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1. EXECUTIVE SUMMARY 

This study contains a review of the relevant literature on the impacts on avifauna of solar energy facilities 

and their associated electrical infrastructure, and identifies potential impacts of the proposed PV2-5

Photovoltaic (PV) Energy Plants on the avifauna of the De Aar area, Northern Cape. The proposed plants 

are located on the same farm as an approved 100 MW facility (PV1) which was proposed by the same 

applicant and has already been authorized. The expected impacts are: habitat destruction by the 

construction of the facilities themselves and their associated power lines or substation/s, disturbance by 

construction and maintenance activities and possibly by the operation of the facilities, and possible 

displacement or disturbance of sensitive species, and mortality caused by collision with the associated 

power line network, and electrocution of avifauna on the required power line and substation 

infrastructure. In addition, some birds may interfere with the efficient running of the proposed PV 

installations. 

The broader impact zone of the proposed PV facilities is contained within an extensive tract of flat, open 

grassy Nama Karoo, with scattered small, rocky koppies, while the immediate vicinity features degraded 

natural veld with some anthropogenic influences. The area potentially supports up to 220 bird species, 

including 69 endemic or near-endemic species, 15 red-listed species, and four species red-listed 

endemics. The birds of greatest potential relevance and importance in terms of the possible impacts of the 

proposed PV development are likely to be resident or seasonal influxes of threatened, large terrestrial 

birds – Blue Crane Anthropoides paradiseus, Ludwig’s Bustard Neotis ludwigii, Kori Bustard Ardeotis 

kori and possibly Blue Korhaan Eupodotis caerulescens, locally resident or passing raptors, especially 

red-listed species - Martial Eagle Polemaetus bellicosus, Tawny Eagle Aquila rapax and Lesser Kestrel 

Falco naumanni, local populations of endemic, and possibly red-listed passerines, and possibly over-

flights of commuting wetland birds, especially flamingos. Pigeons, crows, weavers, sparrows and some 

raptor species may perch, roost, forage or even nest on or around the facilities and cause fouling 

problems. 

When assessed in isolation, and given the relative homogeneity of the habitat within and surrounding the 

site, and its close proximity to the town of De Aar and the associated, existing levels of disturbance 

prevalent in the area, this proposed complex of solar energy plants is considered unlikely to have any 

significant, long-term impacts on the local avifauna. However, the considerable spatial extent of this 

development suggests that it may be an important contributor to the potentially significant, cumulative 

impacts imposed by this and a number of other planned renewable energy projects on the natural 

environment of the De Aar area. 

A comprehensive programme is put forward to fully monitor and research the actual impacts of this PV 

proposal on the broader avifauna of the area, from pre-construction and into the operational phase of the 

development, and the first set of data collected as part of this programme is presented. 



4 
�

2. INTRODUCTION 

Mulilo Renewable Energy (Pty) Ltd is planning to construct four photovoltaic (PV) power generation 

facilities (project name ‘Badenhorst DamPV2-5’) on portions of the farm De Aar 180, just south-east of 

the town of De Aar, Northern Cape Province, South Africa. Aurecon South Africa (Pty) Ltd were 

appointed to do the Environmental Impact Assessment (EIA) study, and subsequently appointed 

AVISENSE Consulting cc to conduct the specialist avifaunal assessment. The present report was compiled 

by Dr Andrew Jenkins and Johan du Plessis. Dr Jenkins is an established ornithologist, with over 20 years 

of experience in ornithology and impact assessment work. He has been involved in many power line, and 

wind and solar farm EIA and EMP studies in South Africa, and also does academic research on raptors, 

bustards and cranes in various parts of the country. Johan du Plessis holds an MSc degree in Zoology 

from the University of Stellenbosch. He has over six years of experience as a field biologist, and has 

assisted with field data collection in support of various zoological surveys and EIA studies, including 

avifaunal monitoring at various wind energy facilities throughout South Africa.  

3.  DECLARATION OF INDEPENDENCE 

Andrew Jenkins and Johan du Plessis (AVISENSE Consulting) are independent consultants to Aurecon 

South Africa (Pty) Ltd and Mulilo Renewable Energy (Pty) Ltd. They have no business, financial, 

personal or other interest in the activity, application or appeal in respect of which they were appointed 

other than fair remuneration for work performed in connection with the activity, application or appeal. 

There are no circumstances that compromise the objectivity of these specialists in performing such work.   

4. TERMS OF REFERENCE 

The terms of reference for the full EIA, as supplied by Aurecon, were to: 

• Review the latest literature on bird-solar power interactions as a desk-top exercise. 

• Undertake the requisite field work to directly assess the habitats present within the inclusive 

impact zone, and to determine the in situ avifauna. 

• Integrate the on-site information with bird atlas (Southern African Bird Atlas Project - SABAP - 

1 & 2) and any other relevant data available for the general area, to develop and inclusive, 

annotated list of the birds likely to occur on the site, highlighting red-listed species, endemic, 

restricted-range or other species of particular concern that may occur in the study area. 

• Identify, describe and assess potential direct and indirect and cumulative impacts resulting from 

the proposed development both on the footprint and the immediate surrounding area during 

construction and operation. 

• Recommend mitigation measures to reduce or eliminate potential negative impacts on avifauna, 

and improve positive impacts. 
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5. LIMITATIONS AND ASSUMPTIONS 

Any inaccuracies or deficiencies in the primary sources of information used in the compilation of this 

report could limit its value. The SABAP1 data (see below) for the De Aar area are now >15 years old 

(Harrison et al. 1997), and comprise only 27 bird atlas cards for the relevant quarter-degree square, while 

there are presently only two SABAP 2 atlas card for the relevant pentad. No more reliable and/or more 

recent formal data on bird species presence and abundance in the study area currently exist. 

The site visit (conducted on 7 May and 8 May 2013), in combination with previous visits to the 

immediate area for EIA work on neighbouring or associated renewable energy projects (Jenkins 2010, 

2011, 2012), goes some way towards remedying this knowledge deficiency. However, with limited time 

in the field, and no seasonal spread, it is possible that important components of the local avifauna – nest 

sites, localized areas of key habitat for rare or threatened species – were missed. 

Given that there are currently no solar energy facilities operative in South Africa, there are no existing 

data on the environmental effects of these installations in this country. 

6. STUDY METHODOLOGY 

6.1 Approach 

The study included the following steps: 

• A review was done of available published and unpublished literature pertaining to bird 

interactions with solar energy facilities and associated power infrastructure, summarizing the 

issues involved and the current level of knowledge in this field. Various information sources 

(listed below), including data on the birdlife of the area and previous studies of bird interactions 

with solar energy facilities and electricity infrastructure, were examined. 

• A short visit to the development area to determine first-hand the avian habitats present, and to 

start the process of data collection to quantify aspects of the avifauna as part of a monitoring 

project spanning the pre-construction to operational phases of the proposed development (see 

below).   

• Compilation of an inclusive, annotated list of the avifauna likely to occur within the impact zone 

of the proposed PV facilities was compiled using a combination of the existing distributional 

data, species seen during the site visit, and previous experience of the avifauna of the general 

area. 

• Compilation of a short-list of priority bird species (defined in terms of conservation status and 

endemism) which could be impacted by the proposed PV facilities was extracted from the total 

bird list. These species were subsequently considered as adequate surrogates for the local 

avifauna in general, and mitigation of impacts on these species was considered likely to 

accommodate any less important bird populations that may also potentially be affected. 
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• Construction of a matrix of possible impacts on the local avifauna was drawn up for the proposed 

PV facilities, and the significance of these impacts was assessed in terms of the available suite of 

mitigation options. 

6.2 Data sources used 

The following data sources and reports were used in the compilation of this report: 

• Bird distribution data of the SABAP (Harrison et al. 1997) were obtained from the Animal 

Demography Unit website (http://sabap2.adu.org.za/index.php) for the SABAP 1 quarter-degree 

square covering the proposed PV facilities and its associated infrastructure(3024CADe Aar), and 

for the relevant SABAP 2 pentad (3040_2400). A composite list of species likely to occur in the 

impact zone of the PV facilities was drawn up as a combination of these data, refined by a more 

specific assessment of the actual habitats affected, based on general knowledge of the birds of the 

region (Appendix 1).  

• The conservation status and endemism of all species considered likely to occur in the area was 

determined from the national Red-list for birds (Barnes 2000), and the most recent and 

comprehensive summary of southern African bird biology (Hockey et al. 2005). 

• Information on nesting raptors and large bird collision rates on the nearby Eskom Hydra-

Droërivier 1-3 and Hydra-Proteus 400 kV transmission lines from the Eskom Electric Eagle 

Project (Jenkins et al. 2007, Jenkins et al. 2013), and recent bustard and crane collision surveys 

(Jenkins et al. 2009, Jenkins et al. 2011). 

• Lesser Kestrel roost counts for De Aar from the Endangered Wildlife Trust’s Migrating Kestrel 

Project (A.J. Van Zyl pers. comm., https://www.ewt.org.za/programmes/BoPP/kestrel.html). 

7. OVERVIEW OF THE PROPOSAL 

The Badenhorst Dam PV2-5 Energy Facilities are proposed for the farm De Aar 180, near the town of De 

Aar, Northern Cape, and in addition to an already authorized 100 MW PV plant on a different portion of 

the same property. The new proposal is for four additional 75MW PV energy plants (Fig. 1), with a 

combined extent of approximately 876ha.  The proposed alternative to the preferred project (Fig. 1) 

consists of three separate PV plants, each with a generating capacity of 150MW respectively. This 

alternative development encompasses the footprint of the preferred layout, with an additional section in 

the south, and a total footprint of approximately 1300ha. Proposed electrical infrastructure includes a 

dedicated substation for each of the proposed PV facilities. All substations will connect to a central 3-bay 

substation via an on-site 132 kV overhead transmission line, which will connect to an existing132 kV 

overhead transmission line, connecting the facility to the Eskom Hydra substation just to the southeast. 

Additional infrastructure includes a road network, both for access and internal logistics, and three 

construction camps. 
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8. DESCRIPTION OF THE AFFECTED ENVIRONMENT 

8.1 Vegetation of the study area 

The study area is located in the Upper Karoo Bioregion of the Nama Karoo Biome (Mucina & Rutherford 

2006). The natural vegetation is dominated by Northern Upper Karoo – dry Karoo shrubland with drought 

resistant grasses and scattered low trees (Mucina & Rutherford 2006). Altitude on the site varies very 

little (1250-1320 metres above sea level). The area receives about 200 mm of rain per annum, most of 

which falls in autumn (February-March). Temperatures range from a mean winter minimum of about 

0.3ºC, to a mean summer maximum of about 30ºC. 

8.2 Avian microhabitats 

These comprise mainly degraded areas of grassy Karoo veld, with limited amounts of taller vegetation 

and low trees (including alien spp.) along drainage lines, a line of low, rocky koppies along the southern 

periphery of the site, and two small artificial waterbodies and possibly some ephemeral wetlands present 

in wet years. High stocking rates and grazing pressure has resulted in lower vegetation and a generally 

more open habitat than would naturally occur in the area. The site is adjacent to the town of De Aar and is 

already subject to significant levels of human disturbance. It is also proximal to the Eskom Hydra 

substation and a number of major power transmission lines run close to or through the site, including the 

new Gamma-Perseus 765 kV line. Land-use is primarily small stock and game farming, and the area 

includes a network of minor farm roads or tracks. 

8.3 Avifauna of the impact area 

Up to 220 bird species could occur within the anticipated, broader impact zone of the solar energy facility 

(Appendix 1), including 69 endemic or near-endemic species, 15 red-listed species, and four species – 

Ludwig’s Bustard Neotis ludwigii, Blue Korhaan Eupodotis caerulescens, Blue Crane Anthropoides 

paradiseus and Black Harrier Circus maurus – which are both endemic and red-listed (Barnes 1998, 

2000, Table 1).The site falls within the Platberg-Karoo Conservancy Important Bird Area (Barnes 1998), 

which supports critical or regionally significant populations of a number of potentially collision prone or 

otherwise sensitive species. 

The birds of greatest potential relevance and importance in terms of the possible impacts of the PV 

facility are likely to be local populations of endemic passerines (including Karoo Long-billed Lark 

Certhilauda subcoronata, Rufous-eared Warbler Malcorus pectoralis, and Black-headed Canary Serinus 

alarioand possibly African Rock Pipit Anthus cinnamomeus), visiting or resident Blue Korhaan, Karoo 

Korhaan Eupodotis vigorsii, Northern Black Korhaan Afrotis afroides and Blue Crane, and locally 

resident or passing raptors, especially red-listed species - Martial Eagle Polemaetus bellicosus, Tawny 

Eagle Aquila rapax, Lesser Kestrel Falco naumanni, and possibly Peregrine Falcon Falco peregrines, 
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Lanner Falcon Falco biarmicus, and regional endemics such as Jackal Buzzard Buteo rufofuscus and Pale 

Chanting Goshawk Melierax canorus. Surveys of large raptors nesting in Eskom transmission pylons in 

this area (Jenkins et al. 2007, 2013) suggest that the closest sites to the development area are a recently 

active Tawny Eagle nest on tower 33 (30° 43.466 S, 23º 58.457 E) of the Hydra-Kronos 400 kV line – 

6.9 km to the south-west of the development area, and a recently active Tawny Eagle nest on tower 39 

(30° 49.897 S, 24° 02.369 E) of the Droërivier-Hydra 1 400 kV line – 14.7 km to the south. Note that 

there may be other large eagle nests on un-surveyed pylon lines located closer to the site than these. There 

is also a large (up to 12 000 birds – A.J. Van Zyl pers. comm.) Lesser Kestrel roost located around the De 

Aar Hospital about 2.5 km to the north-west of the development area, used by these Palaearctic migrants 

during the austral summer (October to March). 

The birds most likely to proliferate and become active around the facility, possibly causing fouling 

problems, could include Speckled Pigeon Columba guinea, Greater Kestrel Falco rupicolus, Pale 

Chanting Goshawk, Cape Crow Corvus capensis, Pied Crow Corvus albus, Common Starling Sturnus 

vulgaris, Cape Sparrow Passer melanurus, and House Sparrow Passer domesticus, and possibly variety 

of other perch-hunting hunting and insectivorous passerines. 

Only 30 species were seen on the study site during the May field visit (Appendix 1), none of which were 

particularly notable. Secretarybird Sagittarius serpentarius has been seen on the site previously (Jenkins 

2012), and a flock of six Blue Cranes was seen flying overhead during this visit. Densities of regionally 

endemic passerines – Large-billed Lark Galerida magnirostris, Eastern Clapper Lark Mirafra fasciolata, 

Spike-heeled Lark Chersomanes albofasciata and Rufous-eared Warbler were relatively high across 

much of the development area (see monitoring data in Table 3 and Appendix 2, below). A recent 

Ludwig’s Bustard collision victim was found under the 765 kV transmission line. 
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On the basis of these observations, in combination with already documented information on the avifauna of 

the general area, 11 priority species are recognized as key in the assessment of avian impacts of the proposed 

Badenhorst Dam PV Energy Facilities (Table 1). These are mostly nationally and/or globally threatened 

species which are known to occur, or could occur, in relatively high numbers in the development area and 

which are likely to be, or could be, negatively affected by the PV solar power plant project. Three species 

were included despite the fact that they were not recorded in either SABAP 1 or SABAP 2 data for the area, 

either because (a) they were seen on site, (b) the site is located within their respective distributions and the 

available habitat is possibly suitable, or (c) they may occasionally fly over the site en route between distant 

resource areas, and in so doing be exposed possible impacts. 

Overall, the avifauna of the development site itself is entirely replaceable, at best replicating that which 

occurs across huge areas of the Eastern Karoo. However, the considerable spatial extent of this development 

suggests that it may be an important contributor to the potentially significant, cumulative impacts imposed 

by this and a number of other planned renewable energy projects on the natural environment of the De Aar 

area. 

9. ASSESSMENT OF IMPACTS 

9.1 General assessment of impacts &mitigation 

9.1.1 Impacts of solar energy facilities 

Habitat loss – destruction, disturbance and displacement 

Perhaps the most significant potential impact on birds of any solar energy generation facility is the 

displacement or exclusion of threatened, rare, endemic or range-restricted species from critical areas of 

habitat. Given the considerable space requirements of commercially viable facilities (>50-100 ha), this effect 

could be significant in some instances, particularly given the possibility that the initial footprint of successful 

facilities may be expanded over time, and allowing for the possible cumulative effects of multiple facilities 

in one area. 

To a lesser extent, construction and ongoing maintenance activities are likely to cause some disturbance of 

birds in the general surrounds of a solar facility, and especially of shy and/or ground-nesting species resident 

in the area. Mitigation of such effects requires that generic best-practice principles be rigorously applied - 

sites are selected to avoid the destruction of key habitats, and construction and final footprints, as well as 

sources of disturbance of key species, must be kept to an absolute minimum. 

Other effects 

Any vertical, reflective surfaces may confuse approaching birds with the result that numbers are killed in 

collisions with such surfaces. If this source of unnatural mortality is a realistic expectation of a proposed 

solar installation, efforts should be made to restrict access by birds into the relevant, hazardous areas of the 

facility. Solar installations generally feature large areas of reflective paneling. It is possible that nearby or 

overflying birds may be disorientated by the reflected light, and consequently be displaced from an area 

more extensive than just the developed footprint of the facility. Conversely, certain bird species may be 

attracted to the solar arrays. The possibility also exists that waterbirds will mistake the reflective surface for 

an expanse of water, and attempt to land on the panels, incurring injury and/or being disorientated in the 

process. Other species may seek to benefit from the installations, using the erected structures as prominent 
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perches, sheltered roost sites or even nesting sites, and possibly foraging around the infrastructure in 

response to changes in the distribution of preferred foods (plants growing under the paneling, other animals 

attracted to the facility). Such scenarios might be associated with fouling of critical components in the solar 

array, bringing local bird populations into conflict with the facility operators. Under these circumstances, 

specialist advice should be sought in devising effective avian deterrents to minimize associated damage.  

9.1.2 Impacts of associated infrastructure 

Infrastructure commonly associated with solar energy facilities may also have detrimental effects on birds. 

The construction and maintenance of substations, power lines, servitudes and roadways causes both 

temporary and permanent habitat destruction and disturbance, and overhead power lines pose a collision and 

possibly an electrocution threat to certain species (Van Rooyen 2004a, Lehman et al. 2007, Jenkins et al.

2010). 

Construction and maintenance of power lines and substations 

Some habitat destruction and alteration inevitably takes place during the construction of power lines, 

substations and associated roadways. Also, power line service roads or servitudes have to be cleared of 

excess vegetation at regular intervals in order to allow access to the line for maintenance, and to prevent 

vegetation from intruding into the legally prescribed clearance gaps between the ground and the conductors. 

These activities have an impact on birds breeding, foraging and roosting in or in close proximity to the 

servitude, and retention of cleared servitudes can have the effect of altering bird community structure along 

the length of any given power line (e.g. King & Byers 2002).  

Collision with power lines 

Power lines pose a significant collision risk to birds, affecting a particular suite of collision prone species 

(Bevanger 1994, 1995, 1998, Janss 2000b, Anderson 2001, van Rooyen 2004a, Drewitt & Langston 2008, 

Jenkins et al. 2010). Mitigation of this risk involves the informed selection of low impact alignments for new 

power lines relative to movements and concentrations of high risk species, and the use of either static or 

dynamic marking devices to make the lines, and in particular the earthwires, more conspicuous. While 

various marking devices have been used globally, many remain largely untested in terms of their efficacy in 

reducing collision incidence, and those that have been fully assessed have all been found to be only partially 

effective (Drewitt & Langston 2008, Jenkins et al. 2010). 

Electrocution on power infrastructure 

Avian electrocutions occur when a bird perches or attempts to perch on an electrical structure and causes an 

electrical short circuit by physically bridging the air gap between live components and/or live and earthed 

components (van Rooyen 2004b, Lehman et al. 2007). Electrocution risk is strongly influenced by the 

voltage and design of the power lines erected (generally occurring on lower voltage infrastructure where air 

gaps are relatively small), and mainly affects larger, perching species, such as vultures, eagles and storks, 

easily capable of spanning the spaces between energised components. Mitigation of electrocution risk 

involves the use of bird-safe structures (ideally with critical air gaps >2 m), the physical exclusion of birds 

from high risk areas of live infrastructure, and comprehensive insulation of such areas (van Rooyen 2004b, 

Lehman et al. 2007). 
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9.2  Project specific impacts 

Specific impacts of the proposed Badenhorst Dam PV Energy project are most likely to be manifested in the 

following ways (summarised in Table 2): 

(i) Disturbance and displacement of resident or seasonal influxes of large terrestrial birds  -

especially Blue Crane, Ludwig’s Bustard and possibly Kori Bustard - from nesting and/or 

foraging areas by construction and/or operation and/or decommissioning of the facilities, and 

/or mortality of these species in collisions with new power lines while commuting between 

resource areas. 

(ii) Disturbance and displacement of resident or visiting raptors - especially Martial Eagle, Tawny 

Eagle and Lesser Kestrel - from foraging areas by construction and/or operation and/or 

decommissioning of the facilities, and /or mortality of these species in collisions with new 

power lines or by electrocution when perched on power infrastructure. 

(iii) Disturbance and displacement of resident/breeding Karoo endemics. 

(iv) Injury or mortality of wetland birds (especially flamingos) using possible flight lines in and out 

of resource areas in the broader vicinity, in collisions with the PV infrastructure or associated 

new power lines. 

Generally, however, the anticipated impacts on birds of the proposed development are not considered to be 

of any great significance (Boxes 1.1 – 1.3, Table 3). There will be some habitat loss for Karoo endemic 

species (although the general area at the site is already somewhat degraded and disturbed), some species 

(Karoo endemics, large terrestrial species, raptors) may be displaced from a broader area either temporarily 

by construction and maintenance activities, or more permanently by the disruptive, reflective properties of 

the solar panels, and some species (large terrestrial species, raptors, commuting wetland birds) may be killed 

in interactions (collisions, electrocutions) with the new power infrastructure, but again, numbers affected are 

likely to be low. 
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Box 1.1. Pre-mitigation Construction Impact: Badenhorst Dam PV2-5 Energy 

Facilities – Birds, with ratings for the alternative proposal (where these 

differ) in square brackets. Significance ratings ascribed as per the criteria 

provided by Aurecon South Africa. 

(A) Habitat loss 

Nature: All construction activities would result in a negative direct impact 

on the avifauna of the Badenhorst Dam site: loss of vegetation and habitat 

affecting Karoo endemics, raptors and large terrestrial species, through site 

clearance, road upgrade and establishment of the camp and assembly areas. 

Impact Magnitude – Low-Medium [Medium]

• Extent: The extent of the impact is local. 

• Duration: The duration would be short-term as the ecology of the 

area may be altered beyond the completion of the project. 

• Probability: Habitat will definitely be lost. 

IMPACT SIGNIFICANCE – LOW-MEDIUM [MEDIUM] 

Confidence: Certain 

Reversibility: Reversible 

Cumulative impacts: Could be substantially amplified by multiple renewable 

energy projects in the area, which seems highly likely. 

(B) Disturbance 

Nature: All construction activities would result in a negative direct impact 

on the avifauna of the Badenhorst Dam PV site; disturbance associated with 

noise and movement of construction equipment and personnel, affecting 

Karoo endemics, raptors and large terrestrial species. 

Impact Magnitude –Medium

• Extent: The extent of the impact is local [regional]. 

• Duration: The duration will not extend beyond the construction 

period. 

• Probability: There will definitely be disturbance. 

IMPACT SIGNIFICANCE – [MEDIUM] 

Confidence: Certain 

Reversibility: Possibly reversible 

Cumulative impacts: Could be substantially amplified by multiple renewable 

energy projects in the area, which seems highly likely. 
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Box 1.2. Pre-mitigation Operation Impact: Badenhorst Dam PV2-5 Energy 

Facilities – Birds, with ratings for the alternative proposal (where these 

differ) in square brackets. Significance ratings ascribed as per the criteria 

provided by Aurecon South Africa.

(A) Habitat loss and disturbance 

Nature: Operational activities would result in a negative direct impact on the 
avifauna of the Badenhorst Dam PV site; loss of habitat for Karoo endemics, 

raptors and large terrestrial species, to space occupied by solar panels and 

associated infrastructure, and disturbance or displacement of these birds by 
routine maintenance activities. 

Impact Magnitude – Low-Medium [Medium]

• Extent: The extent of the impact is potentially local. 

• Duration: The duration would be long-term as the ecology of the 

area would be affected until the project stops operating and is fully 

decommissioned. 

• Probability: Habitat will definitely be lost and some priority species 

will be disturbed/displaced. 

IMPACT SIGNIFICANCE – LOW- MEDIUM [MEDIUM] 

Confidence: Certain 

Reversibility: Possibly reversible 

Cumulative impacts: Could be substantially amplified by multiple renewable 

energy projects in the area, which seems highly likely. 

(B) Mortality 

Nature: Operational activities would result in a negative direct impact on the 
avifauna of the Badenhorst Dam PV site; mortality of raptors, large terrestrials 

in collisions with solar panels and/or power lines, or by electrocution on new 

power infrastructure. 

Impact Magnitude – Medium-High

• Extent: The extent of the impact is potentially regional. 

• Duration: The duration would be long-term as the ecology of the 

area would be affected at least until the project stops operating and is 

fully decommissioned. 

• Probability: It is probable that some individuals of priority species 

will be killed. 

IMPACT SIGNIFICANCE – MEDIUM-HIGH 

Confidence: Unsure 

Reversibility: Irreversible 

Cumulative impacts: Could be substantially amplified by multiple renewable 

energy projects in the area, which seems highly likely. 
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Box 1.3. Pre-mitigation Decommissioning Impact: Badenhorst Dam PV2-5 Energy 

Facilities – Birds, with ratings for the alternative proposal (where these 

differ) in square brackets. Significance ratings ascribed as per the criteria 

provided by Aurecon South Africa.

(A) Disturbance 

Nature: All decommissioning activities would result in a negative direct

impact on the avifauna of the Badenhorst Dam PV site; disturbance associated 

with noise and movement of decommissioning equipment and personnel, 

affecting Karoo endemics, raptors and large terrestrial species. 

Impact Magnitude – Low-Medium [Medium]

• Extent: The extent of the impact is local [regional]. 

• Duration: The duration will not extend beyond the decommissioning 

period. 

• Probability: There will definitely be disturbance. 

IMPACT SIGNIFICANCE – LOW-MEDIUM [MEDIUM] 

Confidence: Certain 

Reversibility: Reversible 

Cumulative impacts: Could be substantially amplified by multiple renewable 

energy projects in the area, which seems highly likely. 

Table 3. Pre- and Post- Mitigation Significance: Badenhorst Dam PV2-5 Energy Facilities - Birds; 

preferred vs alternative layout options. Significance ratings ascribed as per the criteria 

provided by Aurecon South Africa.�

Impact Alternative layout       

Pre-mitigation  

Alternative 

layout 

Residual (post-

mitigation)

Preferred layout        

Pre-mitigation  

Preferred layout

Residual 

(post-

mitigation)

Construction Phase     

Habitat loss MEDIUM  LOW-MEDIUM LOW-MEDIUM LOW 

Disturbance MEDIUM LOW-MEDIUM MEDIUM LOW-MEDIUM 

Operation Phase     

Habitat loss & 
disturbance 

MEDIUM MEDIUM LOW-MEDIUM LOW-MEDIUM 

Mortality MEDIUM-HIGH LOW-MEDIUM MEDIUM-HIGH LOW-MEDIUM 

Decommissioning Phase     

Disturbance MEDIUM LOW-MEDIUM LOW-MEDIUM LOW 

Note that the anticipated net impacts of this proposed development should ideally be considered in the 

context of accumulated impacts imposed by multiple other renewable energy projects proposed (and 
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some already approved and under construction) within a 20 km radius of De Aar (Fig. 2). 

Furthermore, the project itself comprises a number of potentially independent PV installations, each of 

which has its own inherent impact profile, contributing to the net aggregate impact of the whole 

proposed development. While the impact potential of each separate PV array must, by definition, be 

less than the sum of all the components together, we have assumed here that each component has the 

same impact as the sum, partly in the interests of conservatism and pragmatism, and partly because 

the assessment criteria imposed on the study do not allow for a finer scale evaluation of relative 

impacts. 

The negative impacts resulting from all phases of this proposed development (i.e. development to the 

extent of individual farms) would certainly be substantially amplified by the construction and 

operation of multiple renewable energy projects in the area (development to the extent of broader 

localities or even regions). Relatively minor levels of disturbance at the individual project level (i.e. 

farm) would escalate to combined levels likely to cause complete and possibly long-term evacuation 

of the locality or region by more sensitive species. These disturbance effects would be exacerbated by 

the loss or degradation of markedly more habitat to a much larger aggregate construction and 

operational footprint, possibly resulting in the permanent loss from the affected area of key elements 

of the avifauna. Bearing this in mind, it is essential that the suitability of this single proposal be 

considered in the context of broader renewable energy development plans for De Aar and surrounding 

areas. 

10. MITIGATION 

Should the proposed PV Facilities be approved, mitigation of impacts on birds should focus on: 

(i) Selecting the preferred layout option, given that this occupies a markedly smaller 

development footprint. 

(ii) Minimizing the inclusive construction footprint of the development and abbreviating 

construction time.  

(iii) Minimizing noise and disturbance associated with maintenance activities at the plant once it 

becomes operational. 

(iv) Selecting the PV technology that is least likely to be mistaken for a waterbody by overflying 

wetland birds.  

(v) Minimising the length of any new power lines installed and burying lines wherever possible. 

If lines cannot be buried, ensure that all new lines are marked with bird flight diverters 

(Jenkins et al. 2010) along their entire length, and that all new power line infrastructure is 

adequately insulated and bird friendly in configuration (Lehman et al. 2007). Note that current 

understanding of power line collision risk in birds precludes any guarantee of successfully 

distinguishing high risk from medium or low risk sections of a new line (Jenkins et al. 2010). 

The relatively low cost of marking the entire length of a new line during construction, 

especially quite a short length of line in an area frequented by collision prone birds, more than 

offsets the risk of not marking the correct sections, causing unnecessary mortality of birds, 
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and then incurring the much greater cost of retro-fitting the line post-construction. In 

situations where new lines run in parallel with existing, unmarked power lines, this approach 

has the added benefit of reducing the collision risk posed by the older line. 

(vi) Minimising the amount of fencing used to enclose the development areas, given that these 

may present a collision risk for collision-prone birds. 

(vii) Instituting a comprehensive impact monitoring scheme, and using the results of this scheme to 

inform and refine a dynamic approach to mitigation.    

11. CONCLUSION 

The proposed PV Facilities are likely to have little, if any significant, long-term impact on the 

avifauna of the area, after mitigation. Careful and responsible implementation of the required 

mitigation measures, including the selection of the preferred layout over the alternative, and 

conventional PV technology over concentrated PV, should reduce construction and operational phase 

impacts to tolerable and sustainable levels. Every effort should be made to monitor impacts 

throughout, to learn as much as possible about the effects of solar energy developments on South 

African avifauna, and to implement any further mitigation measures suggested as a result of ongoing 

monitoring. 
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12. LONG-TERM MONITORING 

12.1 Rationale for monitoring 

Given that solar energy development is relatively new to South Africa, and its potential impacts on birds 

are generally not well understood, it is strongly recommended that attention be given to improving this 

understanding by initiating quantitative studies of the avifauna at proposed sites both pre- and post-

construction (Smit 2012). The primary aims of such monitoring work would be to: 

(i) Determine the densities of birds resident within the impact area of the solar power plant before 

construction of the plant, and afterwards, once the plant, or phases of the plant, become 

operational. 

(ii) Register and as far as possible document the circumstances surrounding all avian mortalities 

associated with the ancillary infrastructure of the solar plant for at least six months after the plant 

becomes operational. 

(iii) Register and as far as possible document the circumstances surrounding all other avian 

interactions with the solar arrays of the solar power plant for at least six months after the plant 

becomes operational. 

Bird density and activity monitoring should focus on rare and/or endemic, potentially disturbance or 

collision prone species, which occur with some regularity in the area. Ultimately, the study should 

provide much needed quantitative information on the effects of the solar power plant on the distribution 

and abundance of birds, and the actual risk it poses to the local avifauna, and serve to inform and improve 

mitigation measures to reduce this risk.  

Monitoring protocols: Avian densities before and after 

A set of at least 10 walk-transect routes, each of at least 20 minutes in duration or 750 m in length, should 

be established in areas representative of all the avian habitats present within an around the periphery of 

the Badenhorst Dam PV site. Each of these should be walked at least once every two months over the six 

months preceding construction, and at least once every two months over the same calendar period, at least 

six months after the PV plant is commissioned. The transects should be walked after 06h00 and before 

09h00 in summer, and after 07h00 and before 12h00 in winter, and the species, number and perpendicular 

distance from the transect line of all birds seen should be recorded for subsequent analysis and 

comparison. 

Monitoring protocols: collisions and fouling  

The area within 5 m on either side of any new lengths of power line, should be checked regularly for bird 

casualties (Anderson et al. 1999, Morrison 2002). The frequency of these surveys should be informed by 

assessments of scavenge and decomposition rates. All suspected mortality incidents should be 

comprehensively documented, detailing the apparent cause of death, precise location (preferably a GPS 

reading), date and time at which the evidence was found, and the site of the find should be photographed 

with all the evidence in situ. All physical evidence should then be collected, bagged and carefully labeled, 

and refrigerated or frozen to await further examination. If any injured birds are recovered, each should be 

contained in a suitably-sized cardboard box, and the local conservation authority should be notified and 
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requested to transport casualties to the nearest reputable veterinary clinic or wild animal/bird 

rehabilitation centre.  

These post-construction surveys should also include detailing (location, extent, size, number) of all bird 

products (e.g. faeces, pellets, nest structures etc) found on and around the solar panels. 

12.2 Results of first monitoring iteration 

Fifteen walk transects were established within (n = 9) and outside (n = 6) of the proposed development 

area (Fig. 4), and surveys of small terrestrial bird densities were measured along each of these transect 

lines as per the stipulated protocols (Table 4, Appendix 2). In combination with the data obtained in two 

further site visits, these initial density estimates will establish a baseline against which to estimate the 

numbers of Karoo endemic passerines displaced by the development, and to monitor the effect of the built 

and operational PV plants on the density and community structure of surrounding passerine populations.

Other results of the first monitoring iteration are integrated into this EIA report. 
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Appendix 2. Species, numbers and densities of birds observed during 20 min walked transects in and 

around the Badenhorst Dam PV development area in May 2013. 

Transect 

number 

Length 

(km) 

Species n sightings n birds Mean 

transect 

width (m) 

 Density 

(birds.ha
-1

) 

B01 0.73 Desert Cisticola 1 1 6.0 2.29 

Eastern Clapper Lark 1 1 40.0 0.34 

Spike-heeled Lark 3 9 4.7 26.50 

African Pipit 1 1 2.0 6.87 

B02 1.00 Desert Cisticola 1 1 10.0 1.00 

Eastern Clapper Lark 1 1 20.0 0.50 

Spike-heeled Lark 1 1 2.0 5.00 

Large-billed Lark 2 4 12.5 3.20 

Capped Wheatear 1 1 50.0 0.20 

African Pipit 1 1 4.0 2.50 

unidentified lark sp. 1 1 10.0 1.00 

B03 0.91 Eastern Clapper Lark 1 1 40.0 0.27 

Spike-heeled Lark 2 5 6.0 9.16 

Large-billed Lark 2 4 6.0 7.33 

Ant-eating Chat 1 1 120.0 0.09 

Lark-like Bunting 2 2 5.0 4.40 

Cape Bunting 1 1 2.0 5.49 

B04 0.69 Rufous-eared Warbler 1 1 160.0 0.09 

Eastern Clapper Lark 1 2 10.0 2.90 

Large-billed Lark 1 2 5.0 5.80 

Cape Sparrow 1 1 80.0 0.18 

Lark-like Bunting 1 2 10.0 2.90 

B05 1.14 Eastern Clapper Lark 2 2 5.0 3.51 

Spike-heeled Lark 2 3 2.7 9.87 

Red-capped Lark 1 6 3.3 15.79 

Large-billed Lark 2 3 16.7 1.58 

African Pipit 1 5 4.0 10.96 

B06 1.10 Long-billed Pipit 1 2 10.0 1.82 

Lark-like Bunting 2 2 6.0 3.03 

B07 0.65 Rufous-eared Warbler 1 1 80.0 0.19 

Eastern Clapper Lark 1 1 2.0 7.69 

B08 0.94 African Pipit 1 2 10.0 2.13 

B09 0.41 Cape Turtle Dove 1 1 40.0 0.61 

Desert Cisticola 1 1 40.0 0.61 

Eastern Clapper Lark 1 1 40.0 0.61 

Red-capped Lark 2 5 10.0 12.20 
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Transect 

number 

Length 

(km) 

Species n sightings n birds Mean 

transect 

width (m) 

 Density 

(birds.ha
-1

) 

Capped Wheatear 1 1 20.0 1.22 

Sickle-Winged Chat 1 1 10.0 2.44 

Cape Wagtail 2 6 6.7 21.95 

African Pipit 1 1 20.0 1.22 

Lark-like Bunting 1 5 2.0 60.98 

B10 0.72 Rufous-eared Warbler 1 1 60.0 0.23 

Spike-heeled Lark 2 6 8.3 10.00 

Red-capped Lark 2 5 10.0 6.94 

African Pipit 1 2 15.0 1.85 

Long-billed Pipit 1 1 20.0 0.69 

B11 0.87 Rock Martin 1 1 20.0 0.57 

Rufous-eared Warbler 1 1 100.0 0.11 

Red-capped Lark 1 7 2.9 28.16 

Capped Wheatear 1 1 60.0 0.19 

African Pipit 2 2 30.0 0.77 

B12 0.66 Rock Martin 1 1 40.0 0.38 

Desert Cisticola 1 1 80.0 0.19 

Eastern Clapper Lark 1 1 30.0 0.51 

Spike-heeled Lark 1 1 10.0 1.52 

Red-capped Lark 1 6 16.7 5.45 

Ant-eating Chat 1 1 40.0 0.38 

African Pipit 2 2 30.0 1.01 

B13 0.55 Eastern Clapper Lark 1 1 20.0 0.91 

Spike-heeled Lark 2 3 30.0 1.82 

B14 0.73 Crowned Lapwing 1 2 30.0 0.91 

Spike-heeled Lark 1 2 10.0 2.74 

Large -billed Lark 1 1 30.0 0.46 

Capped Wheatear 1 1 100.0 0.14 

Sickle-Winged Chat 1 1 100.0 0.14 

Cape Sparrow 1 2 40.0 0.68 

B15 0.86 Desert Cisticola 1 1 10.0 1.16 

Eastern Clapper Lark 2 2 10.0 2.33 

Spike-heeled Lark 2 4 10.0 4.65 

African Pipit 1 1 20.0 0.58 

Lark-like Bunting 1 6 1.7 41.86 
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1. INTRODUCTION AND TERMS OF REFERENCE 

Aurecon South Africa (Pty) Ltd (Aurecon) on behalf of Mulilo Renewable Energy (Pty) Ltd (Mulilo) 

requested a baseline assessment of the soil, land use and agricultural characteristics for the areas 

affected by the proposed construction of four separate solar energy facilities, on Badenhorst Dam 

Farm (Portion 1 of Farm 180), near De Aar in the Northern Cape. 

The primary objective of this assessment is to provide specialist soil and agricultural input into the 

overarching EIA Report. In order to achieve this objective, a study of the climate, soils, terrain, land 

capability, geology, current agricultural practices and agricultural potential was carried out. This report 

serves to summarise such a study, present the relevant results and mitigate the predicted impacts on 

local soil and agricultural resources.   

A detailed soil and agricultural report was undertaken for Badenhorst Dam Farm in January 2012, as 

part of a larger environmental assessment (SiVEST, 2013).  Environmental Authorisation for a 100 

MW Photovoltaic (PV) solar energy facility, known as Badenhorst PV1, and associated infrastructure 

was granted for this project in July 2012. Mulilo now plans to construct four additional PV facilities on 

Badenhorst Dam Farm as an attempt to maximise the generation capacity of the farm (Aurecon, 

2013).  

This assessment intends to supplement this previous soil and agricultural study, and along with the 

other specialist studies, hopes to minimise the predicted potential impacts on the receiving 

environment. The terms of reference of this study are to: 

• Undertake a detailed soil assessment of the sites, incorporating a radius of 50m surrounding 

the site, on a scale of 1:10 000 or finer. The soil assessment should include:  

� Identification of the soil forms present on sites;

� The size of the area where a particular soil form is found; 

� GPS readings of soil survey points; 

� The depth of the soil at each survey point; 

� Soil colour; 

� Limiting factors;  

� Clay content; 

� Size of the site; 

� Slope of the site; and 

� A detailed map indicating the locality of the soil forms within the specified areas. 

• Provide the exact locality of the site; 

• Describe current activities on the sites, developments and buildings; 

• Describe surrounding developments/ land uses and activities in a radius of 500m of the sites, 

access routes and the condition thereof, the current status of the land (including erosion, 

vegetation and a degradation assessment) and possible land use options for the sites; 

• Describe water availability, source and quality (if available); 

• Detailed descriptions of  why agriculture should or should not be the land use of choice; 

• Undertake an assessment of the potential impacts on agriculture at the site in terms of the 

scale of impact (local, regional, national), magnitude of impact (low, medium or high) and the 

duration of the impact (construction, up to 10 years after construction, more than 10 years 

after construction). The assessment is to indicate the potential cumulative impacts; 
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• Describe potential mitigation measures to reduce or eliminate the potential agricultural impacts 

identified; 

• Provide a shape file containing the soil forms and relevant attribute data as depicted on the 

map; and 

• Provide an erosion management plan for monitoring and rehabilitating of erosion events 

associated with the facility. 

1.1  Brief Description of the Project and Study Area  

The purpose of this section is to provide basic site information for later reference. Please note that a 

more detailed description of the site’s characteristics are provided in Sections 4 through 7 of this 

report.  

The Northern Cape Province is considered to be one of the most suitable regions for the 

establishment of solar PV facilities due to the overriding climatic and environmental conditions. 

Accordingly, Badenhorst Dam Farm located outside of De Aar has been identified as a potential site. 

The Badenhorst Dam Farm (Portion 1 of Farm 180) covers approximately 2588ha and has the 

following mid-point co-ordinate: 30º41”25.48”S 24º03”26.46”E. 

As indicated, the revised project includes the construction of four PV facilities, each with a generation 

capacity of 75MW AC on Badenhorst Dam Farm. The combined extent of the four additional facilities, 

for Layout Alternative 1, would be approximately 879ha as summerised in Table 1, below.  

Table 1: Summary of the PV Facilities on Badenhorst Dam Farm (Layout Alternative 1) (Aurecon, 

2013) 

Facility Footprint (ha) Capacity (MW) Mid-Point Co-Ordinates 

PV 2 240 75 30°40'11.54"S; 
24° 2'56.25"E

PV 3 252 75 30°40'10.16"S; 
24° 4'37.07"E

PV 4 186 75 30°41'14.00"S; 
24° 4'8.53"E

PV 5 201 75 30°41'3.40"S; 
24° 2'40.53"E

Badenhorst Dam Farm is located approximately 340 m from the Nonzwakazi settlement and 

approximately 3 km east of De Aar. The farm consists mainly of flat grassy plains with limited kopjes 

and rolling hills. Due to small stock theft the farm is currently used as grazing land for cattle and 

Springbok. Access to the site is obtained via the N10 and private farm roads. The access and internal 

roads are in good condition. Water is the major limiting factor to local agricultural enterprises and the 

assessed area does not border a perennial river. The surrounding land is comparable to the study 

area and is dominated by agricultural grazing land.
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1.2 Description of Proposed Activities and Technical Details 

�

The technical details provided in this section are primarily extracted from the Draft Scoping Report 

produced by Aurecon (2013). 

Each of the four proposed PV facilities would consist of the following: 

� Solar energy facility: A photovoltaic component comprising of numerous arrays of PV panels 

and associated support infrastructure to generate up to 75MW per facility, through the 

photovoltaic effect. 

� Transmission lines: 132kV overhead transmission lines to connect each facility to the central 

onsite substation or an existing Eskom substation. 

� Facility substations: An onsite 132kV, 3 bay substation. 

� Boundary fence: Each 75MW facility will be fenced for health, safety and security reasons 

(Aurecon, 2013). 

It is proposed that the following infrastructure be shared between the four facilities to lessen the 

impact on the surrounding environment: 

� Central substation: One central 132kV substation and connection to Eskom grid. This central 

substation will connect the PV facilities with Eskom’s Hydra substation via either an existing 

overhead 132kV Eskom line or by constructing a new onsite 132kV transmission line. 

� Roads: Access road and internal access roads for servicing and maintenance of the site. 

� Water supply infrastructure: It is proposed that potable water will be obtained from the 

Emthanjeni Municipality. Water will be transferred to the site via the municipal pipeline from 

the nearest municipal supply point and will be contained onsite in a jo-jo tank. However, the 

Municipality would need to confirm availability of capacity to do so. 

� Stormwater infrastructure: Including drainage channels, berms, detention areas and kinetic 

energy dissipaters. 

� Buildings: Buildings would likely include onsite substations, a connection building, control 

building, guard cabin, an electrical substation and solar resource measuring substation 

(Aurecon, 2013). 

Two proposed PV layouts for the Alternatives have been tabled: 

Layout Alternative 1 

This alternative consists of the four proposed 75MW PV facilities and associated infrastructure as 

indicated in Figure 4 (referred to as PV2, PV3, PV4 and PV5). These layouts take cognisance of the 

75MW DoE cap and the environmentally sensitive areas (Aurecon, 2013).  

Layout Alternative 2 

This alternative consists of three 150MW PV facilities with a footprint of approximately 1816 ha. The 

layout for these was developed by extending and combining some of the proposed 75MW facilities. 

This alternative is thus not limited to the DOE’s 75MW cap per project. By increasing the capacities it 

has the benefit of utilizing industries at scale thereby reducing associated development and 

construction costs which reduces lending rates and essentially lower the tariff of electricity sold. 

(Aurecon, 2013). 
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1.2.1  Single axis tracking PV technology  

Photovoltaic solar energy facilities use light energy from the sun to generate electricity through a 

process known as the PV effect. The PV cells absorb light energy which energises the electrons to 

produce electricity. Figure 1 depicts a typical PV facility in a landscape similar to De Aar. The 

proposed PV panels are approximately 2m wide and 1m long. These panels are arranged into 

modules that are durable and can last up to 25 years, due to the sturdiness of the structure and few 

moving parts. The PV modules (which will include a number of PV panels) will be physically mounted 

to a galvanized steel rotation tube, single axis tracking system to ensure ground connection from the 

module frames to the structure. The PV modules, fixed to the tracking system, are arranged into 

tracker blocks as indicated in Figure 2. These tracker blocks will be uniformly aligned to facilitate 

efficient sun-tracking. The dimensions of a tracker block range between 88m and 113m in an east to 

west direction and 35m to 38m in a north-south direction (Mulilo, 2013 cited in Aurecon, 2013). 

The supports of the frame will be fixed on top of the steel piles. Since there is existence of rock 

(dolerite and siltstone) at shallow depths, the steel piles would be embedded into a concrete pile. 

However, the final design of the foundations will depend on the geotechnical conditions of the site 

which will be determined at a later stage (Aurecon, 2013).

�
Figure 1: Example of a PV facility in a landscape similar to De Aar (image courtesy of Mulilo, cited in 

Aurecon, 2013).
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�

Figure 2: Single axis tracking system (image courtesy of Mulilo cited in Aurecon, 2013)

1.2.2 Transmission lines and substations 

It is envisaged that each PV facility would require an onsite substation specific to each PV facility i.e. 

three onsite substations. These substations would feed into one central onsite substation by means of 

onsite overhead 132kV transmission lines. Based on the uncertainties regarding the capacity of 

Eskom’s substations and transmission lines, it is proposed to assess a transmission line corridor 

instead of assessing the preliminary layouts which could be subject to changes. The width of the 

proposed transmission corridor ranges from 150m to 350m. Using the middle of the transmission 

corridor as a starting point, one arm of the transmission line corridor traverses the site in a north-

westerly direction towards the northern boundary of the farm, while the other arm of the transmission 

line corridor traverses the farm in a south-westerly direction (approximately 5km) to the southern 

border of the farm. From there it will link up to Eskom infrastructure (as indicated in Figure 5) 

(Aurecon, 2013). 

1.2.3 Additional infrastructures (road, buildings, stormwater, water pipeline) 

A main access road (6m in width and 5.87km long) would be constructed to access the PV facilities 

from the N10. Internal access gravel roads from the main access roads to the four PV facilities would 

be required. Where it was possible, the layout of these roads coincide with the existing dirt tracks. The 

natural water flow of the site will be interrupted by the execution of planned roads, and therefore new 

stormwater drainage channels will be designed to facilitate natural water flow. The stormwater 

drainage channels will guide water flow to one of several discharge points which are where rip-rap 

areas will slow down the velocity of water and disperse the flow to avoid any possible erosion issue in 

that discharge point (Aurecon, 2013). 
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It is proposed that potable water be obtained from the Emthanjeni Municipality via a proposed 

underground pipeline (4.61km in length) from the nearest municipal supply point and will be contained 

onsite in a jo-jo tank. The Municipality still needs to confirm available capacity to facilitate this water 

requirement (Aurecon, 2013). 
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2. METHODOLOGY 

�

The following methodology was followed in order to ascertain the status quo of soil and agricultural 

resources within the study area. Further, to outline the predicted impacts resulting from the proposed 

development and activities in the in the study area. 

 2.1  Desktop Study 

A detailed desktop assessment was undertaken for the project area. The objective of this study is to 

broadly evaluate the soil and land use of the sites and receiving environment by interrogating relevant 

climate, topographic, landuse and soil datasets. By utilising these data resources one is able to 

broadly assess the current soil, agricultural and land use characteristics and provide a basis for a 

more detailed and spatially relevant assessment.  

2.2  Soil Survey 

�

A detailed soil survey was conducted in late 2012 and the remaining area, not considered during the 

original EIA, was surveyed in May 2013. At each sample point a hand auger was used to identify and 

describe the diagnostic horizons to form and family level according to "Soil Classification - A 

Taxonomic System for South Africa” as well as noting relevant soil characteristics such as depth, 

texture and limiting layers. At each auger point the relevant soil and land use data were recorded and 

the location of the auger point captured using a handheld GPS. This information was combined to 

produce detailed soil polygon maps. 

2.4  Agricultural Potential Assessment 

�

In terms of this study, agricultural potential is described as an area’s suitability and capacity to 

sustainably accommodate an agricultural land use. The soil information gained from the survey along 

with the land use assessment is combined with climate, water resources, crop information and 

topographic data in order to provide a spatial classification of the land based on its agricultural 

potential. A study of local agricultural practices was also carried out.  

2.5  Impact Assessment 

The impact assessment utilises the findings of the soil survey and agricultural potential assessment in 

order to determine reference conditions of the soil and agricultural resources. Potential soil and 

agricultural impacts, as a result of the proposed activities, are described in this section and any major 

impacts/fatal flaws will be identified for consideration by the pertinent authorities. 
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3.  DESKTOP AGRICULTURAL POTENTIAL ASSESSMENT 

The objective of the desktop component of this assessment is to provide broad soil and agriculturally 

related characteristics of the project area. It should be clearly noted that, since the spatial information 

used to drive this portion of the assessment is of a reconnaissance nature, only large scale climate, 

land use and soil details are provided. More detailed and site specific information for the study area is 

provided in subsequent sections of this report (Sections 4, 5 and 6). 

In order to ascertain the broad soil and agricultural potential characteristics of the project area relevant 

climate, topographic, landuse and soil datasets were sourced and interrogated. Existing high level GIS 

data was sourced from National GIS Datasets as well as the Environmental Potential Atlas for South 

Africa (ENPAT) Database for the Northern Cape Province of South Africa, compiled by the 

Department of Environmental Affairs and Tourism (DEAT, 2001).  

The main purpose of ENPAT is to proactively indicate potential conflicts between development plans 

and critical, endangered or sensitive environments. By combining the aforementioned data resources, 

one is able to broadly assess the site, receiving environment, and its ability to accept change, in the 

form of development. More agriculturally relevant spatial information was obtained from the AGIS 

Database (http://www.agis.agric.za, accessed 15/05/2013).    

�

3.1  Climate  

The study area has a semi-arid to arid continental climate with a summer rainfall regime i.e. most of 

the rainfall is confined to summer and early autumn. Mean Annual Precipitation (MAP) is 

approximately 300 mm per year (Figure 6).  An MAP of 300 mm is deemed low as 500 mm is 

considered the minimum amount of rain required for sustainable dry land farming (Smith, 2006). Thus, 

without some form of supplementary irrigation natural rainfall for the study area is insufficient to 

produce sustainable harvests. This is reflected in the lack of dry land crop production within the study 

area De Aar typically experiences hot days and cold nights with the highest maximum temperature of 

approximately 40 
o
C and the lowest minimum temperature of approximately - 8 

o
C (Table 2 and 

Figure 7). Evaporation is estimated to be in the region of 2000 mm per annum and thus the area is 

characterised by very severe moisture availability restrictions (AGIS, 2013) 

In summary the climate for the study area is to severely restrictive to arable agriculture which is 

primarily due to the lack of rainfall and severe moisture availability restrictions.  
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  �
  Figure 6:  Long term annual rainfall (1913 – 1998) for the study area and long term average 

(indicated by the red line) (Source: SAWS, 2010)

Table 2: Monthly temperature summary for De Aar (SAWS, 2010) 

Month 

Temperature (° C) (1961 – 1990) 

Highest 

Recorded

Average 

Daily 

Maximum 

Average 

Daily 

Minimum 

Lowest 

Recorded 

January 40 32 16 7 

February 38 31 15 4 

March 37 28 13 1 

April 34 24 9 -1 

May 30 20 4 -5 

June 26 16 1 -7 

July 25 17 1 -8 

August 28 19 2 -8 

September 35 23 6 -5 

October 36 26 9 -3 

November 38 29 12 -1 

December 39 31 14 3 

Year 40 25 9 -8 
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�

�

Figure 7: Average daily minimum and maximum temperatures for De Aar (SAWS, 2010) 
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3.2 Geology 

The study area is completely underlain by a variety of geological materials (Figure 8). Shale underlies 

the central and northern portions of the site. Shale, a clastic sedimentary rock, is formed by the 

settling and accumulation of clay rich minerals and other sediments. Due to the settling process this 

parent material usually takes the form parallel rock layers which lithifies over time. The southern 

portions of the site are dominated by mudstone, like shale, mudstone is a clastic sedimentary rock 

which is formed from the lithification of deposited mud and clay. Mudstone consists of a very fine grain 

size of less than 0.005 mm but unlike shale, it is mostly devoid of bedding. A small area of Tillite 

underlies the south eastern boundary of the site. 

 Figure 8:  Geological map
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3.3  Terrain 

�

Slope or terrain is used to describe the lie of the land. Terrain influences climate, soils characteristics, 

and thus plays a dominant role in determining whether land is suitable for agriculture. In most cases 

sloping land is more difficult to cultivate and usually less productive than flatland, and is subject to 

higher rates of water runoff and soil erosion (FAO, 2007).  

The study area is dominated by flat and gently sloping topography with an average gradient of less 

than 5% (Figure 9) making this area ideal for intensive agriculture with high potential for large scale 

mechanisation. The site does, however contain a number of small rocky outcrops and ridges, which 

are limiting to arable agriculture (Figure 10). From a developmental perspective the flat areas, which 

dominate the site, will also allow for minimal earthworks and site preparation. 

 Figure 9:  Slope Analysis of the study area  

�
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�
Figure 10: An example of a rocky ridge located on Badenhorst Dam 
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3.4  Land Use 

Mucina and Rutherford (2006), classify the site as Northern Upper Karoo vegetation type, which forms 

part of the Nama-karoo biome. According to the ENPAT Database and 2010 land cover data, the 

broad study area consists of a mix of natural veld and unimproved shrub-land which is used as 

grazing land for cattle and springbok (Figure 11). Two small, seasonal water bodies are located in the 

southern portion of the site. The north western corner of Badenhorst dam borders Nonzwakazi 

settlement. According to the spatial databases there are no cultivated fields, irrigated lands which 

could be detrimentally impact upon by the proposed developments. Stocking rates are estimated at 

1:4.5 (1 sheep per 4.5 hectares of land) for a small animal unit (sheep) and 1:18 for a large animal unit 

(cattle).

Figure 11:  Land Use Map 
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3.5  Soil Characteristics 

�

The ENPAT spatial dataset for the Northern Cape Province also provides details pertaining to the 

broad soil type and approximate agricultural potential for the study area. Figure 12, provides a spatial 

characterisation of the major soil groups which underlie Badenhorst Dam Site. According to this 

dataset the site is dominated by shallow Red Apedal soils with a high base status. Apedal soils lack 

well formed peds other than porous micro-aggregates and are weakly structured. Apedal soils tend to 

be freely drained, and due to overriding climate conditions these soils will tend to be Eutrophic (high 

base status). 

The entire study area is classified as having an effective soil depth, depth to which roots can penetrate 

the soil, of less than 0.45 m deep which is a limiting factor in terms of sustainable crop production 

(Figure 13). According to the AGIS database the project area is associated with soils with a 

moderately low organic matter content (0.6 - 1%) and an average pH of between 7.5 and 8.4 (basic). 

The ENPAT Database provides an overview of the study area’s agricultural potential based on its soil 

characteristics, it should be noted this spatial dataset does not take prevailing climate into account. 

The northern half of Badenhorst Dam is characterised by soils which are not suitable for arable 

agriculture but remains suitable to grazing (Figure 14). While the southern half is associated with soils 

which are characterised by having a poor agricultural potential (where climate permits). A severely 

restrictive climate rating, due to low rainfall and moisture / heat stress further reduces the agricultural 

potential of the project area.  

�

 Figure 12:  Broad soil type map
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�
��Figure 13:  Soil depth map 

Figure 14:  Soil Potential Map
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3.6  Desktop Agricultural Assessment: Results Summary 

�

By taking all the site characteristics (climate, geology, land use, slope and soils) into account, the 

agricultural potential for the majority of the study area is classified as being extremely low for crop 

production while moderate to moderately low for grazing. This poor agricultural potential rating is 

primarily due to restrictive climatic characteristics and soil depth limitations. The site is not classified 

as high potential nor is it a unique dry land agricultural resource.  

4. SOIL SURVEY AND FIELD VERIFICATION 

�

A detailed soil survey was undertaken for the Badenhorst Dam Site using a hand auger and GPS to 

record the location of each of the auger points. At each survey point the soil was described to form 

and family level according to "Soil Classification - A Taxonomic System for South Africa” (Soil 

Classification Working Group, 1991) and the following properties were noted:  

� Estimation of the soils clay content,  

� Permeability of upper B horizon,  

� Effective rooting depth and pedological depth, 

� Limiting layers, 

� Soil Colour via the Munsell Soil Colour Charts, 

� Signs of wetness,  

� Surface rockiness,  

� Surface crusting,  

� Vegetation cover, and  

� Detailed description of the particular area such as slope. 

4.1 Soil Descriptions  

This Section lists the major soil forms encountered during the soil survey along with a site-specific 

description of each soil form.  

4.1.1 Mispah Form 

Soil Family: Mostly 1200 (Non bleached, Calcareous), limited bleached and/or non-calcareous 

Diagnostic Horizons and Materials: 

A-Horizon: Orthic 

B-Horizon: Hard Rock 

Site Specific Description: 

The Mispah soil form falls within the lithic soil group. Lithic soils are associated with shallow soils 

where parent rock is found close to the soil surface. The A-horizon varied from reddish-brown to ivory 

in colour and was generally 10-20 cm deep, directly overlying various hard rock materials. In many 

instances surface rocks are clearly visible (Figure 15). Large areas of the site contained non-
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contiguous bands of Lithocutanic B horizons overlying hard rock which lead to areas being classified 

as a Mispah / Glenrosa complex. 

Land Use Capability: 

This soil has low agricultural potential due to the distinct lack of rooting depth and as such these soils 

are generally utilised for grazing land. If ripped and cultivated however, precise irrigation scheduling is 

imperative. These soils also exhibit high soil erosion hazard ratings thus soil conservation practices 

such as minimum tillage and trash blankets should be employed. 

Figure 15:  Shallow, rocky soils dominate large areas of the Badenhorst Dam Site

4.1.2 Glenrosa Form 

Family: Mostly 1212 (A-horizon not bleached, B1 Hard, no signs of wetness and calcareous)

Diagnostic Horizons and Materials: 

A-Horizon: Orthic 

B-Horizon: Lithocutanic  

Site Specific Description: 

Like the Mispah soil form, the Glenrosa form falls within the lithic soil group. This soil form is found 

throughout the surveyed area, where bands of weathering rock are found close to the soil surface. In 

most cases the Orthic A is approximately 10-20 cm deep and was generally brown in colour. 
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The shallow Orthic A horizon overlies a Lithocutanic B-Horizon, which contains a high proportion of 

weathering rocks (Figure 16). The B-Horizon is generally limiting to plant roots but gaps between the 

weathering rock fragments can be opened by larger tree roots and thus the land use potential of this 

soil can be higher than expected. The Lithocutanic B merges into solid rock layers which are limiting to 

plant roots and generally found between 20 and 50 cm below the soil surface. Surface rocks were 

evident across the land surface where this soil form was found. Large portions of the site contained 

non-contiguous bands of Lithocutanic B horizons and hard rock which lead to large areas being 

classified as a Mispah and Glenrosa complex. 

Agricultural Potential:  

Without careful management or preparation this soil has low agricultural potential as the effective soil 

depth is approximately 30 cm. If these soils are cultivated, careful irrigation scheduling would be 

essential. This soil form also exhibits high soil erosion hazard ratings; thus soil conservation practices 

such as minimum tillage and trash blankets should be employed.  

Figure 16: An example of a shallow Glenrosa encountered in the De Aar area

�

4.1.3 Swartland Form 

Soil Family: Various (Bleached and Non-Bleached A, Red / Non Red, Calcareous and Non-

Calcareous B)

Diagnostic Horizons and Materials: 

A-Horizon: Orthic 

B-Horizon: Pedocutanic  

C-Horizon: Saprolite 
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Site Specific Description: 

The Swartland soil form falls within the duplex soil group, whose defining characteristic is the 

enrichment of clay within the soil profile. Duplex soils are mostly found in the drier parts of South Africa 

and have in common the development of strong structure in the B-horizon and a marked increase in 

clay compared to the overlying horizon (Fey, 2010). This form was commonly found between rocky 

outcrops and provided deeper routing than the adjacent soils. 

The Orthic A Horizon was generally dark brown to bleached grey in colour and was weakly structured. 

This Orthic A horizon overlies a strongly structured B-Horizon, which contains a high proportion of clay 

due to illuviation. The B-Horizon has a strong cutanic character which has a blocky structure (Figure 

17). This soil can be classified as duplex in nature and in certain instances the B-Horizon was 

considered an impediment to root growth and water movement. The pedocutanic merged into 

weathering rock. Signs of calcium carbonate were often noted in the lower B horizon.  

Agricultural Potential: 

Duplex soils occur widely in South Africa and present a variety of management factors to farmers and 

engineers. This soil form, in the context of this assessment, has a moderately low agricultural potential 

owing to the strongly structured Pedocutanic B and duplex character of the soil horizon which curtail 

root growth and water movement. At times the Pedocutanic B was limiting and thus this horizon was 

recorded as the effective soil depth. This soil form also exhibits high soil erosion hazard ratings; thus 

soil conservation practices such as minimum tillage and trash blankets should be employed. The main 

cause of erosion is clay dispersion which gives rise to surface sealing and intensifies surface runoff. If 

cultivated the chemical properties of duplex soils will most likely also need attention. This could 

include sodicity and salinity correction.  

Figure 17: An example of Swartland Soil Form identified on the Badenhorst Dam Site, the underlying 

Saprolite is not shown�

Orthic A 

Saprolite 

Pedocutanic B 
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4.1.4 Coega Form 

Family: Generally 2000 (Calcareous A Horizon) 

Diagnostic Horizons and Materials: 

A-Horizon: Orthic 

B-Horizon: Hardpan Carbonate 

Site Specific Description: 

The Coega form is a calcic soil whose profile contains at least one carbonate-rich horizon. Carbonate 

retention in the soil profile is a result of an arid climate where evaporation far exceeds rainfall. When 

encountered on the site the A-horizon of this soil form was brown, thin and calcareous. This Orthic A-

horizon overlies a hard pan carbonate which was limiting to plant growth. The surface Hard Pan 

Carbonate horizon was identified near the railway line and N10 highway. The effective soil depth, 

depth to which roots can penetrate the soil, was generally less than 0.2 m (Figure 18).  

Agricultural Potential: 

Calcic soils are associated with arid regions and thus the use of these carbonate rich soils in South 

Africa is limited.  Limitations in terms of sustainable agricultural use include shallow rooting depth, high 

pH, high salinity and low Phosphorus available for plant utilisation (Fey, 2010). Such limitations restrict 

calcic soils to extensive grazing unless irrigation is available. These soils also exhibit high soil erosion 

hazard ratings thus soil conservation practices such as minimum tillage and trash blankets should be 

employed. 

Figure 18: An example of a shallow Coega form  
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4.2 Soil Summary

�

The soils identified on the Badenhorst Dam Site are predominantly shallow and rocky with a low 

agricultural potential. Rocky soils (Mispah and Glenrosa Forms) cover 57% of the surveyed area 

(Figure 20) while shallow duplex soils (Swartland) cover 38%. Most soils contained a layer that was 

limiting to plant growth and these layers included rock, saprolite, hard pan carbonate and strongly 

structured cutanic horizons.

The location and description of the sample points are provided in Appendix A: Soil Properties. This 

information was used to create a verified soil map showing homogeneous soil bodies for on the 

Badenhorst Dam Site (Figure 19). Combining the effective depth information (i.e. depth to root limiting 

layer) and Inverse Distance Weighting one is able to obtain a generalised soil depth for the site 

(Figure 21). Soils with an effective depth of greater than 50 cm were rarely observed during the soil 

survey.  

Figure 19:  Verified Soil Map for Badenhorst Dam Farm 

�
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�

�
Figure 20: Graph showing the percentage area per soil form  

�

�
Figure 21: Verified Soil Depth Map

�
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5.  AGRICULTURAL POTENTIAL ASSESSMENT 

In terms of this study, agricultural potential is described as an area’s suitability and capacity to 

sustainably accommodate an agricultural land use with this potential being benchmarked against crop 

production.  

5.1  Current Situation 

�

The Badenhorst Dam Site is zoned as agricultural land, and is currently used as extensive grazing 

land for cattle and game production (Figure 22). Stocking rates are estimated at around 1 SSM (small 

stock unit) per 4.5 hectares and 1 LSU (large stock unit) per 18 hectares. The site does not currently 

accommodate any centre pivots or irrigation schemes. Fields, near the homestead, are characterised 

by improved pastures. Although these fields are still characterised by low value agricultural land, they 

still represent actively cultivated land and thus have been precluded from the development layout. 

Urban expansion and the increasing rate of stock theft are increasing pressure on the productivity and 

sustainability of this farm unit. The evidence for this is that many of the farms in close proximity to De 

Aar have abandoned small stock farming in favour of beef and game production. 

5.2  Verified Agricultural Potential  

Overall agricultural potential of the site is based on assessing a number of inter-related factors 

including climate, topography, soil type, soil limitations and current land use. The overriding climate is 

the major limiting factor for the site. The combination of low rainfall and an extreme moisture deficit 

means that sustainable arable agriculture generally cannot take place without some form of irrigation. 

The site does not contain and is not bounded by a reliable surface water irrigation resource, and the 

use of borehole water for this purpose does not seem agriculturally and economically feasible. This is 

due to the current human pressure on borehole water, the expense of using borehole water as a 

source of irrigation and the brackish nature of the local groundwater resources. 

The project area is dominated by flat undulating topography with an average gradient of less than 5%. 

The soils identified on the PDA are predominantly shallow and rocky with a low agricultural potential. 

Rocky soils (Mispah and Glenrosa Forms) cover 57% of the surveyed area while shallow duplex soils 

(Swartland) cover 38%. Most soils contained a layer that was limiting to plant growth and these layers 

included rock, saprolite, hard pan carbonate and strongly structured cutanic horizons. 

A map indicating the agricultural potential in terms of crop production for the Badenhorst Dam Farm 

is provided in Figure 23. The majority of the site has been classified as having low potential for crop 

production due to an arid climate and highly restrictive soil characteristics. Two small areas, 

characterised by the Oakleaf Soil Form, have been conservatively rated as having moderate 

agricultural potential. The site is not classified as high potential, nor is it a unique dry land agricultural 

resource. The physical and chemical limitations associated with the dominant forms restrict these soils 

to extensive and low density grazing land. The site is considered to have a moderate to moderately 

low value when utilised as grazing land, which is its current use. 
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�
Figure 22: Cattle grazing on Badenhorst Dam

�

Figure 23:  Agricultural Potential Map 
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6. AGRICULTURAL IMPACT ASSESSMENT

From an agricultural perspective the loss of high value farm land and / or food security production, as 

a result of the proposed activities, is the primary concern of this assessment. In South Africa there is a 

scarcity of high potential agricultural land, with less than 14% of the total area being suitable for dry 

land crop production (Smith, 2006). Consequently areas which can sustainably accommodate dry 

land production need to be protected from non-agricultural land uses. The desktop assessment, field 

verification and agricultural potential assessment (Sections 3, 4 and 5) has already shown that the 

study area is unsuitable for crop production and is dominated by unimproved grazing land
1
. 

The results of agricultural assessment indicate that the Badenhorst Dam Farm has low agricultural 

value and is replaceable when assessed within the context of the proposed development. 

Consequently, the overall impact of the Solar Energy Facility on the study area’s agricultural potential 

and production will be low, due to the site’s low inherent agricultural potential and value. The site does 

contain small areas of cultivation, near the homestead. These areas are simply improved pastures and 

represent less than 1% of the site. These fields have classified as a No-Go Zone and are precluded 

from development layouts and thus the overall impact on the study area’s agricultural potential and 

production will be low, due to the remaining areas low inherent agricultural potential and/or value 

(Figures 24 and 25). 
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6.1 Impact of the proposed PV solar facilities 

6.1.1 Construction Phase 

The proposed development’s primary impact on agricultural activities includes the construction of the 

solar fields and associated infrastructure, which entails the clearing of vegetation and levelling of the 

site as indicated in Table 3. This will effectively eliminate the impacted land’s agricultural potential in 

terms of crop production (or in this case, grazing) during the construction phase, which is estimated to 

last between 12 and 24 months per PV facility. The construction of the solar fields will influence a 

portion of the farm’s total area. The remaining land will continue to function as it did, prior to the 

development. Furthermore, the proposed PV facilities on the farm will be phased and constructed 

consecutively, depending on whether the projects are approved by the DoE and DEA (Aurecon, 

2013).� Stocking rates will need to be temporarily reduced during the construction phase in order to 

reduce the risk of overgrazing the remaining land portions.��

Table 3: Summary of the layout alternatives indicating the development and remaining 

footprint area (Badenhorst Dam) 

�

6.1.2 Operational Phase 

After construction the land will need to be rehabilitated, including the re-vegetation of the solar fields. It 

is recommended that more palatable grass species are planted to enable faster stocking initiation. It is 

unlikely that typical vegetation species (Karoo shrubs) will return to the PV fields. The shading of the 

panels could also influence the vegetation pattern within the PV fields.  

In order to further mitigate the potential impacts it is highly recommended that periodic grazing within 

the PV fields is allowed. This mitigation minimizes the loss of grazing land and reduces the overall 

impact on agricultural production. Interestingly, the farmers around De Aar have changed from sheep 

to beef production due to the high prevalence of stock theft. Unfortunately, cattle grazing will not be 

permitted within the PV fields as the animals could damage the PV panels. In order to overcome this 

limitation, it is recommended that the farms (within the impact areas) revert back to sheep production 

and use the proposed PV facilities as rotational grazing camps. The problem of small stock theft 

should be mitigated by the additional security and fencing associated with the PV facilities.  
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A simplified and generic phased construction approach and related mitigations are illustrated in Figure 

26, where 

�
����
��	�����������	����������$�

����������	��������	����	������$�

+	�������������	���	����������$�

�

Figure 26:  The proposed phased construction approach and grazing schedule (This simplified example is 

based on the construction of 4 PV facilities but can be adapted to any number of proposed PV 

facilities)

6.1.3 Cumulative Impacts 

A number of solar and renewable energy projects have been proposed in the De Aar area, and thus, 

the cumulative impact of these developments on surrounding farms could become detrimental to local 

agricultural resources if the loss of usable grazing land is not taken into account when determining 

optimum herd size. A phased approach in combination with erosion control and land rehabilitation, 

within each farm, will reduce this impact. The inherently low agricultural potential of the region also 

reduces the overall cumulative impact.  

6.2 Impact of the Transmission Line and Associated Infrastructure 

Three new 132 kV transmission line will be constructed in order to connect the new solar PV facilities 

to the Eskom grid. A corridor approach has been adopted to assess this impact.  According to spatial 

Land Use data and in-field verification, these routes are dominated by vacant land and unimproved 

grazing land. Owing to this, the crossing of this land by these power lines will have a very limited 

impact on agricultural production. Where the lines do cross farm land, normal grazing can still take 

place under the power lines. The only loss of agricultural land will be directly below the tower’s 

footprint. In terms of line routing, there is no significant variance between agricultural characteristics 

within the assessment corridor and as such, from an agricultural perspective, the lines may be routed 

anywhere within this corridor. 

The remaining supporting infrastructure, inter alia road and water pipe line construction, is envisioned 

to have a negligible impact on agricultural resources and production. 
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6.3 Determination of Impact Significance: Methodology

�

Significance is determined through a synthesis of impact characteristics which include the context and 

the intensity of an impact. Context refers to the geographical scale (i.e. site, local, national or global) 

whereas Intensity is defined by the severity of the impact (e.g. the magnitude of deviation from 

background or baseline conditions, the size of the area affected, the duration of the impact and the 

overall probability of occurrence). Significance is an indication of the importance of the impact in terms 

of both physical extent and time scale, and therefore indicates the level of mitigation required. The 

total number of points scored for each impact indicates the level of significance of the impact. The 

rating system used in this assessment is based on Aurecon’s Methodology and is summarised 

below: 

For each impact, the EXTENT (spatial scale), MAGNITUDE and DURATION (time scale) would be 

described. These criteria would be used to ascertain the SIGNIFICANCE of the impact, firstly in the 

case of no mitigation and then with the most effective mitigation measure(s) in place.  

The tables below indicate the scale used to assess these variables, and defines each of the rating 

categories. 

Table 4:   Assessment criteria for the evaluation of impacts  

CRITERIA CATEGORY DESCRIPTION

Extent or spatial 

influence of 

impact

Regional Beyond a 10 km radius of the candidate site.  

Local Within a 10 km radius of the candidate site.  

Site specific On site or within 100 m of the candidate site.  

Magnitude of 

impact (at the 

indicated spatial 

scale)

High
Natural and/ or social functions and/ or 

processes are severely altered 

Medium
Natural and/ or social functions and/ or 

processes are notably altered 

Low  
Natural and/ or social functions and/ or 

processes are slightly altered 

Very Low
Natural and/ or social functions and/ or 

processes are negligibly altered 

Zero
Natural and/ or social functions and/ or 

processes remain unaltered

CRITERIA CATEGORY DESCRIPTION

Duration of impact

Construction 

period

Up to 4 years if PV facilities is constructed 

consecutively 

Short Term Up to 5 years after construction 

Medium Term 5-15 years after construction 

Long Term More than 15 years after construction 

The SIGNIFICANCE of an impact is derived by taking into account the temporal and spatial scales 

and magnitude. The means of arriving at the different significance ratings is explained in Table 5. 
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Table 5:   Definition of significance ratings 

SIGNIFICANCE 

RATINGS
LEVEL OF CRITERIA REQUIRED

High • High magnitude with a regional extent and long term duration 

• High magnitude with either a regional extent and medium term 

duration or a local extent and long term duration 

• Medium magnitude with a regional extent and long term duration 

Medium • High magnitude with a local extent and medium term duration 

• High magnitude with a regional extent and construction period or a 

site specific extent and long term duration 

• High magnitude with either a local extent and construction period 

duration or a site specific extent and medium term duration 

• Medium magnitude with any combination of extent and duration 

except site specific and construction period or regional and long 

term 

• Low magnitude with a regional extent and long term duration 

Low • High magnitude with a site specific extent and construction period 

duration 

• Medium magnitude with a site specific extent and construction 

period duration 

• Low magnitude with any combination of extent and duration except 

site specific and construction period or regional and long term 

• Very low magnitude with a regional extent and long term duration 

Very low • Low magnitude with a site specific extent and construction period 

duration 

• Very low magnitude with any combination of extent and duration 

except regional and long term 

Neutral • Zero magnitude with any combination of extent and duration 

Once the significance of an impact has been determined, the PROBABILITY of this impact occurring 

as well as the CONFIDENCE in the assessment of the impact, would be determined using the rating 

systems outlined in Table 6 and Table 7 respectively. It is important to note that the significance of an 

impact should always be considered in concert with the probability of that impact occurring. Lastly, the 

REVERSIBILITY of the impact is estimated using the rating system outlined in Table 8. 

Table 6: Definition of probability ratings 

PROBABILITY 

RATINGS
CRITERIA

Definite Estimated greater than 95 % chance of the impact occurring. 

Probable Estimated 5 to 95 % chance of the impact occurring.

Unlikely Estimated less than 5 % chance of the impact occurring. 

Table 7: Definition of confidence ratings 

CONFIDENCE 

RATINGS
CRITERIA

Certain
Wealth of information on and sound understanding of the environmental 

factors potentially influencing the impact. 
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Sure

Reasonable amount of useful information on and relatively sound 

understanding of the environmental factors potentially influencing the 

impact. 

Unsure
Limited useful information on and understanding of the environmental 

factors potentially influencing this impact. 

Table 8: Definition of reversibility ratings 

REVERSIBILITY 

RATINGS
CRITERIA

Irreversible The activity will lead to an impact that is in all practical terms permanent. 

Reversible 
The impact is reversible within 2 years after the cause or stress is 

removed. 

�

6.4 Impact Summaries: Solar Energy Facilities  

�

This impact summary investigates the construction, operational and decommissioning phases of the 

two Layout Alternatives tabled for Badenhorst Dam Farm as well as the predicted cumulative impacts.   

�

Table 9:  Impact rating table for the loss of agricultural land and degradation of soil resources during 

the construction phase (Solar Energy Facility: Layout Alternative 1: PV 2, 3, 4 and 5) 

Layout Alternative 1: Construction Phase

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site specific Site specific

Magnitude Med Low

Duration Construction Construction

Significance rating Low Low

Probability Definite Definite

Confidence Sure Sure

Reversibility Irreversible Reversible 

Mitigation 

measures 

� A planned phased approach must be adopted. 

� Allow normal agricultural activities to continue in unaffected areas. 

� Stocking rates will need to be temporarily reduced during the 

construction phase in order to reduce the risk of overgrazing the 

remaining land portions. 

� Initiate land rehabilitation and re-vegetation as soon as possible.  

� Due to the overarching site characteristics, and the nature of the 

proposed development, the remaining viable mitigation measures 

are limited and will most likely revolve around erosion control:  

� The soil erosion plan and associated recommendations should 
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be employed. 

� Clearing activities should be kept to a minimum. 

� In the unlikely event that heavy rains are expected, activities 

should be put on hold to reduce the risk of erosion.  

� If additional earthworks are required, any steep or large 

embankments that are expected to be exposed during the 

‘rainy’ months should be armoured with fascine like structures 

(a fascine structure usually consists of a natural wood material 

and is used for the strengthening of earthen structures or 

embankments). 

� If earth works are required then storm water control and wind 

screening should be undertaken to prevent soil erosion. 

Table 10:  Impact rating table for the loss of agricultural land and degradation of soil resources during      

the construction phase (Solar Energy Facility: Layout Alternative 2: PV 2, 3 and 4) 

Layout Alternative 2: Construction Phase

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site specific Site specific

Magnitude Med Med

Duration Construction Construction

Significance rating Low Low

Probability Definite Definite

Confidence Sure Sure

Reversibility Irreversible Reversible

Mitigation 

measures 

� Allow normal agricultural activities to continue in unaffected areas. 

� Stocking rates will need to be temporarily reduced during the 

construction phase in order to reduce the risk of overgrazing the 

remaining land portions. 

� Initiate land rehabilitation and re-vegetation as soon as possible.  

� Due to the overarching site characteristics, and the nature of the 

proposed development, the remaining viable mitigation measures 

are limited and will most likely revolve around erosion control:  

� The soil erosion plan and associated recommendations should 

be employed. 

� Clearing activities should be kept to a minimum. 

� In the unlikely event that heavy rains are expected, activities 

should be put on hold to reduce the risk of erosion.  

� If additional earthworks are required, any steep or large 

embankments that are expected to be exposed during the 
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‘rainy’ months should be armoured with fascine like structures  

� If earth works are required then storm water control and wind 

screening should be undertaken to prevent soil erosion. 

Table 11:  Impact rating table for the loss of agricultural land and degradation of soil resources during 

the operational phase (Solar Energy Facility: Layout Alternative 1: PV 2, 3, 4 and 5) 

Layout Alternative 1: Operational Phase

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site specific Site specific

Magnitude Medium Very Low

Duration Long Term Long Term

Significance rating Medium Very Low

Probability Definite Definite

Confidence Sure Sure

Reversibility Irreversible Reversible 

Mitigation 

measures 

� Initiate land rehabilitation and re-vegetation as soon as possible 

and continue to visually monitor land for early detection of 

degradation.  

� It is recommended that more palatable species form part of the re-

vegetation plan to enable faster stocking initiation. 

� Allow normal agricultural activities to continue in unaffected areas. 

� Allow periodic grazing within the PV fields (sheep and wildlife). This 

mitigation will minimise the loss of grazing land and reduce the 

impact on agricultural production. 

� Unfortunately cattle grazing (large stock unit) will not be permitted 

within the PV fields as the animals could damage the PV panels. In 

order to overcome this limitation it is recommended that the 

impacted areas revert back to sheep production (small stock unit) 

and use the proposed PV facilities as rotational grazing camps. 
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Table 12:  Impact rating table for the loss of agricultural land / production and degradation of soil 

resources during the operational phase (Solar Energy Facility: Layout Alternative 2: PV 

2, 3 and 4)

Layout Alternative 2: Operational Phase

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site specific Site specific

Magnitude Medium Very Low

Duration Long Term Long Term

Significance rating Medium Very Low

Probability Definite Definite

Confidence Sure Sure

Reversibility Irreversible Reversible

Mitigation 

measures 

� Initiate land rehabilitation and re-vegetation as soon as possible 

and continue to monitor land degradation.  

� It is recommended that more palatable species form part of the re-

vegetation plan to enable faster stocking initiation. 

� Allow normal agricultural activities to continue in unaffected areas. 

� Allow periodic grazing within the PV fields (sheep and wildlife). This 

mitigation will minimise the loss of grazing land and reduce the 

impact on agricultural production. 

� Unfortunately cattle grazing will not be permitted within the PV 

fields as the animals could damage the PV panels. In order to 

overcome this limitation it is recommended that the impacted areas 

revert back to sheep production and use the proposed PV facilities 

as rotational grazing camps. 

�

�

�

�

�

�

�

�

�
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Table 13:  Impact rating table for soil disturbance and temporary disturbance to grazing regime during 

the decommissioning phase (Solar Energy Facility: Layout Alternative 1: PV 2, 3, 4 and 

5) 

Layout Alternative 1: Decommissioning Phase

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site specific Site specific

Magnitude Very Low Very Low

Duration Construction Construction 

Significance rating Very Low Very Low

Probability Definite Definite

Confidence Sure Sure

Reversibility Reversible Reversible

Mitigation 

measures 

� A planned phased approach must be adopted. 

� Allow normal agricultural activities to continue in unaffected areas. 

� Initiate land rehabilitation as soon as possible. 

� Due to the overarching site characteristics, and the nature of the 

proposed activities, the remaining viable mitigation measures are 

limited and will most likely revolve around erosion control:  

� The soil erosion plan and associated recommendations should 

be employed. 

� Clearing activities should be kept to a minimum. 

� In the unlikely event that heavy rains are expected, activities 

should be put on hold to reduce the risk of erosion.  

Table 14:  Impact rating table for soil disturbance and temporary disturbance to grazing regime during 

the decommissioning phase (Solar Energy Facility: Layout Alternative 2: PV 2, 3 and 4)

Layout Alternative 2: Decommissioning Phase

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site specific Site specific

Magnitude Medium Very Low

Duration Long Term Long Term

Significance rating Medium Very Low

Probability Definite Definite

Confidence Sure Sure
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Reversibility Irreversible Reversible

Mitigation 

measures 

� A planned phased approach must be adopted. 

� Allow normal agricultural activities to continue in unaffected areas. 

� Initiate land rehabilitation as soon as possible. 

� Due to the overarching site characteristics, and the nature of the 

proposed activities, the remaining viable mitigation measures are 

limited and will most likely revolve around erosion control:  

� The soil erosion plan and associated recommendations should 

be employed. 

� Clearing activities should be kept to a minimum. 

� In the unlikely event that heavy rains are expected, activities should 

be put on hold to reduce the risk of erosion. 

Table 15:  Impact rating table for the predicted cumulative loss of agricultural land and degradation of 

soil resources 

Cumulative Impacts

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Regional Regional

Magnitude Low Very Low

Duration Long Term Long Term

Significance rating Medium Low

Probability Probable Probable

Confidence Unsure Unsure

Reversibility Reversible Reversible 

Mitigation 

measures 

� A planned phased approach must be adopted. 

� Allow normal agricultural activities to continue in unaffected areas. 

� Initiate land rehabilitation and re-vegetation as soon as possible 

and continue to monitor land for early signs of degradation and 

erosion.  

�

�

�

�
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6.5  Impact Assessment: Construction and Operational Phases: 132 kV 

Transmission Lines 

�

Due to the nature of the development, the construction and operational phases have been combined 

for this particular activity. 

Table 16:  Impact rating table for construction and operation of a 132 kV Transmission Lines within 

the corridor

  Pre-mitigation impact rating Post mitigation impact rating 

Extent Site Site

Magnitude Very Low Very Low

Duration Long Term Long Term

Significance rating Very Low  Very Low

Probability Definite Definite

Confidence Certain Certain

Reversibility Reversible Reversible

Mitigation 

measures 

� Due to the overarching route characteristics, and the nature of the 

proposed development, viable mitigation measures are limited and 

will most likely revolve around erosion control:  

� Clearing activities should be kept to a minimum. 

� In the unlikely event that heavy rains are expected, activities 

should be put on hold to reduce the risk of erosion.  

� If additional earthworks are required, any steep or large 

embankments that are expected to be exposed during the ‘rainy’ 

months should be armoured with fascine like structures 

� If earth works are required then storm water control and wind 

screening should be undertaken to prevent soil erosion. 

� Interact with landowners during the routing process. 
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6.7 Preferred Alternatives 

�

It is evident that if the proposed mitigation measures are implemented, then the proposed activities will 

have a low impact on current agricultural production and soil resources.  

From an agricultural perspective the post-mitigation impact scores are similar for the preferred and 

alternative layouts. However, the Layout Alternative 1 is more desirable. This layout affects around 

34% of the total farm area, compared to the 70% coverage of the alternative layout. The preferred 

layout will also allow normal agricultural activities to continue for longer and on greater portions of the 

remaining farm. The proposed phased approach will also reduce cumulative impacts and should also 

allow for easier site management, rehabilitation and grazing scheduling. The preferred layout also 

precludes the major drainage lines, which are associated with the highest grazing potential. 

In terms of line routing, there is no significant variance in agricultural characteristics within the 

assessment corridor and as such, from an agricultural perspective, the entire corridor is suitable to 

accommodate the proposed transmission line. 

7.  EROSION MANAGEMENT PLAN 

Soil is a natural resource, is non-renewable in the short term and is expensive either to reclaim or 

improve following degradation (van Lynden & Oldeman, 1997). Even though the areas directly 

affected by the proposed developments have low agricultural value and capability, the activities still 

have the potential to negatively impact the immediate and surrounding soil and land resources. The 

International Soil Reference and Information Centre (ISRIC), the producers of the World Map of 

Human-Induced Soil Degradation, recognises two categories of human-induced soil degradation 

processes.  

The first category deals with soil degradation by displacement of soil material mainly through water 

and wind erosion. Soil erosion causes land degradation through a reduction in agricultural potential in 

many parts of South Africa. The major issues surrounding soil erosion are the loss of the top soil layer 

required for plant growth, reduction of soil nutrients, siltation of aquatic systems, as well as the general 

land and ecosystem degradation.  

The second category of soil degradation deals with in-situ soil physical, chemical and biological 

deterioration. In-situ soil degradation due to anthropogenic activities can be divided into various 

classes and subclasses:  

   

� Physical Degradation (waterlogging, compaction, crusting, pore modification, etc.) 

� Chemical Degradation (eutrophication, acidification, salinisation, heavy metal pollution, etc.)  

� Biological Degradation (pathogen introduction, modification of microbial activity etc.) 

A single or combination of the aforementioned degradations leads to a decrease in soil quality/health,

which in turn influences land capability ratings (ISRIC, 1990). Due to the proposed activities this 

management plan focuses primarily on soil erosion however generic soil contamination mitigations are 

provided in Section 7.3.  
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7.1 Soil Erosion Monitoring  

Due to the size of the site and without rigorous scientific methods and equipment, soil erosion will 

need to be monitored visually by the appointed Environmental Control Officer (ECO)
2
. Soil erosion is a 

natural process, whose rate and intensity can be anthropogenically increased. Excessive erosion can 

lead to land degradation and the reduction of the area’s carrying capacity. It is recommended that 

areas around roads, stockpiles and PV panels are visually monitored during audits. A photographic 

record of the on-site conditions will also aid in the identification of erosion problems A quarterly (3 

month) photographic frequency is recommended. However, photographs should also be taken 

immediately after significant rainfall events, as these events are associated with the highest rate of 

erosion. Signs of rill and gully erosion should be remediated as soon as possible. Typical remediation 

techniques are provided in Section 7.2, below. 

7.2 Proposed Soil Erosion Mitigatory Measures  

�

Clearing activities should be kept to a minimum and must only be undertaken during agreed working 

times, as well as permitted weather conditions. If heavy rains are expected clearing activities should 

be put on hold. In this regard, the contractor must be aware of weather forecasts. The further 

unnecessary removal of groundcover vegetation from slopes must be prevented, especially on steep 

slopes. Following the clearing of an area, the surfaces of all exposed slopes must be roughened to 

retain water and increase infiltration (especially important during the wet season). Any steep or large 

embankments that are expected to be exposed during the ‘rainy’ months should either be armoured 

with fascine
3
 like structures or vegetated. If a cleared area is not going to be built on immediately, the 

top layer (nominally 150 mm) of soil should be removed and stockpiled in a designated area approved 

by the ECO. Vegetation shall be stripped in a sequential manner as the work proceeds so as to 

reduce the time that stripped areas are exposed to the elements. Top-soiling and re-vegetation shall 

start immediately after the completion of an activity and at an agreed distance behind any particular 

work front. It is highly recommended that existing farm roads are used as much as possible, while the 

additional creation of access roads should be kept to a minimum.  

Storm water control and wind screening should be undertaken to prevent soil loss from the site.  All 

embankments shall be protected by a cut off drain to prevent water from running down the face of the 

embankment, resulting in soil erosion. Typical erosion control measures such as the installation of silt 

fences, hay bales, EcoLogs
TM

 and Bio Jute
TM

 are recommended if erosion problems are noted during 

construction and operation phases (Figure 27).  

�

�������������������������������������������������������������
�
�The person appointed will provide direction to the Contractor concerning the activities within the Construction Zone, and who 

will be responsible for conducting the Environmental Audit of the project during the construction and operational phases of the 
project. 

�
!
� A fascine structure usually consists of natural wood material and is used for the strengthening earthen structures or 

embankments.�
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Figure 27: Typical soil erosion mitigatory measure: BioJute Installtion (top left); a silt fence protecting 

a stockpile (top right) and pegged hay bale wall used to reduce runoff velocities (bottom) 

7.3 Proposed Groundwater and Soil Contamination Mitigatory Measures 

Every precaution must be taken to ensure that chemicals and hazardous substances do not 

contaminate the soil or groundwater on site.  

For this purpose the Contractor must: 

� Ensure that the mixing /decanting of all chemicals and hazardous materials should take place 

on a tray or impermeable surface. 

� Dispose of any generated waste at a registered landfill site. 

� Ensure all storage tanks are designed and managed in order to prevent pollution of drains, 

groundwater and soils. 

� Construct separate storm water collection areas and interceptors at storage tanks, and other 

associated potential pollution activities. 

� Ensure the control of fuels and chemicals in order to prevent spillage potential ground 

leaching. Adequate spillage containment measures shall be implemented, such as cut off 

drains, etc.  Fuel and chemical storage containers shall be set on a concrete plinth.  The 

containment capacity shall be equal to the full amount of material stored, plus 10%. 

� Appoint appropriate contractors to remove any residue from spillages from site. Handling, 

storage and disposal of excess or containers of potentially hazardous materials shall be in 

accordance with the requirements of the above-mentioned Regulations and Acts. 

� Ensure that used oils/lubricants are not disposed of on/near the site, and that contractors 

purchasing these materials understand the liability under which they must operate.  The ECO 

will be responsible for reporting the storage/use of any other potentially harmful materials to 

the relevant authority. 
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� Ensure that potentially harmful materials are properly stored in a dry, secure environment, with 

concrete or sealed flooring. The ECO will ensure that materials storage facilities are 

cleaned/maintained on a regular basis, and that leaking containers are disposed of in a 

manner that allows no spillage onto the bare soil or surface water. The management of such 

storage facilities and means of securing them shall be agreed upon. 

� Site staff shall not be permitted to use any stream, river, other open water body or natural 

water source adjacent to or within the designated site for the purposes of bathing, washing of 

clothing or for any other construction or related activities. Municipal water or another source 

approved by the ECO should rather be used for all activities such as washing of equipment, 

dust suppression, concrete mixing and compacting. 

7.4 Stockpile Management 

General requirements for stockpiles include that they should be situated in an area that should not 

obstruct the natural water pathways on site.  Topsoil stockpiles will be kept separate from other 

stockpiles, shall not be compacted, and shall not exceed 2m in height. If exposed to windy conditions 

or heavy rain, stockpiles should be protected by re-vegetation using an indigenous grass seed mix or 

cloth, depending on the duration of the project. The construction of a berm consisting of sand bags, or 

a low brick wall, can be placed around the base of the stockpile for retention purposes. Stockpiles 

should be weeded regularly; to ensure they are kept free of alien vegetation and shall be kept free of 

any contaminants whatsoever, including paints, building rubble, cement, chemicals, oil, etc. 

Subsoil and topsoil stockpiles will be moved to areas of final utilisation as soon as possible to avoid 

unnecessary erosion. Stockpiles not utilized within three months of the initial stripping process (or prior 

to the onset of seasonal rains) will be seeded with appropriate grass seed mixes, including indigenous 

grasses to further avoid possible erosion.   

7.5 Land Rehabilitation 

All rubble is to be removed from the site to an approved landfill site as per the construction phase 

requirements. No remaining rubble is to be buried on site. The site is to be free of litter, and surfaces 

are to be checked and cleared of waste products resulting from activities such as concreting or 

asphalting. 

After construction the land will need to be rehabilitated, which includes a re-vegetation plan. It is 

recommended that more palatable species are planted to enable faster stocking initiation.  
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8.  SUMMARY AND RECOMMENDATIONS

Aurecon on behalf of Mulilo Renewable Energy requested a baseline assessment of the soil, land use 

and agricultural characteristics for the areas affected by the proposed construction of four separate 

solar energy facilities, on Badenhorst Dam Farm (Portion 1 of Farm 180), near De Aar in the Northern 

Cape.  

A detailed soil and agricultural report was undertaken for Badenhorst Dam Farm in January 2012, as 

part of an Environmental Impact Assessment for a 100 MW Photovoltaic (PV) solar energy facility, 

known as Badenhorst PV1. Environmental Authorisation for this project was granted for this project in 

July 2012. Mulilo now plans to construct four additional PV facilities on Badenhorst Dam Farm as an 

attempt to maximise the generation capacity of the farm. 

The farm consists mainly of flat grassy plains with limited kopjes and rolling hills. Due to small stock 

theft the farm is currently used as grazing land for cattle and Springbok. Access to the site is obtained 

via the N10 and private farm roads. The access and internal roads are in good condition. Water is the 

major limiting factor to local agricultural enterprises and the assessed area does not border a 

perennial river. The surrounding land is comparable to the study area and is dominated by agricultural 

grazing land. 

The study area has a semi-arid to arid continental climate with a summer rainfall regime i.e. most of 

the rainfall is confined to summer and early autumn. MAP is approximately 300 mm per year. The low 

rainfall and moisture availability is reflected in the lack of dry land crop production within the study 

area. The climate for the study area is severely restrictive to arable agriculture, primarily due to the 

lack of rainfall and severe moisture availability restrictions. The study area is dominated by flat and 

gently sloping topography with an average gradient of less than 5% making the this area ideal for 

intensive agriculture with high potential for large scale mechanisation. The site does, however contain 

a number of small rocky outcrops and ridges, which are limiting to arable agriculture. From a 

developmental perspective the flat areas, which dominate the site, will also allow for minimal 

earthworks and site preparation. 

The soils identified on the Badenhorst Dam Site are predominantly shallow and rocky with a low 

agricultural potential. Rocky soils (Mispah and Glenrosa Forms) cover 57% of the surveyed area while 

shallow duplex soils (Swartland) cover 38%. Most soils contained a layer that was limiting to plant 

growth and these layers included rock, saprolite, hard pan carbonate and strongly structured cutanic 

horizons Soils with an effective depth of greater than 50 cm were rarely observed during the soil 

survey. The physical and chemical limitations associated with the dominate forms, will in most 

instances, restrict these soils to extensive grazing. 

The majority of the site has been classified as having low potential for crop production due to an arid 

climate and highly restrictive soil characteristics. Two small areas, characterised by the Oakleaf Soil 

Form has been conservatively rated as having moderate agricultural potential. The site is not 

classified as high potential, nor is it a unique dry land agricultural resource. The site is considered to 

have a moderate to moderately low value when utilised as grazing land, its current use.  
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The site does not currently accommodate any centre pivots or irrigation schemes. Active fields, near 

the homestead, are characterised by improved pastures (less than 1% of the site). Although these 

fields are still characterised by low value agricultural land, they still represent actively cultivated land. 

These fields are precluded from development layouts and thus the overall impact on the study area’s 

agricultural potential and production will be low, due to the remaining areas low inherent agricultural 

potential and/or value. 

The proposed development’s primary impact on agricultural activities will involve the construction of 

the solar fields and associated infrastructure. This will entail the clearing of vegetation and levelling of 

the site. This will effectively eliminate the impacted land’s agricultural potential in terms of crop 

production, or in this case grazing, during the construction phase, which is estimated to last between 

12 and 24 months. The construction of the solar fields will influence a portion of the farms total area. 

The remaining land will continue to function as it did prior to the development. Furthermore, facilities 

on the farm will be phased and constructed consecutively depending on whether the projects are 

approved by the DoE and DEA. Stocking rates will need to be temporarily reduced during the 

construction phase in order to reduce the risk of overgrazing on the remaining land portions. 

After construction the land will need to be rehabilitated, including the re-vegetation of the solar fields. It 

is recommended that more palatable species are planted to enable faster stocking initiation.  

In order to further mitigate the potential impacts it is highly recommended that periodic grazing within 

the PV fields is allowed. This mitigation will minimise the loss of grazing land and reduce the overall 

impact on agricultural production. Interestingly the farmers around the De Aar have changed from 

sheep to beef production due to the high prevalence of stock theft. Unfortunately cattle grazing will not 

be permitted within the PV fields as the animals could damage the PV panels. In order to overcome 

this limitation it is recommended that the farms revert back to sheep production (in the impacted 

areas) and use the proposed PV facilities as rotational grazing camps. The problem of small stock 

theft should be mitigated by the additional security and fencing associated with the PV facilities. 

A number of solar and renewable energy projects have been proposed in the De Aar area and thus, 

the cumulative impact of these developments on surrounding farms could become detrimental to local 

agricultural resources, if the loss of usable grazing land is not taken into account when determining 

optimum herd size. A phased approach for each farm in combination with erosion control and land 

rehabilitation within each farm will reduce this impact. The inherently low agricultural potential of the 

region also reduces the overall cumulative impact. 

From an agricultural perspective the post-mitigation impact scores are similar for the preferred and 

alternative layouts. However, the Layout Alternative 1 is more desirable. This layout influences 

around 34% of the total farm area, compared to the 70% coverage of the alternative layout. The 

preferred layout will also allow normal agricultural activities to continue for longer and on greater 

portions of the remaining farm. The proposed phased approach will also reduce cumulative impacts 

and should also allow for easier site management, rehabilitation and grazing scheduling. The 

preferred layout also precludes the major drainage lines, which are associated with the highest 

grazing potential. 
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In terms of the transmission, there is no significant variance in agricultural characteristics within the 

assessment corridor and as such, from an agricultural perspective, the entire corridor is suitable to 

accommodate the proposed transmission line. 

If the suggested mitigation measures and erosion management plan are correctly implemented there 

is no reason why the proposed solar energy facilities and supporting infrastructure cannot be 

accommodated on the Badenhorst Dam Site. 
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10. APPENDIX A: SOIL PROPERTIES 

Auger 
Number 

Soil 
Form 

Soil 
Family 

Effective 
Depth (m) 

Limiting 
Layer 

X Y 

1 Ms 1200 0.1 Rock 24.054990 -30.691140 

2 Sw 1122 0.5 Saprolite 24.058380 -30.687700 

3 Ms 1200 0.1 Rock 24.059120 -30.686680 

4 Gs 1112 0.3 Rock 24.062350 -30.683160 

5 Ms 1200 0.1 Rock 24.064080 -30.679300 

6 Sw 1122 0.2 Saprolite 24.069310 -30.677670 

7 Ms 1200 0.2 Rock 24.078540 -30.678900 

8 Sw 1122 0.3 Saprolite 24.084970 -30.679720 

9 Ms 1200 0.2 Rock 24.084930 -30.673140 

10 Ms 1200 0.2 Rock 24.084840 -30.670050 

11 Sw 1122 0.5 Saprolite 24.084720 -30.667910 

12 Sw 1122 0.3 Saprolite 24.084680 -30.663250 

13 Ms 1200 0.1 Rock 24.084440 -30.658980 

14 Sw 1122 0.7 Saprolite 24.078780 -30.663340 

15 Sw 1122 0.4 Saprolite 24.076930 -30.667280 

16 Sw 1122 0.4 Saprolite 24.075010 -30.671460 

17 Sw 1122 0.4 Saprolite 24.073540 -30.674630 

18 Ms 1200 0.2 Rock 24.070130 -30.682010 

19 Ms 1200 0.2 Rock 24.069230 -30.684000 

20 Sw 1122 0.4 Saprolite 24.068210 -30.686030 

21 Ms 1200 0.2 Rock 24.066660 -30.689360 

22 Ms 1200 0.1 Rock 24.063830 -30.693530 

23 Ms 1200 0.1 Rock 24.062790 -30.696150 

24 Ms 1200 0.1 Rock 24.058370 -30.694580 

25 Sw 1122 0.5 Saprolite 24.063510 -30.686370 

26 Ms 1200 0.1 Rock 24.053780 -30.684720 

27 Ms 1200 0.1 Rock 24.053250 -30.680540 

28 Sw 1122 0.3 Saprolite 24.051670 -30.676930 

29 Ms 1200 0.2 Rock 24.051000 -30.675440 

30 Ms 1200 0.2 Rock 24.045680 -30.674780 

31 Oa 1220 0.8 Rock 24.035110 -30.673790 

32 Ms 1200 0.2 Rock 24.035090 -30.676720 

33 Oa 1220 0.7 Rock 24.036010 -30.679780 

34 Oa 1220 1 Rock 24.039870 -30.682430 

35 Ms 1200 0.1 Rock 24.042710 -30.682860 

36 Ms 1200 0.1 Rock 24.048590 -30.683560 

37 Gs 1112 0.3 Rock 24.046160 -30.683040 

38 Ms 1200 0.1 Rock 24.046010 -30.679370 

39 Ms 1200 0.1 Rock 24.044240 -30.676470 

40 Gs 1112 0.2 Rock 24.035540 -30.670340 

41 Gs 1112 0.2 Rock 24.035950 -30.666890 

42 Sw 1122 0.4 Saprolite 24.042300 -30.665830 

43 Sw 1122 0.3 Saprolite 24.047310 -30.665040 

44 Sw 1122 0.5 Saprolite 24.050710 -30.666220 

45 Sw 1122 0.3 Saprolite 24.057130 -30.663460 

46 Sw 1122 0.3 Saprolite 24.066910 -30.661850 

47 Sw 1122 0.3 Saprolite 24.064800 -30.667350 

48 Sw 1122 0.2 Saprolite 24.067690 -30.671710 

49 Cg 2000 0.1 HPC 24.045940 30.698100 

50 Gs 1211 0.2 Rock 24.042390 30.695900 

51 Sw 1111 0.5 Saprolite 24.036860 30.692600 

52 Cg 2000 0.1 HPC 24.052500 30.701800 

53 Ms 1200 0.1 Rock 24.062850 30.704900 

54 Sw 1121 0.4 Saprolite 24.070520 30.706800 

55 Ms 1100 0.1 Rock 24.05610 30.703200 

56 Gs 1211 0.1 Rock 24.046330 30.704900 

57 Sw 1111 0.3 Saprolite 24.052870 30.713500 

58 Ms 1100 0.1 Rock 24.056830 30.718000 

59 Gs 1211 0.2 Saprolite 24.068090 30.719800 

�

�

�
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1. Background 

Mulilo Renewable Energy (Pty) Ltd (Mulilo) proposes to construct four separate solar energy facilities, 

on Badenhorst Dam Farm (Portion 1 of Farm 180), near De Aar in the Northern Cape. Each of the four 

proposed facilities would have a maximum generation capacity of 75 MW. The location of the farm and 

its extent is presented in Figure 1. Mulilo is proposing a similar project for the nearby Du Plessis Dam 

Farm, which is located north-east of De Aar. As both of these projects are located within the same 

project area, they are both shown in Figure 1. Aurecon South Africa (Pty) Ltd was requested to 

produce separate Conceptual Stormwater Management Reports for both Badenhorst Dam Farm and 

Du Plessis Dam Farm. This report focuses on Badenhorst Dam Farm. The proposed development 

includes, but is not limited to gravel access lanes, grading of the site and foundations and equipment 

for numerous solar panels, water supply infrastructure and on-site buildings.  

Figure 1: Location of the Badenhorst Dam Farm (Portion 1 of Farm 180), near De Aar in the Northern Cape 

2. Terms of Reference 

The development of a Conceptual Stormwater Management Report for the planned photo-voltaic (PV) 

facility at Badenhorst Dam Farm is necessary to mitigate any adverse effects of the proposed 

development in relation to local stormwater runoff. To this end, pre- and post-development stormwater 

runoff from the sites will be assessed and recommendations made to mitigate and / or accommodate 
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increased and concentrated runoff for a range of storm Recurrence Intervals (RI), typically 1:5 year 

and 1:20 year.  The 1:20 year RI is considered adequate for rural stormwater assessment. 

3. Approach to the Study 

Two alternatives for the development of the site are proposed. The layout of these alternatives 

overlaps 3 different catchments. Therefore the effect on stormwater runoff needs to consider the 

increase in runoff of each alternative as it impacts on each catchment. 

A comparison of layout Alternatives 1 and 2 in regard to the impact on the runoff was conducted for 

the 1:5 and 1:20 year flood. The pre- and post-development flood peaks were determined for 

Catchments 1, 2 and 3 (Figure 1). The layout Alternatives are described in Section Error! Reference 

source not found. with the envisaged land alterations described in Section 5. The 1:20 year flood 

peak was ascertained using the Rational Method (Section 6). For Catchment 1 where the flow of 

runoff moves from a rural to a more built up environment (where it flows through De Aar) the SCS 

method was used to check the flood peak. 

As mentioned in Section 1, there is a proposed solar energy facility on the nearby Du Plessis Dam 

Farm. Part of the scope of this investigation is to consider the impact of proposed development on the 

Badenhorst Dam Farm facility on the Du Plessis Dam Farm and also the cumulative effects of the two 

facilities. The cumulative effect is described in more detail in the Du Plessis Dam Farm Conceptual 

Stormwater Management Plan as it lies downstream of the Badenhorst Dam Farm. 

The pre- and post-development runoff was determined for each of the PV blocks. Only 20m contours 

are currently available for the site so a “typical” drainage layout with the direction of flow for each PV is 

presented in Section 7 with erosion control measures discussed in Section 8.  

This information has been based on the limited information available (e.g. SRTM 90m Digital Elevation 

Model). A detailed drainage layout will need be developed when a detailed topographic survey for the 

site is available. 
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4. Description of Layout Alternatives and site characteristics 

4.1 Layout Alternatives 

The DEA&DP 2013 guidelines state that “every EIA process must identify and investigate alternatives, 

with feasible and reasonable alternatives to be comparatively assessed.” The alternatives for 

Badenhorst Dam Farm are termed Alternative 1 and 2 are described in Sections 4.1.1 and 0. The 

layouts for the alternatives at both Badenhorst Dam Farm and Du Plessis Dam farm are shown in 

Figure 2 and Figure 4. A previous EIA, similar to this study, was undertaken at the same location 

(Aurecon, 2012a). After completion of the EIA (DEA Reference Number: 12/12/20/2499), the DEA 

authorised a PV facility with 100MW capacity (Environmental Authorisation (EA) dated 9 July 2012). 

4.1.1 Layout Alternative 1 

This alternative consists of the four proposed 75MW PV facilities and associated infrastructure 

referred to as PV2, PV3, PV4 and PV5. These layouts take cognisance of the 75MW Department of 

Environment’s cap and the environmentally sensitive areas as identified by Aurecon (2012a). The 

layout for Alternative 1 is shown in Figure 2 and the area each PV block is given in Table 1. 

Table 1: Area of Badenhorst Dam Farm PV blocks for Alternative 1 

Name Area (ha)

PV2 240 

PV3 252 

PV4 188 

PV5 201 
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Figure 2: Layout of Alternative 1 for both Badenhorst Dam Farm and Du Plessis Dam Farm

Figure 3: Layout of Alternative 1 for Badenhorst Dam Farm also showing PV1 area previously 

approved for 100MW capacity
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4.1.2 Layout Alternative 2 

This alternative consists of three 150MW PV facilities (Figure 4). The area of each PV block is given 

in Table 2. The layout for these was developed by extending and combining some of the proposed 

75MW facilities. This alternative is not restricted to the Department of Environment’s 75MW cap per 

project. The layout of Alternative 2 more or less overlaps with the Alternative 1 layout, with the 

exception of PV4. The extended PV2 in Alternative 2 is approximately the same extent as PV2 and 

PV5 combined from Alternative 1 and extended PV3 in Alternative 2 is similar to the combined layout 

of PV3 and PV4 from Alternative 1. The proposed layout for extended PV4 (Alternative 2) is located at 

the southern boundary of the farm. Runoff from PV4 would cross both an existing road (the N10) and 

existing railway line. 

Table 2: Area of Badenhorst Dam Farm PV blocks for Alternative 2 

Name Area (ha) 

PV2 400 

PV3 400 

PV4 500 

Figure 4: Layout of Alternative 2 for both Badenhorst Dam Farm and Du Plessis Dam Farm
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4.2 Climate and Land Use 

The study area has a Mean Annual Precipitation (MAP) of around 300 mm. Figure 5 shows the annual 

precipitation for a gauge in De Aar (1921-1999). The study area has a semi-arid climate with a rainfall 

regime confined to summer and early autumn (Figure 6). 

The site has an average catchment slope in the region of 2% (Aurecon, 2012b). The current use of the 

land is grazing (Figure 7) and the soils are not suitable for arable agriculture (SiVest, 2012). 

Figure 5: Annual precipitation for De Aar (rainfall station 0170009 A) 

Figure 6: Mean monthly precipitation for De Aar (rainfall station 0170009 A) 
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4.3 Drainage Characteristics 

Drainage of the existing undeveloped site is primarily via overland sheet flow. There is an ephemeral 

watercourse that crosses the R32 and runs through Badenhorst Dam Farm in a south to north 

direction (Figure 8) and exits approximately 400m from the south-west corner of the farm. An 

indicative 1:100 year floodline was determined previously for this watercourse (Aurecon 2012b). This 

showed that the PV areas were outside if the 1:100 year floodline. It is recommended that after the 

site has been surveyed the 1:100 year floodline should be re-determined before the PV areas are 

finalised. There is also a drainage line that starts in the south of the farm and exits in the south-east of 

the farm at Bletterman. This is a very minor drainage channel which will be evaluated as part of the 

detailed design. 

Figure 7: Grazing land at Badenhorst Dam Farm 
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Figure 8: Ephemeral watercourse on Badenhorst Dam Farm 

5. Proposed Physical Land Alterations 

It is anticipated that the existing plants at the site will be removed. The proposed development will 

include the following: 

• construction of gravel access lanes 

• possible grading of the site 

• foundations and tracking equipment for numerous solar panels, 

• site boundary fence 

• local drainage channels and possibly stormwater attenuation facilities. 

The proposed PV panels are approximately 2m wide and 1m long. These panels are arranged into 

modules that are durable and can last up to 25 years due to the sturdiness of the structure and few 

moving parts. The PV modules (which will include a number of PV panels) will be physically mounted 

to a galvanized steel rotation tube, single axis tracking system to ensure ground connection from the 

module frames to the structure. The PV modules, fixed to the tracking system, are arranged into 

tracker blocks as indicated in Figure 8. These tracker blocks will be uniformly aligned to facilitate 

efficient sun-tracking.The dimensions of a tracker block range between 88m and 113m in an east to 

west direction and 35m to 38m in a north-south direction (Mulilo, 2013).  
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Figure 9: Single axis tracking system (image courtesy of Mulilo) 

The supports of the frame will be fixed on top of steel piles. Since there is existence of rock at shallow 

depths, it is likely that the steel piles would be embedded into concrete piles. However, the final design 

of the foundations will depend on the geotechnical conditions of the site which will be determined at a 

later stage. 

With the solar panels being impervious, rainwater will land on the panels and run off directly onto the 

ground below the individual panels. Some erosion may occur beneath each solar panel as well as 

downstream of panels as runoff is incremented and concentrated due to the site layout and 

topography. V-drains should be provided to intercept and convey the runoff.  

6. Methods for Flood Peak Estimation 

The potential flood risks have been assessed by analysing storm runoff generated by storms of 5-year 

and 20-year recurrence interval. The 5-year runoff has been used to assess storm drainage 

requirements on the PV site while the 20-year runoff has been used to assess the risks associated 

with external drainage paths and stormwater control measures. The analyses for the internal drainage 

(1:5 year) and external drainage (1:20 year) were undertaken using the Rational Method. For 

Catchment 1 where the flow of runoff moves from rural to a more built-up environment (where it flows 

through De Aar) the SCS method was used to check the flood peak. 

Parameters for Catchments 1, 2 and 3 are summarised in Table 3. 



Project 109378  File Stormwater_Badenhorst Dam_DeAar_draft4.docx  27 August 2013  Revision 1  Page 12

Table 3: Catchment Parameters for Catchments 1, 2 and 3 

Catchment Parameter Catchment 1 Catchment 2 Catchment 3 

Catchment Area (km
2
) 20.27 10.65 16.16 

Longest Water Course (km) 12.91 10.83 7.50 

Centroid of Catchment (km) 6.83 4.54 3.97 

Average Catchment Slope (%) 1.65 1.13 1.12 

Slope Watercourse 10:85 Method (m/m) 0.007 0.005 0.005 

1 day point rainfall (mm) 20 year RI 73 73 73 

1 day point rainfall (mm) 5 year RI 61 61 61 

6.1 Design Rainfall 

For a deterministic design flood approach (i.e. the Rational Method and SCS) a crucial input is the 

design rainfall.  The design rainfall is associated with a particular recurrence interval and critical storm 

duration.  For the Rational Method, the critical design storm duration is usually set equal to the “Time 

of Concentration” (Tc).  The SCS method is designed for a critical design storm duration of 24 hours.  

The design point rainfall for the 1:5 and 1:20 year RI (Table 3) was obtained from the Smithers and 

Schulze (2002) database. The design point rainfall depths were converted to 24-hour point rainfall 

using Adamson’s (1981) conversion factor of 1.11. The 24-hour design point rainfall depths were then 

converted into their respective duration rainfall depths by applying the Adamson (1981) sub-daily 

ratios for the summer rainfall region (R1). To convert the 24-hour point rainfall values to areal rainfall 

for each catchment, an Areal Reduction Factor (ARF) was applied based on the curves developed by 

Alexander (1990).  

6.2 Runoff Determination 

The ESRI GIS-tool, Arc Hydro 1.4, was used to automate the generation of the river networks and 

delineation of the associated catchment boundaries from the SRTM 90m Digital Elevation Model. 

Catchment parameters used in the flood estimation are presented in Table 3. The Rational Method 

and the SCS approach were originally developed for small catchments and are widely used 

internationally.  Both approaches have been extensively enhanced by research conducted in South 

Africa.  

6.2.1 Rational Method 

The Rational Method is represented by the following relationship:  

� �
���

���

Q = design flood peak (m
3
/s) 
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C= runoff coefficient (dimensionless) 

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

A = effective area of catchment (km
2
) 

3.6 = conversion factor 

The Rational Method yields a design flood peak only (i.e. no hydrograph).  The flood response of the 

catchment is expressed by two quasi-physical parameters: runoff Coefficient (C), which is a function of 

average catchment slope, permeability, land-use, MAP, RI and Time of Concentration (Tc), which is a 

function of the length of the longest watercourse and the average slope of that watercourse.  This 

investigation utilised the C-value guide derived by the Department of Water Affairs (Alexander, 1990). 

For the 1:20 year RI the C-value was adjusted by 0.75 (Table 4) and for the 1:5 year RI the C-value 

was adjusted by 0.65 (Table 5). The C-value or runoff coefficient can change if the land use changes. 

There is a difference in the C-value for two alternatives (post-development) as the percentage of 

impervious surface in Catchments 1, 2 and 3 is different for the 2 alternatives. The C-values given in 

Table 5 are for the PV facilities only and not the wider catchment, as the percentage of impervious 

surface is the same implying that the C-values remain the same. 

Table 4: C-Values for the 1:20 year RI for Catchments 1, 2 and 3 

C-value Catchment 1 Catchment 2 Catchment 3 

C-Value pre-development 0.16 0.16 0.16 

C-Value Alternative 1 0.19 0.22 0.24 

C-Value Alternative 1 and Du Plessis Dam 

farm section 

n/a 0.28 0.29 

C-Value Alternative 2 0.26 0.27 0.24 

C-Value Alternative 2 and Du Plessis Dam 

farm section 

n/a 0.32 0.33 

Time of concentration pre-development  (hrs) 2.10 

(defined 
watercourse) 

3.61 

(overland flow) 

3.04  

(overland flow) 

Time of concentration post-development  (hrs) 2.10 

(defined 
watercourse) 

3.19 

(defined 
watercourse) 

2.41 

(defined watercourse) 

Table 5: C-Value for the 1:5 year RI for the different PV facilities 

Alternative C-Value pre-development C-Value post-development 

1 0.14 0.22 

2 0.14 0.22 
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6.2.2 SCS Method 

The SCS was used as a conceptually different alternative to the Rational Method. The SCS approach 

yields a full design flood hydrograph.  The flood response of the catchment is represented by two 

quasi-physical parameters: Curve Number (CN), which is a function of soil group, land-use, vegetation 

cover, and antecedent soil moisture conditions; and Lag Time, which is a function of average 

catchment slope, length of the longest watercourse and CN.  Soil groups are classified according to 

Binomial Classification System for Southern Africa (Soil Group A – D), which has a strong texture and 

depth basis (Schmidt and Schulze, 1987b). 

A soil survey of each of the sites found the dominating soils to be a combination of rocky soils, such as 

Mispah and Glenrosa Forms, and shallow duplex soils such as Swartland (SiVEST, 2012 and 2013). 

These soils are categorised as Soil Group C in the Bionomial Classification system. For the purposes 

of the EIA investigation an assumption was made that these soils are characteristic of the catchments 

in which they are found. Therefore, in determining the CN for the SCS 100% soil group C was 

assumed.  

The original SCS basin lag equation was used in this study as the original equation has been shown in 

verification studies to be applicable to catchments in more arid areas, limited vegetation and shallow 

soils (Schmidt and Schulze, 1987a). The parameters used in the SCS method are presented in 

Table 6. 

Table 6: SCS parameters 

Parameter Catchment 1 

SCS curve number pre-development 78 

SCS curve number Alternative 1 79 

SCS curve number Alternative 2 81 

Basin lag pre-development (mins) 208 

Basin lag Alternative 1 (mins) 201 

Basin lag Alternative 2 (mins) 183 

The SCS approach requires a rainfall hyetograph as input. For this Study the 24-hour rainfall 

hyetograph based on the South African-derived “Storm Type II Distribution” was employed (Schmidt 

and Schulze, 1987b). 
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7. Stormwater Assessment 

7.1 Flood Peaks Estimates 

The direction of flow through the different PV facilities is presented in Figure 10. The ephemeral 

watercourse situated in Catchment 1 takes the flow in the direction De Aar and flows near to 

Nonzwakazi area of De Aar. Catchments 2 and 3 do not have a defined watercourse but the flow 

direction is towards the Du Plessis Dam Farm. 

Figure 10: Direction of flow (pre-development through Badenhorst Dam Farm 

The flood peaks for Catchment 1 for the different development conditions are summarised in Table 7. 

Alternative 1 increased the 1:20 year peak flow of Catchment 1 by 16% while Alternative 2 increased 

the peak by 60%. The increase in runoff is of particular concern as this watercourse joins the 

Sandsloot River in De Aar. Flooding has occurred in the past in De Aar and the detailed design phase 

must ensure that the risk of flooding in the existing downstream system is not exacerbated by the 

proposed development. Mitigation for both Alternatives would be required to reduce the flood peak to 

pre-development levels. At this stage it appears likely that attenuation ponds will be required. 

The flood peaks for Catchment 2 and 3 are presented in Table 8. The development, for both 

Alternative 1 and 2, in Catchments 2 and 3 causes the hydrology of site to change from predominately 

overland flow in the upper reaches to channelled flow. The 1:20 year peak flow is also increased. 

Mitigation measures are discussed in Section 7.2. Catchment 1 has a defined watercourse and the PV 
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facilities will be placed outside of this. The major concern with the developments in terms of 

stormwater is the increased likelihood erosion locally around the panels as well in the wider 

catchment. Erosion control measures are discussed in Section 7.2 and Section 8. The expected 1:5 

year runoff from the individual PV site of Alternative 1 and 2 are summarised in Tables 9 and 10 

respectively. 

Table 7: 1:20 year Flood Peak Estimates for Catchment 1  

Condition Catchment 1 

Rational Method 

Catchment 1 

SCS 

Pre-development flood peak (m
3
/s) 17.5 19.6 

Alternative 1 flood peak (m
3
/s) 20.3 21.4 

Alternative 2 flood peak (m
3
/s) 28.2 27.6 

Table 8: 1:20 year Flood Peak Estimates for Catchments 2 and 3 

Condition Catchment 2 Catchment 3

Pre-development flood peak (m
3
/s) 7.3 12.8 

Alternative 1 flood peak (m
3
/s) 11.1 22.4 

Alternative 1 and Du Plessis section 

flood peak (m
3
/s) 

13.9 26.8 

Alternative 2 flood peak (m
3
/s) 13.2 22.2 

Alternative 2 and Du Plessis section 

flood peak (m
3
/s) 

16.0 31.3 

Table 9: 1:5 year peak flows for the PV sites for Alternative 1 

Catchment 1: 5 year peak pre-development 

(m
3
/s) 

1: 5 year peak post-development 

(m
3
/s) 

PV2 6.1 12.6 

PV3 4.8 9.8 

PV4 4.7 9.6 

PV5 5.2 10.7 

Table 10: 1:5 year peak flows for the PV sites for Alternative 2 

Catchment 1: 5 year peak pre-development 

(m
3
/s) 

1: 5 year peak post-development 

(m
3
/s) 

PV2 6 9.9 

PV3 5.4 8.8 

PV4 9.6 15.8 
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7.2 Discussion and proposed measures to alleviate drainage problems 

Of particular concern is the increase runoff post-development for Catchment 1 as this joins the 

Sandsloot River in De Aar. To reduce the peak flow to pre-development levels attenuation ponds and 

energy dissipaters should be used. Alternative 1 is preferable in this catchment as it has less of an 

impact on runoff (an increase of 16% compared 60% for Alternative 2). However, a possible mitigation 

measure could be to rehabilitate the Badenhorst Farm Dam and use it as an attenuation pond (Figure 

9). Runoff from Alternative 2 (PV4) also increases runoff to road and rail culverts so once a detailed 

survey is available the impact on the road and rail culverts needs to be investigated. 

The expected 1:5 year runoff from the PV facilities of Alternative 1 are summarised in Table 7. It is not 

recommended that the internal drainage system concentrate the flow from a large area (200ha+) to 

one outlet. This will cause erosion and change the hydrology of the area from overland flow to 

channelled flow. Instead the area should be sub-divided into smaller sub-catchments (which will 

distribute the runoff) and have multiple outlets from the site. A schematic of this is shown in Figure 11. 

Concrete aprons with rip-rap no less than 12m long should be used at the multiple outlets. This will 

prevent erosion, assist in moving the runoff from channelled flow back to overland flow and will 

dissipate energy. A summary of the mitigation measures for each Alternative are presented in 

Table 11. 

Figure 11: Badenhorst Farm Dam with a damaged embankment 
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Table 11: Summary of mitigation measure for the increased runoff 

Condition Impact Mitigation 

Catchment 1 Alternative 1 Increase in peak 1.8 m
3
/s Use of multiple apron outlets at the 

exit of the PV site and attenuation 
ponds. 

Catchment 1 Alternative 2 Increase in peak by 10.7 m
3
/s Use of multiple apron outlets at the 

exit of the PV site and attenuation 
ponds. In addition to this, possible 
rehabilitation of Badenhorst Farm 
Dam for use as an attenuation 
pond. 

Catchment 2 Alternatives 1 and 2 Change in hydrology from overland 
flow to channel flow 

Use of multiple apron outlets at the 
exit of the PV site and possibly an 
attenuation pond. 

Catchment 3 Alternatives 1 and 2 Change in hydrology from overland 
flow to channel flow 

Use of multiple apron outlets at the 
exit of the PV sites and possibly 
attenuation ponds. 

Figure 12: A typical drainage scheme 


