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EXECUTIVE SUMMARY

GCS Water and Environment (Pty) Ltd (GCS) was appointed by Ecoleges Environmental
Consultants (Ecoleges) to compile a scoping report (the plan of study), in terms of hydrology,
for the development of a 400 MW Solar Photovoltaic (PV) facility on the Remainder of Farm
Goede Hoop 26C and Portion 3 of Farm Goede Hoop 26C (hereafter referred to as “Phase 3
development”), between De Aar & Hanover, Emthanjeni Local Municipality, Pixley Ka Seme

District Municipality, Northern Cape Province, South Africa.

The project falls within quaternary catchment D62D of the Orange Water Management Area
(WMA) (DWS, 2016). This hydrological assessment and hydrological report are required to
supplement the EIA and WULA for the proposed Phase 3 development.

This study found that three (3) hydrological response units (HRUs) were delineated for the
project area, which entails numerous micro catchments which contribute to the overall
drainage. Drainage for the general area is towards the northwest in the form of a multitude
of non-perennial drainage lines, which drains towards the non-perennial Brak River, situated
approximately 6.6km downstream west of the site. There are several in-stream water storage
dams associated with the non-perennial streams in the study area. Three (3) small capacity
surface water storage dams (capacity and license status currently unknown) fall within the

proposed development area (in the non-perennial drainage lines).

The flood line assessment undertaken for the project area suggests that the area is prone to
exhibiting ponded flood occurrence zone, in the absence of clearly defined drainage channels
or streams. This is due to the micro-catchment style drainage associated with the project

area (refer to Section 5).

The impact on runoff rates and volumes indicates that solar panels do not have a significant
impact on runoff volumes, peak rates or time to peak rates when the ground below the panels
is vegetated. Accounting for changes in soil type, slope angle and rainfall intensity, ground
cover beneath solar arrays was found to have the most significant impact on runoff rates. On
this basis, if vegetation cover beneath the solar arrays is maintained, no significant increase

in surface-water runoff is anticipated compared to greenfield runoff rates (WHS, 2022).
The conceptual stormwater management plan (CSWMP) indicates that (refer to Section 6):

e Due to the micro-catchment type drainage of the overall development areas, free
drainage provides the best stormwater management option for the development

(refer to Section 6).
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e Based on the nature of the project (raised PV solar arrays on pipe stand, and
vegetation kept intact during the construction and operational phase of the project)

no dirty stormwater generation areas are anticipated. As all stormwaters will be

subjected to micro-catchment style stormwater runoff, and concentrated rainfall
volumes from the PV panels onto the soils, erosion and sediment transport will likely
take place. However, this will depend on the density of the vegetation cover

surrounding the PV arrays and stormwater peak flow.

e Efforts should be made in managing runoff from the PV panels and arrays onto the
soils and then releasing the accumulated water back into the environment via free

drainage.

The risk assessment for both construction and post-construction phases of the project is
considered marginal, with mostly reversible and manageable impacts (Refer to Section 7).
Potential runoff and stormwater discharge from the site into the surrounding may cause
erosion of the soils in areas where PV panels are erected and in the surroundings. This is the
largest risk and should be managed as per the conceptual stormwater management plan as
proposed in this document (or detailed stormwater designs from the developer). The risk of
flooding, poor quality seepage via the vadose zone, and impacts on surface water quality are
predicted to be marginal during the construction and operational phase of the project. This
is largely due to the absence of any surface water streams in the project area and the nature

of the development (i.e., an assemblage of panels that are form factor).

A monitoring plan for both the proposed stormwater system (refer to Section 6) and surface
water resources identified in the area was drafted and is available in Section 6 and Section
8. Several recommendations that should be considered for the EMPr and EIA are presented in

Section 9.

This hydrological assessment cannot find any grounds or identify high hydrological risks that
do not proceed with the development. This is grounded on the assumption that the proposed
mitigation measures (Section 7), CSWMP, EMPr and EIA recommendations are implemented

during the construction and operational phase of the development.
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APPENDIX 6 OF THE EIA REGULATION - CHECKLIST AND REFERENCE FOR

THIS REPORT

Table 1 - Requirements from Appendix 6 of GN 326 EIA Reg

ulation 2017

Requirements from Appendix 6 of GN 326 EIA Regulation 2017

Chapter

(a) Details of:

(i) The specialist who prepare the reports; and

(ii) the expertise of that specialist to compile a specialist report
including a curriculum vitae

Document Issue (Page
ii)
Appendix C.

(b) Declaration that the specialist is independent in a form as may be

Document Issue (Page

. qxas . ii)
specialities by the competent authority Appendix C.
(c) Indication of the scope of, and purpose for which, the report was Section 1.

prepared

(cA) Indication of the quality and age of base data used for the specialist
report

Sections 1, 2 and 3.

(cB) A description of existing impacts on the site, cumulative impacts of

the proposed development and levels of acceptable change Section 7.

(d) Duration, Date and seasons of the site investigation and the relevance .
Section 1.4.

of the season to the outcome of the assessment

(e) Description of the methodology adopted in preparing the report or Section 2.

carrying out the specialised process include of equipment and modelling used

(f) Details of an assessment of the specifically identified sensitivity of
the site related to the proposed activity or activities and its associate’s
structures and infrastructure, inclusive of a site plan identifying
alternative

Sections 1, 4 and 7.

(g) Identification of any areas to be avoided, including buffers

Section 9.1.

(h) Map superimposing the activity and associated structures and
infrastructure on environmental sensitivities of the site including areas to
be avoided, including buffers

Section 1, 3.

(i) Description of any assumptions made and uncertainties or gaps in
knowledge

Section 2, 4, 5.

(j) A description of the findings and potential implications of such
findings on the impact of the proposed activity including identified
alternatives on the environment or activities

Executive summary,
Section 9.

(k) Mitigation measures for inclusion in the EMPr

Section 9.2

(1) Conditions for inclusion in the environmental authorisation

Refer to Section 9.

(m) Monitoring requirements for inclusion in the EMPr or environmental
authorisation

Refer to Section 9.

(n) Reasoned opinion -

(i) as to whether the proposed activity, activities or portions thereof
should be authorised.

(iA) regarding the acceptability of the proposed activity or activities; and
(ii) if the opinion is that the proposed activity, activities or portions
thereof should be authorised, and avoidance, management, and mitigation
measures should be included in the EMPr, and where applicable, the closure
plan

Section 9.4.

(o) Description of any consultation process that was undertaken during
preparing the specialist report

None required.

(p) A summary and copies of any comments received during any consultation
process and where applicable all responses thereto

None required.

(q) Any other information requested by the competent authority

None required.
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1 INTRODUCTION

GCS Water and Environment (Pty) Ltd (GCS) was appointed by Ecoleges Environmental
Consultants (Ecoleges) to compile a scoping report (the plan of study), in terms of hydrology,
for the development of a 400 MW Solar Photovoltaic (PV) facility on the Remainder of Farm
Goede Hoop 26C and Portion 3 of Farm Goede Hoop 26C (hereafter referred to as “Phase 3
development”), between De Aar & Hanover, Emthanjeni Local Municipality, Pixley Ka Seme

District Municipality, Northern Cape Province, South Africa (refer to Figure 1-6).

The project falls within quaternary catchment D62D of the Orange Water Management Area
(WMA) (DWS, 2016). This hydrological assessment and hydrological report are required to
supplement the EIA and WULA for the proposed Phase 3 development.

1.1 Project background
The applicant driving this project is Soventix South Africa (Pty) Ltd, a multi-national renewable
energy company with its head office in Germany. The property owner is Mr Willem Retief that

has entered into a land-use agreement with Soventix.

The main access to the site is off the N10 between De Aar & Hanover. The current land use is
sheep farming, which will continue within the solar PV plants to ensure minimal reduction (if
any) on the agricultural potential of the land as well as a management tool to control

vegetation growth.

The size of the proposed development footprint for the 400 MW solar PV facility is
approximately 600 ha. This area includes four interconnected 100 MW solar PV plants (150 ha
each), with associated infrastructure. The PV system will be connected via transmission lines
to the authorised substation in Phase 1. The substation ties into the existing ESKOM 400KV
overhead powerlines. Existing roads will be used for main access, which may need to be

enlarged to allow large equipment to access the site during construction.

The Aquatic Biodiversity Sensitivity is “Very High” for the Phase 3 development due to the
area falling within a “Strategic Water Source Area.” Footprints 1 & 2 infringe on “Wetlands &

Rivers”. The real extent of the wetlands and watercourses is in the process of being confirmed.

The Phase 3 footprints would need to be connected to an on-site substation on Phase 2 using
overhead powerlines (and an existing road network). Depending on the width of the
watercourse, pylons may need to be placed inside a watercourse, and some existing road
crossings may need to be widened, to allow for their refinement and possible reduction in

surface area, based on specialist findings and recommendations.
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The principal aims of the hydrology assessment will be to determine how this development
(and its separate elements, e.g., solar PV panels, pylons, and road crossings) will impact the
surface water hydrology of the area, compile a stormwater management plan for the solar PV
facility, and inform the General Authorisation for 5S21(c) and (i) water uses associated with
existing road crossings that need to be widened and potential transmission corridors through

watercourses.

Those activities associated with the development which require an S21(c) and (i) Risk
Assessment (to be undertaken by the Aquatic Specialist) which may directly affect hydrology,

include:
1. Upgrading three existing road crossings (including installing culverts).

2. Erecting a perimeter fence (and creating a fire-break road) that may cross a

watercourse in two potential locations.

3. Developing a solar PV system within 100m of a watercourse and/or 500 m from a

wetland or pan (including the possible wetland system near Corner C).

4. Installing underground water pipes, aboveground storage tanks and a deionization

plant in proximity to both boreholes (with pans).

5. Three potential watercourse crossings for underground cables (used to take

electricity from the field transformers to the on-site substation); and

6. Increased evaporation (i.e., ambient temperature) and increased runoff from the

solar panels during storm events.

The watercourse crossings are discussed below.

1.1.1 Underground Pipeline crossings (to deionization plants with water storage tanks)
Pipes will need to transfer the water from the wind pumps at Borehole No. 4 (in-channel) and

Borehole No. 5 (in-channel) to their respective deionization plants and storage tanks, which
will be located off-channel, but within 100 m from the edge of the watercourse or 500 m from

the edge of a wetland/pan.

If a third borehole is drilled at sites T1 or T2, it will, unlike Boreholes No. 4 and 5, be located
outside a watercourse. However, a pipeline will need to transport the water from the borehole
pump to the PV block containing the operational area including the deionisation plant with
water tanks. The pipeline will cross a watercourse whereas the deionisation plant and water
tanks may be within 100 m from the edge of the watercourse or 500 m from the edge of a

wetland/pan.

The proposed Underground Pipeline crossings to the deionization plants with water storage

tanks are shown in Figure 1-1.
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GPS co-ordinates of Borehole No. 5 30°49'30.17"S and 24°22'5.58"E
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GPS co-ordinates of T2 Proposed Borehole -30.8514 S and 24.35786 E
Approximate Centre of PV Block where the 30°50'41.36"S and 24°21'50.46"E
operational area, including deionisation

plant and water tanks, will be located.

Figure 1-1: Underground Pipeline crossings (to deionization plants with water
storage tanks)

1.1.2 Underground Pipeline crossings (to livestock watering troughs)
Pipes will need to transfer the water from the wind pumps at Borehole No. 4 (in-channel) and

Borehole No. 5 (in-channel) to livestock watering troughs in each of the adjacent fenced PV
blocks (or camps). The livestock watering troughs will be located off-channel but within 100

m from the edge of the watercourse or 500 m from the edge of a wetland/pan.

If a third borehole is drilled at sites T1 or T2, it will, unlike Boreholes No. 4 and 5, be located
outside a watercourse. However, a pipeline will need to transport the water from the borehole
pump to the PV block containing the operational area including a livestock watering trough.
The pipeline will cross a watercourse whereas the watering trough may be within 100 m from

the edge of the watercourse or 500 m from the edge of a wetland/pan.

The proposed Underground Pipeline crossings to livestock watering troughs are shown in Figure
1-2.
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Figure 1-2: Underground Pipeline crossings (to livestock watering troughs)

22-0076 01 September 2022 Page 4




Ecoleges Environmental Consultants De Aar Solar - Phase 3

1.1.3 Underground Cable crossings
Underground cables from the field transformers to the on-site substation will cross the

watercourse at three different locations. It is advised that the Engineers use the same
crossings for the underground cables and roads. The proposed Underground cables from the

field transformers are shown in Figure 1-2.
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‘Corridors’ indicating the permissible area for the alignment of the underground cable
crossings

GPS coordinates of the approximate centre of

°50'30.71" 24°21'31.35"E
the corridor for Cable Crossing No. 1. 3075030 S and 31.35

GPS coordinates of the approximate centre of

°50'34.12" 24°22'10.38"E
a corridor for Cable Crossing No. 2. 30°50°3 S and 6.38

GPS coordinates of the approximate centre of

30°49'43.34"S and 24°21'40.04"E
the corridor for Cable Crossing No. 3.

Approximate Centre of PV Block where the on-
site substation, operational area,
construction camp and possibly a borrow pit, 30°50'41.36"S and 24°21'50.46"E
will be located.

Figure 1-3: Proposed Underground cables from the field transformers
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1.1.4 Distribution line

The planned 66 kV to 132 kV distribution line from the on-site substation on Phase 3 to Phase
2 will intersect a watercourse. The proposed planned 66 kV to 132 kV distribution line is shown
in Figure 1-4.

/ 3 Approximate Centieiaf; Gonndor forDistbltion Line Erassing

Google Earth

Ephemeral channel

Seepage wetland

Ecological buffer (20 m)

Visual sensitivity buffer (200 m) from the property boundary

‘Corridor’ indicates the permissible area for the alignment of the planned distribution line

(66 kV to 132 kV) crossing
GPS coordinates of the approximate centre of
the corridor for the planned distribution 30°50'53.01"S and 24°21'45.53"E
line (66 kV to 132 kV) crossing.

Approximate Centre of PV Block where the on-
site substation will be located. 30°50'41.36"S and 24°21'50.46"E

Figure 1-4: Planned 66 kV to 132 kV distribution
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1.1.5 Road crossings
A total of six (6) road crossings will be required to access the different PV Blocks of the Solar

PV facility, which is fragmented by the watercourse (refer to Figure 1-5). Existing two-track
road crossings occur within the corridors demarcated for Road Crossing Numbers 1, 2, 3 and 6
but (except for No. 6) they are at oblique angles to the principal direction of flow within the
watercourse, making them longer than necessary. Consequently, it is advised that the
Engineers realign those crossings, effectively designing new (shorter) crossings (as opposed to
upgrading existing two-track roads) to reduce the physical footprint and scale of the ecological

impact. Pre-cast box culverts or pipes will also be required for the road crossings.
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Goog‘ilié‘ Earth

Ephemeral channel

Seepage wetland
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. . 30°49'44.71"S and 24°20'58.69"E
the corridor for Road Crossing No. 1.

GPS coordinates of the approximate centre of

. X 30°50'12.56"S and 24°21'24.97"E
the corridor for Road Crossing No. 2.

GPS coordinates of the approximate centre of

. . 30°50'34.12"S and 24°22'10.38"E
the corridor for Road Crossing No. 3.

GPS coordinates of the approximate centre of

30°50'30.71"S d 24°21'31.35"E
the corridor for Road Crossing No. 4. an

GPS coordinates of the approximate centre of

30°49'43.34"S d 24°21'40.04"E
the corridor for Road Crossing No. 5. an

GPS coordinates of the approximate centre of

30°50'54.60"S d 24°21'45.87"E
the corridor for Road Crossing No. 6. an

Figure 1-5: Proposed road crossings
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1.2 The objective of this report

The objectives of this study, were as follows:
e Evaluate the site's hydrological setting (i.e., climate, rainfall, drainage, etc.).

e Determine the 1:10, 1:20, 1:50, and 1:100-year peak flows for the drainage streams

associated with the project area.

¢ Develop a conceptual stormwater management plan (CSWMP) to provide mitigative

steps to circumvent erosion and control stormwater runoff.
e Undertake a hydrological risk assessment and compile mitigation measures; and

e Compile surface water and stormwater monitoring plan to monitor the impact on the

receiving environment.
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1.3 Scope of Work

The scope of work completed, was as follows:
1. Baseline Hydrology Review:
a. Hydro-meteorological data collection and analysis.
b. Catchment delineation and drainage characteristics.
c. Determination of catchment hydraulic and geometric parameters.
2. Peak Flows & Flood Line Modelling:

a. Peak flood volume calculation for the 1:10, 1:20, 1:50, and 1:100-year

recurring events.

b. Flood line modelling using HEC-RAS hydraulic software - 1:50 and 1:100-year

flood lines were presented; and
c. Analysis of the modelling results.
3. Conceptual Storm Water Management Plan and Stormwater Monitoring:
a. ldentification of stormwater sub-catchments (i.e., clean and dirty areas)

b. Determination of stormwater flows and volumes (1:10, 1:20, 1:50 and

1:100- yr return periods) were undertaken.

c. Indication and explanations of the placement of stormwater attenuation

infrastructure were offered.

d. A stormwater monitoring system plan was drafted, to ensure that the

stormwater discharge impact on the environment is managed and controlled.

4. Risk assessment:

a. A hydrological risk assessment was undertaken, to contextualize the potential

surface water risk of the project.
5. Surface Water Monitoring Plan:
a. A surface water monitoring plan was developed.
6. Reporting
a. This report was compiled, composing the components above.
1.4 Study relevance to the season in which it was undertaken
This study was undertaken as a once-off study and relies on historical hydrological and climate
data for the site; as well as recognized hydrological and water resource databases for South
Africa. Data generated during the time of this study is not seasonally bound, even though low

and high flow yield estimates were evaluated, as average yearly data was applied where

required and as scientifically acceptable.
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DE AAR PHASE 3 - SITE LOCALITY & DRAINAGE
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2 METHODOLOGY

The methodological approach for the study is described in the sub-sections below.

2.1 Legal considerations
The National Water Act, (Act 36 of 1998) (NWA) governs the use of water and protection of

water resources in South Africa. There are two sets of regulations on water use thus far:

e Government Notice No. 704, 4 June 1999, National Water Act, 1998 (No. 36 of 1998):
Regulations on the use of water for mining and related activities aimed at the

protection of water resources (GN704).

e Government Notice No. 1352, 12 November 1999, National Water Act, 1998 (No. 36 of

1998): Regulations requiring that water use be registered.

In terms of Section 144 of the National Water Act of 1998 (Act 36 of 1998), a flood line,
representing the highest elevation that would probably be reached during a storm with a
return interval of 100 years, must be indicated on all plans for the establishment of townships.
The term, “establishment of townships” includes the subdivision of stands or farm portions in
existing townships/development, if the 100-year flood lines are not already indicated on these

plans, or when the land-use category of a particular portion of land is changed.

The National Environmental Management Act (Act 107 of 1998) (NEMA) stipulates that all
relevant factors be considered for proposed developments to ensure that water pollution and
environmental degradation are avoided. Section 2 of the Act establishes a set of principles
that apply to the activities of all organs of the state that may significantly affect the

environment. These include the following:
e Development must be sustainable
e Pollution must be avoided or minimized and remedied
e Waste must be avoided or minimized, reused or recycled

e Negative impacts must be minimized.

The requirements laid down by the National Building Regulations and Building Standards Act
(Act 103 of 1977) in terms of development within the 1:50-year flood line area are based only
on safety considerations without proper consideration and understanding of the underlying
natural streamflow processes. The Town Planning and Townships Ordinance (Ordinance 15 of
1986) also makes provision in Regulation 44(3) for the extension of flood line areas up to 32 m
from the centre of a stream in instances where the 1:50-year flood line is less than 62 m wide
in total (CSIR, 2005).
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Appendix 6 of GN 326 EIA Regulation 2017 regulations further govern hydrology assessments
for ElAs. This hydrology report conforms to Appendix 6 of the EIA regulations, which include

the following aspects (where applicable to this study) to be addressed:
(a) Details of:
(i) The specialist who prepare the reports; and

(ii) the expertise of that specialist to compile a specialist report including a curriculum

vitae

(b) Declaration that the specialist is independent in a form as may be specialities by the

competent authority
(c) Indication of the scope of, and purpose for which, the report was prepared
(cA) Indication of the quality and age of base data used for the specialist report

(cB) A description of existing impacts on the site, cumulative impacts of the proposed

development and levels of acceptable change

(d) Duration, Date and seasons of the site investigation and the relevance of the season to the

outcome of the assessment

(e) Description of the methodology adopted in preparing the report or carrying out the

specialised process include of equipment and modelling used

(f) Details of an assessment of the specifically identified sensitivity of the site related to the
proposed activity or activities and its associate’s structures and infrastructure, inclusive of a

site plan identifying alternative
(g) Identification of any areas to be avoided, including buffers

(h) Map superimposing the activity and associated structures and infrastructure on

environmental sensitivities of the site including areas to be avoided, including buffers
(i) Description of any assumptions made and uncertainties or gaps in knowledge

(j) A description of the findings and potential implications of such findings on the impact of

the proposed activity including identified alternatives on the environment or activities
(k) Mitigation measures for inclusion in the EMPr

(1) Conditions for inclusion in the environmental authorisation

(m) Monitoring requirements for inclusion in the EMPr or environmental authorisation
(n) Reasoned opinion -

(i) as to whether the proposed activity, activities or portions thereof should be

authorised.

(iA) regarding the acceptability of the proposed activity or activities; and
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(ii) if the opinion is that the proposed activity, activities or portions thereof should be
authorised, and avoidance, management, and mitigation measures should be included

in the EMPr, and where applicable, the closure plan

(o) Description of any consultation process that was undertaken during preparing the specialist

report

(p) A summary and copies of any comments received during any consultation process and

where applicable all responses thereto.

(q) Any other information requested by the competent authority.

2.2 Hydrological overview

Hydrometeorological data for the study area were obtained from various sources including the
South African Water Resources Study WR2012 database (Bailey & Pitman, 2015), South African
Atlas of Agrohydrology, and Climatology (Schulze, 1997), and the Daily Rainfall Data Extraction
Utility (Lynch, 2004). Moreover, sources such as the Koppen Climate Classification (Kottek, et
al., 2006), World Climate Data CMIP6 V2.1 (Eyring, 2016), and Meteoblue (Meteoblue, 2022)

were used to refine hydrological data.

These sources provided means of determining the Mean Annual Precipitation (MAP), Mean
Annual Runoff (MAR), and Mean Annual Evaporation (MAE) of the study site as well as the
design rainfall data. Data was applied to the site water balance calculations, runoff peak flow
estimates for flood line modelling and stormwater runoff peak flow estimates for stormwater

system sizing (where applicable to this study).

2.2.1 Catchment description and delineation
A 30 m Digital Terrain Model (DTM) data from the Advanced Land Observing Satellite (ALOS)

(JAXA, 2022) were used to delineate the area draining to the streams relevant to this study,
sub-catchment flow path as well as to derive river geometry characteristics. These
characteristics (area, slopes, and hydraulic parameters) are used to parameterize the site

hydraulic model for flood line modelling, water balance modelling or stormwater modelling.

2019 South African (SA) National Land Cover data (DEA, 2019) was used to characterize the

sub-catchment vegetation and derive manning surface roughness (n-values) coefficients.

2.2.2 Design rainfall and peak flow
The Design Rainfall Estimation Software (Smithers & Schulze, 2002) data from the rainfall

stations surrounding the study site were used to calculate the 24-hour design rainfall depths
for various return periods. Critical storm durations for Rational Methods Alternative 3 were

calculated using the Modified Hershfield Equation (Adamson, 1981).
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The streams/drainage sections that were modelled applying the three widely used methods
were used to calculate 1:10, 1:20, 1:50, and 1:100-year peak flows. These are the Rational
Method, Midgley and Pitman (MIPI), and the Standard Design Flood (SDF) methods. A brief

description of each of the peak flow methods can be seen in Table 2-1, below.

Methodologies for using the applied peak flow models are explained broadly in the South
African Drainage Manual (SANRAL, 2013). Calibration of the runoff coefficients for the drainage
areas was guided by the manual, the understanding of the runoff-generating processes as well
as land cover attributes. The resulting peak flows calculated using the selected methods were

evaluated and conservative values provided inputs into the 1D HEC-RAS flood line model.

Table 2-1: Summary of peak flow methods

Rational Method

The rational method was developed in the mid-19th century and is one of the most widely
used methods for the calculation of peak flows for small catchments (< 15 km?). The
formula indicates that Q = CIA, where I is the rainfall intensity, A is the upstream
runoff area and C is the runoff coefficient. Q is the peak flow. There are 3 alternatives
to the Rational Method which differ in the methodology used to calculate rainfall
intensities. The first alternative (RM1) uses the depth-duration frequency relationships
approach, the second uses the modified Hershfield equation and the third alternative uses

the Design Rainfall software for South Africa (SANRAL, 2013).

Midgley and Pitman

The Midgley and Pitman (MIPI) method is an empirical method that relates peak discharge
to catchment size, slope, and distance from the drainage point to the centroid of the
catchment (Campbell, 1986). The MIPI method uses 10-unit hydrographs for 10 zones in
South Africa. The method does not consider overland flow as a component separate from

streamflow but considers only the total longest flow path (Campbell, 1986).

Standard Design Flood Method

The Standard Design Flood (SDF) method was developed specifically to address the
uncertainty in flood prediction under South African conditions (Alexander, 2002). The
runoff coefficient (C) is replaced by a calibrated value based on the subdivision of the
country into 26 regions or Water Management Areas (WMAs). The design methodology is
slightly different and looks at the probability of a peak flood event occurring at any
one of a series of similarly sized catchments in a wider region, while other methods

focus on point probabilities (SANRAL, 2013).
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2.3 Flood line modelling

A 30 m ALOS digital terrain model (DTM) (JAXA, 2022) was used to derive the hydraulic and
river geometry parameters. River/stream cross-sections and flow paths were prepared using
RAS Mapper software and provided input into a 1D HEC-RAS (US Army Corps of Engineers, 2016)
flood model. Visual assessment of riverbanks from the Google Earth Imagery and land cover
types (DEA, 2019) was used to estimate the Manning’s n coefficients along the
river/streamlines. The 1:50 and 1:100-year flood lines were generated and mapped in Global
Mapper and ArcGIS (ESRI, 2018).

2.4 Conceptual stormwater management plan (CSWMP)
The SWMP was designed in conjunction with the provided existing infrastructure layout plans
and available topographical data. The Rational Method was applied to determine stormwater

peak flows (sub-catchments <15km2)

The conceptual SWMP was designed to consider relevant South African legislation - the
National Water Act (1998) (NWA, 1998) and the Council for Scientific and Industrial Research
(CSIR) Human Settlement Planning and Design guidelines (CSIR, 2005).

2.5 Hydrological risk assessment
As per GNR 982 of the EIA Regulations (2014), the significance of potential hydrological impacts
was assessed. The risk assessment methodology and ratings applied to the study area and

proposed activities are available in Appendix A.

2.6 Surface water monitoring plan
The monitoring network is based on the principles of a monitoring network design as described
by the DWAF Best Practice Guidelines: G3 Monitoring (DWAF, 2007). The methodological

approach that the monitoring plan follows is represented in Figure 2-1, below.

22-0076 01 September 2022 Page 5 w



Ecoleges Environmental Consultants De Aar Solar - Phase 3

Design initial

Audit monitoring
monitoring programme or
programme and changes to
recommend existing
changes monitoring
programme
Implement
initial
monitoring
in;g?:g:;on programme or
and data chaqge§ to
existing
monitoring
rogramme

Collect and
capture data

Figure 2-1: Monitoring Process

A surface water monitoring plan was drafted and is based on the hydrological risks identified

for the site and stormwater/natural runoff from the site.
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3 SITE OVERVIEW AND HYDROLOGY

As mentioned previously, the project falls within quaternary catchment D62D of the Orange
Water Management Area (WMA) (DWS, 2016). The topography of the study area is generally
flat with elevations on the site typically ranging from 1335 to 1370 metres above mean sea

level (mamsl).

3.1 Sub-catchments / hydrological response units (HRUs)

Three (3) hydrological response units (HRUs) describe the natural drainage for the study area
(using a 1:10 000 stream count and 20m DTM fill) - refer to Figure 1-6 and Figure 3-1. The
HRUs delineated correspond well to known non-perennial rivers and drainage lines associated

with the site.

Drainage in the HRUs is towards the northwest in the form of a multitude of non-perennial
drainage lines, which drains towards the non-perennial Brak River, situated approximately
6.6km downstream west of the site. There are several in-stream water storage dams
associated with the non-perennial streams in the study area. Three (3) small capacity surface
water storage dams (capacity and license status currently unknown) fall within the proposed

development area (in the non-perennial drainage lines).

A site walkover assessment was undertaken during the week of the 7 to 11% of March 2022 to

confirm drainage lines and surface water resources. The following was noted:

e Three (3) surface water storage dams were noted in the Phase 3 area, capacities
estimated at 2500 m3, 8 200 m? and 2 984 m? (downstream to upstream in the non-

perennial drainage stream).

e Two (2) windmills were noted in the project area. The windmills are used for livestock
watering. Both windmills pump to an artificial pond, respective to the windmill

positions. The landowner estimates a yield of 1000 /hour for both windmills.

¢ No clearly defined drainage channels could be located in the field. It was observed
that the topography is such that there is drainage from various areas with no clearly
defined flow paths. As such, sheet flow from micro-sub catchments towards lower
topographical areas or isolated depressions forms temporarily flooded areas. Irregular
occurrences of ponded water were visible across the project area, even in areas with

no defined drainage lines or stream channels.

The majority of the Phase 3 development (both Area 1 and 2) fall within HRU2 (about 96% of
the total development area) with the northern extent of Area 2 falling in HRU3 (about 2%) and
a small portion of Area 1 falls in HRU1 (about 2%).
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3.2 Land cover and slope

Thicket low shrubland, fynbos, succulent karoo, natural lakes, natural rock surfaces and dune
sand types dominate the sub-catchment (DEA, 2019) - refer to Figure 3-1. The land cover data
were used to classify land types into 4 groups, as presented in Table 3-1. The slope rise (%)

for each HRU was determined using an ALOS 30mDTM and can be seen in Figure 3-2.

Table 3-1: Sub-catchments and summary of land cover types

Sub-Catchment HRU1 HRU2 HRU3
Area (km?) 30.08 21.738 53.932

Longest Drainage Line (km) 9.92 4.87 9.47
Average Slope (%) 0.46% 0.56% 0.45%
<3 78.56% 82.01% 80.17%
3-10 19.88% 16.51% 19.02%

Slope (%)
10-30 1.49% 1.48% 0.81%
>30 0.07% 0.00% 0.00%
Thick bush & plantation 0.02% 0.00% 0.01%
Land Light bush & farmlands 93.67% 97.25% 94.66%
Cover Grasslands 1.48% 0.00% 2.44%
No Vegetation 4.84% 2.75% 2.89%
01 September 2022 Page 8
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DE AAR PHASE 3 - LAND COVER (SANLC, 2019)
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Figure 3-1: Sub-catchment land cover types (SANLC, 2019)
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DE AAR PHASE 3 -SLOPE % RISE

Figure 3-2: Sub-catchment slope rise (%)
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3.3 Local geology and soils

According to the 1:1 000 000 series geology map for the area (ESRI Geology Map Series, 2022),
the geology of the study area can be described as being underlain by flat-lying sedimentary
rocks of the Karoo Supergroup, which have been intruded by innumerable sills and dykes of

dolerite.

According to the Land types of South Africa databases (ARC, 2006), the soils in the area fall
within the Ae land type. These are typically freely drained, red, eutrophic, apedal soils that
comprise >40% of the land type (yellow soils comprise <10%). Calcrete soils are also prevalent

as a result of the climatic conditions and underlying parent material.

3.4 Climate

Climate, amongst other factors, influences soil-water processes and stormwater peak flows.
The most influential climatic parameter is rainfall. Rainfall intensity, duration, evaporative
demand, and runoff were considered in this study to indicate rainfall partitioning within the

project area.

3.4.1 Temperature
The average yearly temperature (refer to Figure 3-3) for the project area ranges from 15 to

36 C (high) and -4 to 16 “C (Low). The study area is situated in a cold semi-arid (steppe)
climate (BSk) as per the Koppen Climate Classification (Kottek, et al., 2006). Hence, the area
receives more rainfall in the high-sun half of the year (October through March in the Southern

Hemisphere). The area falls within a spring-to-summer rainfall area.

Average Temperatures
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-10
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Figure 3-3: Average yearly temperatures (Meteoblue, 2021)
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3.4.2 Wind speed and direction
Figure 3-4 shows the wind rose for the project area (the site used as a reference site) and

presents the number of hours per year the wind blows from the indicated direction. Wind
generally blows from all directions, with predominant stronger winds more frequently coming
from ESE, ENE and W directions. Precipitation intensity during wind will likely cause intensity

changes on slopes perpendicular to the wind direction, throughout the year.

NNW 1000 NNE

WNW

ENE

w

wsw ESE

sw SE

0 >1 ®>12 @®>19 @>28 @ >38 >50 @ >61km/h

>S5 ‘
Figure 3-4: Wind rose (Meteoblue, 2021)
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3.4.3 Rainfall and evaporation
The project area is situated in rainfall zone D6C. The rainfall data used to calculate Mean

Annual Precipitation (MAP) was obtained from rainfall station 0170639W (station Rooiwal
situated 12km N of the site). Available rainfall data suggest a MAP ranging from 112.4 (30t
percentile) to 738.9 (90t percentile) mm/yr, based on a historical record of 69 years (i.e.,
1920 to 1989). The average rainfall is in the order of 320 mm/yr. Design rainfall data (Station:
Rooiwal) suggest a MAP in the order of 319 mm/yr - hence the data is in the same order of
magnitude. Monthly rainfall for the site is likely to be distributed as shown in Figure 3-5,
below.

The site falls within evaporation zone 17A, of which Mean Annual Evaporation (MAE) ranges
from 2 000 to 2 150 mm/yr. The MAE far exceeds the MAP for the site, which implies greater
evaporative losses when compared to incident rainfall. Due to evaporation being about 85%
more than local rainfall, non-perennial streams and rivers will only have water when there are
flooding events (i.e., 1:2, 1:5, 1:50 and 1:100 year flood events). Monthly evapotranspiration

for the site is likely to be distributed as shown in Figure 3-5, below.
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Figure 3-5: Rainfall distribution (station 0170639W) (WRC, 2015)
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3.4.4 Runoff

Runoff from natural (unmodified) catchments in Catchment D62D is simulated in WR2012 as

being equivalent to 3.1 mm/yr over the surface area (WRC, 2015). This is equal to

approximately 0.9% of the MAP and amounts to approximately 7.4 Mm3/yr over the surface of

the quaternary catchment. Runoff is directly related to rainfall intensity, and longer

precipitation events, closure rainfall occurrences/frequencies and precipitation intensity

events will drive runoff formation. Monthly runoff is distributed as shown in Figure 3-6, below.

Monthly Runoff (mm)

Estimated Monthly Runoff - Catchment D62D (WR2812)

Month

e 10th Percentile s 38th Percentile

e 10th Percentile 0.0 0.0 0.0 0.9 0.0 0.0 2}
e 30th Percentile 0.0 0.0 0.0 0.0 0.0 0.1 (4]
50th Percentile 0.0 0.0 0.0 0.9 0.1 0.2 Q.
70th Percentile 0.0 6.0 6.1 9.1 8.2 0.6 4]
e 00th Percentile 0.1 0.3 8.5 0.6 1.7 3.4 1
- em = Average 8.1 6.1 0.2 9.3 8.7 1.1 4]
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Figure 3-6: Simulated runoff for quaternary catchment D62D (WRC, 2015)
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3.1 Hydrogeology and depth to groundwater

The hydrogeology map for the study area (2924 Bloemfontein - 1:500 000 hydrogeology series)
the hydrogeology of the study area is characterised by argillaceous rocks (sedimentary rocks
consisting of shale, mudstone and subordinate siltstone). Groundwater is generally associated
with intergranular and fractured occurrences in sedimentary rock. Groundwater is generally
observed in bedding planes in shale or interbedded sandstone of the Beaufort Group and
jointed and fractured contact zoned between sedimentary rocks and dolerite dykes (Meyer,
P.S., Chetty, T., Jonk, F., 2002). The aquifer underlying the study area is considered a
moderate-high-yielding aquifer (median yields of 0.5 to 2 l/sec). According to WR2012 (Bailey
& Pitman, 2015) and DWAF GRAIl (DWAF, 2006) data, the groundwater level in the study area

on average is in the order of 6.9 mbgl (metre below ground level).

3.2 Wetland and ecological areas

Based on available National Wetland Freshwater Ecosystem Priority Areas (NFEPA) (Van
Deventer, 2018) the non-perennial drainage streams associated with the site are classified as
riverine wetland systems (to be confirmed by the wetland assessment report - not part of this
study). The screening assessment also indicates that the footprint for Area 1 and Area 2
infringe on the wetlands and non-perennial rivers, and the aquatic biodiversity rating is very
high (refer to Figure 3-7). It is understood that the footprints will further be refined after a

dedicated aquatic and wetland study has been undertaken.
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Figure 3-7: Ecological no-go areas (red) (Ecoleges, 2022)
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3.3 Present ecological state (PES), ecological importance and sensitivity (EIS)
and Ecological Water Reserve (EWR)

Table 3-2 provides a summary of the PES, EIS and EWR (as a percentage of the MAR) for the

quaternary catchments.

Table 3-2: Summary of PES, EIS and EWR

Reserve (EWR) %
Quat PES EIS of NMAR Source
A Desktop
D62D Clasps/logifli_zzgely Low-Marginal 30 to 40% Determination
(DWAF, 2003)
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4 WATER QUALITY

The following section supplies an overview of the surface water (SW) and groundwater (GW)

chemistry for the site. Data were derived from field and literature sample data.

4.1 Groundwater quality

The groundwater quality for the region will be variable and will depend on the underlying
geology and hydrogeology characteristics associated with groundwater recharge (i.e., older
rock and aquifers with ion exchange will have higher EC, and recently recharged more
permeable younger rocks will have lower EC). Literature and available hydrogeology maps for
the area (refer to Figure 4-1) suggests that the electrical conductivity (EC) for the underlying
aquifers generally ranges from 70 to 300 mS/m (milli Siemens/metre). The pH for the region
ranges from 6 to 8. This means that groundwater abstracted from the aquifer can generally

be used for domestic and recreational use (DWAF, 1996b).
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Figure 4-1: Groundwater quality (Meyer, P.S., Chetty, T., Jonk, F., 2002)

4.2 Surface water quality

An in-situ pH/EC/TDS meter was used in the field to evaluate surface water quality on a
preliminary level. The only surface water bodies in the area that had water were the storage
dams (which had some water after the rain a couple of days before this investigation),
constructed in the non-perennial stream between Phase 3 Area 1 and Area 2. pH for screening

sites ranged from 7.1 to 7.5, and EC ranged from 10 to 15 mS/m.
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5 PEAK FLOWS AND FLOOD LINE ASSESSMENT

Flood peak flows for the delineated sub-catchments were calculated using the Rational
(Method 3), Midgley and Pitman (MIPI) and the SDF methods (refer to Appendix C). Design

rainfall was retrieved from station 0170639W [station Rooiwal situated 12km N of the site].

and used to calculate peak flow volumes. Table 5-1 provides a summary of the design rainfall

data used to calculate peak flows. The upper “U” rainfall intensity values were used, and

catchment-based time concentration estimates, in the estimation of the return period peak

flows.
Table 5-1: Summary of design rainfall data used for peak flow estimates
. Return Period (years)

Duration
2 5 10 20 50 100 200
5 min 9.1 12.8 15.6 18.4 22.4 25.5 28.9
10 min 12.6 17.8 21.6 25.5 31 35.4 40.1
15 min 15.3 21.6 26.1 30.9 37.5 42.9 48.6
30 min 18.8 26.6 32.2 38.1 46.2 52.8 59.8
45 min 21.2 30 36.4 43 52.2 59.6 67.6
1 hr 23.1 32.7 39.6 46.8 56.9 65 73.7
1.5 hr 26.1 36.9 44.8 52.9 64.2 73.4 83.2
2 hr 28.5 40.2 48.8 57.7 70 80 90.7
4 hr 33.7 47.7 57.8 68.3 82.9 94.8 107.4
6 hr 37.3 52.6 63.8 75.4 91.6 104.6 118.6
8 hr 40 56.4 68.4 80.9 98.2 112.2 127.2
10 hr 42.2 59.6 72.2 85.4 103.7 118.5 134.3
12 hr 44.1 62.3 75.5 89.3 108.4 123.9 140.4
16 hr 47.3 66.8 81 95.8 116.3 132.9 150.7
20 hr 50 70.6 85.6 101.1 122.8 140.3 159.1
24 hr 52.2 73.8 89.5 105.8 128.4 146.7 166.3
1 day 44.2 62.4 75.6 89.4 108.6 124.1 140.6
2 days 51.6 72.9 88.3 104.4 126.8 144.9 164.2
3 days 56.5 79.8 96.7 114.3 138.8 158.6 179.8
4 days 60.7 85.7 103.9 122.8 149.2 170.4 193.2
5 days 64.2 90.6 109.9 129.9 157.8 180.2 204.3
6 days 67.2 94.9 115 136 165.1 188.6 213.8
7 days 69.8 98.6 119.5 141.3 171.6 196.1 222.3
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5.1

Pre-development peak flows

Calculated peak flows are summarised in Table 5-2, and shown in Figure 5-1. The rational

method (RM3), SDF and MIPI methods produced peak flows in the same order of magnitude.

The Geometric Mean of the dataset was applied to the HEC-RAS model. The flood line

assessment is aimed at providing a worst-case inundation scenario to evaluate potential

flooding risks associated with the non-perennial drainage lines in the study area. For drainage

lines that contribute to the peak flow in a particular HRU, the peak flows were normalised to

the area contributing to the flow.

Table 5-2: Summary of design peak flows for the delineated sub-catchments (m3/s) -
Pre-Development
Method
RM (3) SDF MIPI Geometric Mean
Catchm
ent 1:20 | 1:50 | 1:100 | 1:20 | 1:50 | 1:100 | 1:20 | 1:50 | 1:100 | 1:20y | 1:50 | 1:100
yr yr yr yr yr yr yr yr yr r yr yr
(m3/s)
HRU1 17.0 | 25.6 | 35.3 | 45.2 | 67.7 | 86.6 | 36.9 | 51.2 | 64.5 31 45 58
HRU2 19.5 | 27.4 | 37.8 | 50.6 | 75.7 | 96.9 | 43.2 | 59.9 | 75.6 34 50 65
HRU3 29.4 | 30.7 | 42.3 | 52.8 | 79.0 | 101.1 | 45.6 | 63.2 | 79.8 37 54 70
180.0 Compared Peak Flow Calculations
166.0
146.0
126.0
{!196.6
E 86.0
60.0
46.0
“ ot el W 1 18
o M
1:20yr 1:50yr 1:108yr 1:20yr 1:50yr 1:10dyr 1:20yr 1:50yr 1:100yr
RM (3) SDF MIPI
m HRU1 HRU2 mHRU3 Method
Figure 5-1: Calculated peak flows - pre-development
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5.2 Post-development peak flows

Due to the project type (i.e., installation of solar arrays which will likely promote runoff from
the PV panels onto the surrounding land), there may be an increase in stormwater peak flows
that may contribute to increased flooding potential. However, visiting other solar farms in the
project area (refer to Table 5-3) suggest that vegetation on the land surface will remain fairly
similar even after PV panels are installed (i.e., natural vegetation will be kept, and panels

will be mounted on 1.5 to 3 m standpipes).

Research into the impact of solar-farm panels on runoff rates and volumes indicates that solar
panels do not have a significant impact on runoff volumes, peak rates or time to peak rates
when the ground below the panels is vegetated. Accounting for changes in soil type, slope
angle and rainfall intensity, ground cover beneath solar arrays was found to have the most
significant impact on runoff rates. On this basis, if vegetation cover beneath the solar arrays
is maintained, no significant increase in surface-water runoff is anticipated compared to
greenfield runoff rates (WHS, 2022).

It is therefore anticipated, that maintaining natural vegetation cover will assist in preventing
increases in peak flow to the non-perennial streams/rivers. Hence, a marginal impact in terms
of post-development peak flows on a sub-catchment scale is anticipated. There may be some
local flooding/ponding due to the many topographical depressions in the study area. However,
on-site stormwater management will help to prevent erosion from areas where panels are
installed, and the water that flows from the panels onto the land surface would need to be
controlled per solar array. It is predicted that there may only be an impact on the sub-
catchment flood peak flows, if severe erosion and vegetation clearing activities take place,

with inadequate stormwater management.
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Table 5-3: Example of nearby solar farms and configurations

Photograph 1 - De Aar Solar Photograph 2 - De Aar Solar

5.3 Flood line modelling

5.3.1 Software
HEC-RAS 6.1 (September 2021) was used to model the flood elevation profile for the 1:50 and

1:100-year flood events. HEC-RAS is a hydraulic programme designed to perform one-
dimensional hydraulic calculations for a range of applications, from a single watercourse to a
full network of natural or constructed channels. The software is used worldwide and has

consequently been thoroughly tested through numerous case studies.

5.3.2 Topography profile data
A triangulated irregular network (TIN) from the 30m DTM (JAXA, 2022) forms the foundation

for the HEC-RAS model and was used to extract elevation data for the river profile together
with the river cross-sections. Furthermore, the TIN was used to determine placement positions
for the cross-sections along with the river profile, such that the watercourse can be accurately
modelled to the resolution of the provided topographical data. The positions of the river
sections were further refined, by evaluating Google Earth Imagery and its correlation to the
DTM elevations (i.e., does the actual position of a river/stream correlate to the sub-catchment

drainage line generated).
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5.3.3 Manning’s roughness coefficients
Manning’s roughness factor (n) is used to describe the channel and adjacent floodplain's

resistance to flow. A Manning factor of 0.035 to 0.045 best represents the frictional
characteristics of both the micro-catchment drainage areas, non-perennial channels and bank
areas. This is due to isolated flow paths noted in the field, with a mixture of dense shrubs and

karoo bushels.

5.3.4 Inflow and boundary conditions
Based on the HRUs and the confirmed drainage lines/ streams in the project area, a total of

three (3) HEC-RAS rivers were defined, consisting of both critical depth (upstream) and normal
depth slope boundary conditions. The normal depth slope was determined based on the ALOS

DTM slope rise for the given sub-catchment drainage line.

5.3.5 Hydraulic structures
No hydraulic structures were identified in the study area, other than weirs in known non-

perennial drainage areas (which form dams) and railway box culverts along the railway in the

project area.

Hydraulic structures were not incorporated into the HEC-RAS model. Modelling these hydraulic
structures would have been hampered by the lack of good resolution topographical data
(better than 30m ALOS data), as such, including these structures would have been ineffective
in the hydraulics of the streams as well as ineffective areas that were raised (i.e., roads, dam

walls, buildings, culverts etc.)

5.3.6 Model assumptions
In line with the development of the flood lines, the following assumptions were made:

e The topographic data provided was of sufficient accuracy and coverage to enable

hydraulic modelling at a suitable level of detail.

e The Manning’s ‘n’ values used are considered suitable for use in the flooding events

modelled, representing all the channels and floodplains.

e No abstractions or discharges into the stream sections were considered during the

modelling.

e Hydraulic structures, other than the water storage dams, were not entered into the

model due to the resolution of available topography data.

e Steady-state hydraulic modelling was undertaken, which assumes the flow is

continuous at the peak rate; and

e A mixed flow regime that is tailored to both subcritical and supercritical flows was

selected for running the steady-state model.
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5.4 Model results

The 1:50 and 1:100-year flood areas are shown in Figure 5-2. As no clearly defined non-
perennial drainage channels occur, ponded flood occurrence zones were produced by the HEC-
RAS model. This is due to the micro-catchment style drainage associated with the project

area.

5.5 Site-specific sensitivity & buffers (avoidance areas)

Depending on the season in which the flood occurs (i.e., winter where there is less vegetation
vs summer where there is more vegetation) the area will be prone to sedimented runoff and
flood path erosion. This is based on the fine sedimentary sands that cover the study area,

being more compacted in depressional areas and less compacted near hilltops.

The flood lines also suggest a low flooding risk associated with the project area, as no clearly
defined drainage lines occur. Micro-sub catchment sheet flow towards lower laying areas
within the non-perennial river flood plains is likely to dominate flood propagation, and isolated
flooded areas are predicted to occur. As such, no clearly defined exclusion zones/protection

buffer areas could be mapped.

However, care should be taken in areas where development does take place within the likely
flooding zones. For these areas, proper flooding protocols (i.e., ensure drainage and
stormwater systems are put in place to minimize flooding potential) and erosion prevention

measures should be implemented.

5.6 Limitations

Steady-state flood modelling was undertaken which is a conservative approach as it ignores
the effect of storage within the system and therefore produces higher flood levels than would
be expected to occur. A steady-state model will result in worst-case (conservative) estimates
of flooding, and resultant flood levels and floodplain extents would decrease if unsteady state

modelling were undertaken using an inflow hydrograph as opposed to continuous peak flow.

Despite the above mentioned, the manning coefficients for the vegetation observed, and the

medium-low resolution topographic data, the flood risk to the surface infrastructure has been

adequately assessed for the project area. No further flood modelling work is considered

necessary and would only be considered necessary when more detailed topographical data is

available.

22-0076 01 September 2022 Page 23 w



Ecoleges Environmental Consultants

De Aar Solar - Phase 3

DE AAR PHASE 2 & 3 - FLOOD LINES / FLOO!
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6 CONCEPTUAL STORMWATER MANAGEMENT PLAN

The following section describes the CSWMP developed and is based on available hydrological

data and site layout data.

6.1 Aim of the stormwater management plan
The CSWMP aims to:

e |llustrate likely stormwater sub-catchments (HRUs) and preferential overland runoff

flow paths.
o Determine likely dirty and clean water HRUs (if any).

e Provide water containment and diversion systems to prevent the mixing of clean and

dirty water, prevent soil erosion and flooding; and

e Attenuate stormwater back to the natural environment.

6.2 Existing stormwater infrastructure

As the solar farm is zoned on agricultural land, no stormwater infrastructure occurs on-site.

6.3 Delineation of clean and dirty water areas
Based on the nature of the project (raised PV solar arrays on pipe stand, and vegetation kept

intact during the construction and operational phase of the project) no dirty stormwater

generation areas are anticipated. As all stormwaters will be subjected to micro-catchment

style stormwater runoff, and concentrated rainfall volumes from the PV panels onto the soils,
erosion and sediment transport will likely take place. However, this will depend on the density

of the vegetation cover surrounding the PV arrays and stormwater peak flow.

Efforts should be made in managing runoff from the PV panels and arrays onto the soils, and

then manage the distribution of the accumulated water back to the environment.

6.4 Assumptions
The following assumptions pertain to the CSWMP:

e The ALOS DTM used to delicate the sub-catchments are of sufficient resolution to

accurately describe the runoff from the site(s).
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6.5 Stormwater peak flows

Based on the operation philosophy of the proposed solar farm (which entails maintaining
vegetation cover and pre-construction land capabilities) and supporting literature data for
impacts on runoff from solar arrays (WHS, 2022, and PDEP, 2019), the soils & vegetation cover

around the solar arrays govern stormwater runoff and sedimentation.

The rational method was used to calculate the stormwater peak flows for the areas designated
for the solar arrays. The soils in the study area have an SCS rating of B/C soil types, with an
erodibility rating of 7. Considering the vegetation cover observed on-site, the land cover
translates to a run-off coefficient (C) in the order of 0.09 (9%). 1:2, 1:10, 1:50 and 1:100 yr

return periods are presented and are tabulated in Table 6-1.

The stormwater infrastructure should be sized to handle these minimum peak flow estimates,

as per the proposed sizing in the next section.

Table 6-1: Stormwater return period estimates for the development areas
PV Area Q2 -m3/s Q10 -m3/s Q50 -m3/s Q100 -m3/s
PH3a 1.47 2.53 3.62 4.14
PH3b 0.90 1.55 2.22 2.54

6.6 Proposed stormwater management measures

6.6.1 Construction phase
During the construction phase, it is recommended that sandbags and temporary berms be

used, to manage stormwater runoff (if storms do occur). It is recommended that the
construction phase take place during the winter months, with a decreased probability of storm
events. Temporary stormwater systems should be sufficient to manage the stormwater at the

site during the construction phase.

6.6.2 Operational phase
Considering the proposed activities, the calculated peak flows and the ecological sensitivity

of the project area, free drainage from the proposed development area is recommended. The
proposed development aims to maintain sheet flow into the watercourse and not create
distinct discharge points or outlets, which would require additional invasive and often
destructive implementation measures (i.e. the digging of a trench, installation of a swale or
digging and placing berms. Refer to Figure 6-1 for a conceptualisation of the preferred

stormwater management system at the site.
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6.6.3 Mitigative stormwater management measures that can be considered, but may
not be required

If a storm event does occur and free drainage back to the environment shows evidence of
erosion and sedimentation, then the following should be considered as mitigative stormwater

measures (refer to Figure 6-2 and numbers assigned to the SW system):

1. It is proposed that vegetated swales be installed downstream of the PV array areas
(along the downstream side of the developments). Depending on the final layout of
the PV array assemblages, vegetated swales can be installed on the bottom sloped
side of the array to further decrease peak runoff volumes from the panels and divert
the water to the lower-lying swales for each area. Connecting vegetated swales as a
type of herringbone system to the final discharge area (i.e., the lowest point
associated with the site) will help to slowly divert any runoff back to the environment

which is generated by the solar panels.

2. At the lowest positions in a given vegetated swale system, an outfall to the
environment should be constructed. It is proposed that for an outfall a vegetated
swale changes into a vegetated discharge area. For additional stormwater control at

the outfall, rock riprap can be considered, along with vegetation cover.

3. Inother areas, free drainage to the environment is recommended, with no installation
of any stormwater systems. In these areas, vegetation cover should be sufficient to

manage stormwater runoff.

To circumvent potential erosion and sedimentation in open and unvegetated areas associated
with the site native species of vegetation in the area should be planted and maintained. The
expansive root systems of these plants provide support to the soil and decrease runoff

potential.
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Proposed stormwater system sizing

The stormwater systems were sized based on the calculated storm peak flows (refer to Section

6.5) and consider at least 150mm freeboard ( refer to Table 6-2). The proposed systems are

subjected to changes if detailed stormwater modelling is undertaken.

Table 6-2: Proposed stormwater systems
ID Type Material Proposed Dimensions

Standard vegetated swale

Y 0<30° (Grassed channel) <
Maximum
design level -
i ¢ Maximum flow Tw ater Quality Volume

: : depth for WO (WO designed to flow
Bt s, v - below vegetation height

Vegetated/grassed e S >

Earth and i i :
lined surface s b : )
1 local
swale (or V-drain
Vegetation Infiltration into
equivalent) underlying stratum Usdordrain ne
hn“ \\‘,“ / . I'.r‘eebavru'
,[ x \i L A P R S //i/ ;
< 2 g
L
D =0.6m, d (design level) = 0.3 m, b =0.4 m x = 30 °
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6.7 Other stormwater considerations

The following should be considered during the live cycle of the project:
e Minimise vegetation disturbance during construction.

e Re-vegetate as soon as possible to establish and maintain good ground cover across

the site.

e Conduct regular inspections and maintenance of the site to ensure that vegetation

cover is adequate, and no rivulets are generated.

6.8 Proposed stormwater monitoring requirements
It is advised that stormwater monitoring take place to ensure that the proposed stormwater

system functions correctly. The following is proposed:

1. Routine hydraulic monitoring (i.e., observations of any blockages in the swale system)

and cleaning out of the stormwater systems.
2. Routine re-vegetation of the swales, to ensure optimum operation.

3. As the stormwater from the site will only be rainfall runoff from the solar panels, and
the sub-stations at the site, no quality monitoring is recommended (i.e., a runoff will

highly likely be clean).
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DE AAR PHASE 3 - CONCEPTUAL STORMWATER MANAGEMENT SYSTEMS (PREFERRED)
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Figure 6-1: Conceptual stormwater management system (preferred - free drainage)
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DE AAR PHASE 3 - CONCEPTUAL STORMWATER MANAGEMENT SYSTEMS (MITIGATIVE)
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Figure 6-2: Conceptual stormwater management system
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7 HYDROLOGICAL RISK ASSESSMENT

The anticipated hydrological risk concerning the construction and operational phases was
assessed. The SPR model (DWAF, 2008) was used to evaluate potential pollution sources and

primary receptors within the study area.

In terms of the proposed development, several hydrological risks during the construction and
operational phase of the development were identified. The potential impacts identified and
environmental significance for the construction and operational phase are listed in Table 7-1
and Table 7-2. The closure phase risk will highly likely be similar to that of the construction

phase.

Based on the SPR model applied to the site, the following potential hydrological risks are
identified:

e Construction phase risk (construction of standpipes and arrays for PV panels,
construction of sub-stations, the establishment of stream crossings and culverts and

erection of transmission lines).

o Leakages from construction and contractor vehicles accessing the site may
cause soil pollution (i.e., un-inspected vehicles dripping oils/hydrocarbons

onto soils may cause contamination of soil and surface water resources).

o Disturbing soils (land capability) due to some vegetation clearing may promote

sedimented runoff during storm events.

o Excavation of borrow-pits for road building material may cause temporary

sedimentation during storm events.

o Disturbing sediments associated with streams to install dedicated stream

crossings and road culverts may promote sediment runoff.
e The operational phase of the PV farm:
o Oil spillage from parked vehicles (service vehicles).

o Sedimentation runoff from areas where no stormwater management measures

are implemented; or where vegetation is not maintained.

The risk assessment for both construction and post-construction phases of the project is
considered marginal, with mostly reversible and manageable impacts. Potential runoff and
stormwater discharge from the site into the surrounding may cause erosion of the soils in areas
where PV panels are erected and in the surroundings. This is the largest risk and should be
managed as per the conceptual stormwater management plan as proposed in this document

(or detailed stormwater designs from the developer).
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The risk of flooding, poor quality seepage via the vadose zone, and impacts on surface water
quality are predicted to be marginal during the construction and operational phase of the
project. This is largely due to the absence of any surface water streams in the project area

and the nature of the development (i.e., the assemblage of panels that are form factor).

7.1 Existing impacts
Based on the existing land use and the field investigation undertaken, as well as the unique
hydrology for the project area, no existing anthropogenic impacts were noted. The area is a

greenfield site, with livestock (sheep and cattle) being the main user of the land.

7.2 Cumulative impacts

As all activities will take place on the same property, and close to other solar development
(i.e., Phase 1 and Phase 2) there will be cumulative impacts (however limited due to the
project type). Figure 7-1 shows the sub-catchments associated with this project, boreholes
identified as part of the hydrocensus, and other solar development within a 30km radius of

the project.

Among the most prominent cumulative impacts will be associated with the stream crossings
(both underground and above-ground infrastructure). The cumulative impacts from a surface
water perspective are limited in that small areas will be disturbed, and disturbed areas will
likely only show temporary impacts in terms of water quality (i.e. sedimentation if flooding
takes place). No impacts in terms of quantity are predicated, as a result of the streams and
rivers being ephemeral. No dedicated surface water pollution sources will be created (i.e.,
landfills, oil or fuel storage areas, mining, etc.). Moreover, the other proposed solar
developments are situated in different drainage areas, rendering the likely impact associated
with this project zero. Any hydrological risk for this project will be confined to the delineated
sub-catchments (worst case). The operational phase risk table includes cumulative risk about

the site, and activities thereon.
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Table 7-1: Construction (preparation and development) phase hydrological risk
Component Pre- Mitigation Post Mitigation
Beiﬁ Activity Which Ma Potential for Recommended Potential for
I aited Cause tﬁe Impact y Activity Duration | Extent | impact on Severity Consequence | Probability Significance Mitigation Duration (D) Extent | impact on Severity Consequence | Probability significance Confidence
Onp P (D) (E) irreplaceable | (S) (©) (P) 8 Measures (E) irreplaceable | (S) (©) P) g
resources (I) resources (I)
e Only excavate
/ clear areas
applicable to
the project
Disturbing vadose area.
zone duvlng e Keep the site
excavations
© s clean of all
activities,
general and
contractor laydown R
domestic wastes.
areas.
. e All
Excavations development
associated with the P
X footprint areas
borrow pits for .
A to remain as
road building
X small as
material may .
. possible and
subject the . X
X Slightly vegetation A
surroundings to . . Negligible Very Low
Vadose Earthworks . . detrimental - Low clearing to be .
temporary Short- Site Medium Definite A Short- . (0 to -6) Definite (0 to -12) .
zone X . and PV array Yes (1) (-7 to -12) limited to what Site (2) Yes (1) Low (1) Medium
. sedimentation term (2) | (2) (-2) (2) . X term (2) (2)
soils X assemblage (-20) is essential.
during storm (-5) (-10)
events (-10)
: e Retain as much
There is a 1nd1gen9us
X vegetation as
potential for some :
R . possible / re-
erosion if there
vegetate.
are storm events.
Hydrocarbon/oil : Have fuel/oil
: spill clean-up
spillages onto P .
1 its on site.
soils have the
potent}al to * Exposed soils
contaminate the
" to be protected
soils. . X
using a suitable
covering or
sandbags or
berms to control
erosion.
Erosion and
sedimentation of
watercourses due to
unforeseen e Cover soil
circumstances stockpiles with
(i.e., bad a temporary
weather). liner to prevent
contamination
Primary Alteration of (where required
Surface natural drainage and visually
gzzi;vers ;;:Singaﬁrlead e Earthworks Ziiggiiﬁtal Low deternined). Negligible very Low
- increased runoff and PV array short- site Yes (1) Medium (-7 to -12) Definite « Ensure box short- site (2) Yes (1) Low (1) (e to -6) Definite & i) Medium
R term (2) | (2) (-2) (2) term (2) (2)
patterns (i.e., may | assemblage (-20) culverts are (-5) (-10)
> Non- cause stagnant (-10) used for any
perennial water levels or dedicated stream
streams increase erosion). crossings. Box
culverts should
Installation of be sized to
road culverts or accommodate at
pylons for least 1:100y
transmission lines flood events.
may cause temporary
sedimentation after
storm events.
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Table 7-2: Operational phase hydrological risk
Component Pre- Mitigation Post Mitigation
Beiﬁg Activity Which May Cause - I SR Recommended Mitigation [EEEE N Sy .
Impacted the Impact Activity Duration | Extent | impact on Severity | Consequence | Probability Significance | Measures Duration | Extent | impact on Severity Consequence | Probability Significance Confidence
on P (D) (E) irreplaceable | (S) (c) (P) g (D) (E) irreplaceable | (S) (©) (P) g
resources (I) resources (I)
e Ensure all vehicles
entering the site
. . The net are parked in
soil quality result of designated areas,
Fuel or oil leakages the Negligible Very Low with drip trays, Negligible Negligible
Vadose from tractors/vehicles development | Short- Site Yes (1) Low (-1) (0 to -6) Definite (0 to -12) and that vehicles Short- Site Yes (1) Low (-1) (0 to -6) Improbable (0 to -12) Medium
zone soils entering the site ma and term (2) | (2) (2) are in good order term (2) | (2) (0)
g . M activities (-5) (-10) (i.e., don’t let an (-5) (0)
also cause soil quality .
desradation at the observed leaking
g : site. vehicle enter the
site or service it
on-site).
Runoff and sedimentation | The net
result of
Sedimentation of the the e Install swales as
non-perennial streams if | development per the CSWMP for
storm events take place and stormwater drainage
32dei2i22§12332ﬁ is g;tix:tles Negligible Very Low :t the ilze' Negligible Negligible
g D - X X Short- Site (0 to -6) Definite (0 to -12) * Re-vegetate areas Short- Site (0 to -6) Improbable (0 to -12)
present. This is likely site. Yes (1) Low (-1) where erosion is Yes (1) Low (-1) Medium
only to take place term (2) | (2) (2) noted or where term (2) | (2) (0)
during severe storm -3) (-10) vegetation is -5) (®
events (i.e., 1:2 to required to reduce
. 1:100y events). stormwater peak
z'“lza'"y Accidental rainfall will Flows.
wu; ace likely not cause
ater sedimentation.
Receivers
The net .
- result of e Ensure all vehicles
the entering the site
> Non-. development are.parked in
perennial and designated areas,
streams Impact on water quality activities with drip trgys,
at the and that vehicles
Hydrocarbon spills from site Negligible Very Low are in good order Negligible Negligible
thicles accezsin the ' Short- Site Yes (1) Low (-1) (0 to -6) Definite (0 to -12) (i.e., don’t let an Short- Site Yes (1) Low (-1) (0 to -6) Improbable (0 to -12) Medium
cite. or leaka esgfrom term (2) | (2) (2) observed leaking term (2) | (2) (9)
2 . g (-5) (-10) vehicle enter the (-5) (0)
sub-stations - . X
site or service it
transformers. .
on-site).
e Regular inspections
(monthly) and
maintenance of sub-
stations.
The cumulative impacts
No impacts in terms of from a surface water
quantity are predicated, perspective are
as a result of the limited in that small
streams and rivers being areas will be
ephemeral . disturbed, and
disturbed areas will
No dedicated surface PV arravs likely only show
water pollution sources and os{- Negligible Very low (@ temporary impacts in Negligible Very low (@
Cumulative | will be created (i.e., stregm Short- Site Yes (1) Low (1) (0 to -6) Improbable to -12) terms of water quality | Short- Site Yes (1) Low (1) (0 to -6) Improbable to -12) Medium
Impact Landfills, oil or fuel crossing term (2) | (2) (0) (i.e. sedimentation if | term (2) | (2) (9)
storage areas, mining, activities (-5) (0 - ZERO) flooding takes place). (-5) (0 - ZERO)
etc.).
Not much can be done
Other proposed solar in terms of mitigation
developments are of overall cumulative
situated in different impacts. However,
drainage areas, implementing the
rendering the Likely mitigation measures
impact associated with mentioned above
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Component Pre- Mitigation Post Mitigation

Being Activity Which May Cause s vi g Potential for ] Lo Recommended Mitigation . Potential for . Lo "
Impacted the Impact Activity Duration | Extent | impact on Severity | Consequence | Probability significance | Measures Duration | Extent | impact on Severity Consequence | Probability significance Confidence
on (D) (E) irreplaceable | (S) ((9) (P) (D) (E) irreplaceable | (S) (C) (P)

resources (I)

resources (I)

this project zero. Any
hydrological risk for
this project will be
confined to the
delineated sub-
catchments (worst case).
The operational phase
risk table includes
cumulative risk about
the site, and activities
thereon.

(construction and
operational phase)
will help determine
the overall
probability of an
impact on water
quality if storm
events occur.
Furthermore,
stormwater management
protocols and
recommendations should
be considered to
prevent cumulative
impacts.
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8 SURFACE WATER MONITORING

Currently, no surface water monitoring is taking place. It is proposed that a proper monitoring
programme be implemented to monitor both the water quality and quantity at the site (when

there is water in the area to monitor). The monitoring programme is divided into two phases:
e Phase 1: Monitoring during any construction activities (temporary monitoring); and

e Phase 2: Monitoring after development is complete (long term or for a period after the

activity).

8.1 Phase 1 monitoring
During the construction phase, it is recommended that all vehicles are in good working order
when entering the site (i.e., visual observations of any leakages that may emanate from the

vehicle accessing the site) and parked in designated areas with drip trays.

As part of Phase 1 monitoring, visual observations (i.e., monthly inspections and inspections
shortly after rainfall events) of the banks associated with the non-perennial streams and rivers
and the general conditions of the areas cleared, should be adequate to determine if there is

any sediment runoff taking place or erosion.

8.2 Phase 2 monitoring
From the risk assessment undertaken, it is anticipated that soils downstream of the proposed
development, and the non-perennial streams (feeding into temporary livestock watering

dams) are the receivers of any sediment runoff or poor-quality runoff from the site.

It is proposed that four (4) bi-annual water monitoring points be established in the non-
perennial stream and temporary dams constructed by the landowner. These are the only areas
where there will likely be sufficient water to sample and monitor the impact of the
development (i.e., the rivers are ephemeral and only have water shortly after storm events).

The proposed monitoring points are shown in Figure 8-1).

For groundwater monitoring aspects relating to the construction and operational phase of
the project, we refer the reader to the GCS Groundwater Assessment Report (Project Number
22-0401 Date: 10 August 2022).
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8.3 Stormwater management

As per Section 6, the following is proposed in terms of stormwater monitoring:

1. Routine hydraulic monitoring (i.e., observations of any blockages in the system) and

cleaning out of the stormwater systems.
2. Routine re-vegetation of the swales, to ensure optimum operation.

3. As the stormwater from the site will only be rainfall runoff from the solar panels, and
the sub-stations at the site, no quality monitoring is recommended (i.e., a runoff will

highly likely be clean).

8.4 Monitoring duration
In terms of monitoring duration, it is proposed that monitoring take place up to 2 years after
the completion of the development. The need for further monitoring of the site can be

evaluated by the local environmental authorities or DWS representative.

8.5 Monitoring responsibility
It is proposed that the applicant be responsible for Phase 1 and Phase 2 monitoring. The
proposed monitoring type, frequencies and constituents to monitor are listed in Table 8-1

below. Preliminary monitoring positions are indicated in Figure 8-1.

Table 8-1: Proposed monitoring points, frequencies and sample analyses
Site Type Frequency Type Field Measurements
Non-perennial streams pH.
draining the site (in- Field assessment and Electrical Conductivity
situ / field Bi-Annually laboratory (if (EC) / Total Dissolved
measurements should be required). Solids (TDS).
suitable). Temp.
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DE AAR PHASE 3 - PROPOSED SURFACE WATER MONITORING POINTS

site Type Latitude | Longitude kegend
E Surface @ Moposed Surfere Monitnring Mnints
2 Sk1a ator -30.828759 | 24.348966 PH2 PVUZ Developnanl (ass no yo
3 wens)
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Water 7 Area 2
Skaa Surface -30.840783 24.373812 /N7 won-perennial Lrainage Line
Water /N Rouds
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' Phase 3 - Area 1
Phase 2
= . -
2708127 2710627 271y

Figure 8-1: Proposed monitoring points
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9 CONCLUSIONS

Based on the investigation undertaken, the following conclusions are made:

The site is situated in Quaternary D62D of the Orange Water Management Area (WMA)
o The site means annual precipitation (MAP) is in the order of 320 mm/yr.

o Natural runoff was recorded as approximately 3.1 mm/yr, which represents
approximately 1% of the MAP.

o Evaporation is reported as 1 500-1 600 mm/annum (S-Pan).

Three (3) hydrological response units (HRUs) were delineated for the project area,
which entails nhumerous micro catchments which contribute to the overall drainage.
Drainage for the general area is towards the northwest in the form of a multitude of
non-perennial drainage lines, which drains towards the non-perennial Brak River,
situated approximately 6.6km downstream west of the site. There are several in-
stream water storage dams associated with the non-perennial streams in the study
area. Three (3) small capacity surface water storage dams (capacity and license status
currently unknown) fall within the proposed development area (in the non-perennial

drainage lines).

A site walkover assessment was undertaken during the week of the 7 to 11t of March

2022 to confirm drainage lines and surface water resources. The following was noted:

o Three (3) surface water storage dams were noted in the Phase 3 area,
capacities estimated at 2500 m3, 8 200 m3 and 2 984 m3? (downstream to

upstream in the non-perennial drainage stream).

o Two (2) windmills were noted in the project area. The windmills are used for
livestock watering. Both windmills pump to an artificial pond, respective to
the windmill positions. The landowner estimates a yield of 1000 l/hour for

both windmills.

o No clearly defined drainage channels could be located in the field. It was
observed that the topography is such that there is drainage from various areas
with no clearly defined flow paths. As such, sheet flow from micro-sub
catchments towards lower topographical areas or isolated depressions forms
temporarily flooded areas. Irregular occurrences of ponded water were visible
across the project area, even in areas with no defined drainage lines or stream

channels.

The flood line assessment undertaken for the project area suggests that the area is
prone to exhibiting ponded flood occurrence zone, in the absence of clearly defined
drainage channels or streams. This is due to the micro-catchment style drainage

associated with the project area.
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e The impact on runoff rates and volumes indicates that solar panels do not have a
significant impact on runoff volumes, peak rates or time to peak rates when the ground
below the panels is vegetated. Accounting for changes in soil type, slope angle and
rainfall intensity, ground cover beneath solar arrays was found to have the most
significant impact on runoff rates. On this basis, if vegetation cover beneath the solar
arrays is maintained, no significant increase in surface-water runoff is anticipated

compared to greenfield runoff rates (WHS, 2022).
e The CSWMP indicates that:

o Due to the micro-catchment type drainage of the overall development areas,
free drainage provides the best stormwater management option for the

development (refer to Section 6).

o Based on the nature of the project (raised PV solar arrays on pipe stand, and
vegetation kept intact during the construction and operational phase of the

project) no dirty stormwater generation areas are anticipated. As all

stormwaters will be subjected to micro-catchment style stormwater runoff,
and concentrated rainfall volumes from the PV panels onto the soils, erosion
and sediment transport will likely take place. However, this will depend on
the density of the vegetation cover surrounding the PV arrays and stormwater

peak flow.

o Efforts should be made in managing runoff from the PV panels and arrays onto
the soils and then releasing the accumulated water back into the environment

via free drainage.

e The risk assessment for both construction and post-construction phases of the project
is considered marginal, with mostly reversible and manageable impacts. Potential
runoff and stormwater discharge from the site into the surrounding may cause erosion
of the soils in areas where PV panels are erected and in the surroundings. This is the
largest risk and should be managed as per the conceptual stormwater management
plan as proposed in this document (or detailed stormwater designs from the
developer). The risk of flooding, poor quality seepage via the vadose zone, and
impacts on surface water quality are predicted to be marginal during the construction
and operational phase of the project. This is largely due to the absence of any surface
water streams in the project area and the nature of the development (i.e., an

assemblage of panels that are form factor).
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9.1 Identification of any areas that should be avoided

No dedicated buffer areas are recommended, other than staying out of pre-identified high
ecological importance areas as identified per the EIA screening assessment. Construction
within probable non-perennial drainage areas should be avoided, wherever the drainage lines
can be confirmed in the field (difficult given the micro-catchment style drainage for the area).

No alternative development sites are proposed.

9.2 Mitigation measures for inclusion in the EMPr and EIA
The following mitigation measures can be implemented as part of the EMPr to further reduce

the risk of flooding on site and contribution to stormwater generation potential:

e During the construction phase, it is recommended that sandbags and temporary berms
be used, to manage stormwater runoff (if storms do occur). It is recommended that
the construction phase take place during the winter months, with a decreased
probability of storm events. Temporary stormwater systems should be sufficient to

manage the stormwater at the site during the construction phase.

e Ensure a stormwater management plan is implemented, and that all stormwater

systems are kept clean of any debris to reduce flooding risk.

e Ensure that eroded areas are re-vegetated, to ensure reduced sedimentation risk and

reduced runoff volumes to the streams.
e To prevent erosion and deposition during construction use:
o Minimise vegetation disturbance during construction.

o Re-vegetate as soon as possible to establish and maintain good ground cover

across the site.

o Conduct regular inspections and maintenance of the site to ensure that

vegetation cover is adequate, and no rivulets are generated.

e If PV panels and array assemblages are proposed in areas of higher flood risk, the
depth of flooding should be predicted for those areas (e.g. depth of surface-water

flooding predicted during the 1 in 50-year flood event).

e All electrical connectors and other items vulnerable to floodwater should be located
at a minimum level of the maximum flood depth plus a 0.3m freeboard above ground

level to ensure that they are protected from the design flood event.
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9.3 Monitoring requirements, specifically related to stormwater management &
surface water

During the construction phase, it is recommended that all vehicles are in good working order
when entering the site (i.e., visual observations of any leakages that may emanate from the
vehicle accessing the site) and parked in designated areas with drip trays. Visual observations
(i.e., monthly inspections and inspections shortly after rainfall events) of the banks associated
with the non-perennial streams and rivers and the general conditions of the areas cleared,

should be adequate to determine if there is any sediment runoff taking place or erosion.

It is proposed that four (4) bi-annual water monitoring points be established in the non-
perennial stream and temporary dams constructed by the landowner. These are the only areas
where there will likely be sufficient water to sample and monitor the impact of the
development (i.e., the rivers are ephemeral and only have water shortly after storm events).

The proposed monitoring points are shown in Section 8.

It is also advised that all groundwater boreholes (4 identified within proximity of the solar
farm) be monitored for the decline in water levels/yields, as well as water quality. It is known

that the boreholes are used as the main water supply for livestock / domestic use.

It is advised that stormwater monitoring take place to ensure that the proposed stormwater

system functions correctly. The following is proposed:

1. Routine hydraulic monitoring (i.e., observations of any blockages in the swale system)

and cleaning out of the stormwater systems.
2. Routine re-vegetation of the swales, to ensure optimum operation.

3. As the stormwater from the site will only be rainfall runoff from the solar panels, and
the sub-stations at the site, no quality monitoring is recommended (i.e., the runoff

will highly likely be clean).

From the risk assessment undertaken, it is anticipated that soils downstream of the proposed
development, and the non-perennial streams (feeding into temporary livestock watering dams)

are the receivers of any sediment runoff or poor-quality runoff from the site.

9.4 Reasoned opinion on whether the activity should be authorized

This hydrological assessment cannot find any grounds or identify high hydrological risks that
do not proceed with the development. This is grounded on the assumption that the proposed
mitigation measures (Section 7), CSWMP, EMPr and EIA recommendations are implemented

during the construction and operational phase of the development.
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APPENDIX A: PEAK FLOW ESTIMATES - FLOOD LINES

HRU1

RATIONAL METHOD 3

Description of catchment

HRU1

River detail

Non-Perennial Reach of the Brak River

Calculated by |

Hendrik Botha

| Date |

Monday, 14 March 2022

Physical characteristics

Size of catchment (A) 30.08 km? Rainfall region D6C
Longest watercourse (L) 9.92 km Area distribution factors
Average slope (S,,) 0.0046 m/m Rural (a) | Urban (B) | Lakes (y)
Dolomite area (D%) ] % 1 0 | )
Mean annual rainfall(MAR) 320 mm
Rural URBAN
Surface slope % Factor C, Description % | Factor 2
Vleis and pans (<3%) 78.56 0.01 0.79 Lawns
Flat areas (3 - 10%) 19.88 0.06 1.19 Sandy, flat<2% [ 0.08 )
Hilly (10 - 30%) 1.49 0.12 0.18 Sandy, steep>7% 0 0.16 0
Steep Areas (>30%) 0.07 0.22 0.02 Heavy s,flat<2% [ 0.15 4]
Total 100.00 0.41 .17 Heavy s,steep>7% 0 0.3 (2]
Permeability % Factor C, L EELEER
Areas
Very permeable 80 0.03 2.40 Houses 0 | 0.5 | [
Permeable 20 0.06 1.20 Flats o [ 0.6 [ 0
Semi-permeable ] 0.12 0.00 Industry
Impermeable ] 0.21 0.00 Light industry ] | 0.6 | ]
Total 100 0.42 3.60 Heavy industry ] [ 0.7 [ 0
Vegetation % Factor C, Business
Thick bush & plantation 0.02 0.03 0.00 City centre ] 0.8 [
Light bush & farm-lands 93.67 0.07 6.56 Suburban 0 0.65 )
Grasslands 1.48 0.17 0.25 Streets [ 0.75 0
No vegatation 4.84 0.26 1.26 Max flood [ 1 9
Total 100.01 0.53 8.07 Total (C2) 2] [
Time of concentration (TC)
Overland flow Defined watercourse
0.467 O 87 |_2 0.385 Use Defined watercourse
T, =0.604) 1= T, = | ———
VS 1000 S ,,
4.039 | hours 3.082| hours
Run-off coefficient
Return Period (years)| 2 5 10 20 50 100 PMF
Run-off coefficient, C,; 0.138 0.138 0.138 0.138 0.138 0.138 0.900
Adjusted for dolomitic areas, Cyp 0.138 0.138 0.138 0.138 0.138 0.138 0.900
dj factor for initial saturation, H 0.5 0.55 0.6 0.67 0.83 1 1.00
Adjusted run - off coefficient, C;;| 0.0692005 0.07612055 0.0830406 0.093 0.115 0.138 0.900
Combined run - off coefficient, C;| ©0.0692005 0.07612055 0.0830406 0.093 0.115 09.138 0.900
Rainfall
Return Period (years)| 2 5 10 20 50 100 PMF
Point rainfall (mm), P; 33.77 47.80 57.92 68.44 83.07 94.99 107.62
Point Intensity (mm/h), Py 10.96 15.51 18.79 22.20 26.95 30.82 34.92
Area reduction factor (%),ARF; 0.991 0.991 0.991 0.991 0.991 0.991 0.991
Average intensity (mm/hour),I; 10.857 15.366 18.620 22.003 26.707 30.539 34.599
Return Period (years)| 2 5 10 20 50 100 PMF
Peak flow (m3/s) 6.278 9.773 12.920 17.048 25.634 35.32 260.18
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STANDARD DESIGN FLOOD (SDF) METHOD
Description of catchment HRU1
River detail Non-Perennial Reach of the Brak River
Calculated by | Hendrik Botha | Date | 14/03/2022
Physical characteristics
Size of catchment (A) 30.08 km? Days of thunder per year (R) | 52 days
Longest watercourse (L) 9.92 km Time of concentration, t | 184.935 minutes
Average slope (S..) 0.005 m/m Time of 0.87 L2 0.385
SDF Basin 12 concentration, TC = ———m8 —
2-year return period rainfall (M) 39 | mm T 1000 S ,, 3.0822
TR102 n-day rainfall data
Weather Service Station |MAP | 320 | mm
Weather Service Station no. |Coor‘dinates |
Return Period (years)
Duration 2 I 5 I 10 | 20 | 50 I 100 I 200
Rainfall
Return Period (years), T 2 5 10 20 50 100 200
Point precipitation depth (mm) P ; 27.3 46.1 60.3 74.5 93.3 107.5 121.7
Area reduction factor (%),ARF; 0.991 0.991 0.991 0.991 0.991 0.991 0.991
Average intensity (mm/hour),I, 8.8 14.8 19.4 24.0 30.0 34.6 39.1
Run-off coefficient
Calibration factors | C, (%) 5 Cio0 (%) 30
Return Period (years), T 2 5 10 20 50 100 200
Return period factors (Yr) 4] 0.84 1.28 1.64 2.05 2.33 2.58
Run-off coefficient, C; 0.050 0.140 0.187 0.226 0.270 0.300 0.327
Peak flow (m3/s) 3.67 17.36 30.36 45.24 67.67 86.64 106.86
i
i
N
i
i
!
|
ligure 3.30: Standard Design Flood drainage basins
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MIDGLEY & PITMAN (MIPI) METHOD

River Detail |Catchment Area | MAP S L Lc Constant K; Catchment Parameter Peak Flows
(km?) (mm) | m/m km km |1:10 year|1:20 Year|1: 50 year|1: 100 year (Dimensionless) 1:10 year|l:29 Year|1: 50 year|1: 100 year
HRU1 30.08 320 10.0046]|9.92| 6.88 0.59 0.8 I 1.11 I 1.4 0.0299 27.19 36.87 I 51.16 I 64.52
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HRU2

RATIONAL METHOD 3

Description of catchment

HRU2

River detail

Non-Perennial Reach of the Brak River

Calculated by

Hendrik Botha

Date

Monday, 14 March 2022

Physical characteristics

Size of catchment (A) 21.738 km? Rainfall region | D6C
Longest watercourse (L) 4.87 km Area distribution factors
Average slope (S,,) 0.0056 m/m Rural (a) | Urban (B) | Lakes (y)
Dolomite area (D%) 0 % 1 | 0 [
Mean annual rainfall(MAR) 320 mm
Rural URBAN
Surface slope % Factor C, Description % | Factor c2
Vleis and pans (<3%) 82.01 0.01 0.82 Lawns
Flat areas (3 - 10%) 16.51 0.06 0.99 Sandy, flat<2% 0 0.08 [
Hilly (10 - 30%) 1.48 0.12 0.18 Sandy, steep>7% ) 0.16 0
Steep Areas (>30%) 0.00 09.22 0.00 Heavy s,flat<2% ) 0.15 )
Total 100.00 0.41 1.99 Heavy s,steep>7% 0 0.3 (2]
Permeability % Factor C, osttiEnl
Areas
Very permeable 80 0.03 2.40 Houses 0 | 0.5 | 0
Permeable 20 0.06 1.20 Flats [ [ 0.6 [ 0
Semi-permeable 0 0.12 0.00 Industry
Impermeable 0 0.21 0.00 Light industry 2 I 9.6 | 0
Total 100 0.42 3.60 Heavy industry 0 [ 0.7 [ 0
Vegetation % Factor C, Business
Thick bush & plantation 0 0.03 0.00 City centre 0 0.8 ]
Light bush & farm-lands 97.25 0.07 6.81 Suburban 0 0.65 )
Grasslands 0 0.17 0.00 Streets 0 0.75 ]
No vegatation 2.75 0.26 0.72 Max_flood [ 1 )
Total 100 0.53 7.52 Total (C2) 0 ]
Time of concentration (TC)
Overland flow Defined watercourse
0.467 0 87 |_2 0.385 Use Defined watercourse
T, =0.604) = gy LU
JSa 1000 S,
2.767 | hours 1.652| hours
Run-off coefficient
Return Period (years)| 2 5 10 20 50 100 PMF
Run-off coefficient, C,; 0.131 0.131 0.131 0.131 0.131 0.131 0.900
Adjusted for dolomitic areas, Cyp 0.131 0.131 0.131 0.131 0.131 0.131 0.900
dj factor for initial saturation, H 0.5 0.55 0.6 0.67 0.83 1 1.00
Adjusted run - off coefficient, C,q 0.065554 0.0721094 0.0786648 0.088 0.109 0.131 0.900
Combined run - off coefficient, C; 0.065554 0.0721094 0.0786648 0.088 0.109 0.131 0.900
Rainfall
Return Period (years)| 2 5 10 20 50 100 PMF
Point rainfall (mm), P 30.50 43.08 52.25 61.77 74.95 85.68 97.11
Point Intensity (mm/h), Py 18.46 26.07 31.63 37.39 45.36 51.86 58.78
Area reduction factor (%),ARF; 0.983 0.983 0.983 0.983 0.983 0.983 0.983
Average intensity (mm/hour),I; 18.141 25.626 31.085 36.744 44,587 50.969 57.768
Return Period (years)| 2 5 10 20 50 100 PMF
Peak flow (m3/s) 7.181 11.158 14.765 19.490 29.297 40.35 313.94
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STANDARD DESIGN FLOOD (SDF) METHOD
Description of catchment HRU2
River detail Non-Perennial Reach of the Brak River
Calculated by | Hendrik Botha | Date | 14/03/2022
Physical characteristics
Size of catchment (A) 21.738 km? Days of thunder per year (R) | 52 days
Longest watercourse (L) 4.87 km Time of concentration, t | 99.131 minutes
Average slope (S..) 0.006 m/m Time of 0.87 L2 0.385
SDF Basin 12 concentration, TC = ———m8 —
2-year return period rainfall (M) 39 | mm T 1000 S ,, 1.6522
TR102 n-day rainfall data
Weather Service Station |MAP | 320 | mm
Weather Service Station no. |Coor‘dinates |
Return Period (years)
Duration 2 I 5 I 10 | 20 | 50 I 100 I 200
Rainfall
Return Period (years), T 2 5 10 20 50 100 200
Point precipitation depth (mm) P ; 23.8 40.1 52.5 64.9 81.2 93.6 106.0
Area reduction factor (%),ARF; 0.983 0.983 0.983 0.983 0.983 0.983 0.983
Average intensity (mm/hour),I, 14.2 23.9 31.2 38.6 48.3 55.7 63.0
Run-off coefficient
Calibration factors | C, (%) 5 Cio0 (%) 30
Return Period (years), T 2 5 10 20 50 100 200
Return period factors (Yr) 4] 0.84 1.28 1.64 2.05 2.33 2.58
Run-off coefficient, C; 0.050 0.140 0.187 0.226 0.270 0.300 0.327
Peak flow (m3/s) 4.27 20.21 35.33 52.66 78.76 100.85 124.39
i
i
N
i
i
!
|
ligure 3.30: Standard Design Flood drainage basins
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MIDGLEY & PITMAN (MIPI) METHOD

River Detail |Catchment Area | MAP S L Lc Constant K; Catchment Parameter Peak Flows
(km?) (mm) | m/m km km |1:10 year|1:20 Year|1: 50 year|1: 100 year (Dimensionless) 1:10 year|l:29 Year|1: 50 year|1: 100 year
HRU2 21.738 320 10.0056|4.87| 4.99 0.59 0.8 I 1.11 I 1.4 0.0669 26.29 35.65 I 49.46 I 62.39

s
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HRU3
RATIONAL METHOD 3
Description of catchment HRU3
River detail Non-Perennial Reach of the Brak River
Calculated by | Hendrik Botha Date [ Monday, 14 March 2022
Physical characteristics
Size of catchment (A) 53.932 km? Rainfall region | D6C
Longest watercourse (L) 9.47 km Area distribution factors
Average slope (S,,) 0.0045 m/m Rural (a) | Urban (B) | Lakes (y)
Dolomite area (D%) 0 % 1 0 | [
Mean annual rainfall(MAR) 320 mm
Rural URBAN
Surface slope % Factor C, Description % | Factor c2
Vleis and pans (<3%) 80.17 0.01 0.80 Lawns
Flat areas (3 - 10%) 19.02 0.06 1.14 Sandy, flat<2% 0 0.08 [
Hilly (10 - 30%) 0.81 0.12 0.10 Sandy, steep>7% ) 0.16 0
Steep Areas (>30%) 0.00 09.22 0.00 Heavy s,flat<2% ) 0.15 )
Total 100.00 0.41 200 Heavy s,steep>7% 0 0.3 (2]
Permeability % Factor C, osttiEnl
Areas
Very permeable 80 0.03 2.40 Houses 0 | 0.5 | 0
Permeable 20 0.06 1.20 Flats [ [ 0.6 [ 0
Semi-permeable 0 0.12 0.00 Industry
Impermeable 0 0.21 0.00 Light industry 2 I 9.6 | 0
Total 100 0.42 3.60 Heavy industry 0 [ 0.7 [ 0
Vegetation % Factor C, Business
Thick bush & plantation 0.01 0.03 0.00 City centre 0 0.8 0
Light bush & farm-lands 94.66 0.07 6.63 Suburban 0 0.65 )
Grasslands 2.44 0.17 0.41 Streets 0 0.75 0
No vegatation 2.89 0.26 0.75 Max_flood [ 1 )
Total 100 0.53 7.79 Total (C2) 0 ]
Time of concentration (TC)
Overland flow Defined watercourse
0.467 0 87 |_2 0.385 Use Defined watercourse
T, =0.604| 1= = |
JSa 1000 S,
3.973 | hours 2.999| hours |
Run-off coefficient
Return Period (year‘s)| 2 5 10 20 50 100 PMF
Run-off coefficient, C,; 0.134 0.134 0.134 0.134 0.134 0.134 0.900
Adjusted for dolomitic areas, Cyp 0.134 0.134 0.134 0.134 0.134 0.134 0.900
dj factor for initial saturation, H 0.5 0.55 0.6 0.67 0.83 1 1.00
Adjusted run - off coefficient, C,q 0.067164 0.0738804 0.0805968 0.090 0.111 0.134 0.900
Combined run - off coefficient, C; 0.067164 0.0738804 0.0805968 0.090 0.111 0.134 0.900
Rainfall
Return Period (years)| 2 5 10 20 50 100 PMF
Point rainfall (mm), P 33.63 47.60 57.68 68.16 82.73 94.60 107.18
Point Intensity (mm/h), Py 11.21 15.87 19.23 22.72 27.58 31.54 35.73
Area reduction factor (%),ARF; 0.959 0.959 0.959 0.959 0.959 0.959 0.959
Average intensity (mm/hour),I; 10.750 15.215 18.437 21.787 26.444 30.240 34.259
Return Period (year‘s)| 2 5 10 20 50 100 PMF
Peak flow (m3/s) 10.817 16.840 22.262 29.375 44.169 60.85 461.92
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STANDARD DESIGN FLOOD (SDF) METHOD
Description of catchment HRU3
River detail Non-Perennial Reach of the Brak River
Calculated by | Hendrik Botha | Date | 14/03/2022
Physical characteristics
Size of catchment (A) 53.932 km? Days of thunder per year (R) | 52 days
Longest watercourse (L) 9.47 km Time of concentration, t | 179.957 minutes
Average slope (S..) 0.005 m/m Time of 0.87 L2 0.385
SDF Basin 12 concentration, TC = ———m8 —
2-year return period rainfall (M) 39 mm T 1000 SAV 2.9993
TR102 n-day rainfall data
Weather Service Station |MAP | 320 mm
Weather Service Station no. |Coor‘dinates |
Return Period (years)
Duration 2 5 I 10 I 20 I 50 I 100 200
Rainfall
Return Period (years), T 2 5 10 20 50 100 200
Point precipitation depth (mm) P ; 27.2 45.9 60.0 74.1 92.8 106.9 121.0
Area reduction factor (%),ARF; 0.959 0.959 0.959 0.959 0.959 0.959 0.959
Average intensity (mm/hour),I, 8.7 14.7 19.2 23.7 29.7 34.2 38.7
Run-off coefficient
Calibration factors | C, (%) Cio0 (%) 0
Return Period (years), T 2 5 10 20 50 100 200
Return period factors (Yr) 4] 0.84 1.28 1.64 2.05 2.33 2.58
Run-off coefficient, C; 0.050 0.140 0.187 0.226 0.270 0.300 0.327
Peak flow (m3/s) 6.51 30.77 53.81 80.19 119.94 153.59 189.43
i
i
N
i
i
!
|
ligure 3.30: Standard Design Flood drainage basins
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MIDGLEY & PITMAN (MIPI) METHOD

River Detail |Catchment Area | MAP S L Lc Constant K; Catchment Parameter Peak Flows
(km?) (mm) | m/m km km |1:10 year|1:20 Year|1: 50 year|1: 100 year (Dimensionless) 1:10 year|l:29 Year|1: 50 year|1: 100 year
HRU3 53.932 320 10.0045)19.47| 6.87 0.59 0.8 I 1.11 I 1.4 0.0556 43.70 59.25 I 82.22 I 103.69

s
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APPENDIX B: HYDROLOGICAL RISK ASSESSMENT RATING
Due to the hydrological assessment forming part of a larger risk assessment for the study area,

the potential impacts and the determination of impact significance were assessed. The process

of assessing the potential impacts of the project encompasses the following four activities:

1. ldentification and assessment of potential impacts.

2. Prediction of the nature, magnitude, extent, and duration of potentially significant
impacts.

3. lIdentification of mitigation measures that could be implemented to reduce the
severity or significance of the impacts of the activity; and

4. Evaluation of the significance of the impact after the mitigation measures have been

implemented i.e., the significance of the residual impact.

Per GNR 982 of the EIA Regulations (2014), the significance of potential impacts was assessed

in terms of the following criteria:

I Cumulative impacts.
Il. Nature of the impact.
Il. The extent of the impact.
V. Probability of the impact occurring.
V. The degree to which the impact can be reversed.
VI. The degree to which the impact may cause irreplaceable loss of resources; and

VII. The degree to which the impact can be mitigated.

Table 10-1 provides a summary of the criteria used to assess the significance of the potential

impacts identified. An explanation of these impact criteria is provided in Table 10-2.

The net consequence is established by the following equation:

Consequence = (Duration + Extent + Irreplaceability of resource) x Severity

And the environmental significance of an impact was determined by multiplying consequence

with probability.
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Table 10-1:

Potential Impacts

Proposed Criteria and Rating Scales to be used in the Assessment of the

Criteria

Rating Scales

Notes

Nature

Positive (+)

Negative (-)

An evaluation of the effect of the

impact related to the proposed

development.

Extent

Footprint (1)

The impact only affects the area in

which the proposed activity will

occur.

site (2)

The impact will affect only the

development area.

Local (3)

The impact affects the development

area and adjacent properties.

Regional (4)

The effect of the impact extends

beyond municipal boundaries.

National (5)

The effect of the impact extends

beyond more than 2 regional/

provincial boundaries.

International (6)

The effect of the impact extends

beyond country borders.

Duration

Temporary (1)

The duration of the
associated with the

0-6 months.

activity

impact will last

Short term (2)

The duration of the
associated with the

6-18 months.

activity

impact will last

Medium-term (3)

The duration of the
associated with the

18 months-5 years.

activity

impact will last

Long term (4)

The duration of the
associated with the

more than 5 years.

activity

impact will last

Severity

Low (1)

Where the impact affects the

environment in such

a way that

natural, cultural and social

functions and processes are minimally

affected.

Moderate (2)

Where the affected environment is

altered but natural, cultural and

social functions and processes

continue albeit in a modified way;

and valued, important, sensitive, or
vulnerable systems or communities are

negatively affected.
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Criteria

Rating Scales

Notes

High (3)

Where natural, cultural, or social
functions and processes are altered
to the extent that the natural
process will temporarily or
permanently cease; and valued,
important, sensitive, or vulnerable
systems or communities are

substantially affected.

Potential for impact on

irreplaceable resources

No (@)

No irreplaceable resources will be

impacted.

Yes (1)

Irreplaceable resources will be

impacted.

Consequence

Extremely detrimental (-25 to -
33)

Highly detrimental (-19 to -24)

Moderately detrimental (-13 to
-18)

Slightly detrimental (-7 to -
12)

Negligible (-6 to @)

Slightly beneficial (@ to 6)

Moderately beneficial (13 to
18)

Highly beneficial (19 to 24)

Extremely beneficial (25 to 33)

A combination of extent, duration,
intensity, and the potential for

impact on irreplaceable resources.

Probability (the likelihood of

the impact occurring)

Improbable (@)

It is highly unlikely or less than 50

% likely that an impact will occur.

Probable (1)

It is between 50 and 70 % certain

that the impact will occur.

Definite (2)

It is more than 75 % certain that the
impact will occur, or it is definite

that the impact will occur.

Very high - negative (-49 to -
66)

High - negative (-37 to -48)

Moderate - negative (-25 to -

A function of Consequence and

significance 36) Probability.
Low - negative (-13 to -24)
Very low (@ to -12)
Low - positive (@ to 12)
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Criteria Rating Scales Notes
Moderate - positive (13 to 24)
High-positive (37 to 48)
Very high - positive (49 to 66)
Table 10-2: Explanation of Assessment Criteria
Criteria Explanation
Nature This is an evaluation of the type of effect the construction, operation, and

management of the proposed development would have on the affected environment.

Will the impact change in the environment be positive, negative, or neutral?

Extent or Scale

This refers to the spatial scale at which the impact will occur. The extent
of the impact is described as footprint (affecting only the footprint of the
development), site (limited to the site), and regional (limited to the
immediate surroundings and closest towns to the site). The extent of scale
refers to the actual physical footprint of the impact, not to the spatial
significance. It is acknowledged that some impacts, even though they may be
of a small extent, are of very high importance, e.g., impacts on species of
very restricted range. To avoid “double counting, specialists have been
requested to indicate spatial significance under “intensity” or “impact on

irreplaceable resources” but not under “extent” as well.

Duration

The lifespan of the impact is indicated as temporary, short, medium, and long

term.

Severity

This is a relative evaluation within the context of all the activities and
the other impacts within the framework of the project. Does the activity
destroy the impacted environment, alter its functioning, or render it slightly

altered?

Impact on irreplaceable

resources

This refers to the potential for an environmental resource to be replaced,
should it be impacted. A resource could be replaced by natural processes
(e.g., by natural colonization from surrounding areas), through artificial
means (e.g. by reseeding disturbed areas or replanting rescued species) or by
providing a substitute resource, in certain cases. In natural systems,
providing substitute resources is usually not possible, but in social systems,
substitutes are often possible (e.g., by constructing new social facilities
for those that are lost). Should it not be possible to replace a resource,
the resource is essentially irreplaceable e.g., red data species that are

restricted to a particular site or habitat of a very limited extent.

Consequence

The consequence of the potential impacts is a summation of the above criteria,

namely the extent, duration, intensity, and impact on irreplaceable resources.

Probability of occurrence

The probability of the impact occurring is based on the professional
experience of the specialist with environments of a similar nature to the
site and/or with similar projects. It is important to distinguish between the
probability of the impact occurring and the probability that the activity
causing a potential impact will occur. Probability is defined as the
probability of the impact occurring, not as the probability of the activities

that may result in the impact.
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Criteria

Explanation

Significance

Impact significance is defined to be a combination of the consequence (as
described below) and the probability of the impact occurring. The relationship
between consequence and probability highlights that the risk (or impact
significance) must be evaluated in terms of the seriousness (consequence) of

the impact, weighted by the probability of the impact occurring.

In simple terms, if the consequence and probability of an impact are high,
then the impact will have a high significance. The significance defines the
level to which the impact will influence the proposed development and/or
environment. It determines whether mitigation measures need to be identified

and implemented and whether the impact is important for decision-making.

Degree of confidence in

predictions

Specialists and the EIR team were required to indicate the degree of confidence
(low, medium, or high) that there is in the predictions made for each impact,
based on the available information and their level of knowledge and expertise.
The degree of confidence is not taken into account in the determination of

consequence or probability.

Mitigation measures

Mitigation measures are designed to reduce the consequence or probability of
an impact or to reduce both consequence and probability. The significance of

impacts has been assessed both with mitigation and without mitigation.
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APPENDIX C: DISCLAIMER AND DECELERATION OF INDEPENDENCE

The opinions expressed in this Report have been based on site /project information supplied
to GCS (Pty) Ltd (GCS) by Ecoleges and is based on public domain data, field data and data
supplied to GCS by the client. GCS has acted and undertaken this assessment objectively and

independently.

GCS has exercised all due care in reviewing the supplied information. Whilst GCS has compared
key supplied data with expected values, the accuracy of the results and conclusions are
entirely reliant on the accuracy and completeness of the supplied data. GCS does not accept
responsibility for any errors or omissions in the supplied information and does not accept any

consequential liability arising from commercial decisions or actions resulting from them.

Opinions presented in this report, apply to the site conditions, and features as they existed at
the time of GCS’s investigations, and those reasonably foreseeable. These opinions do not
necessarily apply to conditions and features that may arise after the date of this report, about

which GCS had no prior knowledge nor had the opportunity to evaluate.
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DETAILS OF THE SPECIALIST, DECLARATION OF INTEREST AND UNDERTAKING
UNDER OATH

Application for authorisation in terms of the National Environmental Management Act, Act No. 107 of 1998,
as amended and the Environmental Impact Assessment (EIA) Regulations, 2014, as amended (the
Regulations)

PROJECT TITLE

The development of a 400 MW Solar Photovoltaic (PV) facility on the Remainder of Farm Goede Hoop
26C and Portion 3 of Farm Goede Hoop 26C, between De Aar & Hanover, Emthanjeni Local
Municipality, Pixley Ka Seme District Municipality, Northern Cape Province, South Africa

Hydrological Assessment
SPECIALIST INFORMATION

Specialist Company | GCS Water and Environment Pty Ltd

Name:
B-BBEE | Contribution level | 4 Percentage
(indicate 1 to 8 or non- Procurement
compliant) recognition

Specialist name: | Hendrik Botha

Specialist | MSc Environmental Sciences (Geohydrology & Geochemistry)
Qualifications: | BSc Hons. Environmental Sciences (Hydrology)

Professional | PR SCI NAT 400139/17
affiliation/registration:

Physical address: | 1 Karbochem Road, Newcastle, KZN

Postal address:

Postal code: | 2940 Cell:

Telephone: | 071 102 3819 Fax:
E-mail: | hendrikb@gcs-sa.biz
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DECLARATION BY THE SPECIALIST

, _Hendrik Botha, declare that —

o | act as the independent specialist in this application.

o | will perform the work relating to the application objectively, even if this results in views and findings
that are not favourable to the applicant.

o | declare that there are no circumstances that may compromise my objectivity in performing such
work.

o | have expertise in conducting the specialist report relevant to this application, including knowledge
of the Act, Regulations and any guidelines that have relevance to the proposed activity.

o | will comply with the Act, Regulations and all other applicable legislation.

¢ | have no, and will not engage in, conflicting interests in the undertaking of the activity.

¢ | undertake to disclose to the applicant and the competent authority all material information in my
possession that reasonably has or may have the potential of influencing - any decision to be taken
concerning the application by the competent authority; and - the objectivity of any report, plan or
document to be prepared by myself for submission to the competent authority;

e all the particulars furnished by me in this form are true and correct; and

o | realise that a false declaration is an offence in terms of regulation 48 and is punishable in terms of
section 24F of the Act.

18/08,/2022
) 11:19:38
Pr.Sci.Nat (400139/17)

Signature of the Specialist

GCS

Name of Company:

01 September 2022

Date
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CV OF SPECIALIST

CORE SKILLS

«  Project management
«  Analytical and numerical

groundwater modelling

. Geochemical assessments and
geochernical modetling

A yorop gy and hy 4
anessments

«  Hydrology, floodiine modeiling
& storm water management

«  Groundwater vuinerability,
impact, and risk

Hendrik Botha
Snr. Hydro-geologist / Modeller

PROFILE

Hendrik (Henri) Botha is currently the manager of the GCS
Newcastle Office and occupies the role of principal hydrogeologist.
Groundwater, geochemistry and surface hydrology, as well as
knowledge of water chemistry together with GIS, analytical and
numerical modelling skills, is some of his sought-after expertise.
General and applied logical knowledge are his key elements in
problem-solving.

«  Technical report writing
GIS and mapping

DETAILS

Qualifications

. BSc Chemistry and Geology
(Environmental Sciences)
(2012)

. BSc Hons Hydrology
(Environmental Sciences)
(2013)

. MSc Geohydrology and
Hydrology (Environmental
Sciences) (2014-2016)

Membership

. Groundwater Division of
GSSA

. Groundwater Association of
KwaZulu Natal Member

. International Mine Water

Association (IMWA)

Languages
. Afrikaans - Speak, read,

write.
. English - Speak, read, write.|

Countries Worked In
. South Africa

Praf.

Pr ional Affiliations:
SACNASP Professional Natural Scientist (400139/17)

Areas of Expertise:

Waste classification and Impact Assessments

Aquifer vulnerability assessments

Geochemical sampling, data interpretation and modelling
Geophysical surveys and data interpretation

GIS

Water quality sampling and data interpretation
Groundwater impact and risk assessments

Numerical and Conceptual Visual Modelling (Visual Modflow,
ModflowFLEX, Vaxler, RockWorks, Surfer and Excel)

c:redol (| ical Soil Types) & Soils Assessments
:’m ine Mﬁélﬁﬁn
Stor M

-RAS)
ag Systems and Modelling

Surface Water Yield Assessments

Water and Salt Balances

D
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£

Work Experience

2014 - Current | G5 (Pry) Ltd Snr. Hydrogeologist Client liatson, client Fydrology,
hydropedology and geochemistry related \nurk
GCS Mewcastle Office manager since July 2020
it Lol Wates Modeiles Hydrological rainfall-runoff modelling with EPA SWAM
Mana]errem. at North-
University
013 Ehs_ngl:;y entat | Demonstrator Ll ﬁapuam\ofdanﬂlgmﬁmadmma (periments
MNorth-West i o Desmonstration of some chemistry principles to undergraduate students
1 Helped studants during experiments

Page 2 0f§
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PROFESSIONAL EXPERIENCE

Scan here for full record

PROFESSIONAL EXPERIENCE - EARTH SCIENCES FIELD

Year client Project Description

Geochemistry, Waoste Classificotton, Geochenmical Modelling, Sofl Chemistry and Water Chemistry Assessments

“Imﬂﬂ!

2021 Modikwa Platirum Modces Platinum Soll Study

Project Manager, Field
Specialist, Reporting,

Client Ifaison

2020 Tendele Coal {Ptyptd Somkhede Water & Geochemicsl Report

Project Manager, Field

specialist, Aeporting,
Cli=nk |Raisom

2mq Thaslo Enveiromimental Waste Classification for the Fortuna WTw

Froject Manager, Assessor,
Reparting. Cli=nt lisison

Tendels Coal {Pty)

20M9-2020
Ltd

Area § (RwaQubuka Pit) Waste Evaluation & Aisk-Exsed Approach Geohydroiogical Closure Asseszment

Project Manager, Field
Specialist, Modler,
Anatyst, Reporting, Client
Uiaison

Tendels Coal {Pty)

£ Ltd

Gepchemical Moded Uipdate for Soemkhele Anthrscite Mine

Project Manager, Field
Specialist, Modler,
Anatyst, Reporting, Chient
Liaiison

09 Buffale Coal {Piy| Ltd  Aviemore Cofilery Decant and Stream Loss Assessment

Project Manager, Modier,
Anatyst, Reporting, Cllent
Lislacn

2049 Buffslo Coal [Py Ltd Aviernore Coftlery AMD Treatment Strategy

Project Mamager, Modier,
Anatyst, Reporting, Chient
Lislson

Tendels Coal {Pty)

2018
Ltd

Gepchemical Model Devsiopment far the Somihelie Anthracite Mine

Project Manager, Field
Specialist, Modler,
Anatyst, Reporting, Cilent
Uiaison

Tendels Coal {Pty)

2mb Ltd

Somkhele Co-Disposal Assessment

Fraject Manager, Field
Specialist, Modler,
Anatyst, Reporting, Ciient
Uaiison
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PROFESSIONAL EXPERIENCE

Scan here for full record

vear Clent Profect Description fols £ Respomibility
2013 Crest Chokce Chicken Patchefstroom Bottlmg Facility WL Analysls :“;::;T”;:‘;:g
2013 L";’I’:'u'i“;‘:__lix"m Springbak Siding Sall Analyses L“:’ﬂ:‘m‘:‘;‘:g
2003 Exxaro {Malta Mine} Water Chemistry Anatyzis :':::g:“;:;m
203 Tendele AdHoc: Somkhele Sample Water Quality m:;:fﬂ;ghp:rﬁ:g
2013 Hatch Goba Meikuus Soll Analysts T;::“':“;:?:g
2013 Hortham Platirum So# Chemistry Interpretatsan L“:rﬂ:umﬁ:g
2013 Private Client Soi Cheméstry Analysk and Interpretation ::::T:m;m ’t‘;':q
2018 Moio wola Graphite Project Soil Analysis Lr:’:ri:“;:p::::q
2014 Estima Sof and water chemistry snalyses T;::z:“;;"" ‘;2
2014 Hangra Bakon! Platinum - o8 Mortoring ::::T:um" ’t';‘:q
2014 Boaysendal Mine Sols, Land-Use and Land Capabdllty Assessment for Boaysendal Mine: 508 Chemistry Analysts RbeyYprEtom. feid
Anatysts, Reporting
2014 Karigra Longridge Soil Testing to identtly Fertiizer Use: Sall Chemistry Interpretation L“:“‘:“R;'“" ‘:'I"I_i
:z;g I::“'E Col {Pty) Hinetic Cotumn Leach Test Assessments for Mining Area B and Area § at the Somihels Anthracite Mine :;iﬁ::hﬁﬁﬁ:md

Geotndrological, Hydrologico! ond Hydropedologionl Assessments (ElA, WULA, BA, JWULA, EMF) - Groundwaber investigations, Numerical and Anul-.-tlculhbﬁé!lhg Application, Foodline

Modelling, CSWME, Water Balances and Hydropedology

2021

2021

Reparting, Client liaison

‘Wallace & Gresn

Izinga Eco Estate Floodline Updste

Project Manager, Field
Specialist, Reporting,
Client tsison

KSEMSE Enviromimeentsl

Consulting

Dirgo Ammal Kingdom Flood!ne

Project Manager, Fleld

speciatist, Reporting,
Cls=nt |tsison
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PROFESSIONAL EXPERIENCE

Project Manager, Field
2021 Mkhoba Trust Minoba Trust water use license Application - Geahydrology Assessment Specialist, Reporting,
Clsent liatson
Project Manager, Field
2021 Joseph Baynes BState g nestietas Groundwater Supply Speciaitit, Reporting,
(Ptyjita Client satson
Project Manager, Field
2020 ;Tu"‘:ns‘““' e Karpawership S4 - G a1, hyar and hydrologicat assessments Specialtst, Reporting,
s (Pty) Ltd y g o 2y
Client isatson
ek ook Project Manager, Field
2020 Justin Lusso Poultry Farm - Geohydrotogy and Hydrological Assessments Specialtst, Reporting,
Environmental
Cltent Isstson
Metamarphosts Project Manager, Field
2020 Environmental Propased Shongwen! Lanafiil Hydrological Assessment Specialtst, Reporting,
Consulting Client ifatson
Greien D Project Manager, Field
2020 i ; Middeldrift Bulk Augm Hydrological and Hydrop gical nt Specialist, Reporting,
onmental Client satson
Project Manager, Field
2020 EnviroMatrix Manyatseng Cemetery Geobydrological and Flood Line Assessment Specialtst, Reporting,
Cltent I5stson
Project Manager, Field
2021 ECA Consulting Hydrological study - Oxhahlamba Speciaitst, Reporting,
Client lisison
Project Manager, Field
2020 Walllace @ Green Giendale Sugar MIll Hydrology Assessment & Groundwater Numerical Model Devetopment Specialtst, Reporting,
Client iaison
Project Manager, Field
2020 Giee Newcastle Cemetery (Roy Point) Expansion Geofydrological & Hydrological Assessment Specialtst, Reporting,
Clsent lisison
Project Manager, Field
2020 GiBe Newcastle Cemetery (Roy Point) Expansion Hydropeoidogy Assessment Specialtst, Reporting,
Cltent liatson
Gresn Dode Project Manager, Fleld
2019 Hydrological Assessment for the Chep Weatherboard Dam Specialist, Reporting,
Environmental Pt
rent |satson
2019 Triplod Sustamnable Elalent Hydropedology Assessment Project Manager, Field
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PROFESSIONAL EXPERIENCE

Solutions (Pty) Ltd Specialist, Reporting,
Client Iiaison
Praject Manager, Field
Green Doar Speciaitst, Modier,
g i 1 P
2019 Envin at Geotwydrological Assessment for the Sani Pass Hotel Expansion X, ng, Client
Uaison
Project Manager, Field
Green Door Speciaitst, Modier,
| v
2009 Bt tal Evergreen Hilton Retirement Village Geo hydrological Assessment R ng, Ciient
lalson
Project Manager, Field
Specialist, Modler,
2019 Cato Scrap CC Cato Scrap Metal Facility Geohydrological Assessment tyst, R ng, Ctient
Uatson
Project Manager, Field
Green Door Specialist, Modier,
2019 Environmental yarogeological W for e Goedy Faryn Anatyst, Reporting, Client
Uatson
ACER (Atrica) Pro]c::'::mngere;neld
L 1l went ] ~
2019 :m- e yarogy gical for the Mtuzint Sewage Works Spec R cding. cuent
onsy s Uiatson
Project Manager, Field
Tripo4 Sustainable Speciaitst, Modler,
2019 Solutions (Pty) Ltd Hydrogeological Assessment for the Sezela MILL Molasses Bladder Development Site Anatyst, ing. Citent
Uatson
Project Manager, Field
Specialist, Modier,
208 GIEB Iiovo Automotive Supplier Park (ASF) Geohydrological Assessment Anatyse, R ving, Citent
Usizon
Project Manager, Field
2018 Kangra Coal (Pty) Ltd  Numerical Groundwater Model update for the Maguasa East, Maquasa West and Nooltgezien mining operations Speciatin, Moey
Anatyst, Reporting, Ctient
Liatson
Project Manager, Field
Tripo4 Sustatnabl Speciaitst, Modt
2018 2 7 Hydrogeological Assessment and Numerical Gr ter Mode! De pment for the Iliovo Noodsburg Sugar Ml oLty 2k

Solutions (Pty) Ltd

Analyst, Reporting, Client

latson
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Project Manager, Field
2018 Zululand Anthracite Hydrogeological Assessment and Numerical Modet Development for the Deep E Opencast and New Mngeni Shart Specialist, Modler,
Coltiery (ZAC) operational areoes. Analyst, Reporting, Chient
liatzon
s Project Manager, Field
2018 e Doos Hydrogealogical far the isar Settiement Development Specialist, Assessments,
Environmental
Reporting, Client liatson
Green D Project Manager, Field
2018 Envin L Hydrogeological Assessment for the Rem 8332 Northington Farm Sottiing Plant Specialist, Assessments,
onmenta Reporting, Client Liatson
Project Manager, Field
208 Environmatrix Hydrogeological Assessment for the Splisbury Piggery Speciaitst, Aszessments,
Reporting. Client Uatson
sk st Project Manager, Field
2018 ;"'l u:m'ss Pty) u: Hydrogeological Assessment for the UCL Sugar MIlL Specialtit, Assessments,
Y Reporting, Client liatson
Project Manager, Field
s Specialtst, Modler,
2018 Triplod (Pty) Ltd ydrogeological investigation for the g Sugar Mall Anatyst, Reporting, Client
Uatson
Gien'D Project Manager, Field
2018 Envir tal Hydrogeological Assessment far the Bumniea farm, situated near Underberg. Speciaitst, Aszessments,
Reporting, Client liatson
Project Manager, Field
2018 Ecoleges Hydrogeological Assessment for the Proposed Development of Chicken Farms near Klippan Specialist, Assessments,
Reporting, Client lialson
Project Manager,
2018 Ecoleges Hydrogeological ent for the EQT Assessments, Reporting,
Client ltstson
Project Manager, Field
Zinoju Coal (Buffalo Specialtst, Modler,
2017 Coal) Numerical Groundwater Model Update for the Magdaiena Colllery Anatyst, Reparting, Ctient
Lialson
Tendele Coal (Pty) "°lﬁsll"'°9":;r"°
2017 Ltd (Somkhele Hydrogeological Investigation for KwqQubuka and Luhlanga Opencast Operations Speciattit, Madier,

Anthracite Mine)

Anatyst, Reporting, Client
Uatzon
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Project Manager, Field
1 Specialist, Modier,
207 Glencore Numerical Groundwater Flow and Transport Model Development for the Lydenburg Smelter Anatyst, Ing. Citent
Uatson
Project Manager, Field
Tripo4 Sustatnable Specialist, Modier,
207 Solutions (Pty) Ltd Hydrogeological investigation for the Hiovo Eston Sugar Msl yst, ting. Chient
Listson
Frame Knitting 3 Project Manager, Anatyst,
20m7 Factory Hydrogeological investigation for the Frame Knitting Factory - As part of the WULA Reporting, Client Uatson
Project Manager, Field
Royal HaskoningDHV - Speciaitst, Modler,
207 ooy A Hydrogeological Assessment for the proposed Bailito Hills Development project Ansiyst, \ng, Client
Uatson
Project Manager, Field
2016 ;Tm"ms:“' Mu: Geohydrological Assessment for the Priority 1 Sewer Pipeiine Development Project Specialist, Assessments,
(Pty) Reporting. Client liatson
Tongaat Hulett Project Manager, Field
2016 De P s (Pty) Geobydrological Assessment for the Tinley Manor Development Project Speciaitst, Assessments,
Ltd Reporting. Client Uatson
Tongaat Hulett Project Manager, Field
2016 D ns (Pty) Geoby gical Aszessment for the inyaninga Development Project Speciaitst, Aszessments,
Ltd Reporting, Client liatson
Project Manager, Field
2016 GIEE L WWTW Geohy gical A 1t Specialtst, Aszesuments,
Reporting, Client liatson
Project Manager, Field
aleta and Specialtst, Modler,
1 Mag; echydrolog) ssment 1
aU1% Associates - o e R Anatyst, Reporting, Client
Uatzon
Project Manager, Field
2015 ApOsS £ Gledhow Sewer Pipeline Geohydrological Assessment Specialist, Analyst,
Soustions (PLy) Lid Reporting, Client Liatson
Project Manager, Ficld
2015 Ground Truth Mali Geohydrological for WULA Specialtst, Anatyst,
Reporting, Client Uatson
2013 Royal HaskoningDHY ~ Desitop Geohydrologlcal Assessment for Sibaya Sewer Pum Stations Froject Manager, Fictd

Specialist, Analyst,
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PROFESSIONAL EXPERIENCE

Scan here for full record

client

Project Description

fols / Responsibility

Reporting, Client latson

2013

2014

2014

2014

2014

2014

2014

Anglo Goid Ashand]

AngloGoid Ashant! VR, MWS ard 'WW Salt Losd Allocations per Source Facll®y Update

Project Manager, Field
Specialist, Amatyst,
Reparting, Client liaison

Anglo Goid Ashant]

Surface and Groundwater Monftaring Assessment

Reporiing, Anatyst,
Reporting, Client Lisison

EIMS

De Witteirans Groundwater Update and Hydrocensus

Fheld Specialist

Kangra Coal (Fry) Ltd

Ballengeich Pollution Cantral Praject

Project Manager, Field
Specialtst, Aralyst,
Peparting, Cli=nt lisison

Kemnafahla ard
Trading

Comfields Geohydrological Assessment

Project Manager, Fleld
specialist, Analyst,
Reparting, Client liaison

Total Coal South

Dorsfontein and Forzando Geohipdrologicsl Asvessment

Project Manager, Field
Specialist, Analyst,

Africa TCSA
i Reporting, Client liafson
Prelsminary and Desktop Hydrogeologscsl Assessment
Trvest for the Msinga Local Mumicipality Lanfill Site in the Reparting

Pameroy Area

2014

2014

2044-2006

Tripo4 Sustamable
Solutions {Pty) Ltd

Hing Shaka Mail Geohydrological Assessment

Praject Manager, Field
Specialist, Analyst,
Reparting, Client lisison

Triposd Sustainable
Solutions {Pty) Lid

Steve Eiko Housing Development Geohydrological Assessment

Project Manager, Field
specialist, Analyst,
Reporting, Client laison

Tendele Coal {Piyh
Lid

Somkhele Waste and Geochemical Management Plan

Project Manager, Field
Specialist, Analyst,
Peparting, Cli=nt laison

2016-2018

Tendele Coal {Pty)
Ltd

Area | Pt Lake Feasiblity Assessment

Froject Manager, Field
Specialist, Modler,
anatyst, Reporting, Chient
Laiizon

Water Supply
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PROFESSIONAL EXPERIENCE

Scan here for full record

Tear client

Project Description

fols / Responsibility

_— Joseph Baynes Estate

Baynesflelds Groundwater Supply

Project Manager, Field
specialist, Reporting,

P
ol Client liatson
Project Manager, Fisld
2020 Wallace & Green Izirga Eca Estate & Balfo Hills Water Supply Specialist, Reporting,
Client listzon
Project Manager, Field
ialit, Modller,
2020 Triplod Stza Water Groundwater Supply & Geahydrological Evabuat e
riplo n ‘Waber Groundwater Supply i Geohydrological Evaluation Anatyst. Heporting, Client
ialacn
= Project Manager, Anatyst,
2018 MEB Projects Groungwater SLpply Investigation for the Simangaliso Wetland Fark e Kl Uathin
Project Manager, Anatyst,
2018 MEB Projects Groundwater Supply Imvestization Tor the Simangaliso Wetland Fark i e
Reporting, Client lision
Praject Manager, Fieid
2 Condar b
2016 e rea O Genhydrological Imvestigation and Driiiing Feasitfity for Mount AU Folice Statian Specialist, Analyst,
¥ Reporting, Clisnt tiston
Praject Manager, Field
Tencele Coal {Pt
2013 b Gk (X Somkhede Water Supgly Specialist, Aeporting,
Clienit |iaison
2013 ows Rural Water Supply & Resource Management Freld Specialist
Project Manager, Field
Focus Pr Specialist, Modler,
2016-2017 e KIN Drought Retief Borehole Feasibflity Study * i
Management Anatyst, Reporting, Client
iatacn
Water Monitoring

2014 2006 Buffaln Coal

Buffalo Coal Water Monitoring

Freld Specialist, Aeparting

Tripo Sustainable

Project Manager, Fleld

2018 Salutions Py} Ltd Groutville O Sanitation Programme - Water Manftoring Specialist, Asveszments,
Reparting, Client liakson
Froject Manager, Field
Tripod Sustainas
2016 i Monttoring Plan for the Propased Bhamshela Frling Station Specialist, Aeporting,

Solutions {Pty) Ltd

Cli=nt |Raison

Page 10 of

01 September 2022

Page 72



Ecoleges Environmental Consultants

De Aar Solar - Phase 3

PROFESSIONAL EXPERIENCE

Scan here for full record

Tear Client Project Description fole 7 Responsibifity
Project Manager, Field
Total Coal Sauth
20442045 Sk Steincoatsprus Colllery Water Monftoring for Closure Specialist, Reporting,
Africa {TCEA}
Client liatson
. Project Manager, Fisld
20146-2049 Srm;“”:'"‘ﬂ: Avon Penking Power Plant Groundwater snd Surface Water Mondtoring Specialist, Assessments,
* i Reparting, Client Haison
Project Manager, Field
Tripod Sustainasl
093-2009 | T Wing Thaka Mail Monitoring Plan and Water Moritoring Specialist, Reporting,
Solutions {Pty} Lid
Client listzon
7 Project Manager, Field
20044 Tendels Coal (Pt
ki g =Enst. () Somkhete Anthracite Mine Water Manitaring Specialist, Reporting,
geing " Clfen lixison
Project Manager, Field
2019 Wailace & Green Giendale Sugar MIll Groundwater Modet Specialist, Reporting,
. Client Itaison
Hydropedologicol Assessments
Project Manager, Field
2019 Ackceril Chells Imyaningasod Pollutsan Study Specialist, Asseszments,
Reporting, Client Liakon
Praject Manager, Field
2020 GIBE AFRICA Hewcastis Cemetery Gectydroiogy & Hysropedoiony Specialist, Asseszments,
Feporting., Client liaison
Praject Manager, Fisld
2070 EnviraPro H1Z FRling stations Geohydrological & Hydropedology Specialist, Reporting,
Client. Liatson
Project Manager, Fisld
2070 Hemal Consulting Dunhia Power Statlon Seepage Drains Hydropedological Asessment Specialist, Reporting,
Clienk |Esison
Project Manager, Field
KSEMS Ervl Lt
2020 i Rienishaws Hilis Estate Hydropedalogy Specialist, Azseszments,
2 Reparting, Client lafson
Project Manager, Fisld
2020 ::'b“' Eeuirtat Hydropedology study Specialist, Reporting,
ok Client lisison
Project Manager, Field
2020 KIS Developments Mesinast Mews Hydropedology Specialist, Reporting,
Client 1istson
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Tear Client Project Description fole 7 Responsibifity
Eco-Pulse Froject Manager, Field
2020 Enviranmental Lang=tontein Hydropedology Specialist, Reporting,
Consulting Services Client |iatscn
Eco-Pulse Project Manager, Field
2020 Environmeital South Comst Stane Crushers Hydropedology Specialiit, Aeporting,
Consulting Services Cléent 1iatscn
Eco-Pulss Project Manager, Field
2020 Enviranmental Widenham Development Hydropedalogy Specialist, Reporting,
Consulting Services Client 1iaiscn
Project Manager, Field
Tripind Sustamable
2070 ? Tfm R Ghersdow Sugar Ml Hydropedoiogy Specialist, Reporting,
HE RS Clsent lasison
Project Manager, Fiesld
2020 Acer Africa Witurzin| Development Hydropedalogy Speciatist, Reporting,
Cliens Issison
Project Manager, Field
2021 Modikwa PLatiram Mot ewa Fiatinum Soil Shudy Specialit, Reporting,
Client Isison
Froject Manager, Fleld
2071 Thirsts Botiling Flant  Thirstl Hydropedology Specialist, Aeporting,

Cls=nt |tsison
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PAPERS f DISSERTATIOMNS: -

Year Title Presented

2013 Hydroloegicol Modelling of the Boskop Dam Catchment with SWMM | Morth-West University
{Thesis}

2015 Understanding Site Hydrology of the Northern Kwazulu-Natal 14™ Biennial Groundwater Division Conference: From Theary to Action
Anthracite Coal Fields With Special Reference to Discard and
Tailings Disposal Practices (Paper)

Fi Geohydrological impact of co-disposed coal material into an Raorth-West University
opencast pit (Thesis)

08 Viability Of Converting A Sowth African Coal Mining Pit Lake ICARD 2018
System Into A Water Storage Facility

2019 Evaluating Groundwater Availability Based on Land Cover and 1éth Groundwater Conference and Exhibition, Port Elizabeth, 20-23 October
Local Hydrogealogy - A Groundwater Balance Approach 2019,

2021 Impact of Engineered Tree Plantations on Water Transfer through 17" Biennual GWD Groundwater Conference and Exhibition
the Upper Yadose Zone and Implications on Yertical Groundwater
recharge.

CONFERENCES/ TRAINING: -

Year Course/ Conference

Rﬁli 14 .B'Lenn'ial Groundwater Division Em'.[erence: From Theory to Action

2015 Fire Prevention and Protection Training Course

2018 International Mine Water Association (IMWA) - International Convention for Acid Rock Drainage (ICARD) Conference

09 16th Groundwater Conference and Exhibition, Port Elizabeth, 20-23 October 2019
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2021 Digital Soils Africa {DSA) Webinar - Hydropedology Requirements in South Africa
2021 17" Biennua!l GWD Groundwater Conference and Exhibition
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DECELERATION

DECLARATION

I, Henrik Botha hereby declare that the details furnished above are true and correct to the best of my knowledge and belief and | undertake

to inform you of any changes therein, immediately. In case any of the above information is found to be false or untrue or misleading or
misrepresenting, | am aware that | may be held liable for it.

-7
p /f,” f

Vb
Signature:___“iaeeaen Date: 28 February 2022
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