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1.0 INTRODUCTION

Golder associates (Pty) Ltd (member of WSP) was appointed by Black Mountain Mining (Pty) Ltd to conduct a
baseline assessment of the surface water in the Gamsberg Zinc Mine.

Black Mountain Mining (Pty) Ltd, part of Vedanta Zinc International, owns and operates the Gamsberg Zinc
Mine. In 2010 Vedanta Resources Limited acquired Black Mountain Mining (Pty) Ltd from Anglo American as
part of the acquisition of the zinc base metal mine take over. Following the acquisition of the Black Mountain
Mining properties and rights, a feasibility and optimization of technology for the Gamsberg Zinc Mine was
undertaken. Gamsberg Zinc Mine operates independently from The Black Mountain Complex (BMC), an existing
base metals mining complex situated in Aggeneys.

Zinc deposits in the Gamsberg area were discovered in 1971 but have not been taken advantage of until
recently. The Gamsberg Zinc Mine has been in operation since June 2016 and is currently mining up to 4 million
tonnes per annum (mtpa) and producing up to 250 000 tonnes per annum (tpa) of zinc concentrate for export.

Mining activities commenced in June 2016 when overburden stripping for the open pit was started. The mining
plan for Phase 1 consisted of three smaller open pits within the footprint of the 10 million ton per annum footprint.
Development of the open pit mine and the concentrator plant was carried out in phases. The construction of the
concentrator plant commenced in 2017 with the official opening in February 2019. Phase 2 will expand the
mining capacity to 10 million tonnes per annum (mtpa).

2.0 BASELINE STUDY OBJECTIVES

The baseline describes the catchment and project area in respect of surface water resources and hydrological
data for the current situation. It informs the stormwater management components that support the various
legislative requirements.

3.0 PROJECT LOCATION AND EXTENT

Gamsberg is situated in Aggeneys, a small town in the Northern Cape Province, 60 km west of Pofadder and
110 km east of Springbok. Gamsberg, as part of the larger BMM, falls under the Namakwa District Municipality
and the Springbok regional services council authority (see Figure 1 below). Gamsberg is located in the Lower
Orange River Water Management Area (WMA), and specifically in the D82C Quaternary catchment.
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3.1 Water supply

Water is currently supplied to the mine by Sedibeng Water via two existing pipelines from the Orange River.
The existing water system has a common intake, low lift pump house and low lift pipeline. The low lift pumping
system is feeding two circuits, namely the Black Mountain Mine circuit and the Gamsberg Zinc Mine circuit. Both
the circuits consist of a flash mixer, clarifier, dosing system, sludge handling facility, balancing reservoir, high
lift pump house, high lift pipelines and Horseshoe Reservoir with associated facilities. The current and future
water demand, within the Black Mountain Mine operation, including Aggeneys, Pofadder and Pella towns is
43.45 ML/day, the existing intake water pumping system has been designed for 40.8 ML/day.

The existing bulk water pipeline infrastructure running from the Horseshoe Reservoir to the Gamsberg takeoff
covers a distance of approximately 4 km and consists of one 400 mm diameter underground pipeline and one
400 mm aboveground pipeline. A 400mm HDPE diameter aboveground bulk water pipeline runs from the
Gamsberg takeoff where the pipeline splits off from the Main Bulk Water Pipeline to the Gamsberg
reservoir(25MI) over a distance of 3km (SLR Consulting, 2020).

4.0 APPLICABLE LEGISLATION, GUIDELINES AND STANDARDS

4.1 The National Water Act (Act 36 of 1998)

Water resources management in South Africa is governed by the National Water Act (Act 36 of 1998) (NWA).
The Department of Water and Sanitation (DWS) must, as custodians of water, ensure that resources are used,
conserved, protected, developed, managed and controlled in a sustainable manner for the bengfit of all persons
and the environment.

4.2 The use of Water for Mining and Related Activities

Government Notice 704 (Government Gazette 20119 of June 1999) (hereafter referred to as GN704), was
established to provide regulations on the use of water for mining and related activities aimed at the protection
of water resources. The three main conditions of GN704 applicable to this project are:

= No residue or substance which causes or is likely to cause pollution of a water resource may be used in the
construction of any dams, impoundments or embankments or any other infrastructure which may cause
pollution of a water resource.

m Clean and dirty water systems must be kept separate and must be designed, constructed, maintained and
operated to ensure conveyance of the flow of a 1:50-year recurrence interval storm event. Clean and dirty
water systems should therefore not spill into each other more frequently than once in 50-years. Any dirty
water dams should also have a minimum freeboard of 0.8 m above the full supply level.

m All dirty water or substances which may cause pollution should be prevented from entering a clean water
resource (by spillage, seepage, erosion, etc.) and it should be ensured that water used in any process is
recycled as far as practicable.

5.0 BASELINE OVERVIEW
5.1 Climate

The Gamsberg operation, similar to Black Mountain is situated in the north-west region of Bushmanland, an
area that is marginal to the winter and summer rainfall zones in the North West Cape Province. Bushmanland,
to the west, is considered a winter rainfall area, while Gordonia to the east, is a summer rainfall area. The
climate in the Gamsberg regional areas can be described as arid to semi-arid in nature with very limited rainfall,
primarily occurring during short periods (hours) as well as associated with short intense summer thunderstorm
events.
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511 Rainfall

The rainfall data was generated using a rainfall simulator which was sourced through the Design Rainfall
Estimation Program (Smithers & Schulze, 2002) and the Daily Rainfall Extraction Utility (Kunz, 2004). On-site
rainfall data was provided by the client and used in the analysis. The rainfall stations presented in Table 1
summarize the rainfall data used in the analysis.

Table 1 : Rainfall station properties

Station Distance Record Period of Reliability MAP (mm)
number (km) period records (%)
(\CELD))
0246555 W Aggeneys 1.6 50 1950 - 2000 100 92
(Pol)

0246613 W Aggeneys 4.1 80 1920 - 2000 4.2 88
0247242W Pella 39.1 79 1921 - 2000 75 72

- - On-site 34 1986 - 2019 100 96

5.1.1.1 Comparison of rainfall stations

The average monthly plot was used to compare the rainfall records as shown in Figure 2. On average, it is
evident that slightly more rainfall was recorded on-site as compared to the other stations. On-site data also
extends to a period that is more recent than the other stations. Though the rainfall records cover different time
periods, the average monthly rainfall depths for the different stations have a similar pattern. During the wet
season, the highest average rainfall was recorded in the month of March. The driest month on average was
recorded in July.
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Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
H Aggenys_POL 6.1 4.6 6.1 6.7 13.3 14.6 13.4 6.3 5.4 6.9 4.1 4.5
W Aggenys 4.5 5.0 5.6 54 14.5 15.5 11.3 6.2 5.8 6.0 3.2 3.7
M Pella 3.2 4.6 6.4 58 13.0 15.4 9.0 49 3.1 3.2 11 2.6
m Site Rainfall 125 10.2 10.4 15.4 17.3 15.8 20.2 7.3 7.8 7.4 7.8 9.8

Figure 2 : Average monthly rainfall for the stations

The station 024655 W Aggeneys (POL) was chosen as the station used in the study for the following reasons:
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= The station is within proximity of the site.
m The station has a high reliability data set (having the lowest percentage of patched or missing data).
m The station has a longer duration of recorded data than what was recorded on-site

5.1.1.2 Aggeneys (Pol) rainfall station

Aggeneys (Pol) station is situated approximately 1.6 kilometres from the site with 50-years of recorded data. It
has the highest reliability of the analysed stations. The maximum recorded 24-hour rainfall depth is 83 mm,
recorded on the 19t of February 2000, as shown in Figure 3. Figure 4 shows the annual rainfall depths. The
mean annual precipitation for the station is 92 mm.
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Figure 3 : Aggeneys (Pol) station daily rainfall
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Figure 4 : Aggeneys (Pol) station annual rainfall depths

The boxplot of monthly rainfalls is presented in Figure 5. It provides the visual summary of every month’s
variations and the skewness of the data. The dry season occurs between May and September and receives

less than 7 % of the annual rainfall. The wet season occurs between October and April and receives more than
83 % of the annual rainfall.
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Figure 5: Box plot of monthly rainfall from Aggeneys (Pol) Station record from 1950 to 2000

\\\I) GOLDER



May 2022 21466019-351776-4

5.1.1.3 Design rainfall estimation

The 24-hour rainfall depths for several recurrence intervals at the Aggeneys (Pol) station were calculated from
the data available. To determine the likely magnitude of storm events, a statistical approach, using chi square
statistics method (NIST/SEMATECH e-Handbook of Statistical Methods), was applied to the available recorded
daily rainfall depths. This method statistically analyses the maximum daily rainfall depths for each year to
determine the different recurrence intervals. The probability distribution with the best fit (R2=0.936) was found
to be the Log Normal distribution (see Figure 6), this was used to estimate the 24-hour storm rainfall depths
associated with the various recurrence intervals as summarised in Table 2.
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Figure 6: Aggeneys (Pol) Log Normal distribution

Table 2: Computed 24-hour rainfall depths for various annual reccurence intervals

Return period in

years

24-hours Rainfall 33 43 54 58 70 83 96 116 132
Depth (mm/d)

5.1.2 Evaporation

The average S-Class pan evaporation is 3115. mm/year measured at B8E004 station. The station is
approximately 47 km away from the site area. The highest average monthly evaporation occurs in January.

Table 3: Average S-Pan evaporation

S-pan evaporation (mm/month)

January 390
February 325
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S-pan evaporation (mm/month)

March 298
April 207
May 142
June 96
July 109
August 153
September 211
October 293
November 336
December 380
Total 3115

5.2 Temperature

Summers are hot with mean maximum temperatures in January, the hottest month, ranging between 30.7 °C
and 35.4°C. During winter, the mean maximum temperatures range from 17.8 °C to 20 °C with significant
temperature reductions at night.

5.3 Wind

The prevailing wind direction is southerly in summer and northerly in winter. The least common wind direction
is north-westerly, which wind would seem to precede rain in the summer months. Wind velocities of up to 110
km/hour have been recorded. The average wind speeds recorded for day and night times are 3.25 m/s and 3.10
m/s respectively.

6.0 HYDROLOGICAL DESCRIPTION
6.1 Catchment description

The Gamsberg Zinc Mine Mining Right Area (MRA) is influenced by four quaternary catchments D81G, D82A,
B82B, and B82C (see Figure 7). The D81G catchments drains into the Orange River and the D82C catchment
is an interior drainage basin that does not drain into another catchment.

Most of the watercourses in the area are transient but the small catchment area on top of the Gamsberg Mine
contains a spring and can experience seasonal flow.

6.2 Local hydrology

Natural drainage patterns are poorly defined in the area and watercourses are ephemeral (water only flows after
heavy rainfall events). The drainage features of the area are characteristic of very dry areas where soil structures
are relict and not favorable to the formation of riparian soils. However, during extreme rainfall events, these
features become significant rivers and wetlands during a short period of time.

The most prominent watercourse is an ephemeral drainage line running parallel to the N14 at the base of the
Gamsberg Inselberg. There is a spring within the Gamsberg Inselberg which can experience seasonal to
perennial flows.

\\\I) GOLDER 8
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6.3 Mean Annual Runoff (MAR)

Given the arid and dry climate, characterised by low Mean Annual Precipitation (MAP), high evaporation and
high infiltration rates, the watercourses are ephemeral in nature and completely dry for much of the year.
Consequently, the quaternary catchments within which the study area are known to have very low Mean Annual
Runoff (MAR) values.

These have been published in the 1990 WRC publication “Surface Water Resources of South Africa” and MAR
values for the two sub-catchments under consideration were calculated by the weighted area method. Table 4
illustrates the baseline MAR in the context of the quaternary catchments, Table 5 presents the anticipated
reduction in MAR as a consequence of the development. However, it should be noted that there are no known
downstream users of surface water given the unreliable nature of this resource.

Table 4: Baseline MAR

Baseline Sub-

Sub- BNl Quaternary Quaternary Catchment Sub-C.atct.\ment
Catchment Catchment iatchmegt Catchm;nt :I;IIAR MAR Contrlbut:on to
CEN ()] (X10° mv) (X103 m3) MAR (%)
North D82C 3,996 800 7.74 1.0%
South D81G 2,007 900 5.87 0.7%

Table 5: Anticipated post development MAR reduction

Quaternary Post- Reduction in Sub-Catchment
Sub- Quaternary Development Sub- L
Catchment Contribution to
Catchment Catchment Area (km2) Sub-Catchment Catchment MAR (%)
MAR (X103 m3) MAR (%) °
North D82C 3,996 7.09 8% 0.2%
South D81G 2,007 4.05 31% 0.2%
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7.0 WATER QUALITY

The water quality assessment was previously limited as there was no database that existed of water quality
data for surface runoff for the Gamsberg site. Only a review was undertaken of an existing one-year record of
water quality data from the SRK Gamsberg Zinc Project Baseline study (SLR Consulting, 2010). Previously, ten
surface water monitoring points were selected on the site and surveyed, however, only three monitoring points
were sampled and analysed due to a lack of rainfall during the monitoring season (SLR Consulting, 2010).

The latest sampling was conducted on a monthly basis in the year 2021. The results have been compared to
the South African National Standards (SANS) for drinking water (SANS 241: 2015). The 50" percentile values
of Nitrate for the year were used the basis for comparison, and the 95" percentile values were used for all other
parameters. All parameters were within the limits of the SANS 241: 2015.The results are presented in Table 6
below:

Table 6: South African National Standard Drinking water (SANS 241: 2015)

Variable Limit
pH 6 5.0-9.7
Electrical Conductivity(mS/m) 170
Calcium as Ca in mg/I 150
Magnesium as Mg in mg/l 70
Sodium as Na in mg/I 200
Chloride as Cl in mg/I 300
Sulphate as S04in mg/I 500
Nitrate as NOx_ N in mg/| 11

Total Dissolved Salts in mg/l 1200
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Table 7: Surface water quality

Parameter South S-GBM 10 S-GBM 11 @ S-GBM 16 S-GBM 19 S-GBM 22 S-GBM 23 S-GBM 24 S-GBM S-GBM 26
African (Mining (Canteen (South (Camp (Moolmans (Moolmans (Exploration) 25 (Mota | (Consulmet
National Kitchen) Drinking Workshop) Drinking Coucus Eng. - Enoil) D W)
Standard Water) Water) DW) W/Shop
for drinking DW)
water
(SANS241:
2015)
Calcium Ca mg/| <150 113.9 103.7 101.1 109.8 106.9 108.7 103.6 108.6 99.3
Chloride CI mgl/| <300 69.4 64.3 56.2 68.7 65.2 68.3 75.8 63.9 64.7
Total Dissolved | mgl/l <1200 394.4 341.0 327.8 377.3 364.5 372.7 344.5 334.2 349.7
Solids (TDS)
Electrical mS/m <170 71.6 63.1 60.6 68.6 66.1 68.2 69.8 65.2 64.6
Conductivity EC
Flouride F mg/l <15 0.9 0.5 0.3 04 04 0.5 0.3 04 0.4
Potassium K mg/| <70 6.9 6.9 3.5 6.4 3.6 3.8 3.5 3.2 3.6
Magnesium Mg | mg/I <200 37.8 39.7 27.6 37.9 23.5 24.0 23.3 22.2 23.0
Sodium Na mgl/l <200 55.7 49.0 48.4 55.8 54.0 54.4 49.2 45.0 52.9
Nitrate NO3-N mgl/| <1 10.2 11.6 15.1 0.7 0.4 0.5 0.4 0.4 0.4
pH unitless 5.0-9.7 8.2 8.4 8.1 8.3 8.3 8.2 8.1 8.1 8.3
Sulphate SO4 mg/| <500 108.1 91.2 65.6 96.0 81.0 82.2 57.7 56.4 77.5
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8.0 CONCLUSIONS AND RECOMMENDATIONS FROM THE BASELINE
ASSESSMENT

The objective of this report was to describe the catchment and project area in respect of surface water resources
and hydrological data for the current situation.

The available data has shown that the quality of water from Gamsberg is suitable quality for drinking. The water
quality assessment was previously limited as there was no database that existed. Only data from 2021 was
used for the analysis. It is therefore proposed that water quality measuring continue for further studies.
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SRK 2016- Gamsberg Mine Environmental Management Programme Amendment, Impact Assessment Report,
SRK Report Number 507811/1, dated December 2016.

SRK. 2019. Integrated Water and Waste Management Plan for Gamsberg Mine, Aggeneys, Northern Cape.
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DOCUMENT LIMITATIONS

This document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following
limitations:

i)  This Document has been prepared for the particular purpose outlined in Golder’s proposal and no
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any
other purpose.

i)  The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Document. If a service is not expressly
indicated, do not assume it has been provided. If a matter is not addressed, do not assume that any
determination has been made by Golder in regard to it.

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been revealed by
the investigation and which have not therefore been taken into account in the Document. Accordingly,
additional studies and actions may be required.

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in
this Document. Golder’s opinions are based upon information that existed at the time of the production
of the Document. It is understood that the Services provided allowed Golder to form no more than an
opinion of the actual conditions of the site at the time the site was visited and cannot be used to assess
the effect of any subsequent changes in the quality of the site, or its surroundings, or any laws or
regulations.

v)  Any assessments made in this Document are based on the conditions indicated from published sources
and the investigation described. No warranty is included, either express or implied, that the actual
conditions will conform exactly to the assessments contained in this Document.

vi)  Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to
provide Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services
and work done by all its sub-consultants and subcontractors. The Client agrees that it will only assert
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will
not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against
Golder’s affiliated companies, and their employees, officers and directors.

viii) This Document is provided for sole use by the Client and is confidential to it and its professional
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any person
other than the Client. Any use which a third party makes of this Document, or any reliance on or
decisions to be made based on it, is the responsibility of such third parties. Golder accepts no
responsibility for damages, if any, suffered by any third party because of decisions made or actions
based on this Document.

GOLDER ASSOCIATES AFRICA (PTY) LTD

GAA GAIMS Form 10 Version 3 1
April 2018
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