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Limitations of liability:
1. We have employed accepted geotechnical engineering procedures, and the opinions and conclusions
expressed in the report are made in good faith in accordance with generally accepted principles and practices.
2. The contents of this report are valid as of the date of preparation. However, changes in the condition of the
site can occur over time as a result or either natural processes or human activity. In addition, advancements
in the practice of geotechnical engineering and changes in applicable practice codes may affect the validity
of this report. Consequently, this report should not be relied upon after an eclipsed period of one year without
a review by this firm for verification of validity.
This warranty is in lieu of all other warranties, either
expressed or implied.
3. Unless otherwise stated, the investigation did not include any specialist studies, including but not limited to
the evaluation or assessment of any potential environmental hazards or groundwater contamination that may
be present.
4. The investigation is conducted within the constraints of the budget and time and therefore limited information
was available. Although the confidence in the information is reasonably high, some variation in the
geotechnical conditions should be expected during and after construction. The nature and extent of variations
across the site may not become evident until construction. If variations then become apparent this could
affect the proposed project, and it may be necessary to re-evaluate recommendations in this report.
Therefore, it is recommended that Outeniqua Geotechnical Services is retained to provide specialist
geotechnical engineering services during construction in order to observe compliance with the design
concepts, specifications and recommendations and to allow design changes in the event that subsurface
conditions differ from those anticipated prior to the start of construction. Any significant deviation from the
expected geotechnical conditions should be brought to the author’s attention for further investigation.
5. The assessment and interpretation of the geotechnical information and the design of structures and services
and the management of risk is the responsibility of the appointed engineer.
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1.

Introduction and terms of reference

Outeniqua Geotechnical Services was appointed by Terramanzi Group to undertake a
preliminary geotechnical site investigation for the proposed Haga Haga Wind Energy
Facility (WEF) near Morgans Bay in the Eastern Cape Province of South Africa (see Figure
1).
The geotechnical nature of the site needs to be investigated in order to facilitate planning
and development of the site, as well as for preliminary civil and structural engineering
purposes.

Figure 1: Locality map

The scope of work is as follows:



2.

Conduct a desk-study of all available information on the geology and geotechnical
nature of the site;
Analyse the information gathered in the investigation, and compile a brief report
which includes a description of the physical and geological nature of the site, and
an assessment of potential geotechnical risks for the proposed development.

Information available

The following maps and plans were available for reference purposes and are reproduced
in this report:


1:50 000 Topocadastral mapping for the area, obtained from the Chief
Directorate: National Geospatial Information (NGI);
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3.

Aerial photography and other information obtained from the NGI and Google
Earth;
1:250 000 Geological maps of the area, obtained from the Council for Geoscience;
1:1000000 Seismic Hazard Map of SA, obtained from the Council for Geoscience;
GIS data for the proposed development supplied by Terramanzi Group (Pty) Ltd.

Project description

The Project, which is targeting a maximum installed capacity of 150 megawatts (million
watts or MW), will broadly consist of the following components:
















4.

67 wind turbines with a hub height of between 80m and 135m.
Blades (rotors) with a diameter between 90m and 150m.
Total height between 125m and 200m (this is dependent on the final hub height
of the wind turbine and the diameter of the blades used for the wind turbines,
which in turn will be informed through the findings of the professional team during
the Scoping Phase of the Project).
The wind turbines will vary in individual energy output and will range from 2MW
to 5MW in size.
A substation will be required as part of the Project and will take up approximately
11000m2 or 1.1 hectares.
The internal electrical connection between the wind turbines will comprise
underground cables, except where a technical assessment of the proposed design
suggests that overhead lines will be appropriate. This specifically refers to areas
which will require connections that run over rivers and gullies.
The Project will be connected to the Eskom grid by means of an overhead
powerline route. This component of the Project is being assessed through a Basic
Assessment Environmental Permitting Process, which will dovetail with the EIA
Phase of this Project.
One laydown area has been proposed and this will have an area of approximately
1 hectare.
Each turbine location will have a hard stand area (for crane siting) of
approximately 0.35 hectares.
An area of approximately 0.5 hectares will be established for permanent office
space and workshop space.
Internal road reticulation as well as access points will be established for the site.
The project will have a lifespan of up to 25 years.

Nature of the investigation

A preliminary geotechnical investigation is a desk study investigation, conducted primarily
to assess the general suitability of the site for development purposes in terms of the site
geology and geotechnical constraints, in order to identify any “red flags” or highly
unfavourable constraints on the proposed development. The site was not visited during
the investigation, but the area is well known by the author.
The confidence in the preliminary data obtained at this stage of the project is relatively
high, but additional investigations will be required for detailed design purposes to
determine depth to rock, soil properties, groundwater, etc.

5.

Site description

The site identified for the proposed wind energy facility (WEF) is rural agricultural land
located between 3km and 15km north of the coastal village of Haga Haga, and 65km
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north-east of East London, which is the nearest major commercial centre and port. The
site is accessible via the N2 National road from East London.
The proposed WEF is to be developed across several farm portions indicated in Figure 2.
The general topography is characterised by hilly terrain with undulating ridges and steep
side slopes, which drain into the Quko and Haga Haga Rivers. The northern boundary of
the site runs along a watershed ridge between the catchment areas of the Quko and Kei
Rivers. Most of the plateau areas are accessible via existing farm roads and tracks, but
the slopes and valleys are inaccessible with normal vehicles, as there are very limited
existing roads and the terrain is steep (see Figure 3).
The vegetation along the southern half of the site consists of Albany Coastal Belt thicket
(see Figure 3), and the northern half consists of Bhisho Thornveld grassland savannah.
The climate of the area is temperate, with average midday temperatures of 18 to 26°C.
Annual average rainfall is 700mm, mostly falling during summer months (October to
March).

Figure 2: Aerial photo of proposed development area
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Figure 3: Typical site terrain and coastal thicket vegetation along Quko River

6.

Geology

The site is dominated by sandstone and mudstone of the Adelaide Subgroup (Permian age)
of the Karoo Supergroup (green on map in Figure 4). These sedimentary rocks have been
extensively intruded by Karoo dolerite dykes and sills of Jurassic age (red on map). There
are strong NNW-SSE and WSW-ENE structural lineaments, which have had a significant
control in the emplacement of the dykes. The sedimentary rocks generally dip to the north
and south at angles of less than 10°, but there is some localised folding with steeper dip
angles.
Previous experience in the area suggests that shallow rock is expected over much of the
study area, covered by a thin soil veneer of mixed origin. Some thicker soils are expected
in areas underlain by weathered dolerite (see Figures 5-7).
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Figure 4: Geological map

Figure 5: Sandstone of the Adelaide Subgroup outcrops at the mouth of the Haga Haga
River
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Figure 6: Sandstone of the Adelaide Subgroup exposed in a road cutting along the
northern boundary of the site

Figure 7: Red-brown weathered dolerite exposed in a road cutting near the site

There are no major geological faults mapped on the 1:250 000 scale in the study area and
the nearest major fault system is the Cintsa Fault which occurs approximately 12km
southwest of the study area, which is generally considered dormant. The anticipated
seismic intensity in the study area is rated as V on the Modified Mercalli Scale and peak
horizontal ground accelerations are typically less than 50cm/s with a 10% chance of being
exceeded at least once in a 50-year period (see Figures 8 & 9).
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Site
Figure 8: Seismic event map of SA

Site
Figure 9: Peak horizontal ground acceleration map of SA

7.

7.1

Geotechnical Evaluation

Geotechnical terrains

The site has been broadly mapped into different geotechnical terrains (see Figure 10),
which are based primarily on the topography (slope gradients, drainage lines), and
therefore indicate favourable areas for potential development.
Terrain 1 is characterised by low to moderate slopes on plateaus, ridges and spurs, which
are generally suitable for development. The soil conditions may be quite variable, but are
generally deemed suitable for the founding of turbines. This elevated terrain also has a
higher wind resource, and therefore contains all the proposed turbines.
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Terrain 2 is characterised by steep slopes and drainage lines, which are unsuitable for
development. Rivers and minor ephemeral drainage lines are abundant in this terrain, and
this has a significant controlling effect on the positioning of turbines and other
infrastructure.
7.2

Slope stability and erosion

The proposed turbines are positioned on elevated ridges and plateaus, which will require
minimal earthworks (cut-to-fill platforms, road box cuts, etc), and are therefore more
suitable for the positioning of turbines, provided that global stability checks are undertaken
in the design process.
The proposed turbine positions are likely to be founded on dense residual soils or bedrock
which are generally not prone to severe erosion. Terrain 2 consists of steep slopes which
would require significant earthworks to develop and this could be problematic in terms of
erosion and slope stability.

Figure 10: Geotechnical map of site

7.3

Site classification

In accordance with SANS 10400-H Section 4.2, the estimated soil classifications for Terrain
1 are shown in Table 1.
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Table 1: Site soil classification
Geotechnical
Terrain unit
Constraint

1

8.

Expected
movement (mm)

Site
Classification

Active soils

<15

H-H1

Compressible and/or
collapsible soils

<10

C1

Shallow rock <1.5m

-

R

Recommendations

The following recommendations are given as a guideline based on the information gained
from a preliminary investigation. Although this level of investigation is deemed acceptable
for project feasibility purposes, a detailed geotechnical investigation should be
commissioned by the developer during the detailed design phase of the project.
8.1

Earthworks and foundations

No structures are recommended within a buffer zone of at least 50m from the centreline
of drainage lines. Box or pipe culverts with headwalls are recommended where access
roads cross drainage lines. Turbine structures are not recommended on slopes steeper
than 1:5. Practical steps should be taken to minimise erosion of loosened soil or where
vegetation is stripped along roads and on platform areas.
Wind turbines founded on these geological units are typically supported by shallow gravity
foundations (see Figure 11). The main geotechnical considerations in the design are the
thickness and consistency (bearing capacity) of the soil overburden, depth to competent
rock, the nature of discontinuities and the shear strength of the rock. In areas with very
thick soil cover, soil replacement, dynamic compaction or piled foundations may be
considered (see Figure 12-14). The dominant forces in consideration in the design of
foundations are horizontal forces and moments due to wind acting on the tower, which are
then transferred down into the ground. The foundations must be designed to resist uplift
forces and overturning moments. Grouted anchors in rock may be preferred to reduce the
width of the foundation. Turbines with gravity foundations on soil slopes should be founded
entirely in cut or engineered fill, and a horizontal line from the foundation edge to the
slope face should be at least 7.5m (see Figure 15).
The founding conditions on this site are generally deemed to be favourable in terms of
bearing capacity due to the expected stiff/dense residual soils or shallow rock. Gravity
foundations or rock-anchored bases are most suitable, but this has to be investigated with
subsurface testing.
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Figure 11: Gravity foundation on shallow rock

Figure 12: Conventional soil compaction for gravity foundations
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Figure 13: Dynamic compaction of thick sandy soils

Figure 14: Typical piled foundation method in thick compressible soils

Figure 15: Gravity base turbines on slopes

14 | P a g e

8.2

Roads

Internal access roads will be required to service the turbines and other infrastructure. The
insitu subgrade is variable but typically poor, consisting of fine compressible silty or clayey
sand which will rut severely in wet conditions (see Figure 16). It is highly likely that
imported gravel wearing course material will be required to accommodate heavy axle
loads.
Potential sources of road-building material include the insitu weathered dolerite or
sandstone rock obtained from excavations for gravity bases or nearby borrow pit sources.
Commercial sources of gravel or crushed rock material will have to be imported from East
London environs. There are no known formal quarries or borrow pits on the site and mining
rights permits may have to be obtained to extract local materials.

Figure 16: Existing rutted gravel roads along the northern side of the site
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9.

Conclusions

The general geology of the site is considered suitable for the proposed development but
the topography of the site will play a determining role in the positioning of infrastructure.
In terms of geotechnical constraints, the elevated ridgelines with low to moderate slopes
are considered more favourable for development of a wind energy facility, as these areas
are generally more stable. Areas with steep slopes and natural drainage lines are not
recommended, and the site has been mapped accordingly.
Conventional foundation engineering is envisaged for the proposed turbines, and some
preliminary recommendations have been provided for consideration by the design
engineers, but further site investigations will be required to confirm the subsurface
conditions and most suitable foundation methods.
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