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Abstract 

South Africa has a coal based energy economy and the use of coal is likely to increase as new 

coal fired electricity generation stations and coal-to-liquids plants are built.  This is 

exacerbated by the decision of the electricity utility to delay the construction of further 

nuclear powered electricity generation stations. Notwithstanding the introduction renewable 

energies and energy efficiency measures, the use of fossil fuels is therefore expected to 

increase.  At the South African Climate change Summit held during March, 2009, it was 

announced that South Africa will increase its carbon dioxide emissions until 2020-25, plateau 

for ten years and thereafter decrease emissions in real terms.  Capture and storage is being 

investigated as a measure to mitigate the emissions of green-house gas emissions – a Centre 

for Carbon Capture and Storage established 30 March, 2009.  Already some preliminary 

studies have indicated some potential, and the completion of a carbon geological storage atlas 

by mid 2010 is expected to result in more accurate information. Presently South Africa has 

one nuclear powered electricity generation station providing a mere 2.8% of primary energy 

supply, further stations being postponed.  Currently, high level waste is stored on site of the 

nuclear installations.  Low- and intermediate level wastes are buried in a remote, desert-like 

location.  The government is currently undertaking an investigation into the handling of 

nuclear waste and final disposal to cater for current and future nuclear installations.  A 

National Radioactive Waste Management Institute for the management of all nuclear waste is 

currently the subject of a Bill before Parliament. Separate institutions address carbon dioxide 

storage and radioactive waste and currently there is little interaction between them.  This 

paper will discuss the status of activities regarding carbon capture and storage and radioactive 

waste in South Africa. 

 

Keywords:  carbon capture and storage, nuclear waste, carbon storage geological atlas, South 

Africa 

 

 

1. Introduction 

A coal based energy economy and an increasing coal based energy infra-structure bestows on 

South Africa a high per capita carbon dioxide emission rate.  With few other economically 

exploitable energy resources, and in common with similarly placed countries, such emissions 

are likely to continue, in spite of renewable energy programmes and energy efficiency 

measures.  Consequently, South Africa is investigating the use of carbon capture and storage 

as a green-house gas emission mitigation measure – as a transition measure until renewable 

and nuclear energies can play a greater part in the South African energy economy.  Such an 

investigation is reinforced by Eskom’s (South Africa’s electricity generation utility) recent 

announcement that it has postponed its next nuclear electricity generation build – leading to 



 

2 

the further likely coal-fired build beyond that already planned. 

 

Only 2.8% of South Africa’s primary energy supply [~6% electricity] is sourced from nuclear, 

and that percentage is forecast to decrease as more coal fired electricity generation stations are 

under construction and planned.  As a consequence of the delay in further nuclear build, there 

is a need to focus on ameliorating the emissions from coal fired stations. 

 

A preliminary study commissioned by the Department of Minerals and Energy of the CSIR 

indicated that there were captureable sources of carbon dioxide in South Africa and that there 

were also storage possibilities (Engelbrecht et al, 2004).  A workshop of stakeholders 

commissioned by the Department of Minerals and Energy and organised by the South African 

Fossil Fuel Foundation and held during June, 2006 came to two conclusions: 

(a) Carbon capture and storage should be investigated in South Africa; and 

(b) Storage should be focused on geological sites. 

 

In order to develop capacity, both human and technical, in this relatively new field, a Centre 

for Carbon Capture and Storage commenced operations 30 March, 2009 within the South 

African National Energy Research Institute.  The purpose of the work of the Centre is to lead 

a state of ‘Country readiness’ and to a Carbon Capture and Storage Demonstration Plant by 

the year 2020. 

 

 

2. Greenhouse Gas Emissions and Carbon Capture and Storage in South Africa 

During the year 2000 total carbon dioxide emissions were 426 million tonnes of which 59% 

or 249 million tonnes were deemed to be captureable.  Of the latter figure, 65% was attributed 

to electricity generation stations (Engelbrecht et al, 2004).  However, the most promising 

source is from the synthetic fuel industry that emits nearly 30 million tonnes of approximately 

95% concentration carbon dioxide per year – to a large extent the capture component has 

already been done. 

 

2.1 Geological Storage of Carbon Dioxide in South Africa 

South Africa is considering the following types of carbon dioxide geological storage sites: 

o Depleted Oil and Gas Wells – South Africa has a dearth of oil and gas reserves.  The 

little it has is primarily gas [off-shore with some condensate off-take] that is converted 

into liquid fuels.  Some of these wells have come to the end of their lifetime and others 

are nearing the end of their production; 

o Unmineable Coal Seams – Some studies are being undertaken to investigate the 

storage of carbon dioxide in unmineable coal seams.  However, such an action could 

sterilise the coal for later technology advances and exploitation. 

o Deep Saline Aquifers – offer the best option for carbon dioxide storage in South 

Africa.  This will be addressed in detail in section 2.2 below. 

 

2.2 Preliminary Calculations for Geological Storage of Carbon Dioxide in Deep 

Saline Aquifers 

In South Africa very little (if any) exploration has been done specifically for deep-seated 

saline aquifers.  Although geophysical exploration for deep-seated mineral deposits and the 

geological structures that host them have been successfully undertaken (e.g. the 

Witwatersrand gold deposits and Bushveld Complex), this has not been done for fresh water 

or saline aquifers.  Generally fresh or potable water resources are explored for at depths of 

less than 100m, whereas in a few cases, e.g. the Kalahari basin and the Peninsula Formation 
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(Western Cape) have been explored to depths of up to ~500m.  However, for the safe storage 

of CO2, aquifers with the requisite architecture are necessary at depths of greater than 800m. 

 

South Africa is well endowed with mineral resources, but poorly with oil- and gas rich 

reservoirs.  Most of these mineral resources, excluding coal, occur in dense crystalline rocks 

that typically have low porosity and are therefore unlikely candidates for CO2 storage.  

Excluding these crystalline (metamorphic and igneous) rock formations, the Karoo 

Supergroup – Figure 1 - is the only on-shore sedimentary basin that is likely to contain viable 

storage reservoirs and caprock formations.  

 

 
Figure 1: Settings of the Karoo basins in southern Africa (from Johnson et al., 2006) 
 

<INSERT FIGURE 1 HERE> 

 

The bulk of the Karoo strata occur in the main basin that covers an area of approximately 

700,000 km
2
.  Significant deposits of Karoo strata also occur in the smaller Springbok Flats, 

Ellisras, Tshipese and Tuli satellite basins – Figure 1.  Also noteworthy are the large tracts of 

Karoo strata that occur in Botswana, much of which is covered by the younger semi-

consolidated porous Kalahari basin sediments. A narrow strip of Karoo rocks also occur in a 

linear belt along the eastern margin of South Africa (Johnson et al., 2006). 

 

The Karoo Basin ranges in age from 350 - 180 million years and attains a cumulative 

thickness of ~12 km in the south east, whereas to the north it thins out to a thin veneer that 

eventually disappears only to reveal older crystalline basement rocks.  The major stratigraphic 

units of the Karoo Supergroup crop out concentrically around the main basin.  In the southern 

part of the basin the strata have northerly dips, but elsewhere the rocks are essentially flat 

lying with slight centripetal dips. 
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The pro’s and cons of three potential CO2 storage areas are discussed below in the light of 

information available in the literature.  The storage capacities suggested for the respective 

areas are theoretical estimates (CSLF, 2007) assuming that the entire rock volumes mentioned 

are available to store CO2 in all of the available pore space. These values represent maximum 

upper limits to the capacity estimates which are unrealistic because in reality there are always 

physical, technical, regulatory and economic limitations that prevent full utilisation of such 

storage capacities. Furthermore, the assessments presented here are based mainly on 

stratigraphic information available in the textbook of Geology of South Africa (Johnson et al., 

2006).  Although the accuracy of the data is good for specific (measured) localities, those of 

intermediate and subsurface locations are mostly generalised (interpolated from figures and 

tables in Johnson et al, 2006). 

 

2.2.1 Storage Prospectivity of Area A 

Area A (Fig. 2), previously proposed by Engelbrecht et al. (2004), here referred to as the 

‘Vryheid Formation Area’, was estimated to have a CO2 storage capacity of 183 Gt.  This 

estimate is essentially based on an average sandstone thickness of 350 m, a strike length of 

350 km, a down dip length of 75 km and an effective storage volume of 2%.  The burial depth 

was assumed or calculated to be between 800 – 3000m.  If this were the case, the estimated 

storage capacity would probably be a reasonable estimate taking into account their cautionary 

remarks. 

 

 
Figure 2: Schematic map illustrating the distribution of the lithostratigraphic units of the Main Karoo 

Basin (from Johnson et al., 2006) and the location of the five [A,B,C,D,E] prospective CO2 storage 

areas, which are discussed in the text. The yellow arc depicts an area approximately 300 km from 

Secunda, an area in which several large CO2 emitting point sources. 
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<INSERT FIGURE 2 HERE> 

 

However, the stratigraphic profile of the Karoo Supergroup in Area A is wedge-shaped – 

thickening towards the south and therefore uncertain.  A maximum thickness of the Karoo 

Supergroup in Area A is probably less than 700 m and not the 800 – 3000 m as suggested 

above (Engelbrecht et al., 2004).  If one were to subtract the suggested average reservoir 

thickness of 350 m, the depth below surface would be in the order of 300 – 400 m, which 

would be insufficient for the safe storage of CO2.  

 

2.2.2 Storage Prospectivity of Area B 

Area B is situated approximately ~200 km southwest of Area A, which includes parts of the 

northern and eastern Free State, the KwaZulu-Natal Highlands and the northern half of 

Lesotho.  The distance of Area B from the major CO2 point sources would fall roughly around 

the 300 km mark (see yellow stippled arc).  Two potential target storage areas exist, firstly the 

deeper Vryheid Formation sandstones and, secondly, the shallower Molteno and Clarens 

Formation sandstones.  Calculations indicate that approximately 80GT storage could be 

available. 

 

2.2.3 Prospectivity of Area C 

If the Vryheid Formation is targeted for storage from areas overlain by at least the Elliot 

Formation and stratigraphically higher ground, there should be ample caprock to retain 

injected CO2.  The caprocks would consist of Volksrust Formation and the entire Beaufort 

Group comprising close to 2000 m of mudrocks and some subordinate sandstones (see Fig. 

16, Chapter 22, Johnson et al., 2006). 

 

According to available stratigraphic information, the Vryheid Formation is expected to thin 

towards the west and south until it finally disappears against a NW-SE trending lateral 

transition zone beneath central Lesotho (Johnson et al., 2006).  The lateral transition is a zone 

in which the Vryheid Formation sandstones cross over into impermeable mudrocks, which is 

taken to be the south-western storage boundary of Area B. 

 

If requisite CO2 reservoir storage characteristics exist for the Vryheid Formation beneath the 

Drakensberg basalts, the target storage zone would be situated at depths of about 2000 – 

3000 m.  Alternately, if sites inside Lesotho cannot be secured for CO2 injection, it is 

estimated that suitable injection could still be achieved from areas within South Africa, but 

only on land surfaces that are stratigraphically higher than the Elliot Formation.  For the 

latter, storage could still occur nearly 2000 m below the Elliot Formation. 

 

If an average sandstone thickness of 150 m for the Vryheid Formation within Area B and an 

aerial extent of 200 km by 140 km (schematically represented by the blue box B in Figure 2) 

is assumed with an effective storage volume of 2%, the pore space for 1km
2
 would be in the 

order of 3 million m
3
.  It follows then that for an area of 28,000 km

2
 a total pore space of 

84,000 million m
3
 could be expected that would accommodate in the order of 80 Gt CO2.  

 

2.2.4 Storage Prospectivity of Area C 

The viability of using the Molteno- and Clarens Formations beneath the Lesotho basalts is not 

certain and will have to be determined by a systematic multi disciplinary evaluation.  It is 

conservatively assumed that the Clarens Formation sandstone storage prospects will have too 

low effective porosities and those of the more deeply buried Molteno Formation with its 
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coarser sandstone beds and Elliot Formation caprock, to have suitable storage prospects.  For 

the Molteno Formation the presence of a subtle dip and concomitant thickening towards the 

south, which could be useful for down dip transfer of the denser, CO2-laden formational 

waters, will extend storage capacity.  

 

The total depth below surface of the Molteno Formation may be as much as 2000m and over 

small distances as little as 1000m (or less) due to the deeply incised river valleys.  The 

effective pore volumes are estimated to be twice as much (4%) as that of the Vryheid 

Formation.  It is estimated that storage beneath the Elliot Formation caprock may 

accommodate a plume of 80 x 80 km and 80 x 160 km if down-dip flow is modelled.  An 

average thickness of 100m for the sandstone in the northern part of Area C is estimated, 

whereas this is expected to increase farther south.  It is thus deduced that 1km
2
 would have an 

effective pore volume of 4 million m
3
 and that an area of (80 x 80Km) 6400 km

2
 would 

amount to a storage space of 25,600 million m
3
.  At the prevailing pressures such a volume 

would be able to accommodate the storage of ~24 Gt and if down-dip storage is modelled ~48 

Gt of CO2 could be a possibility.  If down-dip flow of CO2 is possible, an additional 

advantage would be that northerly injection sites could be used limiting the need to extend 

costly CO2 pipelines further south. 

 

2.2.5 Storage Prospectivity of Areas D and E 

Area D (Figure 2) is underlain by Molteno Formation sandstones and in places sandstones 

containing (uneconomical) low-grade coal measures following a broad east-west trending 

belt, also known as the Molteno Coalfield.  At depth, a zone from ~1000 to 2000 m deep, 

thick sandstone-rich beds of the Katberg Formation occur that could constitute excellent 

storage prospectivity.  Between the Katberg Formation and the outcropping Molteno 

Formation, ~1000 m of caprock mudstone of the Burgersdorp Formation are expected.  

Towards the north the Katberg Formation sandstone beds are expected to grade into mudrocks 

of the Tarkastad Subgroup due to the existence (at depth) of a northerly transition zone 

(Johnson et al., 2006).  The low-grade coalbeds of the Molteno can, nevertheless, present 

some interesting development opportunities, should CO2 be laid on for deep storage. 

 

Area E (Figure 2), on the other hand, would be much closer to the coastal development nodes, 

requiring much reduced pipeline transfer costs.  The area is also conveniently situated in a 

region where the Karoo Supergroup attains maximum thicknesses and thus its greatest storage 

prospectivity.  Storage in these parts should target the 600 to 1000m thick Ripon Formation 

sandstones, but taking note also that the strata are folded, implying that anticlinal structures 

would need to targeted.  The stratigraphic columns also indicate the presence of adequate 

caprock to ensure safe storage.  The only problem may be the requisite permeability in the 

sandstones, a feature that may be found in old oil exploration data or by first hand drilling. 

 

2.2.6 Storage Prospectivity of the smaller Karoo Basins 

Significant smaller deposits of Karoo strata occur north of the main basin and are known as 

the Springbok Flats, Ellisras, Tshipise, and Tuli Basins (Figure 1).  From a CO2 storage point 

of view some salient features warrant mentioning.  It is evident that none of the smaller basins 

exceed the 800m thickness mark and all contain appreciable amounts of coal, especially the 

Ellisras basin. 

 

2.3 Summary of CO2 Storage Capacity 

Noting the above discussion and the uncertainties therein, an estimate for the potential for 

storage of CO2 in South Africa is summarised in Table 1. Storage capacity estimates for areas 
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Areas D and E have not been attempted due to geological uncertainties and are therefore not 

listed in Table 1. 

 

AREA NAME ESTIMATED STORAGE 
POTENTIAL 

Gigatonnes CO2 

A Vryheid Formation 0 (183) 

B Free State, KwaZulu 
Natal & Lesotho 

80 

C Molteno & 
Clarens Formations 

24 

TOTAL  ~104 (~287) Gt 

 

Table 1:   Estimated carbon dioxide storage potential in South Africa for three deep saline 

aquifer formations. 

 

 

<INSERT TABLE 1 HERE> 

 

Omitting the Vryheid formation, that may be too shallow, the calculated storage capacity for 

only the deep saline aquifer areas B and C is 104 Gt.  If one considers that approximately 

10% of emissions [40 million tonnes per year] could be captured and stored, then a 100 year 

operation would require a storage capacity of 4 Gt.  The above calculated capacity exceeds 

this requirement by over twenty five times and provides incentive for further investigation. 

 

2.4 Carbon Dioxide Geological Storage Atlas 

A study is underway to produce a detailed carbon dioxide geological storage atlas for South 

Africa.  Using currently available data, it will locate and characterise potential storage sites.  

The study for the Atlas will not only address the above discussed deep saline aquifer 

potential, but will also address all possible on-shore and off-shore carbon dioxide geological 

storage possibilities. 

 

The Atlas is scheduled for completion and publication mid 2010 and will contain a more 

accurate and wider calculation of total storage capacity than that addressed above.  It is 

thereafter anticipated that, based on the information contained in the Atlas, appropriate 

seismic and drilling operations could be undertaken to identify a specific storage site.  Thus, it 

should be possible to schedule an experimental injection of carbon dioxide to test the reaction 

of South African rock to the injected gas. 

 

 

3. Storage/Disposal of Nuclear Waste in South Africa 

 

3.1 Current Sources of Waste 

 

South Africa’s current main sources of nuclear waste are: 

(a) One nuclear powered electricity generation station located at Koeberg near Cape 

Town; 

(b) One research reactor, SAFARI, located at Pelindaba near Pretoria; 

(c) Nuclear waste is also generated from medical and mining sources; and 

(d) Other small sources such as the iThemba accelerators used for basic and applied 
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research, particle radiotherapy for the treatment of cancer and the supply of 

isotopes for nuclear medicine and research.  The iThemba laboratories are based at 

two sites; Western Cape and Gauteng. 

 

The nuclear powered electricity generation station comprises two 900MWe units supplied by 

the French company Framatome to a Westinghouse design.  It is situated at Koeberg on the 

Atlantic coast some 27km almost due north of Cape Town, 33.67
o
S 18.43

o
E.  The design is 

standard PWR, and the units came into operation in 1984 and 1985 respectively.  The high-

level waste comprises spent fuel elements, fully assembled.  These are presently stored in 12-

m deep pools on site.  There are 157 fuel elements in each reactor, one-third of which are 

replaced every 17 months on average.  The decay heat is such that it will take between 30 and 

50 years for the surface of the elements to cool below 100
o
C.  The storage racks were 

originally designed for a total of 275 elements, but in 2002 a new design gave a revised 

capacity of 728 elements per pool (Dell 2003).  At present (2009) there are about 1100 tons of 

fuel elements cooling in the ponds at Koeberg. 

 

Low-level waste, mainly contaminated clothing and cleaning materials, is generated during 

routine operations, and by 2009 amounted to about 1200 tons including the mass of the steel 

drums into which it is compacted.  These are transported about 600km to the storage site at 

Vaalputs (see below, Section 3.4.1).  There is a small quantity of intermediate level waste, 

primarily failed equipment that has been irradiated.  By 2009 it amounted to about 1400 tons 

including the concrete into which it was cast.  It too is transported to Vaalputs. 

 

The Safari-1 research reactor is located at Pelindaba, 25.80
o
S 27.92

o
E.  It is light-water cooled 

tank-type of reactor of 20 MW thermal, to a design by the US firm, Allis Chalmers.  It began 

critical operation in 1965.  It was originally fuelled with 4.5 kg of 90% HEU.  Until 1976, the 

US supplied the fuel; thereafter the fuel elements were produced in South Africa.  During July 

2005, it was announced that in future it would be fuelled by low-enriched (19.5% U
235

) 

uranium rather than high-enriched.  The conversion took over the period 2006 - 2008.  Safari I 

is key to developing isotopes for nuclear medicines.  These isotopes are used in South Africa, 

and exported to more than 50 nations worldwide.  

 

 

3.2 Nuclear Developments in South Africa 

 

3.2.1 Uranium Mining 

 

Uranium production in South Africa has generally been a by-product of gold or copper 

mining.  During 1951 a company was formed to exploit the uranium-rich slurries from gold 

mining and in 1967 this function was taken over by Nuclear Fuels Corporation of South 

Africa (Nufcor), which in 1998 became a subsidiary of AngloGold Ltd.  It produces over 

1000 tonnes U3O8 per year from uranium slurries trucked in from various gold mines and 

from the Palabora copper mine.  Most of South Africa's production is sourced from the Moab 

Khotsong Gold mine operated by Anglo Gold.  The Witwatersrand conglomerates and tailings 

contain up to 80% of South Africa's resources, estimated at 284 000t of uranium. 

 

The tailings from gold mining operations have long been known to contain uranium often at 

economically attractive grades, but the material is not classified as an ore (Lloyd 1980).  The 

tailings contain pyrite and other sulphides, which oxidise on exposure to air to generate 

sulphuric acid, and the sulphuric acid then solubilises the uranium (and other minerals) which 
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are then released into the environment.  However, air is only able to penetrate a few metres 

into the surface of the dumps, which are made of very finely ground material, so it is only that 

uranium in those few metres that is released.  It finds its way into watercourses and is 

immobilised during passage through wetlands.  

 

 

 3.2.2 Uranium Refining 
 

The uranium produced in the mines is shipped as “yellow cake”, a mud of ammonium 
diuranate or “ADU,” to the Nufcor plant situated to the south of Randfontein.  It is extruded 

into pellets and calcined to produce a reasonably pure U3O8 which is drummed for shipment.  

While “reasonably pure”, it still contains a number of impurities, primarily strong neutron 
adsorbers that must be removed before it can be used for fuel preparation. 

 

South Africa has declared an intention to investigate enrichment and possibly also 

reprocessing as part of the total fuel cycle, as discussed in the policy section below.  It clearly 

has the technological capability to address the waste disposal challenges of fuel production; 

its ability to handle high-level wastes arising from reprocessing has, however, not been tested. 

 

3.2.3 Nuclear Reactor Developments 
 

The South African electricity utility Eskom has announced its intention to install 20GW of 

nuclear generating capacity by 2025, although Government, the only shareholder, has agreed 

to 6GW by 2020, and even that is in doubt.  During 2008 two proposals to construct 2GW of 

new nuclear capacity were considered, and in November that year it was announced that 

neither of the bids had proved commercially attractive in the prevailing economic climate, and 

the plans would accordingly be put on hold.  Modified plans see 3.2GW of new nuclear power 

operational by 2019. 

 

South Africa is also developing its own HTGR reactor, the Pebble Bed Modular Reactor 

(PBMR), a 400MWth, 165MWe scale-up of the reactor that was operated for 19 years at 

Julich.  The reactor is a carbon-moderated, helium-cooled design with the fuel contained in 

micropellets encased in layers of silicon carbide and graphite, embedded in graphite spheres 

about 6cm in diameter.  It is intended to build a demonstration plant alongside the Koeberg 

nuclear power station, and a fuel fabrication facility at Pelindaba 

 

During February 2009 it was announced (Parliamentary Portfolio Committee 2009) that the 

PBMR would be developed to service both the electricity and process heat markets.  

In the light of these changes, it is not certain when the PBMR will contribute to the nuclear 

waste stream in South Africa. 

 

3.2.4 Decommissioning of facilities 
 

Wastes arise in the decommissioning of facilities.  The old production and enrichment facility 

at Pelindaba is being decommissioned and low- and intermediate-level wastes arising there 

are contributing to the waste stream.  Decommissioning work is ongoing and is funded by 

government through annual budget appropriations as well as special allocations from the 

Department of Minerals and Energy. 

 

An unresolved issue is that of the evaporation pans.  These have a total evaporation area of 
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±75000 m
2
 were constructed during the late 1970’s and early 1980’s, for evaporation of 

effluent generated at Pelindaba.  The effluent contained salts in excess of the allowable limit 

for disposal to the Crocodile River.  

 

3.3 South Africa Nuclear Energy Regulatory Environment 

 

There are two primary acts of Parliament regulating nuclear activities including nuclear waste 

disposal in South Africa, namely: 

 The Nuclear Energy Act, No.46 of 1999, which provides for the establishment of the 

South African Nuclear Energy Corporation Limited, a public company wholly owned by 

the State (the ‘‘Corporation’’); defines the Corporation’s functions and powers and its 
financial and operational accountability, and provides for its governance and management 

by a board of directors and a chief executive officer; provides for responsibilities for the 

implementation and application of the Safeguards Agreement and any additional protocols 

entered into by the Republic and the International Atomic Energy Agency in support of 

the Nuclear Non-Proliferation Treaty acceded to by the Republic; regulates the acquisition 

and possession of nuclear fuel, certain nuclear and related material and certain related 

equipment, as well as the importation and exportation of, and certain other acts and 

activities relating to, that fuel, material and equipment in order to comply with the 

international obligations of the Republic; prescribes measures regarding the discarding of 

radioactive waste and the storage of irradiated nuclear fuel; and provides for incidental 

matters, and 

 The National Nuclear Regulator Act, No.47 of 1999, which provides for the establishment 

of a National Nuclear Regulator in order to regulate nuclear activities, for its objects and 

functions, for the manner in which it is to be managed and for its staff matters; provides 

for safety standards and regulatory practices for protection of persons, property and the 

environment against nuclear damage; and provides for matters connected therewith.  

 

In addition, the Hazardous Substances Act, No. 15 of 1973 provides for the control of Group 

IV hazardous substances (radioactive material not at nuclear installations or not part of the 

nuclear fuel cycle, for example fabricated radioactive sources, medical isotopes) and Group 

III hazardous substances (involving exposure to ionising radiation emitted from equipment). 

Radioactive waste arising from activities authorized under this Act falls under the regulation 

of the Department of Health’s Directorate of Radiation Control.  In practice, the Department 

of Health does not regulate naturally occurring radioactive material.  The Directorate of 

Radiation Control also acts as the national competent authority in connection with the 

International Atomic Energy Agency's Regulations for the Safe Transport of Radioactive 

Material. 

 

During 2005, the Department of Minerals and Energy published a policy document on 

radioactive waste management, which built on the IAEA principles for the safe management 

of radioactive waste. Specifically, it foresaw the implementation of the following: 

 Polluter pays principle: The financial burden for the management of radioactive waste 

shall be borne by the generator of that waste. 

 Transparency regarding all aspects of radioactive waste management: All radioactive 

waste management activities shall be conducted in an open and transparent manner and 

the public shall have access to information regarding waste management where this does 

not infringe on the security of radioactive material. 

 Sound decision-making based on scientific information, risk analysis and optimisation of 

resources: Decision-making shall be based on proven scientific information and 
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recommendation of competent national and international institutions dealing with 

radioactive waste management. 

 Precautionary principle: Where there are threats of serious irreversible damage, lack of 

full scientific certainty shall not be used as a reason for postponing cost-effective 

measures to prevent environmental degradation (Rio Principle 15). 

 No Import or Export of Radioactive waste: In principle South Africa will neither import 

nor export radioactive waste. 

 Co-operative governance and efficient national co-ordination: Due to their crosscutting 

nature all activities involving radioactive waste management shall be managed in a 

manner that prevents duplication of effort and maximises coordination. 

 International cooperation: The government recognises that it shares a responsibility with 

other countries for global and regional radioactive waste management issues. Its actions 

shall follow the principles in this policy and in relevant regional and international 

agreements. 

 Public Participation: Radioactive waste management shall take into account the interests 

and concerns of all interested and affected, when decisions are being made. 

 Capacity building and education: The government shall create opportunities to develop 

people’s understanding, skills and general capacity concerning radioactive waste 
management. 

 

This has led to the development of legislation to establish a National Radioactive Waste 

Disposal Institute (DMEa, 2008), which is to manage radioactive waste disposal on a national 

basis.  

 

During 2008, The South African Department of Minerals and Energy released a ‘Nuclear 
Energy Policy for the Republic of South Africa’ dated June, 2008 (DMEb, 2008).  The 

essence of that policy, focusing here on radio-active waste matters, is addressed in this sub-

section. 

 

The vision for nuclear waste disposal is to be guided by a number of principles.  It is fully 

accepted that all activities undertaken will be in a manner that takes the environmental 

impacts into account, and strives to mitigate those impacts as far as possible. All nuclear 

energy sector activities are to take place within a legal regulatory framework consistent with 

international best practice, and, in that connection, nuclear energy shall be used only for 

peaceful purposes and in conformity with national and international legal obligations and 

commitments. The national nuclear energy programme is to commit fully to ensuring that 

nuclear and radiation safety receives the highest priority to provide for the protection of 

persons, property and the environment. South Africa will endeavour to use uranium resources 

in a sustainable manner through the recognition of the three interdependent and mutually 

reinforcing pillars of sustainable development namely economic development, social 

development and environmental protection. Technologies chosen for nuclear power plant 

shall allow for optimum utilisation of uranium resources including the use of recycled 

uranium. 

 

 

The existing nuclear energy governance framework comprises: 

(a) White Paper on Energy Policy (1998).  The Government undertook that the 

complete nuclear fuel cycle, in particular the issues of spent nuclear fuel, nuclear 

fuel procurement and radioactive waste management would be investigated by the 

Department of Minerals and Energy 
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(b) Nuclear Energy Act, 1999 (Act No. 46 of 1999), which provides for the 

establishment of the South African Nuclear Energy Corporation Limited, a public 

company wholly owned by the State (the ‘‘Corporation’’), defines the Corporation’s 

functions and powers and its financial and operational accountability, and provides 

for its governance and management by a board of directors and a chief executive 

officer; provides for responsibilities for the implementation and application of the 

Safeguards Agreement and any additional protocols entered into by the Republic and 

the International Atomic Energy Agency in support of the Nuclear Non-Proliferation 

Treaty acceded to by the Republic; regulates the acquisition and possession of 

nuclear fuel, certain nuclear and related material and certain related equipment, as 

well as the importation and exportation of, and certain other acts and activities 

relating to, that fuel, material and equipment in order to comply with the 

international obligations of the Republic; to prescribe measures regarding the 

discarding of radioactive waste and the storage of irradiated nuclear fuel. 

(c) National Nuclear Regulator Act, 1999 (Act No. 47 of 1999), which provides for the 

establishment of a National Nuclear Regulator in order to regulate nuclear activities, 

for its objects and functions, for the manner in which it is to be managed and for its 

staff matters; and for safety standards and regulatory practices for protection of 

persons, property and the environment against nuclear damage  

(d) Radioactive Waste Management Policy and Strategy (2005), which was described 

above 

 

Other legislation having a bearing on nuclear waste disposal includes: 

(a) Hazardous Substances Act, 1973 (Act No. 15 of 1973), which specifically excludes 

nuclear waste; 

(b) Non-Proliferation of Weapons of Mass Destruction Act, 1993 (Act No. 87 of 1993);, 

which provides for control over weapons of mass destruction; and the establishment 

of a Council to control and manage matters relating to the proliferation of such 

weapons in the Republic.  Weapons utilizing nuclear effects are specifically banned, 

and 

(c) National Environmental Management Act (Act No. 107 of 1998), which defines 

pollution to include radioactive wastes, so that its provisions apply to nuclear waste 

materials 

 
With regard to spent nuclear fuel and radio-active waste management, the Nuclear Energy 

Policy states: 

(a) Radioactive Waste including used nuclear fuel shall be managed in terms of the 

radioactive waste management policy and strategy as approved by the Government 

during 2005 – as discussed above. 

(b) The Government, through the Nuclear Energy Corporation of South Africa shall 

investigate the viability of building an indigenous reprocessing facility for Used 

(Irradiated) Fuel and Recycling of Fissile Materials. In the short-term South Africa 

shall make use of existing commercial reprocessing facilities in other countries. 

 

3.4 Current Storage/Disposal Activities 

The Radioactive Waste Management Policy and Strategy for the Republic of South Africa, 

(DME 2005) categorises radio-active waste into six classes.  These can be broadly divided 

into: 

(a)   Low and Intermediate Level Waste - Two low-level radio-active waste management 

options are currently employed in South Africa 
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(i)   Above ground disposal in engineered facilities for the bulk of the mining waste; 

and 

(ii)   Near surface disposal for low and intermediate level waste at the Vaalputs site 

in the Northern Cape; 

(b)   Spent Fuel and High Level Waste - There are two mechanisms (dry and wet storage) 

for the management of used nuclear fuel and high level waste: 

(i)   The used fuel from the Koeberg electricity generation station is stored in 

authorised used fuel pools on site as well as in casks designed and constructed 

for the storage of used fuel; and 

(ii)   The used fuel from the SAFARI research reactor is stored at an authorised dry 

storage facility on site as well as in the reactor pool. 

Whereas low- and intermediate-level nuclear waste may be disposed, all high level waste is 

merely stored at this stage.  The long-term disposal of high-level waste is currently under 

review.  A National Radioactive Waste Management Institute is to be established to address 

this matter. 

 

Currently, low- and intermediate-level radioactive waste is disposed in the Vaalputs facility. 

The  site is located approximately 600 km north of Cape Town, 29.29
o
S, 21.37

o
E.  It covers 

an area of ~10,000 hectares, measuring 16.5 km east to west and 6.5 km north to south.  The 

first waste deliveries took place 1986.  All the activities at Vaalputs are conducted in 

accordance with accepted standards and practices as prescribed by the International Atomic 

Energy Agency and according to the license conditions imposed by the South African 

National Nuclear Regulator. Based on the life expectancy of the Koeberg electricity 

generation station, the Vaalputs site is expected to have an operational life until 2035. 

 

Spent fuel from Safari I and other radioactive waste is stored at Thabana Hill (Radiation Hill) 

in Pelindaba.  The store includes eight trenches containing approximately 17 tons of uranium, 

a steel tubular storage facility, a medium-active waste storage chamber for the disposal of 

activation products up to 30 years of half life, a fluoride storage facility for the disposal of 

radioactive sludge, and storage for hazardous chemicals. 

 

3.5 Future Plans 

 

The disposal of low-and intermediate-level waste from current plant is ensured at least for the 

next two decades.  However, the high-level waste disposal still needs to be addressed.  A 

recent document released for public comment by the Department of Minerals and Energy 

addressed a number of options that are being investigated for long-term disposal of nuclear 

waste.  These options include: 

1. Above-Ground Storage at a Licensed Off-Site Facility – The benefit of this option 

would be that such waste would be easily available for more appropriate technologies 

that might be developed in the future.  The downside is that storing nuclear waste 

above-ground indefinitely may produce an undue burden for future generations. 

2. Reprocessing, Conditioning and Recycling – An investigation commissioned by the 

Department of Minerals and Energy has concluded this option should remain open.  

Such processing could take place in South Africa [currently there are no facilities] or 

in another country. 

3. Deep Geological Storage – This technology is internationally the most pursued option 

and as such is being carefully considered by South Africa.  If it were chosen as a 

nuclear waste mechanism, then it is preferred that such geological disposal should take 

place in a manner that the waste could be retrieved so as not to exclude the possibility 
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of future improved technologies.  A particular South African expertise that could 

facilitate the introduction of this technology is experience in the construction of large-

scale chambers at great depths, acquired through gold and uranium mining at depths 

up to 4,000m below surface.  A further advantage is the tectonically stable nature of 

the sub-continent.  The deep level mines pass through successive facies, many of 

which are conformable, to reach strata of more than 2 billion years age at depth.  This 

means that much of the inherent topology of the subcontinent has been stable for at 

least that period. 

4. Transmutation – Although this option would not be researched in South Africa, 

international developments would be monitored. 

 

3.6 National Radioactive Waste Management Institute 

 

It may at first sight appear that the disposal of high-level radioactive waste is on hold in South 

Africa.  However, apart from ongoing technical investigations, the country’s institutional 
capacity is being strengthened to address the matter. 

 

A Bill currently before the South African Parliament seeks to establish a National Radioactive 

Waste Management Institute.  That independent body would be established to manage the 

disposal of all radioactive waste.  The duties of the Institute will be to, inter alia: 

(a) Design and implement disposal solutions for all categories of radioactive waste; 

(b) Manage, operate and monitor radioactive waste disposal facilities; and 

(c) Design and constrict new facilities as required. 

 

The implication is that the entire Vaalputs disposal facility including all staff would be 

incorporated into the Institute.  Also, the formation of the Institute would give the impetus to 

develop a plan for the disposal of high-level radioactive waste. 

 

4. Regional Aspects 

 

South Africa is the ‘power house’ of Africa – approximately 40% of Africa’s current 
electricity generation capacity is in South Africa.  Moreover, South Africa operates the only 

nuclear electricity generation station in Africa.  It is therefore unsurprising that carbon dioxide 

storage and radio-active waste disposal are not high on the agenda of other southern African 

countries.  However it would be remiss to state that nothing is being done.  For example, a 

successful conference was held in Botswana 28 June, 2007 that addressed inter alia carbon 

capture and storage. 

 

New electricity generation plant in Africa is more likely to be hydro [for example the Inga 

possibilities] or fossil fuel based generation [for example the proposed Mmamabula project in 

Botswana and other fossil fuel projects] rather than nuclear.  With regard to carbon storage, 

whilst there are investigations into coal-fired electricity generation plants in southern Africa 

and the occasional conference addressing the topic, there is currently no concerted effort into 

investigating potential and demonstration of carbon capture and geological storage. 

 

On the other hand, the geological formations in South Africa’s neighbours could be 

responsive to carbon dioxide storage.  Although carbon capture and storage is not high 

profile, it is expected that interest by neighbouring countries will be raised as South Africa’s 
Carbon Dioxide Geological Storage Atlas is published and the operationalisation of the South 

African Centre for Carbon Capture and Storage. 
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5. Carbon and Nuclear Comparison 

 

As indicated above, there is no significant work being undertaken in the southern African 

region regarding carbon dioxide geological storage and definitely none in nuclear disposal, 

other that the work in South Africa as outlined in this chapter.  Moreover, the teams working 

in each area tend to do so in isolation of each other.  The initial perception is that, apart from 

the requirement for a stable geology and the time frame over which the matters must be 

addressed, there is little similarity between nuclear disposal and carbon storage.  One is a 

fluid, the other a solid.  One is preferably buried shallow, the other at depth. 

 

Table 2 briefly addresses the comparisons and synergies between carbon dioxide storage and 

radio-active waste as regarded in South Africa. 

 

 Carbon Capture and Storage Radioactive Waste 

Stable Geology Both require geological stability, but 

carbon capture and storage is 

susceptible to the development and 

propagation of rock cracks during its 

fluid phase, and it is essential that the 

COs is retained by an impermeable 

caprock 

Solid radio-active waste is less 

susceptible to minor cracks 

Time Frames Long time frames are required for carbon dioxide storage and radioactive 

waste disposal 

Regulatory 

systems 

A regulatory system for carbon 

capture and storage is not in place, 

but is one of the issues for carbon 

dioxide storage that could find 

commonality with radio-active 

disposal. 

A National Radioactive Disposal 

Institute is the subject of a Bill 

currently before Parliament.  

Regulations are advanced. 

Transformation Carbon dioxide may calcify in deep 

saline aquifers 

Radio-active material decays to 

daughter elements with time 

Volume ~40 million tonnes per year ~55 tonnes per year high-level waste 

at present 

Depth >800 m South Africa’s preference is for 
relatively shallow disposal to 

facilitate future re-cycling 

Geological 

Characteristics 

Porous rock contained by a cap-rock Excavated chamber that is usually 

back-filled 

Coal Seams Carbon dioxide adheres to coal – but 

this sterilises the coal for future use 
Coal seams are unsuitable for 

storage of radio-active waste 

Depleted Oil and 

Gas Mines 

Most suitable sites for carbon 

dioxide storage 
Depleted oil and gas mines are 

unsuitable for storage of radio-

active waste 

Exhausted Gold 

Mines 

Exhausted gold and similar mines are 

unsuitable for carbon dioxide storage 

Exhausted gold and similar mines are 

suitable for radio-active waste 

Pressure Carbon dioxide is stored under 

pressure – hence the need for depths 

>800m 

Radio-active waste requires no 

pressurisation 

Injection Carbon dioxide can be stored at 

depth via borehole injection 

Nuclear material requires 

handling methods associated with 



 

16 

bulk solid materials. 

 

Table 2:   Comparison between carbon dioxide storage and radio-active waste disposal. 

<INSERT TABLE 2 HERE> 

 

 

The establishment of institutional capacity are common factors in both areas in South Africa.  

The formation of the National Radioactive Waste Disposal Institute is the subject of a Bill 

currently before Parliament [National Radioactive Waste Disposal Institute Bill, 2008 (B41 of 

2008)].  The South African Centre for Carbon Capture and Storage was established 30 March, 

2009.  That Centre is essentially a research and development body and has no mandate to 

write regulations.  However, researching regulatory requirements is seen as one of its 

functions.  Radioactive waste regulations are well advanced, but a regulatory environment for 

carbon capture and storage is yet to be initiated.  One expects that there is some synergy 

between the two that may provide for fruitful co-operation between the Institute and Centre. 

 

 

6. Conclusion 

South Africa has an interest in the long-term storage of carbon dioxide and final disposal of 

nuclear waste.  The former is scheduled to increase faster that the latter as the fossil fuel 

driven electricity and synthetic fuel industries expand to cater for increasing demand. 

 

With regard to radioactive waste, high-level waste is currently stored ‘on-site’ awaiting 
decisions as to its fate.  Currently there is no immediate urgency to this matter as there is 

sufficient temporary storage at Koeberg to last its planned life.  On the other hand, low-and 

intermediate-level nuclear waste is disposed in the Vaalputs site, which has a lifetime of at 

least the life of the Koeberg plant.  A National Radioactive Waste Disposal Institute is to be 

established to address that matter of radioactive waste in South Africa. 

 

Carbon dioxide waste, on the other hand, is less advanced.  Currently there is no geological 

storage of carbon dioxide in South Africa.  However, the South African Centre for Carbon 

Capture and Storage was established 30 March, 2009.  The vision of that Centre is that a 

demonstration plant will be operational by 2020.  The mission of the Centre is to facilitate a 

state of ‘country readiness’ for carbon capture and storage.  Already a preliminary study has 

shown that there is potential for carbon capture and storage in South Africa.  A detailed Atlas 

to identify and characterise potential sites is underway. 

 

The disposal of nuclear waste and the storage of carbon dioxide are currently the subjects of 

determined investigation – reinforced by preliminary investigations and stable geological 

structures that are necessary for both challenges.  Moreover, there are synergies that may be 

exploited by the Centre for Carbon Capture and Storage and the National Radioactive Waste 

Disposal Institute when the latter of operationalised – especially in the regulatory analogies. 
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Figure 1: Settings of the Karoo basins in southern Africa (from Johnson et al., 2006) 
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Figure 2: Schematic map illustrating the distribution of the lithostratigraphic units of the Main Karoo 

Basin (from Johnson et al., 2006) and the location of the five [A,B,C,D,E] prospective CO2 storage 

areas, which are discussed in the text. The yellow arc depicts an area approximately 300 km from 

Secunda, an area in which several large CO2 emitting point sources. 
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AREA NAME ESTIMATED STORAGE 
POTENTIAL 

Gigatonnes CO2 

A Vryheid Formation 0 (183) 

B Free State, KwaZulu 
Natal & Lesotho 

80 

C Molteno & 
Clarens Formations 

24 

TOTAL  ~104 (~287) Gt 

 

Table 1:   Estimated carbon dioxide storage potential in South Africa for three deep saline 

aquifer formations. 
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 Carbon Capture and Storage Radioactive Waste 

Stable Geology Both require geological stability, but 

carbon capture and storage is 

susceptible to the development and 

propagation of rock cracks during its 

fluid phase, and it is essential that the 

COs is retained by an impermeable 

caprock 

Solid radio-active waste is less 

susceptible to minor cracks 

Time Frames Long time frames are required for carbon dioxide storage and radioactive 

waste disposal 

Regulatory 

systems 

A regulatory system for carbon 

capture and storage is not in place, 

but is one of the issues for carbon 

dioxide storage that could find 

commonality with radio-active 

disposal. 

A National Radioactive Disposal 

Institute is the subject of a Bill 

currently before Parliament.  

Regulations are advanced. 

Transformation Carbon dioxide may calcify in deep 

saline aquifers 

Radio-active material decays to 

daughter elements with time 

Volume ~40 million tonnes per year ~55 tonnes per year high-level waste 

at present 

Depth >800 m South Africa’s preference is for 
relatively shallow disposal to 

facilitate future re-cycling 

Geological 

Characteristics 

Porous rock contained by a cap-rock Excavated chamber that is usually 

back-filled 

Coal Seams Carbon dioxide adheres to coal – but 

this sterilises the coal for future use 
Coal seams are unsuitable for 

storage of radio-active waste 

Depleted Oil and 

Gas Mines 

Most suitable sites for carbon 

dioxide storage 
Depleted oil and gas mines are 

unsuitable for storage of radio-

active waste 

Exhausted Gold 

Mines 

Exhausted gold and similar mines are 

unsuitable for carbon dioxide storage 

Exhausted gold and similar mines are 

suitable for radio-active waste 

Pressure Carbon dioxide is stored under 

pressure – hence the need for depths 

>800m 

Radio-active waste requires no 

pressurisation 

Injection Carbon dioxide can be stored at 

depth via borehole injection 

Nuclear material requires 

handling methods associated with 

bulk solid materials. 

 

Table 2:   Comparison between carbon dioxide storage and radio-active waste disposal. 


