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Glossary of Terms

Aeolinite : Sediments deposited after transport by wing.

Anthropogenic : Caused by the action of man.

Aquifer : A geological formation capable of yielding economic quantities of water.

Aquitard : A saturated geological unit with a relatively low permeability that retards
and restricts the movement of water, but does not prevent the movement of
water; while it may not readily yield water to boreholes and springs, it may act
as a storage unit.

Contamination : The introduction of any substance into the environment by the
action of man.

Ecosystem : An organic community of plants, animals and bacteria and the physical
and chemical environment they inhabit.

Fractured-rock Aquifer : Groundwater occurring within fractures and fissures in
hard-rock formations.

Groundwater : Refers to the water filling the pores and voids in geological formations
below the water table.

Groundwater Flow : The movement of water through openings and pore spaces in
rocks below the water table i.e. in the saturated zone. Groundwater naturally
drains from higher lying areas to low lying areas such as rivers, lakes and the
oceans. The rate of flow depends on the slope of the water table and the
transmissivity of the geological formations.

Groundwater Recharge : Refers to the portion of rainfall that actually infiltrates the
soil, percolates under gravity through the unsaturated zone (also called the
Vadose Zone) down to the saturated zone below the water table (also called
the Phreatic Zone).

Groundwater Resource : All groundwater available for beneficial use, including by
man, aquatic ecosystems and the greater environment.

Hydraulic Conductivity : Measure of the ease with which water will pass through
porous material; defined as the rate of flow through a cross-section of one
square metre under a unit hydraulic gradient at right angles to the direction of
flow (in m/d).

Intergranular Aquifer :  Groundwater contained in intergranular interstices of
sedimentary and weathered formations.

Major Aquifer System : Highly permeable formations, usually with a known or
probable presence of significant fracturing and/or intergranular porosity; may
be highly productive and able to support large abstractions for public supply
and other purposes; water quality is generally very good.

Minor Aquifer System : Fractured or potentially fractured rocks that do not have a
high primary permeability, or other formations of variable permeability; aquifer
extent may be limited and water quality variable. Although these aquifers
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seldom produce large quantities of water, they are important both for local
supplies and in supplying base flow for rivers.

Non-Aquifer : A groundwater body that is essentially impermeable, does not readily
transmit water and/or has a water quality that renders it unfit for use.

Permeability : The ease with which a fluid can pass through a porous medium and is
defined as the volume of fluid discharged from a unit area of an aquifer under
unit hydraulic gradient in unit time (expressed as m*m?.d or m/d). It is an
intrinsic property of the porous medium and is independent of the properties of
the saturating fluid; not to be confused with hydraulic conductivity, which
relates specifically to the movement of water.

Pollution : The introduction into the environment of any substance by the action of
man that is, or results in, significant harmful effects to man or the environment.

Recharge : The addition of water to the zone of saturation, either by the downward
percolation of precipitation or surface water and/or the lateral migration of
groundwater from adjacent aquifers.

Saline Water : Water that is generally considered unsuitable for human consumption
or for irrigation because of its high content of dissolved solids.

Saturated Zone : The subsurface zone below the water table where interstices are
filled with water under pressure greater than that of the atmosphere

Small Industrial Users:  Means water users who qualify as work creating enterprises
that do not use more than twenty cubic metres per day and identified in the
Standard Industrial Classification of All Economic Activities (5" edition),
published by the Central Statistics Service, 1993, as amended and
supplemented, under the following categories:-

(a) 1: food processing

(b) 2: prospecting, mining and quarrying;
(c) 3: manufacturing;

(d) 5: construction;

Specific Yield : Ratio of the volume of water that a given mass of saturated rock or
soil will yield by gravity drainage from that mass.

Unconfined Aquifer : An aquifer whose upper surface is the water table, i.e. with no
confining layer between the water table and the ground surface where the
water table is free to fluctuate.

Unsaturated Zone : That part of the geological stratum above the water table where
interstices and voids contain a combination of air and water; synonymous with
zone of aeration or vadose zone.

Water Table: The upper surface of the saturated zone of an unconfined aquifer at
which pore pressure is at atmospheric pressure, the depth to which may
fluctuate seasonally.
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List of Abbreviations

DWAF Department of Water Affairs and Forestry
EC Electrical Conductivity (Salinity of water)
EIA Environmental Impact Assessment

GA General Authorisation

GEP Groundwater Exploitation Potential
GRP Groundwater Resource Potential
m.amsl Metres above mean sea level

m.bgl| Metres below ground level

mS/m Milli-siemens per metre

NGDB National Groundwater Database

NWA National Water Act (Act No. 36 of 1998)
SRK SRK Consulting

TMG Table Mountain Group

WMA Water Management Area
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1 EXECUTIVE SUMMARY

This EIA entails the construction and operation of a Conventional Nuclear Power
Station and associated infrastructure in the Eastern, Northern or Western Cape
areas. The sites which will be investigated during this Environmental Impact
Assessment, have been identified based on previous site investigations undertaken
since the 1980s.

Should the proposed project be authorised, it is estimated that the construction of the
nuclear power station could commence in 2009/10- with the first unit being
commissioned in 2016.

The ToR for the specialist Geohydrological Assessment  are to cover:

Existence and location of regional / local aquifers and other relevant
geohydrologic units relative to the site, e.g. aquitards, fractures, boundaries;

Groundwater observations including information about hydraulic conductivity /
tranmisivity, water levels and their fluctuations, monitoring of groundwater
chemistry and resistance of soil-cement foundations to chemical attack;

Possibility of groundwater contamination, flooding by groundwater and material
degradation due to groundwater attack;

Effect of withdrawal of groundwater from neighbouring areas on flow of
groundwater at site;

3D conceptual geohydrological model showing aquifers, water levels, boundaries,
groundwater flow directions;

3D numerical flow model to stimulate regional, local and site specific response of
the groundwater system to natural and manmade influences, e.g. seasonality,
dewatering during construction, extraction from wellfields;

Contaminant transport model to simulate the fate of any contaminants introduced
into groundwater systems from operation of the site;

Risk assessment of the impacts of the site on the receiving environment.
This Report only covers the first four bullets at summary level.

This report has been based on a limited scale desk study and a reconnaissance visit
to each site by SRK Consulting. Limited site work in the form of drilling and yield
testing was carried out by the Atomic Energy Corporation (AEC) In the 1980’s.
Extensive, detailed work has been carried out at the Duynefontein (Koeberg Nuclear
Power Station) site. A list of references sourced for the study is given in Section 8.
The main sources are the Eskom NSIP reports and the Department of Water Affairs
and Forestry’s 1:500 000 scale hydrogeological map series. More detail on Geology
and Hydrology is given in these separate specialist reports.

A study area of 20 km radius has been taken for Thyspunt, Bantamsklip and Koeberg
to adequately cover local and regional aquifers and other geohydrological features. A
radius of 50 km has been taken for Brazil and Schulpfontein because of the more
regional flow dynamics (e.g. recharge) considered to be applicable at these sites.
These area limits may be modified as more information becomes available.
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Based on the initial summary information provided in the above sections, the following
preliminary conclusions are drawn:

Being coastal sites the nuclear footprint/island will be located near the end of the
groundwater flow path, with no downstream groundwater users;

The receiving environment/downstream receptor of any direct contamination will
be the shore zone/sea;

There is a dual aquifer system at each site comprising an upper unconfined
intergranular aquifer and a lower semi-confined fractured rock aquifer. These
aquifers are likely to be in hydraulic connection, with an upward component of
flow in the fractured rock aquifer;

There are municipal and other groundwater supply schemes in proximity to all the
sites except for Brazil. Leaks of radioactivity would not affect such users directly.
However, air emissions could be transported inland by prevailing winds and
contaminate such groundwater by being incorporated into rainfall recharge;

Impacts of the project on the environment will be limited to the sites themselves
during construction and operation, barring possible air emissions of radioactivity.
Mitigation measures include containment of groundwater level and quality impacts
and monitoring;

Geohydrological considerations should not be a constraint on development of any
of the sites as nuclear power stations.
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2.1

2.2

INTRODUCTION

Description of Proposed Project

This EIA entails the construction and operation of a Conventional Nuclear Power
Station and associated infrastructure in the Eastern, Northern or Western Cape
areas. The sites, which will be investigated during this Environmental Impact
Assessment, have been identified based on previous site investigations undertaken
since the 1980s.

Eskom proposes to construct a nuclear power station of the Pressurised Water
Reactor type technology. In many ways the structure of the nuclear plant resembles
that of a conventional thermal power plant. The difference between such plants is in
the manner in which heat is produced. In a fossil plant, oil, gas or coal is fired in the
boiler, which means that the chemical energy of the fuel is converted into heat. In a
nuclear power plant, however, energy from the fission chain reaction is utilized.
Cooling water for the nuclear power station will be utilised directly from the sea.
Although detail design still needs to be completed, it is estimated that the entire
development will require in the order of 31 ha, including all auxiliary infrastructure,.
The proposed nuclear power station will include nuclear reactor, turbine complex,
spent fuel, nuclear fuel storage facilities, waste handling facilities, intake and outfall
basin and various auxiliary service infrastructure.

Should the proposed project be authorised, it is estimated that the construction of the
nuclear power station could commence in 2009/10- with the first unit being
commissioned in 2016.

Terms of Reference

The assessment of impacts will broadly be undertaken in accordance with the
guidelines provided in the Guidelines Document: EIA Regulations (DEAT, 1998), the
NEMA principles and Section 24(4) of NEMA (as amended), as appropriate to the
specific field of study. The study will provide an overall assessment of the impact of a
nuclear facility on the aquifer hydrodynamics and vice versa.

The ToR for the specialist Geohydrological Assessment  are to cover:

Existence and location of regional / local aquifers and other relevant
geohydrologic units relative to the site, e.g. aquitards, fractures, boundaries;

Groundwater observations including information about hydraulic conductivity /
tranmisivity, water levels and their fluctuations, monitoring of groundwater
chemistry and resistance of soil-cement foundations to chemical attack;

Possibility of groundwater contamination, flooding by groundwater and material
degradation due to groundwater attack;

Effect of withdrawal of groundwater from neighbouring areas on flow of
groundwater at site;

3D conceptual geohydrological model showing aquifers, water levels, boundaries,
groundwater flow directions;
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3D numerical flow model to stimulate regional, local and site specific response of
the groundwater system to natural and manmade influences, e.g. seasonality,
dewatering during construction, extraction from wellfields;

Contaminant transport model to simulate the fate of any contaminants introduced
into groundwater systems from operation of the site;

Risk assessment of the impacts of the site on the receiving environment.

The Report only covers the first four bullets at summary level.
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3 BACKGROUND

3.1 Legislative Framework

The main legislation and applicable guidelines/quality standards covering
geohydrological issues applicable to a nuclear power station and site investigation
thereof are:

1. National Water Act (1998). Issues would include groundwater abstraction/
discharge and quality. Water use Licence Applications. General Authorisations.
General Standards for effluent discharge.

2. National Environment Management Act (1998). EMP for site work such as
drilling.

3. SABS Guidelines for Drinking Water Standards (241 — 2006).

4. Eskom Quality Manual for Nuclear Sites GGM0902. Chapter 9: Geohydrology
(Rev 4) (ESKOM, 2006).

5. CSIR (2005). Guidelines for Involving Hydrogeologists in EIA Processes.

6. DWAF (2002). Integrated Water Resource Management. Covers inter alia
groundwater resource assessment, allocation, monitoring.

7. The Water Services Act (1997).
8. National Water Policy for South Africa, 1997
9. DWAF's Water Quality Guidelines, 1996.

The National Water Act is the principal legal instrument relating to water resource
management in South Africa and contains comprehensive provisions for the
protection, use, development, conservation, management and control of the country’s
water resources. In addition, the management of water as a renewable resource
must be carried out within the framework of environmental legislation, i.e. the National
Environmental Management Act.

A key aspect of the National Water Policy is Integrated Water Resources
Management (IWRM). This recognises that water resources can only be successfully
managed if the natural, social, economic and political environments in which water
occurs and is used are taken into consideration. IWRM aims to strike a balance
between the use of water resources for livelihoods and conservation of the resource
whilst promoting social equity, environmental sustainability and economic growth and
efficiency.
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3.2  Assumptions & Limitations

This report has been based on a limited scale desk study and a reconnaissance visit
to each site by SRK Consulting. Limited site work in the form of drilling and yield
testing was carried out by the Atomic Energy Corporation (AEC) In the 1980’s.
Extensive, detailed work has been carried out at the Duynefontein (Koeberg Nuclear
Power Station) site. A list of references sourced for the study is given in Section 8.
The main sources are the Eskom NSIP reports and the Department of Water Affairs
and Forestry’s 1:500 000 scale hydrogeological map series. More detail on Geology
and Hydrology is given in these separate specialist reports.

A study area of 20 km radius has been taken for Thyspunt, Bantamsklip and Koeberg
to adequately cover local and regional aquifers and other geohydrological features. A
radius of 50 km has been taken for Brazil and Schulpfontein because of the more
regional flow dynamics (e.g. recharge) considered to be applicable at these sites.
These area limits may be modified as more information becomes available.

Nuclear 1 EIA and EMP
Specialist study for Scoping Report
Specialist Study: Geohydrology Issue Final / Issue Date : 19 November 2007



4 DESCRIPTION OF THE SITE AND SURROUNDING ENVIRONMENT

The general location of the sites is shown in Figure 4.1. At all coastal nuclear sites,
the nuclear footprint is likely to be located very close to the coastline, as at Koeberg.
In terms of the hydrological/groundwater cycle, this means that they (at least the
nuclear footprint) will be located in groundwater discharge zones. There are therefore
certain geohydrological characteristics that are likely to be common to all sites and
that must be taken into consideration during site investigation, data analysis and
compilation of the EIA. These are:

There will not be any downstream groundwater use;
Groundwater at the site will be near/at the end of its flow path;

There will be a component of groundwater flow towards the water table (i.e.
upwards);

Groundwater levels will be near the ground surface;
The bedrock may comprise a wave-cut platform;

The receiving environment/downstream receptor of any contamination will be the
shore zone/sea;

There is likely to be a two aquifer system at each site, with an upper intergranular
and a lower fractured rock aquifer;

These aquifers are likely to be in hydraulic connection but may be separated by a
weathered zone in the bedrock possibly constituting an aquitard;

Local recharge may only affect the upper aquifer. Deeper aquifers may be
recharged inland, possibly many kilometres from the site;

Groundwater quality may be relatively poor because of a combination of length of
the flow path, time for interaction with aquifer materials and proximity to the sea
(sea-water intrusion, wind blown salts);

Groundwater flow rates are likely to be relatively slow because of low hydraulic
gradients.

There will be an interface between ‘fresh’ groundwater from inland and saline
groundwater in the shore-zone.

Groundwater may feed coastal springs/seeps which may support ecological
systems.

Leaks of radioactivity will not affect existing groundwater users directly. However,
air emissions could be transported inland by prevailing winds and contaminate
groundwater by being incorporated into rainfall recharge.
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4.1

41.1

4.1.2

Figure 4.1: Location of the Proposed Nuclear Power Station Sites
Thyspunt

Extent and Physiographic Setting

The area surrounding the proposed Thyspunt Nuclear site is dominated by sand dunes,
non-perennial pans, shrub and bush to the north with the ocean and Table Mountain
Group outcrop along the coast line. The topography rises from sea level at Thysbaai to
80-100 m past the dune fields (Figure 4.2). The topography rises to 150-180 m above
sea level towards the Krom River to the north and west and flattens out to 100-120 m
around Humansdorp before rising to >200 m further north and west. Towards the east
the topography rises to around 100 m above sea level with a gentle slope down towards
the ocean. Aeolian sand dunes occur to the east between Thyspunt, Sea Vista and
Cape St Francis and towards the west to beyond Oyster Bay.

The area surrounding Thyspunt comprises four quaternary catchments K80F, K90D,
K90E and K9OF (Figure 2). The prominent drainage in the area surrounding Thyspunt
is the Krom River which runs from the north-west of Thyspunt to an estuary and
drainage into the ocean just north of Sea View (Figure 2). The Krom River occurs at a
distance greater than 7 km from Thyspunt and the Impofu Dam occurs along this river.
The Impofu Dam is one of seven sources of water for the Nelson Mandela Bay
Municipality. Other perennial rivers occurring in the area are the Slang River which
flows into the ocean at Oyster Bay, the Klipdrift River with small Klipdrift River Dam
which flows into the ocean west of Oyster Bay, the Geelhoutboom River which flows into
the Krom River and the Seekoei River which flows into the ocean via the estuary at
Aston Bay. These rivers follow the NW-SE striking geological formations (Bokkeveld
and Table Mountain Group rocks) which dominate the area. Small non-perennial rivers
occur throughout the area and dry and non-perennial pans amongst the younger
Quaternary sediments which lie along the coast from west of Oyster Bay to north-east of
Sea Vista.

Geology

The area surrounding Thyspunt is underlain by rocks of the Table Mountain (TMG) and
Bokkeveld Groups which form part of the Cape Supergroup. The Bokkeveld rocks
comprise the predominantly argillaceous rocks (shale, carbonaceous shale, claystone,
mudstone and siltstone) shown in Figure 4.3. Younger Quaternary undifferentiated
coastal and inland deposits (unconsolidated to semi-consolidated sediments including
sand, calcrete, calcarenite, aeolianite, conglomerate, clay silcrete, limestone etc.) shown
in Figure 4.3 overlie the older Cape Supergroup rocks. Table 4.1 shows the detailed
lithology of the rocks in the area as per the 1:250 000 geological map series 3324 Port
Elizabeth.

The oldest rocks in the area comprise the Table Mountain Group with Peninsula
Formation overlain by the Cedarberg Formation and Nardouw Subgroup. The overlying
Bokkeveld Group comprises dark-grey shales with interlayered sandstone units. The
formations comprise fossiliferous black to grey, carbonaceous shales with subordinate
impure feldspathic sandstone, siltstone and greywacke beds.
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Table 4.1: Geological legend for rocks found in the
as per the 1:250 000 geological map 3324 of Port El

area surrounding Thyspunt
izabeth

Super
Period e Group Sub-group | Formation Lithology Description
Group
Aeolian (windblown) sand, soil horizons &
Quaternary .
middens
Aeolianite (calcareous sandstone),
Nanaga .
. palaeosols & subordinate calcrete, gravels
Tertiary Algoa i i _
Ferricrete with associated gravel, cream or
Grahamstown )
red brown in colour
Quartz sandstone & argillaceous
Boplaas
sandstone
Shale, siltstone & subordinate arenaceous
Tra-Tra .
silty sandstone
Hexriver Dark grey impure sandstone, fossiliferous
Devonian Bokkeveld | Ceres Voorstehoek Shale, siltstone and subordinate
(Swartkrans) sandstone, fossiliferous
Impure feldspathic sandstone &
Gamka .
greywacke, fossiliferous
Black to brown shale, subordinate
Gydo . »
siltstone, fossiliferous
Cape . Impure feldspathic sandstone, subordinate
Baviaanskloof
shale
Whitish weathering, medium to coarse
. Skurweberg grained, quartzitic sandstone, feldspathic
Silurian Nardouw
(Kouga) near the top, profusely cross-bedded,
Table subordinate shale
Mountain Goudini Brownish weathering sandstone, fine to
(Tchando) coarse grained; shale
Cedarberg Shale; arenaceous shale
Ordovician White to pale grey massive and laminar
Peninsula and cross-bedded medium to coarse
grained quartzitic sandstone
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Figure 4.3: Simplified geology in the study area of the proposed Thyspunt Site
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4.1.3

The Nanaga Formation occurs from west of Oyster Bay along the coast and north-east
towards Jeffries Bay. It is composed of partly to wholly consolidated aeolian sand or
dune rock which is calcareous due to the presence of numerous shell fragments and
can reach a thickness of 250 m. Irregular superficial deposits of reddish-purple
Grahamstown Formation occur to the north and south-east of Humansdorp. These
rocks range from ferruginous sandstone to ferricretes which are composed of sandstone
gravels cemented by siliceous iron-rich clay. Shifting aeolian sand dunes occur along
the coastline between Thyspunt and Sea Vista, as far as 4 km inland and can reach
30m in height. The dune orientation is NNE with the prevailing SW winds and
orientation of the underlying geology. These Tertiary and Quaternary deposits
unconformably overlie the Bokkeveld and TMG rocks which form the bedrock of the
area.

The rocks underlying the area are part of the Cape Fold Belt characterised by intense
folding and associated fracturing of the TMG sandstones, producing a regional,
fractured-rock (secondary) aquifer of moderate to good groundwater development
potential. The Bokkeveld and TMG rocks strike in a regional NNW-SSE direction and
show well developed smaller folds along the outer limbs of the large scale open anticline
and syncline folds. A syncline is evident in the Bokkeveld Group between Humansdorp
and the Kouga River, a syncline occurs in the Peninsula Formation between the Kouga
River and Thyspunt and a syncline occurs just offshore and to the south of Thyspunt.
Several large faults occur to the south, east and west of the Thyspunt site. The Klippunt
fault to the south of Thyspunt strikes in a NNW-SSE direction and forms a large regional
normal fault running from the Storms River mouth south-east out into the ocean. Other
smaller approximately north-south striking faults occur at irregular intervals; 1 km south-
east of Cape St Francis, and at De Hoek, to the west at Tony's Bay, at Ashton Bay and
near Klipdrif.

Groundwater occurrence

The groundwater regime surrounding the Thyspunt site is detailed in the DWAF
1:500 000 Hydrogeological map series 3324 Port Elizabeth and summarised in
Figure 4.4. Two types of aquifers occur within the 20 km buffer zone surrounding the
proposed Thyspunt site:

A minor fracture rock aquifer (secondary) within the Bokkeveld (predominantly
argillaceous rocks in Figure 4.3) and TMG rocks, with some areas of Major
Aquifer classification in the latter; and

A major intergranular aquifer (primary) within partly to unconsolidated deposits of
the Nanaga Formation and recent dune sediments (undifferentiated coastal and
inland deposits in Figure 4.3).

The following information pertains to the fractured rock aquifers within the Bokkeveld
and TMG rocks:

Joint structures in subordinate sandstone interbedded with the largely water
restricting shales of the Bokkeveld group can be utilised on a limited scale for
groundwater development;

A network of joints and fractures control the infiltration, recharge, storage and
movement of groundwater in the competent but often brittle TMG with deep
fracture extensions providing deep groundwater circulation;

The average depth to groundwater within the fractured rock aquifer is
~30-50 mamsl;
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Figure 4.4: Groundwater map for the study area oft  he proposed Thyspunt Site
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41.4

Average borehole yields range from 0.5 to 2 L/s, but yields of >5 L/s have been
obtained from discrete fractures in the TMG;

Springs are abundant in the TMG and are fault or lithologically controlled by
impeding layers such as the Cedarberg shale;

Recharge to the fractured rock aquifer occurs in relatively high rainfall areas
located at high elevations and typically 15 % infiltration of precipitation occurs, but
higher recharge rates are possible;

Groundwater flow directions are predominantly to the south and east with flow
from higher elevation discharging into the ocean; and

Groundwater flow from higher elevation around the Krom River is north towards
the river, then south-east towards the ocean.

The following information pertains to the intergranular aquifer within the Nanaga
Formation:

The Algoa Group is classified as a major aquifer of high vulnerability and is
therefore of high groundwater potential;

Groundwater only occurs in the basal Alexandria conglomerate which is thin to
discontinuous; The Nanaga aeolianite dominates the Algoa sediments in the
Thyspunt area;

Water seeps rapidly through the highly porous, sandy calcareous material to the
base of the intergranular aquifer, where it seeps out at sea-level,

Build-up of groundwater levels seldom occurs because of the high permeability of
this formation;

Groundwater flow direction is to the south with discharge along the beaches and
rocky outcrop into the ocean;

Borehole yields from the Algoa Group are typically <0.5 L/s and groundwater
levels at 10-20 mamsl;

A high yielding significant intergranular aquifer occurs to the east of Thyspunt at
Mostert's Hoek and St Francis Bay and shows a yield of 8 L/s.

Due to the rapid flow of groundwater through the Algoa Group rocks, the proximity to the
coast and relative impermeability of the fractured rock aquifer, no interconnection
between the intergranular aquifer and fractured rock aquifer exists in the Thyspunt area.

Groundwater quality
Groundwater quality is summarized in Figure 4.5.

Groundwater in the Bokkeveld Group is seldom utilised as the quality often exceeds
maximum allowable drinking limits, with salinity ranging from 200 to >300 mS/m and
is brackish (indicates the area south of Humansdorp showing high salinity). The
groundwater from the Bokkeveld fractured-rock aquifer is of a sodium-chloride nature.

The quality of groundwater in the TMG is between 10-100 mS/m and is of a sodium-
chloride-magnesium type. The groundwater contained within the TMG aquifer is
typically fresh and suitable for domestic consumption, although the low pH makes the
water soft and corrosive to steel fixtures.
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Figure 4.5: Groundwater quality in the study area 0 f the proposed Thyspunt Site
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4.1.5

The groundwater quality in the Nanaga Formation is generally potable with salinity
<300 mS/m and the groundwater is of a sodium-chloride-calcium nature.

Groundwater potential

Groundwater is used extensively in the Thyspunt buffer zone. Numerous farms,
homesteads and villages use groundwater for domestic consumption, crop and stock
watering. Springs to the north of Humansdorp which occur as lithologically controlled
springs in the Cedarberg shales are utilised for municipal water consumption. Borehole
groundwater in the TMG fractured rock aquifer and from the intergranular aquifer
surrounding the non-perennial Sand River between Ashton Bay and Cape St Francis is
utilised for domestic consumption and golf course irrigation purposes. A strong coastal
spring of 8 L/s occurs west of Cape St Francis at Mostert’s Hoek and is currently used
on a limited basis. Borehole water from the fractured rock aquifer in TMG supplies
Oyster Bay with groundwater for domestic consumption. Small seeps and springs
commonly occur along the coast from under the Algoa Formation and dune rocks but no
high yielding springs are reported from the immediate area surrounding Thyspunt. The
majority of these seeps and springs flow directly onto rocky outcrop or sandy beaches
and from there directly into the ocean.

The potential to use groundwater in the Thyspunt area is good and the underlying TMG
aquifer is of medium potential while the major intergranular aquifer of the Algoa Group is
considered to be of high potential but also shows a high risk of overexploitation due to
the rapid movement of water through this aquifer.
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4.2

42.1

4.2.2

Bantamsklip

Extent and Physiographic Setting

Bantamsklip is situated along the Southern Cape coast approximately mid-way
between Danger Point and Quoin Point (see Figure 4.6). It is reached via the tar road
from Gansbaai and is located about 7 km south-east of the holiday town of Pearly
Beach.

The part of the site along and to the south-west of the tar road is situated on a coastal
plain mostly between 25 and 50 mamsl. The topography rises to the north-east to
highs of 150 — 200 mamsl.

The coastal strip reveals a wave-cut platform developed on the bedrock, which is only
exposed in a narrow rocky belt from the high-tide mark. The coastal belt becomes
sandier to the south-east with less rock exposure.

There is an access track running from the tar road at the western edge of the Site
down to and then along the coast, re-joining the road further to the east on the Site.

The Site is covered by hummocky limestone and dune shrublands/fynbos.

The Site is located in quaternary catchment G50A. There are no drainage channels
on the part of the Site where a nuclear power station would potentially be sited. This
is because of the permeable sandy soils present. The Haelkraal River crosses the
northern part of the Site, flowing to the west with its mouth about mid-way between
Pearly Beach and the Site.

Geology

The geological formations occurring in the area are indicated in Table 4.2 and on
Figure 4.7.

Table 4.2: Geological Formations present in the Stu  dy Area

Group Formation Intrusive Rocks
Bredasdorp Strandveld
Waenhuiskrans
Bokkeveld Ceres
Table Mountain Peninsula
Malmesbury Tygerberg Hermanus Granite Pluton

The Malmesbury Group is not exposed in the study area. However, boreholes drilled
during the geological investigation by the AEC (1989) along the main coastal tar road
encountered a blue-grey ‘baked’ shale, which is interpreted to be of this group.

Outcrops of the Hermanus Granite Pluton occur at the Donkergat headland at the
eastern edge of Pearly Beach. It is assumed that the baked appearance of the shale
mentioned above is due to the proximity of this granite.
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Figure 4.6: Study area extent and physiography oft  he proposed Bantamsklip Site
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Figure 4.7: Simplified geology in the study area of the proposed Bantamsklip Site
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4.2.3

The Table Mountain Group (TMG) consists mainly of quartzitic sandstones, with the
Peninsula Formation being prominent in the study area. These rocks are exposed at
the coast and in the more elevated area to the north-east of Pearly Beach. Shales of
the Bokkeveld Group occur in a trough to the north of Bantamsklip, centred on
Baardkeerdershos. The coastal plain is covered by sediments of the Bredasdorp
Group.

The Bredasdorp Group consists mainly of semi-consolidated aeolian sand with
calcrete lenses (Waenhuiskrans Formation) deposited on a wave-cut platform of TMG
rocks. Unconsolidated sand with shell fragments (Strandveld Formation) occurs in
the beach areas. The Waenhuiskrans Formation varies in thickness from ~6 m at the
turn off to Pearly Beach from the main coastal tar road to 12 m to the south-east at
Bantamsklip.

There is a major NE-SW trending fault shown on Figure 4.7, passing just to the east
of Pearly Beach. Evidence from investigations carried out by SRK (1992) indicates
that this fault or a branch thereof, is much closer to Pearly Beach.

Groundwater Occurrence

The bedrock at the Site consists of TMG sandstones which can be broadly classified
as a secondary or fractured-rock aquifer. Groundwater flow and storage takes place
within secondary openings in the rocks, such as joints and faults/fractures. These
rocks are covered by superficial deposits and so any aquifers developed are likely to
be semi-confined.

The superficial deposits of the Bredasdorp Group are classified as a primary or
intergranular aquifer. Groundwater flow and storage takes place within the original
pore spaces between constituent grains. The upper boundary of the aquifer is the
water table and these aquifers are therefore unconfined.

On the DWAF hydrogeological map sheet 3317, the TMG and Bredasdorp Group
aquifers are classed as having median borehole yields of 0.5 to 2.0 L/s, excluding dry
boreholes. The Bokkeveld rocks are classed as having median borehole yields of
0.1to 0.5 L/s (see Figure 4.8).

Groundwater in the TMG is generally of a deep-seated nature inland but on the
coastal plain and wave cut platform at the Site it can be reasonably extrapolated that
groundwater levels will be within ~5 m of ground surface. Local ‘aquifers’ are
unconfined or semi-confined and groundwater flow will generally follow the
topographic gradient. Flow can therefore be expected to be in a south-westerly
direction towards the sea, possibly becoming more southerly closer to the Haelkraal
River.

Three ‘successful’ boreholes were drilled during the AEC investigation. Groundwater
was encountered at 22 — 27 m in the TMG and at < 6 m in the Bredasdorp Aquifer.
Test pumping indicated that a yield of only ~1 m*h was sustainable per borehole.

Permeability values are not available for the site soils. However, both vertical and
horizontal permeability of the soils can be expected to be relatively high. The latter is
probably in the range 10 to 20 m/day and the former an order of magnitude lower.
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Figure 4.8: Groundwater map for the study area oft  he proposed Bantamsklip Site
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4.2.5

Groundwater Quality

Over most of the study area, groundwater quality in terms of electrical conductivity
(EC) is in the range 70 to 300 mS/m (see Figure 4.9). Better quality groundwater (EC
<70 mS/m) is associated with the TMG mountains to the north. The EC of the water
issuing from the spring supplying Pearly Beach was measured as 38 mS/m in 1989.
Groundwater from the TMG Aquifer was also measured at 38 mS/m in 1992 from a
borehole near Pearly Beach.

Groundwater quality in the TMG and Bredasdorp Aquifers at the Site was measured
at 150 — 225 mS/m and 750 mS/m by the AEC.

Likely chemical characteristics of groundwater from the different aquifers can be
summarized as follows:

TMG Aquifer
Low pH, sodium chloride type with high iron content.

Bredasdorp Aquifer

Neutral to alkaline pH, sodium chloride type plus high bicarbonate. A sample from
the municipal supply springs taken by AEC (1988) had the following major ion
composition (mg/ ): Na — 54; Ca — 29; Cl - 100; SO4 - 11; HCO; — 76

Groundwater Potential

Domestic water supply for Pearly Beach comes from springs about 6 km to the east
of the town (see Figure 4.8.). These springs issue from the Waenhuiskrans
Formation and the yield was estimated by Meyer (1998) at >7 L/s. There are no
private boreholes on Bantamsklip.

The whole area between the coast and the inland plains of the Overberg north of
Napier is classed as a Major Aquifer according to the DWAF national classification
(Parsons and Conrad 1998). However, it is stressed in their report that this is an
overview classification only and cannot be used on a site specific basis. The area
around Pearly Beach is further classified by DWAF as a Sole Source Aquifer. Such
an aquifer is defined as (Parsons and Conrad, 1998):

An aquifer which is used to supply 50 % or more of domestic water for a given
area and for which there are no reasonably available sources should the
aquifer be impacted upon or depleted. Aquifer yields and natural water quality
are immaterial.

The latter qualification, particularly with respect to yield, is important to bear in mind,
as the ‘Sole Source’ classification of the local aquifer gives the impression of the
existence of a special aquifer, possibly with good yield and quality characteristics.
However, it merely reflects the fact that there is no viable alternative supply. Towns
such as Pearly Beach where this situation exists have merely been listed by DWAF.
There is no map showing the boundaries of such aquifers.

However, the AEC concluded that groundwater potential at the Site is low and that
geohydrological considerations should not be an issue in the siting of a nuclear power
station. Only small quantities of groundwater should be expected in excavations on
site.
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Figure 4.9: Groundwater quality in the study area o f the proposed Bantamsklip Site
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4.3

43.1

Duynefontein (existing Koeberg Power Station)

This Site has by far the most information as detailed studies have been carried out
with respect to the siting, construction and operation of the Koeberg Nuclear Power
Station and proposed PBMR. This has included extensive drilling, testing, monitoring
and flow modelling.

Extent and Physiographic Setting

The Duynefontein Site (existing Koeberg Nuclear Power Station) is situated along the
West Coast, approximately 30 km north of Cape Town CBD (Figure 4.10). The Site
falls within quaternary catchment G21B and in the Berg Water Management Area
(WMA). It is located within the municipal boundaries of the City of Cape Town, and is
situated on Cape Farm No. 34 Duynefontein, which is 1 257.39 ha in extent, and
Coastal Strip Farm 1 375, which has an area of 37.06 ha. Access to the Site is via
the R27 (Provincial truck road No.77). The recently authorised regional landfill site
(Hazard rating H:h) and associated infrastructure to service the City of Cape Town
will be established ~ 4 km north-east of the Duynefontein Site. Duynefontein and
Melkbosstrand are located ~ 1 km and ~ 2.5 km respectively, south of the Site, while
the industrial and residential town of Atlantis is located ~ 10.5 km north-east of the
Site.

The Site is also located some 4.5 km south of the Atlantis Water Resource
Management Scheme (AWRMS) that includes the Witzand and Silwerstroom
Wellfields, Infiltration Ponds 7 and 12, and the Coastal Infiltration Ponds. The
Koeberg Nature Reserve, which was proclaimed as a nature reserve in 1991 and is
composed of the Cape Floristic Kingdom, is found immediately north of the Site. The
reserve consists predominantly of Strandveld and Acid Sand Plain Fynbos.

The topography is relatively flat with a gentle slope towards the coast. However, both
ancient dunes stabilised by vegetation and Recent unconsolidated dunes with heights
< 10 m are found along the coastline. No river channels drain the immediate Site.
However, the perennial Sout and Diep Rivers drain the broader areas within the study
area (20 km radius around the Site). The Donkergat River is a tributary of the Sout
River. These rivers all flow in a south-westward direction towards the coast. These
tributaries are generally ephemeral in nature and only flow for short periods after
significant rainfall events. Based on the nature of these rivers, Parsons and Flanagan
(2006) suggested that groundwater does not discharge into the rivers. Most of the
smaller streams ‘disappear’ in the flat sandy areas near the ocean and / or cannot
maintain open river channels across the narrow raised dunes along the coast.

The Site falls within a Mediterranean climate where precipitation falls throughout the
year but generally summers are dry while the winters are wet. The average annual
rainfall measured at the Koeberg Nuclear Power Station from 1980 to 2004 is 375
mm/a. Maximum rainfall occurs during June (~ 65 mm), July (~ 68 mm) and August
(~ 53 mm), while the lowest rainfall occurs during January (~ 10 mm) and February (8
mm).
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Figure 4.10: Study area extent and physiography of proposed Duynefontein Site
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Figure 4.11: Simplified geology in the study areao  f the proposed Duynefontein Site
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4.3.2

4.3.3

Geology

The general geology of the areas north and north-east of the Site has been described
by Rogers (1980) and various other investigations. A simplified geological map is
shown in Figure 4.11. The overlying primary, unconsolidated sediments comprise the
Bredasdorp Group (Varswater, Springfontein and Langebaan Formations) and
Recent Witzand Formation, which forms the Atlantis Aquifer. The Springfontein
Formation acts as the main water-bearing formation and comprises well-sorted, clean
fine to medium grained quartz sand. The sediments were deposited under marine,
fluvial and / or aeolian conditions. Sand thickness increases closer towards the
coast.

The results of previous drilling at the Site indicated a profile consisting of 3 to 4.5 m of
slightly calcareous sand at the top becoming organic rich with shell fragments below
7.5 m (Dames and Moore, 1975a; 1975b; 1977c). The lower parts also consist of
pebbly sand grading down into gravels. The thickness of the unconsolidated
sediments at the Site is ~ 20 m, while further east of the Site is it ~ 50 m (Fleisher,
1993; Rosewarne, 1994; Jones and Wagener, 2000).

The areas east and further inland of the Site has outcrops of the Tygerberg Formation
of the Malmesbury Group, and comprises weathered and metamorphosed phyllitic
shale and greywacke that weather to produce substantial thickness of yellow and / or
grey clay. These consolidated sedimentary rocks underlie the entire study area and
forms the impervious base of the Atlantis Aquifer, and has been estimated to be
600 Ma in age. At the Site, alternating successions of greywacke, siltstone and
mudstone have been identified, with the beds dipping some 60°to the west (Greef,
1995). These consolidated sediments are highly weathered along the upper 10 m,
with some 3.7 m of residual clayey silt being observed during previous drilling
programmes at the Site (Jones and Wagener, 2000).

The Malmesbury Group rocks have been extensively intruded by the Cape Granite
Suite. Coarse grained granite of the Darling Pluton outcrops towards the north-
eastern portion of the study area, some 15 km away from the Site. These granitic
rocks are therefore not discussed further, as they have no impact on the geological
setting of the Site.

Groundwater Occurrence

The Site overlies two aquifer systems, namely the southern extent of the upper-lying
primary or intergranular Atlantis Aquifer (colloquially referred to as the ‘Aquarius
Aquifer’) and the deeper-lying weathered and fractured-rock (secondary) aquifer
system of the Malmesbury Group (see Figure Figure 4.12). The Atlantis Aquifer is an
important and significant primary aquifer with two wellfields (Witzand and
Silwerstroom) situated north of the Site supplying a water source to the surrounding
towns, predominantly to Atlantis. The thickness of the primary aquifer at the Site is
~13 m, as the rest groundwater level is some 7 m below ground level (mbgl) and the
overall thickness of the sediments is ~20 m.
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Figure 4.12: Groundwater map for the study area of  the proposed Duynefontein Site
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Pumping tests and double-ring infiltrometer tests have previously been conducted in
the Atlantis Aquifer by Van der Merwe (1980), Bredenkamp and Vandoolaeghe
(1982), Scott (1989) and Weaver (1989). Transmissivity (T) values determined from
those tests ranged between 10 and 1 400 m?/d. At the Site itself, T values were
estimated to be ~ 40 m%d (Murray and Saayman, 2000). From these data, hydraulic
conductivity (K) for the various formations of the Atlantis Aquifer were found to range
between 13 and 35 m/d, with the exception of the Varswater Formation (1 to 3.5 m/d).
Parsons and Flanagan (2006) found that K values for the secondary, fractured aquifer
indicated these aquifers to be poorly transmissive, with K ranging between 0.01 and
0.06 m/d. Where the shale is less weathered, K values increase to approximately
0.2 m/d.

A groundwater level contour map was compiled by Parsons and Flanagan (2006)
using data collected from ongoing monitoring carried out by the CSIR and that
collected during a hydrocensus conducted during August and September 2004. From
this, it was interpreted that groundwater flows in a south-westerly direction towards
the coast. Murray and Saayman (2000) calculated that groundwater flows towards
the coast at a rate of 2.6 m/d, while the rate of flow through the Malmesbury Group
Aquifer was estimated by Parsons and Flanagan to be 1 m/a (0.003 m/d). According
to Dames and Moore (1980), seasonal rainfall variation does not significantly affect
the groundwater flow direction or groundwater levels at the Site. The hydraulic
gradient across the Site is 0.014 (Africon, 2000). Further north-east of the Site,
Parsons and Flanagan (2006) determined the hydraulic gradient to be 0.011.

Groundwater Quality
Groundwater quality is summarized in Figure 4.13.

Regional groundwater quality of the Atlantis Aquifer was discussed in detail by
Fleisher (1990). Vandoolaeghe and Bertram (1982) classified the groundwater of this
aquifer as Class A type [electrical conductivity (EC) < 70 mS/m]. The groundwater is
generally a Na-Cl type, but younger groundwater in the study area tends towards a
Ca-HCO3 character (Parsons, 1999). Groundwater quality monitoring results during
1977 and 1978 were assessed by Dames and Moore (1977a; 1977b; 1977d; 1978a
and 1978b) and summarised by ESKOM (1997). It was apparent that dewatering
processes during construction of the Koeberg 900 MW PWR Units 1 and 2 resulted in
saline intrusion, evident by an increase in salinity in the groundwater at the monitoring
boreholes.

Groundwater quality determined by Africon (2000) compared well with that during
1977, except for higher chloride (Cl) and sodium (Na) concentrations. This may have
further indicated saline intrusion that resulted due to the construction of Units 1 and 2.
Sulphate (SO4) concentrations also increased from 40 to > 400 mg/L subsequent to
the dewatering phase (Dames and Moore, 1977d).

Four exploration boreholes were drilled at the planned Koeberg 165 MW PBMR Unit
3 site and baseline groundwater quality data has been obtained (Africon, 2001).
Tritium data indicated that groundwater in the Malmesbury Group Aquifer is saline
and not recharged, which indicates stratification in age and quality between the
primary sediments and the secondary aquifer. Future pumping and dewatering may
disturb this stratification and inflow of saline groundwater into the upper primary
aquifer may occur. This will be monitored by SRK Consulting during and after
construction of Koeberg 165 MW PBMR Unit 3, as part of a separate project.
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Figure 4.13: Groundwater quality in the study area of the proposed Duynefontein Site
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4.3.5 Groundwater Potential

Yields of >10 L/s are obtained from production boreholes in the Witzand and
Silwerstroom Wellfields north of the Site. Boreholes drilled into sands along the
north-eastern parts of the study area were reported to yield in excess of 5 L/s
(Parsons, 2002). However, boreholes drilled into the Malmesbury Group Aquifer yield
considerably less, i.e. <2 L/s. This is consistent with the findings by Meyer (2001) in
his assessment of the Malmesbury Group Aquifer. Exploration boreholes drilled in
the shale at the regional landfill site yielded between 0.1 and 0.3 L/s (Parsons and
Flanagan, 2006).

Atlantis is largely dependent on groundwater for its water supply. Based on Parsons’
(1999) estimated groundwater usage figures, about 8.5 Mm®a of groundwater is
abstracted from the primary aquifer system. Groundwater is also used in the study
area as a source of water to smallholdings and for brick making and sand mining
(Parsons and Flanagan, 2006). Groundwater is predominantly used for small-scale
vegetable farming, water for horses and irrigation of commercial lawn. Twelve
boreholes were initially drilled to supply process water at the Koeberg Nuclear Power
Station, but they have not been used during the past few years due to high EC levels
(Parsons and Flanagan, 2006). Reticulated municipal water is available to most
smallholdings in the study area from a pipeline constructed during 2002, but is used
to a limited extent by the smallholdings because of the high cost thereof.
Groundwater is still the preferred choice for water supply (Parsons and Flanagan,
20086).

Estimates of recharge (as a percentage of rainfall) in the study area were presented
by Bredenkamp and Vandoolaeghe (1982), Vandoolaeghe and Bertram (1982),
Bertram et al. (1983), Fleisher (1990), and others. Average recharge was estimated
to be between 10 and 30 % of MAP, with Fleisher (1990) suggesting it to be 16 % of
MAP.

The Atlantis Aquifer is classified as a sole source aquifer system (Parsons, 1995).
Although smallholdings in the study area are dependent on groundwater, a reticulated
pipeline was constructed during 2002. The primary aquifer system towards the
eastern parts of the study area is therefore classified as a major aquifer system
vulnerable to anthropogenic impacts (Parsons and Flanagan, 2006). The
Malmesbury Group Aquifers is classified as minor aquifer systems, as these aquifers
have low borehole yields, produce groundwater with variable quality and are of limited
significance (Parsons, 1995). The minor aquifers have a moderate to low
vulnerability to anthropogenic impacts.

The Duynefontein Site (existing Koeberg Power Station) overlies two aquifer systems,
namely a primary aquifer and the secondary Malmesbury Group Aquifer. The former
is approximately 13 m thick and groundwater levels are generally 7 mbgl. The
thickness of the secondary, fractured aquifer is not known. Groundwater is
interpreted to flow in a south-westerly direction, away from two significant wellfields
that supply drinking water to Atlantis and surrounding areas.
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Brazil

Extent and Physiographic Setting

The Site is situated along the west coast in the Northern Cape Province
approximately 16 km south of Kleinzee (Figure 4.14). The Site falls within quaternary
catchment F40A and in the Lower Orange Water Management Area (WMA). 1t is
located within the municipal boundaries of the Nama Khoi Municipality, and is situated
on the farm Brazil, which is approximately 5 930 ha in extent. For the purposes of
this study a 50 km radius around the Site has been considered.

The Site is situated on a broad Cenozoic coastal plain about 30 km wide which is
bordered in the east by the Great Escarpment and the Bushmanland Plateau. The
site consists of a rocky spur protruding into the sea which is flanked by a small
embayment to the north. The topography is characterised by a small fore-dune
complex immediately adjacent to the coast with the highest elevation of about
9 m.amsl. Further inland the general elevation depresses to about 5 m.amsl in the
middle of the study area and then gradually rises towards the east. The coastal dune
ridge is unconsolidated but stabilized by vegetation while patches of semi-
consolidated sand occurs further inland. No active dunes occur in the 50 km radius
with all the unvegetated areas being caused by mining excavations, kelp collecting
activities and roads. Goraap se Kop is situated about 6 km to the north of the Brazil
site and reaches an elevation of approximately 188 m.amsl (Figure 4.14).

The area is extremely dry and has a winter rainfall with a mean annual precipitation of
approximately 75 mm on the coastline increasing to 160 mm per annum in the upper
catchments. Rainfall varies between 63 mm and 166 mm with an average mean
annual rainfall of 108 mm and a standard deviation of 19 mm.

There are no rivers in F40A and local drainage is towards the ocean. Drainage in
F30G is to the non-perennial Buffels River whilst in F40D it is towards the non-
perennial Swartlintjies River.

Geology

The basement rocks in the project area comprises granites, gneisses and
meta-quartzites of the Namaqualand Metamorphic Complex and have varying ages
from 1,170 to 2,000 million years. The basement rocks are overlain by quartzitic
sandstones and schists of the Stinkfontein Sequence, Gariep Belt which has an age
varying from 720 to 900 million years (Figure 4.15).

The surficial rocks consist mainly of a series of diamondiferous marine and fluvial
gravels, and sandstones of the Miocene and younger age. They mostly occur
adjacent to the coast and in the upper reaches of the Buffels River.

In the offshore region the basement rocks are overlain by Cretaceous and Tertiary
sediments which in turn are overlain by unconsolidated Quaternary sand.

Most of the basement rocks at the Site consist of fine to medium grained
hornblende-bearing Brazil granite. Amphibiolite dykes or ampbhibiolite-rich zones
occur in the granites. The amphibiolite-rich zones are more prone to weathering and
this has been the cause of the deeper weathering of the basement along the central
north-south axis of the site. Scattered and thin deposits of boulders cobbles and
calcrete occur on top of the granite.
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Figure 4.14: Study area extent and physiography of  the proposed Brazil Site
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Figure 4.15: Simplified geology in the study area o  f the proposed Brazil Site
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4.4.4

Regional high grade metamorphic and large scale folding of the Namaqualand
basement rocks characterises the earliest deformational events some 1 150 years
ago. Two extensive shears, related to this event, extend through the project area.
These shears are referred to as the Ratelpoort and the Kameelboom Shears. The
Ratelpoort Shear appears to die out westward and appears to be cut off by a later
granite intrusion referred to as the Brazil or Goraap granite.

Groundwater Occurrence

Two types of aquifer occur in the study area, namely intergranular (primary) aquifers in
the unconsolidated sediments such as river beds or surficial deposits and fractured-rock
(secondary) aquifers in the crystalline basement rocks (see Figure 4.16).

Two intergranular aquifers of note, namely the Spektakel Aquifer and Schulpfontein-
Noup Aquifer, occur in the region. The Spektakel Aquifer, which falls just outside the
50 km buffer zone, is formed by the alluvial sediments of the Buffels River, where it exits
the Spektakel Escarpment, on its way to the Atlantic Ocean ~74 km away at Kleinzee.
The Agquifer is located ~15 km east of Komaggas and previously supplied water to
Springbok, Nababeep and O’Okiep, i.e. prior to the construction of the Henkries water
supply scheme from the Orange River. A scheme is currently being constructed from
this aquifer to augment Komagga's water. The Schulpfontein-Noup Aquifer, which is
formed by alluvial deposits in a palaeochannel, is located some 10 km east of the Site
(Figure 4.16). Of lesser importance are secondary or fractured-rock type aquifers
develop where the crystalline bedrock has been fractured by structural deformation such
as faults, joints, cleavage and folds. In the study area this type of aquifer is poorly
developed.

The regional groundwater flow pattern is towards the coast but locally the flow is from
the watersheds towards the Buffels and Swartlintjies Rivers. The DWAF’s Groundwater
Resource Assessment Phase 2 project (DWAF, 2005), reports that the average
groundwater depth in the F40A Quaternary catchment is ~48 m.bgl.

Groundwater Quality

According the DWAF’s (2001) 1:500 000 Hydrogeological Map the groundwater salinity,
measured as Electrical Conductivity (EC), in the study area ranges between 300 and
1,000 mS/m immediately around the Site while further east at Komaggas and the
Schulpfontein-Noup Aquifer the EC’s ranges between 70 and 300 mS/m (Figure 4.17).
The EC of the groundwater in the Spektakel Aquifer also ranges between 70 and
300 mS/m. Water with an EC’s of >300 mS/m is of poor quality and unfit for human
consumption, whilst water with an EC of between 70 and 300 mS/m is brackish and of
marginal quality for human consumption. Water with an EC between 150 and
370 mS/m is not fit for long term human consumption (SABS 241, 2006).

According to the DWAF (2001) the hydrochemical types indicate that the dominant
cations are Na+ and/or K+, while the dominant anions are Cl- and SOA4.
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Figure 4.16: Groundwater map of the study area for  the proposed Brazil Site
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Figure 4.17: Groundwater quality in the study area of the proposed Brazil Site
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4.4.5

4.5

45.1

Groundwater Potential

The 1:500 000 hydrogeological maps gives a relative indication of permeability. The
lowest of the five median yield classes, which is 0.1 L/s in this area, would indicate a
very low permeability. The Exploitability Factor (EF) developed in the GRA Phase 2
project (DWAF, 2005) established a factor of 0.2 for this area, also indicative of low
permeabilities. The area has a yield ranging from <0.1 L/s in the west to 0.1 — 0.5 L/s in
the east (Figure 4.16).

According to DWAF (2001) the area surrounding the Brazil site may be classified as a
Poor Aquifer region having a low to negligible yielding aquifer system of moderate to
poor water quality.

The vulnerability of an aquifer system is defined as “the tendency or likelihood for
contamination to reach a specified position in the groundwater system after introduction
at some location above the uppermost aquifer”. The area around the Site has been
classified as being “least” vulnerable. The susceptibility is defined as “the qualitative
measure of the relative ease with which a groundwater body can be potentially
contaminated by anthropogenic activities and includes both aquifer vulnerability and the
relative importance of the aquifer in terms of its classification”. The area around the Site
is described as being a poor aquifer of least vulnerability. (DWAF, 2001).

According to DWAF (2005) groundwater use in the area is for domestic and municipal
purposes in the town of Kommagas where ~140,000 m*annum is abstracted from
boreholes. A pipeline is currently being constructed to augment Komaggas’'s water
supply from the Spektakel Aquifer. The long term yield potential of the Spektakel Aquifer
has been estimated as ~700,000 m*¥annumnnum whilst abstraction from the Aquifer by
the Buffelsrivier community and a few farmers’ amounts to ~160,000 m*/annum (SRK
2006).

The Noup-Schulpfontein Aquifer, which occurs in the study area, has an estimated yield
potential of ~540,000 m*annum whilst abstraction by the Koiingnaas Mine is reportedly
~216,000 m3/annum (SRK, 1990).

Overall the Site and most of the study area would be considered a Non-Aquifer or Poor
Groundwater Region.

Schulpfontein

Extent and Physiographic Setting

The Site falls within quaternary catchment F40A and in the Lower Orange Water
Management Area (WMA). It is located within the municipal boundaries of the
Kamiesberg Municipality, on the farm Schulpfontein, which is approximately 9 023 ha.
For the purposes of this study a 50 km radius around the Schulpfontein site has been
considered. (Figure 4.18).

Similar to the Brazil site, the Site is located on a broad Cenozoic coastal plain about
30 km wide which is bordered in the east by the Great Escarpment and the
Bushmanland Plateau. The coastal plain is generally fairly flat and consists of dune
fields which rise gently towards the escarpment. The coastline consists of a virtually
unbroken line of rocky outcrop of approximately 50 — 100 m wide with very little
outcrop on the coastal plain.
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Figure 4.18: Study area extent and physiography of  the proposed Schulpfontein Site
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45.2

The Site is situated between two small embayments in the coastal outcrops on very
homogeneous basement rock. The topography rises gradually from sea level to about
20 m.amsl| immediately inland of the site. The thin overlying dune sand is mostly
semi-consolidated and well vegetated with odd patches of unvegetated calcrete,
calcretic sand and basement outcrop. The area surrounding Schulpfontein is very flat
with active dunes occurring about 7 km further north along the coast and 5 km inland
from the site.

The area is extremely dry and has a winter rainfall with a mean annual precipitation of
approximately 75 mm on the coastline increasing to 150 mm per annum in the upper
catchments. Rainfall varies between 45 mm and 180 mm with an average mean
annual rainfall of 108 mm and a standard deviation of 19 mm.

The high pressure system over the Atlantic Ocean prevails in this region which
causes a predominantly southerly wind. These winds are strongest during summer. A
shift from south southeast directions offshore to south southwest inland have been
noted and has been attributed mainly to the topography. During the winter seasonal
berg winds occur.

There are no rivers in F40A and local drainage is towards the ocean. Drainage in
F30G is to the non-perennial Buffels River whilst in F40D it is towards the non-
perennial Swartlintjies River.

Geology

The basement rocks in the project area consist of granites, gneisses and quartzites of
the Namaqualand Metamorphic Complex and has varying ages from 1 170 to
2 000 million years. The basement rocks are overlain by quartzitic sandstones and
schists of the Stinkfontein Sequence, Gariep Belt which has an age varying from 720 to
900 million years. (Figure 4.19).

The surficial rocks consist mainly of a series of diamondiferous marine and fluvial
gravels, and sandstones of the Miocene and younger age. Vegetated stabilised dunes
cover most of the area. However, some active dunes occur adjacent to the coast.

In the offshore region the basement rocks are overlain by Cretaceous and Tertiary
sediments which in turn are overlain by unconsolidated Quaternary sand.

The basement rocks consist of homogeneous Nababeep Gneiss with a very consistent
and uniform structure. Minor volcanic rock occurs and a calcrete bank of approximately
1 m in thickness overlies the basement gneiss. A semi-consolidated medium to fine
grained sand forms a thin covering of approximately 2 m over the site.

Regional high grade metamorphic and large scale folding of the Namaqualand
basement rocks characterises the earliest deformational events some 1 150 years ago.
Two extensive shears, related to this event, extend through the project area. These
shears are referred to as the Ratelpoort and the Kameelboom Shears. The
Kameelboom Shear follows the course of the Swartlintjies River, which occurs south of
the Schulpfontein Site.

The structural features of the Site show a very clear relationship to the Pan Africa (600
million years) or older events. Several north-south faults are reported to intersect the
coastline and a penetrative fabric largely obliterating earlier formed structures. Most of
the faults are low to high angle thrust faults with westerly dips.
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Figure 4.19: Simplified geology in the study area o  f the proposed Schulpfontein Site
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45.5

Groundwater Occurrence

Two types of aquifer occur in the study area, namely intergranular (primary) aquifers in
the unconsolidated sediments such as river beds or surficial deposits and fractured-rock
(secondary) aquifers in the fractures of the crystalline basement rocks (Figure 4.20).

Locally, the only major aquifer in the Schulpfontein area is the Schulpfontein-Noup
Aquifer, which consists of lenses of sand, gravel and interbedded clay in a
palaeochannel of Quaternary age (SRK, 1990). The saturated aquifer horizons are
overlain by approximately 40 m of unsaturated sediments of similar lithology.

The regional groundwater flow pattern is towards the coast but locally the flow is from
the watersheds towards the river channels. The DWAF's Groundwater Resource
Assessment Phase 2 project (2005) reports that the average groundwater depth in the
quaternary catchment F40A is ~48 mbgl|.

Groundwater Quality

According the DWAF’s (2001) 1:500 000 Hydrogeological Map the groundwater salinity,
measured as Electrical Conductivity (EC), in the study area ranges between 300 and
1000 mS/m immediately around the Site while further east at Komaggas and the
Schulpfontein-Noup Aquifer the EC’s ranges between 70 and 300 mS/m (Figure 4.20).

Water with an EC of >300 mS/m is of poor quality and unfit for human consumption,
whilst water with an EC of between 70 and 300 mS/m is brackish and of marginal quality
for human consumption. Water with an EC between 150 and 370 mS/m is not fit for
long term human consumption (SABS 241, 2006).

According to DWAF (2001) the area surrounding the Site may be classified as a poor
aquifer region which means that it can be described as having a low to negligible
yielding aquifer system of moderate to poor water quality. This is supported by DWAF’s
(2001) 1:500 000 Hydrogeological Map data which shows an EC ranging between 300
and 1 000 mS/m immediately around the site while further east, where the
Schulpfontein-Noup Aquifer extends through the Site, the EC ranges between 70 and
300 mS/m (Figure 4.20).

Groundwater Potential

The 1:500 000 hydrogeological maps gives a relative indication of permeability. The
lowest of the five median yield classes, which is 0.1 L/s in this area, would indicate a
very low permeability. The Exploitability Factor (EF) developed in the GRA Phase 2
project (DWAF, 2005) established a factor of 0.2 for this area, also indicative of low
permeabilities. The area has a yield ranging from <0.1 L/s in the west to 0.1 — 0.5 L/s in
the east (Figure 4.21).

The Noup-Schulpfontein Aquifer, which occurs in the study area, has an estimated yield
potential of ~540,000 m*annum whilst abstraction by the Koiingnaas Mine is reportedly
~216,000 m¥annum (SRK, 1990). A relatively small amount of groundwater is also
pumped from a dug well located ~5 km southeast of the Site for water supply to the
Noup Caravan Park and some bungalows.
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Figure 4.20: Groundwater quality in the study area of the proposed Schulpfontein Site
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Figure 4.21: Groundwater map of the study area for  the proposed Schulpfontein Site
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The vulnerability of an aquifer system is defined as “the tendency or likelihood for
contamination to reach a specified position in the groundwater system after introduction
at some location above the uppermost aquifer”. The area around the Site has been
classified as being “least” vulnerable. The susceptibility is defined as “the qualitative
measure of the relative ease with which a groundwater body can be potentially
contaminated by anthropogenic activities and includes both aquifer vulnerability and the
relative importance of the aquifer in terms of its classification”. The area around the Site
is described as being a poor aquifer of least vulnerability. (DWAF, 2001).

Overall this area would be considered a Non-Aquifer or Poor Groundwater Region.
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IMPACTS AND MITIGATION MEASURES

Project Impacts and Mitigation Measures

Project Impacts on the Environment

These will be related to the two main phases of site development, i.e. construction
and operation. Potential impacts during construction are listed in Table 5.1 below.

Table 5.1: Summary of Impacts during Construction

Action

Possible Impacts

Dewatering of the foundation/footprint
excavation

Lowering of the water table

Seawater intrusion

Drying up of coastal springs/seeps
Increased drawdown/decreased yields in
production boreholes

Drying-up of wetlands

Pumping of groundwater for construction
use

Lowering of the water table

Seawater intrusion

Drying up of coastal springs/seeps
Increased drawdown/decreased yields in
existing production boreholes

Drying-up of wetlands

Diesel/fuel spillages

Contamination of groundwater by
hydrocarbons

On-site sanitation

Contamination of groundwater by
organics (e.g. nitrates) and bacteria

Table 5.2: Summary of Impacts during Oper

ation

Action

Possible Impacts

Release of radioactivity under normal
operational conditions

Contamination of the local Primary
Aquifer

Release of radioactivity under incident
conditions

As above plus possible regional
groundwater contamination through air
emissions being carried inland and then
being incorporated into rainfall recharge

Diesel/fuel spillages

Contamination of groundwater by
hydrocarbons

On-site sanitation

Contamination of groundwater by

organics (e.g. nitrates) and bacteria
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5.2

521

5.2.2

Mitigation Measures

Table 5.3: Mitigation measures during Construction

Action Mitigation Measures

Dewatering Cut-off/diaphragm wall
Water level monitoring

Pumping Water level monitoring

Spillages/on-site sanitation

Good housekeeping.
Emergency response procedure plan
Quality monitoring

Table 5.4: Mitigation measures during Operation

Action

Mitigation Measures

Release of radioactivity

Quality monitoring (tritium) — site/regional

Spillages/on-site sanitation

Good housekeeping.
Emergency response procedure plan
Quality monitoring

Environmental Impacts and Mitigation Measures

Impacts of the Environment on the Project

The main impact is seen to be the effect of corrosive/aggressive groundwater on
foundations and buried services. This is mainly restricted to the bedrock aquifers as
the Bredasdorp and Sandveld Aquifers contain abundant calcrete and this

groundwater is alkaline.

Mitigation Measures

Use of salt/sulphate resistant cement, PVC and stainless steel fittings.
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6.1

6.2

SITE SENSITIVITY ANALYSIS

Criteria for Site Sensitivity Analysis

In terms of Geohydrological considerations these criteria are listed below:

Depth to groundwater level
Aquifer potential
Permeable soils

Aquifer vulnerability
Existing groundwater use
Coastal springs/seeps
Wetlands

Groundwater quality

Surface water/groundwater interaction

Site Sensitivity

Being coastal sites, with groundwater near the end of its flow path, all sites are likely
to have shallow water tables, probably <5 mbgl. All have permeable sandy surface
soils, although calcrete layers will impede vertical movement of groundwater.

On a regional scale the aquifers at the Koeberg, Bantamsklip and Thyspunt are
classified as Major Aquifers, while those at Brazil and Schulpfontein are classified as
Poor Aquifers (Parsons and Conrad, 1998). Such classifications need to be reviewed
at the more detailed local scale.

With respect to vulnerability, the aquifers at Koeberg and Thyspunt are rated as Most
Vulnerable, with the other three sites rated as Least Vulnerable (Parsons and Conrad,
1998).

There is existing groundwater use in proximity to all the sites except Brazil.

Groundwater quality is poorest at Brazil and Schulpfontein and best at Bantamsklip
and Thyspunt.

There is no surface water drainage at any of the sites due to the permeable sandy
soils present. However, there are perennial rivers in proximity to the Koeberg,
Bantamsklip and Thyspunt sites.
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6.3 Discussion and Recommendations

At this Report level it has only been possible to list criteria and provide some very
basic comments/pointers. In the detailed site evaluation phase to follow these criteria
will be firmed-up and the sites will be ranked using standard methodologies and

weightings.
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7 CONCLUSIONS

Based on the initial summary information provided in the above sections, the following
preliminary conclusions are drawn:

Being coastal sites the nuclear footprint/island will be located near the end of the
groundwater flow path, with no downstream groundwater users;

The receiving environment/downstream receptor of any direct contamination will
be the shore zone/sea;

There is a dual aquifer system at each site comprising an upper unconfined
intergranular aquifer and a lower semi-confined fractured rock aquifer. These
aquifers are likely to be in hydraulic connection, with an upward component of
flow in the fractured rock aquifer;

There are municipal and other groundwater supply schemes in proximity to all the
sites except for Brazil. Leaks of radioactivity would not affect such users directly.
However, air emissions could be transported inland by prevailing winds and
contaminate such groundwater by being incorporated into rainfall recharge;

Impacts of the project on the environment will be limited to the sites themselves
during construction and operation, barring possible air emissions of radioactivity.
Mitigation measures include containment of groundwater level and quality impacts
and monitoring;

Geohydrological considerations should not be a constraint on development of any
of the sites as nuclear power stations.
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