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TECHNICAL MEMORANDUM
DATE 08 April 2022 Project No. 21466019_Mem003

TO Black Mountain Mining (Pty) Ltd

cC Eugeshin Naidoo

FROM Tebatso Menziwa EMAIL Tebatso.menziwa@wsp.com

HYDROLOGY AND CONCEPTUAL DESIGN OF THE GAMSBERG RIVER DIVERSION

1.0 INTRODUCTION

Golder Associate Pty Ltd (member of WSP) has been appointed by Black Mountain Mining (Pty) Ltd (BMM) to
develop a conceptual design for a proposed river diversion for Gamsberg Zinc Mine. The design criteria for the
river diversion will be established based on the regulatory requirements and best practice guidelines. The
catchment area reporting to the proposed infrastructure will be delineated based on the site topography provided
by the client, and the diversion will account for the current and proposed future site infrastructure. The study will
ultimately form part of the WULA (Water Usage License Application).

2.0 BACKGROUND

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.

3.0 OBJECTIVES

The objectives of this study are outlined below:
= Information sourcing/ literature review:

= Review of existing information including reports and drawings.
= Hydrology:

= (Climate and rainfall analysis.

m  Conceptual design of river diversion:
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The design criteria for the river diversion will be established based on the regulatory requirements and
best practice guidelines.

The catchment area reporting to the river will be delineated based on the site topography (contours)
provided by BMM.

The required flood peaks for the diversion will be determined based on the delineated catchment.

The diversion will be sized and a route for the diversion determined accounting for the existing and
proposed infrastructure developments on site.

Conceptual level drawings will be produced for the diversion. The drawings will show the route, pipeline
cross-section, and longitudinal profile.

s Environmental Risk, Potential Impact Identification and Proposed Mitigation Measures:

4.0

Identification of receptors downstream of the site using Water Authorisation Registration Management
System (WARMS) data will be undertaken; and

Description of all potential, relevant surface water impacts and proposed mitigation measures will be
undertaken. This will be undertaken for the construction, operational and closure phase of the proposed
development.

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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5.0 APPLICABLE LEGISLATION, GUIDELINES AND STANDARDS

5.1 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 benefit of all persons
and the environment.

5.2 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.

= 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.

6.0 CLIMATE

The mine 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 Gordonnia 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 short intense summer thunderstorm events.

6.1 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 Period of Reliability (%) = MAP (mm)

number (km) (years) records

0246555 W | Aggeneys (Pol) | 1.6 50 1950 - 2000 100 92
0246613 W | Aggeneys 4.1 80 1920 - 2000 4 88
0247242W Pella 39.1 79 1921 - 2000 75 72

- - On-site 34 1986 - 2019 100 96
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6.1.1 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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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:
m 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).

= The station has a longer duration of recorded data than what was recorded on-site.

= Under normal circumstances, on-site rainfall data is preferred for such studies, however, only monthly ,
on-site rainfall data was available, making it difficult to determine 24-hour design rainfall depths required
for the study.

6.1.1.1 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 analyzed 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 (MAP) 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

6.1.1.2 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 the
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
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for each year to determine the different recurrence intervals. The probability distribution with the best fit
(R?=0.936) was found to be the Log-Normal distribution (see Figure 5), this was used to estimate the 24-hour
storm rainfall depths associated with the various recurrence intervals as summarized in Table 2.
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Figure 5 : Aggeneys (Pol) Log-Normal distribution

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

Return period in | 5

years

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

6.2 Evaporation

The average S-Class pan evaporation is 3116 mm/year measured at B8E(004 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
March 298
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S-pan evaporation (mm/month)

April 207
May 142
June 96
July 109
August 1563
September 211
October 293
November 336
December 380
Total 3116

7.0 DESIGN RAINFALL INTENSITY

Four general types of time distribution curves of rainfall intensity have been determined for Southern Africa from
recorded rain gauge data. These synthetic time distribution curves are termed Type 1, 2, 3 and 4 (The South
African National Roads Agency SOC Limited (SANRAL), 2013). Figure 6 illustrates the spatial variation of the
four synthetic time distribution curves over Southern Africa. Gamsberg lies in SCS South African Type 3 region.
The resulting hyetograph from SCS South African type 3 based on the 1 in 50-year 24-hour rainfall depth of 70
mm used in modeling is shown in Figure 7.
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Figure 6 : Spatial variation of four synthetic time distribution curves over southern Africa (The South
African National Roads Agency SOC Limited (SANRAL), 2013)
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Figure 7 : 1 in 50-year 24-hour hyetograph
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8.0 STORM WATER MODELLING

The US EPA Storm Water Management Model (SWMM) was used to develop a rainfall-runoff model for the
study areas. The PCSWMM® (refer www.chiwater.com) commercial software package, developed by
Computational Hydraulics International (CHI) was used as the analysis tool. PCSWMM® is a dynamic rainfall-
runoff simulation model used for single event or long-term simulation of runoff quantity.

The runoff component of SWMM operates on a collection of sub-catchment areas that receive precipitation and
simulate runoff overland and underground through a system of pipes, channels, storage and treatment devices,
pumps, and regulators.

PCSWMM tracks the quantity of runoff generated within each sub-catchment, and the flow rate, flow depth, and
quality of water in each pipe and channel during a simulation period comprised of multiple time steps.

8.1 Rainfall and runoff parameters

The topography and natural condition of the site were obtained from existing reports to understand the soil and
vegetation conditions from which the runoff parameters are estimated. The following parameters were used for
the hydrologic and hydraulic input parameters based on the information available.

= Impervious catchment percentage is the percentage of artificial structures such as pavements, roads,
sidewalks, and parking lots in a catchment area.

= Estimated Impervious natural catchment percentage = 5 % of the total catchment.
m Cross-sectional profile of pipelines = HDPE circular.
= Infiltration model used in PCSWMM: Greens-Ampt.

= Based on the geological study completed by SRK (2009), in which the geomorphology of the area was
described as predominantly sandy, the following Infiltration parameters were used for modeling of the
runoff from the clean catchments.

- Average Capillary Suction: 49.5 mm
- Saturated hydraulic conductivity: 235.6 mm/hr
- Initial Moisture Deficit for Soil: 0.404

s Manning’s n is a coefficient that represents the roughness or friction applied to overland flow in the sub-
catchments. The assumed value is based on soil conditions on-site (see Figure 8).
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The following table was compiled by Crawford and Linsley by calibration using the Stanford Watershed Model.

Ground Cover Manning's n*
Smooth Asphalt 0.01

Asphalt or concrete paving 0.014
Packed clay 0.03

Light turf 0.20

Dense turf 0.35

Dense shrubbery and forest litter 04

The next table was compiled by Engman (1986) by kinematic wave and storage analysis of measurad rainfall-runoff data.

Ground Cover Manning's n* Range
Concrete or asphalt 0.011 0.01-0.013
Bare sand 0.01 0.01-0.016
Gravelled surface 0.02 0.012-0033
Bare clay-loam (eroded) 0.02 0.012 -0.033
Range (natural) 0.13 0.01-032
Bluegrass sod 0.45 0.39-083
Short grass prairie 0.15 0.10-0.20
Bermuda grass 0.41 0.30-048

Figure 8 : Manning's n for overland flow

= Assumed Manning’s n for Impervious area = 0.035.
=  Assumed Manning’s n for Pervious area = 0.15.

9.0 PROPOSED STORM WATER MANAGEMENT PLAN

The general arrangement for the layout of the site, including the proposed layout of the pipeline and berms
around the facility is shown in Figure 11. The basis of the proposed system is based on the following principles:

m Effective drainage of surface water into the attenuation weir.
= Discharge and conveyance of water from attenuation weir to natural stream.

9.1 Attenuation Weir and River Diversion System

An attenuation weir will collect the runoff emanating from sub-catchment (S1_2.). The attenuation weir will then
release the flow into HDPE pipelines via a decant system. Water will thereafter be discharged downstream
directly into the natural river (environment). The river will also collect runoff generated from sub-catchment
(S1_1). The stage-storage curve of the attenuation weir is shown in Figure 9.
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Figure 9 : Attenuation weir stage-storage relationship

9.2 Rainfall-runoff model results
9.2.1 Sub-catchments characteristics

The hydrological sub-catchments were delineated using the topographical contours for the site provided by the
client (see Figure 10). The sub-catchment characteristics and simulation outputs of each sub-catchment for the
1:50-year recurrence interval 24-hour storm are shown in Table 4 below. It is assumed that the natural
catchments have a 5% impervious area. PCSWMM model uses the Green-Ampt Method to calculate the flood
peaks and the runoff volumes.

Table 4: Sub-catchment characteristics

Name Tag Area Slope Impervious | Runoff Volume | Peak Runoff Runoff
(ha) (%) (%) (ML) (m?3/s) Coefficient

S1_1 | Clean | 1987 1 5 68 171 0.05

S1_2 | Clean | 429 1 5 15 5.6 0.05

WS|) GOLDER "



Black Mountain Mining (Pty) Ltd

Project No. 21466019_Mem003

08 April 2022
PATH, 5\GISS\Gis Propcta'Z1456019_BlackMountan _Gamaberg_ESAMID2020Ma22Q 1466019 _SWMP_Subcatchments mxd PRINTED ON: 2022-03-11AT 85120 AM
o0 T o
/ LEGEND
| .3 Gamsberg (ML 5/2000)
i1 Course Ore Stockpile Underfeed Tunnel
Crusher
[ Existing Magazine
[ Existing Mine Office and Workshop Area
Existing Plant
[ Phase 2 Plant
=== New Portable Water Line
; @ Emulsion Storage Tanks
@ Fuel Storage Area
| Subcatchments
2
0 1,000 2000 |§
1:55,000 METRES H
NOTE(S) ﬁ
g
|a
REFERENCE(S) £
2 1. COORDINATE SYSTEM: WGS LO18 z
% 2 SERVICE LAYER CREDITS: SOURCE: ESRI, MAXAR, GEOEYE, EARTHSTAR GEOGRAPHICS, |7
= CNES/AIRBUS DS, USDA, USGS, AEROGRID, IGN, AND THE GIS USER COMMUNITY é
SOURCES: ESRI, HERE, GARMIN, USGS, INTERMAP, INCREMENT P, NRCAN, ESRI JAPAN, g
CLIENT E
VENDANTA E
PROJECT é
GAMSBERG ESIA c
g
TITLE é
b SUBCATCHMENTS H
™ CONSULTANT YYYY-MM-DD 31/03/2022 L&
DESIGNED EN . a
G o L D E R PREPARED TS
MEMBER OF WSP REVIEWED EN 3
APPROVED MS L
a"y PROJECT NO. CONTROL REV. FIGURE F
- = 1 21466019
Figure 10 : Delineated sub-catchments
13

\\\I) GOLDER



Black Mountain Mining (Pty) Ltd

Project No. 21466019_Mem003
08 April 2022

PATH. §GIS53is Projects'21466018_BlackMounian_Gamsberg ESHAME D202 3Mar2 22 1466018 _Proposed_Rwer_Diversion med PRINTED ON: 2022-05-04 AT 1127 46 AM
S—

4000

i
A,
7

oo [ 0 OGIIVer

m

END

Outfall

Junctions

Pipeline

Attenuation Weir

Berms

Gamsberg (ML 5/2000)

Course Ore Stockpile Underfeed Tunnel
Crusher

Existing Mine Office and Workshop Area
Existing Plant

Phase 2 Plant

New Portable Water Line

Emulsion Storage Tanks

Fuel Storage Area

1:12 000 METRES

NOTE(S)

REFERENCE(S)
1. COORDINATE SYSTEM: WGS LO19

2. SERVICE LAYER CREDITS: SOURCE: ESRI, MAXAR, GEOEYE, EARTHSTAR GEOGRAPHICS,
CNES/AIRBUS DS, USDA, USGS, AEROGRID, IGN, AND THE GIS USER COMMUNITY
SOURCES: ESRI, HERE, GARMIN, USGS, INTERMAP, INCREMENT P, NRCAN, ESRI JAPAN,

2 CLIENT

2 VENDANTA

PROJECT

GAMSBERG ESIA

TITLE

PROPOSED RIVER DIVERSION

CONSULTANT YYYY-MM-DD

DESIGNED

W GOLDER /e

MEMBER OF WSP REVIEWED

APPROVED

52|42
2

PROJECT NO. CONTROL REV.
21466019

FIGURE

IF THIS MEASUREMENT DOES NOT MATCHWHAT |8 SHOWN, THE SHEET HAS BEEN MODIFIED FROM IS0 A4

RS |
2Z5mm

T

Figure 11 : Proposed river diversion

\\\I) GOLDER

14



Black Mountain Mining (Pty) Ltd Project No. 21466019_Mem003
08 April 2022

9.3 Conveyance structures
9.3.1 HDPE pipelines

Two circular HDPE (High Density Polyethylene) pipes are proposed to convey water from the attenuation weir
to the natural river stream. The pipelines will both be operational and will be laid above ground, within the
existing river channel. Due to the high temperatures in the Gamsberg area, it is recommended that pipes are
covered with soil to avoid ultraviolet (UV) exposure and reduce any snaking effects caused by expansion and
contraction. An energy dissipator is recommended at the end of the discharge point of the pipeline. This will be
implemented to disperse the flow and to counter the erosion that may be caused by high flow velocities at the
outfall. The details of the pipelines are shown in Table 5.

Table 5 : Pipeline characteristics

Name Length | Roughness Entry loss Exit loss Max flow Max velocity Inside

(km) coefficient coefficient (m3/s) (ml/s) diameter

(m)
Pipeline | 1.2 0.012 0.5 0.3 1.7 2.6 0.75

9.3.2 Berms

Three berms are proposed to route stormwater runoff into the attenuation weir. The first berm will be located on
the northern side of the attenuation facility and will extend along the road (see Figure 11) to assist in diverting
surface water runoff to the attenuation weir. A second berm is proposed north of the plant area, ultimately
preventing water from flowing into the plant area facility, and directing water into the attenuation weir. A third
berm is proposed east of the plant area, this berm will ensure runoff is diverted into the attenuation weir. It is
also recommended that excavated material from the attenuation weir be used to construct the berms.

9.3.3 Pipeline decant system

It is proposed that a pipeline be used as an outlet to the attenuation weir. The pipelines connect the attenuation
weir to the natural river stream. As the water level in the attenuation weir rises, the outlet initially behaves as a
weir until the whole opening is submerged, then the behaviour switches to orifice flow. The discharges for the
first stages of the orifice flow area are computed using the weir equation:

Q= CLH?
Where:
€ = Constant. (C = C4/9)
L = perimeter length of the weir opening.
H = height of water above the opening.
After the orifice opening is fully submerged, the discharges can be computed using the orifice equation:
Q = CaAor29H
Where:
C, = Coefficient of discharge (typically 0.67)

A, = Area of orifice opening.
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H = height of water above the opening.

A discharge curve was developed using the two equations, where the maximum flow through the orifice and
pipelines were determined. The discharge curve generated is shown in Figure 12. A head height of 1.5 m was
selected, giving a maximum design flow of 1.6 m3/s. Figure 13 shows the results of the analysis (peak values
are shown). The proposed orifice properties are shown in Table 6.

3

Head (m)

0 2 il 6 8 10 12 14 16 18 20
Discharge (m3/s)

Weir flow == Orifice flow

Figure 12 : Discharge curve
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Table 6 : Orifice characteristics

Orifice Discharge Cross- Inlet opening Inlet offset Slope Max flow

type Coefficient section diameter (m) (m) (m/m) (m?3/s)

Bottom 0.67 Circular 0.75 1 0.004 1.6

10.0 ATTENUATION RESULTS

The peak runoff generated from the surface water catchment (S1_2) that reports to the attenuation weir is 5.6
m3/s (see Table 4). Based on the findings of the pipeline decant system, an attenuation weir capacity of 8000
m?3 was determined using PCSWMM. The inflow hydrograph is shown in Figure 14.
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Figure 14 : Attenuation weir inflow hydrograph

The simulation of the attenuation weir volume indicates that it has sufficient capacity, indicating there will be no
overflow in the weir for a the 1:50 year storm event with the freeboard maintained. The inflow volume of the weir
is shown in Figure 15.
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Figure 15 : Attenuation weir inflow volume

11.0 IMPACT ASSESSMENT
11.1 Major areas of concern for surface water impact

The following section describes those activities that would have an impact on the surface water resources in
the area in which the attenuation weir and associated activities are proposed. For the purposes of this impact
assessment, the proposed project has been subdivided into the construction, operational and closure phases.

The major activities of concern relating to the surface water resources are:
Construction phase

= Construction of the attenuation weir.

= Installation of pipelines.

= Construction of berms.

= Activities related to construction equipment.

Operational phase

= Maintenance of pipeline system.

m  Operation of the attenuation weir.
Closure/decommissioning phase

= Removal of redundant infrastructure and contaminated soils.

m  Grading of the project site to ensure long-term drainage conditions; and
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= Soil placement and revegetation of project site.

11.2 Impact Assessment Methodology

The significance of the identified impacts on the various environmental components were determined using the
approach outlined below. This incorporates two aspects for assessing the potential significance of impacts
(terminology from the Department of Environmental Affairs and Tourism Guideline document on EIA
Regulations, April 1998), namely occurrence and severity, which are further sub-divided as follows:

Occurrence Severity
Probability of Duration of Occurrence Magnitude (Severity) Scale / Extent of Impact
Occurrence of Impact

To assess each of these factors for each impact, the following ranking scales will be used (Table 7).

Table 7: Impact ranking scales

Probability (P) Duration (D) Scale (S) Magnitude (M)
5 | Definite / Don’'t know | 5 | Permanent 5 | International 10 | Very High / Don't
know
4 | Highly Probable 4 | Long-term (impact 4 | National 8 | High
Cease after the
operational

life of the activity)

3 | Medium Probability |3 | Medium-term (5-15| 3 | Regional 6 | Moderate
years)

2 | Local Probability 2 | Short-term (0-5|2 | Local 4 | Low
years)

1 | Improbable 1 | Immediate 1 | Site only 2 | Minor

0 | None 0 | None

Definitions

Magnitude is a measure of the degree of change in a measurement or analysis (e.g. the area of pasture, or the
concentration of a metal in water compared to the water quality guideline value for the metal), and is classified
as none/negligible, low, moderate or high. The categorization of the impact magnitude may be based on a set
of criteria (e.g. health risk levels, ecological concepts and/or professional judgment) pertinent to each of the
discipline areas and key questions analyzed. The specialist study must attempt to quantify the magnitude and
outline the rationale used. Appropriate, widely-recognized standards are to be used as a measure of the level
of impact;

Scale/ Geographic extent refers to the area that could be affected by the impact and is classified as site, local,
regional, national, or international;

Duration refers to the length of time over which an environmental impact may occur: i.e. immediate/transient,
short-term (0 to 7 years), medium-term (8 to 15 years), long-term (greater than 15 years with impact ceasing
after the closure of the project), or permanent; and
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Probability of occurrence is a description of the probability of the impact occurring as improbable (less than
5% chance), low probability (5% to 40% chance), medium probability (40% to 60% chance), highly probable
(most likely, 60% to 90% chance) or definite (impact will definitely occur).

Once these factors have been ranked for each impact, the significance of the two aspects, occurrence and
severity, will be assessed using the following formula:

SP (significance points) = (magnitude + duration + scale) x probability

The maximum value is 100 significance points (SP). The environmental effects are then rated as of High(>75
SP), Moderate (50 - 75 SP) or Low (<50 SP) significance, both with and without mitigation measures and for
both occurrence and severity, on the following basis:

Table 8 : Significance of impact based on point allocation

Significance Description

Indicates high Where it would influence the decision regardless of any
environmental possible mitigation. An impact that could influence the decision
significance about whether to proceed with the project.

Where it could have an influence on the decision unless it is
mitigated. An impact or benefit which is sufficiently important
to require management. Of moderate significance - could
influence the decisions about the project if left unmanaged

Indicates moderate
SP 50 - 75 environmental
significance

Where it will not have an influence on the decision. Impacts

Indicates low o . .
. with little real effect and which should not have an influence on
environmental . L. ) . .
N or require modification of the project design or alternative
significance

mitigation

11.3 Construction phase impacts
11.3.1  Erosion during construction

Soil stripping, stockpiling, excavations of the attenuation weir and pipeline trenches, and construction of berms
may result in loss of soils through erosion, particularly for topsoil stockpiles with unvegetated steep slopes,
resulting in increased sedimentation to water resources.

Contaminants from areas in which contractor vehicles and equipment are housed, as well as from the areas in
which the construction vehicles and equipment are being used, will include hydrocarbons that are spilled or
leaked during use.

During construction, it is expected that the magnitude of the impact will be moderate due to the topography of
the area and potential hydrocarbon contamination from equipment and trucks. The impact significance is
moderate, and will require mitigation to reduce the risk.

11.3.1.1  Mitigation

In summary, the following mitigation measures are proposed:

= Avoid clearing during the wet season when short heavy downpours can be expected. This should help to
limit erosion.

m  Re-use stockpiled soil within as short a period as possible.
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m Ensure adequately designed berms and stormwater collection facilities to capture sediment before water is
released into the environment. All stormwater management systems should be compliant with Regulation
GN 704; and

m Ensure clean-up of hydrocarbon spills from machinery is done immediately, and contaminated soils
disposed of to a permitted site.
m After construction, the land must be cleared of debris, surplus materials, and equipment. All parts of the

land must be left in a condition as close as possible to that prior to construction.

Should the measures described above be implemented during construction, then the impact significance will
reduce to moderate — low.

11.4 Operational phase impacts
11.4.1 Maintenance of the pipeline and the attenuation weir

The stormwater design will be such that clean water will be diverted around the site to the tributaries, and it is
likely that there will be increased flows because of the hardened surface. Furthermore, erosion may occur at
the end of the pipeline over time due to the high discharge velocities.

The risk of sedimentation is directly linked to the risk of erosion, as eroded soil particles will end up in nearby
watercourses as sedimentation.

The impact significance in the operational phase is expected be low.

11.4.1.1  Mitigation

The following mitigation measures are proposed:

s Design stormwater management facilities to comply with regulation GN 704.

m Regularly schedule inspection and maintenance of water management facilities, to include inspection of
drainage structures. Pipelines should be maintained according to the manufacturer’s specifications.

A well-designed stormwater management system will ensure that the clean water to the environment is
maximized. Should the measures described above be implemented during the operation phase, the impact
significance will be kept to low.

11.4.2 Overflow from the Attenuation weir

As described in Section 5.0, the stormwater management system including the attenuation weir will be designed
to comply with GN 704, which will include the operation of the weir with a freeboard of 0.8m by discharging and
evaporating the water. The likelihood of overflow from the attenuation weir is therefore low. Should an incident
occur, the magnitude is likely to be low to moderate, depending on the quantity of the water at the time, the
duration would be short-term or immediate and the scale would be local, or limited to the site only. With a
medium probability, the impact significance is low.

11.4.2.1  Mitigation

The following mitigation measures are proposed:

= Implement the proposed attenuation weir to comply with regulation GN 704 so that it can contain a 1: 50
flood event.

= Maintain a 0.8m freeboard
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11.5 Closure/decommissioning during rehabilitation
11.5.1 Contaminated runoff during rehabilitation

Similarly, to the construction phase, the runoff during the rehabilitation (decommissioning/ closure) phase may
contain contaminants. In addition, soil compaction to reshape the landform may cause increased runoff which
may still contain higher concentrations of contaminants and sediment.

Spillage of chemical solutions during the dismantling of plant equipment and pipelines which were in contact
with chemicals solution may contaminate the soils; Spillage of diesel, oils, and greases from the dismantled
plant equipment, resulting in hydrocarbon contamination of exposed soils.

Furthermore, erosion and sedimentation of downstream resources is possible in this phase. This will be due to
areas around the weir that will not be adequately revegetated.

The magnitude is therefore rated as moderate, with a medium-term duration, on a local scale. The probability
is medium with the resultant impact significance of the runoff during rehabilitation expected to be moderate.

11.5.1.1  Mitigation

The following mitigation measures are proposed:

= All pollution control mechanisms are to be in accordance with GN 704, and all necessary pollution control
mechanisms must be protected and repaired or established when stockpiles or residue deposits are
reclaimed, removed, or rehabilitated so that water pollution is minimized and abated.

Should the measures described above be implemented then the impact significance should be reduced to
low.

11.6 Impact assessment summary

The predicted environmental impacts resulting from the proposed project activities are listed in Table 9 along
with their significance ratings before and after mitigation.
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Table 9 : Summary of activities and associated surface water impacts

ACTIVITY

Construction Phase

POTENTIAL IMPACT

ASPECT
AFFECTED

()
©
S
=
S
o
©
=

Duration

Probability

Significance
Significance
without
Mitigation
Magnitude

Duration

Probability

Significance

Loss of soils through erosion,
Soil strioping and particularly for topsoil stockpiles Downstream
pping with unvegetated steep slopes, water 8 |3 4 52 Moderate | 4 3 3 24
stockpiling A
resulting in increased resources
sedimentation to water resources.
Increased runoff and erosion in
compacted areas and modification
Construction of of natural infiltration. Soil Downstream
: . L ’ . . water 8 |3 4 52 Moderate | 4 3 5 24
attenuation weir contamination from chemical spills
) . g resources
including sterilisation by cement
pollutants.
Lavout of pieline Loss of soils through erosion, Downstream
s é/tem PP particularly when excavating water 8 |3 4 52 Moderate | 4 3 5 24
y pipeline trenches. resources

Significance with

Mitigation

Low

Low

Low
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ASPECT

ACTIVITY POTENTIAL IMPACT AFFECTED

Significance with

Probability
Significance
Mitigation

Magnitude
Duration
Probability
Significance
Significance
without
Mitigation
Magnitude
Duration

Contamination of soils and
downstream water resources by
chemical pollutants.
. . . Downstream
Vehllcles and use.of Increased SO.I| compaction and_ water 8 |3 > 4 52 Moderate | 4 3
equipment/ machinery runoff at equipment and machinery reSOUrCES
laydown areas.
Potential spills/ leakage of
chemicals.
Operational phase
Vehicles and use of Contamination of soils and Downstream
equipment/ machiner downstream water resources from | water 6 |2 2 3 30 Moderate | 4 2
quip y chemical spills/ leaks. resources
Sediment depositions causing
blockages and deterioration of
L pipelines. Downstream
P'pe“rt‘.e system water 6 |2 |2 |3 |30 Moderate | 4 |2
operations Energy dissipaters must be resources
provided to slowdown surface
water runoff and prevent erosion.
. . . Downstream
Attenu_atlon weir Potentla! overfllow from the water 6 2 2 3 30 Moderate | 4 2
operations attenuation weir.
resources

Decommissioning & Closure Phase

WS|) GOLDER 25



Black Mountain Mining (Pty) Ltd

Project No. 21466019_MemO003
08 April 2022

ACTIVITY

POTENTIAL IMPACT

ASPECT
AFFECTED

Magnitude

Duration

Probability

Significance
Significance
without
Mitigation
Magnitude

Duration

Probability

Significance

Spillage of chemical solutions

during the dismantling of plant

equipment, pipelines and which

were in contact with chemicals Downstream
Removal of redundant solution may contaminate the soils; water 6 |a 3 39 Moderate | 4 2 2 14
infrastructure Spillage of diesel, oils, and [ESOUICESs

greases from the dismantled plant

equipment, resulting in

hydrocarbon contamination of

exposed soils.

Contamination of soils by
Grading of the project hydrocarbons, and downstream Downstream
site to ensure long-term | areas during compaction in areas
drainage conditions on | where active heavy machinery will \r’gtci:rces 6 |3 3 33 oelEl R 3 2 18
site be mobilised for the shaping of the

final landform.
Soil placement and Erosion and sedimentation of Downstream
revegetation of project downstream resources from areas | water 6 |3 3 33 Moderate | 4 3 2 18
site not adequately revegetated. resources

Significance with

Mitigation

Low

Low

Low
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12.0 CONCLUSION AND RECOMMENDATION

= Itis recommended that regular maintenance be carried out on the pipeline system to ensure there are no
obstructions that would limit the efficacy of the system.

m Energy dissipators are recommended at the discharge point downstream of the pipeline.

Overall, the surface water impact assessment has indicated the following potential surface water impacts that
will require mitigation.

The biggest concern relates to polluted runoff reaching the water resources during all the phases of the project.
During the construction phase the concerns relate to the potential for erosion and sedimentation to water
resources from the excavation of the weir, soil stripping and stockpiling, as well as potential hydrocarbon
contamination from spills or leaks from heavy vehicle and equipment use.

During the operational phase, the areas of concern also relate to maintenance of the pipeline system, including
the attenuation weir.

The concerns at closure/ decommissioning relate to contamination of soils by hydrocarbons, and downstream
areas during compaction in areas where active heavy machinery will be mobilised for the shaping of the final
landform, erosion and sedimentation of downstream resources from areas not adequately revegetated.

Prior to mitigation the impact significance for all impacts identified, are rated as moderate due mostly to the
potential impacts to the downstream water users, however, should mitigation be implemented as proposed, then
the impact significance should be reduced to low.

Golder Associates Africa (Pty) Ltd.
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Candidate Civil Engineer Senior Civil Engineer
TA/EN/ck

https://golderassociates.sharepoint.com/sites/145886/project files/5 technical work/river diversion/21466019_mem004_gamsberg_river_diversion_final_04052022.docx
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