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EXECUTIVE SUMMARY 

 

Red Cap Energy (Pty) Ltd (‘Red Cap’) has received Environmental Authorisation for three wind farms, 

collectively known as Nuweveld Wind Farm Development, and a 400 kV grid corridor located close to 

Beaufort West in the Western Cape Province. The approved grid corridor links the Nuweveld projects to 

the Droërivier Substation ~65 km to the south of the wind farms. 

 

The project scope includes an appraisal of the geotechnical conditions. The primary objective of the desktop 

assessment is to summarise the geology of the area, including the likely distribution of potential geotechnical 

challenges related to the underlying geology. The impacts of the proposed development have been assessed 

according to impact assessment tables provided by Red Cap. The information that has been provided is for 

planning purposes only and forms part of the environmental Basic Assessment process. 

 

A summary of the pertinent findings are as follows: 

1. Increased soil erosion may transpire as an impact of development, this may persist for the life of 

the project. However, the impact of this is expected to be low and is anticipated to have little effect 

on the site from a geotechnical point of view. 

2. Variable soil and rock conditions will exist across the site, broadly these have been divided based 

on geological conditions, as follows: 

a. Zone A – Karoo mudrock and sandstone 

b. Zone B – Karoo dolerite 

c. Zone C – Areas of thicker soil cover (generally within drainage channels) 

3. It is anticipated that conventional foundations can be employed for all structures. Karoo mudrock 

and sandstone should be avoided when selecting aggregates for concrete mixes. 

4. The footprint of each proposed structure would have to be investigated prior to the compilation 

of final design(s). 

5. Owing to the variable geologic and soil conditions across the proposed development area, the 

subgrade conditions will vary across the site. Dolerite has been proven to perform well as an 

aggregate for wearing courses. Dolerite has also been incorporated as an aggregate in concrete 

mixes. 

6. The excavatability of the stratum on site is anticipated to be variable, based on material composition 

and texture, the degree of weathering, and the nature of discontinuities within the rock and/or soil 

mass. 

7. The seismicity in the region is considered low. 

8. Intrusive centre-line investigations will be required to confirm the anticipated conditions at each of 

the final pylon positions. Any road cuttings should be designed by an appropriately qualified 

professional. 

9. GEOSS has endeavoured to highlight and characterise all potential geotechnical risks that are 

presented by the site that has been proposed for development. However, due to the anisotropic 

(variable) nature of earth materials, each point on the site will present results that differ. For this 

reason, it is considered of the utmost importance that the foundation excavations be inspected prior 

to casting to ensure that soil with an adequate bearing capacity is obtained beneath each footing. 

These works should be carried out by an appropriately qualified individual. 

 

Ooooo OOO ooooO
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ABBREVIATIONS & SYMBOLS 

 

AASHTO  American Association of State Highway and Transportation Officials  

BH   Borehole  

CGS   Council for Geoscience  

EC   electrical conductivity  

EOH   End of Hole  

g  Gravity 

L/s   litres per second  

LL   Liquid Limit  

LS   Linear Shrinkage  

m   metres  

mm   millimetre  

MOD   Modified AASHTO  

mS/m   milli-Siemens per metre  

 

GLOSSARY OF TERMS 

 

Aquifer: a geological formation, which has structures or textures that hold water or permit 

appreciable water movement through them [from National Water Act (Act No. 36 of 

1998)]. 

Electrical Conductivity: the ability of groundwater to conduct electrical current, due to the presence 

of charged ionic species in solution (Freeze and Cherry, 1979). 

Fractured aquifer: Fissured and fractured bedrock resulting from decompression and/or tectonic 

action.  Groundwater occurs predominantly within fissures and fractures. 

Groundwater: Water found in the subsurface in the saturated zone below the water table or 

piezometric surface i.e., the water table marks the upper surface of groundwater systems. 

Pedocrete: Superficial deposits, not of sedimentary origin, which have formed through either 

weathering residues, or cementation or replacement of existing soils (by precipitates derived 

from soil-water and or groundwater), or a combination of such processes. Several chemical 

agents replace or cement, e.g. calcium carbonates (calcrete) and/or iron oxides (ferricrete). 
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1. INTRODUCTION 

1.1 Terms of Reference 

Red Cap Energy (Pty) Ltd (‘Red Cap’) has received Environmental Authorisation for three wind 
farms and for a 400 kV grid corridor collectively known as Nuweveld Wind Farm Development, 

located close to Beaufort West in the Western Cape Province.  The approved grid corridor links 

the Nuweveld projects to the Droërivier Substation ~65 km to the south of the wind farms (Map 

1).  

 

To expand the capacity of Eskom grid and improve the functionality of the grid in the area, an 

additional 400 kV grid connection is required from the Nuweveld Collector Substation to the 

Gamma Substation, ~90 km to the east (the project or the Gamma Gridline Project). 

 

GEOSS South Africa (Pty) Ltd was requested by Matthew Law and Surina Laurie of Red Cap to 

complete a high-level geotechnical desktop study for the proposed Gamma Gridline Project.  

 

1.2 Objectives and Methodology 

The project scope includes an appraisal of the geotechnical conditions.  

 

The primary objective of the desktop assessment is to summarise the geology of the area, including 

the likely distribution of potential geotechnical challenges related to the underlying geology. The 

following high-level information is presented in this report: 

• Whether problem soils are likely to be encountered on-site. 

• An assessment of expected the excavatability within the respective geological areas. 

• Whether any geohazards are immediately apparent within the site area. 

• A general discussion of possible and likely engineering characteristics of the respective 

geological materials. 

• Possible development constraints that may be present across the site. 

• An evaluation of the seismic potential of the area based on available published literature. 

• Suggested further works prior to construction. 

• Broad recommendations that may be used to guide the geotechnical design of the proposed 

infrastructure and installation of associated services. 

 

The information that has been provided is for planning purposes only and forms part of the 

environmental Basic Assessment process. 

 

1.3 Proposed Development 

Red Cap Energy (Pty) Ltd (‘Red Cap’) has received Environmental Authorisation for three wind 
farms and for a 400 kV grid corridor collectively known as Nuweveld Wind Farm Development, 

located close to Beaufort West in the Western Cape Province.  
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As well as the Nuweveld Wind Farm Development, Red Cap is also proposing to develop four 

additional wind farms and associated grid connections, known as the Hoogland Projects.  The 

Hoogland Wind Farms are located north and south of the Nuweveld complex, and the Hoogland 

grid connections will terminate at the Nuweveld Collector Substation (refer to Map 1) and are the 

subject of separate applications.  

 

To expand the capacity of Eskom grid and improve the functionality of the grid in the area, an 

additional 400 kV grid connection is required from the Nuweveld Collector Substation to the 

Gamma Substation, ~90 km to the east (the Gamma Gridline Project).  This additional line will 

improve functionality by creating a 400 kV ring-line between the Droërivier Substation, Gamma 

Substation and Nuweveld projects, and create opportunities for other wind farm developments 

(such as the proposed Hoogland projects) to tie-into the grid either at the Nuweveld Collector 

Substation or along the new 400 kV line.  As such, the proposed new line will allow Eskom to 

release further renewable energy potential in an area that is becoming a renewable energy 

development node in South Africa, thereby helping to alleviate South Africa’s power crisis. 
 

The 400 kV gridline would have a ≤ 55 m wide servitude, which may be kept clear of taller 

vegetation (trees) and, where required and feasible, accommodate access tracks needed for 

construction and maintenance.  

 

Lattice type pylons will be used to support the grid connection lines for this project. Different 

lattice type pylon will be required along the gridline depending on the topography and span 

characteristics. Most of the pylons will be cross-rope suspension towers, with self-supporting 

towers being used at turn points, at steep slopes or where a very large distance needs to be spanned. 

All pylon types would attach to concrete plinths and foundations of varying sizes depending on 

pylon type. Guy wires with concrete anchor blocks will also be required for providing additional 

support and to stabilise some of the pylons/ towers. 

 

The footprints of the 400 kV towers are conservatively assumed to be 100 m2 each. The average 

span of the 400 kV line will be 400 m. 

 

Temporary laydown areas will be identified along the power line route, with the main equipment 

and construction yards being based in one of the surrounding towns or at a wind farm site camp 

and laydown areas. It is anticipated that the total area required for the temporary laydown areas is 

up to 5 ha.  

 

Existing access roads and tracks (upgraded to between 2 m and 4 m wide tracks, where needed) 

will be used for construction and maintenance of the line as far as possible and new access tracks 

would be established, where needed. 

 

A 300 m x 300 m expansion to the Gamma Substation (including transformers and other standard 

substation infrastructure) and forms a component of the project. 
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1.4 Scope and Limitations of Assessment 

The primary aims of this investigation were to confirm the general geotechnical conditions of the 

site and to determine potential geotechnical impacts on the environment based on existing, 

available desktop information i.e. information extracted from published literature, and consultancy 

reports compiled in the vicinity.  No site visit was undertaken. 

 

This study was conducted in a manner consistent with the level of care and skill ordinarily exercised 

by members of the geotechnical profession practising under similar conditions.  

 

Geological conditions are seldom uniform and the geological and geotechnical conditions in the 

corridor will need to be established in the field prior to commencement of construction (i.e. 

through field investigations and testing). The engineering recommendations provided in this report 

are therefore preliminary. 

 

1.5 Information Available 

Data was acquired from the following topocadastral, geological, and hydrogeological sources: 

• The 1: 50 000 topocadastral map – Sheets 3122CD, 3122DC, 3122DA, 3122DB, 3122DD, 

3123DD, 3123CA, 3123CB and 3123CD. 

• The 1: 250 000 geological series map – Sheet 3122, Victoria West.  

• The 1: 500 000 hydrogeological map – Sheet 3122, Beaufort West. 

• Aerial imagery (Google Earth imagery). 

• Engineering Geology of South Africa (relevant) Volumes 2 and 4 (Brink, 1981; 1985). 

 

Data hosted GEOSS’ internal database generated during previous geotechnical and 

hydrogeological investigations undertaken in the area, as well as published geological, geotechnical 

and hydrogeological literature available for the region were also consulted. 

 

1.6 Assessment Methodology 

This desktop study involved gathering, reviewing and interpreting all relevant data to the project. 

 

1.7 Assumptions and Limitations 

The assessment that has been made is based on a desk study, review of literature, and analysis of 

the information. The report is not based on detailed intrusive works, i.e. trial pit excavation, soil 

profiling, geotechnical drilling, and/or testing. 

 

The assessments in this report are high level, and follow up work will be undertaken prior to final 

design and construction, to confirm actual soil conditions. 

 

The duration of the construction phase was not provided at the time that this report was compiled. 

A construction duration of 2 year was assumed. Please note that the impact rating will change 
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should the construction duration increase. A description of the weighting system and description 

of terms used is attached in Appendix A. 

 

It is important to stress that the impact assessment component of this report highlights 

risks/impacts of construction, operation and decommissioning of such a proposed facility on the 

geotechnical conditions that are expected on/across the site. 

 

2. SETTING 

2.1 Site Location and Description 

The extent of the Gamma Gridline Corridor (or site) is in excess of 900 km2, located about 7 km 

north of Three Sisters; some 45 km south of Victoria West, and approximately 50 km southeast of 

Loxton (Map 1). The project aims to link the existing Gamma substation to the approved 

Nuweveld Collector Substation. The approximate extent of Gamma Grid Connection Corridor is 

shown in Map 2. 

 

2.2 Topography and Site Features 

The elevation of the site ranges between about 1170 and 1751 metres above mean sea level (mamsl). 

Higher lying areas are characterised by intrusions and lower lying areas are characterised by drainage 

channels infilled with quaternary sediments, i.e. ephemeral river beds (see Map 3).  Most rivers in 

the Corridor drain in a southerly to south-westerly direction. 
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Map 1: Locality map showing the location of the proposed Gamma Gridline Corridor and surrounds. 
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2.3 Climate 

The study area has been divided into an eastern and western extent to report the climate data for 

the area.  

 

Figure 1 shows the monthly average air temperature and Figure 2 shows the monthly median 

rainfall and evaporation distribution for the study area (Schulze, 2009). 

 

Generally, the study area experiences cold and dry winters with warm to hot summers.  

 

The long term (1950 – 2000) mean annual precipitation for the study area varies between 233 mm/a 

in the east, to 189 mm/a in the west. Generally, the bulk of the rainfall is received in the summer 

and early autumn months (i.e. between January and May).   

 

Potential evaporation exceeds the rainfall year-round across the study area. 

 

  
Figure 1: Monthly average air temperature for the Eastern and Western Extents of Study Area 

(Schulze, 2009). 

 

 
Figure 2: Monthly average air temperature for the Eastern and Western Extents of Study Area 

(Schulze, 2009). 
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2.4 Weinert ‘N’ Value 

The present and past climate is a useful indicator of the typical soil conditions that may be 

encountered on a particular site (Weinert, 1975). Weinert (1975) developed a general model to 

categorise the climate of southern Africa based on what he termed the ‘N’-value (see Figure 3).  

The Weinert ‘N’-value for the project area is shown to be greater than 5 (Brink, 1983). 

 

 
Figure 3: Climatic ‘N’ value = 5 plotted for southern Africa (after Weinert, 1967). 

 

Weinert (1975) showed that where ‘N’-values are greater than 5, residual soils are typically shallow, 

transported soils of variable thickness with calcrete and/or other pedocretes (Brink, 1979). 

 

2.5 Geology  

The Council for Geoscience (CGS) has mapped the geology of the area at a scale of 1:250 000 

(CGS, 1991).  The geological setting is shown in Map 4 and the main geology of the area is listed 

in Table 1. The site is mostly underlain by mudstones and sandstones of the Karoo-aged Teekloof 

Formation of the Beaufort Group, which have been intruded by Jurassic-aged dolerites, and 

overlain by quaternary-aged alluvium (Map 4).  

 

Table 1: Geological formations within the study area (CGS, 1991). 

Code Member Formation Group Description 

 
Quaternary-aged 

sediments 
Alluvium 

Jd Intrusive dolerite 

Pto Oukloof 

Teekloof Beaufort 

Purple mudstone, sandstone 

Pth Hoedemaker 
Red and purple mudstone, subordinate 

sandstone 

Ptp Oukloof 
Purple green, and grey mudstone, 

sandstone 
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2.5.1 Geological Zones 

The site has been broadly classified into three zones of similar geological and geotechnical 

characteristics (Zones A, B and C). The zones are presented in Map 5, and are expanded upon in 

subsequent sections. 

 

2.6 Geotechnical Properties and Engineering Geology  

2.6.1 Sandstones and mudstones (Zone A) 

Problems with slope stability may be experienced where sandstones and shales/mudrocks of the 

Karoo Supergroup are closely intercalated, as weathering of the fine-grained rocks may result in 

undercutting (Brink, 1983). Porewater pressure may develop at the interface between sand- and 

mud-/siltstones (Brink, 1983). 

 

Where sandstones are thickly bedded and highly jointed, joint-controlled block and wedge failures 

can potentially occur (Brink, 1983). 

 

2.6.2 Dolerite (Zone B) 

The end of the Karoo age was terminated by the intrusion of dolerite dykes and sills into the Karoo 

sedimentary rocks. The intrusive dolerites only had a limited thermal metamorphism effect on the 

surrounding Karoo sediments, as a rule of thumb, causing changes to the host lithology of 

equivalent thickness to the dyke itself (Brink, 1983). 

 

During the late 1960s and early 1970s, several tests were undertaken to determine strength 

properties of dolerite rock. The general description of dolerite was as follows, bluish-grey, very 

hard to extremely hard rock, variably fine- and medium-grained, variably jointed and fractured, 

with calcite, chlorite and zeolite minerals present on the joint and fracture surfaces in varying 

amounts (Brink, 1983).  Of relevance to this assessment, dolerite rocks are considered to be erosion 

resistant. 

 

2.6.3 Quaternary Sediments (Zone C) 

Quaternary sediments in the region include alluvium, and terrace gravels (CGS, 1991). The 

geotechnical characteristics of such materials are variable in nature. Typical construction 

constraints with such materials include a potentially collapsible grain structure associated with 

sandy sediments, and challenging excavation conditions associated with terrace gravels, particularly 

where boulders are encountered. 
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2.7 Expected soil profile 

In the region between Orange River and Beaufort West, the sandstones and mudrocks of the Karoo 

supergroup often dip gently. The topography is generally undulating, and areas of strong relief are 

usually present where intrusive dolerite sills create a capping characterised by a landscape of mesas 

and buttes. According to Brink (1983), the hillslopes of such topography, here and in most arid 

areas of the world, usually display up to four soil profiles (Figure 4). 

 

 
Figure 4: Elements of typical Karoo hillslopes and anticipated soil profiles (Brink, 1982) 

 

2.8 Slope Classification 

The topography is the region has been classified in terms of development based on classes 

suggested by Stiff et al. (1996), see Map 3. The majority of the region is classified as “favourable” 

due to the generally flat nature of the site.  

 

2.9 Hydrogeology 

In the region earmarked for development, two aquifer types dominate, intergranular and fractured, 

and fractured aquifers. The intergranular and fractured aquifers are shown to have an indicative 

yield potential of 0.1 to 0.5 L/s (DWAF, 2002). The fractured aquifers indicate a yield potential of 

between 0.5 to 2.0 L/s (DWAF, 2002). 

 

The regional groundwater quality is classified as “ideal to marginal” directly underlying the study 
area with an associated electrical conductivity (EC) of 0 – 300 mS/m (DWAF, 2002).  

 

It should be noted that the above classifications are based on regional datasets, and therefore only 

provide an indication of conditions to be expected.  
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Map 2: Aerial map showing the approximate boundaries of the development. 
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Map 3: Aerial imagery overlain by slope classification (based on Stiff et al. 1996). 
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Map 4: Geological setting of the area (3122 – Victoria West, GCS 1989). 
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Map 5: Geological zones superimposed on aerial imagery.  
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2.10 Seismicity 

It is common practise to design structures for seismic loads when the nominal peak acceleration 

exceeds a 0.1 g once every 475 years (Retief and Dunaiski, 2009). Retief and Dunaisk, (2009) 

delineated such regions in southern Africa, the approximate position of Three Sisters is shown in 

red on Figure 5 relative to these regions. The region surrounding Three Sisters is shown to have 

a nominal peak ground of less than 0.1 g; therefore, typically seismic loads are not considered when 

designing structures in this area. 

 

 
Figure 5: Zones in South Africa with nominal peak ground acceleration of more than 0.1 g for 

10% in 50 years probability (after Retief and Dunaiski, 2009). 

 

3. GEOTECHNICAL EVALUATION & RECOMMENDATIONS 

3.1 General 

Large pylons are subjected to high wind shear and thus dense soil with a moderate to high shear 

strength and bearing capacity is required for founding. Therefore, foundation conditions are a key 

constraint on engineering costs and affect project feasibility. 

 

3.2 Drainage 

There is little evidence of surface ponding across the site area. However, cognisance of this should 

be taken in further investigations, particularly in areas where slops are shown to be less than 2°. 

 

There are regions which are characterised by erosion scars, this would have to be evaluated when 

the final development layout is known, and/or later during detailed geotechnical investigations. 

 

Three Sisters 
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3.3 Foundations 

It is anticipated that Conventional foundations can be adopted in all areas of the site. The 

foundation conditions at the position of each pylon and structure that is to be developed within 

the study area would have to be investigated in more detail prior to construction. 

 

3.4 Excavation 

Excavation classes across the area will vary greatly. In and along the banks of drainage channels 

slightly thicker soil cover should be present allowing for easy excavation (SANS 1200). Where 

Dolerite is present, the excavation class will depend on the degree of weathering of the dolerite 

rock. Similarly, the excavation class of the mudrocks and sandstones of the Beaufort Group will 

vary depending on the degree of weathering.  

 

In areas of unweathered medium hard rock pneumatic rock breakers and/or blasting may be 

required for installation of foundations, and where roads are to traverse challenging terrain.  

 

3.5 Problem Soils 

Problem soils are not expected in the study area. Some soils present may be slightly potentially 

expansive or have a potentially collapsible grain structure, but this is not expected to hamper 

development. 

 

4. PRELIMINARY GEOLOGICAL & GEOTECHNICAL IMPACT 

ASSESSMENT 

4.1 Impact of the Project on the Geological Environment during the Construction 

period 

The impact of the project on the geological environment will predominantly relate to the impact 

that the development will have on the soils / rock units beneath the site through topsoil stripping, 

excavations for foundations (where required), trenching, the construction of access tracks and 

associated light infrastructure.  Bulk earthworks, where required, for the construction of platforms 

and access tracks, may generate a significant impact on the soils and rocks where construction takes 

place. 

 

The primary concern associated with geotechnical works is increased soil erosion on site, due to 

stripping of vegetation during the construction phase of the project. Removal of vegetation reduces 

infiltration, thereby increasing runoff yielding increased erosion. Further, compaction during 

earthworks reduce rainwater infiltration and increase surface runoff and increase erosion. The 

construction of paved and/or hard-surfaced areas increases runoff and often localises discharge of 

stormwater, which may lead to increased erosion and consequently loss of topsoil. Disturbance of 

the soil may extend beyond the footprint of the structures should such conditions persist for long 

periods of time, e.g. more than 10 years. 
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4.2 Geotechnical Impact Assessment 

For ease of reference, separate impact rating tables have been presented in the subsequent sections 

for the construction phase, the operational phase and the decommissioning phase: 

• Expected impacts on soil, during the construction phase, within the development area of 

the Gamma Gridline Corridor are presented in Table 2.  

• Expected impacts on soil, during the operational phase, within the development area of the 

Gamma Gridline Corridor are presented in Table 3. 

• Expected impacts on soil, during the decommissioning phase, within the development area 

of the Gamma Gridline Corridor are presented in Table 4. 
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Table 2: Impact table of soil erosion, contamination and destabilisation due to the Construction Phase. 



Desktop Geotechnical Specialist Study for the 400 kV Gamma Gridline Corridor, near Three Sisters, South Africa. 

GEOSS Report No. 2022/08-01 28 October 2022 18 

Table 3: Impact table of soil erosion, contamination and destabilisation due to the Operational Phase. 
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Table 4: Impact table of soil erosion, contamination and destabilisation due to the Decommissioning Phase. 
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Table 5: Impact table of soil erosion, contamination and destabilisation due to Cumulative Impacts 

Project phase Cumulative Impacts 

Impact Soil erosion, contamination and destabilisation 

Description of 

impact 

Widespread soil destabilisation, erosion and contamination due to agricultural activities and renewable energy development, including associated 

transmission infrastructure. Increased siltation within natural water courses due to increased runoff and soil erosion. 

Mitigatability Medium Mitigation exists and will notably reduce significance of impacts 

Potential 

mitigation 

• Do not enter No-Go areas 

• Limit disturbance footprints to the area absolutely necessary for the project 

• Use existing access tracks where feasible 

• Observe limits of acceptable disturbance for areas of high, medium and low sensitivity 

• Implement the generic EMPr for overhead transmission infrastructure. 

Assessment Without mitigation With mitigation 

Nature Negative Negative 

Duration Permanent Impact may be permanent, or in excess of 

20 years 

Permanent Impact may be permanent, or in excess of 20 years 

Extent Regional Impacts felt at a regional / provincial level Local Impacts felt at a regional / provincial level 

Intensity High Natural and/ or social functions and/ or 

processes are notably altered 

Low Natural and/ or social functions and/ or processes 

are somewhat altered 

Probability Almost certain / 

Highly probable 

It is most likely that the impact will occur Probable The impact has occurred here or elsewhere and could 

therefore occur 

Confidence High Substantive supportive data exists to verify 

the assessment 

High Substantive supportive data exists to verify the assessment 

Reversibility Medium The affected environment will only recover 

from the impact with significant 

intervention 

Low The affected environment will not be able to recover from 

the impact - permanently modified 

Resource 

irreplaceability 

Medium The resource is damaged irreparably but is 

represented elsewhere 

Low The resource is not damaged irreparably or is not scarce 

Significance Medium - negative Low - negative 

Comment on 

significance 

The region has experienced impacts on geological/geotechnical conditions (e.g. soil erosion) due to conventional agricultural practise in the area 

occurring for many years rendering the cumulative impact without mitigation negative medium. With mitigation, these cumulative impacts (of 

construction of the Gamma Gridline and agricultural practises) the significant rating is considered negative, but low. 
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4.3 Alternatives 

In the event of the development not proceeding (i.e. the no-go alternative being selected) project 

related geotechnical impacts would be avoided; however regional cumulative impacts (such as from 

agriculture and renewable energy development in the region would persist).  As the project is 

located wholly within a Strategic Transmission Corridor (specifically identified to host high voltage 

transmission infrastructure), cumulative impacts from this infrastructure can be anticipated. 

 

4.4 Summary of Impacts on Geological and Geotechnical Conditions 

The impacts to be considered from a geotechnical standpoint for the proposed Gamma Gridline 

Corridor are contained in Table 6. 

 

Table 6: Summary table of impacts on geological and geotechnical conditions  

DESCRIPTION OF IMPACT 
Overall Significance 

No-Go Alternative Preferred Alternative 

Impact table of soil erosion, contamination and 

destabilisation due to the Construction Phase 
Insignificant Very Low 

Impact table of soil erosion, contamination and 

destabilisation due to the Operational Phase 
Insignificant Very Low 

Impact table of soil erosion, contamination and 

destabilisation due to the Decommissioning Phase. 
Insignificant Very Low 

Impact table of soil erosion, contamination and 

destabilisation due to Cumulative Impacts 
Medium Very Low 

 

5. CONCLUSIONS 

This report summarises the results from a desktop specialist study which aimed to project a high-

level overview of envisaged risks from a geotechnical standpoint, and provide broad 

recommendations for high-level designs. Based on the findings of this study, development should 

proceed provided the mitigation measures are implemented. The following conclusions can be 

drawn from the investigation: 

1. The impact of the proposed development is expected to be very low and is anticipated to 

have little effect on the site from a geotechnical point of view. 

2. Increased soil erosion may transpire as an impact of development, this may persist for the 

life of the project. However, the impact of this is expected to be very low and is anticipated 

to have little effect on the site from a geotechnical point of view. 

3. Variable soil and rock conditions will exist across the site, broadly these have been divided 

as follows: 

a. Zone A – Karoo mudrocks and sandstones 

b. Zone B – Karoo dolerite  

c. Zone C – Areas of thicker soil cover (generally within drainage channels) 

4. It is anticipated that conventional foundations can be employed for all structures. Karoo 

mudrock and sandstone should be avoided when selecting aggregates for concrete mixes. 
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5. Each proposed structures footprint would have to be investigated prior to compilation of 

final design. 

6. Owing to the variable geologic and soil conditions across the proposed development area, 

the subgrade conditions will vary across the site. Dolerite has been proven to perform well 

as an aggregate for wearing courses. Dolerite has also been incorporated as an aggregate in 

concrete mixes. 

7. The excavatability of the stratum on site are anticipated to variable, based on material 

composition and texture, the degree of weathering, and the nature of discontinuities within 

the rock and/or soil mass. 

8. The seismicity in the region is considered low. 

9. Intrusive centre-line investigations will be required to confirm the anticipated conditions 

at each of the final pylon positions.  

10. Any road cuttings should be designed by an appropriately qualified professional. 

11. GEOSS has endeavoured to highlight and characterise all potential geotechnical risks that 

are presented by the site that has been proposed for development. However, due to the 

anisotropic (variable) nature of earth materials, each point on the site will present results 

that differ. For this reason, it is considered of the utmost importance that the foundation 

excavations be inspected prior to casting to ensure that soil with an adequate bearing 

capacity is obtained beneath each footing. These works should be carried out by an 

appropriately qualified individual. 

 

6. REFERENCES 

Brink, A. B. A., (1979). Engineering Geology of Southern Africa Volume 1. Building Publications, 

South Africa. Building Publications, 1979. 

Brink, A. B. A., (1981). Engineering Geology of Southern Africa Volume 2. Building Publications, 

South Africa. Building Publications, 1981. 

Brink, A. B. A., (1985). Engineering Geology of Southern Africa Volume 4. Building Publications, 

South Africa. Building Publications, 1985. 

CGS (1997). The 1:250 000 geological map series. Council for Geoscience. Map number: 3122 

Victoria West. 

DWAF (2002). The hydrogeological map series of the republic of South Africa. Beaufort West, 

3122. Scale: 1:500 000. 

Freeze, R.A. and Cherry, J.A., (1979). Groundwater. Prentice Hall, Inc. Upper Saddle River, N.J. 

Kijko, A., Retief, S.J.P. and Graham, G., 2002. Seismic Hazard and Risk Assessment for Tulbagh, 

South Africa: Part 1 - Assessment of the Seismic Hazard. Natural Hazards, Vol. 26, pages 

175-201. Kluwer Academic Publishers. 

NBRI (1967). National Building Research Institute. Handbook of South African natural building 

stone. National Development Fund for the Building Industry. 

NMERI (1975). National Mechanical Engineering Research Institute. Elandsberg Pumped Storage 

Scheme. Rock mechanics laboratory tests on Malmesbury rocks. (Vogler, U. W. O. L. & 

Orr, C. M.) CSIR Report 1424 



Desktop Geotechnical Specialist Study for the 400 kV Gamma Gridline Corridor, near Three Sisters, South Africa. 

GEOSS Report No. 2022/08-01 28 October 2022 23 

Partridge, T. C., Wood, C. K., and Brink, A. B. A. (1993). Priorities for Urban Expansion within 

the PWV Metropolitan Region: The Primacy of Geotechnical Constraints. South African 

Geographical Journal. 

Retief, J., V., and Dunaiski, P., E., (2009). Background to SANS 10160: Basis of structural design 

and actions for buildings and industrial structures. Published by SUN MeDIA Stellenbosch. 

SAIEG [South African Institute of Engineering Geologists]. (2001). Guidelines for Soil and Rock 

Logging in South Africa, 2nd Impression 2001, eds. A.B.A. Brink and R.M.H. Bruin, 

Proceedings, Geoterminology Workshop organised by AEG, SAICE and SAIEG, 1990. 

Stiff, J., S., Croukamp, L., Keyter, G., J., McKnight, C. L., Tromp, B., van Rooy, J. L., Venter, J., 

P., (1996). Guidelines for Urban Engineering Geological Investigations. South African 

Association of Engineering Geologists (SAIEG) & South African Institution of Civil 

Engineers (SAICE): Geotechnical Division, South Africa. 

Schulze, R. E., (2009). SA Atlas of Climatology and Geohydrology; obtained from Western Cape 

Government Agriculture - http://gis.elsenburg.com/apps/cfm/: Long term median 

rainfall per month (1950-2000). 

 

 



Desktop Geotechnical Specialist Study for the 400 kV Gamma Gridline Corridor, near Three Sisters, South Africa. 

GEOSS Report No. 2022/08-01 28 October 2022 24 

7. APPENDIX A: IMPACT ASSESSMENT METHODOLOGY 
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The following points, tables and descriptions presented below were presented by Red Cap to be 

used as a guideline when assessing potential risks and impacts for the proposed development. 

 

1. Definitions of terminology 

 

 
 



Desktop Geotechnical Specialist Study for the 400 kV Gamma Gridline Corridor, near Three Sisters, South Africa. 

GEOSS Report No. 2022/08-01 28 October 2022 26 

8. APPENDIX B: GEOTECHNICAL INFORMATION 

8.1 Karoo Supergroup (Zone A) 

Karoo sandstone is often not desirable in construction, e.g. as an aggregate, as it may cause concrete 

to deteriorate over time (Brink, 1977).  In this regard, the following has been observed when 

making use of Karoo sandstones in construction (after Brink, 1983): 

1. Deflection and shrinkage of reinforced members. 

2. Corrosion of reinforcing steel. 

3. Coincident cracking of concrete and reinforcement. 

4. Surface crazing or pattern cracking. 

5. Premature distress of roads constructed using aggregates derived from Karoo sandstones.  

 

Control of material properties is required when making use of Karoo sandstones in construction. 

 

Table 7: Strength and deformation characteristics of some Karoo Sandstones (Brink, 1983). 

 
 

Table 8: Geotechnical properties of Ecca Group sandstone at Matimba Power Station (Brink, 

1983). 
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Table 9: Drying and shrinkage determinations on some sandstones of the Beaufort Group (Brink, 

1983). 

 
 

 
Figure 6: Relation between shrinkage and surface area for a variety of rocks including Karoo 

sandstone (Brink, 1983).  
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Table 10: Road construction characteristics of some Karoo sandstones (Brink, 1983). 

 
 

Table 11: Changes in engineering properties of Adelaide Subgroup sandstone aggregates under 

traffic (Brink, 1983). 
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8.2 Dolerite (Zone B) 

Dolerite has been used extensively in road construction; however, material from chill zones 

(surrounding metamorphosed rocks) are usually undesirable due to low adhesion properties (Brink, 

1983).  Dolerite has also been used successfully as a concrete aggregate (Brink, 1983). 

 

Table 12: Engineering properties of very hard rock dolerite from various locations (Brink, 1983). 
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Table 13: Strength properties of fresh dolerite from various locations (Brink, 1983). 
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Figure 7: Variations of the shear strength to unconfined compressive strength ratio with the UCS 

for dolerite compared with other rock types (Brink, 1983). 

 

 
Figure 8: Relation between tensile strength and UCS of fresh dolerite specimen from South Africa 

(Brink, 1983). 
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Table 14: Weathering classes and characteristics of dolerite in South Africa (Brink, 1983). 
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Table 15: Influence of climate on selected physical properties of weathering classes of dolerites 

(Brink, 1983). 

 
Table 16: Concrete making properties of dolerite (Brink, 1983). 
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Table 17: Deformation characteristics (expressed in MPa) for different weathering classes of 

dolerite from South Africa as determined by a GB Menard pressure meter and jacking tests (Brink, 

1983). 
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