kiln area, the shales overlie Dwyka
tillite, which is generally of very soft rock and soft rock consistency, but in the gypsum and slag
stockpile area, no tillite was intersected to a depth of 35m. Typical soil and rock profiles for the two

areas are presented below.

WARW
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GEOHYDROLOGICAL ASSESSMENT FOR CEMENT PLAN
LICHTENBURG, NORTH WEST PROVINCE

1 INTRODUCTION

This report presents the results of a detailed geohydrological assessment carried the @ement
Plant site located in Lichtenburg in the North West Province. The geobygdral report has been
prepared as a specialist study in support of the water use awghtoin for the following water uses
as per Section 21 of the National Water Act (Act No. 36 of 1998).

Section 21 (a) - taking water from a water resource

Section 21 (g) - disposing of waste in a manner which may detrimentally impacivater
resource

Section 21 (h) - disposing in any manner of water which contains \ragte or which has
been heated in, any industrial or power generation process removing.

The scope of services is to prepare a geohydrological report to indhed®itowing:

Geology and geohydrology of the area

Hydrocensus, groundwater flow and recharge

All water resources in the plant and surrounding areas must be indicated

A groundwater model for the pit and area, which must show contaminansjrart and

impact prediction

X A groundwater monitoring programme indicating monitoring points upstream and
downstream of all the waste facilities and the pit

X An impact assessment

x Yield testing of production boreholes to be used in the appticeand the test data must
be shown in the report

X An assessment of ingress water from underground if it fills the pit at amy poiime.

X X X X

We refer to our proposal reference 005752 21170043 ] woposal for Detailed Geohydrological
Assessments for Tswana Lime and Lichtenburg Cement Factory Plant Sited)VBistrfArovince U
dated 10 November 2021. JG Afrika were appointed to proceed hath$sessment under purchase
order 4501873093, dated 26 April 2022.

2 INFORMATION SUPPLIED

The following information has been used in the preparation of riyort:

Reports, Documents and Guidelines

x Letter referencei 617171 iTiléli }( §Z % ESu vs t § E v Watets S}
Use Licence Application in Terms of Section 40 of the National Watet9%&,(Act 36 of
1998): Lafarge Industries South Africa (Pty) Ltd: For an old Cement Platecsdgn Portions
1, 27, 30, 32, 61, 71 of the Farm Lichtenburg 27 IP and Erf 1024 ddirtheLkhtenburg
Extension 1 IP, in Lichtenburg Town, within the Ditsobotla Moaicipality, North West
Province_U ed 21 February 2022

x Reportreferencefioidé }( ;' (E&]l ~WSCe >3 U 3]85 oCenfenf PASt WajetE P >

ov "~"SpC_U & (U § D& zZ il

X Report reference LI/MR9/2021/DS of Aquatico Scientific (PtyYLtd]So "> ( &P /v

Monthly Water Quality Assessment Repolt, §} (& f,idated October 2021

005803R02 Cement Plant Geohydro Report.docx Page 1
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Report reference LI/AR1/2021/DS of Aquatico ScientiftM/SCes >3 U §]So "> ( &
Annual Water Quality Assessment Report, February 2ZQthuary 2022 U 8 May 2022
Report reference GW-16-09-Cv4148 dp v "~}ousS]}veU S]So N> (EPF
Cement Plant and Tswana Quarty }ZC E}o0}P] 0 Z %}ES U A E-«]}v iX
2017

Government Notice R267 of March 2017. National Water Act, 1998 (Act No. 36 of 1998).
Regulations Regarding the Procedural Requirements for Water Use Licencat#gpiand
Appeals

The Department of Water Affairs, First Edition, February 2010. Operational i@Gaidel
Integrated Water and Waste Management Plan

Water Research Commission and Institute for Groundwater Studies, Univaréity Free

State, January 2001. Manual on Pumping Test Analysis in Fractured-RoeksAquif

South African National Standard SANS10299-4:200%art 4: Test Pumping of Water
Boreholes

South African National Standard, SANS241: 2015, Edition 2. Drinkieg Wat

Aller L, Bennett T, Lehr JH, Petty, RJ and Hackett G (D#BARTIC: A Standardized System
for Evaluating Groundwater Pollution Potential using Hydrogeol8gitings NWWA/EPA
Series, EPA-600/2-87-035

Bredenkamp D, Botha LJ, van Tonder G and Janse van Rensberg HNH®9@3). on
Qualitative Estimation of Groundwater Recharge and Aquifeattdy, Based on Practical
Hydro-Logical MethodsWater Research Commission, TT 73/95

Parsons RP (1993&.South African Aquifer System Management ClassificAtuBtC Report

No. 77/95, Water Research Commission, Pretoria

Taylor CJ (1983A Geohydrological Investigation of the Lichtenburg Area, NBaeopo
Subterranean Water Control AreBivision of Geohydrology, Department of Environment
Affairs, Pretoria

Vegter, J.R. (1995)n Explanation of a Set of National Groundwater M&gRC Report No.

TT 74/95, Water Research Commission, Pretoria, South Africa

JMC Weaver et al, 2007. Groundwater sampling, A Comprehensive Guide for Sampling
Methods. Water Research Commission (TT303/07).

Maps and Drawings

X D % ~"Z § S]S@oWestRand U § e 0 }(,0Mad11986, of the Geological
Map Series, supplied by the Geological Survey, Pretoria
XM % «Z § 8150 U ~iiATo :}Z vv « pyEP_U 8§ o o S}(ii@stii iii
the Hydrogeological Map Series of the Republic of South Africa, supplibé Directorate:
Geohydrology, of the Department of Water Affairs and Forestry
X Map Shess §]So ~10i0 >] ZS v pEP_U 8§ o @, diditdlWefision) i U
of the Topocadastral Map Series, supplied by the Surveyor General
Data
X National Groundwater Archive (NGA) digital information, as supplied by @peritnent of
Water and Sanitation (DWS) as at August 2022
x DWAF (2003a). Groundwater Resources Assessment Phase Il Database. Website
www.dwaf.gov.za/Groundwater/GRAIl.aspx
x DWAF (2003b). Groundwater Resources Assessment Phase |l Database. Website
www.dwaf.gov.za/Groundwater/GRAIl.aspx
X World Aerial Imagery obtained via Global Mapper as at August 2022
x SRTMS3O0 Digital Elevation Model
005803R02 Cement Plant Geohydro Report.docx Page 2
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DRASTIC Aquifer Vulnerability dataset of South Africa

Aerial magnetometer data (1km x 1km resolution) for South Africa
SANBI Wetlands Coverage for South Africa (2010)
Geohydrological yield map of South Africa (2009)

Google Earth Pro version 7.3.3 of July 2020.

X X X X X

3 SITE DESCRIPTION

The Cement Plant site is located on farm Lichtenburg Town andldiosen27 IP in the Ditsobotla
Local Municipality of the North West Province. The site is located inatedginorth east of the
town of Lichtenburg and can be accessed from Lichtenburg via the RB8ddlby the D379. The
location of the site is shown in Figure 1.

005803R02 Cement Plant Geohydro Report.docx Page 3
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Figure 1: Site Locality

005803R02 Cement Plant Geohydro Report.docx Page 4



4 APPLICABLE WATER USE APPLICATIONS

The water use applications specific to the geohydrological assessmehef@ement Plant site are

summarised in Table 1 and shown in Figure 2.

Table 1: Summary Water Uses

Water Use | Description | Latitude | Longitude
CEMENT PLANT SITE

21 (a) Plant Borehole 1 -26.11833 | 26.16778
21 (a) Plant Borehole 2 -26.11769 | 26.16722
21 (a) Plant Borehole 3 -26.11892 | 26.18448
21 (a/h) Townlands Dam Processing and Cooling| -26.12845 | 26.18405
21 (9) Coal Stockpiles -26.13337 | 26.13337
21 (9) Gypsum Stockpiles -26.13475 | 26.18203
21 (9) Additive Stockpiles -26.13365 | 26.18692
21 (9) Limestone Stockpiles -26.13055 | 26.18700
21 (9) PCD 1 -26.13466 | 26.17969
21 (9) PCD 2 -26.13431 | 26.18723
21 (9) B Works Ablution -26.14116 | 26.18669
21 (9) Palletiser Ablution -26.13551 | 26.17889
21 (9) Packing Plant Ablution -26.13338 | 26.18177
21 (9) Electrical Workshop Ablution -26.13385 | 26.18258
21 (9) Limestone Tip Ablution -26.13099 | 26.18615
21 (9) Main Road Reception Ablution -26.14224 | 26.17887
21 (9) Swart Dam Ablution -26.13541 | 26.18600

005803R02 Cement Plant Geohydro Report.docx
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Figure 2: Site Plan showing Water Use Applications

5 BOREHOLE YIELD ASSESSMENT

5.1 Test Methodology

The water use application boreholes were designated LBH1, LBH2 adid4. Bét previous records.
A summary of the field observed borehole information is presented in Table 2.

Table 2: Summary Application Borehole Information

: Average
Borehale Latitude | Longitude BlelEielz] e e Equipment | Abstraction Rate
ID Depth (m), Level (mbgl) (Ils)
LBH1 | -26.118356 26.167734 27 15.94 PD Pump 0
LBH2 | -26.117704 26.167383 27 16.27 PD Pump 5.88
LBH3 | -26.118903 26.184492 27 19.59 PD Pump 0

The observed operations were that LBH2 was the main supply boreholeef@iaht, while LBH1
served as a backup supply, and LBH3 was used for community stock watering.

005803R02 Cement Plant Geohydro Report.docx Page 6
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The yield testing of the boreholes was carried out by Ganu Group andvssgxeby JG Afrika (Pty)
Ltd over the period 19 to 28 August 2022. The yield testing was caieith accordance with the
guidelines of the South African National Standard SANS10299-42P@8 4: Test Pumping of
Water Boreholes, and the recommended guidelines for test pumping of fractaddaquifers.

The yield testing methodology typically comprises a stepped phase @alboywa constant discharge
pumping phase. Due to potential supply interruptions at the Cem®&Mhnt, the general
methodology had to be adapted around the operations of the site. Thisdadlthe operating of
adjacent boreholes during the testing process.

Testing was carried out using the existing PD pumps in the borehole$iandicg the pump drive

to achieve the variable rates required for the testing schedute. dapacity of the existing pumps
was therefore a limitation in the testing methodology. For LBH3, theipus test results were

reviewed and used to plan the schedule. It was evident that Wiéhlimited drawdown and pump

capacity, step testing would not be meaningful and the constanthdige test was actioned.
Constant discharge testing was scheduled for 24 hours in each borehoteRewas carried out

for a period equivalent to pumping or at least 95% of the origiteticswater level as per the

guidelines.

5.2 Borehole LBH1

Yield testing was carried out in LBH1, with LBH2 operating contiryuauSl8 I/s for the duration

of the test. The analysis is based on the inferred scenario of ceuhimomping of LBH1 and LBH2
and is considered conservative. The vyield testing comprised a steppdthjescand recovery
phase, followed by a constant discharge and recovery phase. Step test data was used tongetermi
the 24 hour constant discharge phase rate. Step testing was carried outaxgsfol

Step | Duration (minutes) Abstraction rate | Max drawdown at
i (I7s) end of step (m)
1 60 2.10 1.25
2 60 4.02 3.84
3 60 7.00 6.06
4 - B -

Recovery to 100% of the pre-test static level occurred within 40 miraftdse termination of step
testing indicating no dewatering taking place. The step teghdndicated a possible boundary
effect on step 2, however, steps 1 and 3 did not show evidence of bo@sddtrivas inferred that
the critical depth was therefore below the pump depth. A criticaivaitawn of 6.06 m was used.
Constant discharge testing was then carried out at a rate of 3.04 I/s for a pafriddl hours. The
test resulted in a maximum drawdown of 1.55 m or 26 % of the drawdowhet@titical depth after
24 hours of pumping. The water level recovered to 100 % of the pre-tatst sifter 20 minutes of
the CD test being terminated, indicating no dewatering takiagel The yield test data and analysis
is presented in Annexure B.

From the semi-log plot, the gradient doubled after 720 minutes of pummalicating a no flow
boundary. This may be attributed to the operations of LBH2. Fronoti#ol plot, bilinear flow was
achieved early in the test and the derivative indicated a possible doutresiy aquifer. A
transmissivity of 50 Aid was determined from the recovery plot. It is likely that the maacfure
is deeper than the available drawdown of 6.06 m. A conservative minimurcatiiawdown of
6.06 m (22.0 mbgl) was used. A summary of sustainable yield analysis usingdbe nathods of
the FC program are as follows:

005803R02 Cement Plant Geohydro Report.docx Page 7
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LBH1
Method Sustainable yield (I/s) Std.Dev Early T (m?/d) Late T (m ?/d) S

Basic FC 2.06 0.52 202 120.2 2.20E-03| 6.0
Advanced FC 202 120.2 1.00E-03 6.0
FC inflection point 1.90 0.49 6.0
Cooper-Jacob 3.31 2.15 104.5 1.63E-01 6.0
FC Non-Linear 1.03 0.91 20.0 1.00E-03 6.0
Barker 5.45 3.61 Ks = 12 S;=|1.60E-04( 6.0

Average Q_sust (I/s) 2.08 0.94 b= 11.07 |Fractaldimensionn=| 2.29

Recommended abstraction rate (L/s) for 24 hours per day

Hours per day of pumping 354 Us for 12 hours per day
Daily wvolume on recommended cycle 152.76 | m3/d Persons Served (Basic Human Needs) 6111

The maximum daily volume that can be abstracted from the borehole at 2.5r1/24f hours of
pumping is 216 did. The recommended daily volume on an 12 hour duty at 3.54 I/s is 268 m

5.3 Borehole LBH2

Yield testing was carried out in LBH2, with LBH1 operating continyufmughe duration of the test.
The abstraction rate at LBH1 could not be determined as the flow metenetasccessible. The
analysis is based on the inferred scenario of combined pumping of LBHB&2 and is considered
conservative. The yield testing comprised a stepped discharge and recovery phasesddly a
constant discharge and recovery phase. Step test data was used to determinehbarZbnstant
discharge phase rate. Step testing was carried out as follows:

Step Duration (minutes) Abstraction rate Max drawdown at
(I/s) end of step (m)
1 60 4.02 0.11
2 60 10.03 0.16
3 60 20.04 0.25
4 - 26.01 (max) 3.64

Recovery to 100% of the pre-test static level occurred within 2 minutéseotermination of step
testing indicating no dewatering taking place. From the step test data, adaoyeffect was evident
during step 4. It was inferred that the critical depth was howdwelow the pump depth. A critical
drawdown of 7.73 m was therefore used. Constant discharge testing wastraed out at a rate
of 20.2 I/s for a period of 24 hours. The test resulted in a maximumdiveiav of 1.84 m or 24 % of
the drawdown to the critical depth after 24 hours of pumping. Tregewlevel recovered to 100 %
of the pre-test static after 2 minutes of the CD test being ternedatindicating no dewatering
taking place. The yield test data and analysis is presented in Annexure B

From the semi-log plot, a no flow boundary was evident after 150 mininds;ating a possible
shallow fracture or, as a result of the operations of LBH1. The log-loghmeted similar evidence
of boundary effects at 150 minutes, but from this point, biindlow was achieved, and the
derivative indicated a possible double porosity aquifer. A transmissivit§®n¥/d was determined
from the recovery plot. It is likely that the main fracture is deeper tti@navailable drawdown of
7.73 m. A conservative minimum critical drawdown of 7.73 m (24.0 mbgl) was usetinfasy of
sustainable yield analysis using the various methods of the FC program are as follows:

005803R02 Cement Plant Geohydro Report.docx Page 8
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LBH2
Method Sustainable yield (/s) Std.Dev Early T (m?d) Late T (m?%d) S

Basic FC 14.32 3.98 645 585.0 2.20E-03| 7.7
Advanced FC 645 585.0 1.00E-03| 7.7
FC inflection point 13.01 3.75 7.7
Cooper-Jacob 25.64 16.59 630.1 9.75E-03| 7.7
FC Non-Linear 23.23 20.49 1000.0 1.00E-01 7.7
Barker 29.54 17.02 K = 321 S =[2.00E-03| 7.7

b= 2.05 [Fractaldimensionn=| 2.02

Recommended abstraction rate (L/s) 21.10 | for 24 hours per day
Hours per day of pumping 29.85 L/s for 12 hours per day
Daily wvolume on recommended cycle 1289.33 | m3/d Persons Served (Basic Human Needs) 51573

The maximum daily volume that can be abstracted from the borehole at 21.a&rl24f hours of
pumping is 1823 ftd. The recommended daily volume on an 12 hour duty at 29.8 1289 n¥d.

5.4 Borehole LBH3

No step testing was carried out in LBH3 since the borehole response wastdvala previous
testing. The test commenced directly with the constant dischafggsp. It was inferred that the
critical depth was below the pump intake and a critical drawdof 4.4 m was therefore used.
Constant discharge testing was carried out at a rate of 20.0 I/s for a pefigd hours. The test
resulted in a maximum drawdown of 2.58 m or 59 % of the drawdown tatitieal depth after 24
hours of pumping. The water level recovered to 100 % of the pre-test sttier10 minutes of the
CD test being terminated, indicating no dewatering taking place yidba test data and analysis is
presented in Annexure B.

From the semi-log plot, radial flow was evident after 20 minutes afipng. No no-flow boundaries
were evident from the semi-log or log-log plots. The derivative sewbnd derivative indicated a
possible double porosity aquifer and radial flow for most of the testaAsmissivity of 316 #d
was determined from the recovery plot. It is likely that the main fractudeeper than the available
drawdown of 4.41 m. A conservative minimum critical drawdown of 4.41 m (24.0 mbglused.
A summary of sustainable yield analysis using the various methods of fredgi@m are as follows:

LBH3

Method Sustainable yield (/s) Std.Dev Early T (m?d) Late T (m?%d) AD used
Basic FC 17.90 5.98 5270 1054.1 2.20E-03| 44
Advanced FC 5270 1054.1 1.00E-03| 4.4
FC inflection point 18.24 1.14 4.4
Cooper-Jacob 17.09 11.06 9936.0 1.36E-79| 44
FC Non-Linear 4.4
Barker 21.33 8.48 K= 251 Ss=[2.00E-07| 44

Average Q_sust (I/s) 17.74 0.59 b= 0.22 [Fractaldimensionn=[ 2.37

Recommended abstraction rate (L/s) for 24 hours per day
Hours per day of pumping 2419 LUs for 12 hours per day

Daily volume on recommended cycle 1044.90 | m3/d Persons Served (Basic Human Needs) 41796
005803R02 Cement Plant Geohydro Report.docx Page 9
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The maximum daily volume that can be abstracted from the borehole at 17.a&rl/24f hours of
pumping is 1478 fd. The recommended daily volume on a 12 hour duty at 24.18 1945 ni/d.

5.5 Water Quality

Groundwater samples were collected from the boreholes for chemicaysisdly JG Afrika (Pty) Ltd
during the site assessment. The borehole samples were collected on 27 R0g@sand submitted
to Talbot Laboratory for analysis of selected determinants of the Doméstinsumption SANS241
(2015) raw water suite. The results of analysis are summarized in Tablal 3haraboratory
certificate of analysis is presented in Annexure C. The results of analysisamgpared to screening
guidelines to assess the potability and suitability for use. The SANS241 R2@ikhg Water
Standards were used for comparative purposes. The screening guideline asduasluded in the
summary of results table. The results of analysis indicate that twdéforms exceeded the
operational screening limits in LBH3, and heterotrophic plate countseebexl the operational
screening limits in LBH1 and LBH3. These results may be indicative ¢ safdpg times and/or
the increased activity in the boreholes associated with the yield tgst8hock treatment with a
once off chlorine dose is recommended and future monitoring according to thendveater
monitoring plan will determine if these counts are persistent.
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Table 3: Summary Results of Water Quality Analysis by Talbot Laboratory

Sample Position LBH1 LBH2 LBH3
Sample Date 28-Aug-22| 28-Aug-2?  28-Aug-42 SANS 241 : 2015 Drinking Water
Sampled by MN MN MN
Sample Method submersibl¢ submersible submersible Upper Limits
Laboratory Certificate Number 023361/22| 023362/22 023363/2p
Laboratory Sample Reference Acute health : i
- - - Aesthetic Operational
Determinand | Unit LICH 0111 LICH 0112 LICH 0113 Chronic health
Micro biological determinands
E. coli or faecal coliforms Count per 100 mL <1 <1 <1 Not detected
Total coliforms Count per 100 mL <1 <1 613 G fi
Heterotrophic plate count Count per mL >1000 109 >1000 1000
Physical and aesthetic determinands
Colour mg/L Pt-Co <10 <10 <10 15
Conductivity at 25 °C mS/m 69.8 65.2 72.4 170
Total dissolved solids mg/L 360 390 468 1200
Turbidity NTU 0.45 0.11 0.8 5 1
pHat25C pH units 7.3 7.1 7.1 5t09.7
Z u] o § GEBuljvvevu E}r § EBujvyv -
Nitrate as N mg/L 4.14 4.1 4.62 11
Nitrite as N mg/L <0.05 <0.05 <0.05 0.9
Combined nitrate-nitrite 0.43 0.43 0.48 1
NUO%Z § o NKOTL mg/L 33.6 33.6 36.9 500 250
&ou}E] . &t mgiL 0.12 0.12 0.12 1.5
Ammonia as N mg/L <15 <15 <15 1.5
Zo}E] . ot mg/L 7.75 7.91 8.28 300
Sodium as Na mg/L 5.1 4.9 5.2 200
Zinc as Zn mg/L 0.0053 0.0023 0.0134 5
Z u]l] o § GEBulJvyvevu] EG}r § GBGuv v -
Aluminium as Al gL <1 24 18.9 300
Antimony as Sh gL <1l <1l <1 20
Arsenic as As gL <1l <1 <1 10
Barium as Ba gL 7.4 7.3 11.1 700
Boron as B gL 24 33 31 2400
Cadmium as Cd gL <1l <1 <1 3
Total chromium as Cr gL 9.7 15.6 13.8 50
Copper as Cu gL 3.6 2.4 <1 2000
Cvl] ~E& }ACE o+ o EtgL <20 <20 <20 200
Iron as Fe g/L <1 <1 11.6 2000 300
Lead as Pb gL <1 <1 <1 10
Manganese as Mn g/L <1l <1 2.9 400 100
Mercury as Hg g/L <10 <10 <10 6
Nickel as Ni g/L <1 <1 1 70
Selenium as Se gL <1l <1 <1 40
Uranium as U gL <1 <1l <1 30
Z u] o 8§ Bul]v v -
Total organic carbon as C mg/L 3 4.8 0.82 10
Phenols gL 2 <2 7 10
005803R02 Cement Plant Geohydro Report.docx Page 11
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5.6 Borehole Management Plan

Based on analysis of the yield test data and water quality, a summary bbtebole management
plan is presented in Table 4.

Table 4: Borehole Management Plan

Borehole ID LBH1 LBH2 LBH3
' $A_NSZ41 operational Al within SANS241 SA_NSZ41 operational
Water Quality limits have been . limits have been
limits

exceeded exceeded
Heterotrophic plate Total coliforms

Compounds of Concern count phicp none Heterotrophic plate

count

Risk operational none operational
Once of shock Once of shock

Treatment / Action treatment, biannual | Biannual monitoring | treatment, biannual
monitoring monitoring

Sustainable Yield (I/s) 2.5 21.1 17.1

Recommended Duty 12 12 12

Abstraction Rate for Duty

Period (8 hrs) 3.54 29.85 24.19

Vol Specified D

olume on Specilied Puly | 455 76 1289.33 1044.90

(m®/d)

Critical Drawdown (mbgl) | 22 24 24

Anticipated Maximum Head 46 47 43

(m)

Recommended Pump

Installation Depth (mbgl) | 22 24 24

The water use application abstraction rates should be seleatethe sustainable yield values on a
24 hour duty to accommodate the maximum sustainable yield of the borehbis. efuates to
approximately 78840, 665395 and 539105/anfor LBH1, LBH2 and LBH3 respectively. The
cumulative annual volume is 1283346/

6 HYDROCENSUS

6.1 Introduction

A hydrocensus was required to determine existing groundwater use irptogct area and to
establish possible impacts on existing resources from the Cement Planadivities. The
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hydrocensus further served to collect current water levels from knowsouweces for the
development of the groundwater model.

6.2 National Groundwater Archive (NGA)

The National Groundwater Archive (NGA) of the Department of Water and Sanitatsn
interrogated to establish the existence of any groundwater resources and grouedwate in

proximity to the site. The NGA reported 108 (No.) resources within 5 krheokite. The NGA
database of resource information is presented in Annexure D. The locatibmesources as
presented in the DWS database are shown in Figure 3. A summaryiofdheation presented in

the NGA for the listed resources is presented Table 5.

Table 5: Summary NGA Resource Information

Field Description | No of Resources.| Field Description | No of Resources.
Purpose Status
Production 9 Unknown 18
Exploration 1 Not Selected 78
Exploration / Production 0 Inaccessible -
Not Specified 78 Abandoned 4
Equipment Destroyed 4
Positive Displacement Pum 2 Monitoring 4
Submersible 1 Standby 2
Not Specified 105 Obstructed -
Yield
0 58
>0 26
Not Specified 21
Statistical Information Minimum Maximum Average
(Only Specified Boreholes)
Water Level 0.3 55 12.97
Yield 0.01 12 1.38
Depth 8 222 47.07
Strike Depth 30.48 57.91 43.49
005803R02 Cement Plant Geohydro Report.docx Page 13
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Figure 3: Locations of Resources as Presented in the NGA

6.3 Field Verification

A field verification hydrocensus survey was carried out using the hydrocarisusation collected
during previous studiés The survey was augmented with additional resources and current field
information. A total of 53 (No.) resources were identified during the prevamascurrent survey. A
summary of the resource information is presented in Table 6 and the &ppate distribution of

the boreholes is presented in Figure 4. The hydrocensus resource @retpsesented in Annexure

D. A total of 39 (No.) water supply boreholes, and 14 (No.) unusethbles were identified..

1 Report reference GW-16-09s 818 }( dp v ~}oud]iveU 3180 ~> ( EP >] Z8 v pEERC HZCS @0 WS 0 2 % }E ¢
version 1.4, dated February 2017
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Table 6: Summary Hydrocensus Borehole Information
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" . . |Elevation| Water level | Water level | Borehole| Pump Pumping

KEY SITE Borehole|ID verlflLd Latituge Longiti %mamsl) (mbgl) July 24 (mbgl) Feb 17 depth (m)| depth (m) Pump rate (I/s duration (hr/d) Pump type Water use Owner Telephone numb
1 Cement Plant LBH1 ye§ -26.11836 26.16[/73 14B9 15.9¢4 16| 37 4 7 5.56 Level probes Mono Domestic/Industrial Lafarge 0383900

2 Cement Plant LBH2 ye§ -26.11770 26.16[738 14B0 16.2§ 17| 37 4 7 5.88 Level probes Mono Domestic/Industrial Lafarge 0383900

3 Cement Plant LBH3 ye§ -26.11890 26.18449 14P6 19.5 18.Y 7 2 24 11.11 1hr on/3 hr res Mono Domestic/Stock Water|ng fatge 018-6333000

4 Cement Planjt  LBH10 yed -26.11%87 26.16692 1499 - 6p 50 8~2.7| 24 Sub Municipal Supply Ditsobotla LM 636915075
5 Cement Plant  LBH11 yed -26.11095 26.16[778 1501 19.744 19 0 50 ~11.11 24 Mono Municipal Supply Ditsobotla LM 63698507
6 Cement Plant  LBH12 yed -26.11095 26.16[780 1499 11.1p g0 40 ~19.44 24 Sub Municipal Supply Ditsobotla LM| 636915074
7 Cement Plant  LBH13 yed -26.11033 26.170118 14908 - 28.9 g0 0 -~16.67 24 Sub Municipal Supply Ditsobotla LM| 636915074
8 Cement Plant  LBH14 yeq -26.10807 26.17003 1502 - 6p Morjo unidvpal Supply Ditsobotla LM 636915075
9 Cement Plant  LBH15 yeq -26.09964 26.16016 1500 25.8p 40 ne No Municipal Supply Ditsobotla LM 636915075
10 Cement Planjt  LBH16 yeq -26.09930 26.16767 1496 - 304 40 y Or None Municipal Supply Ditsobotla LM 636915075
11 |CementPlant LBH17 yeq -26.09975 26.16559 14097 - 60 ~2.7B 24 Mono Municipal Supply Ditsobotla LM 636915075
12 Cement Plarjt  LBH18 no| -26.09151 26.15p54 15p2 6 50 716.6 24 Sub Municipal Supply Ditsobotla LM 636915075
13 |CementPlant LBH19 ye§d -26.09297 26.15573 1507 - 31.7 60 y D None Municipal Supply Ditsobotla LM 636915075
14 Cement Plant  LBH20 yeq -26.09205 26.15356 1505 - 60 50 94 ~6. 24 Sub Municipal Supply Ditsobotla LM 636915075
15 [CementPlant LBH21 ye§ -26.09463 26.15106 1501 32.78 4 30. 60 None Municipal Supply Ditsobotla LM 636915075
16 |CementPlant LBH22 yed -26.09%26 26.14647 14097 34.97 g0 O ¢4 ~16.67 24 Sub Municipal Supply Ditsobotla LM| 63691507
17 [CementPlant LBH23 yed -26.08675 26.14440 1506 36.5p 40 6 ~13.89 24 Sub Municipal Supply Ditsobotla LM 63691507
18 [CementPlant LBH24 yeq -26.08166 26.14160 1503 - 60 dry Syb_ Municipal Supply Ditsobotla LM 636915075
19 [CementPlant LBH25 yeq -26.06$60 26.14066 1504 35.71L 40 15.28 24 Sub Municipal Supply Ditsobotla LM 636915075
20 | CementPlarjt LBH26 yeq -26.06984 26.14580 1496 29.0p 40 15.28 24 Sub Municipal Supply Ditsobotla LM 636915075
21 Cement Plant  LBH27 yeq -26.06239 26.14608 1511 35. 345 Problem with eq unknown Municipal Supply Ditsobotla LM 636915075
22 [CementPlant LBH31 no| -26.15049 26.20p69  15[0 Sup Domestic Danie Zimmerman

23 Cement Plant  LBH32 no| -26.15138 26.20p15 14p2 low Wind ot uded Danie Zimmermari

24 Cement Plant  LBH33 no| -26.14491 26.20p35 14p2 blockgd ne No Not used Danie Zimmerma

25 Cement Plant  LBH34 no| -26.15004 26.21)124  14)5 >5 Sub Homes Danie Zimmerman

26 Cement Plant  LBH35 yed -26.15656 26.20713 1484 20. 15 94 6. Sub Domestic Horatio Mathewsagn 842838537
27 Cement Plant  LBH36 no| -26.11023 26.19p43  14p9 38.9 60 e Norj Not used Neels v Staden 825624785
28 Cement Plant  LBH37 no| -26.11006 26.19p42  14p9 8b Su Hiomes Neels v Staden 825624785
29 Cement Plant  LBH38 yeq -26.10747 26.19746 1506 - low]| Sup medlic Antoinette Ras 814731227
30 Cement Plant  LBH39 yed -26.10666 26.19721 1509 30.2B Dry dry None Not used Antoinette Ras 814731227
31 Cement Plant  LBH40 yed -26.11418 26.20436 1510 21.2p 32 y Dr dry None Not used Johann Pistor 793281243
32 Cement Plant  LBH41 yed -26.11447 26.20286 1501 23.11 17 4. 5 Sub Domestic/irrigation Johann Pistor 793281243
33 Cement Plant  LBH42 yeg -26.11405 26.20508 1501 26.7B 1 36 Sub Domestic De beer 824007570
34 Cement Plant  LBH43 ye§ -26.11303 26.20561 1503 27 36 Dry y dr Sub Not used Vosser

35 Cement Plant  LBH44 ye§ -26.11375 26.20820 1503 - Dty dry| ne No Not used Vosser

36 Cement Plarjt  LBH45 yeg -26.11489 26.20273 1502 29.0b 5 34. 40 None Not used Tony 827005154
37 Cement Plart  LBH46 nol -26.11302 26.20p11 15p3 Wind ad u Tony 827005154
38 Cement Plant  LBH47 no| -26.11318 26.19p18 15p0 39.2 Sub udeadt Tony 827005154
39 Cement Plarjt  LBH48 no| -26.14984 26.22l79 14B1 Su Statking Hendy Manhe 763099212
40 | CementPlarjt LBH49 ne -26.107131 26.19F81  15p7 - Dily Stadérivg Antoinette Ras 814731227
41 Cement Plant _ LBH50 ne\ -26.09911 26.19f91  15p9 244 low| b Sy Stock Watering Johann Pistor 793281243
42 [CementPlant LBH51 ne -26.06680 26.15p23 151 34.1 sup nidvpal Supply Ditsobotla LM 636915075
43 Cement Plant LBH52 ne -26.06116 26.15p89  15[1 24.7 Sub nichial Supply Ditsobotla LM 636915075
44 [Cement Plant  LBH53 ne -26.06971 26.14p55 1513 - Dily None nidvpal Supply Ditsobotla LM 636915075
45 |CementPlarft LBH54 ne -26.09423 26.14B13  15p5 33.2 low oneN Municipal Supply Ditsobotla LM 636915075
46 Cement Plant LBH55 ne -26.15011 26.21)189 1486 24.1 80 Syb Domestic Mr Watson 837851073
47 [Cement Plant  LBH56 ne -26.14952 26.21P10 1486 60.6 120 b Sy Domestic Mr Watson 837851073
48 Cement Plant  LBH57 nel -26.11425 26.200118  15p3 36.2 Sub rigation Tony 827005154
49 Cement Planjt  LBH58 nel -26.11352 26.20p76  15p0 - Sup Statdiviy Tony 827005154
50 Cement Plant  LBH59 ne\ -26.11310 26.19p48  15p1 28.7 low oneN not used Tony 827005154
51 Cement Plant  LBH60 ne\ -26.08332 26.14p73  15p5 35.0 operating Sub Municipal Supply Ditsobotla LM 636915075
52 Cement Plant  LBH61 ne -26.11491 26.18490  14p2 blockgd ne no not used unknown

53 Cement Plant  LNH62 ne -26.11784 26.16y31 1489 blockgd ne no not used unknown
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Figure 4: Field Verified Resources (After Tucana Solutions 2017)

7 NUMERICAL GROUNDWATER MODEL

7.1 Desktop Assessment
7.1.1 Study Area Selection

Since the focus of this study was to model the groundwater impactseof &farge operations on
the surrounding environment, it is important to delineate the dyuarea based on physical
properties that will be translated into boundary conditions foetlgroundwater model. When
selecting the delineation criteria, the model extent must be lagg®ugh to accommodate
considered receptors. The geohydrological map indicating the groundwater occereernt the
structural lineaments traversing the area were used as the main delineationiariiére resulting
model boundary is based on the quaternary catchment C31A boundary on therwesde, the
Harts River on the eastern and southern side, and the chert-rich da@omithe north, and is
presented in Figure 5.
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Figure 5: Cement Plant Boundary of the Numerical Model Extent
7.1.2 Topography and Drainage

The study area has a relatively flat topography which ranges from 1428 nmad&2® mamsl| over
a distance of 23 km. The study area boundary intersects quaternary catchmeatv@8dh also
forms the western boundary of the model. A summary of the hydrological parameterthé
quaternary catchment are presented in Table 7.

Table 7: Summary of Quaternary Catchment Hydrological Parameters

Quaternary Area MAP MAE MAR Baseflow| No Flow
Name (kn?) (mm/a) (mm/a) (mm/a) (mm/a) (%)
C31A 1402 577 1860 10.7 0 38

The topography and drainage of the model area is presented in Figure 6.
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SIKHULISA SONKE ¢ WE DEVELOP TOGETHER




=/)JG AFRIKA

Figure 6: Topography and Drainage of the Model Extent
7.1.3 Regional Geology

The regional geology of the Lichtenburg area comprises quaternary aratyeatjed sands and rock
which are underlain by Karoo Sequence Dwyka Formation, which inigunderlain by Monte
Christo, Oaktree and Black Reef Formations of the Transvaal Sequendmadigcby the Ritgat,
Klipriviers and Alberton Formations of the Ventersdorp Supergroup. Thauganock lithologies of
geology in the project area are summarised in Table 8. The regional ge®logsented in Figure
7.

Table 8: Geological Lithologies

Supergrou Group / : .
Age PErgrour P Formation Lithology Symbo
/ Sequence Subgroup
Quaternary soil cover, quaternary sands Qs
Tertiary calcrete T-Qc
Carboniferous Karoo Dwyka tillite C-Pd
Sequence
. Monte Christgchert rich dolomite Vmm
Transvaal |Chuniespoort .
Sequence Oaktree dark chert poor dolomite Vo
Vaalian Black Reef |quartzite, conglomerate, shale |Vbr
: breccia, conglomerate; greywack
Ventersdorp Platberg Rietgat shale, limestone, tuff R-VK
. Supergroup |,,,. . . basaltic lava, agglomerate Rk
Randian Klipriviersberg Alberton Feldspar porphyry Ra
005803R02 Cement Plant Geohydro Report.docx Page 18
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Figure 7: Regional Geology and Structures
7.1.4 Regional Structures

Dykes

The dolomite formations are subdivided by diabase dykes trending W®MEoand N to S which
result in compartmentalisation in the dolomites.

Quartz Veins
Quartz veins trending NNE to SSW are evident with the disappearancestod¢he south.
Fractures

Major dyke and quartz veining correlates closely with joint diceiwithin the Malmani Subgroup
and present regional stress fields within the area. Regional faults arengwrdading WSW to ENE.
One regional fault is located within 500 m of the northern stléhe site.
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7.1.5 Site Geology and Structures

The regional geology is of a karst nature and the specific surface deaodittructures traversing
the area in a west to east direction are presented in Figure 8. Selbotethole logs indicate the
presence of karst or dolomites underlying the area. The borehole legsrasented in Annexure E.

Boreholes presented in the DWS NGA database containing dolomite weréoudekiheate the top
of the dolomite layer. The resulting contour of the top of the dolomiia the project area is
presented in Figure 9.

Figure 8: Surface Geology and Structures in the Model Extent
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Figure 9: Interpolated Top of Dolomite Layer

7.1.6 Regional Magnetic Mapping

The regional magnetic mapping with a contour interval of 100 nT is presemtEdjure 10. The
mapping indicates that magnetic flux for the site has a range of 31450 8240 nT. Notable
magnetic anomalies are evident within proximity of the project footpand confirm the presence
of the structural lineaments, in particular the WSW to ENE trapdinuctural feature north of the

plant site.

Page 21

005803R02 Cement Plant Geohydro Report.docx
SIKHULISA SONKE ¢ WE DEVELOP TOGETHER




=/)JG AFRIKA

Figure 10: Regional Magnetic Mapping
7.1.7 Regional Geohydrology

The regional geohydrology of the project area can be broadly describm@dsminantly carbonate
rocks comprising dolomite. The principal groundwater occurrence is froansh &quifer type with
median borehole yields in the range 0.5 to 2.0 I/s. Further north, the amegields are > 5.0 I/s

The project area comprises four aquifer class units. The cement plargrsitadjacent southern,
western and eastern areas are characterised in terms of the South Afriaaife AGlassification
System adinor, while 1 km to the north of the cement plant site, it is characteriagiajor. The
regional geohydrology of the project area is presented in Figure 11.
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Figure 11: Regional Geohydrology

Groundwater Occurrence

Structurally controlled preferential solution of the dolomitic rock lmasurred adjacent to dykes
and within some linear depressions, This has developed a highly transf@snation with strong
borehole yields. Yields from dolomitic rock and brecciated chemegacan exceed 70 I/s, with
average yields being approximately 20 I/s. Most boreholes penetrating dlemite are generally
shallow (less than 50 m) and the major water strikes are at depths of bet@@e 35 m. Boreholes
drilled into the lower part of the dolomite formation at lower elevatiogesnerally have poor yields,
irrespective of depths drilled. Yields of 1.0 I/s are then considerdattgood. Boreholes within the
lavas are generally low yielding, and dykes can also provide reasonable wedanthrgets.

Aquifer Classification

It is inferred that one underlying aquifer is present beneath the sitié shallow or perched aquifers
may also exist in the study area within the tertiary or recent deposite Farsons aquifer
classification scheme allows the grouping of aquifer areas into types asgdadiheir associated
supply potential, water quality and local importance as a resource. The revigdd/Aacan aquifer

classification system is presented in Table 9.
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Table 9: Aquifer Classification Scheme

Aquifer
System

Defined by DWAF Min Requirements

Defined by Parsons (1995) (1998)

An aquifer, which is used to supply 50
An aquifer which is used to supply 50 % or more of domestic wate| or more of urban domestic water for a
SHERSTll[(=8 a given area, and for which there are no reasonably available given area for which there are no
Aquifer alternative sources should the aquifer be impacted upon or deplet{ reasonably available alternative
Aquifer yields and natural water quality are immaterial. sources should this aquifer be
impacted upon or depleted.

High permeable formations usually with a known or probable

Major presence of significant fracturing. They may be highly productive g High yielding aquifer (5-20 L/s) of

Aquifer able to support large abstractions for public supply and other acceptable water quality.
purposes. Water quality is generally very good (<150 mS/m).
These can be fractured or potentially fractured rocks, which do not
have a high primary permeability or other formations of variable
Minor permeability. Aquifer extent may be limited and water quality
Aquifer variable. Although these aquifers seldom produce large quantities
water, they are important both for local supplies and in supplying
baseflow for rivers.
These are formations with negligible permeability that are generall| Insignificantly yielding aquifer (< 1 L/s
regarded as not containing groundwater in exploitable quantities. | of good quality water or moderately
Water quality may also be such that it renders the aquifer as yielding aquifer (1-5 L/s) of poor qualif
unusable. However, groundwater flow through such rocks, althoug or aquifer which will never be utilised
imperceptible, does take place, and need to be considered when | for water supply and which will not
assessing the risk associated with persistent pollutants. contaminate other aquifers.

Moderately yielding aquifer (1-5 L/s) g
acceptable quality or high yielding
aquifer (5-20 L/s) of poor quality wate

Non-Aquifer

An aquifer designated as such by the
Minister of Water Affairs, after due
process.

Special An aquifer designated as such by the Minister of Water Affairs, aft
Aquifer due process.

Aaquifer Vulnerability

Aquifer vulnerability can be classified according to the DRASTIC mdthedDRASTIC aquifer
vulnerability method makes use of seven (7) factors to calculateuhreskability index value (Aller
et al. 1987):

x Depth to groundwater (D} determines the maximum distance contaminants travel before
reaching the aquifer

x Net recharge (R} the amount of water that is able to travel from ground surface to the
water table

x Aquifer (A)t the composition of the aquifer material
x Soil media (S} the uppermost portion of the unsaturated zone
x Topography (T} the slope of the ground surface

X Impact of vadose zone (t}the type of material present between the bottom of the soil zone
and water table

X Hydraulic conductivity of the aquifer (€))v ] § « §Z «u]( [+ ]Jo]SC 8§} oo
of water to occur.
This vulnerability index is usefi} & GEu]v §Z «u]( E[* Apov E ]Jo]3C 3} %
ranges from 1 to 200, where 200 represents the theoretical maximum aquudeerability. The

DRASTIC index ranges between 65 and 160 over the study area, and is hEt@eesd 140 in the
immediate vicinity of the plant site as shown in Figure 12.
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Figure 12: Aquifer Vulnerability Map of the Study Area

When considering the first variable (aquifer system) ddimor aquifer and the second variable
(vulnerability) asMedium to Highthe underlying aquifer requires a medium level of protection. For
Major aquifer areas located north of the plant site, the underlyingiteguequires a high level of
protection.

TABLE A and B: Ratings for the Groundwater Qualignkjement classification system. . .
SECOND VARIABLE CLASSIFICATI( Variable 1 Variable 2

AQUIFER SYSTEM MANAGEMENT CLASSIFIG

AQUIFER VULNERABILITY CLASSIFIC . Second Variable
- : Aquifer System .
Class Points Class Points Description
Sole Source Aquifer System 6 High 3 -
- - 1 Y - g Vulnerability
Major Aquifer System 4 Medium 2 . .
Minor Aquifer System 2 Low 1 . .
d - Y Medium High
Non-aquifer System 0
Special Aquifer System 0-6
TABLE C: Appropriate level of groundwater protectiequired, based on the Groundwater 2
Quality Management classification
GQM INDEX LEVEL OF PROTECTION .
o — - GQM Index Level of Protection
<1 Limited protection

01-03 Low level protection

03-06 Medium level protection Medium level
06-10 High level protection . prOteCtion
>10 Strictly non-degradation

7.1.8 Rainfall and Recharge

A summary of the quaternary rainfall and recharge figures are presentedla T@ and Figure 13.
The GRAII data set results in an average recharge of 4% of MAP and the Vegetedsinslate
to a recharge of 8.5% of MAP.
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Table 10: Summary of Quaternary Rainfall and Recharge

Quaternary Name| MAP (mm/a) | Recharge (GRAIl) (mm/al Recharge (Vegter) (mm/d
C31A S77 24.91 45

Figure 13: Study Area Recharge Values

Rainfall data for the project area was obtained from the SAWS rainfall static2vdB88 W which is

located approximately 3.2 km northeast of the site. The station was seldetseld on its record

period and the reliability of historical rainfall data. The detai this rainfall station are presented
in Table 11.

Table 11: Rainfall Station Details

Station Station MAP Years Reliability Lonaitude L atitude
Number Name (mm) | Assesseq (%) 9
0472455W | Manana 614 11995909- 91 26.10051° 26.21943°

Most of the rainfall falls over the summer period (October to Marclit) & total rainfall depth over
these six months equating to 547 mm. It is also noted that low rainfalesare recorded over the
winter months (May to September), with a total rainfall depth etijogto 51 mm.
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7.2 Model Assumptions and Limitations
The following needs to be described in a groundwater model:
x Geological and hydrogeological features
X Boundary conditions of the study area (based on the geology and hydroggology
x Initial water levels of the study area
X The processes governing groundwater flow
x Assumptions for the selection of the most appropriate numerical code.

Field data is essential in solving the conditions listed above and dewvgltdp numerical model
into a site-specific groundwater model. Specific assumptions relateithe¢oavailable field data
include:

X The top of the aquifer is represented by the generated groundwater fiead

x The available geological/hydrogeological information was used to describe tieeedif
aquifers

X The available information on the geology and field tests are consices@wrrect
x All data provided by the client is correct and have been correcihysed

X Many aquifer parameters have not been determined in the field andetoge must be
estimated.

To develop a numerical model of an aquifer system, specific assumptions muatdeeand include:

X The system is initially in equilibrium and therefore in steady $tat&en though natural
conditions have been disturbed

X No abstraction boreholes were included in the initial model; howevey fare included for
the scenarios

x The boundary conditions assigned to the model are considered correct
x The impacts of other activities (e.g., agriculture) have not been considered.

A numerical groundwater model is a representation of the real system. liergfiore at most an
approximation, and the level of accuracy depends on the quality of the @iataig available. This
implies that there are always errors associated with groundwater modelsaduecertainty in the

data and the capability of numerical methods to describe natural palypiocesses.

7.3 Generation of a Finite Difference Network

To investigate the behaviour of aquifer systems in time and spacengdsssary to employ a
mathematical model. MODFLOW, a modular three-dimensional finite differencedwater flow
model was the software used during this investigation. It is an internatpraltepted modelling
package, which calculates the solution of the groundwater flow equaising the finite difference
approach.

The simulation model used in this modelling study is based on tireensional groundwater flow
as described by the following equation:

2 |n steady state systems, inputs and outputs are in equilibrium so that therenistrehange in the system with time. In transient simulations, the
inputs and outputs are not in equilibrium so there is a net change in the systdniime. Steady state models provide average, long-term results.
Transient models should be used when the groundwater regime varies over time
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K g K )+ (K g ITW =S
where,
h = Hydraulic head
Kx, Ky, Kz = Hydraulic conductivity in different directions
S = Storage coefficient
t = Time
wW = Source (recharge) or sink (pumping) per unit area
X, Y, Z = Coordinate into model

For steady state conditions the groundwater flow equation reduces to the foitpw
W, Wy W, Wy W, Wy rwi=o
W \4 W W \& \V:4

The model network was constructed using a cell size of 50m x 50m over two laydtimgeisua
total of 237534 active cells.

7.4 Boundary Conditions

A model boundary is the interface between the model area and the suriagnenvironment.
Conditions on the boundaries must be specified. Boundaries occur at the edgesmbdet area
and at locations in the model area where external influences are representeld asurivers, wells,
and leaky impoundments.

Criteria for selecting hydraulic boundary conditions are primarily topdyamydrology and
geology. The topography and/or geology may yield boundaries such as impermeaibée et

potentiometric surfaces controlled by surface water, or recharge/discharge areasasuctilow

boundaries along mountain ranges. The flow system allows the specification of basdari
situations where natural boundaries are a great distance away.

Boundary conditions are specified for the entire boundary and may vaty tmte. At a given
boundary section, just one type of boundary condition can be assigned. Agaanple, it is not
possible to specify groundwater flux and groundwater head at an idantboundary section.
Boundaries in groundwater models can be specified as (but not limifed t

x Dirichlet (also known as fixed head or constant concentration) boundary temmsli
x Neuman (or specified flux) boundary conditions
X General Head Boundary (GHB) (also known as a head dependant flux boundary).

The model area delineation is presented in Figure 5 and the boundariessgércted as no-flow
boundaries, with the rivers selected as a constant head. The pit areas were etbaéh the GHB
condition.

7.5 Model Parameters

Every model consists of sources and sinks to add and remove water from the nooo&indto
maintain the overall model water balance. In addition to the sourcessanid, this section describes
the purpose and model parameters assigned to each layer of the model.
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7.5.1 Layer Parameters

There is a distinct dolomitic unit underlying the surface geology fandhis reason a two layer
model was constructed. The top of layer 1 is the surface elevation of the madehad the bottom
of layer 1 represents the top of the dolomitic unit. Layer 2 represéiné¢ dolomitic unit. A section
through the model grid that illustrates the dip of the dolomitictuisipresented in Figure 14.

Figure 14: Two Layer Model Cross Section
A summary of the initial layer parameters estimated from available data is presenieble 12.

Table 12: Summary of Layer Parameters

Layer No Horizontal K Vertical Porosity Longitudinal
(m/d) Anisotropy Dispersivity

1 0.01-0.13 10 0.3 50

2 0.2212.49 10 0.1 50

7.5.2 Structural Lineaments

No information was available of the physical properties of the stmatfineaments, thus they were
modelled as features having a horizontal and vertical hydraulic comndlyctiThe respective
hydraulic conductivities were obtained through the calibratiprocess. The distribution of

horizontal hydraulic conductivities present in both layers of the model isguied in Figure 15.
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Figure 15: Structures Modelled as Variable Hydraulic Camduetatures

7.5.3 Recharge

Groundwater recharge is generally determined using the water balance metraidréfates a
change in head to a change in volume through the storage coefficiergideming rainfall, or
through the chloride mass balance method, where the chloride engloundwater is assumed to
be a conservative tracer originating from rainfall. The latter method was wsesdtimate the initial
recharge values since chloride monitoring data was available. The chloride massebalethod is
expressed mathematically in the equation below.

2%4E &
411 =; —
%

where,
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P = Precipitation

D = Cl dry deposition (mg/m2/a)
Clp = Cl in precipitation

Clgw = Cl in groundwater

The chloride dry deposition is generally not available and common peastito assume a dry
deposition value of zero. The chloride mass balance method is further depeod the chloride
concentration in rainfall. The chemistry of rainfall seldom forms partrabaitoring program and
therefore an estimation of the rainfall chloride concentration is requirednfaliichloride values
for different locations are presented in Figure 16. A distincisomade between locations close to
the coast and those inland, as coastal areas typically have higher coatgmmé of chloride than
inland areas with an equivalent MAP.

Figure 16:Typical Chloride Values Related to MAP

It is a general practice to calculate the representative groundwater chlogdeentration using the
harmonic mean as expressed in the equation below.
C ?5
%dH L 0m o/? q
voLUbe
The contributions of the borehole chloride concentrations are invgrg@portional to the
concentration itself in the harmonic mean formulation. This has the atdemn that high
concentration values, which are generally not related to the rainfallaegd tracer mechanism are
suppressed. The calculated harmonic mean for the available borehole chem&ttg®smg/l. From
the DWS NGA, two historic rainfall chloride values in the pr@eza were available. The average
of the rainfall chloride values was calculated and the calculatedarge is then expressed as:
AA?D=NEC A= | S2dE & xsviaw o
' ’ %H tv{
The calculated recharge is higher than the Vegter value, but translate¥tof4MAP, which is
considered acceptable for the geology under consideration.
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7.6 Initial Conditions

The model was initialized with parameter values presented earlier, atiimtial water levels, to

solve the steady-state equation. Making use of historic borehole wiatezls that are considered
static water levels, there exists a high correlation between surface topograpd water levels

across the study area. However, some water levels do not follow the weatel ¢orrelation trend

due to current abstraction taking place. The distribution of baleh, abstractions points, and
registered irrigation points on the WARMS database, is presented in FigamedlFigure 18. It is
clear from this why certain clusters of boreholes do not follow Wmater level correlation. Since
model calibration is done for the steady state, only boreholes not affebiedumping were used
in the calibration process. The correlation is presented in Figure 19.

Figure 17: Spatial Distribution of Water Level Boreholes in ttaeMDomain
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Figure 18: Distribution of Known Abstraction Boreholes

Figure 19: Water Level Correlation with Surface Topography
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The Bayesian interpolation method to generate water levels is well suitesh\there exists a high
correlation between surface topography and water level elevation. The Bayesiamdethploys
C [ %E&} ]0]SC SZ }E u SZ § *c E] * SZ %UME} ¢ ]0}§C%IE]]

knowledge of conditions that might be related to the observatidme Tain advantage of using the
Bayesian interpolation is that water levels can also be extrapolateddas where no water level
information exists, but where elevation data is available that willused in the probability
calculation of the estimated water level. The resultant initial modelewdg¢vels is presented in
Figure 20.

Figure 20: Static Water Level Map for Model Area
7.7 Model Calibration

The steady state head distribution is dependent upon the recharge ajidrconductivity, sources,
sinks, and boundary conditions specified. For a given recharge componersetiod boundary
conditions, the head distribution across the aquifer under steady-statalitions can be obtained
for a specific hydraulic conductivity value. The simulated head disiio can then be compared
to the measured head distribution and the hydraulic condugtieit recharge values can be altered
until an acceptable correspondence between measured and simulatedshisadbtained. The
advantage of a steady state model is that the parameter for specificggdsanot required to solve
the groundwater flow equation, therefore there are fewer unknown parameterdetermine.

The calibration process was done by changing the model parameters for hyad@udiactivity and
recharge. Borehole water levels were used to calibrate the steady state dyaier flow model.
The calibration objective was reached when an acceptable correlation wasmed between the
observed and simulated piezometric heads.
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The observed versus simulated water levels for each calibration boreholeregenped in Figure
21 and the spatial distribution of the boreholes used is presgnteFigure 22. Not all NGA and
hydrocensus boreholes were used in the calibration process due tolosing:

X Boreholes subject to other abstraction points are not representative ofcstediter levels.
Both the NGA and hydrocensus datasets contain these cases (see Figure 18)

X Water levels measured at different periods in time are subject to differamtfall and
different site conditions resulting in variable outputs

x Dramatic differences between adjacent boreholes in close proximity, eithex to
monitoring at different times or intersection of different aquifeystems or geological
features. To account for these types of borehole responses, substantial mogiteaia is
required to understand the behaviour with time, as well as a detailedierstanding of the
borehole construction.

Figure 21: Correlation between Observed and Simulated Water Levels

005803R02 Cement Plant Geohydro Report.docx Page 35

SIKHULISA SONKE ¢ WE DEVELOP TOGETHER



=/)JG AFRIKA

Figure 22: Spatial Distribution of Calibration Boreholes

7.8 Model Scenarios and Outputs
7.8.1 Methodology

To determine the impact on the receiving environment, the groundwater fltoxthre mine pit was
modelled through the numerical groundwater flow model, and thégmtial sources of pollution
were modelled through the use of mass transport.

Since insufficient source concentration data was available to modelidudil constituents of the
source concentrations, it is assumed that a source concentration is 100 % apdlltiteon plume

is expressed in terms of the percentage decay. Conservative mass transport was assunted and
should be highlighted that since a steady state model was used, ttlmeusonsidered as the worst
case scenario, as it can take a long time to reach steady state. Dynaangeshin the
geohydrological system are not considered in steady state.

Four time steps at 25, 50, 75 and 100 years for mass transport were considerqut dfea was
simulated with and without evaporation to illustrate the concentrgtieffect of evaporation on the
source concentrations over prolonged periods of time. This report pregbetsimulations with
evapotranspiration. Scenarios without evapotranspiration are included in Annéxtmereference.

005803R02 Cement Plant Geohydro Report.docx Page 36

SIKHULISA SONKE ¢ WE DEVELOP TOGETHER



,—_?/JG AFRIKA

7.8.2 Modelled Pit Inflows

The water level in the pit was inferred from site observations aohfelevations acquired from the

SRTM30 Digital Elevation Model. The pit flow is based on the regiwu! perspective, and has
some limitations on accuracy. Survey of the pit is required to get betterdsrde and accuracy in
the flows presented, since the flows diminish as the pit levepdrd-urther refinement can be
obtained through additional monitoring boreholes in the vicinity lné pit. Additional parameters

and factors that influence the flow calculation include, rechaogsstant heads, and the accurate
dimensions of the top to bottom of the model layers.

The model results indicate that the net inflow is dependent loa Water level in the pit such that
the higher the pit level, the greater the net inflow, and groundwasein continual balance with the
evaporation component resulting in a near zero net flow for a pasdicpit level. The modelled
inflows assume there is only a rainfall and groundwater inflowmament, although it is understood
that the pit does receive plant operational inputs. The pit infleduces as the pit level drops. The
variability of the contribution from rainfall and stormwater is offset dyntinuous evaporation,
resulting in a general water balance in the pit, and as a resulpithevel does fluctuate periodically
given these inputs. The modelled pit inflows were carried out for selegiedevels at 1 m
increments. The total pit inflows are summarised in Table 13. It is also évirihe total inflows
are a factor lower than the Tswana pit inflows.

Table 13: Summary Modelled Pit Inflows

Water Level in| Total Pit Inflow Total Pit Evapotranspiratiorf  Nett Flow
Pit (mamsl) (m3/d) Outflow (m*/d) |Component (ni/d) |(Balance) (n¥/d)

1490 172.650 172.650 172.650 0.0005
1489 171.949 171.948 171.948 0.0017
1488 171.249 171.247 171.247 0.0019
1487 170.547 170.546 170.546 0.0015
1486 169.899 169.900 169.900 -0.0009
1485 168.526 168.627 168.627 -0.1013

7.8.3 Mass Transport Model Results

The potential pollution sources that were considered are presented iteThland Figure 2, with
the known and reported abstraction rates from abstraction boreholes summarisedla T4.

Table 14: Abstraction Borehole Rates Input in the Model Domain

Abstraction Borehole ID Q (nP/d)3
LBH1 1200
LBH2 1797
LBH3 2401
LBH10 596
LBH11 2401
LBH12 4199
LBH13 3602
LBH17 596
LBH18 3602
3Z %}ES E (E v fA6i6 }( ' (E]l ~WSCe >5 W \BYsWo v&tAS® u&r >NSEEE_U €& (U $§ D
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LBH20 1503
LBH22 3602
LBH23 2998
LBH25 3300
LBH26 3300
LBH41 898

Boreholes LBH1, LBH2 and LBH3 have abstraction rates that are overstatedontparing these
figures to the sustainable yields determined in Section 5 of thp®nte The potential pollution
sources are presented in Figure 23 for reference.

The conservative mass transport model results for the identified sources inysséate for Layer 1
and Layer 2 are presented in Figure 24 though Figure 31. The summaty oésé 10 % and 91 %
concentration contour travel distances for layer 1, and 10 % and 28% (ma)ifaulayer 2 at the
most significant migration point, are presented in Table 15 to sti@amodel plume migration with
time. The travel distances were measured from a common reference point beegdge the
selected pollution source.

Table 15: Summary Mass Transport Model Results - Travel Distances

Layer Period (Years) | 91 % Travel Distance (m)| 10 % Travel Distance (m)
25 215 626
1 50 242 997
75 247 1106
100 252 1241

Layer Period (Years) | 28 % Travel Distance (m)| 10 % Travel Distance (m)
25 916 1166
5 50 917 1170
75 955 1495
100 960 1664

The contained migration is due to the evaporation component. \Wiehevaporation switched on,
SZ %]Se S+ o whitlepnicdias the plume migration. Since the evaporation rate is more
than three times that of rainfall, and recharge is about 4% of MAP, arldng as the pits are not
shielded from evaporation through backfill, evaporation will create a gradietween the pit level
and that of the immediate groundwater level surrounding the excavationsrasdt of this is that
the plume movement around these features stay contained in the absafnioemediate abstraction
near the pit. It is evident that pumping borehole do have an infageon plume migration. It is also
evident that the source concentrations increase over time as the evaporation prdcessot allow
for mass transport out of the system. This leads to a concentration f gaéir time. Due to the
contrast between the hydraulic conductivities in layer 1 and 2, el as the induced pumping
gradient, the major source concentrations propagate in layer 1.

The scenario results without the effect of evaporation turned off arespnted in Annexure F. The
source concentration remains constant. The results indicate that tisametia significant difference
between the resulting plumes due to the area of evaporation beindively small and the gradient
between the pit area and the abstraction boreholes.
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Figure 23: Spatial Distribution of Potential Pollution Sources
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Figure 24: Mass Transport for Layer 1 - 25 Years

Figure 25: Mass Transport for Layer 2 - 25 years
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Figure 26: Mass Transport for Layer 1 - 50 Years

Figure 27: Mass Transport for Layer 2 - 50 Years
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Figure 28: Mass Transport for Layer 1 - 75 Years

Figure 29: Mass Transport for Layer 2 - 75 Years
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Figure 30: Mass Transport for Layer 1 - 100 Years

Figure 31: Mass Transport for Layer 2 - 100 Years
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7.9 Quantitative Environmental Risk Assessment and Mitigation

The quantitative environmental risk assessment (ERA) identifies operational phasgeadhat
may impact on the groundwater receiving environments. The Significance R8R)sscore is
calculated from the following equation using ranking scales:

SP = probability x (duration + scale + magnitud

The ERA methodology is presented in Annexure G. The ERA for the operationafophase
groundwater receiving environment is summarised in Table 16. Mostitzesi identified scored
LOW or MODERATE for the pre mitigation ratings. PCDs and stockpiles scored ¢$iCGidoids
can be reduced with the introduction of mitigation measures ineludTable 16.
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>60 indicates high >60 indicates high
Significance / - . . R PRE MITIGATION { environmental significanci S POST MITIGATION | environmental significanci -
S Ra—— Activity Probability Duration Scale Magnitude| Significance SCORE and RATIN <30 indicates low Mitigation SCORE and RATIN <30 indicates low | V211ation
environmental significanc environmental significanc
Section 21 (a) - taking water from a water resource
. . . i T rehole within th ign yiel
Quantity Aquifer dewatering medium to hig  permanent site to local moderate medium 3.5(5+1.5+6) =44 MODERATE O R L . peldesionvicld 2(5+1+4) = 20 LOW 24
negative monitoring
. Deterioration of groundwater qualit;
Quality 9 . q Y| improbable to permanent site minor to low | low negative 1.5(5+1+3) = 14 LOW none 1.5(5+1+3) =14 LOW 0
through abstraction low
Section 21 (b) - storing water
Quantity recharge of the groundwater syste| high permanent site minor positive 4(5+1+2) = 32 MODERATE none 4(5+1+2) =32 MODERATE 0
Deterioration of groundwater quality| X medium monitor and manage
high long site to local moderate " 4(4+1.5+6) = 46 MODERATE . . 2.5(4+1.5+5) =26 LOW 20
through recharge negative control inflow water quality
uali
i S TN B GRS | di Improved water quality / treatment
and impacts on groundwater quality i high long site to local owto medium 4(4+1.5+5) = 42 MODERATE P d Y 3(4+1.5+4) =29 LOW 14
! moderate negative Controlled use
surrounding areas
Section 21 (g) - disposing of waste in a manner whitdy detrimentally impact on a water resource
5 recharge of the groundwater syste
Quantity 9 (Seegﬂ ol 4 high permanent site minor positive 4(5+1+2) = 32 MODERATE none 4(5+1+2) =32 MODERATE 0
D EEIEIEIeIR Gif RS GV —-—_— long sitetolocal | moderate | medium 4(4+1.5+6) = 46 MODERATE SRR M MEREGS 2.5(4+1.5+5) =26 Low 20
through recharge (see 21 (b)) negative control inflow water quality
Impacts on downstream groundwate di monitor and manage
p users 9 high long site to local moderate :;;a':\':; 4(4+1.5+6) = 46 MODERATE groundwater model for mass transport - 50 years| 2.5(4+1.5+5) =26 LOW 20
model refinement with additional monitoring pointg
Future pit decant improbable permanent site minor low negative 1(5+1+2) = 8 LOW none 1(5+1+2) = 8 LOW 0
Quality Salt loading through evaporation high long site o local modgrme to med|um‘ high 4(4+1.5+7) = 50 MODERATE morytor and manage ) 3.5(4+147) = 42 MODERATE s
process high negative control inflow water quality
Major loss of containment, dam hort t Management of facilities
overflows and impacts on groundwat low ;e[;riu:] local high high negativel 2(2.5+2+8) = 25 LOW Improved water quality through reuse / treatment 2(2+2+6) = 20 LOW 5
quality Rapid clean up response
PG (S IR (i PG lining of PCD and water reuse / treatment
facilities and stockpile and impacts q high permanent local high high negative 4(5+2+8) = 60 HIGH _lining - X - 3(5+1.5+6) = 38 MODERATE 23
N Minimise stockpiles with water collection systemg
groundwater quality
SRS EISE Irr,]paCIS on high short site to local moderate high negative ~ 4(2+1.5+6) = 38 MODERATE Operatlor?al prqcedures 2.5(2+1.5+6) =24 LOW 14
groundwater quality Appropriate disposal
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8 MONITORING PLAN

8.1 Introduction

This section serves to provide the Client with a methodology to conduct dveater monitoring to

ensure reproducible and reliable results through consistent and@pate sampling techniques.
Monitoring information needs to be gathered in a confident manmo interpret groundwater

chemistry over time, and to determine impacts associated with site infrastractsuch that

meaningful management measures can be implemented for the site.

Two aspects in the monitoring plan need to be considered. Thesal@iclu
x Groundwater levels
x Groundwater quality.

The procedures form the essence of the sampling plan. A borehole miogifgian has already been
established for the Cement Plant site.

Groundwater chemistry should be monitored bi-annually and shbeltdased on the investigation
and detection monitoring developed by the Department of Water and Sanitatich tfaen General
Limits of the of the General Authorisatidns

8.2 Methodology

It is recommended that groundwater sampling be carried out in accordantte thve Water

Z e+ @& Z }Yuul]ee]}Vv[e Ju% E Z ve]A 'n] (JE 'E}pv A § E A Bo0]

and Cavé of Groundwater Sciences, CSIR (WRC Report No TT 308/07), (&E]l [ *S v
operating procedures for environmental monitoring and field work.

For boreholes that are already in operation, samples can be collectedtheraxisting borehole
pump outlets (preferably at a reservoir or tap outlet at the wellhgddo purging will be required
due to ongoing operation of the boreholes, however, sample taps need to be sdratid flushed
prior to sample collection.

Un equipped boreholes will be purged using a submersible pump wdpgreopriate. Purging of at
least three well volumes is required. Groundwater samples will be collected the discharge of
the portable submersible pump and placed directly in sample é®8upplied by the laboratory. At
the time of sampling, field measurements of pH, EC and temperature sheutdcorded on the
sampling log. Sample bottles will be labelled and cooled in an insitata@ box on site. All samples

Aloo ]*% $ Z &} 8Z o }E S}EC AJ¥E]V $d%0 ZAEoSHIPCIiuE

designated analysis. All sampling and monitoring equipment will sedirand decontaminated
between each sampling point.

Water samples will be analysed by an SANAS accredited laboratory. The resufiteioievel
monitoring, purging details, and sampling and analysis are to be presangethctual report. The
results of analysis are to be compared to appropriate screening guideiithues to give a
comparative indication of chemistry trends and possible contaminatioy. egative findings will
be highlighted and recommendations made for future sampling ass$iple remedial measures.

4 The Department of Water and Environmental Affairs, 6 September 2013. Government Notié65. Revision of the General Authorisations in
Terms of Section 39 of the National Water Act, 1998 (Act No. 36 of 1998)
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8.3 Analysis Suite

The current groundwater analysis suite being applied at the Cement Blgis summarised in

Table 17, with the inclusion of additional recommended anslysi

Table 17: Analysis Suites

?—/ JG AFRIKA

Mn, Cu, Ga, Ge, RDb, Y, Zr, Sn, W

Th, U, Hg

Frequency Analytical List Objective
pH, EC, Ca, Mg, Na, K, Total Alkal Water quality and impacts
, F, Cl, NH4(N), NO3(N), PO4, SO4
Bi-annually
Fe, Mn
SANS214:2015Raw Water Domestic consumption
Annually Ba, As, Co, Cr, Ni, Pb, Se, Sr, V, Water quality and impacts

8.4 Sample Locations

The existing and proposed groundwater monitoring locations are presentejime 32. It is noted
that existing monitoring boreholes P1 or P3 and P2 need to be rédusts they are flagged as
demolished or dry. Additional monitoring boreholes may include NBHIINBH2 to augment the
data set. These borehole target the stockpile and PCD area and the regiocalrgtniorth of the

site.
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Figure 32: Cement Plant Groundwater Monitoring Network

8.5 Revised Sampling Plan
The revised sampling plan is summarised in Table 18.
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Table 18: Revised Sampling Plan

Frequency| Sample Locations Analytical List Comments
Bi-annually, P1or P3 Reinstate borehole
P2 PH, EC, Ca’ Mg, Na, K Reinstate borehole
LBH1 Total Alkalinity, F, ClI, .
NH4(N), NO3(N), PO4| Ongoing, include monthly water
LBH2 S04, Al, Fe, Mn levels and meter readings
LBH3 T
NBH1 SANS241 Raw Water Proposed
NBH2 Proposed
Annually P1or P3 Ba, As, Co, Cr, Ni, Pb, § Reinstate borehole
P2 Sr, V, Zn, Mn, Cu, Ga, G Reinstate borehole
LBH1 Rb, Y, Zr, Sn, W, Bi, Th, Ongoing
LBH2 Hg Ongoing
LBH3 Ongoing
NBH1 Proposed
NBH2 Proposed

9 CONCLUSIONS AND RECOMMENDATIONS

This report presents the results of a detailed geohydrological assessment carrieor @grhent
Plant site located in Lichtenburg in the North West Province. The geohgdraloeport has been
prepared as a specialist study in support of the water use awation for the following water uses
as per Section 21 of the National Water Act (Act No. 36 of 1998).

Section 21 (a) - taking water from a water resource

Section 21 (g) - disposing of waste in a manner which may detrimentally impacivater
resource

Section 21 (h) - disposing in any manner of water which contains \ragte or which has
been heated in, any industrial or power generation process removing.

The aim of the assessment was to determine the sustainable yield of the csuppty boreholes
designated LBH1, LBH2 and LBH3, conduct a hydrocensus to esiatdistial receptors, and to
develop a numerical groundwater flow and mass transport model, to determsk and impact.

The project area is underlain by a karst aquifer type and the aqgali&ss unit in terms of the South
African Aquifer Classification System is characterisédiasr beneath the plant site, antfajor 1
km to the north of the plant. A groundwater model was developed for thegiarea and calibrated
making use of data obtained from the NGA as well as from local hydrocarfsusation. The
model was calibrated making use of water levels considered to be representditstatic water
levels, which represents the natural steady state of the system.

Potential pollution sources identified according to sections 21 (a), (g) arad {he National Water
Act (Act No. 36 of 1998) were introduced into the model for the purpdsenass transport
modelling over time steps of 25, 50, 75 and 100 years. The model outputs twesimulate
groundwater influx associated with the quarry pit, and determine mass ti@mdpavel distances
for the individual model layers over the model time steps in 25 year incresnen

The sustainable yield of the supply boreholes were determined as 7888896@nd 539105 #a
for LBH1, LBH2 and LBH3 respectively through yield testing of the borehb&siodel results
indicate the groundwater flux in the pit to be in a stateegjuilibrium with inflows being offset by
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the pits, thus reducing the zone of impact for mass transport.

The risk and impact of the water uses was reviewed by means of a quexatieatvironmental risk
assessment (ERA) as developed for by the Operational Guideline: Integrated Wateraated W
Management Plan. The aquifer vulnerability is considered mediurhighb, and the Parsons
Groundwater Quality Management System gives the site a Medium Level of Protiectex for the
second variable vulnerability. The quantitative environmental risk assessmenifie@mhost listed
activities to score LOW to MODERATE with the PCD and stockpile scoriné\IHéG#ity scores
can be significantly reduced with the application of approgriatitigation measures, by focusing
on the probability and Magnitude factor.

The mass transport results show a northerly plume migration as a resuledahsbtraction taking

place north of the plant. Model calibration is non-unique duehe thany degrees of freedom that
exist in the unknown parameters and/or uncertainty in measurediltes To improve the model
confidence, more data would be required to refine the currentd®lo In particular, monitoring

points around the pit would enhance the model output for determgigroundwater flux in this

area. Additional monitoring boreholes were proposed adjacent to and depasbf the stockpile

and PCD, around the pit and along the structural feature.
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Annexure A: Declaration of Specialist
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DECLARATION OF THE SPECIALIST

| ROBERT SCHAPERS, as the appointed Specialist hereby declare/affirm the correctness ofatieninform
provided or to be provided as part of the application, and that:

X In terms of the general requirement to be independent:

0 other than fair remuneration for work performed in terms of this applicatibaye no business,
financial, personal or other interest in the development proposal or applicadind that there are
no circumstances that may compromise my objectivity; or

X | have disclosed te-the-applicant, the EAR

material information that has or may have the potentlal to |anuence the deuefdhe Department or
the objectivity of any Report, plan or document prepared or to be prepared as part of tHieatum;
and

X | am aware that a false declaration is an offence in terms of Regulation 48 of the EIA Regulations.

12 Sep 2022
Signature of the Specialist: Date:
JG AFRIKA (PTY) LTD
Name of company (if applicable):
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Annexure B: Yield Test Results and Analysis
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LBH1
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Pumping Test Data
. Lafarge Lichtenburg Geohydrological
Project Name
Assessment
BOREHOLE NUMBER LBH1 Project Reference 5803
Contractor Ganu
. South -26.118356° Final Depth 27 Operator Admire
Co-Ordinates - —
East 26.167734° Borehole Diameter 120 Supervision MN
Start Date 26-Aug-22 Static Water Level 15.94 Test Pump Type Existing BP90
End Date 27-Aug-22 Available DD 6.06 Test Pump Depth 22
Step Testing Constant Discharge Testing
Date | 26-Aug Start Time | 12:30 Date | 26-Aug blan Time I 17:00 Water Level at Start I 15.94 Observation Borehole
Steps Step Recovery Contstant Discharge Constant Recovery ID
Step Number Minutes Drawdown (S)| hh:mmss Minutes Drawdown (S')|  hh:mmiss Minutes Draw down (S) Rate hh:mm:ss Minutes Draw dow n (S')| Draw dow n (S) [Draw dow n (S),
Step 1 1 0.43 0:01:00 1 5.64 0:01:00 1 0.66 0:01:00 1 1.11
2 0.61 0:02:00 2 5.21 0:02:00 2 0.75 0:02:00 2 0.75
3 0.70 0:03:00 3 4.01 0:03:00 3 0.89 0:03:00 3 0.53
5 0.93 0:05:00 5 2.15 0:05:00 5 0.95 3.040 0:05:00 5 0.40
7 1.05 0:07:00 7 1.54 0:07:00 7 1.00 0:07:00 7 0.29
Average 10 1.08 0:10:00 10 1.00 0:10:00 10 1.04 0:10:00 10 0.10
Rate 15 1.10 0:15:00 15 0.68 0:15:00 15 1.06 0:15:00 15 0.04
2.100 20 1.15 0:20:00 20 0.30 0:20:00 20 1.09 0:20:00 20 0.00
30 1.17 0:30:00 30 0.12 0:30:00 30 1.12 0:30:00 30
40 1.19 0:40:00 40 0.00 0:40:00 40 1.13 0:40:00 40
50 1.21 0:00:00 1:00:00 60 1.15 3.040 1:00:00 60
60 1.25 0:00:00 1:30:00 90 1.21 1:30:00 90
Step 2 1 1.96 0:00:00 2:00:00 120 1.23 2:00:00 120
2 2.03 0:00:00 2:30:00 150 1.25 2:30:00 150
3 2.10 0:00:00 3:00:00 180 1.28 3:00:00 180
5 2.15 0:00:00 3:30:00 210 1.29 3:30:00 210
7 2.20 0:00:00 4:00:00 240 1.31 4:00:00 240
Average 10 2.39 0:00:00 5:00:00 300 1.32 5:00:00 300
Rate 15 2.51 0:00:00 6:00:00 360 1.34 6:00:00 360
4.020 20 2.72 0:00:00 7:00:00 420 1.34 7:00:00 420
30 2.94 0:00:00 8:00:00 480 1.35 8:00:00 480
40 3.20 0:00:00 9:00:00 540 1.36 3.040 9:00:00 540
50 3.51 0:00:00 10:00:00 600 1.37 10:00:00 600
60 3.84 0:00:00 12:00:00 720 1.40 12:00:00 720
Step 3 1 4.06 0:00:00 14:00:00 840 1.44 14:00:00 840
2 4.49 16:00:00 960 1.46 16:00:00 960
3 4.65 18:00:00 1080 1.48 18:00:00 1080
5 4.85 20:00:00 1200 1.51 20:00:00 1200
7 4.97 95% recovery level 0.30 22:00:00 1320 1.53 22:00:00 1320
Average 10 5.10 24:00:00 1440 1.55 3.040 24:00:00 1440
Rate 15 5.24
7.000 20 5.49
30 5.71
40 5.95
50 6.05
60
Step 4 1
2
3
5
7
Average 10
Rate 15
11.000 20 Main Strike (mbgl) B
30 Critical Depth (mbgl) B
40 FC CD Rate Graph CD | Specified
50 Rate CD Rate Average Rate 3.040 95% recovery level 0.08 0.00
60 4.94 3.2 &l
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YIELD ANALYSIS

FC-METHOD : Estimation of the sustainable yield of a boreh  ole

LBH1 Main | Deriv [ Inflection pointmethod
Extrapolation time in years = (enter) 2 1051200 1Extrapol.time in minutes
Effective borehole radius (r.) = (enter) 080 < 903 ¥ Est fe Fromr(e) sheet
Q (I/s) from pumping test = 3.04 5.43E-03 #— S-late €4—— Changer,
s, (available draw dow n), sigma_s = (enter) 6.0 <5— Sigma_s fromrisk  Down
Annual effective recharge (mm) = 6.00 s_available w orking draw dow n(m)
t(end) and s(end) of pumping test = 1440 1.55 End time and draw dow n of test
Average maximum derivative = (enter) 04 < 05 Estimate of average of max deriv
Average second derivative = (enter) 1.0 <« 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 024 <4 024 Read from derivative graph
T-early[n?/d] = 202.35 Aqui. thick (m) | 20
T and S estimates from derivatives T-late [mé/d] = 120.17 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =| 2.20E-03 S-estimate could be w rong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries| 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 6.79 7.94 9.09 12.52
Q_sust (I/s) = 2.68 2.30 2.01 1.46
Best case » Worst case
Average Q_sust (I/s) = 2.06
w ith standard deviation= 0.52

(If no information exists about boundaries skip advanced solution and go to final recommendation)

Cooper-Jacob method
LBH1

Tm%d)= 1045 0.80 —b
h S= 1.63E-01 3.04
No boundaries| 1 no-flow 2 no-flow Closed
Q_sust 6.37 3.19 2.10 1.59
Avg. Q sust = 3.31 std. dev= 2.15
Cooper-Jacob
1.8
1.6
1.4 A
E 12
T 0.8 1 .
§ 0.6
0.4
0.2
0 ; T .
1 10 100 1000 10000
Time (min)
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FC Inflection Point method for sustainable yield estimation

back to Sust_Q sheet | BH1 Main
extrapolaltion time in years = 2 1051200 b
t( min) and s(m) at inflection point = 721.0 6
enter derivative value at inflection point time = <« 041
No boundaries| 1 no-flow 2 no-flow Closed
sWell(Extrapol.time) 7.29 8.58 9.88 13.75 (including influence of bh's fromsust_Q sheet)
Q_sust 2.50 2.12 1.85 1.33
Best case Worst case N
Average Q-sust (I/s)= 1.90 std. dev= 0.49
7 721.00
6 (]
E 51
S 4
3 3
5 2 )
() 1 1 . e R R R IR LA
O T T T
1 10 100 1000 10000
Time (min)

Barker- Method LBH1

[ r= T 080 TJExtpolt()] 2 avail. draw |  6.00 | 3
[ Manual Fit Automatic Fit with SOLVER |
hid NO = I I YES N
K¢ [m/d] | St [1/m] Min Value Max
1 11.894908 | 100000
1.00E07 | 1.33E03 0.005 Min, Max time to fit (min)
0.1 11.072933 100 min max
2.2946853 3 0 10000
K¢ [m/d] St [1/m] b
Fit Parameters 11.89 1.33E-03 11.07
No boundaries| 1 no-flow 2 no-flow Closed
sWell(Extrapol.time) 1.70 3.99 5.13 6.28 (including influence of bh's from sust_Q sheet)
Q_sust 10.76 4.58 3.55 2.91 4 4 4
[Fractaln= 2.29 | Average Q-sust (I/s)= 5.45 std. dev= 3.61 r v
r r
Barker- Method r r
— 2 r r
E 15 oot r r
g T . 4 4
g 1 r r
o g
2 05 v v
a r r
0 T T T r r
1 10 100 1000 10000 r r
Time (min) r r
r r
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FC - Non Linear Method to estimate Q_Sust s()=AQ+BQ°%(log(t)) *+CQPlog(t)
Fit stepdraw dow n data first: Manual - use buttons OR : Auto - solver |skin effect| Non-Darcian loss Darcian loss
Extrapolation comment A C p B n e
Ext_pol time (min) 5.88E-03 [ 1.20E-06 2 7.00E-04 1 1.03
1051200 ’ «Jsi b2 r [ «] bocrl <l docr] o | 7ol <] J1o] «[ ]
Q (Us) Drawdown (m) [l 41003 | 278806 | 200 | 143803 | o000 | 1.00
2 SEL g ‘ e data — — - manualfit auto fit ‘
"1 Fit graph > 2 7
1
lv Manual param | Auto fit param 0 6 - "
(Choose w hich parameter set to use for Q_sust) Fit ~ 5 {.{.
Available drawdown (m)= 6 £ s
No boundaries _ [1 no-flow 2 no-flow Closed ; 4 . ;‘
2.5 1.3 0.8 0.4 S 34 P
Q_Sust (L/s)= 1.03 std.dev = 0.91 2 [
S 2 r
8 | _ =
1 tes° o o o o o
4
0 ; T :
0 50 100 150 200
Time (min)
LBH1
Method Sustainable yield (I/s) Std.Dev Early T (m?d) Late T (m?/d) S AD used
Basic FC 2.06 0.52 202 120.2 2.20E-03 6.0
Advanced FC 202 120.2 1.00E-03 6.0
FC inflection point 1.90 0.49 6.0
Cooper-Jacob 3.31 2.15 104.5 1.63E-01 6.0
FC Non-Linear 1.03 0.91 20.0 1.00E-03 6.0
Barker 5.45 3.61 K¢ = 12 Ss = [1.60E-04 6.0
Average Q_sust (I/s) 2.08 0.94 b= 11.07 [Fractal dimension n = 2.29
Recommended abstraction rate (L/s) for 24 hours per day
Hours per day of pumping 354 LUs for 12 hours per day
Daily volume on recommended cycle m3/d Persons Sened (Basic Human Needs)
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LBH2
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Pumping Test Data
. Lafarge Lichtenburg Geohydrological
Project Name
Assessment
BOREHOLE NUMBER LBH?2 Project Reference 5803
Contractor Ganu
. South -26.117704° Final Depth 27 Operator Admire
Co-Ordinates - —
East 26.167383° Borehole Diameter 120 Supervision MN
Start Date 22-Aug-22 Static Water Level 16.27 Test Pump Type BP90
End Date 23-Aug-22 Available DD 7.73 Test Pump Depth 24
Step Testing Constant Discharge Testing
Date | 22-Aug Start Time | 12:00 Date | 22-Aug blan Time I 19:00 Water Level at Start I - Observation Borehole
Steps Step Recovery Contstant Discharge Constant Recovery ID
Step Number Minutes Drawdown (S)| hh:mmss Minutes Drawdown (S')|  hh:mmiss Minutes Draw down (S) Rate hh:mm:ss Minutes Draw dow n (S')| Draw dow n (S) [Draw dow n (S),
Step 1 1 0.09 0:01:00 1 1.03 0:01:00 1 0.22 0:01:00 1 0.64
2 0.10 0:02:00 2 0.00 0:02:00 2 0.23 0:02:00 2 0.00
3 0.11 0:03:00 3 0:03:00 3 0.26 0:03:00 3
5 0.11 0:04:00 4 0:05:00 5 0.30 0:05:00 5
7 0.10 0:05:00 5 0:07:00 7 0.41 0:07:00 7
Average 10 0.10 0:07:00 7 0:10:00 10 0.45 0:10:00 10
Rate 15 0.10 0:10:00 10 0:15:00 15 0.72 0:15:00 15
4.020 20 0.10 0:15:00 15 0:20:00 20 0.86 0:20:00 20
30 0.11 0:40:00 40 0:30:00 30 0.94 0:30:00 30
40 0.11 0:50:00 50 0:40:00 40 1.09 0:40:00 40
50 0.11 1:00:00 60 1:00:00 60 1.13 22.200 1:00:00 60
60 0.11 1:10:00 70 1:30:00 90 1.16 1:30:00 90
Step 2 1 0.12 1:20:00 80 2:00:00 120 1.19 2:00:00 120
2 0.12 1:30:00 90 2:30:00 150 1.24 2:30:00 150
3 0.12 1:40:00 100 3:00:00 180 1.30 3:00:00 180
5 0.12 1:50:00 110 3:30:00 210 1.39 3:30:00 210
7 0.13 2:00:00 120 4:00:00 240 1.44 4:00:00 240
Average 10 0.15 2:30:00 150 5:00:00 300 1.48 5:00:00 300
Rate 15 0.15 3:00:00 180 6:00:00 360 1.52 6:00:00 360
10.030 20 0.15 3:30:00 210 7:00:00 420 1.61 7:00:00 420
30 0.15 4:00:00 240 8:00:00 480 1.63 8:00:00 480
40 0.16 4:30:00 270 9:00:00 540 1.67 9:00:00 540
50 0.16 5:00:00 300 10:00:00 600 1.70 22.200 10:00:00 600
60 0.16 5:30:00 330 12:00:00 720 1.73 12:00:00 720
Step 3 1 0.20 6:00:00 360 14:00:00 840 1.76 14:00:00 840
2 0.21 16:00:00 960 1.78 16:00:00 960
3 0.22 18:00:00 1080 1.80 18:00:00 1080
5 0.22 20:00:00 1200 1.80 20:00:00 1200
7 0.22 95% recovery level 0.18 22:00:00 1320 1.82 22:00:00 1320
Average 10 0.23 24:00:00 1440 1.84 22.200 24:00:00 1440
Rate 15 0.23 0:00:00
20.040 20 0.23 0:00:00
30 0.24 0:00:00
40 0.25
50 0.25
60 0.25
Step 4 1 1.01
2 1.15
3 1.25
5 1.46
7 1.74
Average 10 2.01
Rate 15 2.35
26.010 20 2.56 Main Strike (mbgl) B
30 3.01 Critical Depth (mbgl) B
40 3.21 Graph CD | Specified
50 3.42 FC CD Rate RF;tE‘ C%eRale Average Rate 22.200 95% recovery level 0.09 0.00
60 3.64 35 23 22.2
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YIELD ANALYSIS

FC-METHOD : Estimation of the sustainable yield of a boreh  ole

LBH2 Main | Deriv [ Inflection pointmethod
Extrapolation time in years = (enter) 2 1051200 1Extrapol.time in minutes
Effective borehole radius (r.) = (enter) 800 <« 5282 ¥ Est fe Fromr(e) sheet
Q (I/s) from pumping test = 22.2 1.02E-02 #— S-late 41— Changer,
s, (available draw dow n), sigma_s = (enter) 7.7 <5— Sigma_s fromrisk  Down
Annual effective recharge (mm) = 7.70 s_available w orking draw dow n(m)
t(end) and s(end) of pumping test = 1440 1.84 End time and draw dow n of test
Average maximum derivative = (enter) 06 <«4— 038 Estimate of average of max deriv
Average second derivative = (enter) 13 <« 0.0 Estimate of average second deriv
Derivative at radial flow period = (enter) 054 <4 054 Read from derivative graph
T-early[n?/d] = 644.79 Aqui. thick (m) | 20
T and S estimates from derivatives T-late [mé/d] = 585.01 Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =| 2.20E-03 S-estimate could be w rong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries| 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 8.89 10.61 12.32 17.48
Q_sust (I/s) = 19.23 16.12 13.87 9.78
Best case » Worst case
Average Q_sust (I/s) = 14.32
w ith standard deviation= 3.98

(If no information exists about boundaries skip advanced solution and go to final recommendation)

Cooper-Jacob method

LBH?2
TMm%d)= 6301 8.00 —p
b S = 9.75E-03 22.2
No boundaries| 1 no-flow 2 no-flow Closed
Q_sust 49.31 24.65 16.27 12.33
Avg. Q sust = 25.64 std. dev= 16.59
Cooper-Jacob
2.5
2 .
E
c 1.5 1
5
-c .
% 1
o)
0.5
0 T . .
1 10 100 1000 10000
Time (min)
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FC Inflection Point method for sustainable yield

estimation

back to Sust_Q sheet | BH2 Main
extrapolaltion time in years = 2 1051200 h
t(.min) and s(m) at inflection point = 541.0 7.73
enter derivative value at inflection point time = <« 0.60
No boundaries| 1 no-flow 2 no-flow Closed
sWell(Extrapol.time) 9.70 11.68 13.65 19.57 (including influence of bh's from sust_Q sheet)
Q_sust 17.69 14.70 12.57 8.77
Best case Worst case N
Average Q-sust (I/s)= std. dev= 3.75
9 541.00
8 °
E 7]
c 8
=z 5
o i
s 4
: 2
= 2 vees s ve
Q 1 . et o et
0 : d > T T T
1 10 100 1000 10000
Time (min)

Barker- Method LBH2

[ r= T 800 TExtpolt(y)] 2 havail. daw| 7.70 ] h
[ Manual Fit Automatic Fit with SOLVER |
N YES M [ NO
K¢ [m/d] | St [1/m] Min Value Max
K [m/d] = 1 19.978234 | 100000
S [m]= | 1.00E:07 | 818504 | 0.005 | Min, Max time to fit (min)
= 0.1 3.877428 100 min max
2.7601214 3 0 10000

K [m/d] St [1/m]
Fit Parameters 321.00 2.00E-03
No boundaries| 1 no-flow 2 no-flow Closed
sWell(Extrapol.time) 3.14 6.57 8.29 10.01 (including influence of bh's from sust_Q sheet)
Q_sust 54.48 26.00 20.62 17.08 F 4 F
[Factaln= 2.02 | Average Q-sust (I/s)= 29.54 std. dev= 17.02 r r
r r
Barker- Method r r
— 2 r r
é 1.5 1 r r
c r r
g 1 r r
e}
% 0.5 r r
a r r
0 T T T r r
1 10 100 1000 10000 r v
Time (min) r r
r r
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FC - Non Linear Method to estimate Q_Sust Top s()=AQ+BQ°%(log(t)) *+CQPlog(t)
Fit stepdraw dow n data first: Manual - use buttons OR : Auto - solver |skin effect] Non-Darcian loss Darcian loss
Extrapolation comment A C p B n e
Ext_pol time (min) 8.00E-06 [3.00E-08| 2.02 [ 1.00E-06[ 1.06 1.38
10 I 2300 I S 50 S Y S (R
Q (Ls) Drawdown (m) 8 4.10E-03 | 2.78E-06 | 2.00 1.43E-03 0.00 | 1.00
S5 N 7'73 Z ‘ e data — — - manualfit auto fit ‘
£ ) Fit graph ) 4
v 'Manual param [ Auto fit param 0 35 - .’
(Choose w hich parameter set to use for Q_sust) Fit — 3 *
Avallable drawdo 52_5, .
No boundaries |1 no-flow 2 no-flow Closed § 2 ..
56.9 28.5 19.0 9.5 3 .
Q Sust (LUs)=| 2323  |stddev = 20.49 2151 N
5 1 :
0.5 A -
pfemescsamerse SVTTE
0 100 200 300
Time (min)

LBH2

Method Sustainable yield (Is) Std.Dev Early T (m?/d) Late T (m%d) S AD used
Basic FC 14.32 3.98 645 585.0 2.20E-03 7.7
Advanced FC 645 585.0 1.00E-03 7.7
FC inflection point 13.01 3.75 7.7
Cooper-Jacob 25.64 16.59 630.1 9.75E-03| 7.7
FC Non-Linear 23.23 20.49 1000.0 1.00E-01 7.7
Barker 29.54 17.02 | K= 321 S¢=|2.00E-03| 7.7

Average Q_sust (I/s) 21.06 5.96 b= 2.05 |Fractaldimensionn=| 2.02

Recommended abstraction rate (L/s) for 24 hours per day

Hours per day of pumping 29.85 LUs for 12 hours per day

Daily wolume on recommended cycle 1289.33 | m3/d Persons Sened (Basic Human Needs) 51573
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LBH3
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Pumping Test Data
. Lafarge Lichtenburg Geohydrological
Project Name
Assessment
BOREHOLE NUMBER BH3 Project Reference 5803
Contractor Ganu
. South -26.118887° Final Depth 27 Operator Admire
Co-Ordinates - —
East 26.184489° Borehole Diameter 120 Supervision MN
Start Date 19-Aug-22 Static Water Level 19.59 Test Pump Type BP90
End Date 20-Aug-22 Available DD 441 Test Pump Depth 24
Step Testing Constant Discharge Testing
Date | o Start Time | o Date | 19-Aug btan Time I 09:00 Water Level at Start I 19.59 Observation Borehole
Steps Step Recovery Contstant Discharge Constant Recovery ID
Step Number Minutes Drawdown (S)| hh:mmss Minutes Drawdown (S')|  hh:mmiss Minutes Draw down (S) Rate hh:mm:ss Minutes Draw dow n (S')| Draw dow n (S) [Draw dow n (S),
Step 1 1 0:01:00 1 0:01:00 1 0.14 0:01:00 1 2.31
2 0:02:00 2 0:02:00 2 0.19 0:02:00 2 1.21
3 0:03:00 3 0:03:00 3 0.23 0:03:00 3 0.56
5 0:04:00 4 0:05:00 5 0.69 0:05:00 5 0.32
7 0:05:00 5 0:07:00 7 1.01 20.000 0:07:00 7 0.10
Average 10 0:07:00 7 0:10:00 10 1.50 0:10:00 10 0.00
Rate 15 0:10:00 10 0:15:00 15 1.50 0:15:00 15
0.860 20 0:15:00 15 0:20:00 20 2.48 0:20:00 20
30 0:40:00 40 0:30:00 30 2.50 0:30:00 30
40 0:50:00 50 0:40:00 40 2.53 0:40:00 40
50 1:00:00 60 1:00:00 60 2.54 1:00:00 60
60 1:10:00 70 1:30:00 90 2.54 1:30:00 90
Step 2 1 1:20:00 80 2:00:00 120 2.56 2:00:00 120
2 1:30:00 90 2:30:00 150 2.56 2:30:00 150
3 1:40:00 100 3:00:00 180 2.56 3:00:00 180
5 1:50:00 110 3:30:00 210 2.56 3:30:00 210
7 2:00:00 120 4:00:00 240 2.56 4:00:00 240
Average 10 2:30:00 150 5:00:00 300 2.56 5:00:00 300
Rate 15 3:00:00 180 6:00:00 360 2.56 6:00:00 360
2.080 20 3:30:00 210 7:00:00 420 2.56 7:00:00 420
30 4:00:00 240 8:00:00 480 2.57 20.000 8:00:00 480
40 4:30:00 270 9:00:00 540 2.57 9:00:00 540
50 5:00:00 300 10:00:00 600 2.57 10:00:00 600
60 5:30:00 330 12:00:00 720 2.57 12:00:00 720
Step 3 1 6:00:00 360 14:00:00 840 2.57 14:00:00 840
2 16:00:00 960 2.58 16:00:00 960
3 18:00:00 1080 2.58 18:00:00 1080
5 20:00:00 1200 2.58 20:00:00 1200
7 95% recovery level 0.00 22:00:00 1320 2.58 22:00:00 1320
Average 10 24:00:00 1440 2.58 20.000 24:00:00 1440
Rate 15
3.520 20
30
40
50
60
Step 4 1
2
3
5
7
Average 10
Rate 15
5.510 20 Main Strike (mbgl) B
30 Critical Depth (mbgl) B
40 Graph CD | Specified
50 FC CD Rate Rpate CpDeRale Average Rate 20.000 95% recovery level 0.13 0.00
60 - - -
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YIELD ANALYSIS

FC-METHOD : Estimation of the sustainable yield of a boreh  ole

LBH3 Main | Deriv [ Inflection pointmethod
Extrapolation time in years = (enter) 2 1051200 1Extrapol.time in minutes
Effective borehole radius (r.) = (enter) 800 <« 1381 ¥ Est. fe Fromr(e) sheet
Q (I/s) from pumping test = 20 7.67E-03 #— S-late €4—— Changer,
s, (available draw dow n), sigma_s = (enter) 4.4 <5— Sigma_s fromrisk  Down
Annual effective recharge (mm) = 0 4.41 s_available w orking draw dow n(m)
t(end) and s(end) of pumping test = 1440 2.58 End time and draw dow n of test
Average maximum derivative = (enter) 03 <« 00 Estimate of average of max deriv
Average second derivative = (enter) 00 «— -02 Estimate of average second deriv
Derivative at radial flow period = (enter) 0.06 <« #NUM! Read from derivative graph
T-early[n?’/d] =|  5270.40 | Aqui. thick (m) | 20
T and S estimates from derivatives T-late [mf/d] =| 1054.08 “|Est. S-late = 1.10E-03
(To obtain correct S-value, use program RPTSOLV) S-late =| 2.20E-03 S-estimate could be w rong
BASIC SOLUTION
(Using derivatives + subjective information about boundaries) Maximum influence of boundaries at long time
(No values of T and S are necessary) No boundaries| 1 no-flow 2 no-flow Closed no-flow
sWell (Extrapol.time) = 3.44 4.30 5.16 7.73
Q_sust (I/s) = 25.65 20.52 17.10 11.40
Best case » Worst case
Average Q_sust (I/s) = 17.90
w ith standard deviation= 5.98

(If no information exists about boundaries skip advanced solution and go to final recommendation)

Cooper-Jacob method

LBH3
2/ 4\ —
T(m%d) = 9936.0 8.00 —p
b S = 1.36E-79 20
No boundaries| 1 no-flow 2 no-flow Closed

Q_sust 32.86 16.43 10.85 8.22

Avg. Q sust = 17.09 std. dev= 11.06
Cooper-Jacob
3
25 m— — ” —
E 2-
c
& 15 ..
©
g 1 :
[a)
0.5
0 ; T .
1 10 100 1000 10000
Time (min)
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FC Inflection Point method for sustainable yield

estimation

back to Sust_Q sheet | BH3 Main
extrapolaltion time in years = 2 1051200 b
t(_min) and s(m) at inflection point = 421.0 4.41
enter derivative value at inflection point time = <« 0.04
No boundaries| 1 no-flow 2 no-flow Closed
sWell(Extrapol.time) 4.55 4.70 4.84 5.28 (including influence of bh's fromsust_Q sheet)
Q_sust 19.37 18.77 18.21 16.72
Best case Worst case h
Average Q-sust (I/s)= 18.24 std. dev= 1.14
5 421.00
4.5 + ®
—~ 4 -
E 35
c 3
-§ 22 | . . ® - ® 0 0 000 000000 0000000
% 1? - .« e
) i -
0.5 + L.
0 ‘ ‘ ‘
1 10 100 1000 10000
Time (min)

Barker- Method LBH3

[ r= T 800 JExtpolt(y)] 2 havail. daw | 4.41 ] b
[ Manual Fit Automatic Fit with SOLVER |
hd YES N [ -7 NO
K¢ [m/d] | S¢[1/m] Min Value Max
K [m/d] = 1 100 100000
Si[Um]= | 1.00E07 | 1.00E-05 0.005 | Min, Max time to fit (min)
= 0.1 0.2 100 min max
2 3 0 10000

Kt [m/d] S [1/m] b
Fit Parameters 251.00 2.00E-07 0.22
No boundaries| 1 no-flow 2 no-flow Closed
sWell(Extrapol.time) 2.63 4.35 5.21 6.07 (including influence of bh's from sust_Q sheet)
Q_sust 33.54 20.29 16.94 14.54 r F F
Fractaln= 2.37 | Average Q-sust (I/s)= 21.33 std. dev= 8.48 v r
r r
Barker- Method r r
. 3 r r
é 2.5 M v v
g 21 r r
5 15 e r r
°
s 1 N r r
8 0.5 : r r
o ..
0 : . . r r
1 10 100 1000 10000 r r
Time (min) " "
r r
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LBH3
Method Sustainable yield (I/s) Std.Dev Early T (m?%d) Late T (m?/d)

Basic FC 17.90 5.98 5270 1054.1 2.20E-03 4.4
Advanced FC 5270 1054.1 1.00E-03| 4.4
FC inflection point 18.24 1.14 4.4
Cooper-Jacob 17.09 11.06 9936.0 1.36E-79| 44
FC Non-Linear 4.4
Barker 21.33 8.48 K = 251 S.=|2.00E-07| 44

b= | 022 [racaanensinnd] 237

Recommended abstraction rate (L/s) 17.10 | for 24 hours per day

Hours per day of pumping 2419 LU/s for 12 hours per day
Daily volume on recommended cycle 1044.90 | m3/d Persons Sened (Basic Human Needs) 41796
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Annexure C: Laboratory Certificate of Analysis
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Annexure D: Summary Hydrocensus and Resource Photographs
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SORT [Key |SITE IDENTIFIER  [COUNT [LAT LONG COORDMETHOD |ACCURACY |STATUS1 STATUS2 PURPOSE EQUIPMENT WLMIN [WLMAX|ABSTRACTION |YIELD |DEPTH [STRIKEDEPTH
25 1[|Cement Plant [1137 343|-26.16719| 26.16632|Map Estimated 100{Unused: Abandoned Monitoring 12.56| 16.58 30
26| 2[Cement Plant [20-00076 2|-26.11028| 26.17126|GPS 100(In Use: Unknown Unused: Standby Production
27| 3|Cement Plant |20-00077 1|-26.10808| 26.17104|GPS 100|Unused: Dry - Unknown Production
28 4|Cement Plant |20-00078 1|-26.11578| 26.16678|GPS 100]In Use: Unknown
29| 5[Cement Plant [20-00079 1[-26.11092 26.16778|GPS 100]In Use: Unknown Production
30 6|Cement Plant |20-00080 1[-26.11194| 26.16903|GPS 100]In Use: Unknown Production 53121
31| 7|Cement Plant |20-00081 2|-26.09968| 26.16553|GPS 100|In Use: Unknown Unused: Irreparably Destroyed Production 338054
32| 8|Cement Plant |20-00082 2|-26.09920| 26.16768|GPS 100|In Use: Unknown Unused: Irreparably Destroyed Production
33| 9[Cement Plant [20-00083 1[-26.09753| 26.15942|GPS 100]In Use: Unknown Production 71288
38| 10{Cement Plant [20-00091 1[-26.10022 26.16750|GPS 100]In Use: Unknown Production
39 11[Cement Plant [20-00093 1]-26.10086( 26.16686|GPS 100(In Use: Unknown Monitoring
41| 12|Cement Plant |20-00098 2|-26.09299| 26.15575(GPS 100|Unused: Irreparably Destroyed [Unused: Standby Production
47| 13|Cement Plant |20-00106 1|-26.09722| 26.15950(GPS 100]In Use: Unknown Monitoring
48| 14|Cement Plant |20-00107 1]-26.11889| 26.18489|GPS 100(In Use: Unknown Monitoring
49| 15|Cement Plant |20-00108 1]-26.13381| 26.16367|GPS 100(In Use: Unknown Exploration
54| 16|/Cement Plant |2624DC00042 161|-26.10160| 26.16661|Map Estimated 100|In Use: Unknown Monitoring 19.12| 25.99 0 30

133| 17[Cement Plant |2626AA00008 24|-26.09218| 26.17049(Map Estimated 100|Unused: Monitoring Monitoring 12.55| 13.64 0 20
134| 18[Cement Plant |2626AA00009 17]-26.10052| 26.16632(Map Estimated 100|Unused: Monitoring Monitoring 12.35| 16.53 0 32.35
135| 19[Cement Plant [2626AA00011 900( -26.12521 26.14907|Map Estimated 100|In Use: Unknown Unused: Monitoring Monitoring 0.48 33.3 0.85 35
137| 20[Cement Plant |2626AA00016 1|-26.12158| 26.14688|Map Estimated 100|Status Not Selected 0

138| 21[Cement Plant [2626AA00017 136/ -26.15052| 26.14965|Map Estimated 100|Unused: Abandoned Monitoring 8.3 15.9 0 30
139| 22|Cement Plant [2626AA00018 928| -26.18614| 26.17767|GPS 5|In Use: Unknown Unused: Irreparably Destroyed Monitoring 7.72| 23.33 0 24
140[ 23|Cement Plant [2626AA00019 445| -26.18336| 26.16987|Map Estimated 100(In Use: Unknown Monitoring 8| 25.69 0 27
157 24|Cement Plant [2626AA00214 375 -26.16719| 26.19965|Map Estimated 100{Unused: Abandoned Monitoring 3.1 7.99 0] 17.99
158| 25[Cement Plant [2626AA00217 18|-26.11719| 26.21910(Map Estimated 100|Unused: Monitoring Monitoring 9.3 10.76 0 20.76
159| 26[Cement Plant [2626AA00218 2|-26.15163| 26.20021|Map Estimated 100|In Use: Unknown 15 3 48
160[ 27|Cement Plant [2626AA00219 2|-26.15163| 26.18354|Map Estimated 100(In Use: Unknown 30 12 78
162| 28[Cement Plant [2626AA00223 1|-26.12488| 26.14859|Map Estimated 100|Status Not Selected 0

163| 29[Cement Plant |2626AA00229 93| -26.14802( 26.13937|Map Estimated 100|Unused: Abandoned Monitoring 0.3 5.79 0 20
164| 30[Cement Plant [2626AA00230 1|-26.09941| 26.16771|Map Estimated 100|Status Not Selected Submersible Pump 0

167 31|Cement Plant [2626AA00233 1]-26.15052| 26.16632|Map Estimated 100(Status Not Selected Monitoring 0

168| 32[|Cement Plant [2626AA00234 1]-26.15053| 26.16632|Map Estimated 100(Status Not Selected Monitoring 0

169| 33[Cement Plant |2626AA00235 1|-26.15054| 26.16632|Map Estimated 100|Status Not Selected Monitoring 0

170| 34[Cement Plant |2626AA00236 1|-26.15055| 26.16632|Map Estimated 100|Status Not Selected Monitoring 0

171| 35[Cement Plant |2626AA00238 1|-26.15052| 26.16633|Map Estimated 100|Status Not Selected Monitoring 0

172| 36[|Cement Plant |2626AA00239 1|-26.15053| 26.16632|Map Estimated 100|Status Not Selected Monitoring 0

179| 37[Cement Plant |2626AA00259 1|-26.11719| 26.18576|Map Estimated 100|Status Not Selected 3.2 0 30.78
180| 38[Cement Plant [2626AA00260 2|-26.11725| 26.22055|Map Estimated 100|Status Not Selected 10.97 4.3 35.97
181| 39[Cement Plant [2626AA00261 1|-26.11724| 26.22054|Map Estimated 100|Status Not Selected 9.14] 0.09] 74.98
182| 40[Cement Plant [2626AA00262 1]-26.11723| 26.22053|Map Estimated 100(Status Not Selected 12.19 0| 60.96
183| 41|Cement Plant [2626AA00263 1]-26.11722| 26.22052|Map Estimated 100(Status Not Selected 13.72 0| 35.05
184 42|Cement Plant [2626AA00264 2|-26.11721| 26.22051|Map Estimated 100(Status Not Selected 4.27 0.5| 69.49
185[ 43|Cement Plant [2626AA00265 2|-26.11720| 26.22050|Map Estimated 100(Status Not Selected 13.72 0.7| 53.34]
186 44[Cement Plant [2626AA00266 1]-26.11719| 26.22049|Map Estimated 100(Status Not Selected 7.62 0.03] 71.63
187| 45[Cement Plant |2626AA00267 1|-26.11719| 26.21632|Map Estimated 100|Status Not Selected o 23.77
188| 46/Cement Plant [2626AA00268 1]-26.11720| 26.21633|Map Estimated 100(Status Not Selected 14.63 0.08[ 49.07
189| 47[Cement Plant [2626AA00269 1|-26.11721| 26.21634|Map Estimated 100|Status Not Selected 12.95 0 56.69
190| 48[Cement Plant [2626AA00270 1|-26.11722| 26.21635|Map Estimated 100|Status Not Selected 14.48 0 45.72
191| 49|Cement Plant [2626AA00271 2|-26.11723| 26.21636|Map Estimated 100(Status Not Selected 11.89 5.1] 20.73
192| 50[Cement Plant [2626AA00272 1]-26.11724| 26.21637|Map Estimated 100(Status Not Selected 10.67 0] 46.02

005803R02 Cement Plant Geohydro Report.docx Page 77




_7/JG AFRIKA

SORT [Key |SITE IDENTIFIER [COUNT [LAT LONG COORDMETHOD |ACCURACY |STATUS1 STATUS2 PURPOSE EQUIPMENT WLMIN |[WLMAX|ABSTRACTION |YIELD |[DEPTH [STRIKEDEPTH
193| 51[Cement Plant [2626AA00273 1|-26.11725| 26.21638|Map Estimated 100|Status Not Selected 19.2 0 49.07
194| 52[Cement Plant [2626AA00274 1|-26.11726| 26.21639|Map Estimated 100|Status Not Selected 0 222.5
195 53|Cement Plant [2626AA00275 1]-26.11727| 26.21640|Map Estimated 100(Status Not Selected 27.43 0.06] 47.55
196 54|Cement Plant [2626AA00276 2|-26.11728| 26.21641|Map Estimated 100(Status Not Selected 18.29 0.4| 59.44
197| 55[|Cement Plant [2626AA00277 1]-26.11729| 26.21642|Map Estimated 100(Status Not Selected 0 45.72
198| 56/Cement Plant [2626AA00278 1]-26.11730| 26.21643|Map Estimated 100(Status Not Selected 18.29 0.06 95.1
199 57|Cement Plant [2626AA00279 2|-26.11731| 26.21644|Map Estimated 100(Status Not Selected 12.19 0.4| 112.78
200[ 58|Cement Plant |2626AA00280 1|-26.11732| 26.21645|Map Estimated 100|Status Not Selected 0| 48.77
201| 59|Cement Plant |2626AA00281 1|-26.11733| 26.21646|Map Estimated 100|Status Not Selected 10.06 0 36.88
202| 60|Cement Plant |2626AA00282 2|-26.11736| 26.21649|Map Estimated 100|Status Not Selected 12.8 3.8] 41.76
203| 61|Cement Plant |2626AA00283 1|-26.11737| 26.21650|Map Estimated 100|Status Not Selected 14.63 0.04] 37.8
204| 62|Cement Plant [2626AA00284 1]-26.11738| 26.21651|Map Estimated 100(Status Not Selected 11.58 0| 73.15
205| 63|Cement Plant [2626AA00285 2|-26.11739| 26.21652|Map Estimated 100(Status Not Selected 13.41 0.4| 65.84
206| 64|Cement Plant [2626AA00286 1]-26.11740| 26.21653|Map Estimated 100(Status Not Selected 0 48.77
207| 65|Cement Plant [2626AA00287 1]-26.11741| 26.21654|Map Estimated 100(Status Not Selected 14.33 0 23.47
208| 66|Cement Plant |[2626AA00288 1|-26.11742| 26.21655|Map Estimated 100|Status Not Selected 13.72 0 29.57
209| 67|Cement Plant [2626AA00328 1]-26.16720| 26.16633|Map Estimated 100(Status Not Selected 46.63 0.04| 46.63
210| 68|Cement Plant [2626AA00329 1]-26.16719| 26.16632|Map Estimated 100(Status Not Selected 36.58 0.08[ 99.97
211| 69|Cement Plant |2626AA00335 1|-26.16720| 26.16633|Map Estimated 100|Status Not Selected 0| 41.76
212| 70|Cement Plant |2626AA00336 1|-26.16719| 26.16632|Map Estimated 100|Status Not Selected 54.86 0| 65.84
213| 71|Cement Plant [2626AA00354 1]-26.11721| 26.22051|Map Estimated 100(Status Not Selected 15.24 36.27 30.48
214| 72|Cement Plant [2626AA00355 2|-26.11720| 26.22050|Map Estimated 100(Status Not Selected 6.71 0.3| 64.01
215| 73|Cement Plant [2626AA00356 2|-26.11719| 26.22049|Map Estimated 100(Status Not Selected 15.24 1.1| 55.47
217| 74|Cement Plant |2626AA00405 1|-26.14777| 26.14968|Map Estimated 100|Status Not Selected 0 26.7
218| 75|Cement Plant |2626AA00406 1|-26.14776| 26.14967|Map Estimated 100|Status Not Selected 0 27.7
219| 76|Cement Plant |2626AA00407 1|-26.14775| 26.14966|Map Estimated 100|Status Not Selected 0 29
220| 77|Cement Plant |2626AA00408 1|-26.14774| 26.14965|Map Estimated 100|Status Not Selected 0 27
221| 78|Cement Plant |2626AA00435 1|-26.14775| 26.14966|Map Estimated 100|Status Not Selected 0 78.33
222| 79|Cement Plant |2626AA00436 1|-26.14774| 26.14965|Map Estimated 100|Status Not Selected 0 42.67
223| 80|Cement Plant [2626AA00437 1]-26.16740| 26.16653|Map Estimated 100(Status Not Selected 4.57 49.68 39.62
224| 81|Cement Plant [2626AA00438 1]-26.16739| 26.16652|Map Estimated 100(Status Not Selected 3.05 0| 54.25
225| 82|Cement Plant [2626AA00439 1]-26.16738| 26.16651|Map Estimated 100(Status Not Selected 6.1 65.23 57.91]
226| 83|Cement Plant [2626AA00440 1]-26.16737| 26.16650|Map Estimated 100(Status Not Selected 18.9 60.96 35.36
227| 84|Cement Plant [2626AA00441 1]-26.16736| 26.16649|Map Estimated 100(Status Not Selected 7.62 0.09] 33.53
228| 85|Cement Plant |2626AA00442 1|-26.16735| 26.16648|Map Estimated 100|Status Not Selected 2.44) o[ 17.37
229| 86|Cement Plant |2626AA00443 1|-26.16734| 26.16647|Map Estimated 100|Status Not Selected 4.88 0 51.82
230[ 87|Cement Plant |2626AA00444 1|-26.16733| 26.16646|Map Estimated 100|Status Not Selected 12.19 0 16.46
231| 88|Cement Plant [2626AA00445 1]-26.16732| 26.16645|Map Estimated 100(Status Not Selected 7.62 54.86 51.82
232| 89|Cement Plant [2626AA00446 1]-26.16731| 26.16644|Map Estimated 100(Status Not Selected 7.92 0| 37.19
233| 90|Cement Plant [2626AA00447 1|-26.16730| 26.16643|Map Estimated 100|Status Not Selected 0 45.11
234 91|Cement Plant [2626AA00448 1|-26.16729| 26.16642|Map Estimated 100|Status Not Selected 0.06] 28.96
235| 92|Cement Plant [2626AA00449 1|-26.16728| 26.16641|Map Estimated 100|Status Not Selected 0.91 0| 21.34
236| 93|Cement Plant |2626AA00450 1|-26.16727| 26.16640|Map Estimated 100|Status Not Selected 6.1 0| 129.24
237| 94|Cement Plant |2626AA00451 1|-26.16726| 26.16639|Map Estimated 100|Status Not Selected 1.68 0 32.31
238| 95|Cement Plant |2626AA00452 1|-26.16725| 26.16638|Map Estimated 100|Status Not Selected 4.88 0 31.7
239| 96|Cement Plant |2626AA00453 1|-26.16724| 26.16637|Map Estimated 100|Status Not Selected 0.61 0| 21.34
240| 97|Cement Plant [2626AA00454 1]-26.16721| 26.16634|Map Estimated 100(Status Not Selected 0 40
241| 98|Cement Plant [2626AA00455 1]-26.16720| 26.16633|Map Estimated 100(Status Not Selected 18 0.01 40
242 99|Cement Plant [2626AA00456 1|-26.16719| 26.16632|Map Estimated 100|Status Not Selected 18 0 35
243| 100|Cement Plant [2626AA00457 1]-26.11721| 26.22051|Map Estimated 100(Status Not Selected 7.92 50.29 45.72]
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SORT [Key |SITE IDENTIFIER [COUNT [LAT LONG COORDMETHOD |ACCURACY |STATUS1 STATUS2 PURPOSE EQUIPMENT WLMIN [WLMAX|ABSTRACTION |YIELD |[DEPTH [STRIKEDEPTH

244| 101|Cement Plant [2626AA00458 2|-26.11720| 26.22050|Map Estimated 100(Status Not Selected 15.85 0.5] 45.11
245| 102|Cement Plant |2626AA00459 1|-26.11719| 26.22049|Map Estimated 100|Status Not Selected 6.1 0 34.75
246| 103|Cement Plant |2626AA00464 1|-26.14778| 26.14969|Map Estimated 100|Status Not Selected 0 62
248| 104|Cement Plant |2626AA00472 1|-26.10658| 26.19723|GPS 10|Status Not Selected Mono Type Pump 0

249| 105|Cement Plant [2626AA00473 1|-26.09156| 26.19456|GPS 10[Status Not Selected Mono Type Pump 0

254| 106|Cement Plant |2626AD00015 1]-26.11719| 26.21632|Map Estimated 100(Status Not Selected 3.35] 1.82| 23.46
255| 107|Cement Plant [31385 1]-26.14779| 26.14970|Map Estimated 100(Status Not Selected 0 8
258 108|Cement Plant [35030 1|-26.12802| 26.16882|Map Estimated 100|Status Not Selected 5.37 0 50
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Field Verified Resource Photos

(1) LBH1 (2) LBH2
(3) LBH3 (4) LBH10
(6) LBH12
(5) LBH11
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(7) LBH13 (8) LBH14
(9) LBH15
(10) LBH16
No Photo
(12) LBH18
(11) LBH17
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(13) LBH19 (14) LBH20
(15) LBH21 (16) LBH22
(17) LBH23 (18) LBH24
005803R02 Cement Plant Geohydro Report.docx Page 82

SIKHULISA SONKE ¢« WE DEVELOP TOGETHER



,—7 JG AFRIKA

(19) LBH25 (20) LBH26
No Photo
(22) LBH31
(21) LBH27
No Photo No Photo
(23) LBH32 (24) LBH33
No Photo
(25) LBH34
(26) LBH35
No Photo No Photo
(27) LBH36 (28) LBH37
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(29) LBH38 (30) LBH39
(31) LBH40
(32) LBH41
No Photo
(34) LBH43
(33) LBH42
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(35) LBH44 (36) LBH45
No Photo No Photo
(37) LBH46 (38) LBH47
No Photo
(39) LBH48
(40) LBH49
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(41) LBH50 (42) LBH51
(43) LBH52 (44) LBH53
No Photo
(46) LBH55
(45) LBH54
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(47) LBH56
(48) LBH57
(49) LBH58
(50) LBH59
005803R02 Cement Plant Geohydro Report.docx Page 87

SIKHULISA SONKE ¢« WE DEVELOP TOGETHER



,—? JG AFRIKA

(51) LBH60 (52) LBH61
(53) LBH62 Not listed
Not listed
Not listed
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Not listed
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Annexure E: Borehole Logs for Model Layer Interpolation
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Annexure F: Mass Transport Model ResuttEvaporation Off
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Annexure G: Quantitative Environmental Risk Assessment (ERA)
Guideline
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1 INTRODUCTION

JG Afrika (Pty) Ltd were appointed by Lafarge Industries South Afgd (€P(Lafarge) to undertake a floodline
study for the Lichtenburg Lafarge Cement Plant in the North West Peoviihe cement plant is located on Portion
61 of Lichtenburg Town Farm No 27. This floodline is submitted in twdatfil the requirements of a water use

licence application as well as to inform the rehabilitation of an area in which ralstérave been dumped, which

has resulted in impeding of the natural flows along the drainage line.

The following report presents the methodology applied in estimating the pesdharge rates of the drainage line
and thereatfter, the resultant delineation of the 1:50 and 1:100-yeardlimes. The floodline study is based firstly
on present day conditions (i.e. showing the impact of the materials dummed) dhe drainage line) and secondly
assuming culverts have been reinstated and the materials impeding flawes been removed. The process of
floodline delineations includes initially calculating the 1:50 ariD0-year return period peak discharge values,

and thereafter hydraulically simulating the respective peak discharge values aagtarcourse of interest.

A typical floodline investigation requires detailed spatial informatiorhi form of cross-sectional survey data
and/or detailed contour information to produce accurate floodline delii@as. JG Afrika was provided with half-
metre contour information for the study area, which was surveyedJhynanned Tech. It should be noted that
the 1:50 and 1:100-year return period floodlines produced in this studyaaraccurate as the topographical
information represented through the half-metre contour information provided by Unmaniexh. The following

report outlines the methodologies applied and results obtained through the floodlatimeation study.

1.1 Declaration of Independence

JG Afrika have been appointed to undertake an independent floodline studydadrainage line within close
proximity to the Lafarge Lichtenburg Cement Plant. JG Afrika have undertagestudy in an objective manner,
even if this results in views and findings that are not favourable to thdidgpp or Client. JG Afrika have the
expertise required to undertake the study and the resultant report preséimésresults in an objective manner.
The main author of the report, Ms Govender, is hydrologist at JGaAfril has an MSc. in Hydrology and has two
years of experience in various hydrological studies. Ms Govender has ake&lerthe floodline study under the
guidance of Mr. Phillip Hull. Mr Hull is a Senior Hydrologist and Assatid@ Afrika, has an MSc. in Hydrology, is

professionally registered and has in excess of 14 years relevant project experience.

Page 1 of 20
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2 SITE DESCRIPTION

2.1 Locality

The location of the Lafarge Cement Plant and Tswana Quarry are presefigdrm 2-1 As depicted in this

map, the cement plant is located 2 km northeast of Lichtenburg town, within Riteobotla Local

Municipality of the North West Province. A site plan of the project sgsenting the cement plant, unnamed

drainage line and culverts are providedrigure 2-2

Hydrologically, the study area is located in Quaternary Catchment C31A, within the LowaNatea
Management Area (WMA No. 11). The Mean Annual Precipitation (MAP) of the studg &ebmm and
the Mean Annual Evaporation (MAE) of the study area is 1 860 mm, as per the Water ResbGmeath
Africa 2012 (WR2012) study.

2.2 Site Description

The project site consists of a cement factory. At the cement plant, a process of grindibgraimdy takes

place. Fine grinding produces a fine powder (known as raw meal), which is prehedtdgarsent to a Kiln.

The material is heated to approximately 1 500°C before being rapidlga:obhis produces clinker, the basic
material required for the production of all cements. The final manufacturing procesdves cement
grinding and shipping. A small amount of gypsum (3-5%) is added tbitker to regulate how the cement
Aloo » X dZ Uu]lESUE ]+ 3Z v A EC (]v oC P E}BZ] appdifierpnt mitweualE u
us E&] ocU 00 N uvs ]3]A « U u C 0}VvP WP %ZE }B % €| b b
additives, which are of natural or industrial origin, give the cement specific propertiesasucbduced
permeability, greater resistance to sulphates and aggressive environments, improved wtrkabkigher-

quality finishes. Finally, the cement is stored in silos before being shipfeedki or in bags to the sites where

it will be used.

The project site is located on relatively flat terrain. As presentdddare 2-2a single natural drainage line
is located along the eastern boundary of the project site. This drainage line stamaii area that was once
mined, and has a catchment area of approximately 5.5 &tthe point where the drainage line intersects
with the Lafarge property. The unnamed drainage line is a tributary of the Grotdé Rarer, which is a
perennial river and contributes flow to the Barberspanand and Beiesiesvlei downstedine Lafarge

Cement Plant.

Page 2 of 20
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Figure 2-1 Lafarge Cement Plant and Tswana Quarry Locality Map
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Figure 2-2 Lafarge Cement Plant Site Plan
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As part of the study, JG Afrika conducted a site assessment of the Lafarge CementNpéaohi2021.
The objective of this site assessment was to gain an understanding of the extent to wdtetaia
have been dumped along the drainage line, to identify any existihgerts linking the drainage line
to the north to the wetland area to the south of the factory, and to confirm catchment chanatites
that determine the runoff generation from the catchment area. Based on the site assessment, the
following was noted:
X The catchment area consists predominantly of grasslands and an area that has historically
been used to discard of cement related waste materials (as presenteidia 2-J).
X The soils consisted of sandy loam type texture that was classed as permeable (as pri#sented
Plate 2-3.
x A number of culverts were found along the drainage line, however, these wereyldgeked
(as presented ilate 2-3.
X Material dumped along the drainage line has resulted in the disconmeofiélows from the
catchment area to the north of the Lafarge factory site, with the wetland area to the south of

the project area. An example of the dumped materials is presentétkite 2-4

Dumped

Grassland Materials

™S

Plate 2-1 Oblique view of the area where infilling has been undertaken

Page 5 of 20

SIKHULISA SONKE ¢ WE DEVELOP TOGETHER



,—? JG AFRIKA

Plate 2-2 Example of soil texture in the contributing catchment area

Culvert

Plate 2-3 Example of a blocked culvert along the original drainage line

Page 6 of 20
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Plate 2-4 Example of materials dumped, resulting in impeded flows

The estimated (i.e. estimated due to a number of the culverts being blocked atntleecfi the site

assessment) dimensions of the hydraulic structures along the drainage line aretpabgenable 2-

1. These culverts can be cross referenced to the site plan map presenfeéglire 2-2

Table 2-1 Dimensions of Existing Culverts
Culvert Type Opening Dimensions (m)
Culvert 1 Pipe 1 0.45
Culvert 2 Pipe 1 0.90
Culvert 3 Pipe 1 0.90
Culvert 4 Unknown (due to it being blocked)

Page 7 of 20
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3 FLOODLINE DELINEATION

The methodology used to calculate the design flood values and the hydraadiel msed to simulate

the resultant floodlines are presented in the following sub-sections.

3.1 Peak Discharge Calculation

A design flood peak discharge value associated with a specific recurrence interval can bésdalcul
using various methodologies that typically fall into three categoriamely Deterministic; Empirical;
and Statistical Methods. All three approaches have been widely applied in South Africa (§mither
2012). The appropriate methodology to be applied in calculating amlélsigd peak discharge value
depends largely on the size of the contributing catchment and the level of hydrological datebkes

(i.e. gauged streamflow values and design rainfall data).

Statistical methods are typically preferred as these methods estimate design floods baséd-on
specific historical streamflow data. However, these methods are dependent on reliable steamfl
records, of a sufficient length, within a reasonable proximity to the study site beailgbhe. Empirical
methods generally estimate design floods through the use of regional paras)etkile deterministic
methods typically employ catchment specific parameters such as land usg,psodnd site-specific
design rainfall. Statistical methods were not used for design flood aitimin this study due to the
lack of adequate historical streamflow data at, or near to, the project site. Basdtle size of the
catchment area (i.e. 5.48 Kinand a lack of available gauged streamflow data, it was decided that the
Rational Method (Deterministic Method) is the most appropriate method t@utate the peak

discharge values.

The Rational Method is widely used throughout the world for both rural and udaohments
(Alexander, 2001; Pilgrim and Cordery, 1993) and it is the most coiymased method of estimating
design flood peak discharge values. The method is sensitive to design rainfadlitintend the
selection of the runoff coefficient (C factor). The method assumes that the peak dischargevdoenrs

the duration of the rainfall event is equal to the Time of Concentration (Tc), and that the rainfall
intensity is distributed uniformly over the catchment. As a consequence of these pSsos the
Rational Method is best suited to catchments with areas of less than 16QHRU, 1972). However,

it can be applied to larger catchments if care is taken in the estimation aatebment C-factor. The

Rational Method Equation is presented as folloefsEquation J:

Page 8 of 20
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Qp=0.278(CIA) Equation 1
Where:

Qp = peak flow (m3/s)

C = run-off coefficient (dimensionless)

I = average rainfall intensity over catchment (mm/hour)

A = effective area of catchment (km?)

Design rainfall is required as an input into the Rational Method for calculdisgn flood peak

discharge values associated with various recurrence interval storm events (floodgh Exsfall for

the study site was obtained from the Design Rainfall Estimation Program (Smithe3slanlde, 2003).

This Design Rainfall Estimation software calculates the design rainfall depths usingnaliseg L-

ulu v3 oP}E]8Zu v < o JVA E] v § VvC i[ ? i[dRZE] *]P¥ EA]w0( Jwo"}
depths for the 1:100 year return period, used in calculating the design peak disclatuge &re

presented inTable 3-1

Table 3-1 Design Rainfall Values
Duration 1:50 Year Design Rainfall 1:100 Year Design Rainfall
Depths (mm) Depths (mm)
5 min 20.30 22.70
10 min 30.20 33.70
15 min 38.00 42.40
30 min 48.20 53.70
45 min 55.30 61.70
1 hour 61.00 68.00
1.5 hour 70.00 78.10
2 hour 77.20 86.10
4 hour 90.20 100.60
6 hour 98.80 110.20
8 hour 105.40 117.60
10 hour 110.90 123.70
12 hour 115.50 128.80
16 hour 123.20 137.50
20 hour 129.60 144.50
24 hour 135.00 150.60
2 day 138.10 154.00
3 day 155.80 173.80
4 day 169.00 188.50
5 day 180.00 200.80
6 day 189.50 211.40
7 day 198.00 220.80
Page 9 of 20
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Catchment C factors, required as input into the Rational Method, are determined by accounting for a
combination of catchment landcover types (Cv), soil types (Cp) and catchment slopes (G8)d The
uses of the contributing catchment area were classed as predominantly thicket amdabd. The

South African National Land Cover Database (NLC) (2018) together with aerial imagery and

observations made during the site visit in May 2019, were used to classify different land use classes.

The catchment permeability and SCS-SA soil groupings were obtained from maps iland so
classifications developed by Schulze and Schitte (2018). The catchment soil petynestsli
predominantly permeable. The surface slopes for the catchment were estimated fromital Dig
Elevation Model (DEM), created from 1 m contour data of the project area. The suidaes slere
classed according to the threshold slopes of less than 3%d,®6 and 10 30%. A summary of the
input variables used in the Rational Method to calculate the 1:50 and 1.480pgak discharge values

of the unnamed drainage line are presentedlimble 3-2and Table 3-3 The resultant peak discharge

value of the unnamed drainage line is presentedatle 3-4

Table 3-2 Summary of Inputs for Peak Discharge Calculation
Average Water Time of
Catchment i?éc;h(rpﬁgt ng%?:;\a/ﬁ?r Course Slope Concentration
(m/m) (hours)
Unnamed Drainage Lin 5.48 2.53 0.005 2.98
Table 3-3 Study Site Catchments C-Factor Calculation
Variable Unnamed Drainage Line
Catchment
Catchment Land Use Distribution (%)

Urban 0.00

Rural 100

Water Bodies 0.00

Catchment Slope Distribution (%)

<3 0.00

3-10 100

10-30 0.00

> 30 0.00

C - Factor (Cs) 0.06

Catchment Soil Permeability Distribution (%)

Very permeable 0.00
Permeable 60.00
Semi-permeable 40.00

Impermeable 0.00

C - Factor (Cp) 0.08

Rural Component Vegetation Distribution (%)
Thick bush and forests | 0.00

Page 10 of 20

SIKHULISA SONKE ¢ WE DEVELOP TOGETHER




?—/ JG AFRIKA

Variable Unnamed Drainage Line
Catchment

Light bush and agriculture 20.00

Grasslands 80.00

Bare 0.00

C - Factor (Cv) 0.15

Final (adjusted) C-Factor Value (1:50 Year Return Period) 0.24

Final (adjusted) C-Factor Value (1:100 Year Return Period) 0.29

Table 3-4 Peak Discharge Results
Catchment 1:50 Year Peak DischargeYis) | 1:100 Year Peak Discharge {s)
Unnamed Drainage Line 10.42 14.01

3.2 Floodline Delineation
3.2.1 Survey Data

The HEC-RAS Model (US Army Corp of Engineers) was used to undertake two-dimersiaual hy
modelling along the unnamed drainage line to determine the extent of thedflnes corresponding

to the 1:50 and 1:100-year return period. Hydraulic modelling was basefialf-metre contour
information provided by Unmanned Tech. The half-metre interval canitgiormation was used to
create a DEM of the project site, which in turn allowed for cross-sectional elesatiod other
topology to be extracted for the project area utilising HEC-GeoRAS (an AsttbhBion that links
directly with the hydraulic model). This data was subsequently exported into the HEC-RAS model fo

hydraulic modelling of the previously calculated peak discharge value.

322 D vv]vP[e VvV S OH *

The roughness of the channel and floodplain surface needs to be accounted for thihiydraulic

u} oX /v $8Z]¢« <« U D vv]vP[e v A op « ~ Z}AU id6ndfach raaghpess 5} =« G
withinHECZ ~X dZ D vv]vP[s A op « A E e Jv ]85 } o+ EA 3RO v }v
Earth Imagery)Table 3-5% E + vie §Z P v E o D vv]vP{raivagA liogand(thee $Z

surrounding floodplains that were modelled.
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Table 3-5 D vv]vRValues (Chow, 1959)

Drainage Line Location D vv]vP[e v s Description
Channel 0.030 Winding, weeds, some
Unnamed Drainage Lin pools and shoals.
Right Left and Grassland to medium
. 0.030 - 0.045
Floodplains brush and trees

3.3 Floodline Analysis Scenarios

As part of the floodline analysis, three flood scenarios were simulated. These included:

x Hydraulic analysis of the catchment area under current catchment conditions, including the
impact of the blocked culverts and drainage line on the delineated floodlines.

X Hydraulic analysis of the project area if the existing hydraulic structures (maintaining their
current sizes) were to be unblocked, and an area of at least 6 m wide were cleared (i.e.
dumped materials removed) along the original flow path of the identified drairiam (as
presented inFigure 2-2.

X Hydraulic analysis of the 1:50 and 1:100 flood events, based on the recommeardatio
provided to Lafarge for the rehabilitation of the drainage line andlavet area long the
drainage line, including increasing of the hydraulic capacity of the roadadirmiossings (with
reference: project number 5526 and report titlgEnvironmental Management Plan:

Rehabilitation of the Wetland in the Vicinity of the Lafarge Cement Faaotbrghtenburg.

3.4 Floodlines Results

As presented irFigure 3-1 which shows the simulated floodlines based on current catchment
conditions (including the existing blockages to flow along the drainagetliredielineated floodlines
inundate extensive areas to the north and east of the project area. Simutaitalicated that flows
from the drainage line will backup against (and overtop) the railway line, sunth time that flood
waters both backup and flow into the non-operational quarry (Townlands Mand flood
infrastructure in the north-eastern portion of the factory. This results in the current lifos si
becoming flooded, as well as other infrastructure along the eastern border of the plant. Towards the
lower end of the project site, simulations indicated limited floodiraytigularly for the 1:50 year flood
event. This is due to the majority of flood water being dammed up along the nortbeundary of

the project site during this flood event. During the 1:100 year flood eveotenflood waters will
overtop the railway line and roads, resulting in more extensive floodlogg the southern areas of

the project site.
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Figure 3-1 Hydraulic analysis results based on current catchment conditions adohgblocked culverts and infilling of the drainage line
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In order to ascertain the degree to which the flooded areas will reduce, if tlstirexiculverts are
unblocked and some of the materials dumped along the drainage line arevesina simulation of

this scenario was undertaken. As mentioned previously, the extent to which the materials were
removed included an area of 6 m wide along the original drainage line. Asnpeesin Figure 3-2
extensive flooding of infrastructure associated with the cement plant was simulatetyfigshesized

that this flooding is as a result of the limited capacity of the culverts throughhatood water are
required to pass (based on existing culvert sizes). Simulations indicated that bagkihfioodwaters
occurred upstream of the culverts, resulting in extensive areas along the eastern bouhttaptant

being flooded, as presented kigure 3-2

The third scenario, as mentioned above, included simulating the 1:50 and-yeHdGloodlines for
the drainage line, based on the assumption that the drainage line and wetland rehadmlipdéin had
be implemented on site. The proposed rehabilitation plan included the following:

X Phase 1t Removal of Alien Vegetation,

x Phase 2t Construction of Hydraulic Crossings (Culverts),

x Phase 3t Removal of the Infill Material and Landscaping of the Wetland Area,

X Phase 4t Construction of Water Reintroduction Facility,

x Phase 5t Construction of the Diversion Berm, and

X Phase 6t Revegetation of the Wetland and Rehabilitation Area.

Of particular importance to this floodlines study, is the increase in the hydreaiacity of road and
rail crossings, the inclusion of a diversion berm and the removalibbfnivaterial along the drainage
line. A summary of the proposed rehabilitation measures is presenté&dgime 3-3 The proposed
dimensions of the road and rail crossings, which can be cross referertgui@ 3-3 are detailed in
Table 3-6 The resultant floodlines, including the proposed removal of dumped magenia inclusion

of increased capacities of hydraulic crossings and the diversion berm, is prgeRitgure 3-4

Table 3-6 Proposed culvert dimensions
Culvert Height Number of Approximate Culvert
Culvert Name | Culvert Shape| Culvert Span (m) (m) Openings Capacity (i7ls)
Upstream Culvert
(Culvert 1) Box 15 0.6 8 12.3
Downstream Box 15 0.6 8 12.3
Culvert
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Figure 3-2 Hydraulic analysis results based on unblocked culverts and renpmréibot of the dumped materials along the drainage line
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Figure 3-3 Proposed rehabilitation of the drainage line and locations of incregsaeitg of road and rail crossings
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Figure 3-4 Updated Hydraulic analysis results based on increased culvert capaciidbaddliversion berm being constructed
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In order to simulate the proposed rehabilitation scenario, the terrain upon wiiheh hydraulic
analysis is based, was modified within HEC-GEO-RAS (i.e. the hydraulic mbdell liesnoted that

the altering of the terrain was based on hypothetical changes in the ground)esdumed to be in
place after the area has been rehabilitated. However, the final changes in the taithionly be
known once the rehabilitation has been completed (as it was recommended that the dumped
materials are removed until the original soil layers are reached). Therefore, it is recomntbated
the floodlines generated in this study are verified upon the completion of the retatah. This will
require an updated survey of the rehabilitated area, which will then be incorporatedha hydraulic

model.

As presented ifrigure 3-4once the proposed rehabilitation has been finalised, including the removal
of dumped materials, the construction of a diversion berm and the increase in the higdraphcity

of hydraulic capacities, the flooding extents are limited to areas outside of the faofoagtructure.
Figure 3-5oresents the simulated flow depths across the project area for the 1:100 year flood event.
As presented in this figure, the depths of flow along the proposed diversion tzarge from 0.01 m

to a maximum depth of approximately 0.60 m.

Excavated Materials

/

Lime Silos |

Proposed Berm

Figure 3-5 Simulated 1:50 year flow depths (m) along the proposed flood protbetim
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4 CONCLUSION AND RECOMMENDATIONS

JG Afrika (Pty) Ltd were appointed by Lafarge to undertake a floodline studlyefd.ichtenburg
Lafarge Cement Plant in the North West Province. The cement plantai®doon Portion 61 of
Lichtenburg Town Farm No 27. This floodline is submitted in orderfiicitiel requirements of a water

use licence application.

A typical floodline investigation requires detailed spatial information inftren of cross-sectional
survey data and/or detailed contour information to produce accurate flm@ddelineations. JG Afrika
was provided with half-metre contour information for the study area, which waseyex by

Unmanned Tech. It should be noted that the 1:50 and 1:100 year return pesmdlifies produced in
this study are as accurate as the topographical information represented through the é@#-m

contour information provided by Unmanned Tech.

As part of this study, the 1:50 and 1:100 year return period peak discharge valueddditeege line
located to the east of the Lafarge Plant, were calculated using the Rational Method.t&@heafthe

corresponding floodlines were determined through hydraulic modelling using theRASGnodel.

As part of the floodline analysis, three flood scenarios were simulated. These included:

X Hydraulic analysis of the catchment area under current catchment conditions, including the
impact of the blocked culverts and drainage line on the delineated floodlines.

X Hydraulic analysis of the project area if the existing hydraulic structures (maintaining their
current sizes) were to be unblocked, and an area of at least 6 m wide were cleared (i.e.
dumped materials removed) along the original flow path of the identified drainage line.

X Hydraulic analysis of the 1:50 and 1:100 flood events, based on the recommarsatio
provided to Lafarge for the rehabilitation of the drainage line andlavet area long the
drainage line, including the removal of materials deposited along the dralitegéncreasing
of the hydraulic capacity of the road and rail crossings and the constructiordieEesion

berm running parallel with the drainage line.

The resultant floodlines for each of the scenarios were plotted using ArcGIS PrarsofBased on
the floodline analysis, it was noted that simulations of flooding extemtsc@irrent site conditions

(including blocked culverts and the drainage line with materials impeding flim$)oth the 1:50 and
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1:100 year return periods, significant portions of the plant will be irated. In addition to flooding
of infrastructure, it was noted that flood waters would back up to the noeragional open pit

(Townlands Dam) to the north of the plant.

The hydraulic analysis of flooding extents if the existing culverts were to beakelol and material
removed along the drainage line indicated similarly extensive (if not wdlisaling extents. The
increase in flooding extents in the plant area is as a result of flood waters beingdilto flow into

the property (through opening the culverts), however, due to the culverts beingnsized, flooding
extents upstream of the culverts were exacerbated. This is likely as a result of backivfy up

floodwaters upstream of the identified culverts.

The final simulation included increasing the capacity of the culverts, the constructiorfladca
protection berm and the removal of materials dumped along the drainaggdiseer the proposed
wetland rehabilitation plan submitted to Lafarge in December 2021). €kalts of this analysis
showed significantly reduced flooding extents. In this scenario, no infrastructure associ#tetiavi

Cement Plant fell within the delineated floodlines.

It is therefore recommended that the rehabilitation of the area impacted upon by thapilug of
waste materials is undertaken. This will include increasing the capacity of culvedadaand rail
crossings, the construction of a berm running between the drainage line and the CBfaarand the
removal of materials dumped within the drainage line and floodplain. ieé@mmended that the

proposed rehabilitation interventions are included in water use licence applications.
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