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ABSTRACT 

South Africa recently made public its rather ambitious goals pertaining to nuclear energy 
developments in a Draft Policy and Strategy issued for public comment. Not much attention was given 
to an important tool for nuclear energy research and development, namely a well equipped and 
maintained research reactor, which on its own does not do justice to its potential, unless it is fitted with 
all the ancillaries and human resources as most first world countries have. In South Africa’s case it is 
suggested to establish at least one Nuclear Energy Research and Development Centre at such a 
research reactor, where almost all nuclear energy related research can be carried out on par with 
some of the best in the world. The purpose of this work is to propose how this could be done, and 
motivate why it is important that it be done with great urgency, and with full involvement of young 
professionals, if South Africa wishes to face up to the challenges mentioned in the Draft Strategy and 
Policy.  

1 INTRODUCTION 

It is highly laudable that the South African Government, specifically the Department of Minerals 
and Energy, made a clear and firm public statement to embrace and enhance Nuclear Energy in 
South Africa [1]. In addition, the possibility for public comment into the policy is a major blow to the 
negative stigma of secrecy associated with nuclear energy in the past, and should open the doors to 
greater public acceptance of this important source of energy and technology.  

It would be no surprise if this was a “world first”, to present a nuclear energy policy and strategy 
[1] for public comment, as South Africa still holds the record for being the first country to voluntarily 
fully disarm its nuclear weapons programme; remarkably this was declared by the International Atomic 
Energy Agency (IAEA) in 1994, the year that marked South Africa’s first democratic election.  

These milestones illustrate South Africa can be successful at facing up to very difficult 
challenges. Successful implementation of the recent draft nuclear energy policy and strategy is 
deemed by many as a major challenge, and South Africa cannot afford to fail at this challenge. 

One of the most important requirements for being “self-sufficient in aspects of the nuclear fuel 
cycle” [1] is local nuclear energy research and development capabilities, mainly because sharing of all 
the nuclear technology information and facilities is not practised broadly by most companies and 
countries that have the monopoly in nuclear technology.  

An important tool that can be used to develop nuclear energy research and development 
capability is a research reactor, together with all the ancillaries and resources that most first world 
countries have [2], [3], [4]. In South Africa’s case it is suggested to establish at least one Nuclear 
Energy Research and Development Centre, with a research reactor as the key focal point, where 
almost all nuclear energy related research can be carried out on par with some of the best in the 
world.  
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2 USES OF A NUCLEAR ENERGY RESEARCH AND DEVELOPMENT COMPLEX  

The uses of nuclear energy cannot be presented without making it clear from the beginning that 
the possibilities are endless. All applications mentioned below are those envisaged as useful for the 
South African context, in line with the proposed nuclear research and development complex 
capabilities. These can be expanded as more requirments are obtained from any one or more of the 
following: 

• “Key Role players in the South African Nuclear Energy Sector” as described in the strategy [1],  
• Any person, company, or organisation who wishes to make a positive contribution towards 

nuclear research and development.  
Most of the applications discussed have been drawn from previous experience, as well as IAEA 

TECDOC 1234 [5] and IAEA TECDOC 1212 [6]. These have been grouped in specific disciplines (in 
the sections below), so that role players can easily identify those directly applicable to their interests; 
with caution that overlapping is present. However, such overlapping leads to collaboration, which 
would be essential for the success of such a project.  

 
2.1 Nuclear Technology in Energy Research  

For the case of the PBMR fuel manufacture, it would be important to carry out irradiations on the fuel 
in order to qualify the fuel for use in the reactor [7]. Such tests were previously carried out by all High 
Temperature Reactor (HTR) programmes in Germany, Japan, and the USA, all using research 
reactors [8]. Further, if PBMR wishes to develop and improve fuel, such irradiation test facilities would 
be essential, and maintaining this ability within South Africa would reduce problems associated with 
overseas irradiations. The costs of such tests are also of the order of US$50-300 million, and keeping 
this money within the South African economy would be favourable. In addition, expertise developed 
locally would further strengthen the nuclear energy capabilities of South Africa. 
Similarly, for the case of light water reactor fuel fabrication; irradiation testing of the fuel materials and 
cladding would be essential for quality purposes. Once again, development or improvements in the 
fuel or fuel fabrication techniques would require extensive irradiation testing. 
Radiation transport and reactor physics calculation methods can be supported and partially validated 
by use of a nuclear research reactor. These include many different types of calculations such as 
reactor core calculations, criticality analyses, radiation transport and shielding. Once such calculation 
methods have been validated, they can be used with greater confidence at determining the behaviour 
of nuclear power reactors. 
Characterisation of nuclear reactor components and materials under irradiation are possible using 
radiation from a research reactor. This is important in order to predict failure, lifetime and resistance to 
radiation of essential power reactor components. In addition, the added use of material analysis 
facilities within the nuclear research and development complex would enable a one-stop service at 
handling irradiated material, avoiding the need for public transport of radioactive materials. 
 
2.2 Nuclear Technology in Education and Training 

Future nuclear power reactor operators can gain valuable experience from training at research 
reactors. Typically, a set of experiments are designed to provide hands-on experience at manipulation 
of reactor controls during normal operation, start-up, shut-down and scram events. Active involvement 
during fuel loading also provides valuable experience at fuel handling and radiation protection. 
Because of the short fuel cycles at a research reactor, typically one month, such training can be 
carried out much more frequently than in the case of a power reactor, where cycles are more than 18 
months long. 
Training of young scientists and engineers on the applications of nuclear technology and research 
techniques as part of undergraduate and/or postgraduate courses will be most important to get 
maximum utilisation of the facility. This would include areas such as chemistry, physics, geology, 
biology, engineering and many other technical fields, where nuclear technology has proven itself 
valuable at solving many issues in the past, and hopefully much more in the future. It would allow 
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students in these fields to become acquainted with the nuclear techniques available, and realise their 
application when the need arises at later stages in their careers. Establishing links and agreements 
with higher education institutes would be essential for the success of this. 
Nuclear safety training for scientists, engineers, students, and operators can also be done at research 
reactor facilities in a much more hands-on approach than classroom lectures. Laboratories could be 
set-up and maintained specifically for these purposes. Observation of many operational procedures 
provides even further insight into radiation protection in practice. 
Public awareness of nuclear energy applications beyond power generation can be done most 
successfully at a research reactor complex. These include public tours, school visits, and other higher 
education involvement. Demonstrating the benefits of nuclear technology to the general public is 
paramount to gaining public acceptance of nuclear energy. Regular school tours would be more 
important to attract young South Africans to embark on careers in technical fields, which there 
currently seems to be a decline worldwide. 
 
2.3 Nuclear Technology in Commercial Applications 

South Africa already plays an important role internationally in the radioisotope market [9], via 
NTP Radioisotopes (Pty) Ltd., a subsidiary of NECSA. Uses of these radioisotopes have been 
demonstrated in the fields of healthcare, life sciences, industry and mining [10]. In healthcare alone, 
the nuclear medicine market is estimated at US$10 billion [11], of which NTP already earns in excess 
of US$35 million per annum, of which it is not known what fraction originates from SAFARI-1 research 
reactor. Growth an expansion in this market is essential for generation of income, foreign exchange, 
and providing services for local market demands. 

Transmutation doping, especially in silicon, is another application which has been demonstrated 
locally, with good commercial success. Gemstone colouration has also been proven on a much 
smaller scale, and the market worth of these products needs to be assessed. South Africa holds a 
strong position in worldwide gemstone production, and if in future irradiated gemstones become a 
much more lucrative market, it would make good economic sense to add this value locally. Another 
market for radioactively doped (or isotopically marked) goods would be in security systems, or 
forensics for criminal investigations. 

Neutron Activation Analysis is an excellent analysis tool for detecting trace amounts of elements 
in almost any material matrix (such as metals, inorganic compounds, animal tissue, plant tissue, ores, 
cosmic materials, and rocks). This is especially relevant in the South African context, as it has direct 
application of feasibility studies for the large local mining industry. 

Neutron and gamma radiography facilities can provide valuable insight into industrial 
components, such as aircraft structures, engines, and other smaller components. These small scale 
investigations usually reveal information non-destructively, and in-situ during operation. Such valuable 
information is sometimes only obtained by these techniques, and often provide for improved 
performance and safety of products.  

Testing of nuclear fuel for nuclear research and power reactors is rather costly (much more than 
US$ 30 million), and being able to do this locally benefit the local economy, knowledge and skills 
base. 

Boron Neutron Capture Therapy could also be investigated as a commercial service, but this 
has not proven to be clinically superior to other techniques of cancer therapy as yet.  

Applying neutron scattering facilities to serve industrial or commercial interests can also 
generate income for a research reactor complex. The income may not be very significant at present, 
but these avenues of research into materials are rather recent, and have not penetrated the market as 
prominent as other bench-top laboratory facilities. However, the demand is growing (for example, the 
facilities at Institut Laue-Langevin in France have a waiting list of more than a year, even though they 
are operating at 24 hours per day), and effective marketing together with world-class facilities will 
certainly see these facilities increasing their commercial income. 
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2.4 Nuclear Technology in Scientific and Industrial Research 

Material studies using neutron probes, mainly as scattering instruments, is one of the most 
useful applications of nuclear research reactors in science, especially material science. Such probes 
also serve as valuable education and training instruments for students, at all levels, from 
undergraduate, through to postgraduate level. Materials that can be investigated include composite 
materials, super ionic conductors, catalytic agents, magnetic super conductors, ceramics, polymers, 
and metals. Many important properties of these materials can be determined, in most cases non-
destructively, and in-situ under operational conditions. It is urged to read the many references deal 
with these applications in more detail, namely [5] and [12]. Demand for these techniques is increasing 
and leading laboratories and instruments are often overbooked by factors of two to three, and 
increasing steadily due to the shutdown of many old research reactors worldwide. 

As mentioned earlier, research into fuel and reactor materials can also be carried out using 
these neutron probes. Here material and component fabrication processes can be modified and 
studied, without the need to do extensive online tests, which would in some cases not be allowed 
without significant prior study in any case. 

Radiochemistry and radioisotope research can also be carried out to further increase market 
potential for these chemicals. As mentioned previously, this also has significant commercial 
application possibilities.  

3 CURRENT STATUS IN SOUTH AFRICA 

Currently, NECSA and the SAFARI-1 research reactor is what South Africa has been using to 
carry out such research and development. This research reactor complex ranks as one of the best in 
the world in terms of commercialisation, mainly because of its radioisotope and transmutation doping 
services to its subsidiary NTP Radioisotopes (Pty) Ltd. However, in terms of nuclear energy research 
and development, its activities has declined since the late 1980’s, and with some effort has been 
taking off rather slowly since the late 1990’s.  

Details of current capabilities relevant to SAFARI-1 are listed in Table 1 – Matrix of nuclear 
energy research capabilities for South Africa. From this table it can be seen how some activities need 
attention for full utilisation of these resources. Some details were not known at time of publication, and 
should be obtained from NECSA. 

Unfortunately, to make matters worse SAFARI-1 has come under pressure in recent years due 
to several reasons, 

1. At least two of the neutron instrument tubes in the biological shielding have been problematic 
due to age, resulting in at least two years delay in commissioning of critical scientific research 
instruments. 

2. High staff turnover rates from research positions, especially for young scientists, have resulted 
in loss of newly trained personnel. This only further broadened the age gap amongst nuclear 
professionals. 

3. Retirement of more senior and experienced professionals with no adequate replacement 
developed. 

4. Maintenance difficulties due to the age, over 42 years old, and usage of the reactor. This 
poses a significant risk to all activities and future ancillary investments around the reactor. 

5. Lack of a local replacement in the event of a long-term shutdown, or failure, especially at such 
a critical time near the end of its operational life. SAFARI-1 has been proposed to operate until 
2020 [13]. Typical lifetimes of research reactors are less than 50 years. 

6. Has not secured a contract to perform essential PBMR fuel irradiation tests, instead these 
tests have been taken to sister facilities at Petten (Netherlands), Zarechny (Russia), and Oak 
Ridge (USA) [7]. 

 This is not an exhaustive list of problems associated with SAFARI-1, as such strategic 
information is not publicly available, however, it does show enough to justify that they do negatively 
affect the future of nuclear technology in South Africa. 
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Table 1 – Matrix of nuclear energy research capabilities for South Africa 

Capability Past  Present 
Expansion 
Presently 
Possible 

Future Plans 

Nuclear Energy Research 

i. HTR fuel qualification 

 

No No Yes, resources 
needed. 

No commitment 
known. 

ii. HTR fuel research No No Yes, resources 
needed. 

No commitment 
known. 

iii. LWR fuel research Yes No Yes, very limited. None known. 

iv. Reactor components 
and material research 

Yes Yes, but very 
limited. 

Yes, but still very 
limited. Resources 
needed. 

None known. 

v. Nuclear reactor 
calculation methods 

Yes Yes, but 
affected due to 
split to PBMR. 

Yes, can be 
increased 
significantly. 

Growth – PBMR, 
ESKOM, NECSA. 

Nuclear Energy Education and Training 

vi. Reactor operators Yes Yes Yes Continue with 
present, further 
not known. 

vii. Scientists and 
Engineers 

Limited, and 
mostly 
discontinued. 

Not known Yes, but marketing 
and infrastructure 
required. 

None known. 

viii. Public Awareness Yes, from 10 
years ago.  

Yes, very 
limited and 
scaled down. 

Yes, infrastructure 
and resources 
needed. 

None known. 

Nuclear Energy Commercial Applications 

ix. Radioisotopes Yes, increased. Yes. Not known if full 
utilisation 
achieved. 

Not known, 
commercial info. 

x. Transmutation Doping Yes, increased. Yes. Not known if full 
utilisation 
achieved. 

Not known, 
commercial info. 

xi. Gamma Irradiation Yes, scaled 
down. 

None known. None known. None known. 

xii. Nuclear fuel testing Yes No Yes, resources 
needed. 

Some plans, but 
no known 
commitment. 

xiii. Boron Neutron 
Capture Therapy 

Yes, 
decommissioned. 

No Yes, but resources 
needed. 

None known 

xiv. Neutron probes None 
commercial. 

Yes, very 
limited. 

Yes, but 
infrastructural 
problems limiting. 

Yes, but very 
small scale. 
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Capability Past  Present 
Expansion 
Presently 
Possible 

Future Plans 

Nuclear Energy in Scientific and Industrial Research 

xv. Neutron probes for 
research and 
development 

Yes, 
downscaled. 

Yes, but 
extremely 
limited. 

Yes, but 
infrastructural 
problems limiting. 

Yes, but very 
small scale, and 
no complete 
success. 

xvi. Radiochemistry and 
radioisotope research 

Yes, limited. Yes, limited. Not known. None known. 

 

4 SUGGESTED PLAN FOR SOUTH AFRICA 

In order to resolve all of the issues outlined in the previous section, it is suggested that at least 
one new research reactor be built in close proximity to SAFARI-1, in order to allow skills transfer, easy 
administration, logistical support, etc. Such projects have recently been undertaken by some first 
world countries, such as  

• The OPAL (Open Pool Australian Light-water reactor) reactor in  Australia, which has been 
built close to the older HIFAR (High Flux Australian Reactor) reactor [2]. 

• FRM-II (Forschungsreaktor Munchen) reactor in Garching, Germany, replaces the previous 
FRM reactor [3]. 

• PALLAS reactor in Petten, Netherlands, will replace the HFR (High Flux Reactor – sister 
reactor to SAFARI-1) by 2015. This is a project in planning.  

• Jules Horowitz Reactor in Cadarache, France, which would replace the OSIRIS reactor in 
Saclay [4] by 2014. This is an example where the replacement reactor is not on site to the 
older reactor. 

In line with other international trends, it is suggested that the new research reactor be built with 
a cold source, in a research and development complex in order to establish a world class neutron 
scattering research facility. Such a complex would resolve most of the current problems threatening 
nuclear energy research in South Africa, namely: 

• New research instruments can be developed and planned as part of the research reactor 
programme. Those already present at SAFARI-1 can be replicated, or transferred to the new 
reactor. 

• If built by an overseas company, complete technology transfer to South Africa, in order to 
enable local capacity to build more research reactors in the near future, at much reduced 
foreign exchange cost. 

• Young scientists and engineers could be attracted to more long-term careers in nuclear 
energy research in South Africa. This can be accompanied by researchers from the rest of 
Africa becoming actively involved in nuclear research programmes, strengthening the IAEA 
AFRA (African Regional Cooperative Agreement for Research, Development and Training 
related to Nuclear Science and Technology) programme. 

• The future of a new nuclear research reactor would require many experienced nuclear experts 
to be involved in the programme. Technology transfer and training of young local scientists 
and engineers will result in the knowledge gap being lessened. Also the transfer of knowledge 
from more senior and experienced local experts would be facilitated by designing the new 
reactor. This is necessary in order to ensure technology improvements so that the new reactor 
would at least meet the market demands that SAFARI-1 achieved.   

• A backup would exist for SAFARI-1 until final shutdown, and vice versa, a backup would exist 
for the new reactor for teething problems associated with start-up and initial operation. 
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• Construction of a new research reactor would make it justifiable to invest in rather expensive 
power reactor fuel irradiation test rigs that could be designed and constructed for operation at 
SAFARI-1, and later transferred to the new reactor. 

 
4.1 Schedule for Establishing a Research Reactor Complex 

After a study of the OPAL reactor licensing [16], [17] and discussions with several experts a 
typical schedule for a research reactor complex development was derived and is presented in Table 2 
below. Here it can be seen that 12-13 years will be required for such a development, if done properly 
taking into account contributions from all role-players and stakeholders. 
 

Table 2 – Typical schedule for developing a fully operational research reactor complex 

Deliverable Duration 

Research Reactor Complex Strategic Plan with inputs from all role-

players, as well as an intermediate approval by South African 

Government and stakeholders.  

2 years 

Technical Requirements based on strategic plan. Site license application 

done in parallel. 

1.5 years 

Submission for tender, receipts of full responses, decision on successful 

tender applicant(s). This includes complete design by successful 

applicant on design aspects relevant to begin construction. 

2-3 years 

Safety Licence Application, construction and commissioning 5 years 

Running-in and full scale operation 1.5 years 

Total Time 12-13 years 

 
The planned shutdown of SAFARI-1 for 2020 implies that such a project should already be 

underway, and in the advanced stage of gathering inputs from all stakeholders, if a replacement 
reactor is sought before 2020.  

In an attempt to try and quantify losses for delays in rolling out the research reactor project, a 
rough estimate of nuclear research and development output is shown in Figure 1. This estimate was 
drawn up by trying to take into account several factors such as 

• No plan - Decline in young professionals at getting involved in nuclear research and 
development, due to a lack of infrastructure (and hence long term career) beyond 2020. 
Large capital equipment investments to support research activities not seen worthwhile 
given the short term of usage.  

• Plan 2 years late – Loss of commercial market share due to competitors finding other 
business partners as no products can be provided for 2 years. Inability to conduct 
research at optimal levels for the “no operational reactor” period. 

• Start immediately – Large increase in interest by young professionals at getting involved 
in the project/programme from early years. Swift transition period from SAFARI-1 to 
new reactor facilities due to having at least one facility operational between 2018 and 
2022. No loss of commercial market share due to at least one reactor being operational 
at all times. In fact, a bumper production could be achieved in the transition period when 
both reactors are in operation.  
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Fig. 1 – Rough estimate of nuclear R&D output from South African Research Reactor Activities 

 
Such extrapolations and predictions are an early sign of caution to put in place remedial action 

before South Africa is faced with a neutron shortage crises, similar to the electricity shortage crises it 
currently faces for the next 7 years. A neutron crises may not affect the bulk of the population as 
explicitly, but the socio-economic effects will definitely be to the detriment of South Africa. 

 
4.2 Financial Costs of a Research Reactor Complex 

At a cost of approximately US$ 350 million over 10-12 years (OPAL cost was ~US$ 200 million 
[2]), it is rather small in comparison to the cost of South Africa’s nuclear energy programme - 
estimated to cost over US$35 billion [14]. However, the benefits for South Africa, socially and 
economically, far outweigh the capital investment required. 

 

5 RISKS ASSOCIATED WITH NO DRASTIC EXPANSION PLAN 

If South Africa decides to embark on the proposed nuclear energy policy and strategy [1] 
without drastically expanding its limited nuclear energy research and development capabilities, the 
following socio-economic risks will become a reality when SAFARI-1 is eventually shutdown (either 
prematurely or in 2020): 

1. Loss of knowledge and senior expertise in nuclear technology. In the event of premature 
shutdown, this problem will be evident much sooner. Regaining such knowledge without 
hands-on experience at such a facility is very difficult, and can take decades once such 
experts have been taken up by competitors in overseas countries. 

2. Loss of commercial market share in transmutation doping of silicon, which will be very difficult 
to recover afterwards, due to the loss of current expertise and competition with new providers. 

3. Loss of commercial market share in Radioisotope and Radiochemical markets, also very 
difficult to recover once these activities are stopped. 

4. Loss of nuclear fuel and materials research and development capability. This has many 
negative downstream effects; as such studies done elsewhere will cost much more in the long 
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run. This might make such research and development uneconomical, and hence it may come 
to a complete halt. South Africa will then have to rely on foreign sources of nuclear fuel to 
power its nuclear reactors. A valuable loss in terms of mineral beneficiation and foreign 
exchange. This is contradictory to the vision of the policy and strategy [1].  

5. Loss of young scientists and engineers planning to embark on careers in nuclear energy 
research. Training of local expertise will be inferior to other countries possessing nuclear 
research reactors. Also the limitation of long-term job opportunities will deter students from 
embarking on nuclear careers locally. 

6. Lower production rate of well-skilled nuclear power plant operators, as comprehensive training 
can be done less frequently at power reactors. There is a possibility to train such personnel at 
foreign research reactors, however, this will cost considerably more financially and logistically. 

7. Lower levels of public appreciation of nuclear technology for peaceful purposes. Without 
demonstrating the “added” benefits of nuclear technology to the public, there may be greater 
reluctance to accept nuclear power over any other power source. 

6 CONCLUSIONS 

The reasons for expansion of nuclear energy research capability have been presented, with the 
establishment of a new research reactor complex proposed as a solution to the current problems 
facing the South African nuclear technology industry. This complex should allow South Africa to be 
more “self-sufficient in aspects of the nuclear fuel cycle”. 

A strategic plan for such a nuclear energy research and development complex needs to be 
drawn up. This document is to outline the important applications proposed for the facility, and how 
they can be made to realisation. It can be drafted out according to IAEA recommendations [6], and 
with guidance from similar strategic plans, such as that of the Idaho National Laboratory [15] in the 
USA.  

The strategic plan would also deal with key issues on ownership and cost spreading for the 
construction and maintenance of the research reactor complex. For example, Department of Science 
and Technology would want to have a large stake in the research activities, and hence should 
contribute to development of these. NTP on the other hand would want specific facilities for their use, 
and so would be the major contributor to developing such equipment.  

Hence, in conclusion, the next step towards embarking on the journey for building a world class 
nuclear energy research and development complex in South Africa is finalising the strategic plan, with 
input from all role-players. 

ACKNOWLEDGEMENTS 

I would like to acknowledge Sergio Korochinsky, Hanno van der Merwe, Zukhile Zibi, and 
Neville Gxumisa for their valuable reviews, advice and assistance at compiling this paper. I would like 
to thank the Mosa Reswese from the SAYNPS for support to present this paper at the IYNC2008. 

REFERENCES 

[1] Department of Minerals and Energy, Nuclear Energy Policy and Strategy for the Republic of 
South Africa – Draft for Public Comment, Department of Minerals and Energy of South Africa, 
July 2007. 

[2] ANSTO, OPAL Reactor Naming Background Information, internet source http://old-
www.ansto.gov.au/info/press/2005/anstomediabackgrounder_001_OPAL.pdf. 

[3] http://www.frm2.tum.de, official website of FRM II research reactor. 

[4] Bergamanschi, Y., Bouilloux, P., et. al., Jules Horowitz Reactor, Basic Design, paper presented 
at 24th International Meeting on Reduced Enrichment for Research and Test Reactors 
(RERTR) was held in San Carlos de Bariloche, Argentina on November 3-8, 2002. 



Proceedings of the International Youth Nuclear Congress 2008 
 
 
 
 

150.10 
 
 
 
 

[5] Dodd, B., The applications of research reactors, IAEA TECDOC 1234, International Atomic 
Energy Agency, Vienna, August 2001. 

[6] Dodd, B., Strategic Planning for research reactors, IAEA TECDOC 1212, International Atomic 
Energy Agency, Vienna, April 2001. 

[7] Van Der Merwe, J. J., Venter, J. H., HTR fuel design, qualification and analyses, PHYSOR-
2006,September 11-14. 

[8] Verfondern, K., Fuel Performance and Fission Product behaviour in Gas Cooled Reactors, IAEA 
TECDOC 978, International Atomic Energy Agency, Vienna, November 1997. 

[9] http://www.radioisotopes.co.za, Official Website of NTP Radioisotopes (Pty) Ltd. 

[10] http://www.necsa.co.za, Official Website of NECSA (Pty) Ltd. 

[11] http://www.northstarnm.com, Official Website of Northstar Nuclear Medicine, LLC. 

[12] Gabrys, B. J., Applications of Neutron Scattering to Soft Condensed Matter, CRC Press, 
December 2000. 

[13] Piani, C. S. B., SAFARI-1: ADJUSTING PRIORITIES DURING THE LEU CONVERSION 
PROGRAM, presented as paper S2-2 at 28th RERTR International meeting, Cape Town, South 
Africa, 2006. 

[14] Venter, I., Eskom’s nuclear ambitions likely to cost over R300bn, Engineering News of 6 July 
2007. 

[15] Grossenbacher, J. J., Idaho National Laboratory Strategic Plan – Leading the Renaissance in 
Nuclear Energy FY 2007-2016, Idaho National Laboratory, published online source: 
http://www.inl.gov/publications/d/strategicplan.pdf. 

[16] ANSTO, Application for a Facility Licence, Construction Authorisation for the ANSTO 
Replacement Research Reactor Facility, RRP-LBD-03, May 2001. 

[17] ARPANSA Regulatory Branch, Safety Evaluation Report on ANSTO Application for Licence to 
Prepare a Site for the Replacement Research Reactor (Application No. F0001), RB-ASR 1-99, 
September 1999. 

 
 


