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GLOSSARY OF TERMS 
 

Term Definition  
Aeolian Transported and deposited by wind. A rock formed by 

the solidification of aeolian sediment is known as an 
aeolianite 

Aeolianite Cemented dune 
Basement Eroded ‘foundation’ of pre-existing rocks on which 

younger strata have been deposited; a well 
consolidated geological formation which can be 
considered as homogenous with respect to seismic 
wave transmission and response 

Brittle-ductile Transitional conditions between brittle and ductile or 
plastic flow 

Cenozoic Last 65 million years; an era of geologic time from the 
beginning of the Tertiary period (65 million years ago) 
to the present. Its name is from Greek and means 
"new life." 

Cretaceous The final period of the Mesozoic era, spanning the 
time between 145 and 65 million years ago.  

Deaggregation 
 

To separate the exceedance contributions to the 
hazard from earthquake sources into its base 
dimensions, magnitude and distance (Frankel et al., 
1999) 

Deformation Deformation is a change in the original shape of a 
material.  

Deterministic hazard assessment An assessment that specifies single-valued 
parameters such as maximum earthquake magnitude 
or peak ground acceleration, without consideration of 
likelihood 

Dolerite 
 

A fine-grained mafic intrusive rock, usually occurring 
as dykes or sills, mineralogically equivalent to a 
basalt. 

Dyke A discordant intrusive body that is substantially longer 
than it is wide. Dikes are often steeply inclined or 
nearly vertical. A dyke is a tabular (sheet-like) igneous 
intrusion that cuts the surrounding strata at an angle. 

Earthquake The release of stored elastic energy caused by 
sudden fracture and movement of rocks inside the 
Earth, which causes ground accelerations that can 
damage property and threaten life.  

Earthquake hazard Earthquake hazard is anything associated with an 
earthquake that may affect the normal activities of 
people. This includes surface faulting, ground shaking, 
landslides, liquefaction, tectonic deformation, 
tsunamis, and seiches. 

Epicentre The location on the surface of the Earth directly above 
the focus, or place where an earthquake originates 
within the earth’s crust.  

Fault A fault is a fracture or fracture zone, along which 
movement has taken place. Sudden movement along 
a fault produces earthquakes. Slow movement 
produces aseismic creep. A fault is a tectonic structure 
along which differential slippage of the adjacent earth 
materials has occurred parallel to the fracture plane. It 
is distinct from other types of ground disruptions such 
as landslides, fissures and craters. A fault may have 
gouge or breccia between its two walls and includes 
any associated monoclinal flexure or other similar 
geologic structural feature.  

Fault plane The fault plane is the planar (flat) surface along which 
slip occurs 
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Fault scarp The fault scarp is the feature on the surface of the 
earth that looks like a step caused by slip on the fault; 
it is a topographically visible feature. 

Fault trace The fault trace is the intersection of a fault with the 
ground surface; also, the line commonly plotted on 
geologic maps to represent a fault. 

Gneiss A rock formed by regional metamorphism in which 
bands or lenticles of granular minerals alternate with 
bands or lenticles characterised by minerals having 
flaky or elongate prismatic shapes 

Ground motion Ground motion is the pervasive movement of the 
earth's surface from earthquakes or explosions. 
Ground motion is produced by waves that are 
generated by sudden slip on a fault or sudden 
pressure at the explosive source and travel through 
the earth and along its surface. 

Intensity (of an earthquake) 
 

A measure of the severity of shaking at a particular 
site. It is usually estimated from descriptions of 
damage to buildings and terrain. The intensity is often 
greatest near the earthquake epicenter. Today, the 
Modified Mercalli Scale is commonly used to rank the 
intensity from I to XII according to the kind and amount 
of damage produced.  
 
Intensity is an indicator of the physical effects of an 
earthquake on humans, or structures built by humans, 
and on the Earth’s surface. The indicator comprises a 
set of numerical indices that is based on subjective 
judgments, not instrumental records. 

Liquefaction A process, in which, during ground shaking, some 
sandy, water-saturated soils can behave like liquids 
rather than solids. Liquefaction is caused by a sudden 
loss of shear strength and rigidity of saturated, 
cohesionless soils, due to vibratory ground motion. 

Ma       Abbreviation for million years 
Magnitude A quantity characteristic of the total energy released 

by an earthquake, as contrasted with intensity, which 
describes its effects at a particular place. A number of 
earthquake magnitude scales exist, including local (or 
Richter) magnitude (ML), body wave magnitude (Mb), 
surface wave magnitude (Ms), moment magnitude 
(Mw), and coda magnitude (Mc). As a general rule, an 
increase of one magnitude unit corresponds to ten 
times greater ground motion, an increase of two 
magnitude units corresponds to 100 times greater 
ground motion, and so on in a logarithmic series.  

Maximum credible earthquake The maximum earthquake that is capable of occurring 
in a given area or along a given fault during the 
current tectonic regime. “Credibility” is in the eyes of 
the user of the term. 

Mesozoic     
  

Period from 65 -150million years ago 

Neotectonics      The study of post-Miocene structures and structural 
geology of the Earth’s crust 

Normal fault A fault in which the hanging wall (the block above the 
fault plane) appears to have moved downward relative 
to the footwall. The fault angle is usually 45-90° 

Orogeny ‘Mountain building’. A period of tectonic activity giving 
rise to large-scale folding and faulting typical of 
mountain belts.  

Palaeoseismology The study of prehistoric earthquakes, especially their 
location, timing and size. 
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Palaeoseismic evidence Refers to earthquakes recorded geologically, most of 
them unknown from human descriptions or 
seismograms. Geologic records of past earthquakes 
can include faulted layers of sediment and rock, 
injections of liquefied sand, landslides, abruptly raised 
or lowered shorelines, and tsunami deposits. 

Permo -Triassic    
  

Period around 250 million years ago 

PGA 
 

Peak Ground Acceleration 

PNI&I Palaeoseismic-neotectonic investigations and 
integration with probabilistic hazard analysis 

Probabilistic seismic assessment An assessment which stipulates quantitative 
probabilities of the occurrences of specified hazards, 
usually within a specified time period 

Probability The ratio of the chances favouring a certain event to 
all the chances for and against it  

Recurrence interval The recurrence interval, or return period, is the 
average time span between large earthquakes at a 
particular site. 

Rift A long, narrow crack in the entire thickness of the 
Earth's crust, which is bounded by normal faults on 
either side and forms as the crust is pulled apart 

Scarp A long, more or less continuous cliff-face or steep 
slope/ridge. A fault scarp is formed by sudden earth 
movements (usually vertical) along fault lines. Scarps 
may also be formed by horizontal movement where a 
hill or ridge have been broken open, exposing a steep 
interior face along the line of rupture. 

Secondary effects Nontectonic surface or near-surface processes that 
are directly related to earthquake shaking or tsunamis 

Seismic hazard The physical effects such as ground shaking, faulting, 
landsliding, and liquefaction that underlie the 
earthquake’s potential danger 

Seismic source 
 

A general term referring to both seismogenic sources 
and capable tectonic sources 

Seismogenic source 
 

A seismogenic source is a portion of the earth that we 
assume has uniform earthquake potential (same 
expected maximum earthquake and recurrence 
frequency), distinct from the seismicity of the 
surrounding regions. A seismogenic source will 
generate vibratory ground motion but is assumed not 
to cause surface displacement. Seismogenic sources 
cover a wide range of possibilities from a well-defined 
tectonic structure to simply a large region of diffuse 
seismicity (seismotectonic province) thought to be 
characterized by its involvement in the current tectonic 
regime (the Quaternary, or approximately the last 2 
million years).  

Seismogenic structures  
 

Structures that display earthquake activity or that 
manifest historical surface rupture or effects of 
palaeoseismicity. Seismogenic structures are those 
considered likely to generate macro-earthquakes in a 
period of concern. 

Seismotectonic province A region within which the active geologic and seismic 
processes are considered to be relatively uniform 

Stable Continental Region (SCR) 
 

A SCR is composed of continental crust, including 
continental shelves, slopes and attenuated continental 
crust, and excludes active plate boundaries and zones 
of currently active tectonics directly influenced by plate 
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margin processes. It exhibits no significant 
deformation associated with the major Mesozoic-to-
Cenozoic (last 240 million years) orogenic belts. It 
excludes major zones of Neogene (last 25 million 
years) rifting, volcanism, or suturing.  

Strike 
 

The direction traced by a planar feature, such as a 
bed or dyke, as it intersects a horizontal surface, 
measured relative to geographic north. 

Surface faulting  
 

Differential ground displacement at or near the surface 
caused directly by fault movement and is distinct from 
non-tectonic types of ground disruptions, such as 
landslides, fissures and craters; The permanent 
offsetting or tearing of the ground surface by 
differential movement across a fault during an 
earthquake. 

Tertiary     
  

Period from 65 -1.6 million years ago;  
The first period of the Cenozoic era (after the 
Mesozoic era and before the Quaternary period), 
spanning the time between 65 and 1.8 million years 
ago.  

Unconformably      Said of a younger rock formation overlying an older 
rock formation with an erosional surface separating 
the two; this implies a significant time break between 
the two formations 
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1 EXECUTIVE SUMMARY 

 
This report includes a specialist assessment of geological, structural, tectonic, 
palaeo-seismic and seismological data to be included in the EIA Inception Report to 
be compiled by ARCUS GIBB (Pty) Ltd. The report describes and assesses the scope 
of available data and investigations and outlines the uncertainties related to available 
data. The scope of investigations that must be undertaken to give a meaningful input 
into the Environmental Impact Assessment (EIA) report for the different sites along 
the South African coastline is also outlined. 
 
 
At Thyspunt the regional pre-Quaternary geology and tectonics are well understood, 
trenching has uncovered evidence for a Magnitude 7.2 palaeo-earthquake along the 
Cango fault at the western end of the Baviaanskloof fault, which runs to within 60 km 
from the site. The Swartkop scarp at Port Elizabeth still has to be investigated and the 
onshore extension of the Cape St Francis fault has to be determined. Detailed 
mapping within the 8 km and 1 km radii still has to be undertaken.  
 
At Bantamsklip the regional geology and tectonics is also well understood and 
evidence for neotectonic movement has to be investigated. Detailed mapping within 
the 8 km and 1 km radii still has to be undertaken. 
 
As Duynefontein(Koeberg) houses an existing facility the site was well studied in the 
past. Detailed work will have to be undertaken if a new location is chosen on this site. 
The questions around the 1809 to 1810 seismic events and the existence of the 
proposed Milnerton fault have to be resolved. 
 
Brazil and Schulpfontein are the least studied sites and indications of recent 
neotectonic (post-Pliocene near surface faulting) activity have been discovered. 
Additional unexplained, possible Quaternary faulting features remain un-investigated. 
The extensive sand cover represents a problem that must be overcome and high 
density airborne geophysics will have to be flown to locate possible faults. Detail 
geological mapping compiled by NECSA is available but will have to be reviewed and 
updated. 
 
Seismologically each site has an updated earthquake catalogue. The maximum 
expected earthquake was determined deterministically for each site and expected 
peak ground acceleration was determined probabilistically for each site. The PGA 
was further de-aggregated (decomposed) into its base dimensions, magnitude and 
distance. The current knowledge can be summarised as follows: 

 
 Koeberg Bantamsklip Thyspunt Brazil/Schulpfontein 

Maximum Possible 
Earthquake in 
Seismotectonic Province 
(by procedure of Kijko 
(2004)) 

6.60 ± 0.3 6.60 ± 0.3 6.60 ± 0.3 6.07 ± 0.34 

Deterministically 
calculated PGA 

0.27 g ± 
0.14  

0.26 g ± 0.14  0.17g ± 0.11  0.16g ± 0.11   

 
No detail work has been undertaken as yet on a site vicinity and site specific scale 
and the above table may change depending on the discovery of new palaeo-
seismicity remnants. 
 
A sensitivity analysis was undertaken on the impacts of possible identified natural and 
man made effects on the sites and can be summarised as follows: 
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Impact Consequence Probability Significance Status Confidence 
Seawall  6 Medium Definite medium -ve high 
With mitigation 5 Low possible Low -ve high 
Lowering water 
table 

5 Low Definite Low -ve high 

With mitigation 5 Low Definite Low -ve high 
Disturb 
unconsolidated 
sand 

5 Low Definite Low -ve high 

With mitigation 4 Very low Improbable Very low -ve high 
Vibratory 
ground 
movement 

5 Low Possible Very low -ve medium 

With mitigation 4 Very low Improbable Insignificant -ve medium 
Rock 
movement 

8 Very high Improbable High -ve High 

With mitigation 7 High Improbable Medium -ve High 
Faulting-
earthquake 

8 Very High Improbable High -ve High 

With mitigation 7 High Improbable Medium -ve High 
Tsunami 6 Medium possible Low -ve High 
With mitigation 4 Very low possible Very low -ve High 
Flooding 4 Very low possible Very low -ve High 
With mitigation 3 Very low possible Very low -ve High 
Slope collapse 2 Not 

significant 
possible Insignificant -ve High 

With mitigation 2 Not 
significant 

possible Insignificant -ve High 

Caving 4 Very low Improbable Insignificant -ve High 
With mitigation 3 Very low Improbable Insignificant -ve High 
      

 
Mitigation measures have to be  implemented on the following: 
 
· Prevent obstruction to natural beach and sea sand movement due to the seawall to 

be build in order to protect the water inlet and outlet. 
· Lowering of the groundwater table which will affect the surrounding communities. 
· Disturbance of unconsolidated sand deposits at the site. 
· Short period tectonic activity in the existing geology, whether from rock fall or other 

kinds of rock movement within a radius of 320 km. Completed project will have to 
withstand the expected maximum activity. 

· Movements along any of the known faults or a new fault within a radius of 320 km. 
Completed project will have to withstand the effects of the expected maximum 
movements. 

· Tsunami flooding.  
· Other flooding. 
· Collapsing rock slopes within a radius of 8 km. 
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2 INTRODUCTION 

 
2.1 Description of Proposed Project 

 
Eskom has identified a number of sites that are to be assessed for their suitability for 
the establishment of nuclear power generation facilities (Figure 2.2.1). The geological 
assessment forms part of the environmental impact assessment (EIA) and must 
provide evaluations to obtain an estimate of the safe shutdown earthquake ground 
motion, the risk for deformation at or near the surface and to permit adequate 
engineering solutions to actual and potential geologic and seismic effects at the 
proposed sites. This report must also provide input for the seismic hazard analysis 
and geotechnical investigations. The purpose of this contribution towards the 
Inception Report is to; (a) state very briefly what is known about these sites, and (b) 
what inputs must still be provided to complete the geoscientific contribution to the 
EIA.  

 
2.2 Terms of Reference 

 
Since the US Nuclear Regulatory Commission (USNCR) Standard Review Plan 
NUREG-0800 is favoured the responsibility lies in providing the required geoscientific 
information with specific reference to Chapters 2.5.1 to 2.5.5 of the NUREG-0800 for 
Chapter 11 of the Site Safety Report (SSR). These requirements form the basis for 
the scoping report and entail on- and off-shore geological, geophysical, seismological 
and geotechnical investigations in progressively greater detail closer to the site. Radii 
of 320 km (regional), 40 km (semi-regional), 8 km (site vicinity) and 1 km (site 
specific) constrain the envelopes that describe the ever-increasing required detail of 
the investigations. 
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Figure 2.1: Position of Eskom New Build sites for n uclear power plants and extent of regulatory 
radii 
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3 BACKGROUND 

 
3.1 Legislative Framework 

 
The project concerns a range of proposed activities that have been identified in the 
schedule of activities listed in terms of section 24(2)(a) and (d) of the National 
Environmental Management Act (1998, as amended) in Government Notice No. R. 
387.  Investigations required before environmental authorisation of these activities 
can be considered must follow the procedures outlined in regulations 27 to 36 of the 
Environmental Impact Assessment regulations, 2006. 
 
South Africa has at this stage no act regulating construction and running of nuclear 
power plants and relies on the IAEA Safety Guides, mainly 50-SG-S1 (1991). 
 
Council for Geoscience (CGS) has been the past preferred supplier of geological and 
seismic hazard information and contract research as outlined in NSIP-SHA-
014949#P1-P5. It has decided to use the US Regulations for the probabilistic part of 
the Seismic Hazard Assessment (SHA) and that US Standards and practice be 
applied to the palaeoseismic-neotectonic investigations as well. This is because the 
US nuclear industry is considered the most advanced and the regulations more 
conservative as well as most readily understandable, tried and tested.  
 

3.2 Assumptions and Limitations (need to look into the formatting of the 
document) 

 
The descriptions and facts given here stem from published data and work undertaken 
by the CGS. In terms of the identification of faults and seismic risk the information 
represents the current knowledge and understanding based on a regional picture. 
New evidence of neotectonic movements may be discovered in the more detailed 
investigations that still have to be undertaken and can alter the understanding of the 
tectonics of the area as well as influence the seismic hazard and ultimately the 
seismic risk estimations.  
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4 DESCRIPTION OF THE SITES AND SURROUNDING ENVIRONMENT 

 
The geological and tectonic setting of the sites and presence of faults or other 
potentially seismogenic sources in the 320 km radii from the sites are covered in De 
Beer (2004, 2005, 2006a and b). Little detail neotectonic or palaeoseismic 
investigations to investigate the possibility of movement capability on each known 
fault inside these regional radii have been undertaken. Regional map compilations 
are available for all the sites under investigation. Near-regional map compilations of 
currently available geological, hydrogeological and seismicity data have been made 
for the Namaqualand sites and 1:100 000 scale geology maps for Schulpfontein and 
Brazil have been compiled by the NECSA (formerly the AEC). More detailed geology 
maps at 1:50 000 scale for Bantamsklip and Thyspunt have also been made by the 
NECSA. Some information on these maps may be dated and /or have to be re-
interpreted. Detailed maps are available for Duynefontein and were completed for the 
purpose of the Koeberg facility. 
 

4.1 Thyspunt 

 
Geology 

 
Quoting De Beer (2006b), Thyspunt is situated on Palaeozoic arenite of the Nardouw 
Subgroup (~420 Ma), the uppermost unit of the Table Mountain Group (Figure 4.1.1).  
The closest on land Mesozoic rocks comprise those of the Gamtoos Basin near the 
40 km radius from the site.  These rocks are overlain by a thin veneer of Pliocene to 
Pleistocene marine beds and aeolianite, which is, east of Jeffrey’s Bay, covered by 
Quaternary gravel, alluvium and sand associated with the terraces of the Gamtoos 
River. Most coastal and adjoining inland outcrops are covered by vegetated dunes 
comprising yellowish to white sand which largely prevented investigation of possible 
neotectonic deformation in indurated Pleistocene units that subsequently became 
indurated (De Beer, 2005).  The present onshore geological information does not 
suggest the presence of any significant faults within the 8 km radius of the site and no 
offshore information (De Beer, 2005) is available close to the shore. Numerous 
offshore faults occur, the largest being the Plettenberg fault. The onshore exposures 
of the Gamtoos and Kouga faults both occur 45 km from the site; all of these normal 
faults are believed to be of Mesozoic age, with no known evidence of Cenozoic 
activity. 

 
Tectonics 

 
The 1:250 000 geological maps Oudtshoorn and Port Elizabeth depict the 
Humansdorp-Thyspunt area as relatively fault-free compared with other sectors of the 
Cape Fold Belt.  The closest on-land major faults are the Gamtoos and Kouga faults, 
which are respectively 39-45 km and 42 km from the site. They are structurally linked 
to the 715 km long Ceres-Kango-Baviaanskloof-Coega-St Croix fault system 
extending along the southern Cape Fold belt (Goedhart, 2004, 2005). The offshore 
geological coverage obtained (Du Toit, 1976) indicates two potentially hazardous 
offshore faults within the 40 km radius from the site. The Plettenberg fault, a 100 km 
long, steeply SW dipping normal fault with a throw of some 5600 m (McMillan et al., 
1997) extends to within 18 km of the site. 
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Figure 4.1: Geological setting, structure and seism icity for the Thyspunt site.  
(Geology derived from the 1:250,000 digital databas e of the CGS) 
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The other is a smaller, hitherto unnamed fault with a SW downthrow, the Cape St. 
Francis fault (De Beer, 2005), that is known to exist until about       16 km from the 
site (Du Toit 1976). If this fault continues along strike on land it would pass 1.75 km 
north of the site (De Beer, 2005), well inside the regulatory, site vicinity, radius of 8 
km.  The AEC map for this area (AEC, 1987) does not show any on-land continuation 
of this fault and neither do any existing CGS maps. 
 
The closest offshore fault on the AEC map is the Klippepunt fault, a structure that 
Faurie et al. (1993) did not regard as “capable”. De Beer (2000) could not find any 
evidence for this fault, arguing that the fracturing at Klippepunt represents a fracture 
cleavage formed during the Cape Orogeny in the overturned limb of a large northeast 
trending anticline.  
 
Faults with demonstrable neotectonic reactivation (Hattingh and Goedhart, 1997) are 
the Coega and the Zuurberg Faults north of Port Elizabeth, the latter located some 
100 km northeast of Thyspunt.  Hill (1988) could find no evidence for recent 
reactivation along the Paul Sauer fault. The fracture pattern at the Thyspunt site 
became established primarily during the Permo-Triassic Cape Orogeny and was 
amplified during the Mesozoic.  
 
Palaeo-seismicity  
 
No palaeoseismic investigations have been conducted in the immediate vicinity of the 
Thyspunt site. However reactivation of a major Mesozoic fault that probably caused a 
plus M 7 earthquake to occur east of Oudtshoorn during early Holocene times was 
established by Goedhart (2005, 2004, 2006). 
 
Data presented by Visser (1998) indicates that the Plettenberg fault has been inactive 
since the 6At11 unconformity formed in the offshore Pletmos Basin around 117.5 Ma 
(million years before present). A Soekor seismic profile closest to the Thyspunt site 
(F-F’ in Figure 15 of McMillan et al.,1997), suggests that the fault may continue into 
younger strata, but fails to cut the 15At1 regional unconformity formed 92 Ma ago 
across the Pletmos, Gamtoos and Algoa Basins. The fault position is, however, 
uncertain and the possibility for Quaternary activity along the Plettenberg fault should 
be considered in the seismic hazard assessments. Little evidence has hitherto been 
found of Cenozoic reactivation along the landward part of the Gamtoos fault, although 
an offshore segment has been reactivated in the Tertiary (McMillan et al.,1997, 
section H-H’).  
 
There is secondary evidence that the offshore Cape St. Francis fault may come to 
within 1.75 km of the site if extended landward; its SSW dip would imply that it could 
be present at some depth under the site (De Beer, 2005). This fault has not been 
considered in any previous geological reports or seismic hazard analyses 
(Raubenheimer et al., 1988; Kijko et al., 2001), and currently is accepted to have 
been inactive since about 100 Ma ago, the age of the 13At1 unconformity in the 
Gamtoos Basin (McMillan et al., 1997).  
 
Prof. I.C. Rust, recommends the Swartkops scarp, 90 km from the site, to be 
investigated for the possibility that it conceals a recently active fault (De Beer, 2005). 
 
Evidence of post-Pliocene faulting in the Alexandria and Nanaga Formations at Port 
Elizabeth and some 100 km to the east (Hattingh and Goedhart, 1997) poses no 
direct hazard to the Thyspunt site, but suggests that there is an increased neotectonic 
hazard in this area in general.  
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Seismic Hazard 
 

From the deterministic approach an earthquake with a maximum possible magnitude 
mmax=6.60±0.3 was obtained for the background seismicity restricted to the 
Plettenberg, Gamtoos and Kouga/Paul Sauer Faults. An earthquake of magnitude 
mmax=8.7 was previously associated with the Kango–Baviaanskloof fault. This has 
been reduced by a palaeoseismic trench investigation to have been between 7.2 
(Goedhart, 2006), which is in line with a preceding field estimate of 7.2 (McCalpin, 
pers. comm., 2005). 
 
Probabilistic, the main hazard contribution in terms of the max PGA, will result from 
an earthquake with a magnitude equal to the maximum possible earthquake for the 
background diffuse seismicity of the Cape Low Province which is mmax=6.07±0.62, 
located on the Plettenberg Fault. This earthquake will induce a PGA of 0.27±0.14g at 
the Thyspunt site (Bejaichund et al., 2005; 2006c).  

 
4.2 Bantamsklip 

 
Geology 
 
Regional data exists in the form of the 1:250 000 scale sheet 3319 Worcester 
compiled from base maps on 1:50 000 scale. The AEC (now NECSA) has produced 
detailed mapping at 1:50 000 scale and site specific mapping at 1:5 000. 
 
De Beer (2005) described the area as being underlain by an assemblage of 
lithostratigraphic formations very similar to that of Koeberg, except that a much 
greater thickness of the Palaeozoic Cape Supergroup is present (Figure 4.2.1). 
Neoproterozoic basement rocks of the Malmesbury Group and the Cape Granite 
Suite are overlain unconformably by quartz arenite and shale of the Cape 
Supergroup. These rocks are covered by extensive Pliocene to late Pleistocene 
aeolianites of the Bredasdorp Group, with a localized thin unit of marine sediments 
sandwiched between basement rocks and Cenozoic cover. Bantamsklip is situated 
towards the south-eastern boundary of the syntaxis, where NE trending folds that are 
characteristic of the Cape Fold Belt (CFB) syntaxis curve asymptotically into an 
easterly orientation.  Deformational intensity is markedly higher than in the Cape 
Peninsula.  The 40 km radius around the site includes many major faults with 
displacements ranging between tens of metres to hundreds of metres.  The syntaxis 
is the most fractured part of the CFB and the Bantamsklip area is no exception.  The 
area is characterised by ENE to NE striking, Permo-Triassic thrust faults that are cut 
by NE, WNW and E striking, Mesozoic normal faults.  There are apparently no 
dolerite dykes in the area, but a suite of Late Cretaceous alkaline rock types occurs 
offshore to the SE of the site. Evidence for neotectonics in the area was summarised 
in De Beer (2004, 2005, 2006b). 
 
Tectonics 
 
The Bantamsklip site is situated in a fractured part of the Cape Fold Belt, called the 
syntaxis where NE–SW trending faults dominate (De Beer 2004). Most fold axial 
traces bend in an arcuate fashion from the NE-SW syntaxial orientation into the E-W 
orientation of the southern branch of the Cape Fold Belt. NW-SE to WNW-ESE 
trending faults are less common and occur near the northern boundary of the 40 km 
regulatory radius, as well as NE of the site.    
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Figure 4.2: Geological setting, structure and seism icity for the Bantamsklip site.  
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(Geology derived from the 1:250,000 digital databas e of the CGS) 
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Andreoli et al., (1989) has studied the site extensively.  Much evidence for 
neotectonic activity was found by both Andreoli (see Appendix 3 in Andreoli et al, 
1994); only some of this evidence has been verified (De Beer 2004, 2005, 2006b).  
Both the evaluation of this evidence and follow-up investigations remain an 
outstanding issue. The extensive sand cover and lack of good outcrops over known 
faults of Mesozoic age within 8 km radius inhibits surficial palaeoseismic 
investigations. 

The Bantamsklip site is situated approximately 4.5 km away from both the Groenkloof 
and Elim faults, almost exactly in the middle between these faults. The magnitude of 
displacement along both of these faults is of the order of a few hundred metres. Other 
nearby faults are the Baardskeerdersbos-, the Donkergat- and the Birkenhead faults 
shown by Andreoli et al. (1989) to pass close by the site, as does the postulated 
Struisbaai fault.    
 
Although most of these faults have probably not been active since the Late 
Cretaceous, their relationships to the Miocene-Quaternary sediments of this area 
have not been investigated in sufficient detail. Andreoli et al. (1989) made a synthesis 
of the possible neotectonic features in the southern Cape area. Small seismic events 
(< M3) have been recorded by the Elim seismic station in Walker Bay and along an E-
W trending fault, NE of Napier.  

A 1:50 000 aerial photographic mosaic clearly shows the southeastward extension of 
the suspected Blomerus fault across the farms Klein and Groot Haelkraal and passing 
within 2 km northeast of the Bantamsklip site. This feature seems to be controlled by 
fracturing parallel to a hitherto unconfirmed fault (Blomerus fault), but it also 
correlates fairly well with the 50 m Mio-Pliocene (ca 5 Ma) strandline along some 
stretches. A multi-electrode direct current and magnetic survey failed to identify a fault 
and the consensus is that it represents a relic of the above strandline with associated 
fossil dune ridges. 

Palaeo-seismicity 
 
Soft sediment deformation including slumping, faulting and monoclinal folding in 
aeolianites was confirmed but interpreted as having occurred syn-depositionally 
during the Pliocene and certainly prior to 1 million years ago.  Similar structures were 
not observed in Pleistocene aeolianites of the area. No observations could be made 
of latest Pleistocene and Holocene effects of strong ground motion because of the 
absence of riverbank exposures.  
 
There is no primary evidence of the most recent movement of all the faults within the 
40 km radius around the site. This is due to a lack of exposures of contacts between 
faulted pre-Cenozoic rocks and Cenozoic formations. It is therefore inferred that they 
are all geologically old faults with no Pleistocene movement history. This issue needs 
to be tested within the 8 km radius and especially within the site area.  
 
A WNW striking fault with the characteristics of a pre-Cenozoic fault and a damage 
zone some 50 m wide and 80 degrees SSW dip occurs at Celt Bay, some 3 km SE of 
the site (De Beer 2005, 2006b). Although the fault is indicated as a Grade IV fault on 
AEC (1989) maps, there is at present no evidence that the fault is capable, and there 
is presently no evidence that it is a risk for surface faulting. 
 
No evidence of Pleistocene activity along the Worcester fault has yet been found, but 
as high erosion rates could have removed evidence and it constitutes one of the main 
linear seismogenic elements in the seismotectonic model of Du Plessis (1996), this 
feature should be investigated in sufficient detail to exclude the possibility.  
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There is no evidence of faults in the offshore Bredasdorp Basin having been active 
after the 93 Ma 15At1 unconformity (De Beer, 2005). 
 
There is evidence of Late Cretaceous to early Cenozoic volcanic activity on the 
offshore Alphards Bank some 50 km SE from the site, and this area has only 
produced one M 2.2 event in 1997. Events between M 2.2 and 3.9 near Robertson 
may be associated with magmatism of the same general age in that area, and the 
proximity of the Worcester fault line.  
 
The Celt Bay fault, when extrapolated north-westwards, passes near the northern 
boundary of the Bantamsklip site. No evidence of it being a capable fault has been 
found so far, but this will need to be tested during site investigations. 
 
Seismic Hazard 
 
The closest earthquake to the Bantamsklip site is an ML 0.7 event on 4/7/2000 along 
the Walker Bay coastline.  
 
The maximum credible earthquake for each seismogenic zone in the Cape Low 
province formed part of the deterministic seismic hazard for Bantamsklip and shows 
that the main seismic hazard contribution comes from the background seismicity of 
the Cape Low. From this it was determined that the maximum credible earthquake of 
magnitude 6.60±0.3 can occur at the Bantamsklip site (Bejaichund et al., 2005; 2006).  
 
When using a probabilistic seismic hazard assessment the acceleration spectra were 
determined for different return periods using the spatial distribution and sizes of all the 
different earthquakes in the Cape Low province. From this it was recommended that a 
one in 10 000 year event be used as the design event (Kijko et al., 2002). 

 
4.3 Duynefontein (Koeberg) 

 
Geology 
 
The existing Nuclear Power Plant (NPP) at Koeberg is situated on Neoproterozoic rocks 
of the Malmesbury Group, intruded by the late Neoproterozoic Cape Granite Suite and 
Cretaceous dolerite dykes (Figure 4.3.1). Some 40 km to the south is the high 
topography of the Cape Peninsula, composed of the overlying Palaeozoic rocks of the 
Table Mountain Group. Most of the coastal plain around the site is covered with 
Cenozoic sand. Exposures of Pliocene-Pleistocene marine deposits and their overlying 
aeolianites are rare, being often restricted to low beach cliffs, such as at Springfontyn.  
Pre-Cenozoic basement rocks are cut by intense Pan-African brittle-ductile shear zones 
and, in places, by regional NW striking brittle shear zones. The Cape Peninsula outlier 
contains structural characteristics of both the western branch and the syntaxis of the 
Cape Fold Belt. The closest known fault of the latter type is the Mamre fault (see De 
Beer, 2005), whilst another such possible shear zone, tentatively called the “Milnerton 
fault”, has been proposed (see Dames and Moore, 1976) to occur between 
Bloubergstrand and Cape Town (Section 8.2.4.10).  Mesozoic faults in the Cape 
Peninsula strike predominantly WNW. Dolerite dykes have been intruded along these 
fractures in Early Cretaceous times; these dykes are responsible for many of the 
magnetic anomalies seen in geophysical surveys, and occur very close to the Koeberg 
NPP. 
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Figure 4.3: Geological setting, structure and seism icity for the Koeberg site.  
(Geology derived from the 1:250,000 digital databas e of the CGS) 
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Tectonics 
 
The existing Koeberg NPP is located ~28 km north of Cape Town.  Its 320 km 
regulatory radius includes both Bitterfontein and Oudtshoorn, and implies that its 
regional area of investigation contains some of the most faulted parts of the Cape 
Fold Belt, namely the western branch and the syntaxis, with current prominent 
seismicity in the Ceres–Tulbagh area.  Additionally, it lies within 20   km of one of the 
most important NW-SE trending zones of faulting in the SW Cape, namely the 
Vredenburg-Stellenbosch fault zone and its related faults, many of which are of 
appreciable displacement.  These faults have been active from the Saldanian 
Orogeny (ca. 550 Ma – 500 Ma ago) to the Mesozoic breakup of Gondwana, and 
should probably still be regarded as a potential threat to the Koeberg site. The 
Colenso fault (Schoch, 1976) is the best known of them and ties up with the 
Kalbaskraal fault. 

The Mamre fault strikes northwestwards from Mamre towards Yzerfontein. The 
Colenso and Mamre faults both put Cape Granite Suite against Malmesbury Group 
rocks, implying appreciable, but unknown vertical displacements, and suggesting that 
the Darling hills represent a horst block. The Darling fault does not separate 
Malmesbury Group from Cape Granite Suite, but its wide mylonite zone testifies to its 
regional importance. The Mamre fault may tie up with the Klipheuwel fault, which itself 
may actually continue further north-westwards, implying that it may pass within 14 km 
east of the Koeberg site. The nearest proven  faults  to the SW of Koeberg are those 
displacing Table Mountain Group rocks in the Cape Peninsula some 30 km away 
from Koeberg. The aeromagnetic study of Day (1986) revealed the presence of many 
NW-SE striking magnetic anomalies in the area between Koeberg and False Bay. 
Most of these are probably dolerite dykes of the False Bay Swarm (Reid et al., 1991) 
as exposed in outcrops along the peninsula coastline, but as they trend in exactly the 
same direction as faults in the Cape Peninsula, some of them might have intruded 
along pre-existing faults.   
 
Palaeo-seismics 
 
Liquefaction and intense ground deformation in the area between Melkbosstrand and 
Cape Town during the 1809 event are well known from historical data, but the cause 
of the earthquake remains uninvestigated to this day; no new information could be 
acquired during the regional investigations performed by De Beer (2005; 2006b). 
Extensive housing and industrial development in those areas necessitates that 
geophysical investigations and further palaeoseismic work be performed in the area 
without delay. In the mean time, a fault capable of creating another M 6.3 event 
should be inferred to pass within 10 km offshore of the Koeberg site.  
 
No new data on the hazard were acquired during the resent investigations (De Beer, 
2005). Reliable evidence for a large earthquake with an intensity of VIII, and ML 6.3 
(Brandt et al., 2005) having occurred in 1809 within 25 km of Koeberg comes from 
historical records of its secondary effects (Von Buchenröder, 1830; Hartnady, 2003). 
The closest position to Koeberg where liquefaction features were reported is at 
Blauweberg’s Vlei, 11 km south of the site.  
 
Whatever the cause of the earthquake, its effects imply that peak ground 
accelerations (for M 6 proximal events) between 0.2 and 0.3g were attained (Talwani 
and Gassman, 2000) 11 km south of Koeberg. 
 
Dames and Moore (1976) concluded that enough circumstantial evidence exists for the 
presence of a NW striking fault offshore of Koeberg but that it does not come closer than 
8 km to the site.  The author is of the opinion that such a fault could pass anywhere 
between 7 and 10 km offshore of Koeberg and the fact that liquefaction was reported at 
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Blauweberg’s Vlei and at Milnerton resulted primarily from the presence of geologically 
susceptible materials in those areas. No new research has been performed to confirm or 
refute the presence of the fault or its point of closest approach to the site. The inference 
that the event happened closer to Milnerton than to Koeberg is based on the reported 
damage to the farmhouse at Jan Biesjes Kraal (present Milnerton Ridge).  
 
It would also have been possible for a large event on the Mamre fault (Figure 24), which 
may come to within 17 km of the site (De Beer, 2005), to have caused the liquefaction. 
However, the Moravian mission at Groenkloof, which became Mamre, was already in 
existence at the time and the area inhabited by a substantial number of Khoi people. It 
would therefore have been unlikely that a large earthquake on the Mamre fault would 
have gone unnoticed by the population of Mamre. 
 
The Vredenburg–Stellenbosch fault zone occurs within 25 km of the site.  Although there 
is currently no evidence of it having been active in Quaternary times, the presence of 
extensive sand cover and intense cultivation in the area can be expected to prevent 
preservation of fault scarps.  
  
The only other evidence of palaeoseismic importance to the Koeberg site is minor 
faulting in Pleistocene aeolianites at Saldanha (De Beer, 2005) which is both too far 
away from Koeberg and too difficult to interpret with confidence. There is no evidence of 
substantial tectonic deformation in available exposures of the post-Early Pliocene to pre-
Late Pleistocene Springfontyn Formation west of Koeberg (3.6 Ma–200,000y, Roberts, 
2001) but exposures are discontinuous and uncertainties therefore exist as to how 
representative this evidence is. 
 
Seismic Hazard 
 
The maximum possible earthquake for this region calculated by the Parametric-
Historic Procedure (Kijko and Graham, 1998, 1999) is expected to be M 6.60±0.3 and 
the deterministically calculated Peak Ground Acceleration is 0.27 g ±0.14 

 
4.4 Brazil 

 
Geology 
 
The two Namaqualand sites at Brazil and Schulpfontein are located along the West 
Coast some 200 km south of Alexander Bay.  The geological coverage for 1:250 000 
scale Sheet 3017 Garies is not yet available digitally but the mapping has recently 
been completed by C.H. De Beer of the CGS. The geology of the 40 km wide coastal 
plain is dominated by Mesoproterozoic Namaqua-Natal Metamorphic province gneisses 
that are covered by Neogene to Quaternary marine and aeolian deposits (Figure 4.4.1). 
Remnants of Neoproterozoic rocks of the Gariep Supergroup occur intermittently but 
probably represent less than 5% of the rocks in the area.  The basic crustal structure is 
dominated by NE to N striking, variously dipping ductile foliations with intermittent 
subvertical ductile shear belts produced under mid-crustal conditions some 1100 Ma 
ago. These structures are cut by NNE striking tholeiitic dykes of the Gannakouriep Suite 
that became metamorphosed to subvertical bands of amphibolite during the Pan-African 
Orogeny that ended some 500 Ma ago. This dyke swarm is cut by north–striking brittle-
ductile shear zones and quartz-veined faults formed during sinistral, transpressional 
shortening of the crust during the late Neoproterozoic, and subsequent orogen-parallel 
extension. The latter shears are in turn cut by NNW to NW striking brittle Mesozoic faults 
formed during the opening of the South Atlantic Ocean and by a NE striking joint set 
related to oceanic transforms. All of these faults are subvertical.  De Beer (2001) did not 
find any evidence of Cenozoic faulting during some 10 years of field mapping in the 
area, but reported on evidence of listric faulting found by the AEC (now NECSA) workers 
in that area.              
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Figure 4.4: Geological setting, structure and seism icity for the two Namaqualand sites.  
(Geology derived from the 1:1,000,000 digital datab ase of the CGS) 
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Tectonics 
 
Fault coverage comes from 1:50 000 CGS field maps and from the digital database of 
sheet 2917 Springbok. The AEC (1991) and its consultants produced a 1:100 000 
scale map of the area during the regional investigations of the 1980s.  An extensive 
discussion of this map and the accompanying report (AEC, 1991) is to be found in De 
Beer (2001).  Eighty percent of the on-land area in the 40 km radius is covered by 
Cenozoic sediments, specifically aeolian sands. Many faults may lie hidden beneath 
these sands. The largest faults encountered along the coast are 2 km south of the 
site, at Noopbaai, 4 km south of the Schulpfontein site. The faults are marked by 
breccias and quartz veins and strike approximately NNW-SSE, disappearing into the 
sea at both localities. None of these faults have displacements of possibly more than 
a few tens of metres.  In the general vicinity if the Brazil site, faults are of a lesser 
nature (De Beer, 2001).  Faults with probable displacements of the order of tens of 
metres, marked by sparse outcrops of white vein quartz, were mapped in the gneiss 
to the east of the Schulpfontein site.  

The offshore data shows that west dipping, coast parallel, normal faults occur at 
distances of 15 km and 40 km offshore of the Schulpfontein site.  Although no fault is 
shown to occur 15 km away from Brazil, marginal rift half-grabens are present and 
faults could well extend northwards (De Beer 2006a). A fault 40 km away from the 
coastline is indicated to continue to the sea floor. However, the veneer of Quaternary 
sediments on the continental shelf is so thin that it is impossible to tell whether the 
faults indeed cut through the very youngest sediments. They penetrate the whole of 
the drift sequence until horizon 17At1 and cut the same sequence that was affected 
by “gravity faults” (slumping) some 200 km offshore. Their relationship to horizon 
22At1 (base of the Tertiary) is indeterminable, because no Tertiary sediments are 
shown to occur up to 60 km from the coast.  
 
There is currently no evidence that the Langklip fault created a surface rupture. This 
might have had more to do with the site conditions at the time of rupturing, and/or so-
called “fault die-out up” (Bonilla and Lienkaemper, 1991). The “dune lineament” at 
Hondeklip Bay (see below) may, however, represent a related fault that in fact ruptured 
through to the surface. 
 
Palaeo-seismicity 
 
Investigations in mining exposures along the Namaqualand coast revealed the presence 
of faulting and liquefaction in sediments that are less than 5 million years old (De Beer, 
2006a,b). Faults of similar strike but unknown activity in the Quaternary are present 
within 7 kilometers of Brazil and Schulpfontein. The occurrence of an enigmatic “dune 
lineament” at Hondeklip Bay further compromises understanding of the age of Cenozoic 
faulting in this area and a substantial amount of palaeoseismic, geomorphological and 
soil investigation work needs to be done to investigate these features before the risk to 
the Namaqualand sites can be defined more clearly.   

 
The absence of widespread secondary evidence in marine packages of ages between 
approximately 5 Ma and 3 Ma (J. Pether, pers. com., 2005) or between 5 Ma and 1.3 Ma 
ago (D.L. Roberts, pers. com., 2005), implies that large earthquakes (M>6) are 
comparatively rare. Not enough work has however been done to determine the 
recurrence interval of such events by palaeoseismological means. 

 
Seismic Hazard 
 
The seismic hazard to the sites is believed to be dominated by the hazard for 
reactivation of the regional NNW striking, coast-parallel faults. More specifically the 
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Langklip fault has experienced Cenozoic movement along a ~19 km segment, having 
generated one post-Early Pliocene (<3.6 Ma old) seismic event. The presence of 
liquefaction and intense secondary faulting in exploratory trench SLT-16 confirms that 
the event had a minimum magnitude of M 5 (Joyner and Boore, 1988). Displacement-
magnitude relationships for normal faults with displacements of 1 m suggest a maximum 
moment magnitude event (Wells and Coppersmith, 1994) of between 6 and 7 (De Beer, 
2006a) in mining pit LKN-10-03, 35 km SSE of Schulpfontein. Unknown hydrologic 
conditions in the Pliocene sediments at the time of faulting prohibits the use of the 
relatively localised extent of liquefaction as evidence of a smaller, rather than larger 
magnitude. 
 
The Langklip fault, if extended northwards along a 335
 strike, may intersect the 
coastline in the vicinity of Noopbaai, 5 km south of the Schulpfontein site. Two narrow 
NNW striking faults (and a dolerite dyke) occur at the mining camp less than 8 km south 
of the Schulpfontein site and are the correlates of the Langklip fault and if extended for a 
mere 7 km northwards, they could pass within less than 3 km offshore of the 
Schulpfontein site. 
 
The closest exposed NNW striking fault to the Brazil site occurs 3.5 km south of the site 
(Map 4 in Kijko et al, 2001). If it is extended offshore for a mere 4 km this 1m wide fault 
will pass within 300 m of the site.   
  
The 13 km long “dune lineament” between Hondeklip Bay and the Swartlintjies River 
remains circumstantial evidence of sand accumulation against a WSW facing fault 
scarp. If future investigations confirm a fault scarp origin for the lineament it would 
indicate a latest Pleistocene earthquake of moment magnitude 6 (Wells and 
Coppersmith, 1994).  
 
The absence of syn-sedimentary evidence of large earthquakes in Pliocene to possibly 
earliest Pleistocene sediments, even adjacent to the Langklip fault in LKN-10-03, 
suggests that the lack of observed localised liquefaction was caused by the absence of 
favourable hydrologic conditions over most of the area during the time of faulting, 
pointing towards faulting having happened later, rather than earlier.   
 
The possibility also exists that these two features do not represent the earthquake 
producing rupture, but are far-field effects of a much larger earthquake.  McCalpin 
(1996, p. 6 and 14) warned against the possibility that “slip on shallow faults may be 
induced by strong ground motions rather than by slip on seismic faults. The surface 
effects thus created look like primary effects but are actually secondary effects”. Such an 
interpretation becomes attractive in view of the relative minor displacements inferred by 
De Beer (2001) for the faults encountered in coastal outcrops, compared with other 
Mesozoic faults along the West Coast. 
 
The activity of major offshore structures like the Hondeklip Bay and Kleinsee faults 
remains a major unknown factor. According to Soekor (1994), the Kleinsee fault is about 
150 km long and the Hondeklip Bay fault about half of that length. The faults fortunately 
do not come within the 8 km radius of the proposed sites. The closest one, the 
Hondeklip Bay fault, extends to within 15 km of the Schulpfontein and Brazil sites.  
 
Seismicity in the 320 km radius from the Namaqualand sites is particularly 
concentrated between Aggeneys, Springbok and Gamoep, implying an association 
with the youngest magmatic event during late Cretaceous to Early Tertiary times, and 
with mining activity. Another focus of seismic events seems to be the Kuboos-Bremen 
line of late Neoproterozoic to Cretaceous intrusives.  A similar association between 
magmatism and seismicity seems to exist at Kotzesrus.  Seismicity SE of Pofadder 
may occur along the Pofadder Lineament.  In southern Namibia, seismicity is 
associated with both NE-SW and NW-SE trending fault lines.  It may be important to 
note that NW-SE trending lineaments mapped on the Landsat 7 imagery in the 
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Richtersveld suggest a subtle extension of this line of faulting into NW South Africa.  
Such faults are, however, not shown on the 1:1 000 000 geological map of South 
Africa in that area.  Other major seismicity seems to be concentrated along N-S faults 
near Kamieskroon and Garies.   

The enigmatic ENE-WSW trending en-echelon fracture in dorbank soil on the farm 
Dikgat east of Kleinsee may be related to the seismic events recorded there and 
indicates some activity on a line lying along the westward extension of the Buffels River 
shear (Map1 in De Beer, 2006). Its origin remains uncertain but could be related to very 
recent seismic activity in that area (De Beer, 2006a).  

 
Seismic Hazard 
 
The analysis for the Brazil-Schulpfontein site showed that the seismic hazard originates 
from the diffuse seismicity surrounding the sites of Brazil-Schulpfontein. The estimated 
value of the maximum median PGA resulting from the maximum credible earthquake 
with magnitude mmax =6.07±0.34 and the PGA is 0.16±0.11g ( Bejaichund et al.,2006a; 
2006c). 

 
4.5 Schulpfontein 

 
Geology 
 
As discussed under Brazil. 
    
Tectonics     
 
The largest faults encountered along the coast are 2 km to the south and at 
Noopbaai, 4 km south of the Schulpfontein site. The faults are marked by breccias 
and quartz veins and strike approximately NNW-SSE, disappearing into the sea at 
both localities. None of these faults have displacements of more than a few tens of 
metres. 
 
Palaeo-seismicity 
 
The seismic hazard to the sites is believed to be dominated by the hazard for 
reactivation of the regional NNW striking, coast-parallel faults. The only fault confirmed 
to have experienced Cenozoic movement is the Langklip fault. This structure shows 
enough circumstantial evidence of having generated one post-Early Pliocene (<3.6 Ma 
old) seismic event.  
 
Seismic Hazard 
 
The analysis for the Brazil-Schulpfontein site showed that the seismic hazard originates 
from the diffuse seismicity surrounding the sites of Brazil-Schulpfontein. The estimated 
value of the maximum median PGA resulting from the maximum credible earthquake 
with magnitude mmax =6.07±0.34 and the PGA is 0.16±0.11g ( Bejaichund et al.,2006a; 
2006c). 
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5 IMPACTS AND MITIGATION MEASURES 

 
5.1 Project Impacts and Mitigation Measures 

 
5.1.1 Project Impacts on the geology 

 
· The seawall to be build to protect the water inlet and outlet may obstruct the 

natural beach and sea sand movement. 
· Lowering of the groundwater table. 
· Disturbance of unconsolidated sand deposits at the site. 
· Vibratory ground motion of the site. 

 
5.1.2 Mitigation measures 

 
· Specialists in geological beach processes and oceanography will have to asses 

the consequences of the obstruction. 
· Geohydrological study to assess the consequences of a lower groundwater table. 
· Remedial action to replant the disturbed sand with local flora to be handled in 

conjunction with botanical and landscaping specialists. 
· Foundations of structures to be sunk into solid bedrock where possible. 

  
5.2 Environmental Impacts and Mitigation Measures 

 
5.2.1  Impacts of the geology on the Project 

 
· Short period tectonic changes in the existing geology, whether from rock fall or 

other kinds of rock movement within a radius of 230 km. 
· Movements along any of the known faults or a new fault within a radius of 320 km. 
· Tsunami flooding.  
· Other flooding. 
· Collapsing rock slopes within a radius of 8 km. 
· Caving underneath the site. 

 
5.2.2 Mitigation measures 

 
· To provide the expected maximum capable frequency dependent Peak Ground 

Acceleration (PGA) seismic design parameters based on rock movement events in 
the immediate past 300 000 years and present. These parameters are to be used as 
design input for determining the Safe Shutdown Earthquake Ground Motion 
(SSEGM) while the site is active as well the regulatory period after its 
decommissioning. 

· Study the effects of possible earthquakes in the Indian and south Atlantic oceans on 
the South African coastline. Study especially Quaternary deposits for evidence of 
palaeo-tsunami events. Design to exceed most likely worst case scenario. 

· Study present and past drainage systems.  
· Determine the exposure of the sites to severe topography. 
· Determine the possibility of the sites to possible caving. 

 
To be in a position to provide the above information a number of tasks have to be 
completed and some of them have already been alluded to in the previous chapter. 
These tasks have been separated as geological and seismological tasks for each site 
and are given in Tables 1 to 8. Although Seismology is a branch of Geophysics the term 
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“geophysical studies” in the tables refer to all other methods and techniques in 
Geophysics, with the exception of Seismology. 
 
Regional and semi-regional geological information has been collected and studied but no 
detailed geological work within the 8 and 1 km radius of the proposed sites has as yet 
been undertaken. Where historic data at a better resolution than 1:50 000 scale maps 
are available this data has to be updated.  
 
To summarise the status quo in terms of geology, Tables 1 to 4 in Appendix A provides 
an overview of what has been done at each site. Appendix B lists the work that still 
needs to be done per site.  
 
The PSHA depends in part on the historical record of ground movement before the use 
of seismometers and depending on what further evidence is located in the site vicinity 
and site specific locations. Therefore, the PSHA and its derivatives will have to be 
updated. In a similar vein, Tables 5 to 8 in Appendix C summarise the status quo for 
Seismology and Appendix D lists the work that still needs to be done. 
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6 SITE SENSITIVITY ANALYSIS 

 
6.1 Criteria for Site Sensitivity Analysis 

 
The following events are of importance in the site sensitivity analysis: 
 
· The seawall to be build to protect the water inlet and outlet may obstruct the 

natural beach and sea sand movement. 
· Lowering of the groundwater table. 
· Disturbance of unconsolidated sand deposits at the site. 
· Vibratory ground motion of the site. 
· Short period tectonic changes in the existing geology, whether from rock fall or 

other kinds of rock movement within a radius of 230 km. 
· Movements along any of the known faults or a new fault within a radius of 320 km. 
· Tsunami flooding.  
· Other flooding. 
· Collapsing rock slopes within a radius of 8 km. 
· Caving underneath the site. 

 
6.2 Site Sensitivity 

 
The site sensitivity on each of the above events cannot now be finalised and the 
values given below reflect just the current state o f knowledge without 
incorporating the regulatory required detailed inve stigations.   

 
The seawall will obstruct natural beach and sea san d movement. 

 Extent  Intensity  Duration  Consequence  Probability  Signif Status  Confidence  
Without 
mitigation 

1 2 3 6 Medium Definite medium -ve high 

With 
mitigation 

1 1 3 5 Low possible Low -ve high 

 
Lowering of the groundwater table. 

 Extent  Intensity  Duration  Consequence  Probability  Signif  Status  Confidence 
Without 
mitigation 

1 2 3 5 Low Definite Low -ve high 

With 
mitigation 

1 2 3 5 Low Definite Low -ve high 

 
 
Disturbance of unconsolidated sand deposits at the site. 

 Extent  Intensity  Duration  Consequence  Probability  Signif  Status  Confidence 
Without 
mitigation 

1 1 3 5 Low Definite Low -ve high 

With 
mitigation 

1 0 3 4 Very low Improbable Very 
low 

-ve high 
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Vibratory ground motion of the site. 
 Extent  Intensity  Duration  Consequence  Probability  Signif Status  Confidence  
Without 
mitigation 

1 1 3 5 Low Possible Very 
low 

-ve medium 

With 
mitigation 

1 0 3 4 Very low Improbable Insig- 
nificant  

-ve medium 

 
Short period tectonic changes in the existing geolo gy, whether from rock fall or 
other kinds of rock movement within a radius of 320  km. 

 Extent  Intensity  Duration  Consequence  Probability  Signif Status  Confidence  
Without 
mitigation 

2 3 3 8 Very high Improbable High -ve High 

With 
mitigation 

2 2 3 7 High Improbable Medium  -ve High 

 
Movements along any of the known faults or a new fa ult within a radius of 320 
km. 

 Extent  Intensity  Duration  Consequence  Probability  Signif Status  Confidence  
Without 
mitigation 

2 3 3 8 Very High Improbable High -ve High 

With 
mitigation 

2 2 3 7 High Improbable Medium  -ve High 

 
Tsunami flooding.  

 Extent  Intensity  Duration  Consequence  Probability  Signif  Status  Confidence 
Without 
mitigation 

2 3 1 6 Medium possible Low -ve High 

With 
mitigation 

2 2 0 4 Very low posssible Very 
low 

-ve High 

 
Other flooding. 

 Extent  Intensity  Duration  Consequence  Probability  Signif  Status  Confidence  
Without 
mitigation 

1 2 1 4 Very low possible Very 
low 

-ve High 

With 
mitigation 

1 1 1 3 Very low posssible Very 
low 

-ve High 

 
Collapsing rock slopes within a radius of 8 km. 

 Extent  Intensity  Duration  Consequence  Probability  Signif Status  Confidence  
Without 
mitigation 

1 1 0 2 Not 
significant 

possible Insig- 
nificant  

-ve High 

With 
mitigation 

1 1 0 2 Not 
significant 

posssible Insig- 
nificant  

-ve High 

 
 
Caving underneath the site. 

 Extent  Intensity  Duration  Consequence  Probability  Signif Status  Confidence  
Without 
mitigation 

1 2 1 4 Very low Improbable Insig- 
nificant  

-ve High 

With 
mitigation 

1 1 1 3 Very low Improbable Insig-
nificant  

-ve High 
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6.3 Discussions and Recommendations 

 
 

As has been stated that the presented results reflect current knowledge without 
actually having investigated the proposed sites within the regulatory 8 km and 1 km 
radii. It is not known if for instance collapsing rock slopes and caving could be a 
potential problem as this has to be investigated. 

 
Mitigation measures have to be  implemented on the following: 
 
· Prevent obstruction to natural beach and sea sand movement due to the seawall to 

be build to protect the water inlet and outlet. 
· Lowering of the groundwater table which will affect the surrounding communities. 
· Disturbance of unconsolidated sand deposits at the site. 
· Short period tectonic activity in the existing geology, whether from rock fall or other 

kinds of rock movement within a radius of 230 km. Completed project will have to 
withstand the expected maximum activity. 

· Movements along any of the known faults or a new fault within a radius of 320 km. 
Completed project will have to withstand the effects of the expected maximum 
movements. 

· Tsunami flooding.  
· Other flooding. 
· Collapsing rock slopes within a radius of 8 km. 
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7 CONCLUSIONS 

 
This solicited report presents specialist assessments of geological, structural, 
tectonic, palaeo-seismic and seismological data to be included in the EIA Inception 
Report, to be compiled by ARCUS GIBB (Pty) Ltd.  The report describes and 
assesses the scope of published data and investigations and outlines the 
uncertainties related to available data. The scope of investigations that must still be 
undertaken to give a meaningful input into the Environmental Impact Assessment 
(EIA) report for the different sites along the South African coastline was given and 
mainly requires detailed investigations at each site with respect to tectonics, palaeo-
seismicity, continued monitoring of current seismicity, finding palaeo-tsunami and 
palaeo-flooding evidence. 
 
At Thyspunt the onshore regional pre-Quaternary geology and tectonics are well 
understood. Trenching has uncovered evidence for a M 7.2 palaeo-earthquake along 
the Cango fault at the western end of the Baviaanskloof fault, which extends to within 
60 km from the site. The Swartkop scarp at Port Elizabeth still has to be investigated 
and the onshore extension of the Cape St Francis fault has to be determined. 
Detailed mapping within the 8 km and 1 km radii still has to be undertaken.  
 
At Bantamsklip the regional geology and tectonics is also well understood and 
evidence for neotectonic movement has to be investigated. Detailed mapping within 
the 8 km and 1 km radii still has to be completed. 
 
Duynefontein (Koeberg site) houses an existing facility and the site was well studied 
in the past. Detailed work will have to be undertaken if a new location is chosen on 
this site. The questions around the 1809 to 1810 seismic events and the existence of 
the proposed Milnerton fault have to be resolved. 
 
Brazil and Schulpfontein are the least studied sites and indications of recent 
neotectonic (post-Pliocene near surface faulting) activity have been discovered. 
Additional unexplained, possible Quaternary faulting features remain un-investigated. 
The extensive sand cover represents a problem that must be overcome and high 
density airborne geophysics will have to be flown to locate possible faults. Geological 
mapping (scale 1:100,000) compiled by NECSA is available but will have to be 
reviewed and updated to the correct scales. 
 
Seismologically, each site has an updated earthquake catalogue. The maximum 
expected earthquake were determined deterministically for each site and expected 
peak ground acceleration was determined probabilistically for each site. The PGA 
was further deaggregated (decomposed) into its base dimensions, magnitude and 
distance. The current knowledge can be summarised as follows: 

 
 Koeberg Bantamsklip Thyspunt Brazil/Shulpfontein 

Maximum Possible 
Earthquake in 
Seismotectonic 
Province (by 
procedure of Kijko 
(2004)) 

6.60 ± 0.3 6.60 ± 0.3 6.60 ± 0.3 6.07 ± 0.34 

Deterministically 
calculated PGA 

0.27 g ± 0.14 
(Bejaichund 
et al., 2005; 
2006c) 

0.26 g ± 0.14 g 
(Bejaichund et al., 
2005; 2006c)  

0.17g ± 0.11 
g (Bejaichund 
et al., 2005; 
2006c)  

0.16g ± 0.11 g 
(Bejaichund et al., 
2006a; 2006c) 
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No detail work has been undertaken as yet on a site vicinity and site specific scale 
and the above table can change depending on the discovery of new palaeo-seismicity 
remnants. 
 
A sensitivity analysis was undertaken on possible impacts on the sites and can be 
summarised as follows: 

 
Impact Consequence Probability Significance Status Confidence 
Seawall  6 Medium Definite medium -ve high 
With mitigation 5 Low possible Low -ve high 
Lowering 
watertable 

5 Low Definite Low -ve high 

With mitigation 5 Low Definite Low -ve high 
Disturb 
unconsolidated 
sand 

5 Low Definite Low -ve high 

With mitigation 4 Very low Improbable Very low -ve high 
Vibratory 
ground 
movement 

5 Low Possible Very low -ve medium 

With mitigation 4 Very low Improbable Insig- 
nificant 

-ve medium 

Rock 
movement 

8 Very high Improbable High -ve High 

With mitigation 7 High Improbable Medium -ve High 
Faulting-
earthquake 

8 Very High Improbable High -ve High 

With mitigation 7 High Improbable Medium -ve High 
Tsunami 6 Medium possible Low -ve High 
With mitigation 4 Very low posssible Very low -ve High 
Flooding 4 Very low possible Very low -ve High 
With mitigation 3 Very low posssible Very low -ve High 
Slope collapse 2 Not 

significant 
possible Insig- 

nificant 
-ve High 

With mitigation 2 Not 
significant 

posssible Insig- 
nificant 

-ve High 

Caving 4 Very low Improbable Insig- 
nificant 

-ve High 

With mitigation 3 Very low Improbable Insig-nificant -ve High 
 

Mitigation measures have to be  implemented on the following: 
 
· Prevent obstruction to natural beach and sea sand movement due to the seawall to 

be build to protect the water inlet and outlet. 
· Lowering of the groundwater table which will affect the surrounding communities. 
· Disturbance of unconsolidated sand deposits at the site. 
· Short period tectonic changes in the existing geology, whether from rock fall or 

other kinds of rock movement within a radius of 230 km. Completed project will 
have to withstand these changes. 

· Movements along any of the known faults or a new fault within a radius of 320 km. 
Completed project will have to withstand these changes. 

· Tsunami flooding.  
· Other flooding. 
· Collapsing rock slopes within a radius of 8 km. 
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