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SUMMARY

The story of South African uranium begins in the late 1880's when it
was observed that the green fluorescence of minute crystals found in
gold-bearing ore [iom South Africa was due (o radioactivity. These
were first indicaiuns that the ore contained uranium. The urgency of
the Allied Nations to obtain uranium during the Second World War for
the production of nuclear weapons, brought to the notice of the
Combined development Trust a paper by the South African
mineralogist, RA Cooper, that indicated that the South African gold
reefs carried a mineral, uraninite, pearly half of which contained a
compound of uranium.

In a combined effort metallurgists in South Africa, the United States,
the United Kingdom and Canada discovered the most economical
method 1o cxtract uraniury from the gold ores of the Witwatersrand.
These investigations were of great va .o for the advancement of
chemistry and metallurgy relating to the refi ing of uranium for nuclear
research. It was therefore realised that wcientific research in South
Aflixca should be co-ordinaed and facilitics be cstablished ‘or the
training of nuclear physicists. The result was the founding of the
National Physical iaboratory and the consiruction of the Pretoria
cyclotron.

The construction of sc.~cteen uraniums extraction plants during the
1950°s formed » very impor‘ant pait of the councry's industrial activity.
By 1957, tventy six iaine s wein woducing uranium vesulting in 4 rapid
ivorease in eranium poodection.  The importance of the uranium
indus' v o the wdustriai and ¢ romic development of the counury
indicatec ‘he need to assuve i's futue. o« {ar as possible.

The transportu.ion of laige guanuii=: ¥ co.! from the Transvaal and
Nat:' 10 the Cap. indicaied that a oclear mower plant could be
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economical in the Western Cape area. The prospect of using South
African uranium for nuclear power production set in  motion
investigations into nuclear energy production in South Africa. Dr AJA
Roux's Atomic Energy Research and Development Programme
provided for laboratories for the refining of uranium for nuclear fuel,
the establishment of a nuclear research centre at Pelindaba, the
acquisition of a research reactor, and facilities for nuclear reactor
research and uranium enrichment experimentation.

The two major projects that were initiated in the 1960's were the
Pelinduna nuclear reactor project and experimentation on Dr WL
Grant's vortex twbe method uranium enrichment (the Gas Cooling
Project). By 1966 the vortex tube method had been proved in the
laboratory.  Simultancously the Gas Cooling project as well as the
Pelinduna Preject required as a next step a large demonstration or pilot
plant. South Africa could not afford both. A decision was taken to go
ahead with the Gas Cooling Project and to shelve Pelinduna.

An Investigation Committee was appointed by the Government to assess
the viahility of a pilot uranium enrichment plant. Having reviewed the
findings of the Committee, the Government came out in favour of the
project. In July 1970, the Prime Minister announced to Parliament and
foreign representatives that South Africa had mastered the complex
technology of uranium enrichment and discovered a unique process.
The process was a combination of the separating element using uraniumn
hexafluoride in hydrogen as the process fluid and a new cascade
technique. This was the culmination of years of experimental work by
nuclear scientists and engineers.

South Africa's outstanding achievement would inevitably bring about
international reaction for South Africa had not signed the 1968 Non-
Proliferation Treaty.
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OPSOMMING

Die verhaal van uraan in Suid-Afrika begin in die laat *o; (' 2re van
die neéntiende eeu toe groen fluoressensie van uiters kicia krisialle
waargeneem is in guuderts afkomstig vit Suid-Afrikaanse myne en dit
verder Lewys is dat dit deur radioaktiwiteit vervorsaak is. Dit was die
eerste aanduiding dat die Suid-Afrikaanse gronderts uraan bevat.

Tydens die Tweede Weéreldoorlog het die Geallieerde Nusies dringend
'n uraanvoorraad bevodig om kernwapens te vervaardig.  Die
aanwesigheid van uraan het onder die aandag van die Gekombineerde
Ontwikkelingstrust gekom deur 'n referaat van die Suid-Afrikaanse
mineraloog, RA Cooper, wat daarop gewys het dat Suid Afrikaanse
goudriwwe ‘n mineraal, uraniniet, bevat waarvan amper die helfte ‘n
verbinding van uraan was.

In 'n gesamentlike poging het metaalkundiges in Suid-Afrika, die
Verenigde State, die Verenigde Koninkrvk en Kanada die mees
ekonomiese metode ontdek om uraan uwit  gouderts van die
Witwatersrand te ekstraheer. Hierdie besondere tegniese navorsing was
van groot waarde vir die chemie en metaalkunde in verband met die
affinering van uraan vir kernnavorsing. Daar is dus besef dat
wetenskaplike navorsing in Suid-Afrika gekodrdineer moes word en
instellings tot stand gebring moes word vir die opleiding van
kernwetenskaplikes. Die gevolg was die stigting van die Nasionale
Fisiese Laboratorium en die oprigting van die Pretoria Siklotron.

Die oprigting van sewentien uraan herwinningsaanlegte gedurende die
jare vyftig het 'n baie belangrike deel uitgemaak van die land se
industri¢le werksaamhede. Teen 1957 het ses-en-twintig myne uraan
geproduseer wat tot ‘'n indrukwekkende toename in die totale
uraanproduksie gelei het. Die belangrikheid van die uraanbedryf en die
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ckonomiese omwikkeling wat dit meegebring het, het dit wenslik
gemaak dat die tockoms van die bedryf waar moontlik verseker moes
word.

Die groot hoeveelhede steenkool wat vanaf die Transvaal en Natal na
die Kaap vervoer moes word, het aangedui dat 'n kernkragsentrale in
dic Wes-Kaapgebied waarskynlik ekonomies gevestig kan word. Die
moontlikheid dat Suid-Afrikaanse uraan vir kernreaktor kragopwekking
gebruik kan word het ondersoeke na kernenergie produksie in Suid-
Afrika aan die gang gesit. Dr AJA Roux se Atoomenergie Navorsing-
en Ontwikkelingsprogram het voorsiening gemaak vir laboratoriums vir
die affinering van uraan vir kernbrandstof, die daarstellling van 'n
kernnavorsingssentrum by  Pelindaba, . .ankoop van 'n
navorsingsreaktor en fasiliteite vir ke - areaktor- en
uraanverrykingsnavorsing.

Die twee belangrikste projekte wat in die sesti :rjare onderneem is,
was die Pelinduna kernreaktor en proefnemings volgens dr WL Grant
se draaikolkbuismetode van uraanverryking (die Gasverkoelingsprojek).
Teen 1966 is die draaikolkbuismetode in die laboratorium bewys.
Hierdie genocemde projekte het as 'n volgende fase die aanbou van ‘n
loodsaznleg om die projekte op nywerheidsskaal te bewys, benodig.
Suid-Afrika kon nie albei aanlegte bekostig nie en 'n besluit is geneem
om die Pelinduna-projek te staak en voorkeur te gee aan die
voortserting van die Gasverkoelingsprojek.

'n Komitee van Ondersoek is deur die regering aangestel om die
lewensvatbaarheid van 'n uraanverrykingsloodsaanleg te ondersoek.
Nadat die bevindinge van die Komitee oorweeg is, het die regering die
oprigting van die loodsaanleg goedgekeur. In Julie 1970 het die Suid-
Afrikaanse Eerste Minister in die Parlement en aan die buiteland

wngekondig dat  Suid-Afrika die ingewikkelde tegnologic van
uraanverryking bemeester het en 'n unicke proses ontdek het. Die
proses was 'n kombinasie van die skeidingselement, met die gebruik
van uraanheksafluoried en waterstof as die draergas en 'n nuwe kaskade
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metode. Dy vas die hoogtepunt van Jarelange proefneming deur
kemwctenskaphkes en irgenieurs,

Suvid-Afrika se merkwazige prestasie sou noodwendig internasionale
reaksie uitlok, want Sy “Afrika het nie die Kernsperverdrag in 1968
onderteken nie,
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PREFACE

The dramatic disclosure by President FW de Klerk in Parliament on
March 25, 1993 revealed that South Africa had manufactured six
powerful nuclear devices at a cost of R800 million. These were
capable of being speedily converted into airborne bombs or missile
warheads. The decision 9 go nuclear and to develop this linited
capability was taken in 1974 against the background of a Soviet
expansionist threat in Southern Africa. The build-up of the Cuban
forces in Angola from 1975 onwards reinforced the perception that a
deterrent was necessary in the context of Sou'h Africa's growing
international isolation. The South African uranium enrichment project
to enrich uranium to two and four percent wouid provide fiel for South
Africa’s nuclear programme. The President made known that the
Government was prepared to throw open all facilities and records
relating 10 its decommissioned nuclear deterrent programme (o
inspection by the International Atomic Energy Agency .’

These disclosures by President De Klerk brought into focus a
ramification of the development of South African nuclear science that
up 10 now has not been researched historically. This history, because
of its sensitive nature, has virtually remained a closed book 10 the
public except for a few persons directly involved with the history and
some with a special interest in the subject.

The purpose of this dissertation was to trace the inception of South
African nuclear development and particularly to  establish its
relationship to the South African uranium history. In order to discover
the fundamentals of nuclear energy the early history of the atom and
uranium was reviewed and constitutes an introduction to the history of
South African nuclear development. Progress made in science created

| The 25 March 1993, "How South Africa’s N-secrets were Unveiled.
FW de Klerk's speech: The Full 1 =",
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pew demands for metals which were once mere laboratory curiosities.
Uranium, for example, was a relatively useless metal until nuclear
fission was discovered in 1938. In order to determine the destructive
power of uranium during the Second World War the development of
the atomic bomb was traced. During the middle forties, minds,
materials, machines and money were organised into an Allied nations
asseird'y line to tranuform the laboratory discovery of uranium fission
1 1938 intv the atomic bomb of 1945, The destructive power of
U wiem brought man face to face with the reality that his endeavour to
progress could lead to his own destruction. The extent of international
nuckeor cognisance during the 1940's was looked into in order to
discove: exactly how far nuclear research had progressed before the
discovery of South African uranium.

In this w2y the strategic importance of uranium was determined and
indicatea the urgency for obtaining uranium. This would have direct
bearing orn the USA and Britain jointly sponsoring worldwide
prospecting programmes.  the discovery and extracting of uranium
from low-grade ores of (he Witwatersrand during the post Second
World War yeacs and the lovelopment of the South African uranium

industry.

To deiermine the forces lewticy (o the establishment of the uranium and
nuclear industries in Souh Africa ‘he dissertatior. commences with the
explosion of the first atonn: bombds in 1945 and the first radiometric
examination of the Witwatersi snd uranium ores by Professor George W
Bain of Amherst College, Mas: \chusetts. Because of these events and
the growing international interest in the development of the uranium
and nuclear industries, South Africans were becoming increasingly
aware of the nuclear advancements tha had taken place overseas and it
was realised (hat South African sc.>mtific research should be
coordinated. As a result efforts were made «» establish facilities for the
training of nuclear scientists and enginesrs, an  aspect that s
mvestigated in this dissertation.

i
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In order to establish to what degree the uranium industry was link.d to
the development of nuclear science in South Africa the following
themes were researched: To what degree did the Second World War
and the development of the atomic bomb lead to the discovery that
South African gold ores hosted uranium; what role did the urgent need
of foreign countries to obtain uranium internationally result in South
Africa developing an imposing uranium industry; and, what was the
foreign trade value of South African uranium and how would this effect
nuclear development. Themes that formed the basis of this research
were the establishment of the National Physical Laboratory, the
construction of the Pretoria cyclotron by South African physicists and
industry and the planning of a South African Atomic Energy Research
and Development Programme.

The vranium industry in South Africa remained closely linked to the
development of nuclear science. The following themes which have
been studied will illustrate thiss The Second World War and the
development of the atomic bomb led directly to the discovery that
South African gold ores hosted uranium and ‘*v: geological
investigations that followed revealed South Africa’s extensive uranium
reserves. The exploitation of South African uranium brought about that
by 1957 twenty-six gold mines were producing uranium. In 1958 the
foreign trade value of uranium reached the £50 million mark and the
production of uranium oxide rose to 5 813 906 kg in 1960. South
Africa’s established uranium industry and large reserves instigated
nuclear scientists to develop the industry further and to refine uranium
for nuclear fuel and nuclear reactor research. The execution of the
Programme for Research and Development at Pelindaba brought into
being facilities tor the refining of uranium and laboratories for nuclear
reactor research and nuclear fuel experimentation.

In order to determine the dimensions of the South African nuclear
rescarch and development programme and the extent of the research
done at Pelindaba during the 1960's the accomplishments were
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investigated; also the refining of vranium and the setting up of
SAFARI 1 research reactor. Nuclear power reactor experimentation
and the PELINDUNA critical assembly reaching criticality was
significant. It was however, the separation of the isotopes of uramum
by a method developed by South African nuclear scientists and
engineers that constitutes the point of highest attainment of the research
featured in this dissertation. This was a tremendous  scientific
achievement for a country like South Africa with limited industrial
capabilities. In 1970, only the USA. Britain and France had mastered
the sophisticated and highly complex technology of uranium
enrichment.

The detailed history is concluded in 1970 when South Africa’s uranium
enrichment process had been proved in the laboratory and a pilot plant
was 10 be constructed to test the process on a larger scale. Significant
developments in the period 1970-1995 that were the direct result of this
history, are mentioned in the final chapter.

In the dissertation attention is also given o the cardinal roles played by
specific institutions and  persons, including the Government
Metallurgical Laboratory; the National Physics Laboratory (a research
laboratory of the CSIR) and later the National Centre for Furdamental
Nuclear Physics Research and Education; the Chamber of Mines, the
2old mines producing uranium and particularly the mines that were the
pioneers of uranium production, namely Blyvooruitzicht, Daggafontein,
Western Deep and West Rand Consolidated, the South African Atomic
Energy Board and ESCOM. The cardinal role played by promineni
peopieinllresublishnnmmaevelopmemofu:unniumw
nuclear industries were investigated. These persons included Generai
JC Smuts, Dr SJ du Toit, Dr AJA Roux. Dr H) van Eck, Dr WL Grant
and the leaders of government connected with South African nuclear
development decision making, particularly Dr DF Malan, Dr HF
Verwoerd and BJ Vorster,

L

w
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In 1989 when I embarked on this research all documentation on
uranium enrichment was classified. Dr WL Grant was of the opinion
that the work “"Uraanverryking in die Republiek van Suid-Afrika" that
he personally commissioned Professor HL de Waal to write (based
directly on Grant's personal diary) should be declassified and made
available for research purposes. It was only in 1991 that this docuinent
that was locked in Dr Grani's study at Valindaba was declassified and
could be reviewed. Chapter 8 is largely based on information taken
from this source as well as the informative interviews with nuclear
scientists and engineers, who, according to Dr Grant, made significant
contributions to the development of the South African enrichment
process.

A number of articles on uranium and nuclear energy in South Africa
have been published from time to time in journals, magazines and
periodicals during the period 1948 10 1970. Of particular significance
were articles written by persons directly concerned with the story of
uranium. These include articles by Dr SJ du Toit, DAV Fischer, Dr
RB Hagart, CS Mclean. Dr SM Naudé, Dr AJA Roux. Dr BF
Schonland, DB Sole, Prof L Taverner Dr PD Toens and Dr JW von
Backstrém.

Information in Government publications such as Assembly Debates,
1945-1970, Acts of Parliament 1948-1970 and Reports of Committees
on nuclear power production in South Africa revealed significant
historical information on the subject and large sections of the
dissertation have been based on these primary sources.

AR Newby-Fraser's book, Chain Reaction, which deals with sections
of this history was an important source. The book may be regarded as
a primary source as Newby-Fraser was directly involved with heavy-
water production in South Africa and with selecting a location for the
nuclear centre Pelindaba.
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Because of the sensitive nature of this subject all primary documents
relating to this history could not be examined. However, Dr WE
Stumpf, Chief Executive of the Atomic Energy Corporation made
available certain documents in the AEC archives. The dissertation has
therefore been based mainly on these documents and unclassified
documents available at the Atomic Energy Corporation at Pelindaba.

Little is known of the laborious effort of hundreds of nuclear scientists,
nuclear engineers, mathematicians, technicians and construction
engineers at Pelindaba and Valindaba. Because of security precautions
scientists could not publish their discoveries in scientific journals. This
dissertation can only acknowledge the accomplishmenis of a few
prominent people.

Interviews with prominent scientists that participated in the
establishment of the South African uranium and nuclear industries
during the period concerned contributed largely to filling in the
information unavailable in documentation and enabling the writer to
produce a clearer account of the history of uranium in South Africa.

Certain sections of the text were reviewed by persons directly involved
with that particular part of the history. These were: AR Newby-Fraser
(heavy water production on South Africa); Dr D Reitmann
(particularly the history of the National Physical Laboratory and the
Pretoria Cyclotron, but also the history in its entirety as co-promotor of
the dissertation); Dr JW von Backstrom (geological background 1o the
uranium industry); and Dr JJ ‘Wannenburg (X-project).

The history of uranium, because of the refined mineral's high strategic
value is also political history. This history has therefore been placed in
political and international perspective. South Africa’s position in world
politics and the realisation that it would have to protect its vital national
interests against an increasingly hostile world, would also determine the
course of nuclear energy development in South Africa. International
relations linked to the South African uranium and nuclear industries

vi
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have largely been based on works by DB Sole and AR Newby-Fraser
and interviews with Drs RS Loubser and WL Grant, DB Sole and IFA
de Villiers.

Strict  security precautions were placed by the South African
Government and the Atomic Energy authorities on all uranium research
during the 1940's and the first half of the fifties because of the
material's strategic value. These precautions were intensified after
1960.  Certain documents relating to aspects mentioned in the
dissertation could aot be examined. This refers specifically to the
minutes of the meetings of the Uranium Research Committee which
could not be located. The minutes of the meetings of the Research
Advisory Committee (a sub-committee of the Atomic Energy Board)
could not be imade available by the Atomic Energy Corporation. The
highly classified Report of the Investigation Committee on Uranium
Enrichment could not be obtained from the Department of Internal
Affairs. Statistics on the foreign trade value of uranium after 1965 are
classified.

.-‘t‘....ﬁt

Certain problems relating to technical information in the text should be
mentioned.  Firstly, in the period 1945-1970 South Africa changed
currency. In the 1950's the monetary unit in South Africa was the
South African pound sterling. The value of South African natural
uranium (sold as uranium oxide) prior to 1960 is given in this unit.
However, during 1960 South Africa adopted a decimal currency.
Therefore, values of uranium in the 1960's are given in rand. The
nominal international uranium market price is generally quoted in
dollars. According ic Dr RB Hagart (a former Joint Deputy Chairman,
Anglo American Corporation) in 1957 the value of uranium in dollars
compared to the South African pound was a follows: The international
price of uranium taken at $10 or $11 per pound of uranium would be
70 shillings or 80 stullings respectively. The price that the Combined
Development  Agency was prepared to pay for uranium in the early

vii
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sixties was $8 a pound (approximately 56 South African shillings or
R5.60 in the new currency). The rate of conversion from pound to
rand in the sixties was approximately £1 = R2.

Secondly, scientific and technical words, concepts, formulas and
processes in the dissertation would be unfamiliar to the average reader,
Therefore, where possible, these words, concepts, formulas and
Processes have been reduced in the text. Scientific and technical terms
elc. that are mentioned have been tabulated in the “Technical
Addendum” and an explanation of these is given in nonspecialists
words and idiom. In the text scientific and technical terms used for the
first time are indicated with an asterisk (*),

Abbreviations for organizations and institutions are frequently used,
However, where these organizations and institutions are mentioned for
the first time the names are given fully. In order to make it easier for
the reader a full list of abbreviations is given at the beginning of the
dissertation,

According to McGraw-Hill: Dictionary of Scientific and Technical
Terms, "nuclear” and "atomic" are Synonyms. In the dissertation these
words are used as alternative forms  "Atomic” is historically the oldest
form as used in "Atomic Energy Board" and “Proposed Atomic Energy
Research and Development Programme". In the course uf time the
word “nuclear” has nationally and internationally become the new and
most commonly used form.

Elana Janson
Higgovale
Cape Town
19 June 1995

viil
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ABBREVIATIONS

AEB Atomic Energy Board (South Africa)
AEC Atomic Energy Commission (United States) (USAEC)
AEC Atomic Energy Corporation (South Africa)
AECL Atomic Energy of Canada Limited
AERE Atomic Energy Research Establishment (Harwell,
Berkshire, United Kingdom)
ADU Ammonium diuranate
BWR Boiling water reactor
CCDA Conference of the Committee of Disarmament
CDA Combined Development Agency
CEA Commissariat a'l'Energie Atomique (France)
CSIR Council for Scientific and Industrial Research
EBR Experimental Breeder Reactor
EEC European Economic Community
ENDO Eighteen Nation Disarmament Committee
ERP European Recovery
ESCOM Electricity Supply Commission
ESKOM Electricity Supply Commission
EURATOM European Atomic Energy Community
ex libris from the library of
FCl Federated Chamber of Industries
FOSCOR Phosphate Development Corporation
GCP Gas Cooling Project
GML Government Metallurgical Laboratory (April 1944-
March 1966 - formerly e Minerals Research
)
Gvp Gnverkoeltn;spmjek
ll‘{‘-gomb :nydmn;n bomb
A nternational Atomic Energy Agency
IDC Industrial Development Corporation
IFA (Norwegian) Institute for Atomic
ISCOR (South African) Iron and Steel Corporation
ISNSE International School of Nuclear Science and
Engineering (United States)
JCMMS Journal of the Chemical, Metallurgical and Mining
Society (South Africa)
JENER Joint Netherlands-Norwegian Research Institute
ISAIMM Journal of the South African Institute fir Mining and
Metallurgy
ISAIE Journal of the South African Institution of Engineers
kWh kilowatt-hour
kW kilowatt
kV, Kev kilovolt
Ib pound
Ma million years
:‘VTEK meuvollf“ M T November 1981
IN Council ineral Technology ( -
formerly the National Institute for Metallurgy)
MIT Massachusetts Institute of T
MRL Minerals Research Laboratory (July 1934 - March

1944)
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MV megavolt

MW megawatt

NAC National Accelerator Centre

NASA National Aeronautics and Space Administration

NIM National Institute for Metallurgy (April 1966 - Oct
1981 - formerly the Government Metallurgical
Laboratory)

NP National Party

NPL National Physical Laboratory

NPT Nuclear Non-Proliferation Treaty

NTBT Nuclear Test Ban Treaty

NUFCOR Nuclear Fuels Corporation of South Africa

NVS Nasionale Versnellersentrum

OEEC anization for European Economic Co-operation

OPEC grr:mimion of Petroleum Exporting Countries

ORR gak Ridge (National Laboratory, USA) Research

eactor

PELINDUNA South African Power Reactor Concept

PWR Pressurised Water Reactor

RCN Reactor Centrum Nederland

SAFARI South African Fundamental Atomic Reactor
Installation ("1 indicates that it was the first research
reactor)

SALT Strategic Arms Limitation Talks

SAMEJ South African Mining and Engineering Journal

SASOL South African Coal, Oil and Gas Corporation

SUNI Southern Universities Nuclear Institute

T tesla (the international magnetic field unit of
measurement)

tl tonnes uranium

u uranium metal

U-234 uranium isotope 234

U-235 uranium isotope 235

U-238 uranium isotope 238

U0, uranium oxide

uo, uranium tetrafluoride

UF, uranium hexafluoride

UCOR Uranium Enrichment Corporation of South Africa

UKAEA United Kingdom Atomic Energy Association

UNAEC United Nations Atomic Energy Commission

UNO United Nations Organization

URENCO CCombined {JCanmercill) Uranium Enrich m’:'uto' :

ompany (United Kingdom, Germany and and)

USAEC United States Atomic Commission

USSR United Soviet Socialist Republic

VECOR Van der Byl Engineering Corporation

WNNR Wetenskaplike en Nywerheids Navorsingsraad

X-project Code name for the experimental phase of the South
Alfrican uranium enrichment project

XYZ-project Codammcforuicwhoiem African uranium
enrichment project (Gas Cooling :er‘o;tm)

Y project Code name for group that was to gn the actual

or Project Y nomicwuponinlheMmumjm

Y -project Code name for the pilot enrichment plant developmem
of the Sn'uhm uranium enrichment project

Z-project Code name semi-commercial plant developn ~nt

e orlheSmuhAﬁ'!mnrmlmnmrichmpmjm.
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CHAPTER ONE

THE EARLY HISTORY OF URANIUM AND
THE ATOM

Like all the uranium* deposit: of the globe, South African wranium is
¢ vinctly time-bound. It would be the discovery of the radioacnivity® of
usanium at the close of the nineteenth century that would urge physicists
to question the indestructibility of the atom.* While momentous
achievements were being made in early nuclear science in Europe, the
gold mines of the Wirwatersrand were developing and vielding a wealth
of gold - also unknowingly - preparing the way for the South African
wuranium industry.

Uranium deposits and their time bound characteristics

Uranium is extremely widespread in small quantities (a few parts per
million) in most of the igneous rocks particularly those of granitic
composition, and in some sedimentary rocks.! The sea also contains
minute quantities of uranium uneconomic to recover. Granite do not
normally exhibit economic concentrations of uranium. The study of
uranium occurrences suggests that the ultimate origin of uranium is
associated with depths “vhere magmas* originated. Further evidence in
support of a deep ultimate origin are thermal springs,* geysers* and
volcanic emanations with uranium content. There are certain well-
defined uraniur: provinces. *?

1 Igneous rocks: produced by solidification of the carth's internal molien
magma. Granite: .mmimwmmmm
of quarz, felspar and muca. Sedimentary rocks: cocks formed by
mmﬂuhnmddmﬁmo’(wmnuﬂsd«iwdmmpm
existing rocks.

the

2 BB Brock, LT Nel and DIL Visser: “The Geologica! Background of
Uraaium Industry”, Uranium in South Africa, 194¢ 1956, p. 276
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The United Nations Symposium on "Peaceful !'ses of Atomic Energy”,
Vol. VI (1955) recognizes sever principal uranium provinces: The
Rim of the Canadian Shield, the Colorado Plateau (USA), Urgeirica
(Portugal), Le Massif Central (France), Joachimstal (Czechoslovakia),
Ferghana (Pan African Belt) and Southern Africa. India and the east
coast of Brazil are classed as thorium provinces* containing uranium.
Occurrences of uranium in Brazil, Argentine and Australia and others
may qualify as provinces. Observations done in uranium provinces
show that uranium  posits of varied types, tend to appear over an
immense range of geological time '

The distribution of the uranium provinces has more meaning when
considered in relation to “shield” and “table” areas of the carth's
surface. A shield is the anc'ent nucleus of a continent and uranium
deposits are not likely to be fo.'nd in the heart of a shield area. A tabie
area is also a rigid sector of v c.rth's crust.  Uranium sources are to
some extent localised. For wale, the Colorado Plateau uranium
prov: e lies on the edge of th: “orth American Table. Joachimstal
lies on the edge of the buried Russian Table. The Massif Central in
France and Urgeirica (Portugal) constitute "outliers” of ancient rocks in
rather disturbed arcas of the earth's surface. All of Africa, south of the
Atlas, is regarded as a shield area. Here the generalisation that
uranium cannot be found in the heart of a shie'd must be modified.
The African Shield has been subdivided into units, and along the
“sutures” between units conditions may be found equivalent to the edge
of smaller continental shields or tables. Chinkolobwe in the B lgian
Congo* and Mindola in Zambia occupy one such "suture” *

3 BB Brock, LT Nel and DIL Visser: 'momwm.mnudorm
Uranium Industry”. Uranium in South Africa, 1946-1956, p. 276, PD
Toens:  “Uranium Deposits and their Time Bound Characteristics”,
Transactions of the Geological Society of South Africa. 84, 1981, p. 299,

4 The name of the Belgian Congo changed to Zaire afier independer.or n 30
June 1960

5 Ibid., pp. 276277
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Uranium is estimated 1o be present in the Earth's crust to the extent of
about four parts per 1 000¢7). It is thus considerably more abundzant
than gold and silver. [t never occurs uncombined in Nature. Y is
distributed in minute Quantities nearly everywhere on land and sea.
Compounds of uranium are present in rocks of varying composition and
origin. The actual concentration Of uranium in most of these ores is
low, however, and ore bodies suitable for economic mining are rare.
Concentrations of suitable ores may have occurred when uranium-rich
compounds were exuded into rock favlts after the molien uranium
silicates* in the Earth's crust hed crystaliized. Later the rock
weathered, leaving deposits of the more chemically unreactive uranium
minerals.  Other uranium minerals may have been taken into aqueous
solution, transported, and subsequently precipitated as oxides* after
reacting with other minerals, 6

The two main categories of uranium are primary and secondary.
Primary, relatively  unoxidized uranium minerals of particular
importance are uraninite* (@ crystalline uranium form that is 45 - 48 %
uranium) and its friable or massive variety, pitckblende®;  coffinite*
(60 % uranium): brannerite* (30 - 40 % uranium) and davidite* (7 -
10 % uranium). Important seconda, v, oxidized uranium minerals are
carnotite,* autunite® and torbernite®*. More than a hundred uranium-
bearing minerals have been described, but the majority of these occur
S0 sparsely that they are of little or of no economic importance.
Uranium is a dense, hard, but malleable metallic element. It is
radioactive, nickel-white with the heaviest atomic weight of any
natwrally occurring element.

6 PD Toens: “Uranium its and their Time Bound Characteristics”,
Transactions of the Gnlmm_v of South Africa, 84, [98] pp. 295.
297.
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Pegmatite®* deposits form a third category. None of the known
pegmatite occurrences of uranium-bearing minerals are of any
importance as a source of uranium.”

Primary deposits are recognised by the form in which they occur: (1)
vein deposits (typified by Great Bear lake, Joachimstal and
Chinkolobwe).  (2) pegmatite dykes (primary uranium o inerals,
sparsely distributed as isoiated crystals or in swall nests or pockets
scatiered throughout the rock); (3) in migmatites and shear zones (as at
Radium Hill, Australia).  Vein deposits such as Joachimstal,
Chinkolobwe and Great Bear Lake were responsible for the earliest
production.  Vein deposits, unless unusually rich or large, do not
constitute a large portion of the world's resources. In fact they can
hardly compete with the large lower grade bodies represented by the
sedimentary deposits.  True vein deposits carrying uranium are
unknown in South Africa. Secondary or sedimentary deposits such as
Colorado Plateau (USA), Blind River (Canada) and the Witwatersrand
more than make up for their lower grade by cheaper, large scale
exploitations. South Africa is particularly fortunate in that her uranium
15 to a large extent a by-product of gold.®

Uranium mineraiization is present in rocks which encompass almost the
whole of the geological history of South Africa.®

The Atwn

For 2 400 years, from the fifth century BC to the end of the nineteenth
century, science believed that all matter was composed of stable and

7 JW ver Backstrom® "Uranium”, Mineral Resources of the Republic of
South Afiiea, p, 238

L] BB Brock LT Nel and DIL Visser: “The Geological Back of the
Uranium induany ™, Urnnlum in South Africa, 1946-1956, p. 279,

9 HJ Brynad et al: Uranium in South Africa, p. 7.
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indestructible particles called atoms. The atomic theory of matter,
unsupported by any evidence, was first propounded by the Greek
philoscpher, Democritus (¢ 460 BC - 370 BC). To account for the
world's changing physical phenomena, he asserted that space (or the
Void) had an equal right with Being (i.e. the physical world) to be
considered existent. The Void, Democritus conceived as @ vacuum, an
infinite space in which moved an infinite number of atoms that made up
Being. These atoms ure eternal and indivisible. They are absolutely
small, so small that their size cannot be diminished. Hence the name
"atomon” or "indivisible” ' The Greek philosopher Epicurius (¢ 300
BC) supported this theory, However it was not accepted by many other
important philosophers.  Aristotle (384 BC - 322 BC) rejected
I .mocritus’ theory in favour of the view that all mater was composed
of different combinations of the four elements - earth, water, air and
fire. This concept displaced the atomic theorics and formed the basis
of alchemy®*, the study of matter that dominated science until the
seventeenth century.

Alchemy was widely practised in Arabia, China and Renaissance
Europe. Two of its main objectives were to find a way of wming a
base metal, such as lead, into gold and to find an “elixir of life".
Alchemy was supported by religious leaders of the time, whereas
atomic theories with their applied atheism were suppressed by Jewish
and Christian teachers. Many earlier texts survived however, including
the De Rerum Natura (On the Nature of things) written in the first
century BC by the Roman poet Lucretius. In the first half of this six-
volume poem, Lucretius described and defended the theories of
Epicurius.

De Rerum Natura was used as a source of reference by several
seventeenth and eighteenth century philosonhers.'' At the beginning of

10 TIWilliams (ed): A Biographical Dicticnary of Scientists, pp. 165-166.

1 The Marshall Cavendish Ilustrated Encyclopacdin of Science and
Technology, 1979 edition, pp. 12-i3.
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the nineteenth century John Dalton (1766-1844) produced the first
dtomic theory. From his study of gases he came 1o the conclusion that
clements* are made up of smaller particles called atoms and that
chemical compounds of the clements are formed by the union of these
atoms in simple numerical proportion. '2

UrlululndthAdvmmdNudeuSdmlm-l!M

The discovery of the clement uranium s usually attributed 1o the
German. Martin Heinrich Klaproth (1743-1817). a Berlin apothecary
and an outstanding analytical chemist. He described it in a lecture 1o
the Royal Prussian Academy of Science in 1789, Klaproth found the
uranium in pitchblende which he obtained from the cobalt-silver*
mines at Joachimstal in Bohemia (now Jichymov, Czechoslovakia).
Pitchblende was 3 by-product of the cobalt-silver workings.

48 an ore of zinc.* Klaproth processed the mineral. He found that by
dissolving pitchblende in 4qua regia and then adding an alkali* to the
cold solution, a yellow Oxide was obtained. This was an oxide or
mixture of oxides of a hitherto unidentified clement. He named the
substance uranit. A year later Klaproth changed the name from uranit
10 uranium after the planet Uranus which had been discovercd by Sir
Frederick William Herschel (1738-1822), an English astronomer, eight
years carlier (1781). It was the eighteenth element to be identified out
of the ninety-two known to-day to exist in their natural state. It was
not until about half a century later that uranium metal was isolated from
its salts.* This was achieved by the French chemist Eugéne-Melchior
Peligot in 1841, He passed chlorine over heated "uranium”, studied
the products of the reaction, and found that the "uranium” he used was
an oxide. Peligot then heated uranium chloride with metallic sodium
and dry potassium chloride in a platinum crucible. The potassium

12 TI Williams (ed): A Biographical Dictionary of Scientists, pp.127-129.
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chloride dissolved aw - ving a Rack powder that was truly the
element uranium. 7T, thod, with modifications, has been used
since that time. 1"

Uranium was known for a hundred-and-fifty years before any serious
application could be found for it. [t is estimated that over the period
1850-1900 the world's annual production of uranium oxide was about
three tons, derived mainly as a by-product from cobalt-silver workings
at Joachimstal in Bohemia. Because of the canary-yellow colour of the
oxide, its main use during this period was in the ceramic industry 14

The discovery of radioactivity and particularly the radioactivity of
uranium made physicists question the indestructibility of the atom. In
December 1895 Wilhelm Konrad von Rontgen (1845-1923), a German
physicist, discovered that when an electric current passed through a
Vacuum tbe, the tbe emitted rays which could penetrate bodies
Opaque to ordinary ligh.!s Henry Becquerel (1852-1908) of the
University of Paris undertook a systematic investigation to ascertain
whether fluorescent* substances emitted invisible rays similar 1o
Rontgen rays®*. The results were negative until he placed uranium
compounds™® on a photographic plate. The uranium compounds would
fog the photographic plate, even though it had not been exposed 1o
light.  Becquerel believed that the uranium compound produced rays
that could penetrate the wrapping of the plate. He had discovered the
phenomenon of radioactivity in uranium (1896).

13 Tl Williams (ed). A Biographical Dictionary of Scientists, pp 292.293.
CS McClean: "The Uranium Industry of South Africa”, JCMMS, 54, April
1954, p. 345; Norman Moss: The Politics of Uranium, p. 5.

14 “Story of Uranium Production in South Africa”, Mining Survey, 4(3) March
1953, p. 11; SH Haughton: *Uranium in South Africa®, Coal, 2(7) Sept.
1954, p. 47,

15 T1 Williams (ed): A Dictionary of Scientists, pp. 448-449;
More pani could pass the flesh of a human and
throw a Mowwyol:?hc bones on m screen:  JW Kane :‘:"MM
Sternheim: Physics, p. 745.
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Marie Curie (1867-1934) and Pierre Curie (1859-1906) were two
French physicists who began 1o study this new phenomenon. Marie
Curie made a thorough study of Bequerel's experiments. She wanted to
know whether other metals produced rays.  She found that the
radioactivity of g saniple of pitchblende Was particularly marked. '6
From sackfuls of pitchblende, and after many years of investigation,
they obtained a small amount of radium™® (1898). Radium was found
to be extremely radioactive.

which atoms of one element spontaneously disintegrated into atoms of
an entirely differen element, which also remained radioactive. This
could also apply 10 the element uranium. Following the Curies’
isolation of radium from pitchblende in 1898, production of uranium
ores rose somewhat during the next twenty years (1900-1920) 10 an
annual average of about one hundred tons. 17 Radium and Rontgen rays

16 T1 Williams (ed): A raphical Dictionary of Scientists, pp. 122-123, p.
41: JW Kane and MM Sternheim: Physics, p. 745,

17 TI Williams (ed): A Dictionary of Scientists, pp. 4 :
482; SH Haughton: *Uranium in South Africa”, Coal, 2(7) Sept. 1954, p.
47. JW Kane and MM Sternheim: Physics, p. 746,
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nineteenth century. In 1904 3 Japanese physicist. Hautaro Nagaota,
proposed the nuclear theory that each atom consisted of a central
nucleus* surroundeg by electrons, *1% Experiments by Rutherford had
shown unexpectedly that alpha pasticles* (positive particles) are
scattered through large angles when fired through gold foil. Rutherford
reasoned that a positive nucleus within the gold atoms deflects the
particles. He concluded that the atom has a positive nucieus. In 191]
Rutherford put forward the modern theory of the atom. His atom
consists of a small heavy nucleus with a positive charge, surrounded by
a diffuse cloud of lighi negative electrons 19 Sodd * con aded in 1912
that certain elements might exist in forms that differ n gtomic weight*
while indistinguishable and inseparable chemically. The uto,.15 of these
elements are called isotopes.*  Uranium IS one of these elements.
Uranium is radioactive in all i isotopes. The nuclei of uranium are
unstable and break apart easily, 20

The way radioactive elements change into other elements prompted
Scientists to try and change elements themselves.?! ) opg Rutherford
was the first 1o auempt this in 1919. He succeeded in changing
nitrogen* into oxygen* by bombarding nitrogen gas with a stream of
alpha particles (1wo protons® and rwo feutrons*) from uranium. [n
their study of atoms scientists progressed (o nuclear bombardmeny with
accelerated particles. They developed machines called accelerators® -
‘atom-smashers’' - 1o do this. The general principle behind these

18 Encyclopaedia Britannica, vo|. 26, 15th edition. 1987, pp. 10231024,

19 mwc-wmu'mumw
Technology, 1979, pp. 13-14;; Jw Kma:cidyMM Sternheim:  Physics, p.
666.

0TI Williams (ed): A Biographical Dictionary of Scientists, p. 482,

21 See Technical Addendum- “transmutation .
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machines is that charged particles are accelerated by applying a
powerful electric fieid to them so that they are strongly repelled.

In 1932 Sir John Douglas Cockroft (1897-1967), an English physicist,
succeeded in bombarding the light element lithium* with protons and
splitting the atom.2? These experiments led to the accumulation of a
great deal of valuable information and a clearer restatement of the
structure of the nucleus. In the same year, 1932, Sir James Chadwick,
an English physicist, discovered the existence of a new atomic particle.
It was neither positive nor negative, but neutral, and was therefore
named "neutron”.?* He bombarded bervilium* with alpha particles and
obtained a "radiation"* which could knock protons out of wax (which
contains a large amount of hydrogen*) with high eneigy. He showed
that this radiation must consist of neutrons, electrically neutral particles
with aboui the same mass as a proton. This immediately solved a long
standing problem about what a nucleus is made of. Because they have
no charge, neutrons are not repelled by a nucleus and ¢ n get inside
quite easily even at low energies. They were therefore very useful for
probing nuclei* ¢

Physical chemists Frédéric Joliot-Curie (1900-1958) and his wife Irene
(1897-1956), daughter of Marie Curie found that bombardment of
clements with beta-rays* (electrons) and neutrons would produce
artificial radioactive elements* not found in nature (1935). It was an
extension of the method used by Frédéric Joliot-Curie and his wife
Ireve that led to the splitting of the atom. 2

2 T1 Williams (ed): A Biographical Dictionary of Scientists, p. 109; "Story
of Uranium Production in South Africa”, Mining Survey, 4(;) March 1953,

pp. 11412,
23 JW Kane and MM Sternheim: Physics, p. 752,

24 Tl Williams (ed): A Biogra Dictionary of Scientists, p. 280
Readers' Dl.eullburyol‘l(o::nﬁmww. vol. 1, 1981, p. I!PG.

25 Using o ons insiead of alpha particles for the bombardment of nuclei. TI
Williams (2d): A Biographical of Scientists, pp. 279-281.



Stellenbosch University https://scholar.sun.ac.za

Uranium in South Africa, c. 1880-1939

While significant developments were taking place in Europe regarding
uranium and nuclear energy, it became known that some gold-bearing
ores of the Witwatersrand in South Africa contained uranium. Initially
metallurgical investigations in South Africa were carried out by
metallurgists of the early laboratories of the Witwatersrand gold mines
and by the department of Metallurgy and Assaying at the University of
the Witwatersrand . Uranium investigations in South Africa were done
independently of those in Europe and elsewhere and it was only when
the importance of uranium was discovered during the course of the
Second World War that South African uranium deposits  were
implicated in international developments of uranium and atomic energy .

In the late 1880's Sir William Crookes (1832-1919), then Chairman of
the Royal Society in London, noted the green fluorescence of minute
crystals found in gold-bearing ore from South Africa. Laboratory tests
subsequently showed that the fluorescence was due to radioactivity .
These were the first indications that the gold deposits of the
Witwatersrand hosted uranium, 26

In the gold-mining industry of the Witwatersrand, since the very early
years of its existence, there was a continuous need for research 1o
improve its techniques. The industry had coped successfully with the
major changes of technology, the most radical being the introduction of
the cyanidation process* into an industry that had previously depended
on physical methods for the extraction of gold. Numerous problems of
a chemical and physicochemical Nature had arisen, and it had become
necessary to rely on chemists or metallurgists with a good training in
chemistry, to cope with the problems experienced in operating the
extraction plants. A considerable amount of experimental work was
done on the various Operating mines and, where a number of mines

26 Uranium: South Africa's Mineral Wealth, Public Relations Department of
the Chamber of Mines and the Atomic energy Board of South Africa, p. L
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were operated by a so-called group, it became fecessary that a group
laboratory be established. In the carly years the main purpose of the
group laboratories was to analyse incoming stores, especially coal and

the Gold Fields Laboratory having just been established, and the Rand
Mines Laboratory some time carlier. The Rand Mines Metallurgical
Laboratory was for many years the most prominent of the group
research laboratories. 27

The first South A*rican notification that the Rand gold ores contained
radio-active substances dates from 1915, and is attributed 1o Dr AW
Rogers, then Director of the Geological Survey of the Union of South
Africa. On April 19, 1915, Dr Rogers delivered a Paper "Notes on the
Occurrence cf Radio Active Minerals in South Africa”, 10 the members
of the Geological Society of South Africa. Minerals long known to
mineralogists and chemists, but regarded as being of no commercial
interest, were being scrutinized in South Africa once more, following
the discovery of radioactive elements, One of the first hints of what
Was 10 become South Africa’s multi-million rand uranium industry was
a remarkable prophecy made in 1915 On July 5, 1915, commenting
on this paper, the Government Mining Engincer, RN Kotze, later Sir
Robert Kotze, predicted that the results obtained from radioactive
elements “appear likely in the course of time 10 revolutionise
chemistry, as well as the production of energy and, indeed, possibly the
whole fabric of our present day civilization, 28

27 The Rand Mines Laboratory was closed down in 1973, and this brought to an
end the history of the oldest metallurgical laboratory on the Witwatersrand.
Jack Levin: The Story of Mintek, 1934-1984, pp. §.12.

28 "How Uranium was Discovered in South Africa”, Mining Survey, 69, Sept,
1971, p. 12.
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In 1923 F Wartenweiler, then Assistant Consulting Metallurgist o the
Central Mining Group of Companies. initiated an investigation into the
mineral constituents of the corduwioy concentrates.* This Mining Group
had then decided to change from the plate amalgamation method* to the
corduroy concentration method for the recovery of gold. That was a
then recent innovation in the Witwatersrand metallurgical practice. The
result was that the amount of concentrate collected was in excess of
amalgamation barrel capacity. The concentrate obtained from the
corduroys was being retreated on tables, and it was the detailed
examination of these table concentrates which revea'ed the presence of
relativei; large amounts of osmiridium,* together with a radioactive
mineral later identified by RA Cooper as a variety of uraninite ¥

RA Cooper delivered his significant paper cntitled “Mineral
Constituents of Rand Concentrates” to the Chemical Metallurgical and
Mining Society of South Africa on 20 October 1923, and it was
published in the same month in the Journal of the Chemical,
Mo Turgical and Mining Society of South Africa. RA Cooper
ani. wced that a group of mines in South Africa, from the Boksburg
fault, west to the Central Rand, carried @ mineral known as uran.nite
nearly half of which consisted of a compound of uranium.¥

Although Cooper did not foresee the possibility for the extraction of
radium in future, GH Stanley'' believed that the concentrates had
potential commercial value. Cooper's identification of a heavy black
mineral (uraninite) was not, as far as it has been possible to ascertain,
accompanied by any attempt to determine the amount of uranium
present in the original ore. According o Professor L Taverner,

29 L Taverner: “An Historical Review of the Events and Develujinents
culminating in the construction of Plants for the Recovery of uranium from
Gold Ore Residues”, JSAIMM, 57, November 1956, p. 125,

10 “The Search for Uranium, South Africa’s Position®, SAMEJ, 58(.), 7
February 1948, p. 603; Jaca Levin: The Story of Mintek, 1934-1984, p.
89.

3 GH Stanley was Professor of Metallurgy st the University of the
Witwatersrand.
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Lirector of the Government Metallurgical Laboratory (January 140 -
December 1958), (his is understar.dable since the occurrence of
urarium in such minute quaatities could not, at that time. have been of
any economic significance. ™ The Paper described uraninite as having a
black colour angd brilliant lustre of polished jer. Cooper gave a detailed
account of the composition e concentrate.  He suggested thar it
would be interesting 1o puri.y the uraninite by mechanical means.
Probably the flotation method* wouid separate sulphides, arsenides and
metals from the oxide - and ascertain the true constituent of the pure
mineral and its radioactive value. An estimate of the value of the
radium was given by Cooper

Since 1923 ihe gold-bearing ores of (he gold mines on the
Witwaiersrand  have been known o be a potential source of the
radioactive minerals. No active steps were taken 1o develop these
fesources, because the commercial application of the radioactive
minerals was then limited, and the occurrences in South Africa were
generally of low grade.

During the 1920's, the State's Mines Department was concerned with
the devclopment of South Africa's mineral fesources, particularly the
base minerals. There was an interdepartmental committee, the Base
Mineral Development Commitee, which studied and advised the Mines
Depariment on mineral fesources.  There were frequent suggestions

fesearch and  experiments should  be instituted 1o promote  the
exploitation of the known exiensive, but low grade South African
mineral deposits

32 L Taverner: *An Historical Review of the Events ang Developments
culminating in the cons:riction of Planis for the Rmm? ol uranium from
Gold Ore Residues”, ISAIMM., 57, N avember 1950, p. 125

i3 “The Search for Uranium, South Africa’s Position”, SAMED 5802, 7
February 1948, p. 603

M 1 Levin: The Story of Mintek, 1934-1984, p. ¢,
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George Hardy Stanley believed that the State should establish such
laboratory facilities and was persistent in his efforts to accomplish this.
He came 10 South Africa having studied at London's Royal School of
Mines. He joined the Transvaal Technical Institute. From 1905 he
wis Professor of Metallurgy and Assaying at the University of the
Witwatersrand. In 1909 Stanley and Sir Robert Kotze, the Government
Mining Engineer. negotiated an agreement by which Stanley received a
grant of £2200. The grant was for the equipping of an ore-testing
laboratory in the new building of what was then known as the
Transvaal University College. In the 1920's and 1630's Stanley
submitted memoranda to the Mines Department in which he pointed cut
the mutual benefits of a research laboratory financed by the State,
administered by the University as a component of the university .

The State wished 10 promote the exploitation of South Africa’s base
minerals. Dr Haus Mrow, the Government Mining Engineer, and HR
Raikes, Principal of the University of the Witwatersrand (and a
research scientist), supported the efforts of Professor Stanley, and three
research institutes were established by the State and linked to the
University of the Witwatersrand, but functioned independently of it.
The Minerals Research Laboratory (MRL) was the firs: established by
the government in 193419

Jack Levin, author of The Story of Mintek. was one of the two
graduates who constituted the professional staff of the Minerals
Research Laboratory when it was established in 1934, During the first
two and a half years a wide range of investigations were undertaken.
for example, the treciment of refractory gold ores and the recovery of
vermiculite®, but as & result of the Second World War and the

is Followed by the Bureau of Archacology .n 1935 and the Bernard Price
Institute of Geophysical Research in 1937, Juck Levin:  The Story of
Mintek, 1934-1984, pp. 6.7 16-19,
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discovery of nuclear fission,* uranium research would only commence
during the 1940's, %

36 Jack Levin: The Story of Mintek, 1934-1984, pp. 46-59.
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CHAPTER TWO

URANIUM BECOMES A F ACTOR IN
INTERNATIONAL POWER POLITICS

Certain  leading international physicists and chemists who were
experimenting with uranium during the 1930 realised its potential
destructive power. Iy the hands of political aggressors is could be
exticemely dangerous.  This led o an exodus of leading scientists from
pre-war Europe to the United Kingdom and the United States. During

implosive assembly (the Manhattan Project) and to assess the warld's
wranium resources. During the war the USA. Britain and the Sovier
Union  began Jormulating  the principles for an organization for
collective security. This led to a joint declaration after the war by the
USA, Britain and Canada on the control of nuclear energy.  Because
the known uranium deposits at that time were few, uranium was of grear

The Destructive rower of Uranium

The destructive power of the metal uranium can be undersiood by
beginning with Albert Einstein's theory of relativity. *' In the nuclear

[ See Technical Addendum: “Emnsteins's theory of Relativity”, International
fame came 1o Einstein in November 1919, when the Royal Society of London
announced that a scientific expedition had completed calculations that v zrified
the predictions made in Einstein's general theory of relativity. He was
acclaimed the greatest genius on earth, In 1933 soon afier Adolf Hitler

became Chancellor of Germany, he re.ounced his German citizenshi
left the country. He later accepted a full-time position as a

member of the School of Mathematics at the new Institute for Advanced
Study at Princeton, New Jersey, USA. Einstein was $0 convinced that Nazi
Germany was preparing for war that, to the horror of his pacifist friends, he
violated his pacifist ideals and waged free Europe 1o arm and recruit for
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fission process a nucleus of uranium breaks up inte fragments and
energy is released.  In addition to lagments and energy. fission
produces two or three neutrons which, under suitable conditions, can
cause fission in other » mwura atoms. If that happens, an ever-
increasing number of fissisus will occur as more and more neutrons are
released and cavs. more fissions in tum.  This process, called a chain
reaction”, relzasct vast amounts of energy. In other words, uranium
could be used to make an atomic bomb, However, as will be
illustrated, the uranium chain reaction would only be discovered afier
much experimentation.?

In the history of uranium the developments in international relations
after World War | were significant. World War | proved so destructive
that it was felt that after 1919 a more effective method of soiving
international problems should be found. The result was collective
security - The concept of collective security would later form the basis
for the control of uranium and other nuclear fuels.® It was a method
devised by the League of Nations to maintain world peace 4

By 1936 the League of Nations as an agency of collective action was
proved ineffective. In September 1931 Japan, still a member of the
League, attacked China, which was also a member o1 the League. On
3 October 1935 Benito Mussolini (1883-1945), Fascist dictator of ltaly,
attacked a fellow-member of the League, Abyssinia. The follov. ag
vear, on 7 March 1936 Adolf Hitler (1889-1945), Nuzi leader of

dtfmuj T Williams (ed): A Biographical Dictionary of Scientists, pp.
161-163.

L]

JW Kane and MM Siernheim: Physics, pp. 766-767.

3 Collective security:  For example, the use of sanctions by world
organizations such as the League of Nations or United Nations.

4 The League of Nations: A scheme sponsored by American President
Woodrow Wilson, Created 1o promote international ration, member
states could meet to discuss common problems and matters liable to
woﬂdpuu' A Le Roy Bennet: International Organizations,

and Issues, pp. 24-25 and 34.35, Michael Akehurst: A
Introduction to International Law, p. 219,
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Locarno Treaty and Kellogg-Briand Pact went unpunished by the
League of Nations.® The countries of Europe found themselves at the
mercy of aggressors, their security at risk.  Belgium asked o be
released from the Locarno commitments and declared a policy of
neutrality. In July 1936 the civil war broke out in Spain. haly aud
Germany  jointly supported General Francisco Franco (1892-1975)
against the (Loyalist) government, which was aided by Russia. In
November 1936 Germany and Japan signed an Anti-Comintern Pact, 3
month after the formatior: of the Rome-Berlin Axis. In July 1937 Japan
fenewed its advance in China. The following year the Council of the
League advised indivigual member states (o apply separatc sanctions
against Japan, but they wok no action. On 12 March 1938 German
troops marched into Austria and occupied Vienna. France and Bruain,
harassed by a new war in China, felt unable 10 move

European affairs between March 1938 and March 1939 were dominated
by the British Prime Minister, Neville Chamberlain's ( 1869-1940)
policy of appeasement. In the study of the history of uranium, this was
an important aspect. The policy of appeasement left no shadow of
dou®: in the world about the peaceful intentions of Britain and France,
and their extreme reluctance 1o contemplate war. When war did begin
(September 3, 1939) every moral advantage lay on the side of the
democracies.?

5 Locamo:  Peace treaty made in 1925 Kellogg-Briand Pact: Pact for
renunciation of war (1928). A Le Roy Bennet:  Internationa)
Organizations, H'hdrlaudlnu.pp. 36-38; David Thomson: Europe

Since Napoleon, pp. 731736,

6 FH Hartmann:  The Relations of Nations. p. 369, DPavid Thomson:
Europe since Napoleon, e 731.738,

7 David Thomson: Europe Since Napoleon. Pp. 735-739,
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destructive power. This knowledge would be extremely dangerous in
the hands of aggressors with motives of large scale domination. The
sympathies of a number of prominent nuclear physicists lay with the
Western Alliance. ¥

In 1934 Enrico Fermi (1901-1954), a young ltalian physicist, began a
series of experiments in which he Systematically "bombarded"® 3
variety of targets with neutrons. Soon he discovered that placing water
or & hydrocarbon* between the source and the target increased the
production of artificial radioactivity.*  Fermi realised that the light
atoms had absorbed some of the kinetic energy* of the neutrons in a
series of collisions and that the resulting slow neutrons were more
readily captured by the target nuclei. Hoping to make new discoveries
Fermi and his colleagues bombarded uranium with neutrons. Their
experiment produced puzzling radioactive substances that could not be
identified. At the time it was not realized that a different process of
disintegration might occur in uranium than in any other element,
Fermi and his colleagues had in fact caused uranium auclei to fission. 10

Enrico Fermi and his family fled the Fascist regime in ltaly in 1938 by
travelling 1o Stockholm where he accepted the Nobel Prize for Physics
They then proceeded (0 New York and arrived on January 9, 1939, He
was given a post at Columbia University. "' There he would continue

I
8 RG Hewlett and OF Anderson: A History of the United States Atomic
Commission, vol. |, 5. 10: (Dr D Reitmann: Private Collection)

DIR Bruckner: “The Day the Nuclear Age was Born®, Science Times, The

614,

9 Physicists "bombard” elements with neutrons hoping 10 discover pew
elements

10 (SAL) J Daintith e al: Biographical Encyclopedia of Scientists, vol. |, pp-
283-284; IW Kane and MM Sternheim:  Physics, p. 760; ‘Dr D Reitmann:
Private Collection) DIR Bruckner: “The Day the Nuclear Age was Born®,
Science Times, The New York Times, 30 November 1982, p. c2.

11 (SAL) J Daintith et al: Riographical Encyclopedia of Scientists, vol. 1, Pp.
283-284; (Dr D Reitmann: Private Collection) DJR Bruckner: “The Day

20
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with research to control nuclear energy.* This history will be related
later in this chapter.

Between 1939 and 1042 nuclear scientists would discover how o use
uraniuni (o make a contrmiled nucicar chain reactor.

The bombasiment of e.enients by physicists is done with minute
Quantities of matter and the immediate effects take place in a
microcosm so small as 1o be far beyond the reach of human
observation. In 1938 two German chemists. Otto Hahn (1879-1968)
and Fritz Strassmann (1902-1980). working at the Kaiser Wilhelm
Institute in Berlin, analyzed the results of Fermi's bombardment of
uranium, and announced that they bad found traces of the radioactive
1sotope barium.* This was baffling'? as the atomic weight of barium is
4 little more than half that of uranium and it could hardly be produced
by knocking one or two particles out of uranium atoms. Hahn
published his discovery in a scierific journal.  He also wrote an
account of his findings in a letter 10 a former colleague, Lise Meitner
(1878-1968), an Austrian physicist, who had been forced to leave Nazi
Germany because she was Jewish and was then working at the Nobel
Institute in Stockholm. Sweden. Lise Meitner suggested to her
nephew, Otto Frisch (1904-1979), a German refugee scientist, then
working at the Niels Bohr Institute in Copenhagen, what might have
taken place in the experiment done by Hahn and Strassmann.'* Some
heavy atoms (like uranium) might be unstable in an usual way, so that
one could be roughly split into rwo equal parts, by the injection of a
neutron, and this coulc be how barium had resulted from the neutron
bombardment of uranium. Meitmer and Frisch Journeyed 1o

the Nuclear Age was Born®, Science Times, The New York Times, 30
November 1982, p. ¢2.

12 What happens after the bombardment of slements must be worked out or
Buessed at fiom analysis of the observed effects,

13 ULUCT) Norman Moss: The Politics of Uranium, pp. 7-8; (SAL) J
Dainiith et al: Biographical Encyclopedia of Scientists, vol L. pp. 318-
319; vol. 2, pp. 601-602,
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Copenhagen, Denmark, 1o inform the Danish physicist, Niels Henrik
Bohr (1885-1962). of this phenomenal discovery. They also published
their theory in the English scientific report. Nature, on 16 January
1939.  As soon as this paper appeared nuclear physicists in other
centres repeated Fermi's experiment. ' What had happened was that
low-velocity neutrons Caused the uranium nucleus to fission, or break

pieces - for example barium and krypton® - equalled that of the
uranium nucleus. Muych energy was released in the process, !4

As it happened Niels Bohr visited the United States in January 1939
He carried with him the explanation given by Lise Meitner and Otto
Frisch.  Bohr embarked on this Journey because he was concerned
about the impending war in Western Furope and the revolutionary
discovery niade by Hahn and Strassmann. Shortly afier he reachied the

laboratory results had confirmed his theory.'s  Niels Bohr and JA
Wheeler published 4 paper in 1939, "The Mechanism of Nuclear
Fission", in which Bohr showed how ope may understand the role of

observed in uranium involved uranium-235 * 4p isotope comprising
only one part in 140 of hatural uranium, rather than the much inore
abundant uranium-2 38+ Species.  The latter does not fission as readily
A4S uranium-235, because it absorbs most of the neutrons that strike it
It was discovered that neutrons were produced during the fission
process. On the average each fissioning atom produced more than two

14 (Dr D Reitmann: Privage Collection) DJR Bruckner: "The Day the Nuclear
Age was Born®, Science Times, The New York Times, 30 November 1982,

P el

15 (AECA) AJA Roux: "Uraanverryking”, 19 March 1971, pp. 45 RG
Hewlett and OF Anderson: A History of the United States Atomic Energy
Commission, vol. |, p. 10,

16 (AECA) AJA Roux: "Uvunven'yking'. 19 March 197, Pp. 6-7; (SAL) DB
Sole: This Above \lt (Unpublished Manuscript), p. 86; (CAL) J Daintith et
al: Biographica) Encydopedhotﬁdendm, vol. 1, pp. 318-1319,
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neutrons.  This work was fundamental in the process that ultimately led
to the nuclear chain reaction, 7

When an uranium nucleys is split by the impact of a neutron, then other
neutrons from this atom are sent shooting off, and these In wrn may
split other atoms (@ chain reaction).  This was spotted by the
Hungarian “orn noysicist, Leo Szilard (1898-1964), who was then ai
the Columbiyg University in New York. ¥ Ip February 1939 he wrole (o

At the beginning of 1939 i Wwas natural for Szilard to see this in terms
of an explosive and danger. Germany had anpexed Austria and had
designs on Czechoslovakia, Every major POWer was rearming. [ ike
many others, Szilard feared that Germany might develop a fission
explosive before anyone else. He and Eugene Wigner, a feliow
Hungarian, who shared his anxieties, went to see Albert Einstein, to
ask him 1o lend his uniquely distinguished name 1o a letter to the United
States President, Franklin D Roosevelr 20 Albert Einstein, Enrico

17 RG Hewlett and O Anderson: A History of the United States Atomic
Energy Commission, vol, |, P 13; (SAL) J Daintith et al:
of Scientists, vol. 2, PP. 942943 and vol, | pp. 95-96; Jw
Kane and MM Sternheim: Physics, p. 674,

I8 I 1932 Szilard joined the staff of the Institute of Theoretical Physics at the
University of Berlin. When the Nazis came into power in 1933 pe went to
Vienna and in 1934 0 London.  In 1937 he settied in the USA.
Encyclopaedia Britannics, |5 edition, 1987, vol. 1], p. 475.

19 ULUCT) Norman Moss: The Politics of Uranium, p. 9

20 RG Hewleu and OF Anderson: A History of the United States Atomic
Energy Commission, vo| L opp. 14-17,

23
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Fermi and Leo Szilard warned President Roosevelt of the danger of
Germany's obtaining a lead in uranium fission, 2!

The President was alerted to the military significance of nuclear fission.
Roosevelt set up a Comrmittee on Ur. aium to look into this. It was
headed by Lyman J Briggs, the Director of the National Bureau of
Standards 2> This marked the beginning of what was later to become
known as the Manhattan Project which was the wartime nuclear energy
programme involving the designing and building of the first atomic
bomb.

Otto Frisch, who left Germany 10 live in Denmark, went to England in
1939 10 teach at Birmingham University. There, he and Rudolf Peierls,
another refugee from Nazism, pondered the question of an uranium
explosion. At first Frisch said that an uranium explosion would be
impossible. This was because most uranium does not fission when hit
by a neutron, only an isotope (uraniuin-235*) which makes up less than
1% (0,71%) of it.» |f one could scparate the uranium-235 from the
rest, five kilograms of it could create an explosion equivalent 1o several
thousand tons of TNT* 24 Frisch and Peierls believed that this could be
done.  What Frisch and Peierls were saying was that uranium could be
“enriched” *25  Frisch and Peierls sent a memoran um reporting these

21 RG Hewlett and OF Anderson; A History of the United States Atomic
Energy Commission. v |

22 ULUCT) Norman Moss. The Politics of Urantam, p. 10,

23 TG Moore:  Uranium Enrichment ard the Public Policy, p. 3; W Kane
and MM Siernheim: Physics, pp. 766-7,y7. (SAL) J Daintith et al:
Biographical Encyclopedia of Scientists, vol |, pp. 318-319.

24 ULUCT) Noninan Moss: The Politics of Uranium, pp. 10-11.

25 The term “enrich” js actually erroneous. It gives a false impression of what
actually hapnens, The proportion of uranium-235 in the clement uranium js
0.71% of . ol The Proportion of uranium-235 is increased no, by
addition, bw by subtraction, by removing some of the uranium-238. Matter
18 taken away, not added. To reduce 100 kilograms of uranium so that it is
3,5% uranium-235 instead of 0. 71%, you will separate out 80 Kilograms of
the uranium-238. JLUCT) Norman Moss: The Politics of Uranium, p,
21; (AECA) H de Waal: Uraanverryking in die Republick van Suid-
Afrika, Deel I, p 4,
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conclusions to the British War Cabinet's scientific office in March
1940. The following month, the government set up the Maud
Committee to examine the prospects. In his memoirs, published
posthumously in 1979, Szilard gives ¢ edit w the Briush for being the
first to recognize that it would be possiole to separate sufficient quantity
of uranium-235 1o make a bomb and for alerting the American
authorities t  this crucial fact.’®

In April 1940 a short paper by Professors Frisch and Peierls, expanding
on the wdea of critical* wars, estimated that a super weapon could be
built using several pounds of pure uranium-235 a.ud that this amount of
material might be obtainable from a chain of diffusion tubes.
Meanwhile, in the USA, the Advisory Committee on Uranium reporied
that a chain reaction in uranium was possible, though unproved.*’

Dr Fermi, Dr Herbert Anderson and Dr John Dunning physicists who
had made Columbia University in Manhattan, New York City a centre
of neutron research were conducting fission experiments in their
laboratory on Morningside Heights. Chain reaction experiments with
carbon and uranium were started in New York City at Columbia
University, and in March 1940 it was confirmed that the isotope
uranium-235 was responsible for low-velocity neutron® fission in
uranium. The Advisory Committee in Uranium increased its support of
the Columbia experiments and arranged for a study of possible methods
for enriching uranium. The centrifuge process®, in which the heavier
isotope is spun to the outside, as in a cream separator, at first seemed o
be the most useful, but at Columbia a rival process was proposed. In
that process, the gaseous diffusion®* method, gaseous uranium
hexafluoride®* is diffused through barriers or filters.**

26 (JLUCT) Norman Moss: The Polities of Uranium, p. 11.

27 RG Hewlett snd OE Anderson: A History of the United States Atomic
Energy Commission, vol. 1, pp. 22-23, 40-41.

28 (Dr D Reitmann: Private Collection) DJR Bruckner: "The Day the Nuclear
Age was Born®, S¢ once Times, The New York Times, 30 November 1082,

25
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In the summer of 1940, Fermi began to build an atomic pile.**¥ Dr
Fermi experimented with exponential piles®. Uranium and graphite*
were arranged in latticed structures in an attempt to increase atomic
fission in the piles. If enough uranium of the proper kind was packed
into the proper shape and area, an energetic neutron escaping from an
atomic nucleus might strike another atom, splitting it into two lighter
atoms, in the process releasing more neutrons to strike more atoms.
Since each fission or sphiting would release several neutrons, the
chance for increased fission would rise exponentially. ™ The neutrons
bounce off the atoms of the moderator,* losing energy and slowing
down as they do so.

Meanwhile in the same year (1940) Edwin McMillan and Philip
Abelson of the University of California at Berkeley USA discovered
clement 93, named neptunium®; they inferred tiw this element would
decay into element 94.* The Bohr and Wheeler fission theory
suggested that one of the isotopes, mass number 239 of this new
element might also [ssion under low-velocity neutron bombardment.
The cyclotron® at the University of California at Berkeley was put to
work 0 make enough element 94 for experiments. By mid-1941,
element 94 had been firmly identifiea and named plutonium® and its
fission characteristics had been established. Low-velocity neutrons did
cause it to undergn fission, and at a rate much higher than that of
uranium-235."

p. €2; RG Hewlett and OE Anderson: A History of the United States
Atomic Energy Commission, vol.  pp. 13-14, 96-101.

29 RG Hewlett and OE Anderson: A History of the United States Atomic
Energy Commission, vol. I, pp. 27-2

LY (SAL) J Daintith et al: Blographical Encyclopedia of Scientists, vol. 1, pp.
284-285, (Dr D Reitmann: Private Collsction) DIR Bruckner: “The Day
the Nuclear Age was Bomn®, Science Times, The New York Times, 30
November 1982, p. c2.

3 (SAL) J Daintith et al: Biographical Enc clopedia of Scientists, vol. 1, p.
3; vol. 2, pp. 599-600; JW Kzne and “4'¥ Ster! am: Physics, p. 577.
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The Berkley gioup, under Emest Lawrence, was also considering
producing large quantities of uranium-235 by turning one of their
cyclotrons into a siper raass spectrograph,® later called a calutron *»
Thus, by 1941 in the USA at least thres possible methods of
enrichmenis had already oeen considered; the centrifuge process, the
gaseous diffusion process and the calutron system. !

In June 1941 President Roosevelt established the Office of Scientific
Research and Development under the direction of the United States
scientists, Vannevar Bush and James B Conant. The responsibility for
further developments in nuclear research was assigned to the newly
created office of Scientific Research and Development. In Britain the
Maud Committee would look into the production of uranium-235 This
committee's feasibility report in July 1941 caused the USA 1o propose a
joint production effort nf uranium-235, using the gaseous diffusion
method, but nothing came of this. At Berkeley the calutron was
exceeding expectations in separating uranium:-235. It was enlarged t »
10-calutron system. [t was tapable of producing about three grams of
enriched uranivm per day.

mumm-ammmm

The United States' entry into World War Il on 8 December 1941 was
significant for developments regarding uranium. it resulted in the rapid
advancement of nuclear science and the establishmen: of the
tremendous strategic value of uranium. It piovided the funds for a
massive research and production effort for obtaining  fissionab'e

2 (SAL) J Daintith et al: Biographical Encyclopedia of Scientists, voi 2. .
322-523; RG Hewlett and OE Anderson: A History of the United Siates
Atomic Energy Commission, voi. Lp 12

i3 McGraw Hill: Encyclopaedia of Science and Technology, vol. 19, p. §5.

34 IOleeumeEMldmon: AMJMU“%M&*
Energy Commission, vol. |, pp. 4044, 51.52,
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materials. This would be of particular importance to the Union of
South Africa as a potential uranium producer.

In May 1942 the momentous decision was made (0 proceed
simultaneously on all promsing production methods (epriched uranium,
plutonium, etc). Vannevar Bush decided that the army should be
brought into the production plant construction activities.  Army
engineers under General Leslie Groves then wok over. The Corps of
the Engineers opened an office in Mew York City and named it the
Manhattan Engineer District Office. (The name "Manhattan” was
chosen because the initial scientific and engineering experimeitation
had taken place at Columbia University, Mankattan, New York). After
considerable argument over priorities, a workable arrangement was
achieved with the formation of a three-man policy board chaired by
Bush and the appointment of General Leslie Groves as head of the
Manhattan Engineer District.  Under the onde name “Manhattan
District® Groves built small cities at Oak Tidge, Tennessce and
Hanford, Washingtor, to make plutonium

Groves arranged contracts for a gaseous diffusion separation plant, &«
plutonium production facility, and a caivtron pilot plant which could be
expanded at a later stage. Tiese projects involved miliions of dollars.
It stresses the fact that the ' SA was anxious 16 be ahead of the Axis
powers in the construction o 1 fission bomb. Many problems in the
enrichment process of urunium were still unsolved The diffusion
barrier (in the gisecus diffusion mei J) had not yet been. demonstrated
as prac.ical. Bersiey had be-n success: ' with its empirically designed
calutron, i whe envisaged Oak Ridre  munvium enrichment pilot plaitt
contractors wee understandably uneasy - ou. the rough specifications
available for . proposed mas-ve _anchment of uranium

s RG Hewlett and . “ndersou. A Mistory ci the United States Atomic
Ercgy Commission, vol. I, > 4-85, .82, SE Morrison, HS
Conrnager and WE Leuc, =berg: The Tsrowth o' e /4 erican Republic,
VO, « 0p. 614-615; Mic ol Wrigh' (3 “The Wo'ld at Arms®, The
Reader . (Voest Hlustrated b or of We Ad War 1, p. 44,
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consiruction * The Oak Ridge enrichment Project was given the code
name Y-12.

Julius  Robert Oppenheimer (1904-1967) was appointed Director of
Project Y, the Broup that was to design the acual weapon. The

attack _nd constant air reconnaissance, it seemed impossible to erect in
the British Isles the vast and conspicuous factories that were needed.
With their war economy streiched to its limits, the British could not
make available the vast physica! resources required for manufacturing
the bomb. ¥ By July 1942 two essential and encouraging pieces of
experimental data had been obtained: plutonium did give off neutrons
in fission, more than uranium-235; the neutrons were emitted in a

i6 RGHnImuﬂOEM:AMd!&MMM
C vol. 1, pp. 88-102; Oak Ridge

37 WK Hancock: Smuts, vol. Z.NMM‘MIDIO-I!& p. 434;
Scientists ey

Edms'lee.lll« (H physicist). (SAL) J Daintith et al:

vol. 1, pp. BI-82, vol 2, p. B69;
Encyclopaedia Britannica, |5 edition, 1987, vol. 10, p. 933
Morrison, HS Commager and WE ¢ The Growth
American Republic, vo| 2, p. 615.
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short time compared 1o that needed to bring the weapon's ma s ints
supercritical assembly

A number of foreign scientists (several of whom had fled '+ | i ie
regimes in Europe shortly before World War 1) were Ving in
Separate smaller groups - Princeton, Chicago, New York a:xi ¢ alifornia
- 10 control nuclear evergy. They had heen brought together by the
Govemmupmoflh:MlmmnProjemmdmeyhndemhrlmd
upon an all-out effort to create a controlled nuclear reaction. Until they
knew ‘hey could do that, they would have no idea whether they couid

make an atomic bomb. ¥

On 2 December 1942, forty-'wo scientists, working under the direction
of Enrico Fermi, gathered in ¢n indooi squash court under the west
grandstands of Stagg Field, the football stadium at the University of
Chicago. An atomic pile had been set up and what they achieved that
afternoon was the world's first  controlled self-sustaining nuclear
reaction made by man. %

Fermi's reactor or atomic pile consisted of a pile of graphite blocks,
throughout which lumps of uranium were dispersed  Strips of neutron-
absorbing cadmium®* were provided as control rods,* regulating the
Speed at which the chain reaction could proceed by absorbing some of
the free neutrons, while counters and foils were used to measure the
rate at which neutrons were being produced. At criticality - that is
when enough fuel had been assembled for a chain reaction 1o take place

8 JW Kane and MM Sterheim: Physics, p. 771 Encyclopaedia Britannica.
I5th edition, 1987, vol. 29, pp. §78.579.

19 (Dr D Reitmann: Private Collection) DIR Bruckner: “The Day the Nuclear
A]ewuBorn'.ScienuTim.'l\ththm. 30 November 1982,
p.cl.

40 (SAL)Jdeithuu:WEchdmml. 1, pp.
284-285; (Dr D Reitmann: Private Collection) DIR Bruckner: *The &
MNmmWM'.mTM.NﬂYﬂM.me
1982, pp. CI-C2; JW Kane and MM Stemheim:  Phy: ies, p. 760; SE
Morrison, HS Commager and WE Leuchienberg:  The Growth of the
American Republic, vol 2, p. 614,
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- the pile was about 7,8 meters across and 6,2 meters high*' Eugene
Wigner, the eminent Princeton physicist, who worked with the Fermi
group, recalls that within two weeks after they produced their chain
reaction they received a telegram from a German scientist working in
Switzerland which read "Hurry up. People here are working on it
0o, "2

By July 1944 it became clear that the only way to use plutonium in a
weapon was by the implosion method. As far as enrichment was
concerned, the first Y-12 calutrons, after running for three months,
were operating at less than 50 percemt efficiency. The gaseous
diffusion plant was far from completion, the prodv  ~n of satisfactory
barriers remaining the major problem. The 1irst reacter at Hanford,
Washington, had been twrned on in September, but it had promptly
turned itself off. Solving this problem, which proved to be caused by
the absorption of neutrons by one of the fission pr '.cts, ook several
months. These delays meant almost certainly that war in Europe would
be over before the weapon could be ready *

By early April 1945 General Eisenhower's army was across the Rhine
and thrusting deep into Germany and central Europe. On the 25th of
April the United States First Army from Leipzig met the Russian army
near Torgau on the river Elbe. Germany was cut in two and the
German army was disintegrating. On the 30th of April Adolf Hitler
died. On May 2nd haly surrendered and on May 9th, 1945, the
German High Command signed the formal ratification of unconditional
surrender. *

41 The Marshall Cavendish Hlustrated Encyclopaedia of Secience and
Technology, p. 66.

(Dr D Reitmann: Private Collection) DJR Bruckner: “The Day the Nuclear
Age was Born", Science Times, New York Times, 30 November 19", p.
.+ IR

43 Encyclopaedia Britannica, |5th edition, 1987, vol. 29, p. §78.
44 Winston § Churchili: The Second World War, pp. 915-927.
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It was estimated thot by April 1945 enough plutonium would be
available for an implosior. 2:. embly to be tested in early July. A
second would be ready in Ai zust. Researchers at Los Alamos tested
the first plutonium weapon .. da n on July 16, 1945. The test was
named “Trinity" and dons . /lamogordo, New Mexico. The
theorists’ predictions of the energy roicased, ranged from the ~Juivalent
of 1000-5000 tons of TNT. Instead the test produced a~ cnergy
equivalent of 20 000 tons of TNT 44

On July 17, 1945, the British Prime Minister, Sir Winston Churchill
(1874-1965) was informed that the Alamogcdo experiment had
succeeded. At the time both he and President * Truman (1884-
1972) were inspecting the devastated city of Berlin.  p till that date
they had contemplated a joint. American and British assault on the
homeland of Japan by terrific air bombing and an invasion of very large
armies. They were fully aware of the desperate Japanese resistance
fighting to the death. To Quell the Japanese man by man, and
conquering the country yard by yard, might well have reguired the loss
of millions of American and British soldiers.  For Churchill, the
success °f the plutonium Weapon erased that mightmare picture.
Possi* (1c var could be ended with one or two shocks. 4

Presid ' Truman's Committee of high officials and top .uchar
scienusts recommended that atomic bombs be exploded over Japan and
without warning. On 25 July 1945 the President issued the necessary
order to prepare (0 drop the bombs on the first favourable moment
after 3 August 1945. On 6 August at 9:15 a single B-29 bomber flew
over Hiroshima, the second most important military centre in Japan,
An untested uranium-235 Bun assembly* was air burst 600 meters
above the city. Two-thirds (10 km?) of the city area was destroyed in

the blast. The second weapon, a duplicate of the plutonium 239
45 RGHwMMOEMm:AHHmﬂMUmMM
Energy Commission, vol |, pp. 389-390; SE Morrison, HS Commager and
WE Leuchtenberg: mcmuammam. vol. 2, p. 6185,

46 Winston S Churchill: The Second Wortr o pro 9Ty,
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implosion ass. ably tested in “Trinity", was to be dror od ui Kokura
on August 11. To avoid bad weather, the schedule was moved up two
days to August ©. The B-29 spent 45 minutes over Kokura without
sighting its aim point. It then proceeded to the secondary target of
Nagasaki. About 50 percent (4 x 2 km) of that city's area was
destroyed 47

lntmiondnudurw

There was an astonishing amount of Communication among American
scientists in the war yer.s. There was some secrecy, but not as much
as General Leslie Groves, and the United States Army would have
liked.**  Dr Szilard had urged Frederic Joliot-Curie and his colleagues
in I'rance, who were working on fission, to suppress their reports and
they refused. However, he persuaded Mr Anderson asd Columbia
University not 1o publish Dr Anderson's doctoral thesis on problems in
awomic energy. According to Dr Fermi, it was the scientists who
decided to maintain Secrecy long before the Government knew what
their work was about. He said that it was an unfortunate necessity and
an affront to the tradition of science ¥ John A Simpsop a University
of Chicago physics professor who worked on the Manhattan project,
iecalls that as scientists working in different areas became aware of the
whele picture, many discussions and seminars on moral  and
piiluscphical problems were held. Eventually - several :cientists in the

47 RG Hewlet and OF Andeon: A Humdmumumam
Eo gy Commission, vol, | Pp. 401 404, SE Morrisor. HS Commager ana

48 In January 1943, the American nuclewr authorities imposed a security clamp
on nuclear and reports in the USA. WK Hancock: Smuts,
'l'hmd‘ orce 1919 - 1950, p. 434

49 (Dr D Reitmann: Priy ate Collection) DIR Bruckner: *The Day the Nuclear

Age was Born®, Science Times. The New York Times, 30 November 1982,
p. 2,
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Manhattan project, as well as members of the University of Chicago
faculty of Social Sciences, Law and the Humanities formed the

of the bomb rather than ary use of it on an actual target it the war, %

Scientists in several countries performed experiments in connection
with nuclear reactors and fission weapons during World War i1, but no
country other than the USA carried its projects as far as enriching
uranium or manufacturing plutonium 239 In Paris Frédéric Joliot-

reached England with the world’s entire supply of heavy water (180
Kilograms) and continued their chain reaction experiments at Cambridge
University, 52

During the war an Uranium Institute with 2 few physicists v as
establishbed in Moscow. The USSR's military and industrial nuclear
rescarch in Moscow was under the control of Igor V Kurchatov (1903 -
1960).  Under his dircction the Soviet nuclear prograr.me was
remarkably successful. Studies were started oq nuclear reactors, and
on uranium enrich aent by means of the gascous diffiision method. The
first Sovizt chain reaction experiment went critical on Christmas day
1946 Theii first nuclear Weapon was tested on September 29, 1949

50 (Dr D Reitmann; Privae Col'ection) DIR Bruckner: *The Day the Nuclear
Age was Born®, Science Times, The New York Times, 30 November 1982,
p-c2.

51 AJA Rouy: "Uraanverryking”, p. 9. SE Morrison, HS Commager and \. .
Leuchtenberg mcnmmhemlm. vol. 2, p. 651.

52 \SAL)J Gaintith et al: Biographical Encyclopedia of Scientists, vol. | P
464 Enwvclopacdia Britanica, 15th edition, 1987 vol 29, p. 579,

53 (SAL) J Daintith et al: Biographi alhqcbpc&or&luﬂm. vol ! .
50s8; Encyclopaedi.. Britannica, 15th edition, 1'87, vol. 29, p. 57
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As mentioned British scientists took part in the Manhattan Project.
After the war Britain continued with its own nuclear fission
programme, 4

By the time war started, Germany had a special office for the mi'i:ary
application of nuclear fission. The War Office in Germany was advised
10 commence nuclear weapon development. Werner Heisenberg was
called upon to come to Berlin 1o dire. . the programme to construct the
atom bomb. He has claimed that he never had any real intention of
making such a bomb, let alone giving it o Hitler. Chain reaction
experiments with uranium and carbon® were being planned. Uranium
enrichment was under study. German nuclear experiments never
progressed beyond the laboratory stage. Several times these prototypes
were destroyed in hombing attacks. The fission weapon itself was a
rather distant goal.** There were no "secrets” 1bout the atomic bomb,
physicists everywhere in the world knew how to make the bomb. it
was certain that within a few years after the war any country that cared
10 spend the money and effort could have bigger and more devastating
bombs. %

The French and Chinese nuclear weapon projects were post-war efforts.
Some French scientists had worked in exile during the war in Britain
an. Canada and returned to work for the Commissariat 4 I’ Energie
Atomique. This French undertaking, which was founded by General de
Gaulle in 1945, was aimed at energy production. The first French
plutonium production reactor went on line in 1956. The first nuclear

54 WK Hancock: Smuts, vol 2. The Fields of Force 1919 - 1950, p. 434; CR
Taylor (ed): mmummw«u. pp. 188-189,

55 (SAL)JIDIimIlhet al: Biographical Encyclopedia of Scientists, vol. L. pp.
400-401.

56 SE Morrison, HS Commager and WE Leuchtenberg: The Growth of the
American Republic, vol. 2, p. 651.

s



Stellenbosch University https://scholar.sun.ac.za

Wweapon was tested in 1960. The Chinese nuclear fission programme
started in 1958 %7

The Hunt for Uranium

It has been illustrated to what extent research in nuclear physics was
intensified during the Second World War. Uranium was brought into
prominence and became the chief object of investigation. The
explosion of the atom bomb brought home the fact to every nation of
the world that nuclear energy was to be one of the major forces at the
future disposal of the world. Uranium had become a vital strategic
mineral.

A most ‘mportant factor was that the American authorities were well
aware of an ensuing shortage of uranium in the United States. In
August 1943, General Groves, Director of the Manhattan Project,
commissioned an evaluation of the world's uranium resources. The
conclusion was that there was enough uranium available for the
Manhattan Project, but after that there would be hardly any left in
North America, and the only source of supply would be the Belgian
Congo. This evaluation was presented to President Roosevelt. 5

Nuclear co-operation between Britain and the 1/SA had reached a low
ebb in 1943.% Ap improvement of relations was indicated by the
signing of the Quebec Agreement and the establishment of the
Combined Policy Committee in which Britain, the USA and Canada
Were supposed to decide policy on atomic energy. This Committee was
dissolved after the war, but the Combined Development Trust, which it

57 (AECA) AJA Roux: Atomic E Research and Development, Pany i,
Continent of Europe, p. 3: Eny Britannica, !5th edition, 1987
vol. 29, p. 589,

58 Norman Moss: The Politics of Uranium, pp. 13-14,

59 Encyclopaedia Britannica, |5th edition, 1987, vol. 29, p. 579,
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had established to acquire raw materials, was kept in being, The
establishment of the Trust was aimed at acquiring control of uraniur
ore deposits, not only withi1 the boundaries of the three countries part,
to the agreement, but also in other countries.

At this point the question may well be asked: Where did the United
States obtain its uranium for the Manhattan Project” As mentioned
previously, prior to the development of the atomic weapon, world
demand for uranium was small. This demand was more than satisfied
from several rich mines of limited extent, notably Joachimstal
(Czechoslovakia), Chinkolobwe (Belgian Congo) and the Great Bear
Lake deposits in North Canada. Until the commencement of the
Second World War these deposits were operated primarily for the
extraction of radium and uranium residues from these and other
operations which were accumulating since amounts available were in
excess of world requirements. From 1920 to 1940 the pitchblende
deposits of the Belgian Congo and of Canada gave an average annual
production of uranium oxide estimated at 350 tons. Much the same
position existed at the vanadium plants situated on the Colorado Plateau
in the United States where uranium was recovered as a by-product.®

With the adveit of atomic energy and the war the whole position
changed.® Joachimstal was in the hands of the Nazi Government;
Canadian uranium that had accumulated was availabiz for the war
project, but after the war Britaia wouid compete with the USA for new
supplies. The mines at Chinkolobwe were run by the Union Miniére
Company. When the Germans conquered Belgium in 1940, the
Chairman of the Company, Edgar Sengier, was afraid that the Nazi's
would somehow gain control of the Belgian Congo also. He took it
upon himself to remove the 1 200 tons of vranium ore that had piled up
at the mine, and had it shipped t0o America. Sengier also removed

60 SH Haughton: “Uranium in South Africa®, Coal and Base Minerals, 2(7)

Sept 1954, p. 47.
6l L Taverner: "An Historical Review ...", JSAIMM, 57, Nov 1956, pp. 125-
126.
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himself to America and established himself in Union Miniére's New
York office. When the Manhattan Project was under way this whole
consignment of uranium was assigned to the United States. After the
war the United States would have to compete with France and other
nations for Chinkolobwe uranium. The Union Miniére Company had
previously negotiated an uranium con'ract with Frédéric Joliot,
representing the ['rench Government, ™

Governments of the world set out on an uranium hunt. 2 the United
States, in the USSR and throughout the British Empire intensive efforts
were made to locate and develop all available resources of materia! that
had suddenly become of paramount impostance. Most ¢ountries
immediately adopted measures to coutrol their production, supply and
use.*  Today it is known that u anium is abundant. In the 1940's
uranium was seen as a scarce commodity and this would have a major
effect on internal and foreign policies of many nations. This initial
scarcity would prove to be a great economic advantage o South Africa.

Failure to control Nuclear Energy Development

The United Nations Organization began as a grand alliance for fighting
Germany, ltaly and Japan. The principles of the Atlantic Charter were
reaffirmed by the twenty-six allied states on January 1942 in the
"Declaration by the United Nations". Draft proposals for the new
organization were prepared under the auspices of the four "sponsoring
powers” (the United Kingdom, Umited States, Soviet Urion and China)
at conferences held at Dumbarton Oaks near Washington in 1944, At
the Yalta Conference in February 1945, Britain, the USA and the

62 Norman Moss: The Politics of Uranius., p. 14; RG Hewlen and OE
Anderson: A History of the United States Atomic Energy Commission,
vol. I, pp. 85-86; T Borstelmann: Apartheid's Reluctant Uncle, pp. 43-
38

63 “The Search for Uranium, South Africa’s Position®, SAMEJ, 58(2) Feb
1948, p. 603.
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Soviet Union agreed on the voting procedure in the new organization.
The draft Charter was then discassed, modified and improved, and
finally signed bv representatives of fifty states (including the Union of
South Africa), ai the San Francisco Conference in April - June 1945,
They chunged we. United Nations from a wartime alliance 1o peace-time
organization for collective security. It came into force on 24 October
1945

As Britain any Tanada had been associated with the United States in the
programme whic™ led to the manufacture of the two atomic bombs used
in the war, these three countries possessed the knowledge essential to
the use of nuclea, cnerpy.

The heads of the ihree povernments of the United States, Britain and
Canada met in Wastangion on |5 November 1945 and issued a joint
declaration of policy ou the furure development of nuclear energy.
This declaration was & have profound influence on subsequent
discussions of controls ovei nuclear cnergy. Some of the main points
were namely: Nuclear encigy; hal placed an unknown means of
destruction at man's disposa! 10 war for which there was no defence
and no nation could have the monowiv, Such measures constituted the
greatest threat to civilization. There wis a ~eed for international action
and the responsibility of such action . tne whole society of nations of
the world . **

The declaration and its proposals were di cussed between the foreign
ministers of Britain, the Soviet Union and the United States in Moscow
in December 1945 %

Following the Anglo/Canadian/United States and Aq210/Russian/United
States discussions of 1945, and anticipating the fir.i United Nations

64 A De Conde: A History of American Foreign Policy, pp. 513640,

658 (SAL) A McKnight:  Atomic Safeguards: A Study in {vernational
Verificution, p. 3.

66 Ibid., p. 4.
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as the "Acheson - Lilienthal Repont” ™ Ths Report, essentially the
work ofthchnrdufcomulnm.“wasunUnmdSumpmponufm
the control of nuclear energy.

Nations General Assembly adopted its first resolution, in which it
resolved o establish a United Nations  Atomic Energy Commission
(UNAEC). The advent of nuclear weapons in the closing days of
World War II created a need for collective security regandiag nuclear
power and a new urgency for introducing some form of arms control,
The Commission was to inquire into all phases of the problem of

destruction and effective safeguards,

The UNAEC first met on 12 June 1946. Bern. -4 Baruch (the
Mmrkanmpmemiveum:UNAEC)preseuedamorpmpouls

67 SAL)AMM:MM Awm

United Energy

68 Ibid.
69 Cl Bamard (Bell Telephone Co);  Roben i CA Thomas
(Monsanto Chemical Co). HA Winne (G-m;:r Co) and David

Lilienthal (Chairman of Tennessee Valley Authority).

70 Ibid., pp. 4-5. FH Hartmann:  The Relations of Nations, pp. 2 /.2¢0. 4
gfol-vy Benner: mw Principles and Issues, p.
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(based essentially on the Acheson - Lilienthal Report) 1o UNAEC on 14
June 1946, msmofpmpmlshterbecmknownnthe'&mh
Plan"."' It proposed the establishment of an International Atomic
Development Authority (under the United Nations Security Council) to
which would be entrusted all phases of the development and use of
nuclear energy fmmrawnmcrialstomemmgememmdowmrshipof
all potentially dangerous nuclear energy activities, as well as power to
control. inspect and licence such activities, 7

The authority would be allowed free inspection throughont  the
territories of the United Nations members in order 1o assure itself that
no clandestine operations were being carried on.  Moreover, when and
if the illegal manufacture of nuclear devices were made known to the
Security Council, the vote in that body would not be subject to veto.
By stages, as inspection and control became effective, the United States
would reveal its atomic information, and when the process of controi
was complete, it would destroy its stockpile of atomic bombs, 7?

diugmnnmommemmreofmc&lhmw later developed inwo the
‘cold war" ™ The USA was unsure of exactly how far the Soviet
Union had progressed in nuclear research,

7

7

Um&umm&aoflww; the first was
i i he bt ey R, e tecond v
and the control aspects. ( ) cKnight:  Atomie
MAMHWVMPJ.

72 IAEA Safeguards Aims Limitation Achievements, p. 15, (SAL) A
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According to George Kennan, the American foreign service officer who
emerged as the leading American specialist on the Soviet Union, found
his government slow to understand Soviet objectives and the need to be
firm with Stalin  He sai¢ single sporadic efforts to counteract Soviet
policy were noi enough.  American policy should be firm and vigilant
containment of Russian expansive tendencies.

The matter of international control of nuclear energy and nuclear
weapons, served to undermine the ability of the two nations 10
Cooperate.  International control of nuclear weapons was seen by
Truman and his advisors as feasible and could be managed without the
risk of the security of the United States, ™

The Baruch plan was based upon two assumptions. One. the United
States nuclear monopoly could be only temporary. Two, the United
States could not trust the mere word of the Soviets and destroy the
nuclear stockpile before international control and inspection had
become a reality. This control, which was to come by stages, marked
by an increasing exchange of confidential information, had to be
established first, then the bombs would be destroyed. ™

Despite the majority approval that the Baruch plan quickly received, the
Soviet Union rejected it On 19 June 1946, Andrei A Gromyko, the
Soviet representative on the Security Council, put forward Soviet
proposals for International control. He proposed an international
convention prohibiting the production and use of atomic weapons. In
additionmlhishemumedaphnforomnmmlbeworkofme

75 W1 Cohen: mcmmumrmlm

76 WI Cohen: mmmdmwm.p.

m” FH Hartmann: 'l‘hllmhudﬂllilu.p. 228,

] The Baruch Plan was in the General Assembi forty votes 1o six,
wnhhnmmw:: Milmvuodhl;ngmﬂtym Council by

. id Thomson: l:-q.ShuNlphu. p. 858,
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Atomic Energy Commission. 7 The Soviet Union, therefore. wanted to
Stop the production and use of the bomb first, followed by the
destruction of nuclear stockpiles. The Soviets would then be prepared
0 permit limited inspection of certain plants at certain times, but to

The United States feared that if the bombs were destroyed tust, as the
USSR insisted, control might never really come © The Soviets might
delay it indefinitely. The Soviets in turn were afraid that control would
be established and Soviet secrets laid bare, but that the United States
would find reasons for Postponing indefinitely the destruction of the
nuclear stockpile. If the first situation came to pass and the Soviets had
A secret stockpile, the United States would have placed itself in severe
Jeopardy. If the second situation occurred, the Soviets, assuming the
United States would continually find reasons for delays, would have
exposed themselves 10 the same danger ©

79 RG Hewlet and OF Anderson: A
Energy Commission, vol. |, p. 583

%0 (SAL) A McKnight: Atomic Safeguards: A Study in Interaational
Verification, p. 24,

L} 'nnpmummﬂnhe UNO Security Council were China, France,
Uniuxmmdnusaumum. mmumt&m;nrm
mChn'terofthe UNOhMaﬁmummolthc Socuriky(.‘mll

A “veto”" on non-procedural questions. M Akehurst: modern
lollwm.p. 212; FH Hartmann: The Relations
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The Soviet Union believed that the United Nations' control would be
that of the United States and not of an international body. The history
of voting in the United Nations at that time proved that the Russians
assumed correctly. The Atomic Control Commission, voting by
majority vote and a Security Council, weighing nuclear security matters
without vetoes, would be in the favour of the USA_

The United States and Soviet positions are explicable in terms of their
respective international positions. While the Baruch Plan seemed on its
face a generous offer by a state with a nuclear monopoly, it preserved
that monopoly of basic knowledge by restricting the freedom of any
other state 1o develop and test a nuclear weapon. The United States
isisted on maintaining its monopoly until a secure system was

capability.* In September 1949 the Soviat Union detonated an atomic
device and the USA a few months later, announced plans for a
hydrogen bomb, a thousand-fold more powerful than the atomic bomb.
This was the stalemate situation that existed between the major powers
in 1949 %

In 1951, Secretary of State, Dean Acheson in the General Assembly
fupported the Anglo-French-United States view that the reduction of all

Weapons (including nuclear Weapons) must be by stages, with arms

86 RGHewlatandOEAMmon: Amumwmm
Energy Commission, vol I, pp. 362-363.
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inventories verified by an international count and the completion o
each stage fully certified before the next began. ¥

To this the Soviets replied that the transition from one stage to the next
would be directly dependent on whether those states possessing the
most  powerful, dangerous and threatening weapons, on which
information had to be published and made known at succeeding stages,
would be prepared to accept as sausfactory the results of submitting the
required information at the first stage. This could only mean that the
fate of the whole plan for collecting data on armaments would reside in
the hands of the possessors of the most powerful and dangerous
weapons. This, finally would mean that the decision as regards the
transition from one stage to the next would be entirely up to those same
powers, which would decide in accordance with their interest **

The efforts of the United Nations Atomic Energy Commizsion revealed
fundamental differences between the East and the West in the approach
to the control of nuclear energy. Differences which were a reflection
of fundamental political differences. The Commission did not meet
after 1949 % It was dissolved by the General Assembly on 11 January
1952,%

America's loss of the nuclear monopoly foreshadowed a shift in the
world balance of power; a shift that would aid Soviet diplomacy and
constrain American action.

87 FH Hartmann: 'l\elnluioudﬂluo-. p. 288,
Ibid., p. 289,

89 The consultations between the United States, the United Kingdom, the Soviet
Union and Canada ceased in 1949, umiblfaover the issue of which
government should be seated as the Government China.

9 TheUuModNnimmodmeMomkEmgyCommionadlbe
Commission for Conventional Armaments into a new Disarmament
Commission,
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Early South African Involvement

General JC Smuts was most likely the first South African to be aware
of the developments of uranium and nuclear energy abroad and the
Manhattan Project. As mentioned, General Groves had commissioned
an evaluation of the world's uranium resources in August 1943,
According to DB Sole, General Smuts knew of the Manhattan Project
during his second visit to London, which began in September 1943
DB Sole was at that time the Senior South African Affairs
representative and Political Secretary in London. and handled all the
arrangements of General Smuts' visit, as well as official appointments
which involved relations with the British Government, that had to be
channelled through South Africa House, London. %

The immediate reason for Smuts' visit was the Conference of
Commonwealth Prime Ministers. At the end of the Conference. he
stayed on as a member of the War Cabinet. As British Prime Minister,
Winston Churchill was to be away from England, attending the Teheran
Conference, where he met Allied leaders Joseph Stalin and President
Franklin D Roosevelt (November and December 1943). During
Churchill's absence, in effect - although not officially - Smuts presided
over the War Cabinet %

It was during Smuts's second visit to London (September 1943) that DB
Sole observed that one paper among a number of certain Cabinet papers
that had been routinely selected for Smuts’ special attention, dealt with
the planned atomic bomb. As far as he could recollect it was not
named as such, in that particular paper. The fact that Smuts learned
about the Manhattan Project during his second visit to London is of
significance, considering that on his return Journey to South Africa,

91 In October, INI.Smupﬁdhuﬁmvi:iuoLondm:immeanMof
the war; Interview with DB Sole, 12.12,1990.

92 (SAL) DB Sole: This Above All (Unpublished manuscript), p. 81.
93 Ibid., pp. 81 and 83, Clement Attlee, later Prime Minister.
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Sduts met with President Roosevelt in Cairo. Roosevelt was on his
way back from Teheran. This was the first and only meeling between
Roosevelt and Smuts during the war. ™ Only a few months previously
(August 1943) General Groves had commissioned an evaluation of the
world's uranium resources. Considering that Roosevelt was on his way
back from the Teheran Conference (where the Combined Development
Trust had been established 10 search for uranium deposits) one can
assume that early in 1944 General Smuts was aware of the value of
uranium in the war and international politics.

General Smuts  attended the Commonwealth Prime Minister's
Conference in London in May 1944. The main issue on the agenda
was the conduct of the war. It was during this visit to London in the
summer of 1944 that a meeting was set up between General Smuts and
Niels Bohr, the Danish nuclear physicist. "

Niels Bohr, like many scientists involved with nuclear research during
the Second World War, was deeply concerned about the effects of
nuclear fission on mankind. As a physicist he looked beyond the atom
bomb to the development of the hydrogen bomb. The purpose of Niels
Bohr's visit to London in the summer of 1944 was to try and persuade
the Churchill government that the time had come for it and the
American Government to share their nuclear secrets with the Russians.
He believed the bomb should not be used in competition for power by
the great nations. If this happened, humanity would be putting its
survival into jeopardy. He realised that the Russians possessed
sufficient resources of science and technology to produce a bomb at
some stage in future %

u4 (SAL) DB Sole: This Above Al (Unpublished manuscript), p. 85.

95 Ibid., pp. 85-86; Donald B Sole, at the time in the South African
Diplomatic Service in London (later South Africa's representative on the
BoardofGoveﬂnno!lhelAEA)mangedmeﬁm meeting between General

Smuts and Dr Niels Bohr, Interview with DB Sole, 23.10.1989.

96 WK Hancock: Smuts, vol. 2, The Fields of Force 1919 - 1950, p. 435,
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Sir John Anderson, the Chancellor of the British Exchequer, who had
been entrusted by Churchill with special responsibilities in connection
with the development of nuclear energy and Lord Cherwell (who was in
charge of the statistical department in the Churchill government)
insisted that Niels Bohr's proposals be taken seriously. Churchill
invited Smuts to examine Bohr's proposals.””  According to DB Sole,
“the meeting took place because Smuts had been most intrigued by the
information concerning the Manhattan Project, and Smuts had further
discussions with Churchill. "9

General Smuts had for many years pondered the problem of the
maintenance of world peace.® There Wwas a convergence between the
ideas of Bohr and those of Smuts. Bohr believed that cooperation was
the antithesis of competition and that the sharing of scientific
knowledge could form a basis for lasting cooperation between the
leading nations. Smuts, in wrn believed that the great powers of the
world should form themselves together in a world society and be bound
by common interests, common adversity and common danger. '™
Smuts believed that there would have to be international control of
nuclear energy. He produced no answer to Bohr's proposal that the
Soviet Union should be informed of the Manhattan Project. The British
could not give an answer by themselves. In an agreement dated 18

9 WK Hancock: Smuts, vol. 2, The Fields of Force 1919 - 1950, p. 436
(SAL) DB Sole: This Above Al (Unpublished manuscript), p. 86,

99 His memorandum of 1917, *The League of Nations: A Practical Suggestion”
had a direct influence on the formulation of President Woodrow Wilson's

E

mmwwmmp. 22, TRH
Davenport, Scuth Africa, p. 188,

100 WK Hancock: Smuts, vol. 2, The Fields of Force 1919 - 1950, p. 435;
GD Scholz: lleﬂn.enS-uuendlelrmcRyk.p. 134,
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Sept 1944 President Roosevelt and Churchill opened the way to
Hiroshima.'?!

While in London, Smuts had discussions with Sir John Anderson.
Arising out of these discussions, some time later, when Smuts was back
in South Africa, Anderson requested him to arrange an investigation
into reported deposits of radium and pitchllende in South Africa and
South West Africa. '

The urgency for obtaining an uranium supply resulted in the USA and
Britain jointly sponsoring world-wide prospecting programmes for the
discovery of new sources of the metal. (This was achieved by the
Cairo and Teheran Conferences and the setting up of the Combined
Development Trust.) The decision was raken that the USA, with the
help of Britain and Canada, should look into all possible sources of
uraniu - and procure, through the Combined Development Trust, as
much as possible, as soon as possible, and all in the utmost secrecy. '™
As a part of this programme an intensive search of technical literature
was undertaken in the United States under the direction of Joseph
Sinclair.  During this undertaking RA Cooper's paper, "Mineral
Constituents of Rand Concentrates” came under review. As a result
Weston Bourret, an American geologist, was, in May 1944,
commissioned to visit South Africa for the purpose of studying and
reporting on this occurrence. '™

101 WK Hancock: Smuts, vol. 2, The Fields of Force 1919 - 1950, p. 436,

102 (SAL) DB Sole: This Above All (Unpublished manuscript), p. 86° AR
Newby-Fraser: Chain Reaction, pp. 20-21.

103 In the paper poesented at the Geneva Conference (1956), Jesse Johnson
(Director of Raw Materials of the United States Atomic Energy Commiss.on)
mentions an expenditure of some 46 million dollars for exploration and
d;v:mm f expiusation methods. L Taverner: "A Historical Review:,
.Im ., §7, Nov. 1956, p. 126; ] Levin: The Story of Mintek, 1934-
1984, p. 89,

104 According 1o Jack Levin, Acting Director of the Government Metallurgical
Laboratory (from 1958 to 1961), it is probably fortunate that geologists were
inclined w collect specimens rather than representative samples, because what
was collected indicated favourable uranium concentrations, much higher than
the overall corcentrations in the ores. It has been suggested that, if the latter
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It is interesting 10 note that General Smuts was informed of the
mvestigation ol possible deposits of pitchblende in South Africa at the
same time that Weston Bourret was commissioned to visit the country
in May 1944, Bourret paid an informal visit to the Witwatersrand on
behalf of the British-American Atomic Energy Organization. I
company wit" an assistant geologist, Frark West, he spent four months
in the Union investigating and samplii._ operating properties on the
Rand. Over 100 mill products and ore specimens are said to have been
collected for a preliminary radiometric assay and this examination was
supplemented by chemical analyses and mineralogical studies in the
United States, the latv.r carried out by Dr D'Arcy George, a consulting
mineralogist to the Anv ~ican Atomic Energy Programme '™

In May 1945 a prelim  ~ report on the uranimitz in amalgam barrel*
residues was submitted . Professor George W Bain. .f Amberst
College, Massachusetts, then serving as consulting geologist on an
Advisory Committee appoinied by the American Atomic Energy
Programme. This prompted Bain to make his first radiometric
examination of Rand ore specimens in his possession. As ealy as 1941
Professor Bain had made an extensive tour of the Rand goldfields
during which he had collected hand-picked specimens of geological
interests.  One of these came from Kimberley reef on the East
Daggafontein mine. On his return 0 the United States Y kept these
specimens in his laboratory at Amherst College. After reading
Bourret's report he then examined his samples for radioactivity and
confirmed the presence of radioactive minerals in what he must have

had been known by the authorities concerned, they woul. ave abandoned
interest in the Witwatersrand.  As it was, it was decided that the
Witwatersrand ores should be investigated intensively. Jack Levin: The
Story of Mintek, 1934-1984, p. 89

108  CS Mclean: “The Uranium lndusu'y of South Africa®, JCMMS, 54, April
1954, p. M6, L Taverner: “A Historical Review ...", JSAIMM, 57,
November 1956, p. 126,



Stellenbosch University https://scholar.sun.ac.za

regarded as appreciable and very significant amounts, bearing in mind
the very llrxclmgcoforeuuledonﬂleﬂam.‘""

nmmmmﬁmmmmmmmmm
mmmmmmmmmmmmwm.
L is, however, not known what figures were obtained. ' The results
were regarded as sufficiently important to justify an urgent approach to
the South African Government regarding the possibilities of extraction
and recovery of uranium.

General Smuts, on his return from London in 1944, immediately had an
estimate made of the uranium potential in South Africa. The areas that

Africa. Smuts brought the exploitation of uranium in South Africa snd
South West Africa under controi by War Measure No. 70 of 1945,
Under this regulation anyone who discovered uranium would have 10
notify the authorities, and no unauthorised person would he allowed 10
search, prospect or mine for uranium.  The export of ores was
prohibited and no substance would be allowed to be exiracted from
uranium ores. 1%

General Smuts had taken a keen interest in uranium. Historical
accident had brought him into contact, and after a time into friendship,
with the Danish nuclear physicist, Niels Bohr. Smuts's “unflagging
interest” innnmrchforumﬁmninmhmﬁn.hhdeep
involvement in mulitary decisions in South Africa. as vell as in the

Britishplamjmorunmumegyoru:eSecotuworId War, must
106 CS McLean: “The Uranium Industry of South Africa”, JCMMS, 54, April
1954, p. 3'4’6“ L 'll‘;wm A Hisworical Review .. ° Mmm

. P 126,

107 %.zfavcraer. A Historical Review ., *, JSAIMM, 57, November 1956, p.
6.

108 (CAP) Proclamation No 212 of 1945 (War Measure No 70 of IM45) signed
ww:«w«ucrw.mmmum.m 171, no 44; AR
Newby-Fraser: Chain Reaction, p. 21
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be taken into account in the history of uranium in South Africa.
Although he had no advance knowledge of the decision to drop the
atomic bomb, he endorsed that decision after the event, '™

An important aspect to consider in this respect was Smuts's knowledge
of the changing relationship between the United States and Britain on
the one hand, and the Soviet Union on the other. The Yalta
Declaration (February 1945) on Poland had provided that the then
Provisional Government would be re-organized on a broader
democratic base. By this the West meant & parliamentary regime based
on free elections. The Soviets were determined to achieve a position of
dominance in Eastern and Central Europe.  Although the West was
prepared to see the re-establishment of Russian pre-1914 boundaries in
Europe, it was far less ready to acknowledge the Balkans as a Soviet
sphere of influence, nor did it want Poland a puppet of Russia. Much
less was it willing to tolerate an indefinite Red Army occupation in
Germany. The cold war begin over Poland and the Balkans because of
the rapid introduction of soviet-type regimes there even before the end
of the war 110

Both Churchill and Roosevelt had kept secret the fast progress made in
the progress of nuclear science. At the Yalta Conference ( February
194%) they had still been uncertain of the outcome of th- nuclear
experiments. At the Berlin Conference held at Potsdur: 2 August
I'H5) President Truman told Stalin of a NEW secrel woapon in
An'erican hands.  Since it was still uncertain whether Japan could be

e —

1o Wi Hancock:  Smuts, vol, 2,

7

Fields of Force, pp. 434439, (s
Mclsan:  “The Uranium Indusiry of South Africa®, JF MS, 54, April
1954, » 316, Donald B Sole, at time in the South African D
Suiviee i London (later South Afri 'S representative on the Board of
Governors of the IAEA) arranged the first meeting between General Smuts
and Dr Niels Bohr. Interview with DB Sole, 23.10.1989.

10 FR Dulles: The United States since 1865, pp. 489, FH Hartmann: The
Relations of Nations, p. 454.

§§°



Stellenbosch University https://scholar.sun.ac.za

beaten without Soviet help, the Western powers conceded 1o Stalin
advantages which they would otherwise hardly have conceded.!!!

Stalin gave his word at the Teheran and Yalta Conferences that the
Soviet Union would attack Japan as soon as the German army was
defeated. "2 The Potsdam agreements between the USA, Britain and
the Soviet Union appeared to reaffirm the unity of purpose at Teheran
and Yalta, but there were already intimations that Soviet policy was
swinging toward the harsh assertion of wholly Soviet interests and the
broad extension of a communist sphere of interest. !

British Prime Minister, Clement Richard Aulee (1883-1967), wrote to
Smuts 31 August 1945. He said that as a result of the atomic bomb
most problems of foreign policy and defence would have 10 be
considered from a new angle. Many principles that up to that time had
been accepted as axiomaric would possibly have to be amended or
discarded.  Attlee suggested 10 Smuts that in order to maintain

should be established. World safety would lie in collective security .
He was aware that during the Berlin Conference there were signs that
the wartime alliance was falling apart. )14

Considering that Smuts played a prominent role in mternational politics
at the time, he must have had con<uderable insight into the vital
necessity of uranium for those nations who wished to preserve the
peace after the war. No matter Low fearful the prospects of atomic
warfare must have been, it was a factor that would have 1o be dealt

11 David Thomson: Since Napoleon, pp. 500-80) . At Potsdam the
Allied leaders were Pres Truman, British Prime Minister Clement Aulee
(Labour Party) and Stalin,

12 WS Churchill: The Second World War, p. 941,
13 FR Dulles: The United States since 1865, pp. 488-459.

114 ) van der Poel (ed.): Selections from the Smuts Papers, vol. Vi1, p. 67,
Letier 679 from CR Autlee t IC Smuts, 3| August 1945,
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Wwith in fuiure international relations. Therefore, it is understandabie
that Smuts would have given much support for the post-war
investigation into South African gold ores for the purpose of extracting
uranium.

In 1945 General Smuts approached CS McLean, then President of the
Transvazl Chamber of Mines. to discuss a matter which he described as
being "of vital importance 1o the country. "' At that interview in
Pretoria McLean learned that there was a desperate need on the part of
the United States and Britain 1o obtain uranium, and that the Prime
Minister wished 10 know how the magnitude of the Witwatersrand
deposits could be ascertained. McLean pledged the full co-operation
and assistance of the Chamber of Mines. After that he reported the
matter to his colleagues on the Gold Producers’ Committee and events
began to move rapidly 1o

In collaboration with the Transvaal Chamber of Mines it was decided
that research on the extraction of uranium would be carried out by the
Minerals Research Laboratory, under the direction of Professor |
Taverner. The name of the Laboratory, however, would change 10
"Government Metallurgical Laboratory” (GML) 1o give greater
recognition to the fact that the Government was financing the
laboratory, and that the laboratory was o iginally established 1o give
special consideration to the investigations submitted by the Government
Mines Department. According to J Levin, the name did not draw
atiention to the essential function of the organization which was 1o
promote the exploitation of minerals.i!? It was the GML's
115 CS McLean: *The Uranium Industry of South Africa”, JCMMS, 54, April

1954, p. 346, The Chamber of Mines deals with all questions, directly and
indirectly concerning the mines: labour, taxation, laws dealing with mines,
el

16 TheGoMMmCMuuofthMotﬂinuﬂedul&ull
agency, CS McLean: “The Uranium Industry of South Africa®, JCMMS b
34, April 1954, p. 346. CS McLean's reply 10 Dr AJA Roux, *Atomic

Encrgy Research and Deve Prommo!SmuhMriu‘.SA
Mechanica' “ngineer, 90»&?959. p. 116,

17 (MM)JM:T‘MM“M.W.G—T.M.
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responsibility 0 under-ake an cxtensive research programme of South
Africa’s uranium -~ -, the following years.

Many employees 2old miming industry were seconded to the
GML 10 assist with ti programme. It was important that the gold
mining industry had, in the Chamber of Mines, an established
organization which could Quickly, erectively and efficiently adapt itself
10 uranium investigation. While the different Mining Groups were
individually quite capable of developing their own plants, this co-
operative effort, through the Chamber of Mines, assisted greatly to
accelerate matters. McLean stressed the fact that the existence of a
system of joint consultation and Co-operation through the Chamber of
Mines, which (he many units of the gold mining  industry
administrative, productive and exploratory - had for a long rime
enjoyed, was invaluable in dealing with the importance and urgency of
the uranium investigation. It proved once more, as on so many
occasions during the history of the gold mining industry, the
importance of the Chamber of Mines, not only to the industry, but 1o
the country as a whole. 1%

18 C’Ss:k!.en? “The Uranium Industry of South Africa”, JCMMS, 54, April
1954, p. 347,
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Professor L Tay emer,

Director of the Minerals Rese
Metallurgical Laboratory (1940-1958)

arch Laboratory and Goy ¢mment

(Source: J Levin: The Story of Mintek. 1934-1984)
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THE ESTABLISHMENT OF THE SOUTH
AFRICAN URANIUM INDUSTRY, 1945-1956

ratory as well as 1o laborasories in the United States, the
United Kingdom and Canada.  The combined cffort of these
Inboratories 1o find the most economical method of extraction of
wranium from the gold ores was of grec: value Jor the
advancement of chemisty and metallurg. relating o nuclear
energy research. Both Genmeral Smuts ane lpror e National
Party reolised the urgency to introduce leg.tativa 1o control
uramum and nuclear energy deval M war escential thar
South African scientific research showld be co-ordinuted and
research facilities be instituted where South African nuclear
Physicists and scientises could be trained The result wee the
founding of the National ~ Physical Laboratory an¢ ihe
construction of the Pretorig Cvelorron.

Combined Investigations in the Extraction of Uranium

When the Government Metallurgical Laboratory was established the
name of the controlling committee was changed from Advisory
Committee 10 Management Commiee. The Management Committee
did much more than "advise" the Minister of Mines on the running of
the Laboratory. The change of name of the Committee was
accompanied by a change of composition:  the University of the
Witwatersrand's representation was increased by two members and
their alternates, and the Director appointed was professor Leonard
Taverner, also 3 member of the University staff. Heads of the
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Minerals Development  Section and the Governmen: Chemical
Laboratory were excluded, whereas members of the Mines Department
and Geological Survey were included.

The first meeting of the Management Committee took place in July
1944 Although the Management Commitgee was  nominally
tesponsible for all work done at the Laboratory. it had no control over
the uranium project because the effective control of that work lay with
other bodies. Initially it was the State itself that assumed responsibility
for the project !

The overall effect of the Second World War (1939-1945) on the
Minerals Research Laboratory was largely predictable. Activities at the
Laboratory were increasingly directed towards helping the country to
find substitutes for materials and minerals that were in short supply or
unavailable.® By 1945 mineral research was well established in the
Union of South Africa.

In Spring 1945 Professor GW Bain and Dr CF Davidson, then Chief
Geologist of the Atomic Energy Division of the Geological Survey of
Great Britain, visited the Union. During this Government-sponsored
Visit arrangements were made through Dr LT Nel of *he South African
Geological Survey, for underground examination of several mines.
This was done using a portable type of Geiger-Miiller counter* supplied
from the United States. It has always been assumed that this was the
first occasion on which a Geiger counter was employed underground in
South Africa, but some doubt arises as to whether Weston Bourret (in
1944) used a similar type of instrument for his earlier surveys.’

In order 10 asses the potentialities of the Rand mines. Professor Bain
requested that the collectiun of ore samples be made by the Geological

1 (MLA) J Levin: The Story of Mintek, pp. 80-84,

2 Ibid., p. 62.
3 L Taverner: “An Mistorical Review...", JSAIMM, 57, Nov. 1956, pp. 125.
127,
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Survey. These ore samples would be the initial step in a programme of
chemical metallurgical investigation, A programme was undertaken
jointly by the Massachusetts Institute of Technology Laboratory (MIT)
in the Uniwu states of America, the Chemical Research Laboratory at
Teddington, Great Britain. the Bureau of Mines Laboratory, Ottawa
and the Government Metallurgical Laboratory in the Union with the
ultimate aim of producing a uranium concentrate sufficiently pure as to
be acceptable to future uranium refinery plants in South Africa* It
should be noted in connection with the roies of the Geological Survey,
and particularly that of the GML, that the overall uranium project was
conducted at the instigation and with the active co-operation of the
Combined Development Agency. They would promote and encourage
the developments of the South African uranium industry with financial
and technical assistance. S

A collection of a series of 400 kg samples were made from each of the
following mines, Blyvooruitzicht, Vogelstruisbult, Western Reefs and
East Daggafontein. The samples from each mine were split into three
portions:  one portion of each was sent o the above laboratories
involved in the research programme. After a short interval a further
request was received for 5 000 kg samples from the four mines. The
ores had o have a specified minimum content. These samples were all
obtained by selective mining, in other words they had very high values
for both gold and uranium. Professor Taverner stresses the fact that
these samples were of particularly high ; de. He believed that

Rl The experimental work in the USA was done at the Watertown Arsenal,

was the Manhattan Engincer Disirict that originally requested Gaudin 1o
Organize an investigation for the flotation recovery oy «Imium low-grade
ores. Gaudin work on South African ores in March 1916, ) Levin:
The Story of . 1934-1984, p. 96. RE Robinson and R5 Velthuis:
"The lon Exchange Process as applied to Uranium Extraction”, Uranium in
South Africa, 1946-1956, vol. |, p. 332

5 (MLA) J Levin: The Story of Mintek, 19341984, p. 91 (SAB) J Levin:

Concentration Tests on the Gold-Uranium Ores of the Witwatersrand for the
recovery of Uranium”, Uranium in South Africa, vol. | 1946-1956, p. 345,
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because of this the United States authorities at that time may have
regarded the Rand deposits as of much higher grade that they actually
were. The ores may not have attracted the serious and urgent interest
they did, if the correct value of the ore, as mined, had been fully
realised. It was difficult to assess accurately the uranium content of
very low grade ores at the ons. of the investigation. Underground
determinations by radiometric methods could have been incorrect owing
10 contamination of stopes* with uranium-rich dust from previous
blasting operations.  Radiometric determinations that were made
underground were appreciably higher than the duplicate determinations
made on the same sample after it was brought to the surface. The
Geiger counters available at that period were relatively insensitive
instruments as compared with those available in later years ®

In his report 10 the Department of Scientific and Industrial Research in
London, in October 1945, on his visit to South Africa, Dr Davidson
said:  "Present evidence appears to indicate that the Rand may be one
of the largest low-grade uranium fields in the world."” It was to the
advantage of South Africa that this conclusion was made, considering
Professor Taverner's doubt of accurate initial calculations, In 1945.
1946 uranium was a scarce commodity and low-grade deposits would
have attracted attention if suitable methods could be found to extract the
metal. It was of particular importance to the country that the
laboratories of the USA. Britain and Canada were involved.  This
combined international research would be the first full-scale nuclear
energy research programme in South Africa.

6 L Taverer: “An Historical Review...", JSAIMM, 57, Nov. 1956, pp. 127-
129, “rofessor AM Gaudin Wwas one o the world's most prominent persons
in the development of mineral-processing science. He may be regarded as a
contender for the title of the foremost mineral ing scientist. Gaudin's
laboratory al the Watertown Arsenal was m prominent metallurgists
and chemists. Gaudin made several visits 10 South Africa. J Levin: !l'h
Story of Mintek, 1934-1984, pp. 86-97.

7 cs Mcbe]az; “The Uranium Industry of South Alrica®, JCMMS, 54, April
1954, p. 346.
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The most economical method for the extraction of uranium had to be
found and an exchange oi knowledge took place between the
laboratories concerned. This combined effort was of particular
significance to the South African uranium industry, and also for the
advancement of chemisi Y and metallurgy relating to nuclear energy
research. It stimulated interest in the metal and encouraged those
involved to try and establish the most economic and successful method
10 extract the metal. This rescarch would be a basis for further
programmes in nuclear chemistry. When concentration tests were
commenced in December 1945, (he problem was to recover an
unknown mineral in an invisible form and in extremely small
proportion. It appeared evident that flotation would be the most likely
method of concentration, and in the initial tests this was applied in an
analytical manner, to fractionate the ore and determine the association
of the uranium with the other components of the ore. The first series
' "he flotation tests was carried out on the high-grade material from
Blyvooruitzicht which had the highest uranium content of the four
samples submitted for the initial test-work. The results which indicated
a total recovery of 60 percent, of the uranium in combined concentrates
of 12.5 percent-weight, were considered promising and were according
10 J Levin "unexpected” *

In February 1946, the Prime Minister, General Smuts. appointed a
Uranium Research Commitice,  This Committee ook over the
responsibility of the uranium project on behalf of the State. Onity re
represented the Gold Mining Industry, the Department of Mines, ne
Department of External Affairs and the Geological Survey.  The
Committee was under the chairmanship of Dr BF) Schonland. Dr
Schonland played an important role in advising the Prime Minster on
matters relating to uranium. The Committee had to co-ordinate action
between the various investigations concerning uranium that were in
progress, and programmes for the future. It dealt with information

8 (SAB) J Levin: "Concentration Tests on the Gold-Uranium Ores of (he
Witwatersrand for the Recovery of uranium®, Uranium i South Africa,
1946-1956, vol. I, pp. 345.346.
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whether classified or of general interest. In this respect the Commitiee
was in close association with the State Departments concerned with
uranium extraction ar  -ssearch in the USA and Britain. This is of
significance in estimating the extent of the co-operation between South
Africa and the foreign powers. In order to execute its many tasks the
Uranium Research Committee was assisted by various sub-committses, ¥

Al the first meeting of the Uranium Research Committee on § March
1946, the results of the preliminary test work were reported. A
fecovery of over 40 percent of the total uranium content present in g
rich Blyvooruitzicht sample was reported in a carbon and sulphide
concentrate of approximately four percent of the original weight It
Was at this meeting that the Technical Sub-committee of the GML was
appointed under chairmanship of Professor Taverner. Direcior of the
Laboratory 10

According to TK Prentice, the deveiopment of a metallurgical | rocess
for the production of uranium was carried out by the Technical Sub-
Committce of the GML. 1 1946 the Technical Sub-Committee
comprised the Government Mining Engineer; the 2old-mining industry
which was represenied by CS Mclean of the Gold-Products
Committee; by six senior consulting metallurgists (of which TK
Prentice was one); and by R Craib (a mechanical engineer). ' In wnis
way dove-tailing of the efforts of industry with those of the State
organizations involved in the uranium project was achieved

9 (MLA) L Tavcmer: *An Historical Review. ", JSAIMM, $7. Nov 1956,
R e T
« Apri <P 36 n: Story " 1 pp. 90
3;; Asseribly B-hw vol. 64, 6 August-10 Seplember 1948, ol 728
(B

10 Dr OAE Jackson, TK Prentice and Y Wantenweiler were appointed 1o serve
Ca this Committee, which held jis first meeting in April 1946; (LA L
Taverser: “An Historical Review. ' ISAIMM, 57, Nov. 1956, p. 129,

1 (SAB) TK Prentice: "Discussion” in JJP Dolan: "Co-operative C astruction
of Uranium Plants*, Uranium in South Africa, 19461956, vol. | p. 408
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It seems that the "Technical® Sub-committee and the "Metallurgical”
Sub-committec as described by L Taverner comprised the same
people.’? Later (in 1946 and 1947) men with technical expertise were
seconded from predominantly the gold mining industry.  African
Explosives and Chemical Industries (AECT) was to assist in advancing
the complicated uranium project and to increase the rate at which it was
necessary to get through much experimental work 1

By April 1946, a recovery of 53 percent uranium oxide was obtaired. 14
This was recovered from a Blyvooruitzicht sample. It is therefore,
understandable why it was decided 10 concentrate attention on the ore
samples of this mine. !*

The GML made significant progress. even during the early stages of
investigation. Cooper's paper had indicated the presence of uraninite,
but there was doubt whether uraninite was the only uranium-bearing
mineral and mystification as 1o why no-one had seen uraninite in the
rock. The particle size of uraninite is usually minute. The Laboratory
commenced a detailed mineralogical examination of the Blyvooruitzicht
or: and had ascertained thar a considerable portion of the uranium
conient was locked as minute particles of uraninite in a hydrocarbon
mineral called thucolite. Thucolite is an uranium-bearing varicty of the
so-called “carbon” which is well-known to Rand mines. All assay

12 L Taverner: *An Historical Review .. ", JSAIMM. 57, Nov 1956, p. 133,
13 (MLA) ] Le an: The Story of Mintek. 1934-1984, pp. 103104,
14 Results obtained Apnl 1946:

r Pervent 130y recovery Percent
carbon and seight Concentrate
sulphide comentrate

Blyvoonzwhi 53 s
anl:m-lkn H: I..!
i3} o 3
Wedern Reety n 5.2

L Tavermer: *An Historical Review ", JSAIMM. 57, Nov. 1956, p. 130,

15 (SAB) J Levin:  “Concentration Tests on the Gold-Uranium Ores of the
Witwatersrand for the Recovery of uraniam®, Uranium in South Africa,
19461956, vol 1, pp. 345-346.
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samples at the Laboratory were, therefore, calcined® at a low
temperature to remove the hydrocarbon (thucolite) and expose the
uranium minerals before bringing them into solution for analysis.
These initial samples were assayed by D Millin in the Metallurgy
Department of the University of the Wiwatersrand and, ultimately, the
results he provided proved to be the most accurate, '

Uranium estimates were made with an electroscope® (loaned 10 the
GML by the Bernard Price Institute for geophysical research) using
chemical standards prepared by the GML, based on chemical assay
values obtained by the method devised by Millin.  Accurate physical
determinations were being obtained in this manner. In addition, a B
(beta) counter,® which Professor Bain had agreed to supply at the
request of Professor Taverner, was brought to the Umion by Dr SH
Haughton (Vice-Chairman of the Uranium Research Commitiee,
formerly ™irector of the Geological Survey) on his return by air from
the Uni. ~ ~ .8, and was in use at the Laboratory. Dr Haughton also
obtained the American methods of chemical analysis, which Professor
Bain had previously agreed o provide, and handed them over (o
Professor Taverner. The American methods differed from those that
the GML had developed from a study of anaiytical literature, and the
Laboratory continued to use its own methods, as being more suitable
for South African ores, Later they changed to other methods. !’

As far as the work Jlone at the GML was concerned, Professor
Taverner played an important role. He was called upon to travel
extensively. He was convinced that personal association with American

16 (MLA) Uranium never occurs in a pure form, but is (o be found as a mixture
of hydrocarbon and pitchblende or uraninite, or both.  To this type of
maierial the name “thucolite™ was given hy a Canadian mineralogist in 1928
The word “thucolite”™ is derived from the chemical symbaols of the main
constituents of the mixture, namely, thorium (Th), uranium (U), carbon (C),
hydrogen (H), oxygen (O)-lite. “¢'ranium”, Industrial Review of Africa,
4(7), Jan. 1953, p. 23, J Levin: The Story of Mintek, 1934-1984, p. 95. It
was Dr WR Licbenberg at the GML who described the thucolite afier the
mineralogical examination of the products of the first tests.

17 L. Taverner: “An Historical Review ..., JSAIMM, 57, Nov. 1956, p. 130, )
Levin: The Story of Mintek. 1934-1984, pp. 93.95,
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and British scientists was invaluable. It certainly accelerated the rate of
progress.  Owing to secrecy stipulations, it was a requirement that all
correspondence and reports should be conveyed through diplomatic
channels. Normal airmail correspondence ook several days at most,
the transmission of reports occupied several weeks owing 1o the number
of offices through which the documents passed. '

The Laboratories partaking in the search to fird a method to extract the
uranium started off by putting much time and effort into the flotation
and gravity* methods of extraction. The uranium in the ore. that could
not be recovered initially, was found to be present in minute particles,
either free uraninite or uraninite associated with sericitic* minerals.
Experiments were conducted with a fatty acid float.* but these proved
most discouraging.  The carbon sulphide flotation* technigue showed
greater promise.  Later it was leamed that at the same tume a
considerable amount of work was being undertaken at the MIT on the
fatty acid flotation procedure, but on the basis of a limited
concentration, the aim being to obtain maximum recovery. These tests
were being made in the absence of lime* and using distlled water* for
flotation.  Both these conditions were later found to be essential for
optimum recoveries. 'Y

At this point in the course of the investigation in South Africa, there
was an absence of knowledge regarding the grade and quantity of the
product required and also its monetary value ® The British Authority
concerned with Atomic Energy was prepared to discuss these aspects
with representatives from the Umon., Dr Schonland and Professor
Taverner wok advantage of this opportunity and travelled to Britain in
July 1946. During this visit they had the privilege of visitiag both

18 L Taverner: “An Historical Review .. ", JSAIMM, 57, Nov. 1956, pp.
131, 132, 133 and 136

19 Ibid., pp. 130131

20 (SAB) Vid. J Levin, “Concentration Tests on the Gold-Uranium ores of the
Witwatersrand for the Recovery of Uranium®, Uranivm in South Africa,
1946- 1956, vol. I, p. 344,
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Harwell and Springfield. It voas indicated (o the visitors that the GML
should aim at a product cOontaining approximately 98 percent uranium
oxide (U0, although material of much lower grade would be
acceptable. At thae Stage quantities were not discussed, but it became
evident that an. amicipated output would be bought at a price based on
COSt @ cateacuion plus a reasonable margin of profit. At that point
recoviizes of 65 percent had been made from rich ore, using carbon-
su'phide flotation techniques. In the meantime flotation tests had been
done on a run-of-mine* vamples composed of a mixtre of ball-milt
feed*® and crusher slimes. * The recoveries were disappointingly low as
compared with the rich ore resylgs. !

In December 1946, General Smuts in company with General Groves,
Director of the Manhattan Project, had visited Professor Gaudin at MIT
and had been informed of the progress made there with rich bulk ore*
sample. Immediately after his rewrn Professor Taverner was instructed
10 proceed to the USA for discussions with Professor Gaudin, 22

According 10 Professor Taverner, Operating with only rich ore,
metallurgists had succecded in obtaining 80-85 percent recovery of
uranium and 96-99 percent recovery of gold in 20-25 percent weight of
the original ore. They considered the investigation had progressed to
the stage requiring pilot plant development. The pelicy to be followed
in respect of pilot plant test work was fully discussed and the
advantages of erecting any pilot plants required in South Africa, were
accepted by the United States authorities. It was explained that steps
had already been taken 1o construct a pilot flotation plant at
Blyvooruitzicht mine. The MIT was undertaking investigations on
South African samples on a much larger scale than the Government
Metallurgical Laboratory in South Africa. A special laboratory had
been provided and equipped, employing many more personnel than

| L Taverner: "An Historical Review...*, ISAIMM, 57 Nov. 1956, p. 131,

2 Ibid., p 111,
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were available in South Africa, more particularly in the analytical

.

section.

Professor Taverner was convinced that his and Dr Schonland's visit
proved of the greatest value in hastening developments, and provided
proof of the advantages derived from personal contacts, particularly
where secrecy requirements were involved. Arrangements were made
for more rapid and, where possible, more direct interchange of
information.  Future programmes of work were discassed and
correlated and more suitable Frovision was made for the supply of
representative ore samples. During their visit arrangements were made
for Professor Gaudin to visit the Unien.  After discussions had taken
place it was decided that Professor Gaudin's visit would be postponed
for a couple of months. by which time his Laboratory would have
completed tests on a run-of-mine sample by the flotation procedure they
had so successfully developed

It is significant that the Government Metallurgical Laboratory
concentrated ifs attention on run-of-mine ore. Even at this early stage
it was realised that if the established gold mines could directly be
involved and uranium could be extracted from run-of-mine ore. it
would certainly minimise costs. A process for the concentration of
uranium can be coupled with the gold extraction in one of three ways.
Firstly, uranium concentration can precede cyanidation, Secondly,
uranium concentration can follow cyanidation. Thirdly, uraniv.s and
gold can be concentrated simultaneously by flotation and extracted
separately from the concentrate. The second method was favoured by
the Canadian investigators of the nroblem. MIT favoured the third
possibility. South Africa advocated extraction from cyanide residues*®,
but considered that the other possibilities should be explored 10 ensure

23 L. Taverner: “An Historical Review...", ISAIMM, 57, Nov. 1956, pp. 128,
130132,
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that no promising economic process for the extraction of gold and
uranium was disregarded ¢

Before Dr Schonland and Professor Taverner returned to the Union
they took the opportunity of visiting Parsons and members of his staff
at the Canadian Bureau of Mines Laboratory in Otawa. This
laboratory had been supplied with rich ore samples  from
Vogelstruisbult and Western Reefs, and had carried our & series of
flotation tests very similar in character and results to those made at the
Government Metallurgical Laboratory. This laboratory, possibly as a
result of its close association with the Canadian Government as a
uranium producer, had made a very valuable contribution to the
development  of analytical chemical methods suitable for the
determination of small Quantities of uranium in the presence of
interfering impurities. The application of the mercury cathode* is an
excellent example.  This method was subsequently adopted by the
Government Metallurgical Laboratory .

By the time Dr Schonland and Professor Taverner returned 1o the
Union it was evident that some integration of the gold extraction
process and uranium recovery was a possibility, They reported 1o the
Prime Minister and JH Hofmeyr, Minister of Finance, in per<on. By
that time it had become evident that uranium could he extracted and the
method selected would be determined by the Quantity required and
economic considerations. Bearing this in mind, the mtegration of the
£old extraction process and uranium recovery would likely prove o be
4 necessity. The Prime Minister informed the Transvaal Chamber of
Mines very fully as to the position as it then existed, and they, on
behalf of the mining industry, offered to provide their fullest co-

2 | J Levin:  “Concentration Tests on the Gold-Uranium ores of the
Witwatersrand for the Recovery of Uranium”, Uranium in South Africa,
vol. |, p. 344,
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Oneiation aud to accept responsibility for the construction and operation
of pilct plants. -

The Uranium Research Committee agreed to the installation of a pilot
fotation plant ar Blyvooruitzicht mine. Its main purpose was 1o
trevide sufficient carbon and sulphide concentrates to enable test work
o0 ihe later stages of fecavery to proceed. At the time there was also a
Sl contioous  flotation unit  available at the Government
Metailurgical Laboratory 20 A considerable amount of work was done
at the MIT laboratories and GML on flotation methods  of
concentration, but owing to the relatively low recoveries obtainable and
the need for maximum output, it was realised that the most economical
and practical firs step in the uranium recovery process would be the
acid leaching® of the total Cyamide residues. 27

The acid leaching process is the method enabling the simultaneous
extraction of both gold and uranium. The first leaching tests were
made at the Government Metallurgical Laboratory in October 1946
from a carbon-sulphide concentrate These tests were done ar this
carly stage because the process enabled simultaneous extraction of gold
and uranium. Recoveries of 99 percent of the gold and 95 percent of
the uranium were initially obtained. but the reagent requirements and

25 L Taverner: *An Historical Review...", JSAIMM, 57, Nov. 1956, pp. 132-
133,

26 Ibid., p. 133; J Levin: “Concentration Tests on the Gold-Uranium ores of
the Witwaterstand for the Recovery of Uranium®, Uranium in South
Africa, 19461956, vol. 1, p. 347,

27 RE Robinson and RG Velthuis:  “The lon Exchange Process as applied 10
Uranium Extraction”, Uranium in South Africa, 1946-1956, vol. 1, p, 332,

28 (SAB) PA Laxen and MG Atmore: “The Development of the Acid Leaching
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consumptions were found 1 be very excessive.?” For this reason tests
on flotation procedures were continued.

The Prime Minister invited Professor Gaudin, together with Professor
Bain and Dr Davidson 1o visit the Union for the purpose of making a
general survey of the local gold mining conditions, including the
Cyanide practice in the gold mines. This deputation arrived towards the
end of March 1947, by which time Professor Gaudin had compieted
preliminary flotation tests by the MIT procedure on run-of-mine ore.
The process required an exceptionally fine grind of ore and this would
Involve considerable capital expenditure.  The conclusion of Professor
Gaudin's visit became an appropriate moment 1o review the whole
position and to decide on the future programme of investigation. It was
decided that the MIT procedure would not be applicable 1o existing
producers.  The other alternatives were to leach the cyanide residues
(from the gold mining process) as a whole or obtain a concentrate from
the cyanide residues by carbon and sulphide flotation methods, and
leach this product. v

The Government Metallurgical Laboratory was not in a position to
undertake a comprehensive leaching investigation, mainly owing to lack
of adequate personnel for the large number of routine chemica! assays
required, but also because of insufficient accommodation. Professor
Gaudin's offer 10 he responsible for this aspect of (he future
programme, until such time as these deficiencies could be corrected,
Was sladly accepted.  The design of the pilot flotation plant at
Blyvooruitzicht had been modified 10 make it adaptable for all tvpes of
flotation procedures envisaged. There was a pilot flotation plant at
‘Nestern Reefs which could be made available for experimentation.

By the end of 1947 it was essential that a pilot plant be put into full
operation.  This was fecessary for further progress. Owing to delays in

29 L Taverner: *An Historical Review...", JSAIMM, 57, Nov. 1956, pp. 133.
134,

a0 Ibid., p. 134



Stellenbosch University https://scholar.sun.ac.za

the delivery of cquipment for the Blyvooruitzicht pilot plant. the
Western Reefs pilot plant was put into operation late in December
1947 41

The Metallurgical Committee (GML} was becoming more and more
convinced that recovery by treatment of Cyanide residues would be the
most effective method and issued a directive that future investigation
should proceed on this basis. 2 The pilot plants at Blyvooruitzicht and
Western Reefs were enlarged to accommodate leaching sections and a
third pilct | lant was under construction at Sub Nigel Mine, A smal!
pilot Irach piamt was also established at the Government Metallurgical
Laboratory. 11

Sulphuric* acid* plays as important a part in the recovery of uranium
as that played by cyanide in 2old production, 4

In April 1948, the Governments of Great Britain and the United States
offered their assistance in the provision of additional staff to hasten the
process of investigation.  Professor Taverner travelled 1o Britain,
Canada and the USA in order to recruit personnel. (It was in mid 1948
that RR Porter, a metallurgist, then temporarily engaged by the MIT,
Was offered employment in South Africa. The MIT was concentrating
on the leaching of the total gold residue and were obtaining excellent
results. Professor Taverner paid a second visit to the Canadian Bureau
of Mires Laboratory in Ouawa in 1948.  Their own expanding

3l L ;‘avcmcr: "An Historical Review . * JSAIMM. 57, Nov. 1956, pp. 132.
135,

n The "Metallurgical” and “Technical® Sub-Committees of the GML must be

Commitiee) were appointed to investigate and advise on ways and means of
achieving carly uranium production, (SAB) DM Stuan: “The Supply of the
Raw Materials Requirements of the Uranium Programme”, Uranium in
South Africa, 1946-1956, vol 2.p. W4,

i3 Ibid., pp. 132-136.

34 See Technical Addendum: "Methods of Recovering gold and uranium.
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programme of uanium investigation made it impossible for them to
consider the release of any of their own persoanel tor service in the
Union. This decision ¢~ as a disappointment, but not as a surprise.
There were shortages of personnel in America and Britain. Professor
Taverner visited the uranium refinery at Fort Hope and also, at the
invitation of the United States Atomic Energy Commission, the
vanadium plants recovering uranium in the Colorado plateau.

The processes employed at those plants differed essentially from any
process considered for the Rand. The main purpose of the visits was to
examine the methods used in handling the products and 10 assess the
health hazards 10 the operatives employed in the various operations,
The health hazards had not been overlooked, since as early as 1946, it
had received the attention of both the Uranium Research Commuttee
and the Metallurgical Commitiee. Underground tests for the presence
of radon had been conducted by Dr EC Halliday of the CSIR.% The
quantities found were well below the minimum amount regarded as a
health hazard. These results were anticipated in view of the very small
concentration of wranium in South African ores. and no further
underground testing was undertaken. The plants overseas had been
dealing with a much richer ore for a nunber of years. They had not
found it necessary to take any abnormal precautions. It was, therefore,
decided that the pilot plants could be operated safely, provided that the
usual precautions taken in the handling of poisonous materials were
observed, together with the normal precautions in the use and handling
of mineral acids.

5 L Taverner: "An Historical Review,. " JSAIMM, 57, Nov. 1956, , |7

36 Radon is a radioactive noYle gas. It is produced as one step in a long chuin
of decays that starts with uranium-238 and terminates with lead-206. (See
also radioactivity in Technical Addendum). As a result radon occurs in
uranium mines. The inhalation »f radon can lead 10 a form of lung cancer,
TR Harrison et al (eds.): Princiiles of Internal Medicine, p. 144,

37 L Taverner: "An Historical Review...", JSAIMM. 57. Nov. 1956, pp. 137-
138
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In order to avoid duplication of effor it Wwas agreed by the Uranium
Research Committee and the Combined Development Agency that
Professor Gaudin's Laboratory at the MIT would concentrate its
attention ou the several alternative upgrading steps. The GML would
meanwhile direct its ~fp; . (o the sulphuric acid-ferric sulphate
leaching step on Cyaniue residues in the pilot leach units at the GML
and on the mines. *

Acid-leaching produced a soluion with large amounts of impurities and
small amounts of uraniom. The obvious way of separating uranium
from the impurities seemed ‘0 be the precipiation® process.  This
method however, proved (o be impossibic and soon had o be replaced
by the anion exchange* method. Research carnicd out at the Batelle
Memorial lustitute under the direction of HE Brosse and the Dow
Chemical Company's Laboratories, California in 1949 indicated that
amionic exchange would provide a complete and most satisfactory
method for the recovery of uranium. Tests carried out by the MIT
appeared very promising and a considerable amount of research was
next devoted to the development of the anion exchange process ¥

Research on the anion exchange project had progressed sufficiently for
preliminary design work to be carried out in South Africa. This work
related to the design and operation of the first complete leading pilot
plants at the Western Reefs and Blyvooruitzicht gold mines. During
the latter half of 1949 the GML pilot plant was closed down.) The
Blyvooruitzicht pilot plant was the first in Operation - this plant being
commissioned on 31 Octobe, 1949, Many mechanical difficulties were
experienced during the initial operating period.  On 28 March 1950 the
pilot plant at the Western Reefs Mine was commissioned and started up

38 L. Taverner: *An Historical Review.. ", JSAIMM, 57, Nov 1956, p. 138:
(MLA) ] Levin: The Story of Mintek. 1934-1984, p. 91

jo RE Robinson and RG Velthuis. “The lon Exchange Process as applied to
Uranium Extraction”, Urvaium in South Africa, 1945-1956, vol. 1, p. 336.

n
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with little difficulty due to the experience gained at the Blyvooruitzicht
pilot plant +

The role of the GML in the co-operation work referred to above, was a
special one. The Laboratory devoted a considerable proportion of its
activities to the examination of reports received from the overseas
institutions, duplicating the more promising tests reported, and
determining the applicability of these tests, to the ores of the various
prospective uranium producers. In addition the Laboratory initiawed its
own test-work, the results of which were conveyed 1o the overseas
workers. Co-operation between the GML and overseas institutions was
close, but this did not prevent the various problems being approached
from different viewpoints.*! The combined effort was, without doub,
of great advantage 1o South Africa.

Cousidering the effect of internal political policy on international
relations in later years, it is significant that during the peniod 1946-
1950 foreign countries were prepared to share their scientific
endeavours in the field of uranium research with South Africa, even
though it was a subject veiled in secrecy ard guarded by stringent
security  precautions. During 1946-1948 Dr Malan's Reunited
Nationalist Party was promoting a policy of apartheid among the White
South African eleciorate. Racial segregation had a long history in
South Africa, but n pre-war years external criticism of this policy was
neither wide-spread nor sustained. Large parts of Africa and Asia were
still Imperial domain and South Africa and the colonial powers had one
feature in common: they felt responsible for the welfare of their non-
white subject people. A ni mber of Asian and African states pledged o

40 RE Robinson and RG Velthuis: “The lon Exchange Process as applied 10
Uranium Extraction”, and PA Laxen and MG Atmore: “The Development of
the Acid Leaching Process for the Extraction and Recovery of Uranium from
Rand Cyanide Residues”, Uranium in South Africa, 19461956, vol. |, pp.
325-326; and p. 336

41 (SAB) J Levin: “Concentrati . Tests on the Gold-Uranium ores of the

Witwatersrand for the Recovery of Uranium®, Uranium in South Africa,
vol. I, p. 343,

n
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end racial discrimination within and beyond their borders. It was the
cicvation of apartheid by the Nationalist Governmep'. that came o
power in 1948, into an all-embracing political and social theory, and its
inpirmentation as a policy of large scale social engineering, rhat
woirany, o foreign powers. South Africa found herself in a "cold war”
situaiion and this would have far-reaching effects. This wouid
cerfamnly epply also to nuclear energy research and, therefore, the
extent of the comdined programme of research, between the GML and
foreign laboratori*

Atomic Energy Act

The South African Government thought it essential to introduce
legislation to regulate the discovery of uranium and the scientific
developments related to the extraction of uranium concentrated from
South African gold ores. In 1945 the United Party Government
introduced War Measure No 70 which exercised control over uranium.
Under this Measure the sole right to search prospect and mine for, and
to dispose of, uranium and thorium and to extract uranium and thoriun
from any substance, was vesied in the State. War Measure Mo 11 of
1947 prohibited the grent of patents and the disclosure of information
relating to the production of fissionable materiz! and the production and
use of nuclear energy *'

Towards the end of 1947, Genernl Sroms and his United Party
Government, realised that legislation had o be imroduced to control
uranium and nuclear energy activities i Souh Africa as War Measures

42 M Wilson and L Thompson: The Oxford History of South Afriea, voi. Il
pp. 478-479.

43 (CAP) Smuts Collection Al, File 171, ne 44, Proclamation No 212 of 1945
(War Measure No 70 of 1945) signed by NJ d¢ Wer and CF Suallara;
Proclamation No 57 of 1947 (War Measure No 11 of 1947) signd by G
Brand van Zyl and F Waterson; Statutes of ‘i he Union of Soul
Africa, Act No 15 of 1948, section 32 (Repeal of War Measures No 70 of
1945 and No 11 of 1947).
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No. 70 of 1945 and No. 11 of 1947, would expire on 30 June 1948, It
was, therefore, necessary to have a comprehensive Bill to control all
matiers relating to uranium and the allied element thorium. General
Smuts appointed a committee 1o discuss the prospective legislation. On
the 23rd January 1948 the private secretary of the Minister of Mines,
CF Sullard forwarded a copy of the Uranium Bill 0 General Smuts
This Bill Was 10 be discussed during a Cabinet meeting.  However, the
Bill was never irroduced to Parliament by the United Party as i first
parliamentary sesson in 1948 ended on 24 March of that year in
preparation for the general election in May.

The salient features of the United Party draft Bill were the vesting in
the State of the right of prospecting and mining for pre-cribed
substances (uranium, thorium and other fissionable maerials);  the
extraction, isolation, refining and purification of prescribed substances
undthcpro:hmionmduseofmluremm. The second feature was
the establishing of an Atomic Energy Controi Board under the
chairianship of the Miaister of Mines. The Minister of Mines would
fe placed in comtrol of prospecting and mining of prescribed
substances.  The Atomic Energy Corif Board would be in charge of
extracting and retining of prescribed substances. Puteats and disclosure
oF information relating 10 the purification and use of prescribed
substances for any purpose o« well as the import. manufacture and use
of radioactive isotopes would aiso fall under the charge of the Atomic
Energy Control By .rg 4

The Natwnal Party Cnvernment that came to power in May 1948,
regarded the legislaiion to control uranivm and nuclear energy
essential At rae Second k-ating of the Bill, Esic Louw, the Minister
o kfines  stressed the et the ‘o the interests of the state, as well as
L2 neblic, nuclear power shou! | = properly controlled. Nt onty the
44 AP JC Smurs Collection - . , lle i72, no 13, Letter from Private

Lo mary, Minister of Munes 10 1 e Minister J7 Smuts dated 23rd January
I "Uranium Bill” (0 be .07 rodu o4 h.* Minister of Mines.

43 (CAP) I Samuts Colisction, Al [ 72, 2 13, Draft Uranium Bill.
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power, but the sources of that power. That he regarded as the main
aim of the Bill. He mentioned that the Bill was substantially the same
as the Bill which the Minister of Mines in the Smuts’ Government had
intended to introduce. The only additions that were made were
payment of compensation to workers, male or female, who were
injured, or who, in the course of their duties in connection with
uranium, would contract some disease or otirer; provision was made
for the Atomic Energy Board or Minister's representative to enter any
land and to undertake certain work if the Minister had good reason to
believe that that land contained uranium; and the Auditor General
would have more control and power in connection with expenditure 4

During the Second Reading the Minister of Mines mentioned that the
possibility of atomic energy for industrial purposes had been free'v
discussed. but its use as a terrifying weapon in the time of war, was the
first consideration to be taken into account, particularly at that time of
uncertainty in international relations. Uranium, the main mineral from
which that energy could be manufactured, was found in South Africa.
Because of its strategic importance and because it is regarded as a
potertially dangerous mineral, it was essential, in the national interest,
tkat it should be controlled +7

Uranium and thorium were described as "prescribed materials®. The
Act vested in the State the sole right to search, prospect and mine for
prescribed material. The Minister of Mines was given power to
authorise persons in companies to prospect and mine for prescribed
material on his behalf.

The Act vested in the State the ownership of all prescribed material
mined, extracted or isolated, just as it vested in the State the sole right
to produce nuclear energy. The Act established an Atomic Energy
Board, which was to comprise the Minister of Mines (who was to be

46 Assembly Debates. vol. 64, 6 Aug.-10 Sept. 1948, 23 August 1948, col.
72,

47 Ibid.
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chairman), the Secretary of Mines (who was to be deputy chairman),
the Secretary of External Affairs, the Secretary for Finance the

Government Mining Engineer, one person nominated . e CEIR,
and, in addition, three persons appointed by the Minister, 0 least two
of whom were 1o represent those engaged in mining operat s 1 arcas
where prescribed material occur.  Two representativ.:« e gold
mining industry were thus nominated by the Minister « 1.0 oa the
Board 4

The powers of the Awemic Energy Board were considerable, since it
would act for the State in the ownership and disposal of all prescribed
material. The Board also administered the provisions of the Act
prohibiting the disclosure of any information relating to reserves of ore
containing prescribed material, the annual output of such material, the
price paid, »nd the extraction processes. The Board would derive its
funds from moneys which would be voted annually by Parliament. The
proceeds derived from the sale of uranium and radio-active elements
would be paid into the Consolidaied Revenue Fund. The Minister
considered that the Consoiidated Revenue Fund would be assured of an
annual and by no means inconsiderable source of revenue,

The Act made provisions with regard o inventions in connection with
the production and use of atomic energy, and particularly with regard
to the question of patents. This was to ensure that any research work
done or inventions made in connection with prescribed materials, would
remain the property of the State, and would not icak out to other
countries. The Board had the nght to sell the patent rights, subject to
compensation. Any research worker in the sphere of nuclear energy
would have to furnish full information with regard to his research work
to the Atomic Energy Board. Any person obtaining such information,
either from any person or as a result of his own research, would be

48 (GP) Statutes of the Union of South Africa, Act No 35 of 1948, Sections 1,
2,3, 11 and 12.

49 Ibid.. Sections 13-17.
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forbidden to communicate it to any person outside the Union. These
provisions in connection with patents and the disclosure of information
were essential in the interests of State security

After careful consideration and discnesion with Dr Schonland. heads of
departments, and chairman of the Public Service Commission, the
Minister decided that the staff of the Atomic Energy Board and the staff
required for its work would not be appointed from the ranks of offices
in the Public Service. The work would be of a highly specialized
nature and the country had at that time few, if any, such specialized
persons. Highly qualified personnel would have 1o be imported. 5!

After the Second Reading of the Atomic Tucegy Bill, General Smuts
addressed the House of Assembly. Smuts, having | _en in the fortunate
position of being involved with uranium duriag the war, as well as the
prelimivary search for the metal, and having played a role in the
drafting of the Bill, could give an informative speech on the subject.
Smuts stressed the fact that uranium was a rare element. Within the
first minutes of his address he actually repeated the fact no less than six
times. He informed the Assembly that great progress had been made in
the extracting of uranium from the gold ores of the Witwatersrand
mines. Of particular significance was Smuts’ knowledge at that early
Stage, of the progress that had been made in the utilization of nuclear
power for industrial purposes. He said that the sources of energy in the
world were being tapped to an unprecedented extent.  Petroleum
resources, as well as coal resources, although very much larger, were
being consumed at a very great rate. Uranium and atomic energy were
sources of energy infinitely more powerful than coal and oil. Nuclear
energy would turn out to be of significant industrial importance. He
commented on United Nations Organization having established the
Atomic Energy Commission as a controlling authority and how that

50 lGl;) Statutes of the Union of South Africa, Act No 35 of 1948, Sections
18-28

51 Asscmbly Debates, vol, 64, 6 Aug.-10 Sepr. 1948, 23 August 1948, col,
729,
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Commission . many others, had not been successful.* He believed
that the whole question of peace and war and of world security would
begin to revolve arou ‘e question of uranium. Because of this an
immense responsibility 1 as therefore being placed on South Alrica. 9

Of  particular significan.¢ i the history of uranium and the
development of nuclear power 1 South Africa, was the voatribution to
the debate made by MJ van den Berg, NP Member of » cliament for
Krugersdorp. He wanted o know what was going to happen to South
Africa’s uranium, Was it going to be simply regarded as an article of
commerce, because it was in world-wide demand. He suggested that
the Minister of Mines inform the House . its use in industrial
development in South Africa. He be" 't if this important
mineral could be used in industrial development, ;e day would come
when South Africa would be able to compete “dustrially with other
countries of the world, This address by Van den Berg was an early
indication of what would later become more pronounced. South Africa
should use its uranjum and advancement in nuclear research 1o the
benefit of the country’'s  mining industry, industriaj development,
commerce and armaments programme,

Th. /o aic Energy Act (Act No 35 of 1948), came into operation on |
Jiasoy 1949, The stipulations laid down by the Atom '~ Znergy Act
ax' ‘he Atomic Energy Board of South Africa being bound vy the
leims of the agreement with the Combined Development Agency, cast a
blanket of Secrecy over the production and sale of uranium. The
Agency prohibited the release of information concerning the price paid
for uranium from South African producers. This ‘hey believed would
Jeopardise security in the nuclear energy programmie of the free nations

52 General Smuts was referri 1o the Atomic Energy Commission set up by the
United Nations Organization in January 1946.

53 Assembly Debates, vol. 64, 6 Aug.-10 Sept. 1945, 23 August 1948, col,
731-734,

54 Ibid., col. 735.736,
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of the Western world. The gold mining v«dustry, iost closely
associated with the production of uranium, found the guestion of
secrecy an embarrassment. As plans for uranium plants were projected
and construction later commenced, the embarrassment increased. The
gold mining industry had always followed a policy of issuing to the
public the fullest possible information concerning its operations. The
industry felt that the Government should urge the overseas associates (o
allow the release of information, compatible with secusity
requirements, so as to enable the sharcholders of the uranium-
producing companies to assess the value of their investmenis. The
secrecy stipulations concerning the produciion of uranium were eased,
to a certain de_ree, during the 1950's. The publication of articles on
the subject was permitted. **

Furtherance of research facilities: The National Physical Laboratory

The combined research on South African uranium ores was onl; a
beginning. If South Africa wished to secure contracts for the sale of
uranium, provision would have to be made for the furtherance of
research. South Africa would have to establish facilities where the
scientific knowledge, so rapidly accumulated in the American war
effort, could b= practised by South African scientists.

The Marhattar, Project, under which the United States Government
built in a relatrvely shore period, such facilities as iarge plants ‘or -
entichment* of uranium® (using the gascous ditfusion method) for U
extraction of plutonium and for the produc.ion of hecavy water,* was
evidence of the advancements made in nuclear paysics, nuclear
chemistry and engineering. Test and research reactors were
established, as well as weapon production facilities. The Manhattan

55 (CAP) “Publication of Informaton Relating to Ursnium”®, October 1957,
Archives of the Sec of Information, 1939-1966, Information 41, File
21112/ vol. 1; CS Me : "The Uranium Industry of South Africa”,
JCMMS, 54, April 1954, pp. 354.355,
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energy. Engineers in those carly programmes had to learn about a host
of nuclear-related subjects ranging from reactor theory and reactor
control to radio-activity and the behaviour of material under
irradiation, * During the Manhattan Project nuclear engineers were
educated by senior and more experienced nuclear scientists and
physicists, first through personal discussions and later through
seminars, lectures and classes. Many of those who entered this new
field were first educated in other engineering disciplines - mechanical,
electrical, chemical, civil, etc.  Nuclear engineering js 4 strongly
imcrt!isciplinary activity.  Two schools of reactor technology were
established, one in Tennessee ar Oak Ridge National Laboiatory and
another in Illinois at Argonne National Laboratory 56

The expli sion of the alemic bombs, overseas weapons production, s
well as other factors such us the combined investigations into uranivp
done by the GML and the other ‘aboratories overseas, made S.uth
Afvicans aware o7 the advancemcet that had taxen place in all branches
of <ngineering during the war, In the course of the joint research
progrunme on South African uranium ores pilot planic had been
establisr>d and the laboratories were provided with the necessary
dpparatis and equipment. [t was also realised that South African
scientific research shou.d be co-ordinated. As g result of this
awareness, and the fact that international relations demanded that 3
nation cou’d not be ignorant in these fields of science and engineering,
the United Party Governmnent  under General Smuts initiated the
¢stablishment of the South African Council for Scientific and Industrial
Research (CSIR) in October 1947 The President of the Uranium

56 (AEC Archives) AJA Roux: Atomic Energy Research ap . | et luptment
Part |, United States, 3 March 1958, pp. 84-89,
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Research Committee, Dr BFJ Schonland, was appointed as the first
President of the CSIR.

Dr Schonland was a scientist of considerable standing and, as a
Brigadier in the war-time forces, was closely involved in the
development of radar, He was in close contact with General Smuts at

General Smuts stated in his address (o the first meeting of the Council
for Scientific and Industrial Research on 8 October 1945: "I am
confident that this body will become one of the most important
organizations of advancement in this country. The time has come when
We must tackle our own job and the problems which lie before South
Africa. We must develop our own scientific handling of these
problems. "57

Dr  Schonland immediately set about seiing up the research
Laboratories of the CSIR: The National Physical Laboratory, The
National Chemical Research Laboratory, The National Institute for
Personnel Research and the National Building Research Instituge 5*
Professor § Meiring Naudé from Stellenbosch was appointed head of
the National Physical Laboratory. Dr ws Rapson from Cape Town
took charge of the National Chemical Research Laboratory. Eariy in
1947 the Applied Radioactivity Division was created as part of the
National Physical Laboratory (NPL). Although the National Physical
Laboratory had nothing to do with the investigation programmes of the
Metallurgical Laboratory, uranium studies and nuclear physics were,
€ven at that early stage, moving in the same direction. Dr Schonland
certainly realised that studies in nuclear physics would have (o be

57 “The Council for Scientific and Industrial Research, The First Five Years",
Lantern, February 1951, p. 45,

58 Ibid., p. 45.
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Dr SJ du Toit

(Source: Alomic { nergy Corporation)
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developed in countries such as South Africa, with a large uranium
potential . *

The staffing of these laboratories presented a problem. The general
world shortage of qualified scientists had been accentuated in South
Africa. The training of research workers had been largely neglected
and lack of careers and opportunities had driven the best brains to join
large research organizations overseas. ™

Atomic energy development is orporates the disciplines of mechanica!,
electrical and chemical engineering, but at the CSIR during 1945-19%6
it was the National Physical Laboratory that was developed,
specifically, for ruclear studies with a view (o train scieniists for future
nuclear energy research and development.

Dr SJ du Toit who was, after the war, Senior Lecturer in Phys‘cs at the
University of Potcheistroom had developed some knowledge of nuclear
physics. He was accordingly appointed in 1947 by the CSIR. with the
idea that nuclear physics studies should be developed there. Dr Du
Toit joined the staff of the CSIR on March 1, 1947 and initially worked
in an old bailding next to the Mint in Visagie Street, Pretoria. (This
building housed the Applied Radio-activity Division which was created
as part of the National Physical Laboratory.) Dr L Toit recalls how
Dr § Meiring Naudé showed him to his first laboratory  There were
two rooms available, the one was to be used as an office and the other
4s a laboratory. The laboratory consisted of an electrical point, a
wooden table and a chair, nothing else. The staff comprised Dr Du
Toit and J van der Walt.®!

59 Interview with Dr 5J du Toit, 9.1.1992,

o) “The Council for Scientific and Industrial Research: The First Five Years®,
Lantern, Feb. 1951, p. 45,

61 (NAC Faure) NAC 84-01 (SR), SJ du Toit: "Die vroee geskiedenis van die

Pretoria-Siklotron®, Simposium ter viering van die 25 jaar diens van die
Pretoria-siklotron, Junie 1983, WNNR, NVS-verslag, p. 5.
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The leading mining companies of the Witwatersrand, conceraed about
the health of their workers. wished to determine the concentrations of
uranium oxide and radon* in the gold mines. In other words, the
amount of radio-activity in the air {being inhaled by mine workers) had
to be established. Dr Du Toit had obtained his Doctor's degree by
studying cosmic rays and researching Geiger-Miiller counters. Geiger-
Muiler counters had to be built in South Africa, as they were not
othcrwise obtainable. With his experience he established the means of
constructia, counters that could be used 1o measure the radioactivity on
the mimes. The mining companies approached the newly-established
Natic..:]  Physics Laboratory 10 investigate the problem. The
monitoring of sadioactivity and radon gas determination in the gold
mines was the fire investigation programme done by the Radioactivity
Division which would later develop into the Division for Nuclear
Physics of (he National Physical Laboratory.  In this wiay the
Radioactivit: 1 %ivision bacame involved with the uranium investigations
being done on ke inines, &2

There was at th time o world-wide interest in nuclear physics. In the
Radioactivity Diviy:or; there Was 4 mutual feeling that that Division
should be extended in o-der 0 accommodate a broader spectrum of
nuclear physics, than soielv facioactivity.  The Applied Radioactivity
Division had been created Wt the object of encouraging and
promoting the use of radio isutores * There was a particularly heavy
demand for the Applied Ridicucuvity Division's services in connection
with the importation of radioact've “owpes, and the application of this
few research wol in medical, b, ‘ogical and industrial research. The
isotopes came to the Division 1t South Africa by air from atomic piles

62 (NAC Faure) NAC 8401 (SR), $J du Toit *Die vroet geskicdenis van die
Pretoria-Siklotron*, P 5 SI Mills: Dorsig van die  Kernfisika-
Navorsingsprogram”, Sillg:slum ter viering i die 25 jaar diens van die
Pretoria-siklotron, Junie 1983, WNNR, NVS.veisiag, P39, Interview with
Dr SJ du Ton, 9.1.1992.
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overseas. ®  Prominent in this activity was Dr EC Halliday who
developed the wing-tip system of transporting radio isotopes by au

The Pretoria Cyclotron

Early in 1948 the CSIR had decided to acquire an accelerator. This
was the first major step with regard to the advancement of nuclear
physics in South Africa. An accelerator, a basic research instrument,
had to be obtained in order to initiate a nuclear physics experimental
programme. Nuclear physicists are interested in the reactions that take
place between atomic nuclei. To bring atomic nuclei into such close
contact that they can start reacting. it is necessary o shoot muclei at
other nucler with velocities that correspond 10 temperatures of bllions
of degrees. For this purpose some form of accelerator was essential.

At the beginning of 1948, Dr Schonland informed Dr Du Toit that the
Council had decided to send him to Europe to study nucles: physics and
it would be expected of him, on his return to South Africa, to initiate a
nuclear physics research programme at the CSIR. Dr S) du Tont
believed that a cyclotron should be the research instrument acguired for
the National Physical Laboratory. A cyclotron is a type of accelerator
used in nuclear research for investigating the character and behaviour of
the basic components of matter. It is one of a class of devices known
as particle accelerators, so called because they speed up the movement
of electrically charged atomic particles. In a cyclotron charged

63 Atomic piles or atomic reactors were constructed for the purpose of
mi:.nrw The neutrons emitted in the process incidentally bombard
' i in the reactor core, giving rise 1o radio-active materials which

find a widening applicability in many fields.

" By this system the need for heavy lead containers to protect crew and

was obviated, At one time a gram of radio-active material had 1o

surrounded by lead weighing up 10 30 Ibs (13,64 kg). This weight made

carriage expensive and increased the cost of using radio isotopes. By the new

method the radio-active substance made its journey by air in a thin container
weighing only a few ounces. AR Newby-Fraser: Chain Reaction, p. 26.
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particles are kept moving in circles by electromagnets, and are given a
small acceleration on every revolution. In this way they can be given
the very high energies equivalent to millions of volts, needed to
penetrate atomic nuclei. These particles are often protons, the nuclei of
hydrogen atoms. Although these devices do not figure in a nuclear
power plant, they are important for research and the production of

information at the time, a cyclotron was under construction there. This
project was near completion and much progress had been made on a
second subject, the building of a proton synchrotron, 55

The first cyclotron was built in 1930 by EO Lawrence (1901-1957) and
MS Livingstone in Berkeley % In various Other laboratories in the

bynrsmmué.}umcnkwimmmmyuwcsm
cyclotron, 26 Jan. 1956, P-4 (ex libris, Dr D Reitmann).

66 mummmwuumum.wmmmmwm

10 an energy of 10keV, Menhecyclwonprinctplewbuamu

n this way, Mﬂmdwdopmfolludqukkly. By 1939, an enormous
cydmwimnpoledimuuou.ﬂmwuum

In 1939, that was the maximum size of a classic cyclotron, because the

67 (NAC Faure) SI du Toir: "Die vroet geskieden
Siklotron”, § um ler viering van die 25 jaar d
siklotron, Junie 1983, WNNR, NVS-verslag, p. 6.
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would be there and research on the completed cyclotron was. therefore,
out of the question. A study of the available nuclear physics literature
of the time indicated that Kai Siegbahn at the Nobel Institute of Physics
in Stockholm was working on a new development in nuclear physics,
namely, nuclear Spectroscopy*. ™ A small group of about 15 scientists
there, were particularly productive and contributed about 40

that could accelerate deuteroas 1o 25 MeV, Dr Du Toit earnestly
requested the CSIR transfer him to Stockholm.  After Dr AJA Roux
(then connected with the Building Research Institute of the CSIR) had
paid & visit to the Nuffield Institute and ascertained the circumstances
there, it was decided by the Council to transfer Dr Du Toit 10
Stockholm.  While at Stockholm, Dr Du Joi visited laboratories (in
order to observe the progress made in nuclear physics research) at the
Collége de France in Paris. the University of Rome (where an earlier
colleague of Enrico Fermi, Dr Amaldi, was in charge), Zurich and
Copenhagen.

At Stockhcim Dr Du Toit was assigned to work with Professor Hilding
Slatis on two research projects of Kai Siegbahn. These two projects
would demand his attention for the duration of his stay in Stockholm.
However, Dr Du Toit could also devote time 1o planning the Vuclear
Physics Division that he was appointed 10 establish on his return o
South Africa. He was assisted in this by two occurrences. Firstly, in
August 1949, (wo international conferences on nuclear physics and
cosmic rays were held in Basel, Switzerland, and Como, ltaly. Dr Du
Toit attended both these conferences and had the privilege of meeting
leading physicists such as Pauli, Fermi, Heisenberg, Buchner and
Bakker.™  From their advice he could determine how he should set

68 Kai Siegbahn: Member of the Swedish Atomic Research Council; Member
of the Nobel Institute Committee for Physics.

69 (NAC Faure) NAC 84-01(SR), SJ du Toit: *Die vroet geskiedenis van die
Pretoria-Siklotron®, m ter viernv van die 25 jaar diens van die
Pretoria-siklotron, Junie 1983, WNNR, NVS.verslag, p 6

70 The leading physicists were Dr Wolfgang Pauli, Technical University
Zirich, Switzerland; Professor Enrico Fermi, University of Chicago, USA:

R7
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about establishing a Nuclear Physics Division in a country like South
Africa, in which that field of science was completely new and their
funds were limited. Secondly, the Director of the Nobel Institute of the
time, Dr Manne Siegbahn, made a point of introducing Dr Dv Toit to
the many visiting physicists to the Nobel Institute.  Two nuclear
physicists that he knew well were Dr GT Seaborg and Dr EM
MacMillan

Everyone with whom Dr Du Toit discussed the matter was of the
opinion that nuclear Spectroscopy was the advisable course to initiate
studies in nuclear physics. The expenditure involved would not be
unreasonably high and the variety of projects that could b. researched
Was great. In order to commence a nuclear spectroscopy programme,
the acquisition of an accelerator that could produce isotopes for
research, was essential. A heavy particle accelerator with adequate
ENETgy. so that the charged particles could penetrate nuclei with the
greatest nuclear charge, would be necessary. The beam intensity would
have 1o be such that a reasonable production of radio-isotopes could be
obtained. A classic cyclotron would meet these demands, and Dr Dy
Toit wrote 10 Dr Naudé and enquired whether it would be possible 10
acquire a cyclotron for the Nuclear Physics Division. Dr Du Toit's
concept was that a national centre be established around the cyclotron at
the CSIR, and that the facilities at the centre be put to the disposal of
lecturers and doctoral students of all South African universities. In
that way, South Africa could train its own nuclear physicists, and at the

Professor Werner Karl Heisenberg, Director of the Max Planck Institute for
Physics, Gortingen, Germany, 19461958,  Professor Joachim Andreas
Buchner, German physicist; and Professor C) Bakker, Physics Laboratory,
Philips, Amsterdam, Netherlands.

7 Dr Edwin Mattison MacMillan, Nobel Prize Winner 1949 Dr Glenn
Theodore Seaborg; (NAC Fauce) NAC B4-01(SR), 8J du Toir- “Die vroce
geskiedenis van die Pretoria-Siklotron®, §i lum ter viering van die 25
Jaar diens van die Pretoria-siklotron, Junie | 3, WNNR, NVS-verslag, p.
r
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same time could develop the discipline nuclear physics through research
done at the centre,”

In November 1949 Dr Dy Toit was shattered when he learned that he
had not been consulted on a decision made by Dr Schonland concerning
the acquisition of a linear electron accelerator from the United

linear accelerator. Dr Dy Toit, having been overseas for fourteen
months, and by that time having acquired much knowledge on
cyclotrons, realised that no worthwhile nuclear physics research could
be accomplish with an electron accelerator that would be unable 1o
produce mono-energetic nucleons. Dr Du Toit sought the advice of
certain physicists whom he had miet at Basel and discussed the matter
with MacMillan in Stockholm. They all agreed that for a country that
could only afford 1o acquire one accelerator, a cyclotron was the best
choice and that an electron accelerator would be a poor decision. All
these testimonies that Dr Du Toit gathered together, he sent to Dr
Naudé with the fervent request that a cyclotron be acquired (for
dccelerating protons). At the begicning of 1950, Dr Du Toit was
nformed that Dr Schonland had altered his decision to obtain an
electron accelerator and that the Council of the CSIR had advised the
Prime Minister that the CSIR should build its own cyclotron. The
Prime Minister, Dr Malan, had given his consent with the prerequisite
that, as far as possible. locally produced materials should be used, as
well as a South African work force. Dr Du Toit was delighted by this
turn of events "

in charge of the construction of the Pretoria cyclotron. He joined Dr
Du Toit at the Noble Institute in April 1950, and together they started
n (NAC Faure) NAC 84 O1(SR), $J du Toit: *Die vroeé geskiedenis van die

Pretoria-Siklotron*, Simposium ter viering van die 25 jaar diens van die
Pretoria-siklotron, Junie 1983, WNNR, NVS-verslag, pp. 7.8,

73 (NAC Faure) NAC 84.01(SR), SJ du Toit: "Die vroce geskiedenis van die
Pretoria-Siklotron®, Simposium fer viering van die 25 jaar diens van die
Pretoria-siklotron, Junie 1983, WNNR, NVS-verslag, p. §.
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on the design of the cyclotron for South Africa. In September 1950,
Kritzinger proceeded to the United States where he worked with
Professor Livingstone at MIT. The first decision that had to be taken
in connection with the cyclotron on the design of the cyclotron for the
NPL was to determine the energy of the accelerated particles and the
beam intensity. Funds were limited, but it was essential that the
cyclotron be adequate in order to fulfill its function as the core of the
envisaged national nuclear physics centre. In the choice of the
parameters of the cyclotron, Dr Du Toit and Kritzinger were strongly
influenced by a thorough investigation of the cost of the classic
cyclotron published by Professor Livingstone in the Journal of Applied
Physics in 1944 ™

The magnet is the most important pan of the cyclotron. The magnet
plus the generator system cost about 50% of the total price of the
cyclotron. Dr Du Toit and Kritzinger were fortunate 1w be able to
secure the consulting services of Dr Dreyfus, a South African, then
employed by ASEA in Vasterds, Sweden. He was one of the world's
best authorities on magnet design. His advice on the magnet was
invaluable.™

74 In choosing a design energy of 16 M ¢ for deuterons, nuclear reactions with
good efficiency in the nuclei, up to the highest atomic numbers, could be
obtained. If the magnet was manufactured in high quality steel, the magnetic
flux density would be 1.6 T and the pole diumeter 1.13 m. If the
measurement of e gap between the poles of the magnet pieces had been
established, the size of the accelerator can be determined. Alm;gugivu
a beam. In making the decion as (o the size of the gap, Dr Du Toit
could apply the knowledge that he had gained in overscas laboratories. The
MIT cyclotron could produce as many as 1 m Ademmwithlhemnf
140 mm. At 16 MeV, enerndmipu in the target would amount to 16
kW, Mmuwumcmmmumwhawhydmmthammkm
techniques. It was, therefore, decided to make the gap 140 mm. (NAC
Faure) NAC 84-01(SR) SJ du Toit: “Dic vrocé geskiedenis van die Pretoria-
Siklotron™, Simposium ter viering van die 25 jaar diens van die Pretona-
siklotron, Junic 1983, WNNR, NVS-verslag, pp. 8-9.

Al Cutting away the inside corners of the vertical yoke bars, for example,
enlarged the experimental arca around the vacuum chamber. On his
suggestion the mass of the p magnet was reduced to B0 ons. (NAC
Faure) NAC B4-01(SR) SJ du Toit: "Die vroeé geskiedenis van die Pretoria-
Siklotron”®, Simposium ter viering van die 25 jaar diens van die Pretoria-
siklotron, Junie 1983, WNNR, NVS-verslag, p. 9.
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Dr Du Toit returned to South Africa in August 1950, and Kritzinger in
April 1951. The planning of the cyclotron for the NPL started in
earnest in June 1951. More than 300 drawings were prepared. The
design was a challenge 10 South African industry. The magnet was
estimated to weigh 80 tons. (The actual weight of the CSIR cyclotron
magnet is 84 tons). ISCOR was prepared to undertake the manufacture
of the magnet. The steel that ISCOR delivered proved to what degree
they had succeeded in their endeavour. It was even an improvement on
the given specifications. 76 The steel was particularly difficult to
machine, because of i softness. The Van der Byl Engineering
Corporation ( VECOR), to whom the task of manufacturing the magnet
was assigned, were particularly successful in accomplishing this task .77

As far as the radio frequency system was concerned, the firm that
undertook the construction of the dees (which have an unusual form),
was instructed to use two tons of oxygen-free electrolytic copper, 7%
This involved, amongst other things, that in the assembly of the dees,
copper would have to be welded to the steel. It was specified that the
completed copper dees would have o be totally air-tight.”™  This task
Was successfully accomplished. Pressures lower than one thousand-

76 The steel for the magnet had to be manufactured with specific magnetic

77 VECOR was obliged 10 construgt pole pieces, flai and parallel to 0,001 inch.
To attain such precision was a challenge. So successful was the manufacture,
that on final assembly the gap of the Mmagnet was accurate 1o within 0,6
thousandth of an inch (Dr D Reitmann: Private Collection), Speech by Dr
SM Naudé, President of the CSIR, at the official Inauguration ceremony of
the CSIR cyclotron, January 26, 1956, P- 5i AR Newby-Fraser: Chain
Reaction, p. 27.29.

78 A cyclotron consists of IWo evacuated hollow metal dees in a uniform

79 Th:'lwouldmnlloalukrlemunulthllthoumdyunmu!dhe
required for the chamber 10 Al up with air.
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Winding the first Magnet of the CSIR's Cyclotron.
is complete

(Source: SO Ecklund: "Nuclear Energy: A Current Review", Industrial Review of
Africa)

In this picture one conductor layer
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millionth of atmospheric pressure were achieved in the cyclotron. The
coils of the cyclotron magnet were the largest coils made in South
Africa up to that time *

The above aspects were but a few of the problems that the nuclear
physicists imposed on South African industry. They give some idea of
the precision required in the manufacture of the various parts of the
cyclotron, as well as the magnitude of the undertaking %' The design of
the building that would house the cyclotron was a challenge 1o the
engineers. The stability of the foundations of the hall in which the
cyclotron would be assembled was a crucial feature. The consulting
engineers were required to give this aspect special attention. It was
stipulated by the concrete engineer, that the foundation of the cyclotron
might not deform more than 0,005 inch, regardless of what the ground
under the foundation might do. %

When the cyclotron magnet is switched on, the pole pieces are drawn
together with a force of one hundred tons. It has happened that

RO In order 1o wind them a special machine had to be constructed. A hollow

81 (Dr D Reitmann: Private Collection), Speech by Dr SM Naudé, President of
the CSIR, at the official Inauguration ceremony of the CSIR cyclotron,
January 26, pp. 5-6.

82 Considering that the normal allowance in the building industry is about one

that required special attention. Sufficient shielding had 10 be given 1o the
cyclotron to ensure that sensitive experimental work being done in the
nuclear physics building, would not be affected. The builder was required to
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accelerator magnets have collapsed under this tremendous force. It is,
therefore, a tense moment when the power supply is activated for the
first time and the deflections of the magnet have to be measured. The
magnet of the Pretoria cyclotron functioned extremely well in this
respect.®  As far as it was known at the time, the Pretoria cyclotron
was the first cyclotron in the world with a fully automatic target-
removing* mechanism. ™

All the large components were manufactured in South Africa, except
the vacuum chamber, which was made in Sweden. Eventually, after
numerous difficulties, the cyclotron was brought into operation. The
first beams of 16 MeV deuterons were accelerated in 1955, The first
beam, however, disappeared before full radius was reached.®*® The
final cost of the cyclotron was approximately £59 000 (R116 000). The
South African manufacturing industry had proved that it could
undertake sophisticated scientific projects. %

Because of the absence of an accelerator, during the period 1947-1956,
the Division Nuclear Physics of the National Physical Laboratory
concentrated its activities on the study of radio* nuclides* and ionising
radiation,* and the application thereof. However, from the beginning,
83 (Dr D Reitmann: Private Collection), Speech by Dr SM Naudé, Pr. ident of

the CSIR, @' the official inauguration ceremony of the CSIR .yclotron,
January 26, 2. 7.

B4 After irradiation, the target is intensely radio-active and dangerous to handle.
The Pretoria cycintron staff solved the problem by developing an interesting
mechanism that, after radiation, turns off the water 10 the , that serves
as a coolant, and removes excess water, The target is then from the
cyclotron through a vacuum gate valve that automatically locks and prevents
air from entering a vacuum system. After that the target is detached and
transported through a tube to the physics laboratory. This whole action is
done mrtomatically. (Dr D Reitmann: Private Collection), Speech by Dr SM
Naudé, Presidemt of the CSIR. at the official inauguration ceremony of the
CSIR cyclotron, January 26, pp. 7-8.

85 By October 1958, beam intensity if 200 micro-amperes al 15 MeV was
achieved.

86 (NAC Faure) NAC B4-01(SR) 5J du Toit, "Die Vroet Geskiedenis van die

Pretoria-Siklotron®, Simposium ter viering van di= 25 jaar diens van dic
Pretoriz-siklotron, Junie 1983, WNNR, NVS-verslag, pp. 9-10.
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the research programmes of the Division were strongly influenced by
the prospect of the acquisition of an accelerator. ¥

No doubt, besides the intrinsic value of the cyclotron as the instrument
on which the research programmes of the Laboratory would be based,
it had value for all the building contractors that were involved m its
construction.  Tle experience gained would be of benefit in projects
that the Atomic Energy Board would launch during the later fifties and
sixties.

Training of Nuclear Scientists

During the years, before the Second World War, nuclear physics
constituted but a small part of the study of physics. In 1939 few
textbooks on the subject nuclear physics were obtainable. As was
indicated in a previous ~hapter, the three main centres for research on
nuclear fission wzre Rora . Paris and Berlin:  Fermi's team in Rme,
Frédérich and Irene Julic - rie and their colleagues in Paris and Hahn
and Strassmann with their ¢ Uy i Berlin,

In South Africa, physics students ieard litle about the nuclear physics
aspect. Dr SJ du Toit, who would later play a leading role in the
establishment of nuclear physics studies in South Africa, stated in an
interview that up to 1942, the year in which he obtained his M. Sc.
degree, students were not lectured on the subject. The knowledge that
he had acquired in the carly 1990's, he had learned irom the few text
hooks available, and only because the subject was of particular interest
0 him.*  During the war, for security reasons, no arti:les were
allowed to be published on fescarch in nuclear physics. It was,
therefore, only after the explosions that ended the war, that the gene al

87 (NAC Faure) NAC 8401(SR) SJ Mills, "Oorsig cor die Kernfisika-
Navorsingsprogram”, Singsium ter viering van dic 25 jaar diens van die
Fretoria-siklotron, Junie 1983, WNNR, NV verslag, p. 39,

bt Interview with Dr SJ du Toit, 9.1 1992
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public became aware that nuclear physics would be an essential aspect
of the physics discipline. No country could in future afford 1o ignore
the advancements that had taken place in that field of science.

Nuclear physics would form the basis of all knowledge concerning
Puclear power production. It should be understood that at the Nucicar
Pbyui:shbormtypuulyuxlurpbyﬁcswmldhemm-m
nuclear energy as such.  Nuclear physics gives the scientists 4 basic
knowledge of the principles of physics, but the implementation of those
principles lies with the nuclear engincers.  Dr 8 Du Toit believed that
young&mht\fricanphysicimﬂmlddoumrhukmimmun
nuclear physics laboratory. They should continue their research work
until they obtained a doctorate and then proceed for further study
overseas.  With a Master's Degree scientists would be appointed in
foreign laboratories as assistants to the professors and heads of
laboratories.  With a doctorate, South Africans were accepted as fully
Qualified rescarchers with far more facilities at their disposal. They
could  immediately proceed 1o more  advanced esearch  (often
unobtainable in scientific literature), and the time spent cverseas would
be of far greater valye *

By 1948 the USA was employing 137 000 men and women with
university degrees on scientific research of all kinds.  Of these 41 600
were rescarch engineers and 30 000 research chemists. Large as the
number of qualified research workers in the United States was, it was
not considered large enough. A repurt 1o the President of the United
Smcsm‘ommmcdlhammmuhukenmniuurumberm
270 000 by the year 1957. n that year the USA was  spending 200
million pounds a year on scientific research. Britain and the Soviet
Unicn were spending 76 million pounds (R152 million) and 300 million
pounds (R600 million) a year, respectively ™' By 1948 these countries

L3 Interview with Dy 81 du Toit, 911992

%« BF) Schonland:  “Scientific and Industrial Rescarch™. JSAIE, Sepiember
1948, pp. 1920
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were involved in extensive nuclear research programmes o acquire
knowledge concerning the release, control and application of nuclear
energy. Asfarumclearremrchwucmxrmd. South Africa in
comparison at the end of the 1940's had made but a humble start.

During the 1950's nuclear physics was a most popular and sought-after
course of study. It received much publicity and many physicists wished
10 acquire a greater knowledge of nuclear physics *' At the National
Physical Laboratory with the cyclotron as the basis of research, a
number of other instruments were acquired.  In 1950 the Division
Nuclear Physics ordered a beta spectrometer from Sweden.  This
instrument would later be used to determine decay schemes.  Uranium
decays at a specific rate, and in this way geologists and physicists can
establish the age of layers of the earth and the age of fossils present in
the layers. In establishing a nuclear spectroscopy laboratory, an
electromagnetic isotope separator was essential.  This was constructed
and operated with great success

The first meeting of the Statutory Atomic Energy Board took place in
Caps Town on 15 March 1949  For a number of years the Board
concerned itself almost exclusively with uranium production and sales,
and with its regulatory functions regarding all radio-active materials.
The issue of nuclear research was raised for the first time through a
proposal submitted to the Board in 1953 It was suggested that
scientists be trained i nuclear physics.  An assessment of funds
requirec: for staff and the necessary facilities 1o be put at thee tsposal
was vicluded i the proposal. The Board approached a «om: what
uisyrpathetic Treasury, which at first rejected the request, but was
subsequently induced to reconsider its decision and finally agreed to

- —— e —

9l Inte view with Dr 8 du Toi, 9. | 1992

N (NAC Faure) NAC 84.01(SR), S Mills, “Oorsig van die Kernfisika-
Navoru gsprogram”, Silwmn ter mﬂn; van dic 25 jaar diens van die
Pretoria s Klotron. Junic 1983, WNNR, NV -verslag, p. 43,

93 AR Newby . Fraser Chain Reaction, p 31
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make funds available. This was followed in mid-1954 by Cabinet
approval for the Board to form its own Physics Unit. The proposal of a
Physics Unit was specifically motivated on the basis of the need for
rescarch on uranium extraction and refining. %

This was the very beginning of an order of events to both promote
studies in nuclear physics, and to refine South African uranium so that
it could be used for the peaceful applications of atomic energy.

In January 1955 research was begun at the National Physical
Laboratory on the decay schemes on certain decay products of uranium.
The beta spectrometer was used 10 determine the decay schemes. It
was later upgraded by Drs Jan Louw and JWL de Villiers. Later Dr
De Villiers built a Spectrometer for SASOL., that would be used in later
heavy water analyses ¥

It was with the establishment of the Physics Unit that the Atomic
Energy Board instituted a bursary scheme for South African physicists,
The National Physical Laboratory benefitted greatly from this scheme.
A number of proficient scientists proceeded 10 research specific aspects
of nuclear physics at the National Physical Laboratory.% On | April
1955 the National Centre for Fundamental Nuclear Physics Research
and Education was officially established by the National Physical
Laboratory. Two experienced overseas nuclear physicists joined the
staff 1o assist with the training of advanced students. By the middle of
1956, five swdents were employed in the Division Nuclear
Spectroscopy.  These students obtained bursaries from the Atomic
Energy Board. ThymmefoumnmrsofalineofSonthAfricm
nuclear physicists that would contribute to the establishment of nuclear
Studies at various universities and institutions throughout the country:
Dr Erik Barnard, PD Hartzer, Professor RH Lemmer. Professor WL

94 AR Newby-Fraser: Chain Reaction, p 31
9s Interview with Dr )WL de Villiers, 10.1,1092
9% Interview with Dr SJ du Toir. 9.1.1992
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Rautenbach and Dr D Reitmann. ¥  The experimental research
programme of this division was directed 10 beta and gamma
Spectroscopy of radio-active nuclei. As a result of these developments
theoretical research on nuclear models and nuclear matter was begun. %

The initiative by the CSIR in establishing a nuclear group, realizing
that knowledge of basic nuclear physics was essential for later nuclear
research, produced a team of scientists that had received advanced
fraining in nuclear physics. Some of the members of that eam would
make valuable contributions 1o South Africa's nuclear research and
development programme. In the beginning the universities were not
associated with the programme at the Laboratory - the reason for this
was that the field was too new

When Dr Du Toit studied physics at Potchefstroom University during
the early 1940's, Afrikaans was the medium of instruction, According
0 Dr Du Toit at that time lectures in physics at the University of
Stellenbosch were in English.  Potchefstroom was the first university to
teach nuclear physics through the Afrikaans medium.  While at the
university, Dr Du Toit referred to Dutch physics textbooks and the
Duich terminology gave him sentience for linguistic form. He became
aware of how technical terms should he formed. Dr Du Toit and Dr
SM Naudé both worked on the first Afrikaans physics glossary.  They
Strove to create words that would be explicit of what the term actually
implied. * The Afrikaans physics glossary was later published by the
Suid-Afrikaanse Akademie vir Wetenskap en Kuns.  When the
cyclotron was being built, Dr Du Toit felt so strongly about the fact
that the National Physics Laboratory was being established by
Afrikaners, that the inscriptions on the Pretoria cyclotron (the control

97 Interview with Dr SJ du Toit, 9. 1.1992,

98 ;.;NM(‘ Faure) NAC B4.01(SR), §J Mills: 'Oo;'n. 2;:: di; k:mﬂn:n
avorsingsprogram®, Si M ler viering van die 25 jaar van die
Pretoria-siklotron, Junie 1983, WNNR, NVS-verslag, pp. 39-40.

9 Examples given by Dr Du Toit were:  “kernklowing” for “fission® and
“tiendeler” for *scale- of- en”
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panel and the various peits) are in Afrikaans. It was not a way of
discriminating again = glish terminology or the language. It was a
fact that, ai the time, kaans was “poken in his laboratory and, after
all, the laboratory mnd scientists were the ones using the
cyclotron, 1

In the middle of 1955 the first beams of the Pretoria cyclotron were
accelerated. Initially this had little effect on the basic nuclear physics
programme of the Division, as external beams could not be achieved.
However, internal irradiations with the cyclotron produced a number of
short-lived isotopes that could be swdied by means of nuclear
Spectroscopy. (It was only in 1962 that effective external beams were
lchieved. )i

It was decided by the CSIR that the inauguration of the cyclotron
should take place on 26 January 1956. Representatives of the three
countries which were most intimately connected with the research
efforts of the cyclotron, namely the United Kingdom, Sweden and the
United States of America, were invited to attend the ceremony. In his
opening address the President of the CSIR, Dr SM Naudé, welcomed
the representatives and said that he regretted that Dr Malan, under
whose premiership the decision was taken to build a cyclotron in South
Africa was unable to undertake the long journey from Cape Town to be
present. The Minister of Economic Affairs and of Mines, Dr van Rhijn
represented the government and performed the inauguration ceremony
of the Pretoria Cyclotron. 102

Al the ceremony Dr van Rhijn stressed the fact the South Africa would
in future require many nuclear scientists. The day would come that few

100 Interview with Dr SJ du Toit, 9.1.1992.

101 (NAC Faure) NAC 84-01(SR), 8J Mills:  "Oorsig van die Kernfisika-

Navorsingsprogram*, Si ium ter viering van die 25 jaar diens van die
Pretona-siklotron, Jum'em. WNNR, NVS-verslag, p. 40,

102 (Dr D Reitmann: Private Collection), Opening address by Dr SM Naudé, at
the official inauguration of the CSIR cyclotron, January 26, 1956, pp. 1-2,
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industries would be able 1o manage without nuclear pirvsicists ca their
staff. It would be impossible to operate nuclear power stations without
the assistance of nuclear physicists and engineers, just as it was then
impossible to operate the conventional power station without clectrical
engineers. Scientists would be required in hospitals, agriculture and at
universities. The Minister came to the conclusion that the Government
had not spent too much on facilities for nuclear studies. Perhaps, he
said, it had spent too little. He hoped that the facilities at the Narticnal
Physical Laboratory would be the beginning of great developments in
South Africa. '™

In the history of uranium and nuclear energy in South Africa the co-
ordination of research at the CSIR was of significance. The National
Physical Laboratory and the Pretoria Cyclotron were established with
the specific purpose to advance nuclear physics research. At the CSIR
studies relating to mechanical engineering and chewnical research were
initiated in the 1940's. Work done at these research laboratories would
have bearing on the development of nuclear energy technology in South
Africa. At the National Physical Laboratory, the National Chemical
Research Laboratory and the National Research Institute for Mechanical
Engineering scientists and engineers could be made available for the
uranium and nuclear industries.  These research unis laid the
foundation for these industries and subsequently for nuclear research
and development.

103 (Dr D Reitmann: Private Collection), Address by Dr van Rhijn, Minister of
Mines and Economic Affairs at the official inauguration of the Pretoria
Cyclotron on 26 January 1956, pp. 7-9.
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CHAPTER FOUR

THE PRODUCTION AND MARKETING OF
NATURAL URANIUM

By the middie o 1949 enough informarion was available concerning the
extraction of uranium to begin negoriorions Jor the sole thereof (o the
Combined Development Agency.  Aher agreemens between the South
African Atomic Energy Board and the CDA the Transvaai Chamber of
Mines set abour the establishing of the “ranium extraction ploats. By
1958 1he Joreign trade value of South Africa’s uranium r:ached the
£50 million mark. However, there vere cireums nees vy Strongly
indicated thar Sowh Africa could not pe assured -f ¢n Increusiag
demand for uraniym. The world-wide discovery . pew uranium
deposits during the 1950 a5 well as the decline in military
requirements of the United States and the United Kingdom, resulted in q

Combined Developmen: Agency (CDA). As the CDA no longer wined

uranium in nuclear power generation brought abowr q renewed search
Jor uranium deposits in South Africa.
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Atomic Energy Board, was directly involved with the sale
negotiations. !

With the establishment of the Atomic Energy Board under the Atomic
Energy Act, the Uranium Research Committee was dissolved : The
Atomic Energy Board under the chairmanship of Eric Louw, Minister
of Mines, assumed complete responsibility for all mauers concerned
with the potential production of uranium in the Union. The
=omposition of the Board was such that it could co-ordinate the interests

the extraction and marketing of uranium, within the scope of the
Atomic Energy Act. 1t had the additional function of rendering
assistance with the formulation of Government policy during a time of
very tense international relations. !

Towards the end of 1949 Eric Louw invited a Joint mission from the
United States and Britain 10 visit South Africa 10 discuss the possibility
of purchasing uranium oxide.* The mission that visited the Union
represented  the Combined Developmen Agency.  This Agency

established an Organization to find and acquire raw materials, namely
the Combined Development Trust. This Trust was kept in being after
the war and in 1948 its name was changed to the Combined
Development Agency.S It was this Agency that sent representatives 1o
South Africa in 1949 o negotiate the purchase of uranium. Its function

I RB Hagart: “National Aspects of the Uranium Industry®, JSAIMM. 57,
April 1957, p. 565.

2 Assembly Debates, vol. 64, 6 Augusi-10 September 1948, col, 725-726.

4 L Taverner: "Ap Historical Review. . ", JSAIMM, 57, Noy. 1956, p. 140.
5 (LUCT) N Moss: The Politics of Uranium, pp. 27-28.
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Was o enter into contracts for the purchase of the greatly increased
Quantities of uranium needed for the expanding plants in America and
Britain where nuclear weapons were being manufactured.* As the
South African Atomic Energy Act prohibited the disclosure of any
information relating to reserves of Ore, negotiations for the sale of
uranium oxide were done in the strictest secrecy,

At the onset of the discussions between the Atomic Energy Board and
the joint mission, certzin difficulties became apparent. The Chamber
of Mines and the Atomic Energy Board had no experience in selling
uranium oxide and there Was no established market and thus no
established price for uranium.” The Combined Development Agency
was in effect the sole buyer (since the Soviet Union and her satellites
were excluded). The negotiators in the Union of South Africa had
hoped that the Agency would offer a fixed price for uramum oxide, and
that the Atomic Energy Board could then determine which mines were
able 10 supply the material profitably ar that price. The Agency was
Ot prepared to do this, because the official fixed prices in the United
States and in Canada would be too low for South Africa. Those prices
would not cover development costs of South African uranium jrants
and permit profitable South African uranium production.  If South
Africa were offered 3 higher fixed price there would have been
repercussions elsewhere. Thus the Agency was prepared 1o negotiate

pProduction, the amortization of capital and a margin of profit. This

meant a separate price for each individual producer. Moreover, the

since mining was in Progress anyway for the production of gold,
uranium would be g by-product. In Calculating what would be a fair

6 RB Hagart: “National Aspects of the Uranium Industry®, JSAIMM, 57,
April 1957, p, 566.

7 (Government Printer) Assembly Debates, Volume 70, 20 January - 3 March
1952, 19 March 1952, col. 3106,

103



Stellenbosch University https://scholar.sun.ac.za

profit the Chamber of Mines hid 10 take into account the laxation
which would be payable on any profits the mines would make from
producing uranium,*

It was, therefore, necessary for the Government to determine on what
basis taxation would be levied on profits derived from the production of
uranium.  The gold mining industry contended that profits from
uranium mining should be laxed at the ordinary company rate of
laxation, as with other base metals. The Governinent would not agree.
Legislation wouid be introduced to provide that there would be included
Wwith the taxable profits from gold any profits made from the
simultaneous production of uranium, thus making uranium subject 1o
the differentially higher rate of tax levied on gold mining ¢ Although
this decision was unwelcome to the gold mining industry it had one
particular result: it helped to clarify the position as far as the joint
mission was concerned, The Agency was able, in those preliminary
discussions, 1o get general information as 1o how much uranium South
Africa might be able 1o supply on specific conditions. South Africa
then became aware as to the type of contract the Agency was prepared
to offer for the production of uranium. Useful contacts were also
established between the technical experts on both sides 10

When the first discussions were held in 1949, South Africa's main
motive had been a desire to assist the Western World in the aim of
securing an adequate number of atomic weapons. [y had been
emphasized that South Africa would be contributing a great deal 1o this
vital security need if she Were to agree to produce uranium at prices
showing only a moderate profit.  South Africa was asked by the
representatives of the Combined Development Agency not to take

8 RB Hagart: “National Aspects of the Uranium Industry” JSAIMM, 57,
April 1957, pp. 566-567.

9 (Government Printer) Statutes of the Union of South Africa, 1951, No 56
of 1951, p. 410.

10 RB Hagari: “National Aspects of the Uranium Industry*, JSAIMM, 57,
April 1957, p. 567
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advantage of her strong position as an uranium supplier by holding out
for unduly high prices. In 1949 South Africa could be reasonable on
this issue. Two years later the position would change.'!

During the next twelve months much progress was made towards
finally determining the methods of uranium production and the
probable costs of these operations. The money for the capital
expenditure involved in the erection of the uranium extraction plants to
produce uranium was advanced from overseas by arrangement with the
Britisk and United States Governments in the form of loans to the
mining companies. Four companies would enter the field of uranium
production, namely West Rand Consolidated Mines, Lid; Daggafontein
Mines Lid: Blyvooruitzicht General Mining Co., Ltd and Western
Reefs Exploration and Development Co., Lud.'*  This method of
finance made it unnecessary for the sharcholders of the companies
concerned to be called upon to supply any of the capital required. The
total capital expenditure by those gold mining companies that had
agreed to erect plants for the extraction of uranium and the production
of sulphuric acid, was estimated at £40 000 000.'?

In October 1950 representatives of the Combined Development Agency
again arrived in South Africa to resume discussions.'*  Arrangements
relating to uranium extraction between the Minister of Mines and the
gold mining companies were concluded towards the end of 1950. The
decision to produce uranium was made by the Gold Mining Industry in

11 RB Hagart: “National Aspects of the Uranium Industry”, JSAIMM, 57,
April 1957, p. 567,

12 DN Swart:  “The Supply of Raw materials Requirements of the Uranium
Programme”, Uranium in South Africa 1946-1956, vol. 2, p. 2.

13 VH Osborn: "South Africa Becomes a Uranium Producer”, . ()1,
March 1953, p. 13; RB Hagart: “National Aspects of Uranium
Industry”, J . 57, Apnil 1957, p. 567.

14 (Government Printer) Assembly Debates, vol. 70, 20 Janwary - 3 March
1952, 19 March 1952, col.3106.
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November 1950.1* Before the end of that year a definite form of
contract had been drawn up between the Agency and the Atom,c
Energy Board  This made provision that four mines enter the ficld of
uranium production, namely Rlyvooruitzi:h, Daggafontein, Western
Reefs and West Rand Consolidated. These four mines were o form the
pioneers of uranium production in the Union.'* The agreement was not
signed until a much later date. It “vas decided that where the GML. had
rior to the negotiations with « CDA) played the major role in
extraction rescarch and construction ' experimental uranium pilot
plants at the GML and certain mines (Rand Mines Laboratory, Western
Reefs mine and Blyvooruitzicht) the mining indusuy would take full
responsibility for the design and erection of the full-scale uranium
extraction plants.

Personnel of the GML with experience in uranium extraction were
seconded to the Chamber of Mines, for example, RR Porter, under
whose supervision the pilot leach plants had been constructed and
operated. was at the request of the Transvaal Chamber of Mines
released from his contract with the GML 10 act as Metallurgical
Consultant o the Chamber of Mines.  Additional members of staff
Were engaged by the laboratory to replace those seconded members
who were then operating the pilot plants for the Chamber of Mines.
The actual transfer of the Blyvooruitzicht plant ook place in November
1950, and Western Reefs plant on 1 December of the same year."?

15 (SAB) 1JP Dolan: "Co-operative  Construction  of Uranium  Plans®,
Uranium in South Africa 1946-1956, vol 1, p. 408

16 RB Hagart.  “National Aspects of the Uraniom Industry ", JSAIMM, §7.
Apni 1957, p. 567,
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At the end of October 1951, representatives from the Agency visited
South Africa for further discussions.'s  They then asked for a much
enlarged programme of uranium production. The United States and the
United  Kingdom had decided o extend very substantially their
programme of nuclear weapons production. and for this it was essential
that they should obtain considerably increased supplies of uranium.
South African gold mines were the most likely source from which these
additional supplies could be obtained. To secure these supplies, the
Agency was prepared 1o offer a new and more favourable contract
acceptable to all mines able 1o enter the production scheme.  This
created a new situation.  Where South Africa had been reasonable in
her bargaining in 1949, in 1951 the position was somewhat changed.
South Africa had 1o take stock of the internal position in the Zoumtry
and of the effect a vast prozramme of uranium production would have
on the general economy of the country.  South Africa was short of
steel, power, cement and labour. Even though the government was
dware that priority would have to be given to the uranium industry as
far as for example power, railway transport and labour, was concerned
the Cabinet gave their approval and details of the new contract were
thereafter discussed and finality was reached 1

On very broad lines the contracts then negotiated provided as follows:
Each contract was for a period of a few years from what was called
“the date of full production”, That was the date upon which each
individual mine was capable of treating slimes 1o the extent of its
normal plant capacity. Under these cuntracts, some mines commenced
full production on 1 January 1954, and their contracts would expire on
31 December 1963, Other mines entered the scheme at later dates, but

I8 (Government Printer) Assembly Debates, vol. 70, 29 January - 3 March
1952, 19 March 1952, col 3106,

L RB Hagari:  “Natjonal Aspects of the Uranium Industry”, JSAIMM, 57,
Apnil 1957 pp. 567 56K,
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the date of expiry of the latest contracts accepted at that point, was 31
December 1966

The loans provided by the CDA for the building of the extraction plants
were repayable over a period of ten years. The loans were from
American and British sources.  Part of that capital would be spent in
the Union which would mean a very considerable gain in foreign
exchange for South Africa 2!

The uranium produced by certain gold mines would then become the
property of the Atomic Energy Board. The Board would sell the
uranium at a price which had previously been agreed upon (by the
CDA and the AEB) and with the funds obtained by the Board it would
pay the mines concerned for the uranium which they produced. The
price payable for the uranium oxide was based on a formula related 1o
the cost of production of each mine. The price covered the workiog
costs in respect of the production of uranium oxide, repayment of the
loans, plus interest, and profit. The formula also provided an incentive
10 keep costs as Ie. « nossible by increasing the margin of profit when
4 reduction in co.© + made. At the end of the ten year period the
dasts would have been paid for out of the price obtained, and would be
'he property of the mines concerned 22

The contract also provided for a guaraniee by the Agency in regard o
any unpaid balance of the loans in the event of a mine being unable to
continue to produce uranium below a ceiling price. This guaraniee was
Necessary, since the industry was asked (o erect plamts for producing

M RB Hagart: “National Aspects of the Uranium Industry”, JSAIMM, 57,
April 1957 p S68

2] Government Printer)  Assembly Debates, vol. 70, 20 January - 3 March
1952, 19 March 1952, col 3106 - 3107 Speech by IH Viljoen, Minister of
Mines on the Agreement between the CDA and the AEB.

(Government Pronter)  Assembly Debates, vol. 70. 20 January - 3 March
1952, 19 March 1952, ool 3106 - 3107 Speech by JH Viljoen, Minister of
Mines on the Agreement between the CDA nd the AEH. RB Hnrn.
“National Aspects of the Uranium Industry * . JSAIMM, 57, Apnil 1957, p,
SHK
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uranium on certain mines which had done only a limited amount of
development, and on which that probable grade of uranium in the ore
could not be determined with any degree of accuracy. It was not
possible to make accurate assessments . . the uranium grade in 1950-
1951, Provision was made in the contracts for an adjustment of the
price of uranium when there was an increase or decrease in costs.
anising out of circumstances beyond control.  The contracts set an
overall target of production for the Union of South Africa. Each mine
was expected o produce at any time (o the ma~imum of its plant

capacity .2

Finally, the Agency was given the first refusal of any addinonal
supplies of uranium the Union might be able 10 produce. subject only 10
the Union's being allowed to produce any quantity it might require for
internal consumption. The Union could therefore, under the contracts.
retain as much uranium as it needed for its OWnN purposes. 4

Immediately after the signing of the agreement with the C oinbined
Development Agency in October 1950, the Transvaal Chamber of
Mines took control of the establishment of the uranium extraction plants
at certain gold mines. On 2 November 1950, RB Hagart, WHA
Lawrence, CS Mclean and WM Frames, acting for the Gold
Producers’ Committec, appointed a  sub-committee of Consulting
Mechanical and Electrical Engincers and a sub-committee of Consulting
Metallurgists to consider the establishment of the extraction plants
The Uranium Technical Sub-Committee of the Transvaal and Orange
Free State Chamber of Mines was appointed to design the basic features
of the uranium plants. ** These Sub-Commitiees were required o make

3 RB Hagart: “National Aspects of the Uranium Industry . JSAIMM, 57,
April 1957, p. 568.

4 Ibid., p. 569,
25 (SAB) § Craib and DG Maxwell: “Basic Principles of Uranium Plant

Design® and JIP Dolan "Co-operative Construction of Uranium Plants’ .
Uranium in South Africa, 1946- 1956, vol 1. pp. 388 and 413,
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Fhe Monarch shaft of the We 1 Rand Consolidated Gold Mine near Krugersdorp - the
first 1o be sunk 1o exploit the uranium of the gold-bearing reef
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recommendations for the earliest production date of uranium by the
Transvaal gold mines.

On October 8, 1952, the then Prime Minister, Dr DF Malan, opened
the country's first uranium production plant at West Rand Consolidated
Mine, 30 km west of Johannesburg. The opening ceremony ook place
under strict security. On the platform were the Prime Minister
accompanied by the Minister of Mines, JH Viljoen: JGN Strauss, the
leader of the Opposition; Sir John le Bougetel, the United Kingdom's
High Commissioner: Dr T Glennan, a member of the United States
Atomic Energy Commission: FC How of the British Ministry of
Supply: Sir George Albu, Chairman of West Rand Consolidated Mines
and CS McLean, President of the Transvaal Chamber of Mines. There
were no women at the ceremony. Guards were posted along the roads
and inside the property of the West Rand Consolidated Mine. Only the
400 invited guests were allowed inside and many people were turned
away by the officials on duty .2

Dr Malan stated at the opening of the plant that the capital cost of the
programme of construction of plants for the production of uranium wits
likely 10 exceed £40 million. Thirteen mines would proceed with the
construction of plants and at least nine other mines, including
Vogelstruisbult, would later be added. Constructional facilities of the
engineering industry had been stretched 1o the limit in order to
dccelerate construction to the maximum. The initial stages of the
uranium production would impose strain on manpower, transport,
power supplies, water and other resources. The uranium undertaking
would however create new spheres of skilled and professional
employment 27

26 Cape Times, 9.10.1952: “Uranium “Ban® on Women"; “"Malan on the
Prospects for Uranium®,

7 Cape Times, 910 1952 Ihid.: Die Burger, 26.9.1952: “Miljoenc ponde
vir uraanfabricke”
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It was Malan's opinion that to equip mines with the required plants
would strain the Union of South Africa’s resources 0 a great extent.
Plants would only be constructed after careful deliberation. The output
of the mines erecting uranium plants at that tim. would yield almost
£30 million a year. That amount would cover running expenses and the

mine. It was estimated that after taxation the profits of the mines might
rise by one third of the amounts earned at that point in time. ¥

According 10 Dr Malan the Union of South Africa had shown that i
was determined to make 2 contribution 10 the cause of the western
powers as illustrated by the country s contribution to the struggle in the
war in Korea.®  South Africa's contribution 10 that cause was the
production of uranium on 4 large scale for the Combined Development
Agency and therefore the arsenals of the Western powers, 10

By 1954, the following mines were approved by the gold mining
industry and the AEB for uranium production. Their location and
relationship 1o the uranium treatment and extraction plants were as
follows:  On the Weg Rand:  four mines were listed:  West Rand
Consolidated was in the second year of production;  Randfontein

future (November 1954). The Randfontein Fstates plant was treating
East Champ d'Or residues. Three mines had been approved as uranium
producers on the "West Wits Line": Blyvooruitzicht, which was in
operation, West Driefontein and  Doornfontein (these WO mines

28 Cape Times, 9 10 1952 Ihid.; Die Burger, 26 19,1952 "Miljoene ponde
Vir uraanfabricke”

29 The war in Korea wok place from June 1950 - July 1953, D Thomson:
Europe since Napoleon, pp. B44-846.

30 Cape Times, 9 10 1952 “Malan on the Prospects for Uranium”,

1
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commenced production in March 1956). The slime residue from
Doornfontein would be treated at the West Dricfontein extraction plant.

In the Kierksdorp area three uranium plants were located: at Stilfontein
and Wester; Reefs (both started production in September 15.,3): and
Dominion Koo ts (Jane 1955).  The Stlfontein plant would treat, in
addition 10 its own, ore ‘ma'erial from Afrikander Lease. Babrosco,
Ellerton and New Klerksdorp Gold Estates. The plants at Stilfontein
and Western Reefs were then operating. In the Orange Free State.
uraniim plants at Welkom and Piesident Steyn (both commenced
production January 1955). would treat material from Welkom,
President Steyn, President Brand, Western Holdings and Free State
Geduld mines. Further uranium plants would operate at Virginia and
Harmony (production commenced in 1955) 1

By 1954, seven sulphuric acid plants had been approved to be erected at
Strategic points to supply sulphuric® acid to the uranium industry. The
sulphuric acid was produced from the Witwatersrand pyrite* ' The
guiding principles were the desire 1o keep down as far as possible the
costs of transport of pyrite 1o the acid plants, and the resultant sulphuric
acid from them: to the uranium plants.  Six of the acid plants would
consume pyrite, while the seventh would use elemental sulphur. [t was

3 DN Swart: “The Supp'y of the Raw Materials Requirements of the Uranjum
Programme*, Uranium in South Africa, vol. |1, 1946-1956, p. 2. Sk
Haughton: “Uranium in South Africa”, Coal and Base Minerals, Sepiember

954, p. 54,

2 See Technical Addendum: "Methods of recovering gold and uranium® and
“sulphuric acid*

i3 The material used for producing sulphuric acid is Witwatersrand pyrite,
which is obained from the residues of the uranium and gold plants. The

PYRIe is First concentrated by flotation. The concentrate is then roasted 1o

liberate sulphur dioxide gas.  This gas is, in wm, converted 10 ;ﬂvhur

ium

acid. VH Osbomn: “South Africa Becomes a Uranium Producer” Optima,
(D1, March 1953, p. 14, MS Solomen and A Beal. “Sulphuric Acid
Production in the Uranium Industry”, Uranium in South Africa, vol. 2, pp.
3137,
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estimated that the seven acid plants would produce approximately
40 000 tons of sulphuric acid a month,

The first acid plant 1o g0 into production was that ar West Rand
Consolidated in 1952. It was the first plant in the world 10 combine the
fluo-solids roasting of pyrite with a contact sulphuric acid plant. It is
interesting to note that for more than a quarter of a century pyrite had
been extracted from the gold ores on this mine and had been sold to
African Explosives and Chemical Industries. No additional plant for
the extraction of pyrite was necessary when it was decided to locate an
acid-producing piant on West Rand Consolidated Mine

mmtkameoflheuﬁydﬂdumﬂlhtmmnmry

In 1952 the Minisier of Mines, JH Viljoen Rave an early indication at a
Nationalist Party Congress at the Strund, Cape Town of the importance
of the Union's uraniuin contracts.  According to the Minister the
contracts were so valuable that when fully developed, uranium wouid
mean as much for the country as the gold production. At that early
stage he assured South Africa that enough uranium would be kept back
(0 ensure scope for nuclear research in the Union and its use in the
nuclear power industry, when the country reached that stage of
development 3

Possible future developments in the field of nuclear energy in the Union
were thus not overlooked when the agreement between the Atomic

3 CS McLean: *The Uranium Industry of South Africa®, JCMMS, 54, April
1954, pp. 352-354; MS Solomon and A Beal: “Sulphuric Acid Production
in the Uranium Indusiry”, Uranium m South Africa, vol. 2 p 348

5 “Uranium Production Commences” Mini Magazine, 42, . 1952, p.
425, Issues such as the constiturional c:i:is that arcse as mull of the
separate representation of voters: the incorporation of the Protectorates: an
the extension of votes to 18 year olds that were cn the agenda of the National
Party Congress ai the Strand Cape Town 15-19 September 1952 were given
priority in Cape Town newspapers 15-19 Sepiember 1952, The Hon. IH
Viljoer's statement concerning the contracts was not reporied in The Cape
Argus end Die Burger in the period 13 20 Sepiember 1952,
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Energy Board and British and American nuclear energy authorities was
negotiated o

The co-operation between South Africa, Britain, the United States and
Canada resulted in a combined total of 528 reports on the subject of
uranium extraction during the period 1945-1952.9 The CDA would
finance the "awintig plint (that would process the uranium delivered by
the extractics plants) as well as the sulphuric scid plants. ™ This
collaboration led to the rapid emergence of South Africa as a major
producer of uranium. The construction of no fewer than 17 uranium
extraction plants, formed & major part of the country's industrial
acuvity since the building began in January 195] By the time the
programme was completed in 1957 g (otal sum of over £66 000 000 had
been invested in them. All this expenditure, with the exception of the
cost of the equipment purchased overseas, represented new money
ijected into the South African economy. By far the greater part would
have been spent in South Africa. This benefit 1o the country would be
permanent.

purchase equipment from oOverseas. The vital question of the supply of
the necessary materials for fabrication of the plants on the mines was
thoroughly investigated.  When the plant erection programme was
started, structural steel, steel plant and reinforcing steel were in very
short supply in South Africa, and much of these requirements that were
of necessity were imported from overseas. Bulk orders were placed by

i6 “Atomic Energy Board. Uranium in South Africa®, South African Journal
of Economies, 21(1), March 1953, p. 14,

37 (MLA) ) Levin: The Story of Mintck, 1934-1984, p. 92: | Taverner: "An
Historical Review.. *, ISAIMM, 57, Nov. 1956, p. 142,

38 (SAB) UP Dolan: "Co-operative  Construction of Uranium Plams”,
Uranium in South Africa 1946-1956, vol. 1, pp. 390 and 199

39 RB Hagart: *National Aspects of the Uranium Industry”, JSAIMM, 57,
April 1957, p. 569 ND Swart:  “The Supply of Raw materials
Requirements of the Uranium Programme”, Uranium in South Africa, vol.
11, 1946-1956, p 2.
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the Transvaal Chamber of Mines for approximately 64 000 tons of
steel.  One instance of speed and vigour illustrated the speed with
which the programme progressed: Four months after placing the initial
orders, not only had the first consignment of steel arrived. but the first
tanks were being erectec on the site of one of the mines. The delivery
of large tonnages of steel and other raw materials was made possible by
the co-operation and assistance  of the British and  American
Governments. 40

Although the ownership of the uranium produced by the several mines
was vested in the Atomic Energy Board, the proceeds which accrued 1o
the Board from the sale of the uranium was paid over to the producers,
and the State participated in the profits through the operation of
applicable lease and income lax formulac. Sections 4 and 5 of the
Finance Act. 1951, stated that in the case of a leased mine the costs and
revenue from the mining would be merged in the other mining costs
and revenue for the purpose of determining the State's share of profits
under the lease. The interest payable on monies borrowed for the
purpose of producing uranium would be deducted from the revenue in
the determination of such share of profits. 4!

One of the consequences of the Government's decision to tax the profits
from the uranium at the Same rate as gold, had been to limit
temporarily the 2mount oi' \axation dravin from this source. The mines
producing uranium were allowed to amortize the capital expenditure on
their uranium plants against their provits from gold even before the
uranium plants started operating.  Thus the Government suffered
considerable reduction in revenue from gold mining taxation in the
years from 1951 onwards. The Government would in the long run,
however, recover this temporary loss of revenue through the added

40 CS McLean: “The Uranium Industry of South Africa”, JCMMS, 54, Apnl
1954, p. 348

41 (Government Printer) Statutes of the Ui:on of South Africa, 1951, Act No
56 of 1951, Sections 4 and 5, P 410; “Atomic Energy Board, Uranium in
South Africa”, South African Journal of E v 21 (1), March 1953,

115



Stellenbosch University https://scholar.sun.ac.za

Government's decision on the ax 1S5€¢ as one of expediency. Had
uranium not been associated with gold, there would not have been such
a heavy rate of taxation. Later the Government agreed that a mine
producing only uranium, would Pay taxation in accordance with the
ordinary C_.pany rates +2

In the fifties uranium was no longer as scarce a commodity as it may
have seemed 1o be during 1942-1945. Deposits throughout the world
were rapidly being developed and exploited. L the United States by
1954 there were 200 active uranium mines ranging from small one-man
operations 1o mines employing 100 men or more.  Nine extraction
plants were i operation and at least two more planned. By then
uranim was also produced in the United States as a by-product from
phospha-e manufacture. This Operation on large tonnages of ore of low
grade was then (he closest analogy overseas to uranium production in
South Africa, Therefore, by the time South Africi commenced
production in the early fifties, she did not monopolise the international
uranium markei.

In addition 1o (he metallurgical intricacies. the construction of the
uranium plants presented many engineering problems new o the gold
mining industry, and called for increased production by outside

stimulate their ingenuity

As a sulphuric acid Process is employed in the uranium extraction
process, a means of prowcting the plant from corrosion had to be

42 Statutes of the Republic of South Africa, Income Tax Act s8 of 1962,
Section 1.

43 CS McLean: "The Uranium Industry of South Africa®, JCMMS, 54. April
1954, p. 355.
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devised. Also stainless sieel and other acid-resisting alloys and plastics
were widely used. Stainless steel fabrication in South Africa was a new
development which had grown primarily from the requirements of
uranium extraction plants. Uranium plant instrumentation was another
highly important feature of the extraction operations, and the
installations that were made then were more elaborate than anything
that had been used in South Africa up to that time.

Another aspect of the benefits accruing from the new uranium industry
had been the sharp increase in demand for power and certain chemical
reagents such as manganese dioxide and lime. The experience gained
in the construction of these plants would later be of value in the
construction of nuclear power plants and facilities for the enrichment of
uranium. A number of the building and engineering companies
involved with the extraction plants were later approached for these
undertakings, for example Roberts Construction Company .

The Eleciricity Supply Commission had done well in helping to m2et
the extraordinary demand for power created by the rapidly expand ng
uranium production programme.** When the Combined Development
Agency representatives discussed the programme this subject was given
attention. The uranium industry would place an ever-increasing strain
on the Wiiwatersrand power resources. It was decided that as little as

44 (SAB) KW Findlay: “The Application of Stainless Stee! in the Uranium
Industry”, Uranium in South Africa, 1946-1956, vol. I, p. 519, BJ
Olivier, "Uranium®, Industrial Review of Africa, 4(7), Jan. 1953, pp. 29-
33, CS McLean: "The Uranium Industry of S. ath Africa®, JC , 54,
S pril 1954, pp. 348-354.

45 hnElulricilySupplyComunwon was established early in the 1920's. See
the Electricity Supply Act. (No 42 of 1922). It was stipulated that without

profit or loss, the Commission, an independent body, would
suff' (*at and cheap electric power to industries. During the Second World
War, ‘arge projects undertaken by ESCOM were hampered by the disruption
of commercial shipping as result of the war. An ocean Ii* »r carrying a turbo-
gmsymfm&nﬁh for example, was sunk by a torpedo from a

nan submarine. A number of projects were ings postponed.
However, by 1945 the Vaal power station started supplying ity and
tbefo-‘wmyml’iscoumuedmnmmmuluu. over the 5000
million uniis mark. ESCOM Een Honderd Jaar Elektris'teit in Suid-

Afrika, (1882-1982), pp. 12-13.
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possible disiocation of jocal needs for power should be aimed at. A
number oi stoemes (or cower supply were considered but eventually
the Electricity Supplv < oiv iission took the long range view that Wilge
station should be developed (e feed into the Rand Undertaking network
and part of this credited © uraniom power supply. Two 30 MW and
two 60 MW trbo generators wvuie planned.  The Combined
Development Agency agreed to contribute to the financing of Wilge
power station. A loan from the CDA of €7 000 000 was arranged for
the uranium power supply. The first 30 MW set came into service on
16 July 1954 and a 60 M' szt in March 1955 The uranium power
requirements were met before thes: dates by stringent control of power
on the gold mines

The market for uranium during the fifties

The construction of seventeen :xtracton plants after January 1951
formed a very important part of the country's industrial activity. In
1953, the first full year of production. the total ontput of uranium oxide
of South Africa was 514 923 kg. between 1952 and 1957 therc was a
steady increase in the number of mines producing uranium. By 1957
the number totalled twenty-six. No new minec staricd produciion after
1959. This resulted in a rapid increase in uraniun production during
the fifties, as is indicated in the following tablet”:

46 (SAB) P Dolan: “Co-operative Construction of Uramimin Planis”,
Uranium in South Africa 1946-1956, vol. I, p. 388.

47 (Nuclear Fuels Corporation of South Africa Lid) Production Statisiics,
NUFCOR: nominal price from United States Atomic Energy Commission
pumlmu Statistical Summary of the Uranium Industry, Energy Research

Administration, (ERDA), United States of Amenca, Grand
Jum:t olorado, 1976; (AECA, Pelindaba) Anpual Repori, Atomic
Energy Iunl, 1960; “Uranium in South Africa®, SA Panorama, 3(11),
November 1958, p. 5; EF Jeal: “The Uranium Industry in South Africa”,
South African Bankers Journal, 55, Aug. 1958, p. 152,
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Table 1 Uranium oxide production and value 1953-1959

Mines Production Nomunal Price Value of uranmum
Producing Urannum oxide Inte rmational Uranum uranium ovkle
tkg) Market
US § per pound (0,454 kg) 1 (millons)
wranium oxde
1942 1 0 M
1953 5 sS40 1238 i
1954 12 1ao6 118 | 12.27 142
1998 9 2 UK 2% 12.2% 291
19% b ] 1902 590 1.5 N0
1947 26 S174 47 10.49 491
1958 26 S 668 TIR 948 w00
19%% I %40 229 012 0.0

The table indicates a dramatic rise in uranium production, namely from
40177 kg in 1952 to 5,8 million kg in 1959 - a rise of 14336%
Despite a decrease in the nominal international market price for
uranium oxide, from $12,35 w 9,12 in 1959, the value in that period
increased from £3.3 million in 1953 w £50 million ir. %59 - an
increase of 1415% .

The establishment of (e uranium industry resuited in a sharp ifcrease
in demand for power, sulphuric acid and chemical reagents The
enginecring industry in South Africa had been stimulated by the new
chalienges and in the construction of the vranium plants. These factors
indicated the importance of the uranium ustry (o the industrial and
economic development of the country, and ti« need to assure its future
as far as possible.

By 1958, there wer: ircamstances that Larongly 1 caicd that South
Africa could not be ass.=d of an ircreasing dema:¢ tor uranium. A
delegation of the Combinec Development Agercy vis. ' Couth Africa
toward the end of April 1%:2, under the lead.rim f Mr Jesse

48 (AECA) ~nJA Rove: Proposed / wvmic Ene'gy Researcn a.l Deve pment
Programme 5 So.th Africa, p. 15,
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Johnson, Director of Raw Materials of the United States Atomic
Energy Commission, 'o discuss with representatives of the Board
matters relating to the Heads of Agreement in terms of which the Board
supplied uranium oxide w0 the Agency. The South African Atomic
Energy Board was informed that America and England were no longer
requiring the amount of uranium for the production of armaments as
they had during previous years. Uranium was required more and more
for industrial purposes. Therefore, the stockpiling requirements of
Britain and America, from 1960, would not exceed 40 000 tons per
year 49

It was thus necessary for the immediate future for the CDA o impose a
ceiling as far as what the Combined Development Agency was prepared
to undertake to purchase. ™ During the discussions that took place in
April and May 1958 between Dr AJR van Rhijn, the Minister of
Mines, and representatives of the Combined Development Agency, the
Minister stressed the need for measures that would protect the South
African uranium industry from price undercutting. His
recommendations were we!l received by the delegation. ™

The discussions resuited in a memorandum of understanding between
the Agency and the Board, whereby the quantity of uranium oxide to be
purchased by the Agency, was fixed at 3 100 short tons for the period |
July 1958 10 December 1958, and thereafter 6 200 short tons per
annum until 31 December 1963 %2 The ten-year contracts*’ with the

49 (giuc Archives, Pelindaba) Annual Report of the Atomic Energy Board,
1958, p. 1.

50 Ihid.

51 Die Burger, 29.4.1958: “Tockoms van Uraan Bespreek®; The British
representatives were W Starth and EJIS Clark and the American
representatives: Jesse Johnson, T Upchurch, HES Springarn and CF Shank.

52 A short ton = 2000 Ib (1000 kg) USA. Chamber's Twentieth Century
Dictionary, p. 1159.

53 The various mines producing uranium oxide, each had a ten-year contract 1o
sell its uranium oxide 1o the CDA. These contracts all had varying dates of



Stellenbosch University https://scholar.sun.ac.za

various producers of uraninm oxide would commence to lapse from the
last-mentioned date. Consequently the Agency's annual purchases from
South Africa would gradually decrease until all the ten-year contracts
had terminated. The last contract would terminate on 30 June 1967,
but the Agency had an option to terminate it on 31 December 1966. It
also agreed that the Board might dispose elsewhere of all production in
excess of that purchased by the Agency. Previously the full production
ad 1o be offered to the Agency. The Union of South Africa agreed to
accept a ceiling over the then current production of 6 200 tons of
uranium oxide a year. The balance of uranium still ouwtstanding in the
existing contracts was stretched out over a longer period. %

The question is, how would these developments affect the country? In
1958 it was estimated that South Africa would produce not much less
than the fixed maximum, That year South Africa would have no
surplus and would collect over £50 million for uranium. The total
revenue in that year was second only to gold. Because of the ceiling
placed on production, potential development of the uranium industry
was curbed. The Buffelsfontein mine, for example, had requested to
increase its crushing capacity to 35 000 tons of ore per montii. but was
refused. Had the mine been allowed to do this. its profit would have
increased by £600 000 a year. This was the position in one mine - an
indication of the great loss of potential revenue to the country. %%

Prospects of finding new markets for uranium were not optimistic.
Klerksdorp Consolidated Goldfields, that had no contract with the
Combined Development Agency, had been unable to find buyers for its
uranium.*  The Combined Developrment Agency had agreed to

mmmmmdnpmdnuonwhmethjmmnedmm.
Cmnqmlythuelm-ywcomrmdlhuvaryin;dnuormmiwion.

54 (AECLP) Annual Report of the Atomic Board, 1958, p. I
wnnebuu. vol. 97, 4 July - 25 August 1958, 20 August 1958, col
2571 - 2572

55 Die Burger, 10.5.1958: "SA "verloor' groot potensiéle inkomste uit uraan”
56 Ibid.
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facilitate sale of any surplus to other governments of the West,
conducted through the AEB at Pretoria. In 1958 a number of other
governments, including those of Japan and France, were making
enquiries at the South Africa Atomic Energy Board. According to Dr
van Rhijn South Africa would be trading in uranium with Japan, Israel,
Germany and other countries. (In 1957 South Africa had sold 6.5 tons
of uranium oxide 10 the Atomic Energy Fuel Corporation of Japan.)
Although these arrangements seemed favourable to some, others
realized that South Africa would no longer be able to depend on
uranium as a stabilizing factor in her economy. By that year the world
price of uranium was dropping. The American Energy Commission
had predicted in 1954 that 10 dollars a pound (0,45 kg), would be a
likely price in the long term. In 1958, the Commission could only
guarantee a price of 8 dollars a pound after 196297

A second negative factor for South Afr.can uranium dioxide production
was the improving world uranium supply. The two most important
sources of nuclear fuel, uranium and thorium, were being discovered n
many parts of the world. Vast amounts of money were spent in the
search for and development of new resources, and on research to
improve methods of extraction

In 1956 the production of uranium oxide of the three main producers,
United States of America, Canada and the Union of South Africa, was
somewhat less than 15 000 tons of uranium oxide per annum. Indicated
reserves of these three countries (on the basis of known information)
were in 1957 as follows: United States of America: 150 000 tons;

57 Assembly Debates, vol. 97, 4 July - 25 August 1958, 20 August 1958, col.
2572; EF Jeal: “The uranium industry in South Africa®, ;o-t African
Bankers Jov: ~al, 55, Aug. 1958, pp. 152-154; Die Burger, 10.5.1958,
“SA ‘verl. . groot potensitle inkomste uit uraan®; (AEC Archives,
Pelindaba) Annual Report, South African Atomic Energy Board, 1958,
Introduction.

122



Stellenbosch University https://scholar.sun.ac.za

Canada: 237 000 tons; Unicn of South Africa: 370 000 tons, ™
According t» RB Hagart these figures were on the low side, %

During discussions with Dr WF Libdy, on: of the Commissioners of
the United States Atomic Energy Commission Dr Roux was told that
with the new uranium reserves that had wen discovered in New
Mexico in 1958, the United States had larg:.c . -antnn reserves than the
rest of the free world. Other countries thai had started producing
uranium in the fifties were France, Australia and Portugal, all of which
had important reserves. The production of the Belgian Congo would
also have to be taken into account This was an indication of great
uncertainty as to the future market for uranium.

According to Rafford L Faulkner, Deputy Director of the Divie f
Raw Materials of the United States Atomic Energy Commissiou,
production of the free world was estimated to reach 30 000 tons per
annum by the end of 1958, and 40 000 tons per annum by the end . f
1959 or early 1960's. There was little doubt that this rate of
production could be maintained and could be increased. !

It was to be expected that every country in the world would do its
utmost to determine whether it had workable deposits of uranium and
thorium, and would dev: i~ such deposits. Both France and Sweden

58 (AEC Archives, Pelindaba) AJA Roux: Proposed Atomic Energy Research
and i-evelopment Programme for South Africa, p. 16.

59 RB Hagart: "National Aspects of the Uranium Industry®, JSAIMM, 57,
April 1957, p, 571.

60 (AECA, Pelindaba) AJA Roux: Proposed Atomic Energy Research and
Development Programme for South Africa, pp. 16-17.

61 (AECA, Pelindaba) AJA Roux: Proposed Atomic Energy Research ang
Development Programme for South Africa, pp. 17-18; (AECA, Pelindaba’
RB Hagar:: “National Aspects of the Uranium Industry”, JSAIMM, 57,
April 1957, p. 571,
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were refining their ure uam and wo ¢ planning to incres = their
uranium metal production.’ -

A third negative trend with regard to South African uranium oxide
production was the fact that progress in commercial nuclear power
programmes was much slower than expected.

In 1957/58 nuclear authorities in the USA all agreed with the view that
there was likely to be a period between 1965 and 1975, when the
supply of uranium would exceed the demand. The main reasons for
this condition setting in during the late fifties was the rapid rate at
which uranium production in the Western World was increasing and
slower progress in nuclear power programmes than was anticipated
earlier in the fifties.®

It was clear that South Africa would have to do everything in its power
10 produce its uianium as cheaply as possible.® In anticipation of the
reduction in demand for uranium, the South African Government and
tke Chamber of Mines decided during the first half of 1959 to despatch
Wit was called a uran‘um supply mission to Europe to investigate all
aspe.:s of nuclear energy that could assist in decision-making with
respect ‘o the turther development of South Africa’s uranium resources.
The miss :n was to comprise a representative of the Chamber of Mines
(H Koch of Anglo American), the Head of the Mineralogical Institute
<Professor Taverner) and DB Sole.  The mission's assignmeni began in
Vienna with disce csions with the ITAEA, Centres visited were Stuttgart,
Frankfurt, Brusscl:, Paris, Milan, Disseldorf, Cologne, Zurich, Berne,
Stresa ond Stockholm.  The itinerary included a seminar on the
industrial yrospects of nuclear energy at Suesa, discussions with the
atomic erergy authorities in Stockholm, visits to various atomic enzgy

62 (AECA  Peiindaba) AJA Roux: Proposed Alomic Energy Research and
Development Programme for South Africa, p. '7.

63 (AECA, Pelindaba) AJA Roux: Atomic Energy Reseurch and Development,
Part 1, United States, pp. 50-51.

64 Ibid.
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and uranium plants and installations in France, as well as an uranium
mine. According to DB Sole the results achieved by the mission were
“negligible except in the sense that invaluable contacts were
established” *

The forzign trade value of uranium oxide increased dramatically during
the fifties. In 1953 the total value was £3 873 029 and in 1958 it
carned £53 661 840. In 1958 and 1959 it earned respectively 15
percent and 12 percent of the Union of South Africa's total forcign
trade value. The following table illustrates the phenomenal increase.

Table 2 Foreign trade value of uranium oxide 1953-1959¢6

Year uramm ox e Vilue Value of Percentage of
produced urunium oxide®” total expons ol exporns
kg £ i %
1953 MER ] IR7T3029 340 018 656 1.'4
19%4 | 466 118 14 B35 344 121 74719 al
1945 20 980 28 219 159 5%9 369 (47 639 790
1956 1 962 590 T8 6935 0RO 360 R34 063 10.46
——
1957 5174 475 49 98K 1" 402 662 14 12.41
1958 S 668 718 51 661 k10 357 362 785 15.02
1959 5 Ben 229 49 232 449 186 184 689 270

65 (25.1\1.) Dt Sole: This Avove All (Unpublished manuscript), pp. 213 and
14.

65 (NUFCOR) Production statis s NUFCOR; (SAL) Government Printer,
Union of South Africa: Anme », Statement of the Trade and of
the Union of South Africa, 191, 1954 and 1955; Foreign Trade
1956, vol. I, pp. 100 and 170; 1957, vol. IL pp. 98 and 168: 1958, vol.
'I, pp. 98 and 168; 1959, vol. II, P 106;  Supplementary Trade
Statements, 1959, vol. 111 p. 17,

In official statistics uranium ox Je is included in “prescribed materials®.
"Prescribed materials” figures in.'uded the value exports of thorium and
“rure earths”  As ‘horium and “rece earths® were caly a small percentage,
uranium oxide, thert fore made up virtually the total value of *prescribed
materials”.  (Figures for uraniem oxide can nc: be isolated from the other
products).
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The exceptional increase in the foreign trade value of uranium oxide
brought about that uranium oxide became one of South Africa's most
important export commodities in the 1950's. In 1958 and 1959 it was
South Africa's second most important export product - second only to
gold. Its foreign trade value surpassed both that of wool and diamonds
(uncut). This is illustrated in the following table. The value of only
the major export products is given.

Table 3 Importance of uranium as export product during 1953-19596%

Year Gold uranium Wool Diamonds Towl
oxide {uncur Value of expont
(£1000) (E1000) (£1000) (£1000) (£1000)
1953 98 253 1873 63 931 B253 340019
1954 155 848 14 R3% fl 457 7141 14
1955] 178 14) 29 160 5% 936 231 K24 369 (48
1956 193 205 3K 695 62 001 23 361 369 834
1957 216893 49 989 67 125 24 686 402 662
1958 221 8e9 53 662 42 506 20 572 157 363
1959 230 136 49232 42 566 26273 IR6 18RS

Themarketform-uﬂundudn.ﬂndxﬂumdmrlymmuu

In the 1ight of the imminent overproduction of uranium, the future
demand and the future market for uranium was a subject of much
speculation during the late fifties. No one knew exactly what the future
demands for military purposes would be. There was uncertainty about

68 (SAL) Government Printer, Union of South Afiica: Union Statistics for
Fifty Years, Jubilee issue 1910-1960, compiled by the Bureau of Census and
Statistics, Pretoria, March 1960, p- N-2, Foreign Trade Statistics, vol. IV,
Standard International Trade Classification and Tables,
1959, 1958 and 1057, p. 6; Foreign Trade Statistics, 1956-1959: Annual
Smelneniaf'l‘udelndsmulnlh Union of South Africa, 1953-
1955,
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the rate at which breeder rea tors would be developed, the extent to
which plutonium would be emjloyed as a nuclear fuel, and the rate at
which reactor technology would advance. 6

The future of uranium production in Scuth Africa was thus debatable.
On the one hand South Africa, as a result of the factors mentioned,
could not be assured of an increasing international demand for uranium.
Statistics indicated that unquestionably. On the other hand Dr Roux
and uranium authorities were confident that South Africa's uranium
industry, despite the uncertainties for the short term, would be of even
greater value in the long term and, therefore, it was imperative that
everything should be done to ensure its future, 70

During his visit to South Africa, Jesse Johnson stated that South Africa
had a sound uranium industry, and that the long-term prospects were
very bright.”’ CS McLean and Dr RB Hagart (Joint Deputy Chairman
of the Anglo American Corporation), the two prominent men in the
gold mining industry, best versed in the subject, had always looked
upon uranium as likely to loom large in the country's destiny. This
view was amply vindicated by events.

In the late rifties South Africa had received a better price than had. on
the average, been paid elsewhere, but prices had hardened. The
Canadian distributing company reported sales in 1957 at an average of
$10 (70 shillings) per pound. The average for the Union for South

69 AJA Roux: Proposed Atomic En:rlgy Rescarch and Development
Programme for South Africa, p- 18; RB Hagart: “"National Aspects of the
Uranium Industry”, JSAIMM, 37, April 1957, p. 576.

70 AJA Roux: “Nuclear Energy": The Impact on South Africa*. Commercial
Opinion, 35(415), Aug. 1957, pp. 28-29,

7 EF Jeal: "The Uranium Industry in South Africa®, South African Bankers
Journal, 55, Aug. 1958, p. 152.
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Africa was over $12 (85 shillings). The lowest South African contract
price was about $10 (70 shillings). ™

Dr RB Hagart set out certain factors that ‘ndicated that there would be a
future market for South Africa's uranium after the contracts with
America and Britain expired. He stated in an address at a joint
symposium on uranium of the South African Institute of Mining and
Metallurgy and the University of the Witwatersrand in 1957 that South
Africa would hold its position in the field of uranium production, and
would be of paramount importance for the world of the future. Though
not the largest individual producer in the world, South Africa's position
was assured until at least the end of the century. At the annual rate of
production of 6 000 tons of uranium oxide, South Africa had some 60
years of continuous production ahead. Because the uranium industry
was linked to gold mining in South Africa, there were distinct
advantages according to Dr Hagart. Although South Africa's grade
was lower than that of America and Canada, most of South Africa's
mines had the great advantage that they were producing uranium oxide
as a by-product of gold. No mining or crushing costs had o be
charged to uranium production, and only actual treatment costs in
uranium plants were charged. In America and Canada however, all
mining and crushing costs, as well as treatment costs, had to be charged
against revenue from the sale of uranium.™

By 1964-1966 the entire cost of the then established uranium plants
would have been paid for out of the revenue under the existing
contracts.  No capital costs, other than for the renewal and
replacements to plants, would thereafter be necessary. With assured
reserves of ore, far in excess of the milling capacities, South Africa
would be able, if necessary, to offer long-term contracts and assurances

72 EF Jeal: "The Uranium Industry in South Africa”, South African Bankers
Journal, 55, Aug. 1958, p. 153.

73 RB Hagart: “National Aspects of the Uranium Industry”, JSAIMM, 57,
April 1957, p. 578.
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of delivery. According to Dr Hagart, South Africa was, therefore. in a
highly competitive position.™

As regards the price of uranium oxide, there was every reason for
confidence. The 1957 price could be taken roughly as between $10 (70
shillings) and $11 (80 shillings) per pound of uranium oxide. For
forward contracts the United States were offering local producers a
price of 38 or 56 shillings per pound. Afier *e then existing contracts
had expired South Africa was not obliged to offer its urarium to the
Combined Development Agency and might well find othei buyers.
Many new private companies had been formed on both sides of the
Atlantic 1o exploit the nuclear power market throughout the world.”™
Private American (and British) firms were at that stage already
competing in a race to obiain export markets for nuclear power
application. Much of the necessary technical informaticn in regard to
nuclear reactors had been freely published in both those countries.
Acceleration of nuclear developments would be the result.”

In the uranium debate the international conflict situation that was the
result of the Suez Crisis of 1956 was of significance. In that year
Colonel Nasser of Egypt nationalized the Suez Canal Company which
resulted in Anglo-French military action against the United Arab
Republic. The threat of closing the world waterway emphasized the
factors of transport and freight charges and facilities in favour of the
us¢ of uranium as against the conventional fuels.”” A pending

74 RB Hagart: “National Aspects of the Uranium Industry®, JSAIMM. 57,
April 1957, pp. §77-578.

75 Ibid., p. §75.

76 SO Ecklund, “Nuclear Energy: A Current Review”, Industrial Review of
Africa, 8(1), July 1956, p. 69.

n David Thomson: Since . p. 869; R™ Hagarn: “National
Aspects of the Uranium try”, J . 57, April 1957, p. 575.
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international conflict would necessarily focus attention on the
application of nuclear energy in the military sphere. ™

Enriched uranium would increasingly be used in reactors for the
generation of electricity™ and for ship propulsion. This would mean
new markets for enriched uranium in future. Countries such as the
UK, France, Norway. Sweden and Switzerland were very seriously
considering nuclea power as an alternative power source. In countries
where there vzas a shortage of conventional fuels, where hydro-electric
power sources were “rozen tnowinter, and in areas where nuclear power
stations would minimise Hoth the transport of conventional fuels and
freight expenditure, nuclear power would be introduced in
industrialised countrics to rreet the increase in the demand for power ®

In an interview with i Foux, W Perine, President of the Vitro
Engineering Co. in New Yurk, said that the United States Navy was
buiiding most of its new naval 'essels with nuclear propulsion, and that

it was a very large programmc '

It was thus of the utmost importanve that South Africa should pursue
the programme of research and devolopment in order to improve
methods of mining, extraction and proees-ing of uranium with the view
to export a more refined uranium product.  ia this work the United
Kingdom was prepared to assist South Afri.a with the supply of
information. Dr Roux, in discussion wita auhoriies including Sir
Edwin Plowden (Chairman of the UKAEA, ! aoniony, Sir Christopher
Hinton (Managing Director, Industrial Group of he Atomic Energy

78 FH Hartmann: The Relations of Nations, pp. 243-215,

79 By 1957, in the USA, the three main types of reactoss ihat beld promise, the
Pressurized Water Reactor,® the Boiling Water Reactor” and the Sodium-
graphite Reactor,* all employed enriched uranium as fuel.

B0 (AECA Pelindaba) AJA Roux: Atomic Research ane. Devele, .
Part 1l, United Kingdom and Canada, 31.3.1958, pp. 45 and * .5, 1]
Continent of Europe, pp. 1-3, 26, 38-39 and 78.79.

81 (AECA, Pelindaba) AJA Roux: Atomic Energy Research and Development,
Part 1, United States, p. 43.

130



Stellenbosch University https://scholar.sun.ac.za

Authority, Risley) and Dr Schonland considered the refining of
uranium as vital for the future South African uranium export market *?

Therefore, in the uranium debate, the factors mentioned such as
cheaper South African uranium as compared to other countries and the
application of enriched fuel in reactors for power generation and ship
propulsion outweighed the arguments that there would be no future
demand for uranium. There were also definite indications that South
Africa would have to produce its uranium in a more refined form.

During the sixties and carly seventies the short-term demand for
uranium was uncertain. Canada's centracts with the Combined
Development Agency expired between 1962 and 1963; (hose of the
Union of South Africa between 1964 and 1966 and those of Austraha
in 1965. Producers were concerned about what would happen after that
year. South Africa would, however, be able to compete as refining
plants at the mines would have been paid for, and especially the fact
that uranium was mined as a by-product of gold. Even though the
prospects after 1965 were unsure, PH Anderson, Chairman of the
Transvaal Chamber of Mines, remained optimistic about the long-term
prospects of uranium,*

As a result of the decline in the military requirements of the USA and
meUKaMalsotowcommodathnpmblemofmrplusunnjum.a
few agreement between the South African Atomic Energy Board and
the United Kingdom Atomic Energy Authority and the United States
Atomic Energy Commission was issued in January 1961. The new
agreement became known as the "stretch-out agreement”. The terms of
this agreement, which came into operation on January 1, 1961, were
that the 28 350 tons of uranium oxide which had to be delivered over
the period | January, 1961 to 31 December, 1966, would be delivered
over a longer period, ending on 31 December, 1970. The annual

82 Annual Report of the South African Atomic Energy Board, 1961, p- 5.
83 Die Burger, 30.6.1959: "SA soek plan met oorskot-uraan® .
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Dr TEW Schumann. De
"stretch out” Agreement v

puty Chairman of the Ator

vith the Combined Develo
Board

Al Brink, AEB's Secretan and JHA Nel, AER'

nic Energy Board signed the
pment Agency on behalf of the
tlefi s Legal Advisor)

(Source: Annual Repont of the South Alrican Atomic Energy Board, 1961)
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Quantity bought by the USA and UK was reduced to approximately
2 835 tons over the period of ten years, lanuary. 1961, to December.
1970. This was a considerable reduction, considering that the CDA
had (according to the previous agreement) acceded to buying 6200 tons
of South African uranium per annum between 1959 and 1963 %

The Deputy Minister of Mines, M Viljoen, said in Parliament that the
“stretch-out agreement” whicn had been reached by the Atomic Energy
Board with the assistance of representatives of the mining industry, was
4 most complicated agreement, Complicated negotiations had to be
carried out which called for the utmost ftact and perseverance,
Arrangements were entered into which were to the advantage of South
Africa and (o the whole uranium industry

The “stretch-out agreement” with the Combined Development Agency
had a profound effect on South Africa's uranium production. Although
the agreements implied a reduction in the tonnage to be delivered each
year it ensured that reduced uranium production in the country could
proceed at least to the end of the 1960's. This was of great importance
as it was hoped that the Republic could remain in production until the
use of nuclear power had assumed the dimensions where there would be
a steady world demand for nuclear material.  The “stretch-out
dgreement” gave the opportunity to keep mine workers employed.
Adaputionscouldbenudcoverllongperkmdmdwithmuchless
disruption than would have been the case if the delivery of uranium
oxide were to have been completed over the period 1964 to 1966 in
accordance with the previous contracts. %

Instead of the former type of the cost-plus contract with the CDA, the
South African producers would, under the new contract, receive fixed

84 (Government Printer) Assembly Debates, vol. 108, | May - 20 May, 23

May 1961, col 7-16.
85 Ibid., col. 7016.
86 Ibid.
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prices which were in line with the prices received at the termination of
the previous contracts. Repayments of loans granted by the partners in
the Combined Development Agency, through the Import-Export Bank
for the erection of the uranium installations, would not be affected in
view of the fact that certain payments would be made in advance to the
Board for the purpose of enabling the producers to comply with their
loan obligations within the original loan period. According to Section
16 (4) (a) of the Atomic Energy Act (No 44 of 1961) the Atomic
Energy Board would retain such advance payments and invest the
money until it became necessary to repay the loans, and also to repay
such advance payments when the money was no longer required.
According to section 16 (4) (a), sub-paragraph (vi), any surplus earned
from interest on the investment of such advanced payments, would be
paid into the Consolidated Revenue Fund, whilst any shortage would be
paid from funds voted by Parliament for that object. ¥

Provision was also made in section 16 (4) (b) in terms of which the
Minister of Finance, on behalf of the Government, could guarantee the
repayment of advance payments, The furnishing of such a guarantee
formed part of the agreement between the AEB and the Atomic Energy
Authority of the United Kingdom **

As a result of the new agreements continued production for uranium by
some high-cost mines became unprofitable.  Treatuent plants were
closed and ore was selectively dumped for possible future processing.
In some cases this practice was cconomically unattractive and the
uranium in the gold ore was simply discarded. The cost-plus figure of
$12 per pound (R22,9 per kg) - which in the early fifties determined
tat the industry would be viable - plummeted to half of that by 1970 %

87 Assembly Debates, vol. 108, | May-26 May, 1961, 23 May 1961, col,
7016-7017.

88 Ibid.
89 AR Newby-Fraser: Chain Reaction, pp. 65-66.
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The "stretch-out” agreement opened the way for producers such as the
Randfontein Mines to rationalise their output by transferring all or part
of their quotas to other companies in exchange for suitable royalties.
For example, towards the end of 1960 Randfontein invited tenders for
the transfer of 880 tons of the 4 880 tons that the mines was committed
1o produce for the CDA. In January 1961 the Atomic Energy Board
accepted the offer and uranium was transferred to Rand Mines on
behatf of its operations at Harmony and Blyvooruitzicht Mines. In
March 1962 the Board agreed 1o transfer a further 800 tons to West
Rand Consolidated at the rate of 200 tons per year over four years.
That left Randfontein responsible for producing no more than 2 200
tons by the end of 1965 %

There seems little doubt that the "stretch-out agreement” would be
beneficial to the uranium industry during difficult times. This view
was endorsed by members of the South African parliament. According
o JC Greyling, Member of Parliament for Ventersdorp, uranium in
1961 no longer had the expected commercial value. Consequently,
changes had to be made to the agreement which existed between the
South African Government, the Atomic Energy Board and the
Combined Development Agency. By the agreement South Africa
would benefit financially, certain mines would as a result enjoy the
continuity of sales, would remain in operation for a longer period and
employment for workers would be ensured.  He regarded it as
significant that the old cost-plus system under which uranium was sold,
would be replaced by a stable price. That was the best method that
could be adopted under the circumstances. It was possible for mines
that had uranium extraction installations to make arrangements that gold
mines with the lowest costs of production, could concentrate on the
production of uranium. %

90 A Hocking: The Randfontein Estates, The First Hundred Years, pp. 186-
187,

91 Assembly Debates, vol. 108, 1 May - 26 May 1961, 23 May 1961, col.
7021-7023,



Stellenbosch University https://scholar.sun.ac.za

In the following table the effects of the "stretch-out agreement” on
uranium marketing are illustrated:

Table 4 Foreign trade value of uranium oxide 1960-1970.%
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The following deductions can be made from the table: Uranium oxide
production reached a peak of 5813906 kg in 1S 0.9 Production

7]

9

(SAL) Central Statistical Service, Pretoria:  South African Statistics, 1993,
Dec 1993, p. 164; (NUFCOR) Production Statistics 1960-1965, NUFCOR

annual 1966-1970; (NUFCOR) Nominal price from United States
Atomic Commission purchases, Statistical Summary of the
Uranium Energy Rescarch and Development Administration

(ERDA), USA, Grand Junction, Colorado, 1976: (SAL) Foreign Trade
Statistics: 1960: pp. 114 and 115, 1961, p. 81, 1962, p. 79; 1963, p.
190; 1964, p. 165; 1965, p. 187,

According to the Annual Report of the Atomic Energy Board, in 1961,
terms of the new , 5002 tons of uranium oxide (which was
produced either as main product or uaby-pummm.old
extraction slimes by seventeen uranium producers) was delivered under the
contracts. A total of 5 014,6 short tons of uranium oxide was marketed in
1961. 7 « figure was | 422,5 short tons less than the quantity marksted in

5
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figures decreased cvery year until 1965 when an all time low of
2 669 230 kg was recorded. The nominal international uranium market
price dropped steadily from 8,75 dollars in 1960 to 6.05 dollars in
1971. The South African foreign exchange value of uranium oxide
dropped from R108 533 000 in 1960 to R33 308 000 in 1965.
Although the nominal price for uranium oxide dropped from 1966 to
1971 production figures increased and the calculated value of South
African uranium oxide on the international market remained fairly
steady. The highest and the lowest values recorded for 1967 and 1969
are namely $53 659 000 and $49 712 000 respectively.

In 1960 uranium oxide contributed 7.64% of the total of South African
foreign trade value. In 1965 this percentage for uranium ore and
concentrates decreased to 1.82%. Between 1966 and 1970 the
calculated foreign trade value of South African production of uranium
oxide remained fairly steady at an average of $51 4il 500. Therefore,
with the increased total value of South African exports between 1966
and 1970 from R1982 324 000 to R2373 611 000, the value of uranium
oxide as a percentage of the total value of exports decreased every year.
The figure in 1966 calculated at approximately 2% of the total exports
and declined further between 1967 and 1970,

The importance of uranium as an export product is illustrated in the
following table. It is compared to gold, wool and diamonds (rough and
uncut).

Tabie 5 Importance of uranium as an export product during 1960-
1970%

1960, Annual Report of the South African Atomic Energy Board, 1961,
B 3.

94 (SAL) Central Statistical Service Pretoria (compiler):  South African
Statistics, 1993, Dec. 1993, p. 164 (Central Statistical Service Pretoria)

n van S‘l!hﬂeﬁ. Buro van Sutistick, Pretoria, Desember

1962, p. 59; Desember 1964, p. 54; Maart 1967, p. 97; Bulletin van
Statistick, Departement van Statistiek Pretoria, Maart 1970, p. 113;
Desember 1973, pp. 9'5, 9'6; (SAL) Foreign Trade Statistics, Exports,

1960, pp. 114 115; 1961, p. 81; 1962, p. 79: 1963, p. 190; 1964, p.

195. 1965, p. IR7. Where the values of wool and diamonds (rough and
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Value of major export products

Year gold uranium wuol diamonds hal value
onude (rough and of
uncut) EXpOrTs
(RI000) (RI0O0) (R1000) TRI000) (RI000)
1960 536 009 108 533 94 628 @717 1419964
1961 574 909 min 109 938 9247 | 527 199
1962 LALRITY 74 39) 115,300 50,400 | SRS 65K
196 BAS 478 b6 954 115,900 68 00 | 6Ma 742
uramm ore

aml concenirates
1964 70 511 5K 6l 132 300 T4 0100 | 771 995
1965 Toh 492 13 YoM 123 500 28, 800 | K25 602

classified

1966 76 064 mformation 128, 200 121,700 19582 124
1987 762 KO3 « 106, 500 |16, 00 2126 9%
1664 T6H 964 . 115 400 140, 80 2275 263
1969 TRE 734 " 116,500 152400 21302 87
1970 R37 OKR . 79,800 110,000 2373611

The foreign trade value of gold and rough and uncut diamonds
increased considerably between 1960 and 1970. The value of wool
increased (o a maximum of R132,5 million in 1964 and then dropped to
R79.8 million in 1970. In comparison the importance of uranium oxide
a5 @ export product dropped steadily between 1960 and 1965. Taking
into account the calculated foreign trade value of uranium oxide as
indicated in Table 5, gold, wool and rough and uncut diamonds were
more important export products for South Africa between 1966 and
1970.

uncut) are given in R million, figures have been adjusted in the table for
uniformity and given in R 1000.
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As indicated in Tables 4, 5 and 6 there was a steady increase in the
production of uranium oxide between 1966 and 1970. With the
increasing development and utilization of nuclear energy, particularly
for the generation of electricity, the demand for uranium by 1967 also
indicated an upward trend." There was some evidence that the
predictions of Dr Hagart and others in the late fifties (though doubted
when the price of uranium dropped in the sixties) could prove to be
correct, in the long term. They believed that there would be a future
export market for South Africa's uranium after the comtracts with
America and Britain had expired. %

Consequences of the stability in uranium foreign trade value 1966-1970

Even though the value of uranium oxide dropped in comparison to
other major South African export products, the stability in South
Africa's uranium foreign trade value between 1966 and 1970 was
adequate to restore confidence in uranium. In addition the worldwide
projected increase in nuclear generating capacity and the furtherance of
processing uranium oxide for South Africa’s nuclear programme and
for foreign trade brought about the following:

In the first instance a renewed search for uranium deposits was
undertaken. According to Dr JW von Backstrom, head of the Atomic
Energy Board's Geology Division in 1967, known deposits were
unlikely to guarantee output sufficient to meet persistently increasing
demand for a low-cost product after 19759 Less uranium was

95 IW von Backsirém, Correspondence, November, 1991; JW von Backstrom:
“Uranium®, Mineral Resources of the Republic of South Africa, p. 239,

96 Die Burger, 25.5.1967 "Oppenheimer is optimisties oor Uraan®.

97 The task of the Division was to discover and assess natural its in South
Africa of materials required for the construction and fuelling of nuclear
reactors and associated equipment. Exploration was nct done by the Board's
staff, but was carried out on behalf of the Board by the Geological Survey
Division of the Department of Mines. The Geology Division of the Atomic
Energy Board coordinated this work, maintaining its relationship with the
overall programme, and also kept an eye on world trends and requirements in
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discovered world-wide in the late sixties than had been mined. Many
areas throughout South Africa had yei to be intensively explored.

In 1966 radiometric surveys in various parts of the Republic were
undertaken.”  The following year studies were done by Palabora
Mining Company into possible methods of extracting uranium from
urano-thorianite at Phalaborwa in the northeastern Transvaal. Towards
the end of 1969, following the development of novel and successful
gravity concentration and chemical extraction techniques feasibility
studies were completed and the construction of a full-scale plant
commenced. This was completed in mid-1970 and production of
uranium oxide began in August of that year. Prospecting resulted in
extensions to known South African uranium reserves from 1966 to
1972, 100

Secondly, as it was in the country's interest to locate additional sources
ind v extend and develop South Africa’s uranium industry, a new Act
was introduced to Parliament which would delete or amend certain of
the hampering provisions of the old Atomic Energy Act of 1948 '™

By the new Atomic Energy Act of 1967, the ownership of the mined
uranium was transferred from the State to the person or mining
company which had mined such material. (These measures had also
been adopted by countries such as the United States of America and

the field of nuclear raw materials. HJ Brynard et al: Uranium in South

Africa, publication of the Atomic Enﬂsr:.onmmion. June 1988, p. 12;
JW von Backstrom: “Uranium”, South ! 's Mineral Wealth, p. 13

98 “Search for Uranium Urged. Resumption of Uranium Prospecting is
Needed", SAMEJ, (78), N2 (3). August, 1976; IW von Backstrom,
Correspondence, November 1991,

99 Assembly Debates, vol. 21, | Ma;-14 June 1967, 26 May 1967, col. 6755.

100 HI Boynard et al: Uranium in South Afvica, pp. 10-11; FAGM Camisani
Calzolari and PD Toens: “South African Uranium Resource and Production
Capability Estimates”, AEB, PER - 51 - 3, September 1980, Introduction;
AR Newby-Fraser, Chain Reaction, p. 70.

101 Statutes of the Republic of South Africa, Act No 90 of 1967, pp. 1428-
1476, Assented 10 19 June 1967.
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Canada.) Permission still had to be obtained fivui the Minister 1o
prospect for uranium but might only be withheld if the Minister
considered that the security of the State would be endangered. In this
way the essential control was retained because the uranium and other
source materials still were regarded as of strategic importance. Written
authority by the Minister, which he might only grant after consultation
with the  Atomic Energy Board, was required for the possession,
disposal, enrichment, re-r acessing and export of uranium, '

Finally, by 1970 South Africa had increased its uran.wn reserves. The
increase had resulted from nev: discoveries in both the Republic and
South West Africa, as well a from the achievement of higher
extraction efficiencies coupled with the development of improved
extraction processes |

102 Assembly Debates, vol. 21 | May-15 June I1+67, 26 May 1967, col. 6. |
6746,

103 AJA Roux: Talk on the Radio programme, “Top Level”, 27.6.1970,
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CHAPTEr FIVE

ATOMS FOR PEACE

South Africa’s position as a leading uranium producer contracted 1o the
Combined Development Agency gave the country status in developing
international atomic energy relations. By early 1954 it was becoming
essential that some form of agreement be attained between the nuclear
wtions on nuclear proliferation.  President Eisenhower's Atoms for
Peace initiative would lead to the First International Conference on the
Peaceful Uses of Atomic Energy in Geneva in 1955, [issionable material
beine made available to developing countries and 'he Sfounding of a new
tnternational agency to control nuclear energy.  South Africa sent a
delegation to the conference ar Geneva. Even though the Minister of
External Affairs, Evic Louw, had by 1957 embarked on a policy of
confrontation with the United Nations Organization, South Africa’s
representatives could participate in the formation aof the International
Atomic Energy Agency (IAEA)  South Africa’s favourable position led
to formal agreements with both the United States Governmens and the
United Kingdom Atomic Energy Authority.  Nuclear science had
unlocked a vast new source of energy.

Eisenhower's Atoms for Peace Programme

The development of the uranium industry opened the way for nuclear

energy production in South Africa. The importance of the established
uranium industry in this regard cannot be overemphasized.  Although
uranium deposits throughout the world were rapidly being developed,

South Africa in the early fifties had the largest known reserves of

uranium in the world.! Major uranium deposits in the United States,

Britain and elsewhere still remained 1o be discovered. In terms of the

contracts with the Combined Development Agency, South Africa

provided the United States and Britain from 1953 with huge amounts of

RB Hagar: “National Aspects of the Uranium Industry®, JSAIMM, $7,
April 1957, p. §77; Interview with DB Sole, 12.12.1990.
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uranium for employment in various military programmes. There is
little doubt that the South African uranium supplies were essential to
the United States military programme.® This situation would change
alter 1958 It was therefore of importance that South Africa utilize its
paramount position in world uranium production. The South African
Atomic Energy Board seized the moment. and made the most of is
direct involvement with atomic energy authorities in both the United
States and Britain. Developments in international politics will illustrate
how it came to be that South Africa was to play a role in international
nuclear energy affairs in the fifties.

In 1950 America could not disregard the importance of nuclear
armaments as the Soviet Union would not partake in the United
Nations' proposals on disarmament. The Western powers were
fol'owing a policy to contain Communist influence in Europe and Asia
wd deepening international conflict had led 10 & cold war situation with
the Soviet Unijon. !

As has been discussed earlier, the Baruch Plan (1946) was unacceptable
1o the Soviet Union. They had objected to the system of inspection and
insisted upon keeping the power of veto in the United Nations
Orgaaization. Without these two provisions the Western powers felt
that there could be no security against the secret manufacture of nuclear
hombs and therefore no value in the plan. In 1948 the Soviet Union
proposed a ore third reduction of armed forces by the great powe:

To adopt it would kave meant a much greater reduction for the Wesigorr
ferees, each of which would have had to be reduced one third. Instead
the United States urged in mid-1952 that absolute figures be sent for the
anoted jorces. The Soviet Union opposed this. In America work had
been pressed forward on the hydrogen bomb. It was successfully tested

2 DB Sofe: " Rise of Nuclear Sanctions against South Africa®, American
Review, Jan. 1936, p. 2

3 GF Kennan:  The ~uckar Delusion, pp. 59-60; WI Cohen: The

Cambridge Mistory of American Relations, pp. 3742, FH
Hartman: The New Age of mmm Policy, pp. 126-128.
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i the Pacific proving ground in 1952. On August 12. 1953, the
United States announced that their monopoly of the H-bomb. had been
broken by the Soviet explosion of a hydrogen device. In that same year
a series of United States announcements revealed that tactical nuclear
weapons had become a reality. By early 1954 Russia, the USA and
Britain had nuclear weapons. These rapid advances in destructive
capacity made disarmament by agreement more urgently essential.

In the years 1949-1953 there was no single decision or resolution in the
United Nations on disarmament that enjoyed unanimous support of the
nuclear nations. *

Between 1949 and 1954 the problem on nuclear disarmament changed
In two i* portant respects: nuclear weapons were no longer confined to
4 single nation and nuclear weapons werg proliferating in kind and
number. Where “the bomb" had received all the attention, the
interrelation of all weapons systems were now reasserted. The United
Nations merged the UN Atomic Energy Commission and the
Commussion for Conventional Armaments into a new Disarmament
Commission on 11 January 1952 giving it power to survey the entire
programme. Both the United States and the Soviet Union brought their
proposals for disarmament of conventional forces before the new
commission.®

The development of the atomic and hydrogen bombs as well as tactical
weapons could only be controlled by some form f collective security .
An accumulation of atomic weapons and nuclear devices was in a sense
4 form of "external aggression”. The USA, Britain and Russia needed
@ mutual insurance plan, which could be a guarantee that these most

4 D Thomson: Europe Since Napoleon, pp. 884-885: FH Hartmann: The
Relations of Nations, pp. 289-290.

5 A McKnight: Atomic Safeguards: A Study in International Verification,
p. 19

6 FH Hartmann: The Relations of Nations, p. 290
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destructive nuclear devices would be kept in check for the preservation
of all mankind

In the early 1950's a committee of scientists headed by Julius Robert
Oppenheimer (Director of the Y Project of the Manhattan Project)
submitted a report to President Fisenhower on the destructive effect of
thermonuclear (i.e. hydrogen; weapons.  The report recommended
some new approach 1o Russia on preventing war, in view of the new
potential for destruction and recommended that the public be informed
of the danger of such weapons.’ President Eisenhower accepred this.
On 8 December 1953 he addressed the General Assembly of the United
Nations Organization. In preparing his speech two approaches appear
10 have been considered by his advisors. The first was 10 stress the
Increased destructive potential of nuclear weapons and the second was
10 propose an international effort 1o use nuclear energy for the welfare
of man. The President chose the second approach *

The theme of his speech developed from the fact that in 1953 world
supplies of special fissionable materials (plutonium and  enriched
uranium) were almost wholly used for weapons programme .. Almost
the entire world production of natural uranium fed the reactors and
Isolope  separation plants in the nuclear weapons countries.  The
question the President posed was whether the time had not come for a
concerted world effort to devote some part of the nuclear energy effort
(0 the peaceful applications of nuclear energy.  This proposal became
known as Eisenhower's Atoms for Peace Programme. He believed that
the nuclear military build-up could be reversed. This could be done if
the governments principally involved would make contributions from
their stockpiles of natural uranium and special fissionable materials to a
new international agency for nuclear energy. This agency would
allocate its materials in order 10 serve the peaceful pursuits of mankind,

7 N Moss: 'l\el’ollhul‘Unllu-.pp.llau.

8 A McKnight: Atemic Safeguards: A Study in International Verification,
p19
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such as the production of electr’.  ower. There were also subsidiary
uses of radioactivity in agricoire, wiedicine and  other fieids.
Assistance provided by the er 'y would be accompanicd by some
form of verification that the leai encrgy would not be used for
destructive ends. Such an a- ould be set up under the acgis of
the United Nations Organization, -

The speech was received with tremendous acc' im.  For many years
nuclear energy had appeared 1o be only destructive. At last there was
hope that the new science would be -wneficial.  President Eisenhower's
speech provided something positive and hopeful. In the middle fifties
expectations of what nuclear power could do were somewhat inflated. 10

The United States was swift to follow up the President’s proposals and
the US Secretary of State made his first approach 10 the Soviet
Ambassador on 11 January 1954, The negotiations which followed
occupied nearly four years !

With Eisenhower's Atoms for Peace Programme. the Russians departed
from their negative attitude in the 1940's and were prepared 1o discuss
proposals. The progress of negotiations was not encouraging, however,
the USA persisted with its initiative. These new efforts were not aimed
directly at disarmament, but rather at decreasing the tensions implicit in
the existence of threatening large United States and Soviet military
forces. The new approach admited by implication that a method had
not been found actually to disarm; but if tension could be reduced, the
way might be prepared for voluntary scaling down of armaments on a
significant scale.

Two important proposals were made. President Eisenhower proposed a
reciprocal aerial (“open skies”) inspection of security installations by
9 N Moss The Politics of Uranium, pp. 4143,

10 A %cxm.m: Atomic Safeguards: A Study in International Verification,
p. 20

145



Stellenbosch University https://scholar.sun.ac.za

the United States and the Soviet Union. together with a complete
exchange of blueprints and pinpointed data on such installations. The
Russian reaction was unenthusiastic. They, in wrn, proposcd an
alternative "cross roads” inspection plan. They suggested that foreign
commissioners inspect transportation and communication facilities vital
10 war preparation, so that there would be warning if mobilization was
being attempted secretly for a surprise attack. The USA was equally
unenthusiastic about this proposal. As before, neither the USA nor the
Soviet Union trusted each other sufficiently to institute nuclear or
conventional disarmament on a basis of good  faith, without
guarantees.

However, the United States went ahead with Eisenhower's plan. There
was substantial development of bilateral arrangements for co-operation
in nuclear energy. In 1954 Eisenhower took steps to clear away
domestic impediments to the carrying out of his plan. He authorized
Congress 10 amend the 1946 Atomic Energy Act so as to permit the
transfer of fissile materials to other countries and private incustry. As
things tumed out, action did not wait upon  Soviet agreement.
Underleveloped countries pressed at the United Nations for some
follow-up to Eisenhower's bold words. In November 1954, eleven
months after Eisenhower's speech, the United States announced in the
General Assembly that it was willing to give away 100 kilograms of
fissile material for peaceful uses. However, the United Nations
Agency did not yet exist to receive it. So this material was to be given
bilaterally to individual countries. Agreements were made not only
with the United States. The United Kingdom and Canada also
negotiated their own bilateral agreements. !?

Meanwhile talks went ahead on the setting up of the new international
ageacy. The Soviet Union maintained that the renunciation of nuclear

12 FH Hartmann: The Relations of Nations, p. 291.

13 A McKnight:  Atomic Safeguards: A Study in International Verification,
pp. 20-21; N Moss: The Politics of Uranium, pp. 41-45.
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weapons must be a precondition to any international plan for peaceful
uses. Eisenhower announced that the new agency would be set up
without the Soviet Union, if necessary. When it became clear that an
agency was going to be brought into being anyway, the Soviet Union
switched its tune and agreed to take part in the negotiations. The
Geneva Conference of 1955 was, therefore, a wrning point in USA and
Soviet relations and the latter was willing to participate in the crestion
of the proposed agency. 4

The International Conference on the Peaceful Uses of Nuclear Energy

1955 marked the tenth anniversary of the date on which nuclear cnergy
was released on a practical scale. In 1945 the explosions of nuclear
bombs that destroyed large areas of Hiroshima and Nagasaki announced
the advent of a new epoch in the history of mankind. The nilitary use
of nuclear energy left its mark in all future developments i1 sciciice,
technology, economics and politics. Work in nuclear armame.'s ang
all related research, even that connected only indirectly with the
development of such weapons, was carried out in the strictes: secrecy,
which made professional contacts between scientists not merely difficult
but actually impossible in many fields of science and technology. This
isolation was broken by the initiative of the United Nations when the
First International Conference on the Peaceful Uses of Atomic Energy
was convened (in Geneva. 8-20 August 1955). The advent of the
production of electricity by nuclear fission and the designing of a
successful reactor fueled with natural uranium in the United Kingdom
(1953) gave practical demonstration of the non-military application of
nuclear processes. '*

14 N Moss:  The Politics of Uranium, p. 45, A McKnight:  Atomic
Safeguards: A Study in International Vevification, pp. 21-22.

15 As early as 1950, a plutonium producing experimental reactor at Windscale
on the north-west coast of Britain went critical, In February 1953 a natural
uranium reactor design was produced by the Harwell Atomic Energy
Research Establishment (Berkshire). It was suitable for the production of
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The International Conference in 1955, which was a direct result of
Eisenhower's  Atoms tor Peace Programme initiative, saw the
restoration of the scientific contacts that had been iterrupted by the
Second World War and the conditions of strict secrecy that followed
it'% The conference proved that the major powers wished to make a
fresh and direct approach to the nuciear problem.

Even though South Africa in 1955 had no urgent immediate need for a
new electric power source, the Atomic Energy Board and the
Government were determined that South Africa should share in the
benefits of the peaceful uses of nuclear power. A government mission,
consisting of Dr HJ van Eck, the industrialist and chairman of the
Industrial Development Corporation (IDC), Dr JT Hattingh (the then
chairman of ESCOM), and Dr § Meiring Naudé, chairman of the
CSIR, visited Britain and Europe in 1955, specifically to investigate the
industrial uses of nuclear energy and to compose the South African
delegation to the First International Conference on the Peaceful Uses of
Atomic Energy !

As Dr HJ van Eck would be called upon to play a particular significant
role in nuclear energy decision-making during the 1950's and 1960's,
his accomplishments, prior to 1950, should be reviewed. Dr Van Eck
had obtained his doctorate in chemical engineering from the University
of Leipzig. During the 1930's he played . significant role in the
development of ISCOR and the Anglo-Transvaal Consolidated
Investment Company's oil from coal project. He was appointed
Chairman of the Industrial and Agricultural Requirements Commission

military plutonium and for the generation of electric power. (AECA) AJA
Roux: Atomic Energy Research and Development, Part 11, United
Kingdom and Canada, p. 10.

16 (AECL) Address by VS Emalyanov, eresident of the Third International
Conference on the Peaceful Uses of Atomic Energy: . of the
Third International Conference on the Peaceful Uses of Atomic Energy,
21 Aug - 9 Sept 1964, vol. . p. 27

17 (AECA-P) AJA Roux: Proposed Atomic Energy Research and Development
Programme for South Aftica, pp. 66-67.
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in 1939 The Commission produced the renowned Van Eck Report. It
revealed that South Africa was rich in minerals, but inefficient in its
use of the available natural resources. Dr Van Eck thought it a mauer
of utmost urgency that South African industries should be encouraged.
He believed that South Africa was one of the least sclf-sufficient
countries of the world and vitally dependent on the outside world for its
own economic activity.  Far too high a proportion of manufactured
goods was being imported from overseas (machinery, timber, textiles)
while there was unemployment and a “poor white" problem in the land.
When the IDC was established in 1940 Van Eck was appointed
managing director. It would be through the IDC that he would make
the greutest contribution to a greatly expanded and more balanced
economy. The IDC financed private enterprises, but became also the
medium of finance for large Government-sponsored undertakings such
as SASOL and FOSKOR (both established in 1955). Therefore. when
it came to nuclear energy decision-making during the 1950's and
1960's, Dr Van Eck's knowledge of South Africa's industrial
capabilities, fuel requirements and its economic potential would be
called upon.'*

DB Sole (who was from September 1955 to March 1957 in charge of
South Africa's Permanent Mission to the United Nations) believed that
South Africa semt a top-level team to the First Conference and
exhibition on the scientific and industrial uses of nuclear energy held in
Geneva in 1955  They were particularly proficient for the mission.
The attendance of Dr HJ van Eck and Dr S Meiring Naudé at this
Conference would play an important role in influencing the South
African Government to set in motion the South African Atomic Energy

18 (IDC  Library, Johannesburg) “Pioneer in Industry - Architect of a
Remarkable Revolution®, FCI Viewpoint, May 1970, p. 11; (IDC Library,
Johannesburg) 1940-1970 Thirty Years on the Industrial Dev
Corporation of South Africa Limited. p. 7. GD Scholtzz Die
Ontwikkeling van die Politicke Denke van die Afrikaner, Deel VIII, 1939.
1948, pp. 27-28.
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Research and Development Programme. that will be discussed in detail
in a following chapter ¥

South Africa’s participation in the First International Conference is
historically significant for a number of reasons. South Africa's nuclear
collaboration with the Federal Republic of Gurmany probably took its
origins from the contact made between the South African and German
delegations at this Conference.

The auendance of a South African delegation at the First International
Conference was of importance as the papers that were submitted to the
Conference gave a broad international and worldwide spectrum of
development in nuclear power. Papers on the following subjects were
submitted:  The World's Requirements for Energy. The Role of
Nuclear Power; Physics; Research Reactors: Power Reactors; Cross
Sections Important to Reacior Design;  Physics of Reactor Design;
Geology of Uranium and Thorium; Nuclear Chemistry and the Effects
of Irradiation;  Production Technology of the Materials used for
Nuclear Energy; Reactor Technology and Chemical Processing;
Radioactive Isotopes and Nuclear Radiation in Medicine; Biological
Effects of Radiation, Radioactive Isotopes and lonizing Radiation in
Agriculture;  Physiology and Biochemistry; Legal, Administrative,
Health and Safety Aspects of Large-scale Use of Nuclear Energy;
General Aspects of the Use of Radioactive isotopes;  Dosimetry;
Applications of Radioactive Isotopes and Fission Products in Research
and Industry 2!

19 (SAL) DB Sole: This Above All (Unpublished manuscript), p. 201;
Interview with DB Sole, 12.12.1990,

20 DB Sole: “The Rise of Nuclear Sanctions against South Africa”, American
Review, Jan. 1986, p. 5.

21 (Atomic Energy Corporation Library) Proceedings of the International
Conference on the Peaceful Uses of Atomic Energy, vol. 1, Preface, p.
Vil
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This first International Conference on the Peaceful Uses of Atomic
Encrgy included such a wide range of subjects pertaining 1o peacctul
uses of nuclear power at a time when the world was still very much
aware of the destructive power of nuciear energy.  The horrors of
Hiroshima and Nagasaki were partially forgotten in the Increasing
interest in nuclear power and the many possibilities of radioisotope
applications. The peaceful use of atoms and the First International
Conference p'ayed a major role in promoting nuclear power for
peaceful purposes and stressed the need for collective security on such
an important issue.

Dr BFJ Schonland delivered a paper on nuclear energy in South Africa
at the Geneva Conference. The rapid technological achievement of
extracting uranium from gold ores would mean a great deal w South
Africa in future. He said in his paper that in spite of its advantages as
an uranium pro.. er, the Union of South Africa was not likcly o be a
rapid user of nuclear power on a large scale, for it has abundant
supplies of good and cheap coal in concentrated areas of the Transvaal
and Natal. Those were highly localized deposits and the more distant
industrial areas such as Cape Town and Port Elizabeth have to rely for
their coal on rail transportation over nearly a thousand miles
(approximately 1609 km). This not only adds greatly to the cost of
electrical power at those places, but also make: industrial development
difficult. Dr Schonland stated that South Africa might well, within ten
years, be “"calling out for nuclear power stations”. There were two
other areas in the Union which were still in a worse position for coal
supplies, and in which fairly large amounts of power could be
profitably employed. The first was the highly mineralized region of the
North West Cape and Namaqualand; the seconc, also served by a
lenuous rail system, was the territory of South West Africa, 2

22 BFJ Schonland: “Nuclear Energy and Southern Africa”, Proceedings of the
International Conference on the Peaceful Uses of Atomic Energy, ¢
August - 20 August 1955, vol. I, pp. 411-412

151



Stellenbosch University https://scholar.sun.ac.za

It is of significance in the development of uranium and nuclear energy
in South Africa that it was established at the Geneva Conference in
1955 that nuclear power gave every promise of supplementing the
world's dwindling resources of conventional energy. Were South
Africa 10 decide to embark on » nuclear energy research and
development programme in the 190 s it would involve millions of
rands. It is therefore relevant o give som~ idea of the advantages and
statistics relating 1o nuclear energy that were expounded by
fepresentatives from various countries at the Conference. These
Statistics would in the 1960's have hearing on decision-making
concerning a possible market for South Africa’s enriched uranium,

According 1o WL Cisler from the Detroit Edison Company USA the
basic sources of energy in the early 1950's were firstly the heat encrgy
released by the combustion of fossil fuels - coal, oil and gas - and
secondly the energy of falling water. Although the fossil fuel and
hydro-electric power resources of the world were collectively great
indeed, they were not evenly distributed geographically. In many areas
of the world wh.re energy had been extensively utilized power
requirements had increased to such an extent tha; complete exploitation
Or exhaustion of conventional resources were already becoming
dpparent.  Everywhere there were foreseeable limits which, taking
history into account, gave cause for concern.” Therefore, countries
with inadequate natural fuel resources would at some future date be
dependent on a foreign source for nuclear fuel.

In a paper by AEG Robinson and GH Daniel from the United
Kingdom, in the years 1860-1954 man's use of energy . ad been
multiplied many times by the use of the commercial fuels coal, oil,
natural gas and water power.?* A eriking featve was the

23 WL Cisler: "The Role which Nuclear Energy can Play as an Energy Source
in the next 25-50 Years", Proceedings of the International Conference on
the Peaceful Uses of Atomic Encrgy, % August - 20 August 1955, vol. |,
pp. 436427,

) This paper was J0indly written by AEG Robinson (University of Cambridge)

and GH Daniel (Ministry of Fuel and Power, UK). The form.r contributed
primarily to the analysis of i, growth of future demand for power; the latter
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comparatively steady upward trend over the whole period in total
energy consumption, including wood and farm wastes. This trend had
been about two percent per annum compound.”®  During the second
half of the nineteenth century the use of wood was declining, and that
of coal increasing rapidly. During the first half of the twentieth
century the total consumption of the conventional fuels had increased at
a fairly steady two percent per annum, but the increase in coal
utilization had slowed down and the main burden of meeting the
increase in requirements had been carried by oil, natural gas and hydro-
electricity. The rates of increase of these averaged five or six percent
per annum. ¢

According to EAG Robinson and GH Daniel the world's natural
resources were not inexhaustible. If total demand for the primary fuels
continued its long-term growth of two percent per annum, and no relief
was available from nuclear or other new sources of energy, the reserves
of solid fuel. liquid fuels and natural gas would have been reduced by
the year 2025 1o about 300 years' life at the existing rate of
consumption.?” With increasing industrialisation i the second half of

was chiefly responsible for the sections concerned with the reserves of fuel
and future supplies.

i “Compound” meaning that the calculation of energy consur stion includes
the accumulative two percent per annum increase cach year between 1860
1954,

26 EAG Robinson and GH Daniel: The World's Need for a New Source of
Energy”, pp. 1839, Proccedings of the International Conference on the
Peaceful Uses of Atomic Eergy, vol |, 1955,

i ; Possible demand for the ©  nventional Sources of Energy in the Absence
of a New Source according to Robinson and Daniel

(Milliard wons of coal equivalent)

Total enes .y Coal Hydro-electricity Ol andd Natural Gas
1950 1R 1.6 0.2 1.0
pELT T4 20 0e 45
a8 12.1 2.3 2.2 6

EAG Robinson and GH Daniel:  “The World's Need for 1 New Source of
Energy ", Proceedings o [ the International Conference on the Peaceful
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the twentieth century long-term growth would increase. At a rate of
growth of three percent per annum, they would have been reduced to
about 120 years' life at the then curremt rate of use. If expansion
continued at two percent a year to 2050 (implying a total consumption
per head of about four times that of 1950) the remaining reserves would
fall to about 150 years, with a three percent rate of growth reserves
would be depleted within 40 years. In many countries a decline in
consumption would have been enforced by then. However, the need 1o
supplement the existing sources of energy during the fifties was
considerably more urgent than was implied by a calculation of possible
overall demands and reserves 2 In the absence of a4 new source,
scarcity of fuel wouid begin to create serious problems. In addition
there was, however, the danger of underestimating world requirements
and diminishing resources. 2

In his “Summary of the Conference”, Glenn T Seaborg, Chairman of
the United States Atomic Energy Commission, said that by the year
2000 more than half s world's electricity would be generated by
nuclear energy 0 » . shergy would be the answer to a future
sev iy of fuel. South Africa would therefore have 1o prepare for the
AW situation in global fuel requirements.

Uses of Atomic Energy, vol. [, (955 P- 46, See also Department of
Economic and Social Affays. United Nations, *World Energy Requirements
in 1975 and 2000*, PP 3-15. Procecdings of the International Conference
on the Peaceful Uses of Atomic Energy, vol. 1, 1955,

28 EAG Robinson and GH Daniel:  he World's Need for a New Source of
Energy ", Proceedings of the International Conference on the Peaceful
Uses of Atomic Energy, vol_ |, 1955, pp. 4647,

29 ES Mason and Staff of the Peacetime Atomic Energy Project, USA, “Energy
Requirements and Economic £:0Wth", pp. 64-65; Department of Economic
and Social Affairs, United Nations, “World Energy Requirements in 1975.
20007, mmdmmcmmMWUm
of Atomic Energy, vol. I, 1955 p. |5.

10 GT Seaborg:  “Summary of the Conference”  Proceedings of the
International Conference on the Peaceful Uses of Atomic Energy, vol. |,
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It was stated at the Conference that nuclear energy has one advantage
that would have far-reaching impact. From a weight standpoint it is the
MOSt portable of energy sources. Hydro-electric  resources are
absolute'y fixed geographically.  As for coal, oil and gas, there are
economic limits to the distances over which these conventional fuels
might be transported.’ Dy § Meiring Naudé had said previously in an
address to a group of Johannesburg businessmen. carly in 1954 that it
seemed likely that nuclear power could compete with coal in the
Western provinee, because of the increasing costs o, the transport of
coal from the Witwatersrand to Cape Town.

Formation of the International Atomic Energy Agency

The idea of an internationai authority that would control all phases of
nuclear energy production and use goes back W 15 November 1945
However, as discussed in a previous chapter a stalemate situation
existed between the major powers on nuclear weapons control in 1949
Although reports by the United Nations Atomic Energy Commission
were passed by the Security Council and the General Assembly, the
Commission reached an impasse and was dissolved by the General
Assembly in 1952

After these failures the ideals of an international authority were
incorporated under Eisenhower's Atoms for Peace policy. In his
address to the United Nations (December 1953) President Eisenhower
proposed the establishment of such an authority.  From January until
September 1954, the United Nations and the Soviet Union exchanged
views on the Eisenhower proposal. These were kept confidential until

31 WL Cisler: “The Role which Nuclear Energy can Play as an Energy Source
in the next 25-50 Years®, Proceedings of the International Conference on
the Uses of Atomic Energy, vol. [, 1955, p. 437

32 SM Naudé: " Aromic Energy in South Africa”, Coul, 2(2) Apnil 1954, p. 34

i3 (SAL) 20 Years, International Atomic Energy Agency, 19571977, IAEA
Publication, Austria, 1977,
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publication of the main documents by mutual consent on 25 September
largely for the information of the General Assembiy  In June 1954 the
United States, after notifying the USSR, hegan discussing the proposal
for an international atomic eneryy agency with a group of states
comprising the Urited Kingdom Canada, France, South Africa,
Belgium, Australia and Pracgal.  This became known as the eight
nanon group.  Mouecrship was based on being advanced in the
technology of ator.c energy or being a producer, actual or potential of
uramum for the: American and United Kingdom military programmes.
States in either category would be the prime source of contributions of
know-how and materials to the new agency. Discussions in the eight
nation group appear to have been preliminary in 1954,

By 1955 South Africa was supplying a fair share of the uranium tor the
US nuclear weapons programme . ** As & leading uranium producer and
having commenced developments for the furtherance of nuclear
science, South Africa was one of the original eight staies which
initiated the establishment of the International  Atomic Energy
Agency

The United States, as a resul of Eisenhower's Atoms for Peace
initiative, and without waiting for the creation of the international
agency, was prepared to share its advanced nuclear technology witks
countries it regarded as friendly. It offered each of them a research
reactor and a grant of $350 000 towards its installation costs.  The main
elements of the safeguards of the Baruch Plan were incorporated in
these bilateral agreements for supplying material to other countries.

34 A McKnight: Atomic Safeguards, A Study in International Verification,
p 21

35 See Chapter S, p. 141; DAV Fischer: “Slowing the spread of nuclear
weapons - The Role of International Safeguards®, Optima, vol. 33, no 3,
September 1985, p. 100,

16 (AECA) Annual Report of the South African Atomic Energy Board 1958, p.
i
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These agreememts gave the USA the right 1o examine design
mnformation, call for reports and carry out inspections.*’

During 1955 the eight nation group considered the proposal for the new
agency while the United States continued bilateral dialogue with the
USSR. On 29 March 1955, the United States circulated to the group a
first draft of a stawte for consideration. A second draft was handed
confidentially to the USSR on 29 July *®

The impact of the Conference on the Peaceful Uses of Atomic Energy
(1955) sharpened the demand for the early creation of the international
agency and broadened the desire for participation in the task of its
establishment. ™ At the end of the Conference, the United States
distributed the second draft of the statute to eighty four States and
requested their comments.  Discussion in the General Assembly that
followed in the last quarter of 1955 was cordial.  There was some
dissonance. but no negative vote was cast against the concluding
resolution, by which, in effect, the eight nation group, became the
twelve nation group, with the addition of Brazil, Czechoslovakia, India
and the USSR. This twelve nation group was to prepare a draft statute
for the establishment of the International Atomic Energy Agency taking
account of views expressed either in the General Assembly debate or by
individu.l States.  This draft would be submitted to a final conference
to which would be invited all Members of the United Nations and of
the specialized agencies of UNQ 0

3 DAV Fischer:  “Slowing the spread of nuclear weapons - The Role of
International Safeguards®, Optima, vol. 33, no 3, September 1985, p. 100,
IAEA Safeguards, Aims, Limitations, Achievements. IAEA Publication,
1983, po 15; A McKnight:  Atomic Safeguards, A study in International
Verification, pp. 20-21

38 A McKmight: Atomic Safeguards, A study in International Verification,

p- 12

9 20 Years, International Atomic Energy Agency, 1957-1977, JAEA
Publication, Austna, 1977, p. §

40 20 Years, Intecnational Atomic Znergy Agemcy, 1957-1977, 1AEA
Publication, Austnia. 1977, p. §: A McKnight: Atomic Safeguards, A
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During the formation of the IAEA, South Africa's international
relations were deteriorating.  South Africa was recognised as a leading
uranium producer and supplier to the West, but South Africa’s situation
in the United Nations Organization changed after 1955.

In the early 1950's the government passed a number of Acts enforcing
complete social and residential segregation ' A number of Asian and
Middle East states including India took the matter to the United Nations
Organization. Opposition 1o the Union of South Africa began playing
an important part in the deliberations of the United Nations. 2

WC du Plessis, South Africa’'s High Commissioner in Ottawa. led the
South African delegation to the 1955 General Assembly of the United
Nations Organization, which commenced on 20 September of that year.
The South African Minister of Fxternal Affairs, Eric Louw, had
decided to embark on a policy of confrontation with the United
Nations, so it came about that on 24 October 1955, acting on
instructions from the South African Government, the South African
delegation withdrew from the discussion on apartheid.  This was
followed about two weeks later by the withdrawal of the South African
delegation from the General Assembly as a whole .+

In September 1956, the Indian delegation to the United Nations had
requested once again the inclusion in the General Assembly agenda of
the United Nations the item dealing with apartheid. That session of the
United Nations would see the biggest drive up to that time against the
so-called colonial powers, which included South Africa. It would also
be against Britain and France over the Suez Canal; against France over
Algeria and Togaland; against Britain over Cyprus and against Holland

study in International Verification, p. 22; (AECA) Annual Report of the
South African Atomic Energy Board 1955, p. |

41 Population Registration Act (1950); Group Areas Act (1950); Separate
Representation of Voters Act (1951).

42 Amry VandenBosch: South Africa and the World, pp. 229-213
43 (SAL) DB Sole: This Above All (Unpublished manuscript), pp. 171-172.
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over New Guinea. The anti-colonialist drive was becoming more than
a drive against countiies with colonial empires. It was a drive against
all people of the white race. ™ Sole believed that South Africa's
isolation in late 1956 was not only because of apartheid, but South
Africa’s decision for neutral detachment m the Suez crisis and its
ahstention on a General Assembiy resolution condemning British and
American agereswon in Suez

In December 1956, the South Afi can Government took the decision to
partially withdraw from the United Nations Organization. At this time
isotation did not affect South Africa’s position as a leading uranium
producer.  Despite South Africa’s situation in the United Nations,
South African representatives could participate in the formation of the
International Atomic Energy Agency (IAEA). The negotiations for the
establishment of the Agency took place in three Slages:  the twelve
nations  Washington Conference (February 1956); the Statute
Conference (September - October 1956), and the IAEA Preparatory
Commission meetings (January to March 1957).

The twelve nations group met in Washington DC early in 1956 (o
complete the draft of the statute. This conference became known as the
Twelve Nations Conference. 4

The second stage was the Statute Conference (September - October
1956) which convened at the United Nations headquarters in New
York, to approve in final definitive form the draft constitution and
terms of reference of the International Atomic Energy Agency drawn
up by the representatives of the twelve powers who had met in
Washington earlier in 1956. The Statute Conference was open to all
members of the United Nations Organization and specialized agencies,

44 (SAL) DB Sole: This Above All (Unpublished manuscript), p. 180,
45 Ibid., pp. 181-182.

46 20 Years, International Atomic Energy Agency, 1957-1977, IAEA
publication Austria, p. §.
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and over 60 states participated. At the Staate Conference there was a
natural tendency for the welve States (0 say that the draft before the
conference represented the maximum consensus obtainable among any
group of States. However, there was a countervailing tendency for
others to resent the fact that they had not been associated with the
negotiations among the twelve and to seek new discussion on many
provisions of the draft. As a result there were some eighty amendments
tabled o the draft; about sixty were voted upon and about thirty
adopted. Some of the main points of arguments were disarmament;
the “sovereignty" argument'’;  discrimination between nuclear-weapon
states and near-nuclear weapons states; relations with other organs of
the United Nations, constitutional provisions in the IAEA Statute; the
composition of the Board of Governors; powers of the Board of
Governors and the General Conference: Finance; and sanctions. The
Statute was finally approved on 23 Ociober and signed on 26 October
1956.4*

The Swte Conference appointed a  Preparatory Commission of
eighteen States. ¥  South Africa was one of the cighteen nations
torming the Preparatory  Commission. This Commission was the
forerunner of the Board of Governors which would later control the
functioning of the IAEA. In January and February 1957, the IAEA
Preparatory Commission continued its work in New York. Its tasks
were 10 make arrangements for the first session of the Agency's
General Conference and for the first meetings of the Board of
Governors of the Agency and to carry out other preparatory work

47 The “sovereignty” argument that safeguards would lead to interference in the
most varied fields of the life of a State. Safeguards should not place a State
i a position of political, economic or military dependence on other States.
(SAL) A Mcl(nzighl: Atomic Safeguards: A Study in International
. 24,

Verification, p

4 A McKnight:  Atomic Safeguards, A study in International Verificution,
pp. 22-33.

49 The eighteen states were: Argentina, Australia, Belgium, Brazil, Canada,

Crechoslovakia, Egypt, France, India, Indonesia, Japan. Pakistan, Peru,
Portugal, Umon of South Africa, USSR, United Kingdom, United States of
America.
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needed to bring the Agency into operation.  In particular the
Preparatory Commission was given a mandate to recommend an initial
programme of the activities for the Agency as well as its initial staff
structure, budget and the location of the permanent headquarters of the
Agency .50

The Preparatory Commission elected Carlos Bernades (Brazil) as its
President. It met until 20 August 1957, when it transferred its seat 1o
Vienna to supervise preparations for the first session of the General
Conference and the lirst meetings of the Board of Governors, 5!

The TAEA's first General Conference was held in Vienna from 1-23
October 1957, At the beginning of the Conference, the Agency had
fifty-four Member States, by the end there were fifty-nine.  The
Conference elected ten Member States to the Board of Governors, who
joined the thirteen States already designated by the Preparatory
Commission. The Conference and Board Jointly approved the initial
working programme for the Agency that had been drafted by the
Preparatory Commission and voted $4.1 million to carry it out. With
the establishment of the first Board of Governors, the mandate for the
Preparatory Commission was discharged and it ceased to exist. The
Conference unanimously decided that Vienna be chosen as the site for
the permanent headquarters of the IAEA and approved an agreement
between the Agency and the host government, Austria. A draft
agreement for the relationship between the United Nations and the
IAEA was adopted by the General Conference. The General
Conference approved the appointment of W Sterling Cole of the USA
as Director General of the IAEA for a term of four years,

50 20 Years, International Atomic Energy Agency, 1957-1977, IAEA
publication Austria, 1977, p. §.

51 Ibid.
52 Ibid.. pp. 6.9
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The Objectives of the IAEA were to accelerate and enlarge the
contribution of nuclear energy 1o oeace, health and prosperity
throughout the world. The Agency would ensure that nuclear energy
would not be used in such a way as to further any military purpose_ ¥

Although the idea of the Agency acting as a nuclear fuel bank was
discarded in the course of the initiating negotiations, the original
concept of an organization to control nuclear materials and equipment
and ensure their peaceful utilization, was entrenched in the Statute.
The main functions of the IAEA were briefly: to encourage and assist
research on, and the development and practical application of nuclear
energy for peaceful uses throughout the world: 1o make provision for
materials, services, equipment and facilities for these purposes,
including the production of electric power; 10 foster the exchange of
scientific and technicai information on the peaceful uses of nuclear
ENErgy: o encourage the exchange and training of scientists and
experts in this field; 1o establish and administer safeguards to ensure
that special fissionable materials and sources were not used in such a
way as to further any military purpose; 1o establish standards of safety
for the protection of health and miniciization of danger to life and
progerty in the operations making use of fissionable materials; finally
L0 conduct its activities in accordance with the purposes and principles
of the United Nations, 1o promote peace and international cooperation
and, in conformity with the policies of the United Nations, to further
the establishment of safe-guarded world-wide disarmam .

53 Article 11, Statute of the International Atotsic Energy Agency, Annex 4 in A
McKnight:  Atomic Safeguards, A study in Intirnational Verification, p.
208,

54 Article 111, Statute of the International Atomic Energy Agency, Annex 4 in A
McKnight: Atomic Safeguards, A study in International Verification, P
205-207; RB Hagart:  *National Aspects of the Uranium Industry ",
ISAIMM. 57, pril 1957 pp, $71.572.
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Throughout all three stages of the long-drawn negotiations South Africa
made important contributions.** South Africa’s representative, Donald
B Sole, played a significant role in promoting compromises and
achieving an essential measure of compatibility between opposing
views. His moderating influence and the high esteem in which all the
other governors held him are acknowledged as having had a very
significant and progressive influence on the development of the
IAEA %6

DB Sole gives an account of what happened behind the scenes at all
three stages of negotiations for the establishment of the IAEA.
According to Sole, from February 1956 (when the Twelve Nations
Conference took place in Washington) the South African delegation,
including Jack Holloway, South African Ambassador in Washington,
DB Sole and Brand Fourie (later, from 1958, South African
representative at the United Nations Organization) had to de a
considerable amount of lobbying. ¥

Even at this early stage in the establishment of the IAYA, it can be
deduced from Sole's account that the behind the scenes activities
among IAEA representatives foliowed much the same pattern as at the
United Nations itseif. Lobiving of United Nations Represcatatives
takes place in the delegates’ lounge of the United Nations headquarters,
at receptions and even at the offices of Missions to the United Nations
Organization.* Sole, as a South African representative at the United
Nations, had some experience in these *actics and, as indicated above,

55 (AECA) RB Hagart:  “National A<pects of the Uranium Industry®,
JSAIMM, 57, April 1957, p. 172; Annual Report of the South African
Atomic Energy Board, 1958, p. 1.

56 AR Newby-Fraser: Chain Reaction, p. 10,

57 DB Sole: This Above All (Unpublished m .uscript), pp. 171-175; DAV
Fischer: “Slowing the spread of nuclear weapons - Role of International
Safeguards”, Optima, vol. 33, no 3, Sepiember 1985, p. 100; Brand
Fourie: Brandpunte, p. 38,

S8 DB Sole: This Above All (Unpublished manuscript), p. 177
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played a ro'e in swaying certain decisions in South Africa's favour. It
should however be home in mind that the United Nations Organization
is under the sw~, oi 2 leader nations (the USA, Britain, the Soviet
Union and France; - countries that determine major decision making.
South Africa’s involvemant 'vish the Combined Development Agency at
the time would undoubtediy ha 'e carried weight in the Twelve Nations
Conference and in the appointment of a South African representative (o
the Board of Governors.

The ambassadorial .luties of the leader of the South African deies ation
to the twelve nations Washingion Conference, Jack Holloway, teok up
a great deal of his time, thereiore most of the lobbying, the wheeling
and dealing with other delegations, was delegated to the deputy leader
DB Scle.  Sole was obliged to develop his own nuclear expertise by
intensive reading *

According to Sole, the American delegation at the Washington
Conference seemed to regard the South African delegation as
expendable.  However, Sole believed that the good personal
relationship he was able to establish with Dr Homi Bhaba, the leading
Indian nuclear scientist, was of much consequence during the
proceedings of the Conference, as well as the final composition of the
Board of Governors. At one stage during the Washington Conference
Sole feared that South Africa would be sold down the road  His good
relationship with Dr Bhaba saved the day Tl rolationship was
facilitated by the fact that the deputy leader of tne Indwan Jelegation
was Arthur Lall, head of the Indian Mission to the Uniied Naticns,
whom Sole knew personally from their associauon as reeular
participants in the meetings of the Commonwealth United Nations
group in New York. Sole was favoured by an additional factor, the
leader of the French delegation to the Conference, was Ambassador
Couve de Murville, whom he had known during World Was Il when he

50 DB Sole: This Above Al (Unpublished manuscript), p. 173.
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was a leading member of the Free French administration established in
London by De Gaulle *

Another member of the French delegation was nuclear scientist Dr
Bertrany Goldschmidt, in charge of the external liaison division of the
French Atomic Energy Comumissariat, with whom he became firm
friends - a friendship which remained constant for many years.
Goldschmidt was a great ix', in teeching Sole, a diplomat, w0
understand Bhaba, his fellow nuclear scientist.®

The formula finally adopted for establisiing the composition of the
Board of Governors of the proposed IAEA was largely the product of
Bhaba's initiative, based on a prior understanding and tentative
agreement reached with the South African delegation. It in effect
guaranteed both countries, India and South Africa, a permanent seat on
the Board of Governors. However, with the proviso that each country
(India and South Africa) continued to be the member of the IAEA in a
specific region most advanced in the rechnology of nuclear energy,
including the production of source materials. That meant, India in the
region of South Asia, and South Africa in the region < Africa and the
Middle East™ The phiose “including the production of source
materials” was Sole's addinon, designes o strengthen South Africa’s
claims arising from her position as a major producer of uranium. Sole
regretted that he failed w foresee and make provision against
unconstitutional action that wou < later deprive South Africa of its
position in the IAEA &

The twelve nation Washington Contercree lnunched Sole o1 his long
association with TAEA .ad with nuc st energy genermlv, an

60 DB Sole. This Abov: AN (Unpel hed manw<c ), p. 173,

61 Ibid.
62 (AECA) Annunl K- a1 of the South Africs Ator . ¥nrgy Board, 1058,
p L

63 DG Jole: Txis Above All ( ‘npublishe ) manuscript;, o 175,74,
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association which was 1o last until his retirement from the Board of the
South African Atomic Energy Corporation in June 1985, nearly thirty
years later. It was this conference which also launched DAV Fischer,
Second Secretary in the South African Washington Embassy into his
career in the IAEA. He took an active part in this Conference, and
later in the Statute Conference in New York ™ The twelve nations
Conference was a tremendous triumph for South Africa, in contrast to
the role the South African representatives were assigned at UNO at the
time %

WC du Plessis, the South African ambassador in Washington, was
appointed leader of the South African delegation to the Statute
Conference (September 1956). He delivered the opening speech, but
had little time to attend to the duties of the Statute Conference as he
had to assist the South African Minister of Finance who was then in
Washington, conducting financial discussions with bankers in New
York. Sole, as deputy leader of the delegation, had to deliver most of
the speeches and nearly all the lobbying was his responsibility. He
achieved success in this despite the pressures against South Africa as a
pariah state in th: United Nations Organization at the tme. Of
importance is that Scuth Africa was able to retain without diminution or
amendment, its prestigious position in the IAEA which had been
achieved at the twelve nation conference in Washington, and was
acknowledged a leading world producer or uranium

DB Sole believed that he accomplished much and was able to make a
notable contribution as South Africa's representative on the 18 nations
Preparatory Commission. (The third stage of the establishment of the
IAEA, January and February 1957). The IAEA headquarters would be

64 DAYV Fischer was seconded to the IAEA Secretariat in Vienna in 1956. He
Iater j the 1AEA as an international civil servant and rose sieadily in the
hierarchy. He was later head of the Agency's Division of External

Liaison. DB Sole: This Above All (Unpublished manuscript), p. 174,

65 DB Sole: This Above All (Unpublished manuscript), pp. 171-175.
“ Mo' P- In.
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in Vienna. Sole was transferred from New York to the Austrian capital
where he would be South Africa’s representative at the IAEA.  Sole
was appointed governor on the Agercy's Board of Governors for ten
years, leading the Union's (after 1961, the Republic) delegation to ca.)
of the annual General Conferences of the newly established IAEA .7

South Africa's Collaboration Agreements with the United States und
United Kingdom

South Africa’s favourable position as a leading uranium producer led to
close relations with the Uniied States and Britain in the nuclear field
despite the country's diminishing status in the United Nations' General
Assembly. Relations were such that on July 8, 1957, a formal
Cooperation Agreement was signed i: Washington between the United
States and South Africa, covering the civ.! uses ol nuclear energy. The
United States had agreements with many nations as part of the Atoms
for Peace Programme. South Africa's Cooperation Agreement was
therefore a result of Eisenhower's Prograrame. %

The Agreement for Cooperation between the Government of the
Republic of South Africa and the Government of the United States
concerning the civil uses of nuclear energy, should be reviewed in some
detail. The Agreement was entered into on 8 July 1957, and would
remain in force for a period of ten years.® Although political and
ideological differences would develop between the two countries in
later years, for the period 1957 10 1970 this Agreement was of
paramount importance in the development of nuclear energy in South
Africa. It permitted the exchange of unclassified information on the

67 (AECA) AR Newby-Fraser: Chain Reaction, p. 10; (AECA) Annual
Report of the South African Atomic Energy Board, 1958, p. 1.

68 Interview with DB Sole, 12.12.1990.

69 (AECA) Agreement for C ion between the Government of the Union
of South Africa and the Government of the United Staies of America
concerning the civil uses of nuclear energy, Article Il p. 3.
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development, design, construction, operation and use of research,
experimental power, demonstration power and power reactors, as well
as information on geology, chemistry, technology of extracting
uranium, health and safety problems and the use of radio isotopes.™

Of particular importance was the approval of the exchange of rescarch
materials for specific research projects relating 1 the peaceful uses of
nuclear energy. Furthermore, that research facilities and reactor
material testing facilities were made available to the two parties (the
Union of South Africa and the United States of America) in the
agreement. South Airica was thereby in a position to acquire a
research reactor®, to send South African scientists and engineers to the
USA for specialized training and obtain uranium enriched up 1o twenty
percent in the isotope U-235*.7" The enriched uranium wor'!1 not be in
excess of the amount of material necessary for the fuli loading of each
specific reactor. Should the materials testing reactor®, rescarch reactor
and reactor experiments require special nuclear material, the United
States Commission would, upon request, make a portion of *he material
enriched* (up to 90%) available. Each reactor would not operate with
a load that would exceed cight kilograms of contained U-235 in
uranium. All conditions and safety precautions (that would have to be
undertaken by boih parties in the Agreement) in the transferring,
storage and use of the enriched uranium were set out in detail in the
Agreement. This included special nuclear materials produced as a
result of irradiation processes. *

Both parties gave their assurance that all material and equipment would
be used for civil purposes only. According to Paragraph B of Article
X, the International Atomic Energy Agency could, if it regarded it
necessary, replace certain safeguards provided in the Agreement (by
agreement of the parties). The United States Government also

70 (AECA) Agreement for Cooperation between the Government of the Union
of "suth Africa and the Government of the United States of America
¢ ..o ning the civil uses of nuclear energy, Article IV, p. 4.

gl Ibid., Articles VI, VII, VIIL, X, pp. 4-7.
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maintained the right t© eview the design of any reactor or other
equipment that the United States Energy Commission might determine
10 be relevant to the eff<cuve appii ition of safeguards. South Africa
agreed that these safeguards woulk! ¢ maintained.”

The parties would consult with ea i other, the extent to which they
would desire 1o arrange for the & win aration by the IAEA of those
conditions, controls and safeguards 1cluding those relating to heaith
and safety standards, required by the {AEA. If the parties found tr u it
was necessary to arrange for administration of safeguards by the IA"Y
on material and equipment transferred under the Agreement for
Cooperation, arrangements for such administration could be effected
without the necessity of modifying the terms of Agreement. In the
event that the parties did not reach mutual agreemen ~ this issue,
either party could by notification terminate the Agre: .

In the same month that the Cooperative Agreement with the United
States of America was signed, on July 18, 1957, an inter-agency
collaborative agreement was signed between the United Kingdom
Atomic Energy Authority (UKAEA) and the South Africa Atomic
Energy Board (AEB), spelling out certain aspects of uuclear
development in which the United Kingdom would assist the Union of
South Africa. Thez UKAEA and AEB (the parties in the agreement)
would assi:® cuo. other in procuring materials required for the
respective nuc aar energy programmes. The UKAEA was prepared 1
make avail'vie o the AEB information for the piomotion and
development of the peaceful uses of nuclear energy. This information
cuuld be used freely by the AEB, except if the information related to an
invention owned by the UKAEA. The AEB could make application for
patents and own any patents for inventions within the field of
collaboration. However, the AEB was not entitled to patents on

n (AECA) Agreement for Cooperation between the Government of the Union
of South Africa and the Government of the United Stac. of America
concerning the civil uses of nuclear energy, Article X1, p. 7.

3 Ibid., Article XII, pp. 9-10.
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communicated information alone. All infor nation  would  be
transmitted in ¢ nf Yence and could not be communicated to . third
party unless agreed . on by both the UKAFA and the AER. 7

The UKAEA was prepared to supply reactor fuel elements to e AEB
and to process spent fuel elements. The AEB undertook to employ the
fissile material wholly in the mutually agreed research and development
programme, and not o divert it to any other uses without prior
agreement with the Authority.  The AEB would agree 1o the
arrangements made by the UKAFA for chemical processing of any fuel
elements, which might from time to time require replacement. No
alteration would be made to the form or content of fuel elements. after
their removal from the reactor and prior to their return to the
UKAEA 7%

The UKAEA would, as far as it was in their power, assist the AEB in
its uegotiations with industrial firms in the United Kingdo, and
provide training facilities for South African scientists and engineers. 7

The Agreement would be for a period of ten years, after whict; i could
be renewed for such periods as the parties might agree upon.”

ihe signatories were VH Osborn, Deputy Chairman of the Atomic
Fieigy Board, and Sir Edwin Plowden, Chairman of the United
Kingdom Atomic Energy Authority. 7

The Agreement had a First and Second Annex. The Firs Annex set
out the kasis of exchange of information concerning the design,

| ————— . -

o (AECA) Agreement between the 1inited Kingdom Atomic Energy Authority
and i South Africa Atomic Energ: Board, pp. 1-2.

7t hid, pr 1 and 3.

76 Ibid,, p. |
” Ibid,, p. 3.
78 Ibid., p. 4.
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construction and operation of nuclear reactors.  Each party would
convey to the other general information on the overall progress and
economics of their respective power reactor programmes. Should the
Board intend at some future date to construct a reactor the UKAEA
would supply information on reactor materials (e.g. heavy water,
uranium, pile grade graphite and zirconium®), properties of reactor
materials, reactor components, reactor physics technology, reactor
engineering technology and environmental safety considerations.

The Second Annex dealt specifically with the collaboration on methods
of producing heavy water. The AEB having declared its interest in
carrying out research on methods of producing heavy water, the
UKAEA agreed 10 provide-facilities for two workers employed by the
Board to do research on heavy water at the Atomic Energy Research
Establishment, Harwel]. 7

(The Agreement between the UKAEA and the South African AFB was
renewed after ten years expired in July 1967. I: was extended for a
further period of five years, until July 1972, after an exchange of
letters betveen Dr AJA Roux (Director-General of the AEB) and Lord
William Penney (UK) in February - March 1967. During discussions
between Dr JM Hill (Chairman, UKAEA) and Dr AJA Roux
(Chairman, AEB), Dr #iil declared that the Authority was prepared to
extend the existing Collat-ocation Agreement until fuly 17, 1477 50

As <hali be seer: in the following chapter, these two agreements of July
1957, between the ' nited States and South Africa and the UKAEA and
the AEB, enabled Scuth Africa to acquire much nuclear information
irom both the United ‘‘ates and the United Kingdom. South Africa
could formulate a nuclear energy reseacch and development programme

79 (AECA) Agreement between the United Kingdom Atomic Energy Authority
and the South Africe Atomic Energy Board, pp. 14, Firs! Annex and Second
Annex,

80 (AECA) Leuter from Dr JM Hill to Dr AJA Roux, 19.9.1968; Letter from
Dr AJA stoux to ™ JM Hill, 11.10 1968.
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in the knowledge that it would receive assistance from both those
countries. Throughout the years that the two agreements were in active
operation much was achieved. in particular the basic training essential
for the ultimate realisation of a nuclear industry in the Republic. Dr
WL Grant, (during the 1950's a mechanical engineer to th~ staff of the CSIR) is in
agreement with the above statement and believed that although political
pressures were mounting towards South Africa in the fifties and early
sixties, there was much cooperation between South Africa and both the
United States ard British nuclear energy authorities.®!

The provisions spelt out in the Agreement of Cooperation with the
United States were to have significant bearing on the history of South
African nuclear energy, as a result of political developments both
internationally and internally.  This was largely brought about by the
international movement in 1958, that began to focus attention on
proposals for achieving a nuclear test ban*. Considerable world
opinion feared the ever-rising radio-activity in the atmosphere resulting
from tests. Moreover the nuclear powers had a certain mutual interest
in encouraging the cessation of nuclear testing before such devices
became more widespread among nations. Although those countries that
did not have nuclear weapons, would by such an agreement be
prohibited from testing, it would make any testing programme more
difficult to defend. The idea had obvious merit in preventing further
pollution of the atmosphere and some potential for preventing further
nuclear proliferation. Despite their political differences, the Russians
on the one side, and America and Britain on the other, agreed on
unilateral suspension of tests in 1958, following a technical conference
in Geneva on the detection of auclear blasts. This conference having
concluded that an effective control system should be devised to police a
test ban, a political conference began setting about preparing a treaty on
31 October 1958.%2 These events would have a direct influence on

81 Interview with Dr WL Grant, 28.7.1989: AR Newby-Fraser, Chain
Reaction, pp. 8.9,

82 FH Hartmann: The Relations of Nations, pp. 291-292.
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South Africa's i« ium industry and nuclear energy research
developments.

In the IAEA, the need for collective security and an understanding on
essential issues on the part of the two super-powers, the United States
and the Soviet Union, enabled the Agency to surmount petty problems
such as, for example, personality prejudices.®* (Sole believed that
Sterling Cole "was one of those Americans who believed that anyone or
anything Russian (was) basically suspect”,)s According to Sole it was
an extremely important achievement on the part of the Agency that
essential nuclear issues prevailed over other differences between the
Soviet Union and the United States.

The latter would, in its function of establishing and administering
safeguards to ensure that special fissionable materials and sources were
used for peaceful purposes and not applied in any way as to further any
military purpose, acquire paramount international status. Inspections of
this nature would involve a derogation from sovereignty. In other
words, the Agency would be involved with a state or nation's most
classified and independent decision making: its nuclear potential and
armaments.  This made the whole issue of inspection very highly
political. The political factors were compounded by the fact that the
four nuclear powers (USA, UK, USSR and France) insisted that no
safeguards should he applied to their own nuclear installations, while
pressing for the most rigid application of safeguards to the installations
of the non-nuclear powers. %5

83 Collective security: all nations could be secure if all were guaranteed their
territorial integrity and existing political independence against external
aggression by any state or states - it is 4 mutual insurance plan. FH
Hartmann: The Relations of Nations, p. 15; DB Sole: This Above Al
(Unpublished manuscript), p. 198,

84 Sterling Cole was the first Director General of the IAEA. See DB Sole:
This Above All (Unpublished manuscript), p. 198.

85 DB Sole: This Abave All ( Unpublished manuscript), p. 201,
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The USA, with Soviet backing, for a long time argued that source
material, even in the form of uranium-bearing ore, should be subject to
safeguards. If this proposal was to have been carried w its logical
conclusion, it would have involved making South Africa’s gold mines
subject to international safeguards, since South Africa's uranium
production was essentially a by-product of the Witwatersrand Gold
Mines. Sole fought this proposition and like proposals in every way.
Ultimately the concept of such proposals was dropped entirely. In the
process, however, Sole was seen as the leader of those members of the
IAEA, the non-nuclear countries, represented on the Board of
Governors (namely, South Africa, India, Pakistan, Argentine and
Brazit) which had the most reservations about the rigidity of the
safeguards system which the IAEA, under United States directions and
with Soviet support, sought to apply. Sole emphasised that there was
never any objection on the part of South Africa to the application of
health and safety measures by the IAEA %

South Africa took a stand against the imposition of excessive safeguards
against diversion to military purposes.  There existed inherent
discrimination in this respect against those non-nuclear powers seeking
to develop their own nuclear programmes. It is interesting to note, in
this regard, that at that time Canada gave full support in the IAEA for
the application of the most stringent safeguards, but it was that country
that was at least partly responsible for the transfer to India of materials
and technology that enabled India at a much later date (February 1974)
to explode a nuclear bomb. In his position as Governor on the Board
of Governors, Sole became the South African expert on safeguards, and
could advise the AEB and the Government on those and related
issues. "’

86 DB Sole: This Above All (Unpublished manuscript), pp. 201 and 202.
87 Ibid., p. 202; N Moss: The Politics of Uranium, pp. 79-88.
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South Africa would, therefore, have o be supplied from abroad with
enriched fuel for an essential part of the research programme. The
functioning of South Africa’s research reactor would be dependent on
an overseas supply of enriched fuel. As early as 1959, South Africa's
international status indicated that problems might arise from such a
dependence.

On United States and British initiativ  an organization known as the
"London Suppliers Group” was set up. This group comprised
representatives of Western countries who were ia a position to supply
nuciear materials (including enriched fuel). The group normally met in
London - hence the name - but also in Paris and Washington. 'ts object
was 1o reach agreement on what quantity of materials and what type of
equipment would bear a risk of nuclear proliferation. The supply sert
10 a specific country would be subject to the appi.cation of the efiestive
safeguards. The group initially comprised representatives of the United
States, Britain, France (as nuclear powers) plus Australia, Belgium,
Canada and South Africa. Later the group would be enlarged.

DB Sole represented South Africa at the meetings of the London
Suppliers Group. He was subjected to a lot of pressure because of his
insistence on preserving a certrin freedom of action for South Africa.
It was only the French representative who occasionally gave him
support in this, because France was also concerned 1o retain her
freedom of action, although as a nuclear power she was not so
constrained as South Africa was.  Sole found that he had 10 make
independent decisions at the meetings of the group, as Pretoria, while
he was involved with the IAEA, did not have the expertise to supply
proper directives *

NN DB Sole: This Above All (Unpublished manuscnipt), p. 202
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It would be through this group that South Africa could collaborate with

the United States concerning a supply of enriched fuel for her research
reactor (that would be acquired in the 196C's).
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CHAPTER SIX

INVESTIGATIONS INTO AND PLANNING OF
A NUCLEAR ENERGY INDUSTRY FOR
SOUTH AFRICA

In the 1950's it was evident thar economically nuclear power could not
compete with coal in the Pretori, -Witwatersrand- Vereeniging area in
this century. However, an abundance of coal was no reason why a
country should not consider nuclear development. Where coal was to be
frausported for grear distances nuclear power could be a proposition.

The possibility of a nuclear power plant in the Western Cape as well as

the prospect of using South African wranium Jor nuclear power
production set in motion investigations into nuclear energy production
in South Africa. In 1956 q Commission of Enquiry was appointed 1o
Study the possibility of nuclear power in South Africa and she iy afeer
the Atomic Energy Board appointed the Research Advisory Committee 1o
investigate the question of research in the nuclear energy field  Later
that year Dr AJA Rowx Was appointed Director of the Board's Atomic
Energy Research programme. In 1957, Dr Roux undertook an extensive
overseas tour ‘o inquire into the nuclear research and developmens
programmes abroad as well as possible markets for South African
uranium. He acquired extensive knowledge of types of nuclear redactors

functioning overseas and learned which centres Jor advanced nuclear
Studies would be prepared to ac ept South African graduates who could
be trained 1o initiate reactor development in South Africa.  On his

return Dr Roux set about the Sormulation of an Atomic Energy Research
and Developrient Programme for South Africa.

The Commission of Enquiry (1956)

In an address carly in 1954 10 & group of Johannesburg businessmen.
Dr SM Naudé stated that there was wide diversity of opinion as 1o
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when South Africa would start 1o use nuclear power.! There was no
doubt, however, that it was going to happen in spite of the difficulties
involved. At this carly stage a number of aspects regarding nuclear
power production were being considered. Cost was an important
factor. The only way to estimate the expenditure involved in a nuclear
power plant was to build a full-scale nuclear power station. Taking
Into account an overall thermodynamical efficiency*, the amount of
uranium needed to fuel a natural uranium reactor*, and the cost of
electricity production in South Africa, there was little chance that
huclear power could compete with coal in Pretoria, on the Rand or in
Vereeniging .2

As early as 1954, Dr Bronowski. an outstanding British expert on the
effects of nuclear power, believed that Southern Africa could play a
leading part in the new industrial revolution based on nuclear energy.’
Expansion in South Africa was hampered by the limitations set by
railway transport. According to Dr Bronowski uranium was not a rival
for coal in South Africa. Both coal and uranium could be sources of
power, especially in the expanding economy of Southern Africa. Any
addition 10 power resources was 4 gain.  Where coal had 10 be
transported for great distances, and in the mining industry, Dr
Bronowski saw advantages for nuclear power in Southern Africa 4

Both Dr Naudé and Dr Bronowski made mention of the conservation of
fossil fuels. In the fifties there was an awareness that in years (o come
man would be compelled 1o discover a new power source and that he
would not be able 1o rely on non-renewable natural resources
indefinitely. Of significance was the realization in most countries of
| Amuuummempu'uo!lheNanewleMMol
South Africa, § Meiring Naudé: " Atomic Energy in South Africa®, Coal
and Base Minerals, 2(2) April 1954, p. 4.
2 Ibid., pp. 34 and 36,

3 J Bronowski:  “Nuclear Power, A Great Opportunity for South Africa®,
Optima, 4¢4) Dec 1954, pp. (1 and 12,

1 Ibid., p 13
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the world of the need 1o establish the extent of their own natural
reserves in order to be assured of an cver increasing source of power in
the future. A great optimism for nuclear power prevailed at that time.
With the advemt of Eisenhower's Atoms for Peace Programme, the
American public was treated to a stream of optimistic forecasts about
the benefits that nuclear power would bring. Nuclear power would be
science's gift to the ordinary citizen. It would produce electricity too
cheap 1o meter. Totally unfounded predictions were made as 1o the
uses of nuclear reactors. It was even said that nuclear reactors could be
installed in amongst others nuclear powered cars and vacuum cleaners *

The knowledge acquired by the South African mission to Europe and
the Geneva Conference in 1955 led by Drs HJ van Eck, JT Hattingh
and SM Naudé, placed leading South African industrialists. scientists
and engineers in a position to estimate the potential of nuclear power in
South Africa. They advised the South African Government on the
feasibility of the application of nuclear power in the country. In their
report the mission recommended that a nuclear power station should he
constructed in Cape Town. [ might be the most economic way of
Overcoming the transport problem between the Witwatersrand and Cape
Town. which was to some extent aggravated by the large amount of
coal which had to be conveyed for the purpose of power generation. ©
Drs Van Eck and Naudé set in motion the start of the South African
uranium development plan, i.e. the refining of uranium so that it could
be used as nuclear fuel.”

The delegation 10 the Geneva Conference also recommended that
scientists should be trained in South Africa for a period of two years,
after which the team members representing the various disciplines
nvolved in auclear research, should receive further specialist training
5 N Moss: The Politics of Uranium, p 47.

6 (AECA) PRE PEL 2 AJA Roux: Proposed Atomic Energy Research and
Development Programme for South Africa, |5 April 1958

7 Interview with DB Sole, 23.10. 1989
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Overseas, aimed at enabling them to Operate an experimental reactor on
their return to South Africa. Their recommendations led directly 1o the
appointment of a Government Commission by the Governor-General of
South Africa, Dr EG Jansen, and the responsible Cabinet Minister, Dr
AJR van Rhijn, to study the application of nuclear power on South
Africa and to commence investigations for an Atomic Energy Rescarch
and Development Programme for South Africa

Dr RB Hagart, Dr JH van Eck, Dr SM Naudé and CS McLean were
members of the Atomic Energy Board Comyr 11ee that drafted the terms
of reference of the National Commission of Enquiry, appointed by the
Government in 1956, that would investigate the application of nuc'car
power in South Africs. Chairman of the Commission was DD
Forsythe, then Secretary of Foreign Affairs.® The Electricity Supply
Commission, the mining industry, the South African Railways,
commerce and the CSIR were all represented. 0

The terms of reference set out for the Commission for Enquiry included
the possibility of nuclear power in the Western Cape. In order 1o
establish this, investigations would be carried out concerning (a) the
possible future demand for electrical power in the Western Cape
including demands resulting from possible future extensions to the
electrification of the South African Railways; (b) the estimated
comparative capital and operating costs of a nuclear power station and a

8 Appointmen: of the Commission of Enquiry by EG Jansen and the Governor-

iii: AJA Roux: Atomic Energy Research and Development

Programme for mm pp. 66-67. laterview with DB Sole.
12.12.1990; AR Newby-Fraser- Chain Reaction, pp. 3233

9 Appointment of the Commission of Enquiry by EG Jansen and the Governor-

“in-Council AJR van Rhijn, 7.12.1956, document as preface 10 RP

23/61 cmaswuounmdnmmerh
South Africa, p. i, 7.12.1956

10 The members of the Commission of Enquiry were DD Forsyth, SM Naudgé,
T Coulter, JA Kruger, IMK de Villiers, MD Marais and AJA Roux. Dr
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comparative capital anc operating costs of a nuclear power station and a
conventional power station; (c) the possible effect on the Railways in
their efforts to meet the full transport requirements of the country and
their planning for the future. if they were relieved, wholly or partially
of the transport of coal for power production; (d) the possible effect on
the economic structure of the country of substituting nuclear power for
conventional power in the Western Cape and other areas remote from
the coalfields; and (e) the distribution of extra costs, if any, of
producing power from nuclear energy against conventional methods of
power production, !

Secondly, the Commission would investigate the possible effect on the
coal mining industry if nuclear encrgy was used for power production
in the Western Cape instead of coal.

Thirdly, ownership, installation, operation and control of a nuclear
power station would have to be considered. Finally (as this was of
particular importance 1o the uranium industiy) in which fields industry
might be further advanced by the utilization of nuclear power, 12

Therefore one of the main areas of investigation of the Commission
was whether South Africa should embark on nuclear power production
even though large reserves of coal were available in the country .

The Commission only published its findings on 21 April 1961. While
investigations were being done between 1956 and 1961 the Atomic
Energy Board went ahead with preparations  for nuclear power
production in South Africa.

In the light of the evidence that had been laid before the Commu.sion,
the following conclusions on the terms of reference were reached: The

I Appointment of the Commission of Enquiry by EG Jansen and the Governor-
General-in-Council AJR van nnm'.u.lm. document as preface 1o RP
23/61 Commission of Enquiry uclear Power
South Africa, 21 April 1961, Pt

12 Ihid.
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demand for electrical power in the Western Cape area, would be
adequately met until at least 1968/69 by the existing conventional
power stations, augmented when and where necessary by a few
additional generating sets and by the large new conventional power
Station at Athlone in Cape Town. The needs at other areas remote from
the large coal fields had been. or would be, similarly catered for. No
reliable estimate of the capital and operating costs of a nuclear power
station in South Africa was at that time possible. Such an estimate then
could only be based on the known costs of the diverse types of nuclear
reactors in the United Kingdom, USA, Canada and elsewhere, which in
themselves were largely in the experimental stage and whose ultimate
costs were still largely a matter of conjecture. Al that could be said in
that regard was that in South Africa the overall cost of power generated
in a nuclear station would, at that time, substantially exceed the cost of
power generated in a conventional station of like capacity, and the
capital cost of a station of the former type would be rather more than
twice that of the latter. 1*

The Commissic .« found that the Railways could adequately cope with
the transportation of coal until at least 1968/69. There Was no reason
to doubt that the needs of the country thereafter could safely be lef 1o
the system of continuous advanced planning in operation by the
Administration, 14 According to the Commission the total substitution
of nuclear power for conventional power in the Western Cape would
have a serious effect on the coal mining industry and the country's
economy.  When the production of electrical power by ihe use of
nuclear heat became compstitive and desirable in South Africa, the
introduction of nuclear reactors would be a gradual process, for
conventional power stations would have to be permitted to exhaust their
useful lives. Ownership, installation, operation and control of all

13 Appointment of the Commission of Enquiry by EG Jansen and the Governor.
General-in-Council AJR van Rhijn, 7.12.1956, document as preface to RP
23/61 Cnuuhluuflilqdry the Application of Nuclear Power in
South Africa, 21 April 196], p. i

14 Ihi~
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future nuclear power stations should repose in the Electricity Supply
Commission. Finally, according to the Commission, there would be no
economic advantage for the substitution of nuclear power in the Cape
Western area or elsewhere in the Union, but there could be no doubt
that the advent of nuclear power in South Africa on an appreciable
scale at some future date would provide a stimulus not only to the
expansion of existing industries, but to the establishment of new
industries. It might facilitate the establishment of industries in remote
areas. !’

About a month after the appointment of the Commission of Enquiry,
the Atomic Energy Board 100k a first step in nuclear investigation. In
January 1956, the Research Advisory Committee was appointed 1o
investigate the question of research in the nuclear energy ficld. 1o
Members of the commitiee were Dr HJ van Eck (Chairman), Dr SM
Naudé (with Dr SJ du Toit as his alternate), Dr EJ Marais (Director of
the National Physical Laboratory), VH Osborn (Secretary for Mines)
and Dr AJA Roux (member of the AEB Physics Committee and
Director of the National Mechanical Engineering Research Institute) 17

This Commitiee made certain recommendations to the AEB. General
exploration work about markets for uranium and a search for other
minerals potentially important in an nuclear programme were to be
carried out.  The installation of an experimental reactor was
recommended. The Research Committee was under no illusions. It
believed South Africa could not adopt a "wait and see” policy.
Developments overseas were taking place at a tremendous tempo and

15 Appointment of the Commission of Enquiry by EG Jansen and the Governor-
General-in-Council AJR van Rhijn, 7.12.1956, document as preface o RP
23/61 Commission of Enquiry into the Application of Nuclear Power in
South Africa, 21 April 1961, pp. 4041,

16 The Research Commitiee was one of a number of sub-committees appoinied
by the Atomic Energy Board. According 10 Dr DM Kemp the minutes of the

meetings of this Sub-Commiftee could not be made available for research,
24.4.1991.

17 AR Newby-Fraser: Chain Reaction, p. 32,
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Bret o anges, especially in the fieid of the economics of nuclear power
for electricity could be expected in the following decade. It was
essential that South Africa remained abreast of developments taking
place overseas in that field 1%

It was the responsibility of the Research Advisory Committee 1o advise
the AEB and make certain recommendation. The production of nuclear
power in South Africa at some future date was one of the main
considerations.

The fact that one of the items on the minutes of the first meeting of the
Research Advisory Committee, in April 1956, was @ report by Dr AJA
Roux, "Heavy Water Production in South Africa", indicates that a
nuclear reactor* using natural uranium and heavy water as a moderator
was being considered.'? (The report by Dr Roux revealed the results of
the preliminary survey done by suggesting that the heavy water project
warranted further investigation. )

Heavy water production was an expensive undertaking and it was
regarded as uneconomical in nuclear power production. When the
methods of producing heavy water were analysed, South Africa had
Iwo very important conditions in its favour in the economic production
of heavy water. These were the availability of cheap power in the
country, and SASOL was one of the largest producers of hydrogen in
the world. It was in view of these conditions, in the latter half of 1956,
that it was suggested by Dr HJ van Eck that South Africa might

18 RB Hagar: “National Aspects of the Uranium Industry”, JSAIMM, 57,
April 1957, p. 578,

19 The physical properties of heavy water (or deuterium oxide) rendered it an
excellent moderator for the slowing down of fast neutrons in natural uranium
reactors. It is four times as effective as graphite in this respect. The critical
size of a natural uranium fueled heavy water moderated reactor is much
smaller than a graphite-moderated reactor, the ratic being 5:2. (AECA) AJA
Roux: I‘mpuodMnnirEur;y ammmmnm
for South Africa, p. 56-58,
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consider large-scale heavy water production at a price that compared
favourably with production in the USA and the UK 20

Taking into account South Africa’s large reserves of uranium, a natural
uranium reactor was strongly favoured in the middle fifties. The range
of materials as moderators, in reactors using natural uranium, is limited
and the best of these is heavy water. Consequently the capital cost of a
heavy water-moderated feactor would be substantially less than that of a
graphite-moderated counterpart, an advantage which, however, was
off-set by the much higher price of Leavy water as compared with
graphite 2! Consequently it was fecommended that two engineers be
appointed for the specific purpose of carrying out technical and
economic investigations to the Stage at which the AEB could make a
decision on the future of such a potential industry. The AEB approved
these appointments and from the beginning of 1957, AR Newby-Fraser
(chemical engineer) and JR Colley (mechanical engineer) were engaged
full-time in heavy water research in South Africa. From July 1957, in
collaboration with the Heavy Water Group at the United Kingdom
Atomic  Energy Research establishment, Harwel| they continued
investigations in England. They also visited heavy water plants in West
Germany. This was the first applied research undertaken by the staff of
the AEB.»

20 AR Newby-Fraser: Chain Reaction, pp. 32-34; In 1955 (he price of coal
Wwas two shillings and two pence per ion and that of electricity 0,39 pence per
kWh.

21 (AECA) AJA Roux: Proposed Atomic Energy Research and Development
Programme for South Africa, p 56.58.

2 Early investigations into heavy water production: AJA Roux and AR
Newby-Fraser: A Survey of Processes for the Production of Heavy Water
in the Union of South Africa, 29 March 1957, CSIR Pretoria; (AEC
Archives, Pelindaba) AJA Roux: Investigation of a Possible New Process
for Deuterium Separation, AEB. September 1958, (AEC  Archives,
Pcti:dnbul Annual Report of the South African Atomic Energy Board
1958, pp. 8.9,
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Dr AJA Roux

(Source: Atomic Energy ( orporation )
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I’r Roux's Overseas Mission

By the end of 1956 the Atomic Energy Board was contemplating a
natural uranivin heavy water moderated nuclear reactor as a type of
reactor most likely to be suitable for South Africa. However, the next
step was (o determine how far overseas countries had developed nuclear
reactors, and also how all the branches of uranium and nuclear research
were incorporated in an organised research programme.

At a meeting held on Novewoer 20, 1956, the Atomic Energy Board
constituted a  Permanent  Restarch and  Advisory Committee,
representing all sectors which could be concerned with nuclear
development.  Dr AJA Roux, then Director of the Mechanical
Engineering Research Institute of the CSIR, was appointed for a period
of eighteen months in a part-time capacity as Director of the Board's
Atomic Energy Research Progiamny  This appointment, which took
effect on December 1, 1956, was r with the approval of Dr §
Meiring Naudé, Presidemt of the C. ! for Industrial Research
(CSIR). on the specific understanding Wra. Dr Roux accepied the task
of formulating and planning the research programme . **

Dr Roux had received his doctorate in Mechanical Engineering and had
obtained a B.Sc. (Hons) in Applied Mathematics, cum laude at the
University of the Witwatersrand.**  In 1945 he was appointed senior
lecturer in mechanical engineering at the Umniversity of Stellenbosch
where he contributed to developing new engineering terms  and
expressions which had not existed in the Afrikaans language ** He was
promoted to Vice-President of the CSIR and later full-time Director of
the Atomic Research Programme. He would take a leading role and

p i Comment by ape-recording, AR Newby-Fraser, July 1991

2 At the University of the Witwatersrand (1932-1944) he was instrumental in
establishing the Society for Science and Philosophy, and became the first
editor of that association's publication, Die Suid-Afrikaanse Denker, which
had as its objestive the promotion of the Afrikaans language as related 1o
science

pA] AR Newby Frascr: Chain Reaction, p. 37,
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became known as one of South Africa’s leaders in science. He had a
strong personal interest in nuclear energv, which led him to read deeply
on the subject. He was aware that in his position as Director of the
Mtomic Research Programme. he was given an opportunity and
responsibility. It would depend in a very large measure on his
judgment and recommendations whether such a programme could be
implemented and whether South Africa could achieve world stature in
the field of nuclear science. Eventually Dr Roux, the scicntist, built up
the reputation as a diplomat of unique ability. He could, in any
company, political or intellectual, put across that which he firmly
helieved in, in a way that would bring his listeners to consider his
proposals.  In this regard, the promotion of nuclear energy in South
Atrica found in Dr Roux an advocate and diplomat without equal. This
ability and reputation which Dr Roux developed in the 1950's would,
With the later discovery of South Africa's uranium enrichment process,
be of even greater significance 2

During the period of approximately four months, from 17 August 10 9
December, 1957, Dr AJA Roux undertook an overseas tour on bhehall
of the South African Atomic Energy Board with the following objects
in view: To ascertain the nature and trends of developments in the field
of nuclear energy: to discuss with overseas authorities the tentative
rescarch and development programme for South Africa, which the
suthor had drafted and submitted to the Board before his departure, and
to obtain the views and comments of those authorities in regard to the
programme: 1o determine the extent to which the tentative programme
required modification in the light of the information obtained and
discussions conducted; 1o determine whether it would be advisable for
South Africa 10 link up the programme that it should decide 10
undertake with the programn'e(s) of one or more oversedas countries and
It 50, how and to what extent it should be done; 1o establish the size of
stafl and the extent of facilities required for the execution of a

26 Interview  with  Professor PC Haarhoff, 20.7 1989 and Dr RS Loubser,
25.7.1989
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conservative but realistic programme for South Africa, and thus the
approximate cost of the programme; to examine schemes and facilities
which were offered by overseas laboratories for training and study in
the field of nuclear energy and to discuss the conditions under which
South African trainees would be accepted for further training and study;
0 ascertain the nature of any requirements in regard o the
implementation and execution of the programme and to obtain, for the
Commission of Enquiry into the Application of Nuclear Power in South
Africa (of which Dr Roux wa, a member), as much information as
possible on the then status of nuclear power and its developunent. 7

Information from abroad, regarding a country's natural energy
resources and advancements in nuclear rescarch, was not casily
available or publicised Dr Roux's visits in 1957 1o nuclear
establishments, and to conduct conversations with many authorities in
all Bields on nuclear science, were invaluable in nuclear decision-
makii g in South Africa. Considering how many important nuclear
rese ©h centres he visited as well as the number of nuclear authorities
with whom he conducted discussions. Dr Roux was well-informed at
the time he formulated a nuclear research and development programme
for the Union of South Africa. 2%

On his return 10 South Africa Dr Roux compiled a report which he
walied  Atomic Energy Research and Development. The three parts
were:  United States; United Kingdom and Canada; and Continent of
Europe (France, Norway, Sweden, Holland, Belgium, Switzerland and
Western German' ). In the three volumes covering his mission, Dr
Roux gives a dstaiied descrintion of each country's research and
developeent programme and the natural resources available 1 that
couniry for povwer production: nuclear reactor development;  heavy

e T —

21 (AECA) AJA Reux:  Atomie Enuirgy Research and Development, Part 1,
United Statos, 31 Maih 1958, pp. 1-2.

28 \AECA) AJA Roux: Atemi- Energy Research and Development, Part 111,
“ontinent of Europe, pp 94107
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water production and facilities available for the training of South
African scientists.

Dr Roux's fact-finding mission in 1957, was of great significance in the
history of uranium and nuclear power in the Republic of South Africa.
He observed that research and development programmes of the various
countries differed in the way they incorporated the various divisions of
nuclear  development. eg.  natural  resources, research,  reactor
development.  The United Kingdom Atomic Energy Authority
(UKAEA), for example, was established in July 1954. It operated
initially through three main groups: A Research group of which the
Atomic Energy Research Establishment (AERE) at Harwell, Berkshire,
was the main establishment; an Industrial group at Risley, Lancashire,
and a Weapons group.s* The United States, in 1957, had oy far the
most extensive research and development programme ‘n the field of
nuclear energy.

Like Canada, France had its own uranium deposits.  France was the
only other non-Communist country which had a nuclear research and
development programme comparable with those of the United States of
America, the United Kingdom and Canada. ™!

In 1957 South African nuclear authorities were contemplating a natural
uranium reactor.  For this reason Dr Roux's observations on nuclear
reactor development in particularly the United Kingdomn and Canada
was of significance. Costs estimated in Britain for I production of
clectricity from nuclear power stations were used in an atiempt (0 assess

1

(AECA) AJA Roux: Atomic Energy Research and Development, Part 11,
United Kingdom and Canada, pp. | - 2.

30 (AECA) AJA Roux: Atomic Energy Rescarch and Development, Part 1,
United States, p. 4

3 (AECA) AJA Roux: Atomic Enevgy Research and Development, Part 11,

United Kingdom and Canada, pp. 77-79; AJA Rou: Atomic Encrgy
Research and Development Part 11, Continent of Europe. pp. 16,
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costs involved in the proposed nuclear power station in the Western
Cape.

By the time Dr Roux visited Britain in the second half of 1957, the
natural uranium Calder Hall "A" reactors had been in operation for
more than 18 months and, technically, very little difficulty had up to
then been experienced. Technical advancement in the United Kingdom
Wwas more rapid than expected, and the programme was radically
revised on two occasions.

By the end of 1957 nuclear power costs in the United Kingdom were
almost competitive with those of thermal power, and it was estimated
that costs would decrease in the period 1960-1990. The British had
embarked on an extensive nuclear power progrumme and proved by
1957 that the natural uranium, gas-cooled, graphite-moderated reactor
could successfully be utilized for nuclear power production.

In the United States only the Pressurized Water* and Boiling Water*
feactor types had, in 1957, reached the stage of development in which
they could be considered with reasonable confidence for full-scale
comimercial power plants. This view was confirmed by all the leading
authorities in the field of nuclear power in the United States, with
whom Dr Roux discussed the matter. Both these reactors would, in the
case of large-scale plants, operate on enriched uranium fuel

The French power reactor Programme was very similar to that of
Britain. The early developments were almost entirely concentrated on
the natural uranium-fueled, graphite-moderated, gas-cooled reactors,

i (AECA) AJA Roux: “Nuclear Energy: The Impact on South Africa”,
Commercial Opinion, August, 1957, p. 19.

33 (AECA) AJA Roux Atomic Energy Research and Development Part 11,
United Kingdom and Canada, pp. 31-32.

34 (AECA) AJA Roux: Atomic Energy Research and Development, Purt 1,
United States, pp 1111
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the country, it was recommended by Dr Roux that the investigation
which the AEB had already embarked + :.on be seriously pursued, ™

According o AR Newby-Fraser, + A1 B ariginally thought that South
Africa could produce heavy wan - momicaily (more economically
than any other country) because o' power and the large hydrogen
resources at SASOL. After investigation, the possibility of heavy water
production highlighted the fact that the energy cost was by no means so
important as was thought initially. The capital costs of the project,
which would have had 1o be a big project, was perhaps not prohibitive,
but certainly an extremely high and important factor militating against
heavy water production in South Africs 9

There is no doubt that the decision in connection with heavy water
production in South Africa would involve great expenditure.  The
exiensive investigations by the AEB and especiaily by Dr Roux, as 1o
the pros and the cons of such a project, indicate that decisions were not
hastily taken and that as much knowledge as possible was accrued from
overseas countries.  This is of importance considering that future
decisions involving even larger costs would have to be taken, if South
Africa progressed to the Stage on nuclear power production. It may be
said that this was the beginning of a pattern followed by the AEB 10
weigh all factors before making a decision. This was surely the most
arduous task facing the South African Atomic Energy Board for the
country could not afford to remain behind in the development of
nuclear power, for both industrial and strategic reasons.  South African
scientists and engineers would wish to be part of world progress in this
field, but scientific progress was moving at a rapid pace and the
country could not afford 1o embark on costly ventures that, after only a
few months or years, would have to be terminated because the
authorities had not sufficiently planned ahead  This was a most

8 (AECA) AJA Roux: Atomic Energy Research and Development
Programme for Mmp. 62,

39 Comment by tape-recording, AR Newby-Fraser, |8 July 1991,
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difficult situation for South Africa in particular, for the couniry had a
limited budget and many commitments. The thorough investigation
into the economic production of heavy water illustrates prudent
deliberation that can only negate certain criticism that would later be
put forward that extensive expenditure was too great for South Africa's
economy .

If South Africa wished to develop its uranium potential and nuclear
power capability, South African graduates would require tuition and be
given the opportunity 0 work at laboratories and nuclear plants 1o
acquire advanced training.

From Dr Roux's Feports it is clear that in 1957, the United Kingdom,
the United States, Canada. France, Norway, Sweden and Hoiland were
willing to offer facilities for the training of South African scientists, an
essential aspect for the establishment of nuclear energy rescarch in
South Africa,

Facilities which were available in the United States for the training of
scientists and students from foreign countries were examined and
discussed with the authorities concerned.  In the United States the
International School of Nuclear Science and Engineering (ISNSE), was
established in March 1955, 1o assist in the implementation of President
Eisenhower's Atoms for Peace Programme. The course offered was
given with the Co-operation of various universities, including North
Carolina State College, and Pennsylvania State University. The basic
Course-work of the programme was presented at the universities in a
first seventeen week period, and the more advanced material was
offered in a second seventeen week period at the Argonne National
Laboratory, Lemont, Chicago. The basic course-work covered six
subjects:  Nuclear Reactor Engineering, Nuclear Reactor Physics,
Nuclear  Reactor Instrumentation, Nuclear Reactor Chemistry,

40 (AECA) AJA Roux: Atomic Energy Research and Development, Part 11,
United Kingdom and Canada, f 89: AJA Roux: Atomic Energy
Research and Development, Part | I, Continent of Europe, pp. 16-18, 29.
30, 48, 60.61.
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Chemical Engineering of Reactors and Metallurgy of Reactors. The
Course-work was divided into primary and advanced levels, so that
students might select topics of special interest or concentration as they
entered the second phase of the programme. 4!

The basic courses would be sufficient for the training of most scientists
and engineers, but some would have to attend specialized courses. The
qQuestion whether the US AEC national laboratories would accepi
foreign students for specialized wraining was discussed with Dr
Hilberry. Director of the Argonnc National Laboratory, who indicated
at that time they were not allowed 1o accept foreign students for such
purposes, because of the classified nature of some of the work of the
laboratory, He indicated, howe ver, that the US AEC was working on a
declassification scheme and he thought that by Scpiember 1958, the
national laboratories would be permitted 1o allow foreign scientists 1o
work in laboratories. However, this matter was subsequently disc:issed
with Dr Libby, one of the Commissioners of the US ArC. who
confirmed what Dr Hilberry had told Dr Roux, but was eXti mnely
sympathetic, and gave Dr Roux to understand that they would in 4l
probability accept South African scientists for such specialized training
at the Argonne and Oak Ridge national laboratories, even if certain
restrictions were not lifted. 42

Argonne was particularly well-equipped for specialized fraining in
reactor engineering, reactor physics, metallurgy and research reactor
design and operation. The same conditions applied to Oak Ridge
National Laboratory, Tennessee, USA which was most outstanding in
the training of scientists in chemical technology, radio-chemistry,
metallurgy, metal physics and research reactor design and operation. If
South Africa proceeded with a programme concerned with chemistry,
improved methods of extraction, and processing of uranium, the

41 (AECA) AJA Roux: Atomic Energy Research and Development, Part 1,
United States, pp. 85-86.

42 Ibid., pp. 89-90,

194



Stellenbosch University https://scholar.sun.ac.za

vhemistry and methods of extraction of thorium and the metallurgy of
uraniuin in relation to its uses as a nuclear fuel, the Oak Ridge
Laboratory would be the ideal place for specialized training of staff to
be employed .+

The Special Training Division of the Oak Ridge Institute of Nuclear
Studies offered a four week course in radio-isotope techniques. The
course was very largely a basic training course which the student had o
supplement by experience and extensive reading on the subject. Each
four week course was set up so that the schedule included about 24
hours of special topics seminars directed by specialists in various fields.
16 hours of nuclear science background lectures, and 48 hours of
laboratory and experimeptal work.  Because of the large number of
applicants, it had become necessary to accept only persons of the
highest research calibre, usually having doctorates or the equivalent in
their field of specialization

Taking into account the number of authorities Dr Roux spoke to and
nuclear establishments he observed there can be no doubt that Dr Roux
Was in a position to assess how the divisions of Engineering, Physics.
Chemistry, Cladding Materials. Fuel Element Research, Radiation and
Radio-aciive Isov pes, etc. were incorporated in the nuclear researct
programmes of at least ten leading countries in the world and could
therefore formulate one 1o suit South Africa’s needs,

Dr Roux, having investigated natural resources and nuclear energy
programmes in Europe, discovered that German uranium requirements
were at that time small, but that "it would be in the interest of South
Africa to explore the market for uranium without delay, not only in
Gennany but also in other countries on the continent of Europe, "4¢

43 (AECA} AJA Roux: Atomic Energy R.search and Development, Part I,
United States, pp. 90-93.

44 Ibid., pp. 84.85.

45 (AECA) AJA Roux Atomic Energy Rescarch and Development Part 111,
Continent of Europe, p. 85
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Discussions with European nuclear authorities revealed those countries
that had relatively small coal reserves and natural nuclear energy
resources. It was, therefore, in South Africa's interest that markets for
uranium were explored in. for example, Germany, Switzerland.
Norway and other countries in Europe.

Considering, on the one hand, that in the carly fifties South Africa had
the largest known reserves of uranium in the world, and on the other
hand, the advancements that had taken place in nuclear power
development abroad by 1957, it seems logical that South Africa should
have prepared itself to supply uranium in a form most competitive on
the international market. The two types of reactors furthest developed
in the zuted States were the Pressurised Water Reactor (PWR) and the
Boiling Water Reactor (BWR). Both these reactors employed enriched
uranium as fuel.

Dr Roux's fincings indicated that South Africa would have to make up
lost ground if it wished to contend with nuclear power development in
the future,

According to Dr Jp Hugo (appointed Head of Reactor metallurgy
(1960) and Deputy President of the AEB (1970)) the refinement of
uranium was not an over-ambitious ideal. Any country would, if it
were at all possible, try to refine natural POwer resources to the grade
that they would be m st competitive on the world market, In addition,
if a country with uranium resources wished at some future date to
enrich its own uranium the first step would be to refine and purify its
uranium ore. 4

There are certain indications that suggest that Dr Roux. in the
formulation of his Atomic Energy Research and Development
Programme, would have entertained the possibility that South Africa
could enrich its own uranium. In the late 1950's there was literature

46 Interview with Dr Jp Hugo, 26.4.1991.
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available on the possible ways in which uranium could be enriched +7
The very comprehensive programme that he ultimately proposed
substantiates this premise. 4

Dr Roux was aware that e position that South Africa occupied in
1958 in regard to the production of uranium v.as undoubtedly the most
important single factor which contributed to the country a laving
permanent seat on the Board of Governors in the International Atomic
Energy Agency * It was doubtful whether South Africa would be able
to maintain that leading position in the Agency unless it was prepared
o participate on a sufficiently large scale in nuclear research and
development %0

Dr Roux's Proposed Programme

The general approach adopted by Dr Roux in attempting  this
formidable task, was to consider very carefully the need for South
Africa to enter the expensive field of nuclear energy research, The
particular directions in which research would piove o1 greatest benefit
to the country and the manner in which such a programme of research
could be implemented so as 1o make maximum use of trained
personnel, facilities already available in the country, thereby reducing

47 Interview with Dr WL Grant. 27.7.1989,

48 While in Western Germany Dr Roux learned that Professor Groth, at the
Institut fir Physikalische Cheiaie of the University of Bonn, had for many
years been engaged in research into the separation of isotopes employing the
ultra-centrifuge method. AJA Roux: Atomic Energy Research and
Development, Part i1, Continent of Europe, pp. 8788,

49 As mentioned in the previous chapter South Africa was only guaranteed a
seat on the Board of Governors of the IAEA if it continued 1o be the member
of the IAEA most advanced in the technology of nuclear energy, including
the production of source materials in the region of Africa and the Middie
East.

50 (AECA) AJA Roux: Proposed Atomic Energy Research and Development
Programme for South Africa, pp. 75-76.
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technology which is associated with nuclear power, thereby enabling it
ultimately to manufacture for the domestic market and even capture a
portion of the overseas market for reactors or reactor components and
associated equipment. 52

According 1o Dr Roux it was generally recognised that there were three
ways in which developments in the non-military field of nuclear energy
affected mankind in general, and the scientific and industrial life of a
nation in particiar. These resulted from the fact that certain raw
materials had assumed or were likely to assume greater importance,
the world had been presented with a new power source and through the
use of radio-active isotopes, a new technique had become available for
the solution of scientific and technical problems. Tt was for this reason
that the research and development programmes of most countries made
provision for work in all three directions. Dr Roux added to these a
fourth additional *rection: Fundamental Research.

The Proposed Atomic Energy Research and Development Programme
Wwas composed of twelve main themes. The majority of them (1amely
eight) related directly to materials.

Themes T 10 VI dealt with the following:  the improvement of
uranium mining and extraction methods; the study of further sleps in
uranium processing; the study of the properties of uranium 1o its use as
a nuclear fuel; prospecting for thorium; the development of extraction
and processing methods for thorium*;  expansion of exploration for
reactor materials:  the development of extraction and processing
methods for reactor materials and the study of economic heavy-water
production possibilities, 5

The two other main direciions were embodied in the next three themes.
Themes IX 1 XI dealt with the following: research and development

52 (AECA) AJA Roux: Proposed Atomic Energy Research and Development
Programme for South Africa, pp. 11 and 12,

53 Ibid., pp. 3-4.
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Of 4 power reactor concept appropriate to Scuth Africa: the promouon
of the established uses of radioisotopes and radiation; and research 1o
establish new uses of radioisotopes and radiation.  The twelfth theme
recognised the importance of universities and dealt with fundamental
research basic 10 nuclear energy development,

in the final sections  of the twposed Atomic Energy Research and
Development Programme. Dr Rou: included recommendations on
aspects required for the execution of the programme, These were as
follows:  facilities: research reactor; staff and staff training; cost;
control and finance **

The specific projects. which were to fall under Theme 1 Dr Roux
discussed in detail with DG Maxwell. Consulting Metallurgist of the
Central Mining and Finance Corporation, and ET Pinkney, Consulting
Chemist of the Anglo American Corporation, as well as the Uranium
Technical Sub-Committee, during a formal meeting held on 21 June
1957 %

Theme 11 deult with the institution of a limited programme for the study
and research into the methods of the processing of uranium.  Dr Roux
recommended that the possibility of improving the grade of the product
exported be studied.  Processes then being developed at Chatillon
France and Oak Ridge, USA for that purpose, could be investigated in
South Africa. ¥

Theme [T of the Proposed Programme dealt with research of the
properties of uranium (o its use as a nuclear fuel. Dr Koux stressed the

54 (AECA) AJA Roux: Proposed Atomic Energy Rescare! and Development
Programme for South Africa, pp. 4-5.

55 Ibid., pp. 91-136.

56 (AECA) AJA Roux. Proposed Atomic Encegy Rescarch and Development
Programme for South Africa, ppo 21250 Annual Report, South African
Atomic Energy Board, 1957, p. &

51 (AECA) AJA Roux; Aowic Energy Rescarch and Development
Programme for South A . pp- 25-29.
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fact that South Africa, as one of the largest producers of uranium in the
world, should r that reason also be one of the leading countries in the
field of research on the use of uranium as a fuel.  Research and
development work in that field was essential because it would keep the
country in close contact with developments, and South African nuclear
authorities could then decide in whar form its uranium product could
most profitably be marketed. Dr Roux believed that the extent to
which plutonium would be used in future would to some extent depend
on the efforts that uranium producing countries were putting into
development of cheaper and more efficient uranium fuels. "

Themes IV and V dealt with a prospecting programme for thorium in
South Africa as well as the development of methods for the extraction
of thorium from South African ores. %

Apart from the prescribed materials uranium and thorium, there were a
number of other materials, which had assumed special significance by
virtue of their particular properties  which suited the stringemt
requirements of reactor technology . As development in the field of
nuclear power proceeded, so the demand for these materials would
increase.  South African deposits of these materials were 16 be
ascertained in order 10 ensure that the maximum benefit would be
derived from them. Themes VI and VI dealt with these aspects.

ix {AECA) AJA Roux: Atomic Energy Rescarch and Development
Programme for South < pp- 2936

59 Ibid., pp. 36-40

tl) The following is a list of the materials that fall in this catcgory aluminium,
beryllium, bismuth, boron, cadmium, carbon, cobalt, hafnium, lead, lithium,
magnesiut. - molybdenum, nickel, niobium, potassium, rare earths, sodium,
stainless steel, tantalum, titanium, fungsten, vanadium, zirconiwm, and in
addition heavy water and Organic matertals such as polyethylene, dipheny!
and hydrocarbons.  Most of these are regarded as restricted materials, but
only beryllium had, in terms of the Atomic Energy Act, been proclaimed a
restricted material. Some of these niaterials were prodused by South Africa
during 1959, (AECA) Annual Report of the South African Atomic Energy
, 1959, p. 6.
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With regard to Theme 1X, Dr Roux realized that the application of
nuclear power in a country should be preceded by a careful study and a
period of preparation. For this purpose a limited programme of
fesearch and development in the field of nuclear power was essential.
In view of the extent of the field of nuclear power, the programme of a
small country like South Africa, would have 1o be limited and have
specific objectives. The objectives were mainly to enable South Africa
o be Kept abreast of developments in nuclear advancement overseas.
(0 ensure that nuclear power development in South Africa took due
account of the nuclear conditions pertaining there: o enable the
country to make, in proportion to its size and economic position, a
contribution 1o the vast and important field of nuclear research and
development. The way in which it was proposed to limit the South
African research and development programme, was to select only one
type of reactor system for study and investigation. In the choice of the
particular type, the determining factors would be the availability of raw
materials in the couniry and other local conditions. The reactor concept
would, therefors, be hased on natural uramum and beryllium, heavy
water or graph . " oderators, !

Dr Roux's Programme included a schedule 0 extend the already
established uses of radio-isotope and radiation in South Africa and 10
conduct research with the object of establishing new uses of radio-
isotopes and radiation particularly in regard 0 important problems
which were peculiar to South Africa (Themes X and X1) 02

Apart from the fundamental research which would form an essential
part of the investigations, efforts would be made 1o stimulate
fundamental research (Theme XII) in the country in those sciences
which were basic developments in the field of atomic energy.  These
were physics. physical metallurgy, chemistry and engineering. Without

61 (AECA) AJA Roux: Pro Atomic Energy Research and Development
Programme for South A L pp. 7679

62 Ibid., pp. 80.90.
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such a programme of basic research. the country would only lag further
behind other countries and its applied programme would suffer. This
part of the programme was of particular importance as far as uranium
enrichment was concerned, as this provided for the establishment of
facilities where research in that field could be done

Having outlined the twelve themes of the programme Dr Roux made
certain recommendations as to the execution of the programme.

How and where would the Proposed Programmie be carried out? The
South African Atomic Energy Board would execte the programme,
making full use of the then existing facilities at the Government
Metallurgical Laboratory., the Geological Survey and the laboratories of
Industry, CSIR, universities and other organizations.  The Board would
refer to those institutions, for execution on an agency basis, projects
that would be carried out and for which they were suitably equipped.

The parts of the Proposed Programme which would require the use of a
research reactor or which should be carried out in close collaboration
with other groups around the reactor, were the following:  siudies
relating to the application of reactor matertals,  research and
development work on nuclear power: and the production of 1S0topes.
This work would be done by the AEB and the facilities for doing so on
a reactor site. In view of the practical necessity that the reactor centre
be located as close as possible 1o the major industries concerned.
particularly the uranium industry. ESCOM and the heavy engineering
industry, the AEB would acquire a site tor the reactor centre, so chosen
that it was in the closest possible proximity to the major industries
concerned with the programme. the CSIR. the GML and the
universities of the Witwatersrand. Pretoria and Potchefstroom. The site
would have to accommoae all future developments in the research
programme.  The facilities would be available to all the other

63 (AECA) AJA Roux, Proposed Atomic “nergy Research and Development
Programme for South Africa. p 90,

64 Ibid., pp. 104-116.
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universities and it was the intention of the AEB 1o assist them
financially for any work 1o be carried out on beha!f of the AER

The scale on which the programme would be implemented, would
determine the annual cost. This vaas naturally a serious considerations
and it was necessary 1o v’ nie the minimum rate of implementation
and execution whick w.-ig still enable the country 1o derive those
benefits whic' <ovc gl 10 it Under those conditions it was essential
that the rate & wivch the programme was implemented and executed be
defined very clearly in terms of targets which should be aimed at with
fespect te time.  Dr Roux recommended that the first five-year period
(1950-1965) of the programme be a period of preparation in which staff
would be trained and facilities established. By the end of that period
the bulk of the programme would be implemented and in progress,
Developments in the field of nuclear energy moved so rapidly that it
was not advisable to dllempt o circumscribe the exact trends of
development of the South African programme beyond the first five
yeary bo

In the second five-year period South Africa would likely have reached
the stage at which there would be much clearer indications which
feacior materials were preferred and markets for such materials. South
Africa could by then (1965-1970) give serious consideration 1o the
introduction of nuclear power.  To reach the objectives on the iime-
scale outlined above, it was planned 1o engage some 75 professional
scientists in the course of the first five-year period. The bulk of staff
would be recruited from Young graduates, a large percentage of whom
Would have to be sent overseas for specialized training. With so little

63 (AECA) AJA Roux, Propesed Atomic Exergy Rescarch and Development
Programme for South Africa, pp. 117-118; AJA Roux, “Atomic Encrgy
Rescarch and Development Programme for South Africa”. SA Mechanical

Engineer, 9. Dec 12, 1959, p. 113

66 (AECA) AJA Roux, Proposed Atomic Energy Research and Development
Programme for South Africy. pp. 120:121,
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knowledge of atomic energy in the country the AEB would introduce a
bursary scheme for specialized training in the field of atomic energy .57

On this basis, and taking into account the rate at which staff would be
recruited, the estimated cost of the programme for the first five-year
period was £4 000 000 or £800 000 per annum.  In relation 1o the
country's national income. this expenditure on nuclear energy research
and development was small in comparison with the amounts spent even
by the smaller countries of Western Europe o

The Reaction of the Government, Scientists and Industry

Dr Roux was convinced that the Atomic Energy Research and
Development Programme -f South Africa was of paramount importance
and should be proceeded with without delay. He presented his
Proposed Programme for Atomic Energy to the assembled members of
the Atwomic Energy Board on June 12, 1958, It was a formidable task
that he had completed.

The Programme should be looked upon as a joint effort of many
people  Although Dr Roux had the privilege of preparing the original
draft. it was modified fiest by the Research Advisory Committee of the
Atomic Energy Board, and subsequently by the Board in consultation
with the Council for Scientific and Industrial Research,

Time soon proved that there were differences of opinion concerning the
implementation of the nuclear programme. In 1958, Dr SM Naudé was
President of the CSIR. It was his considered opinion that the
programme  should be undertaken by the CSIR. Dr Roux was

67 (AECA) AJA Roux, Proposed Atomic Energy Research and Development
Programme for South Africa, P9 pp. 119-120, pp, 121-122

68 Ibid., pp. 128.131.

Y AJA Roux: *Atomic Encrgy Rescarch and Development Programme for
South Africa”, SA Mechanical Engineer. 9, Dec 2, 1959, p. 116,
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convinced that the programme  should be implemented as a separate
orgamization.  This difference of opinion between two outstanding
scientists would be publicly settled by the Government's acceptance of
the proposals of the programme in 1959, but their personal differences
on the matter were never quite resolyed. ™

Dr SM Naudé believed that the facilities established at the C'SIR could
be devzloped and extend=¢ in onder 1o accommodate the nuclear energy
rescarch @ developuent programme.  The National Mechanical
Enginecring Research Institute of the CSIR (metallurgy) was in
1958/59 doing investigations mvolving macro- and micro-hardness anJ
tensile testing, heat treamment of materials and componenis, and
metallographic examinations.  Stress corrosion and fatigue in metals
were specific projects undertaken.”!  Therefore. according to Naudé's
view facilities had already been established at the CSIR that could with
some extensions test materials for nuclear reactors. Dr Roux did not
agree with Naudé. Investigations into an nuclear power plant would
initially be limited, but in the long term, he believed that there would
be much expansion. Although the CSIR had made a start in
investigating problems encountered in power plants and relating 1o
nuclear engineering, a separate organization would allow more scope
for development in the various fields of nuclear research.

In 1959 a financial limit of 7' percent was placed by the government
on the expansion of the CSIR, despite the fact that the output of
industry continued to increase. ™ Therefore the CSIR would have
gained financially had it been decided 0 mplement the nuclear
programme at the CSIR.  The CSIR would also lose key members of
research teams in the development phase of a separate organization, ™

70 Interview with Dr WL Grant, 27 71989

71 (SAB) Fourteenth Annual Report of the CSIR (1958-1989). pp. 261263
n (SAB) Fifteenth Annual Report of the CSIR 1959-1960), p S

73 (SAE) Sixteenth Annual Report of the CSIR, (1960-1961), p. 3
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In November 1958, Dr Naudé completed his Proposals in Connection
with a Nuclear Energy Programme for the Union of South Africa.
Both this Programme, as well as Dr Roux's Proposed Programme for
Atomic Energy Research and Development, were submitted 1o the
Minister of Mines, Senator J de Klerk, and he had 1o decide between
the two, ™

Dr Naudé was of the opinion that the research programme should not
make excessive demands on the country's financial resources. He was
in agreement with Dr Roux on certain aspects of the programme, but
saw the need to move cautiously into a very extensive programme.7*

It was Dr Naudé's suggestion that the South African Atomic Energy
Research Development Programme be undertaken by the CSIR, that
would evoke the indignation of Dr Roux, The suggestion was however
understandable and in keeping with certain aspects of Dr Naudé's
programme.  He was in agreement that uranium prospecting and
extraction should be undertaken, but had reservations concerning the
processing of uranium for nuclear fuel purposes.  He suggested a
nuclear power programme, but not a full-scale South African reactor
programme.”™  Naudé favoured participation in the OEEC reactor
scheme.””

74 Interview with Dr W1, Grant, 24 4,199

75 Dr Naude referred to Australia and Holland where nuclear projects had been
undertaken and proved too ambitious. (AECA) SM Nawdé: Pro in
Connect’on with a Nuclear Energy Research Programme for the | nion of
South Africa, Introduction, pp. 1 T, 11-12. 24.

76 SM Naude:  Proposals in Connection with a Nuclear Energy Research
Programme for the Union of South Africa, pp. 9-22

77 Dr Naudé favoured a suggestion put forward by Dr Schonland that South
Alrica should, as soon as possible, apply for membership of the OEEC
(Organization for European Economic Co-operation) groun which was
undertaking a programme of work on development of a high temperature Ras-
cooled reactor. Britain had started research on thai type of reactor and it had
promising possibilities for the future. South African engineers and scientists
would have 1o be made available to work on the scheme.  According 1o
Naudé South Africa's participation in the scheime would have certain

207



Stellenbosch University https://scholar.sun.ac.za

SM Naudé's final cost estimate for his Nuclear Energy Research
Programme was less than that of Dr Roux's Proposed Programme.’™
However, Dr Roux's more comprehensive programme provided for a
future where the peaceful applications of nuclear energy would play an
ever-increasing role and achievement in this field would effect South
Africa's international status, politically and strategically. These were
aspects that would have to be considered in South Africa's position of
increasing isolation in the late fifties, 9

When the Atomic “nergy Board was originally constituted, it was done
with the main object of controlling the production and sale of uranium
oxide o the Combined Deovelopment Agency. During the early fifties
committees had been appointed (such as the Research Committee and
Nuclear Commitiee). The various committees would submit reports.
In this way the Atomic energy Board had by 1958, developed into an
independent department. In 1958 the Minister of Mines, Dr van Rhijn,
mniroduced the Atomic Energy Amendment Bill (No. 34 of 1958) which
was tn provide for a changed Atomic Encrgy Board to cope with the
new circumstances, During the Second reading of the Atomic Energy
Amendment Bill, on 20 August 1958, Dr van Rhijn referred to "the big
programme which lies ahead of us" % This was a definite indication
that the Government was contemplating a comprehensive programme of
rescarch and development, a year before it became official.

Towards the end of August 1959, the Minister of Mines, Senator J de
Klerk, accepted the arguments proposed in Dr AJA Roux's programme,
and on 5 September he announced at Carletonville, Transvaal, that the

advantages. SM Naudé: Proposals in Connection with a Nuclear Energy
Research Programme for the Union of South Africa. p. 1%, pp. 25-32,

T8 Ibid., pp. 32-33; (AECA) AJA Roux: Proposed Atomic Energy Research
and Development Programme for South Africa, p. 130.

% See Chapler 9.

80 Assembly Debates, vol 97, 4 July - 25 August 1958, 20 August 1958, col.
2573,
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Atomic Energy Board could proceed with the Atomic Energy Research
and Development Programme . *!

On 12 November 1959, at a n, - «ug of the SA Institute of Mechanical
Engineers (attended by scientists and representatives of the industrial
sector) at the University of the Witwatersrand, Dr Roux presented the
Proposed Programme for Atomic Energy Research and Development in
South Africa. 1In his opening address Dr Roux said he believed that
developments in the nuclear field in the latc 1950's would have an
impact on every country, however small, and that South Africa would
have 1o participate more actively in these developments in the future
than it had in previous years. This was necessary if South Africa
wished 10 stabilize and Improve its position as it was at that time
amongst the industrial countries of the world and particularly if it was
(0 maintain the leading position it held on the continent of Africa. He
was aware of the rapid changes that had taken place in the world during
the 1940's and 1950's.  South Africa had become uncertain of her
position and the direction that future developments would take in the
world at large and. more particularly. in the field of technology. That
state of affairs he atiributed to the tremendous progress made in the
knowledge of the structure of matter and of the conditions necessary for
the release, application and control of nuclear energy. At that time
mankind was living oo much at the threshold of the development of
nuclear energy 1o fully appreciate the implications and the changes that
it would bring about It was incumbent on those living at that time to
gradually orientate themselves 10 the new world that was emerging

In the vote of thanks and discussion that followed the presentation of
the Proposed Programme one can ascertain how prominent persons in
the various fields of engineering, mining and industry accepted the
nuclear programme. CS McLean, Member of the AEB and president

81 AR Newby-Fraser: Chain Reaction, p. 42,

82 AIA Roux: "Atomic Energy Rescarch and Development Programme for
South Africa”, SA Mechanical Engineer, 912 1959, pp. 103104,
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of the Transvaal Chamber of Mines. was cor Vent that the uranium
industry would benefit from tite Proposed Programme presented *'

Dr HJ van Eck, Chairman of the Uranium Advisory Commitiee of the
AEB. commented on that part ¢* the programme in which the
engineering industry of South . _..ca would play a role. He believed
that South Africa had some of the finest engineering workshops i the
world, yet at that point in time they were ‘anguishing because there was
no great activity in the capital goods market  There was no question ol
their ability to supply enormous Quatities of machined castings and
welded constructions in ordinary and special alloy steels at costs much
below the * merican and European costs. They could supply them with
shorter delivery times.  The Proposed Programme provided for
development and production in South African engineering workshops
and this would promote expansion in the engineering industry %

Dr Van Eck quoted JA Jukes, the economic advisor to the United
Kingdom Atomic Energy Authority, who predicted that capital costs for
nuclear stations would fall.  There would be improvemenis in fuel
performance and reductions on fuel cost. This would reduce the cost of
electricity from new and existing nuclear stations in Britain by ten
percent. South Africa would have to invest a large amount of money in
electricity generation in the years following, and it would be of great
advantage if the money could remain circulating in the country.
According 1o Van Eck South Africa should make the most of its own
natu al resources and he emphasized the importance of (raining
scientists and technologists,

Professor W) Walker, Department of mechanical Engineering,
University of the Witwatersrand, welcomed the programme.  He

LK) AJA Roux: “Awmic Energy Research and Developmenmt Programme for
South Africa”. SA Mechanical Engineer, 9121959, pp. 116-117,

84 Ihid., pp. 117-119.
85 Ibid., p. 119
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mentioned that there was always the possibility that nuclear
development could in future dispense with the thermodynamic element
in energy transformation and proceed directly to electrical or
mechanical energy from nuclear energy. This was not clearly in sight
at that time. and would mean complete re-orientation of proposed
development.  This was, however, no cause that development work
should be held back by reason of problematical contingencies of such
an order

For Dr TEW Schumann, Deputy Chairman of the AEB. the
presentation of the programme was a very happy occasion. Compared
to what America and Britain were spending on nuclear energy research,
South Africa's proposed expenditure was very small. According to §
Craib, member of the Uranium Technical Committee, South Africa's
engineering industry had expanded during the war years, and this had
placed it in a position 10 produce equipment for mining and industry.
The seventeen uranium plants, with many specialized items, and the
nine ancillary sulphuric acid plants were very largely built from
equipment made in South Africa. During the exccation of the
programme to establish the extraction plants, all stainless ste.l castings
were imported, while the last plant built used only those of South
African manufacture, Some overseas engineering industries had either
established their own manufacturing organizations in this country, or
had become partners with existing concerns. This linking of growing
manufacturing facilities and knowledge of conditions in South Africa,
could only be advantageous to both parties and in implementing the
Proposed Programme. '

According to ET Pinkney, Member if the Uranium Technical
Commitiee, and consulting Metallurgist Anglo American Corporation

of 5A L., the programme presented by ['. Roux had been criticized

16 AJA Roux: "Atomic Energy Research ana Development ng:lmme for
South Africa®, “Discussion® and “Vote of Thanks®, SA Mechanical
Engineer, 9, Dec 1959, pp. 120-121.

87 Ibid., pp. 120123,
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because '« was aid to give too great emphasis to the applied and
deveiopmental asnects of nuclear energy. Clearly, this criticism was
not justified, ™ suw it would be impossible to carry out research effort
of that type without wie fullest utilization of all the talents and facilities
available for fundamenta’ research in the country. The development
aspects were of great importiie and might well have great impact in
the overall industrial activities of the Union. He emphasized that the
establishment of the uraniun rdustry had resulted in greater nse of
instrumentation, automatic control ang improved analytical techniques,
better materials of construction and cleancr design, particularly in new
plants %

Professor § Smoleniec, of the Department of Mechanical Engineering,
Witwatersrand  University, was of the opinion that the Proposed
Programme incluced the immediate need of improving South Africa's
position as one of the chief suppliers of nuclear fuels against
continuously  increasing competition.  This would be achieved by
producing uranium in me Wic ‘forim, or a highly refined uranium oxide
ready for immediate use in a reactor For the future, however, it
would be in Soath Africa's interest 5 find attractive applications for
other nuclear fuels and reactor maserials that it could produce.*

Professor FRN Nabarro, a university profescor of physics (University
of the Witwatersrand). and a visitor 1o the prescaiation by Dr Roux.
believed the main emphasis of the Proposed Prograrame 1w in raw
materials and the acquisition of a medium sized reactor of 12search, and
those he believed were the most important aspects.  [n his neclear
programme Dr Roux considered the interests of the universiiies. The
site of his main establishment would be within easy access of the three
universities of the Transvaal. He stated that the Proposed Programme

had not dealt with the Question of whether South Africa could

88 AJA Roux: *Atomic Enorgy Rescarch and L amme for
South Africa®, "Discussion® anc “Vote of ", SA Mechanical
Engineer, 9.12.1959, pp, 123.124.

89 Ibid., pp. 124-125.
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profitably manufacture fuel elements, unless the country was also
prepared (0 go to the very great expense of setting up chemical
processing plants 1o deal with the spent fuel elements and recover the
aranivim and plutonium for refabrication, ®

Dr Roux's Programme was Supported by leading South African
=ngineers and scientists and (. uranium industry.  Of importance was
the financial backing that e uranium industry was prepared to
contribute in order 10 set in motion an nuclear energy programme as
comprehensive as that proposed by Dr Roux.

Dr SJ du Toit believes that the fact that Dr Roux obtained the: support
of the Chamber of Mines and the uranium industry for the research and
development programme was of particular significance.

Dr Roux realised that in order to have his Atomic Energy Research and
Development Programme implemented he would not be able 1o rely on
Government funds alone. He realised that the mines would be the
beneficiaries in a Sowh African Atomic Energy Research and
Development Programme. As soon as he retrioo from his mission
Overseas he convened : meeting with the Chamber of Mines  He
informed the Chamber that a nuciear programme that could stimulate
uranium sales would be in their imerzst, and in this way gained
substantial financial support for the Proposed Programuze. Dr du Toit
believes that this was a brillia « move by Dr Roux and most probably
the factor that swayed the overnment o accept Di Roux's
Programme ¥

9% AJA Roux: “Awmic Encrgy Keseach ang ' vslopmeni me for
South Africa®, Uiscussion® and “Vors of . an's®, Sruﬂ.:w
Enginecr, 9, Dec ; 9, pp. 125-126.

91 rtervie with Dr SJdu ~ir, 9.1, 992

213



Stellenbosch University https://scholar.sun.ac.za

CHAPTER SEVEN

THE IMPLEMENTATION OF THE NUCLEAR
RESEARCH AND DEVELOPMENT
PROGRAMME

Amendments to the Atomic Energy Act were introduced in Parliament in
1958 and 1959 to provide Jor a changed Atomic Energy Board and to
prepare for tve implementation of the new programme of research and
development. During 1959 and the early sixties Dr Roux and leading
nuclear authorities set about the organization of the Aromic Energy
Research and Development Programme. The work was started with
great intensity. By July 1961 construction fo accommodate South
Africa’s first research reactor had commenced on the site for the new
South African nuclear centre ar Pelindaba. Meanwhile two other major
projects were being implemented, namely, the first South African power
reactor developinwent programme and the Gas Cooling Project. It was
believed by the scientists undergoing nuclear training in the United
States that to build Pelindaba into a centre of excellence in nuclear

end of 1966 both * ELINDUNA and the Gas Cooling Project had almost
Stmultaneously reached the stage where each required, as a next step,
the construction of a large demonstration or pilot plant for which the
financial implications were very heavy. The Republic of South Africa
could not finance both projects. A choice had to be made. The decision
mrdkmtagoahmdummecas&oﬁnghu}maudmmdw
PELINDUNA.
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New Legislation

The decision of the Combined Develepment Agency not to purchase all
of South Africa's uranium compelled the Government to introd.. .
Measures to meet the new circumstances. This was essential for much
money had been invested in uranium - an estimated total sum of
R66 million when all the plants and the ancillary sulphuric acid pl; -
were in operation. Except for the cost of plant and equipi
purchases overseas, this sum represented new money injected into (i
economy of the country !

In 1958 the Minister of Mines, Dr van Rhijn, introduced the Atomic
Energy Amendment Bill (No 34 of 1958) which was 1o provide for a
changed Atomic Energy Board :o prepare for the new programme of
research and development.?

The Minister named some of the changes. Once the research
programme was embarked upon the Atomic Energy Board would
expand more and more. Although the Mirister of Mines would
officially be the Chairman of the Board, a Deputy-Chairman would be
appointed in a full-time capacity and could preside at the meetings of
the AEB. (The Minister would preside at occasional meetings.) As a
result of the expansion that was to take place, it would be quite
impossible for the Minister (who was then both Minister of Mines and
Minister of Economic Affairs) to cope with two large Departments and
1o attend to all the work of the Atomic Energy Board. Therefore, the
Deputy-Chairman, who would be in constant touch with the work of
the Board and the activities of the committee, would be a lisison
between the Board and the Minister

1 (AECA, Pelindaba) AJA Roux: Proposed Atomic Energy Rescarch and
Development Programme

of South Africa, p 15.
2 Statutes of the Union of South Africa, Act No 27 of 1958, pp. 139141,
3 (SAL) Debates, vol. 97, 4 July - 25 August 1958, 20 August

1958, col. 2573-2574.
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The Government, acting upon a recommendation by Dr Roux,
reorganized the Board, and so that its scientific and technical function
was integrated with its business function. The following changes were
brought about by The Amendment to the Atomic Energy Act (No 27 of
1958). The Minister of Mines would remain the Chairman of the
Board, there would be two representatives from the uranium industry,
one from the CSIR and one from ESCOM. One member would
represent commerce and one those industries particularly interested in
the sale of uranium. The latter two representatives were chosen
specifically to deal with the new markets for uranium. The Secretary
for Finance and the State Mining Engineer were no longer members of
the AEB. This had been done at their own request as they felt that they
were not really needed on the Board. They could, however, be
consulted on financial matters. Commitiees would ve appointed to
assist the Board. They, in turn, would co-opt outside persons
considered capable of assisting in certain matters. There would be a
Sales Committee which would take care of uranium sales to countries
which did not form part of the Combined Development Agency.*

The AEB was reconstructed to give representation to all the interested
parties. An approich was then made to those private institutions that
would benefit, for contribuiions to meet the cost. The response was
enthusiastic and a total of £471 000 (R942 000) was guaranteed.® With
the contribution from the State of £290 000 (R580 000) per annum the
funds required for the first five-year period of the programme had

4 Ibid.; (AECA) Annual Report, South African Atomic Energy Board,
1957, pp. 34, (These changes in the AEB had also been made with the view
of implementing the Atomic Energy Research and Development Programme. )

5 The contributions comprised the following: Uranium industry £400 000
p.a.; ESCOM £50 000 p.a.; Iscor of Industries £16 000 p.a.; John
Thompson Limited £3 000 p.a.; First Corporation SA Lid. £1 000

p.a.; Associated Electrical Industries SA (Pry) Lid. £1000 pa; the
contribution in each case being guaranteed for the first five years of the
programme; AJA Roux: “Atomic Energy Research and Development
T rramme of South Africa®, SA Mechanical Engineer, No 9, December
454, 0p. 115-116; Assembly Debates, vol. 101, 4 May - S June 1959, 22
May 1959, col. 6487, (AECA) Annual Report of the South Africun
Atomic Energy Board, 1960, p. §.
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almost been found. 1 was expected that the balance of the amount
required would be made up by contributions from some of the other
heavy engineering anc manufacturing firms.®* Dr Roux stated that the
large contributions placed a rexpcnsibility on the AEB and its staff 1o
carry out the programme. It was a difficult task. but it would be
undertaken with enthusiasm. !+ voult 2dd materially to the industrial
and economic prosperity of the cow vy 7

On 22 May 1959, the then Minister of Mines, Senator J de Klerk, +ad
the Atomic Energy Amendment Bill (No. 56 of 1959) for a s. ond
time. In the debate that followed he informed the House of Assembly
that the world was on the threshold of new developments in the
peaceful application of nuclear energy, and the watch-word in that
connection was research. For that reason represer on the AEB
had been granted in 1958 10 industry, to commerce & v ESCOM . #
The Bill he said, was being introduced 1o make this research possible.
He informed the House that certain institutions had oficred grants of
considerable amounts for research purposes. The Government had
accepted that offer and had, in turn, undertaken to contribute
corsiderable amounts to research annually. Consequently, the State's

6 Riubsr - “onstruction Company also donated funds for the Research
Pic. oo (AECA) Aunual Report of the Atomic Energy Board, 1960,
p.

7 Al* oux: “Atomic Energy Research and Development Programine of
S th Africa®, SA Mechanical Engineer, No 9, December 1959, pp. 115-
li6.

8 In 1958 the Atomic Energy Board comprised the following persons:
Chairman:  Senator, the Hon, J de Klerk (Minister of Minzs);  Deputy
Chairman: dr TEW Schumann; members: JJA Nel (Secretary of Mines); CS
Mcl.ean (Transvaal and Orange Free State Chamber of Mires); HC Koch
(Transvaal and Orange Free State Chamber of Mines); ACM Comish-
Bowden (Director of Industrial and Financial Co: ies). Dr AJ Visser
(Managing Director, Wolnit); Dr SM Naudé ( ident, Council for
Scientific and Industrial Research); Dr JT Hattingh (Chairman, Electricity
Supply Commission); Professor SE Oosthuizen . r . toria University); DH
van Gend (Auorney at Law); GP Jooste (Secretary for Exiernal Affairs);
Research Director: Dr AJA Roux: Secretary: JA Reid; (~ECA) Annual
mwmwumm&swm. 1959, p. (i).
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contribution " research ha-! already been included in the Department’s
budget for the 159 financic! vear.

The chief objec. of that Rill was to provide for the inciusion in the
funds of the Atomic Energy Board of money made available by the
State and granted by private institutions for research purposes. The
Government was providing the foundation for a separate Atomic
Energy Research Account. The money on the account not required
immediately, would be deposited with the Public Debt Commussioncrs
in order to earn interest.”

During the debate on the Atomic Energy Amendment Bill in May 1955,
RP Plewman, United Party member for Johannesburg (North), was
critical of the amendment. !ie said that thc seed for secrecy and for
withholding the financi»! results of the AEB from Parliament was no
longer justified in 1959, He was referring to sub-clause 7 of the
proposed amended section. The effect of that particular sub-clause was
that the accounts of the AEB and the reports of the Auditor-General,
instead of being submitted in the normal way to Parliamentary
supervision were submitted to the Governor-General. He said tha:
provision was a carry over from the 1948 Act. The provision had been
inserted when the 1948 Act was passed and uranium ‘was regarded as a
inineral of strategic value. It deprived Parliament of its prerogative of
having financial control over the money it granted to a body of its owan
creation, the AEB. He was of the opinion that the prerogative of
Parlizment, to exercise control over the money it voted, should be
restore:.  In Augasi 1958, Dr B Wilson, Member of the House of
Assembiy for Hosp.ial, Cape, had made 2 similar request. e believed
the secrecy with regard to nucles- energy had passed. He said that he

9 (SAL) Assembly Debates, vol. 101, 4 May - 5 June 1959, 22 May 1959,
col, 6488,
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had learnt much of what was happening in South Africa from a Report
of the United Kingdom Atomic Energy Authority. 10

In reply the Minister of Mines said that he agreed with Plewman that
the report of the Auditor-General should be submitted to Parliament.
The difficulty was that a research fund was being established. It was
impossible, at that time. 1o determine to what extent the proposed
programme for nuclear research and development would desnand
secrecy. Should nothing in the research programme demand secrecy, a
short Bill would be introduced the following year to confirm the
principle that Plewman was advocating. !

The Acts to amend the Atomic Energy Act, 1948 (No 27 of 1958, No
35 of 1959) provided the required legislation for the Nuclear Research
and Development Prograrnmg. 2

Organisational Measures

In translating the twelve theme: of Dr Roux's Research and
Development Programme into action the Atomic Erergv Board adopted
a philosophy of appointing 10 omnittees members of organizaiions
sach as the CSIR, the mining industry, the Govzrnment Metallurgy
Laboratory and staff of the AEB itself. In this way the 1 perience and
advice of & widz range of iaterests beame available. Advisory bodies
sivh as the Nuclear Power Committee, the Marketing Advisory
Committee and (e National Committee of Control over Radio-active
Waste Disposal, wh' 4 providea advice not only to the Board, but also

1) Debate on the Atomic Energy Amendment Bill (No. 34 of 1958), Assembly
Debates, vol. 97, 4 July - 25 August 1958, 20 August, col. 2575,

1 Assembly Debat-: vol, 101, 4 Mav - 5 June, 22 May 1959, col. 6487.
6490,

12 Statuies of the Union of South Africa. Act No 27 of 1958 and Act No 35
of 1959, pp. 1.3-14 and Pp. 360-364,
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on a national level to establish a uniform policy throughout the country,
came into being. !

The actual execution of the Atomic Energy Research and Developmemt
Programme would be under the direction of Dr AJA Roux in his
capacity as Research Director of the Atomic Energy Board. However,
before the programme could be properly implemented, the twelve
themes of the research programme had to be broken down into specific
projects.  South Africa had capable scientists and engineers working in
various operations, but not necessarily qualified in nuclear fields of
science. It was, therefore, essential that suitably qualified scientists,
with capabilities 10 further their competence in nuclear science be
appointed and sent overseas for further training.

To assist the Research Director with this task the Atomic Energy Board
approved the appointment of five experienced senior scientists to head
five research divisions. These men would set in motion various
programmes and projects of investigation: Dr MG Ammore - Chief
Extraction Metallurgist (Raw Materials Research and Development);
Dr SJ du Toit - Assistant Chief Physicist: Dr WL Grant - Chief
Engineer; Dr LJ le Roux - Chief Chemist; and Dr Jp Hugo - Principal
Research Officer (Reactor Metallurgy).'* All these appointments were
permanent except in the case of Dr Atmore, who had been seconded to
the Board's staff from the uranium industry, for a period of two
years.!s

The various directions or themes of Dr Roux's programme, i.e. raw
materials, nuclear power, radio isotopes and fundamental research, had
o be made a reality by establishing laboratories, where practical
investigation and research could be carried out. Theme I of the

13 (AECA) The Way to Pelindaba, A1 B publication, p, 2.
14 AR Newby-Fraser: Chain Reaction, p. 61.

15 Ibid., p. 61; (AECA) Annual Report of the South African Atomic
Energy Board, 1960, p. (iv); 1961, p. (vi).
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programme (researc/ and development to improve methods of mining
and extraction of uranium) became largely the preserve of the mining
industry.

Several months before the nuclear energy programme was finally
accepted, approval was obtained to proceed with one specific project
which had been provided for in Theme I and Theme III of the
proposed programme.'s The themes concerned the processing and
refining of uranium for reactor fuel. Dr Roux informed  the
Management Committee of the Government Melallurgical Laboratory
(GML) that certain aspects of the Programme dealing with the
production of nuclear-grade uranium and uranium compounds would
have to be undertaken by the GML in conjunction with the uranium
industry and the AEB.'” The GML and the uranium industry had the
tramned staff, experience and facilities for undertaking work in that
field. Dr Awmore, then the chief metallurgist at the GML, was
responsible for the formulating in more detail the refining of uranium.
In a very short time, a project team of experienced men consisting of
Dr Atmore as project superintendent, Dr RE Robinson and JS Freer,
both seconded from the uranium industry, and A Beal seconded from
African Explosives and Chemical Industries was set up.'® The Atomic
Energy Board had direct contro! over the work done at the GML.

As a result of releases of technical information from overseas. the first
stage of the project progressed much more rapidly thaa originally
envisaged, and the second stage was initiated at the end f November
1959. The second stage consisted of the design and construction of a
pilot plant to produce a nominal output of 100 tons of nuclear grade
uranium per year. The plant would incorporate the following three

16 As mentioned in a previous chapter Themes I, II and Il of Dr koux's.
Atomic Energy Research and Development Program dealt with the processing
of uranium.

17 J Levin: The Story of Mintek, 1934-1984, pp. 142-143.

I8 (AECA) Annual Report of the South African Atomic Energy Board,
1959, p. 8.
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basic processes: the "Wet way process” from concentrates of uranium
dioxide to uranium tetrafluoride®; the "Dry way process” from
uranium concentrates to uranium tetrafluoride and the Wet fluoride
process” from uranium concontrates to uranium tetrafluoride. It
included facilities for the production of uranium dioxide pellets and
vacuum remelted uranium. It was anticipated that the project would
advance rapidly enough for uranium metal* to be produced by the end
of 1960.17

Dr Awmmore's appoimtment as Head of the Extraction Metallurgical
Division brought about that in November 1960 he became Director of
the Government Metallurgical Laboratory.?® (Dr Atmore held these
positions until April 1961 when he returned to his position at Anglo
American Corporation. )

It was under the direction of the AEB and the supervision of Dr Atmore
that the pilot plant for nuclear grade uranium was constructed at the
GML in a remarkable short space of time. In March 1961 the pilot
plant constructed at the Government Metallurgical Laboratory was
officially opened by the Minister of Mines, Senator J de Klerk, and a
few months later the first ingot of high purity uranium metal was cast.?'
By 1961 it was in a position to produce several of the range of nuclear
grade uranium materials essential for power reactor and uranium
enrichment research.

Dr RE Robinson held the dual position of Head of the Extraction
Metallurgy Division and Director of the GML from April 1961. The
Government maintained a controlling position in the affairs of the

19 (AECA) Annual Report of the South African Atomic Energy Board,
1959, pp. 7-9.

20 An agreement drawn up between the AEB, the Mines department and the
University of the Witwatersrand (which officiz!ly came into effect in April
1961) stated that the Head of the Extraction Metallurgical Division of the
AEB should also be appointed Director of the GML. See J Levin: The
Story of Mintek, 1934-1984, p. 145.

21 (AECA) The Way to Pelindaba, p. 16.
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GML. The Minister of Mines appointed a Supervisory Comrittee to
monitor work carried out by the Extraction Metallurgy Division and the
GML.. The Minister, Senator de Klerk, appointed Dr AJR van Rhijn
(Minister of Mines from 1953-1958) as Chairman of the Supervisory
Committee. Other members were Dr AJA Roux, JJA Nel (Secretary
for Mines), Professor WG Sutton (Rector of the University of the
Witwatersrand) and Dr RE Robinson (Director of the GML).%?

Dr Roux was fully aware of the urgency of a supply of cylinders clean,
high quality uranium hexafluoride.”® It is a critically important
material in the production of enriched uranium as it i1s the only
compound of uranium which is gaseous at normal temperature and
pressures. This property is essential for all enrichment processes. A
supply of uranium hexafluoride was therefore a necessity 1f the research
programme was to get under way. With the prodoction of uranivum
hexafluoride highly specialized production techniques have to be
utilized. Very stringent safety precaution® must be taken in the design
of a uranium hexafluoride plant, in the selection of matenals for its
construction, and in the operation of the plant for which sophisticated
instrumentation and control systems are essential Work ow a plant 10
produce UF, was started in the early 1960's by the CML. The
controversial processes for uranium tetrafluoride and uranium
iicxafluoride production both required either anhydrous hydrofluoric
acid or fluorine gas, neither of which were produced in South Africa.
Consequently an altermative method, the so-called FLUOROX
process*, involving the oxidation of UF, was developed.

Dr RE Robinson who was appointed as the AEB's first Director of
Extraction Metallurgy in 1961 believed that although the uranium
extraction process in use on the mines was operating satisfactorily,

2 I Levin: The Story of Mintek, 1934-1984, pp. 152-153.
23 Ibid.
24 AR Newby-Fraser: Chain Reaction, p. 74,
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there was tremendous scope for the improvement of those processes and
the development of new ones. In the early sixties The Central
Calcining Plant collected the ammonium diuranate* (ADU) slurry from
the extraction plants on the various mines and processed it to a dry
uranium oxide (U0,) or yellow cake of consistently high standard for
export. Dr Robinson believed that the extraction processes could be
developed to a stage where the ammonium diuranate could be converted
to uranium oxide, uranium tetrafluoride and uranium hexafluoride
without the need for additional purification steps. He was in the
advantageous position of being able to draw on the knowledge and
expertise of his own AEB staff, of the GML and the mining industry
itself, and so to fulfil his mandate of placing South Africa in a position
to produce any form of uranium that might be required by the nuclear
power industry at the lowest possible cost.

The Raw Materials Recovery Programme involved investigations into
the uranium leaching processs and the development and implementation
of the Bufflex solvent extraction method.?* This method contributed to
the production of a high purity ammonium diuranate suitable for the
conversion uranium hexafluoride. The AEB, in a joint undertsk.ng
with the staff of the Buffelsfontein Gold Mine and the General Mining
and Finance Corporation incorporated the Bufflex process at the
Buffelsfontein uranium plant. The investigation known as the Bufflex
Project commenced in October 1963,

The field of Raw Materials Development would be the responsibility of
the Geological Survey. In the execution of the programme the AEB

23 See Technical Addendum for the explanation of the Bufflex solvent extraction
method. During the 1970's the Purlex solvent extraction method and the
coumemrmioneuhme(ﬂ!)prmmdevelopdmimvem

i ofthemmnhmdlurm AR Newby-Fraser: Chain Reaction, p.
ki ¢ The Story of Mintek, 1934-1984,

26 (AECA) The Way to Pelindaba, AEB publication, p. 16.
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also made full use of existing facilities at institutions in industry, the
CSIR and the South African universities.*’

Although Dr Roux's Research and Development Programme might
have created the impression that it would involve applied research only,
this was not the case. In many of the proposed investigations it was
essential that fundamental research would be conducted so as o provide
the data on which to base the applied programme. Much of the
technical data could not be obtained from overseas literature, therefore
fundamental studies would have 1o be initiated and a research reactor
acquired as soon as possible.

SAFARI I and the Establishment of Pelindaba

The same immediate progress (as was achieved with the raw materials
programme) was not possible with the rest of the programme, which
was more directly concerned with nuclear energy. The detailed
formulation and implementation of that would require the specialized
training overseas of both senior as well as junior staff members, and the
provision of specialized facilities.

The acquisition of a research reactor by South Africa was an essential
in the implementation of a nuclear energy research and development
programme in the country. Reactors are built for specialized tasks.
South Africa required a research reactor that would provide radiation of
varying intensity for a variety of experiments. During Dr Roux's
overseas tour in the latter half of 1957, he was able to visit a
representative type of all the research reactors which were in operation
in the Western World. Full details of most of these were contained in

b (AECA) Annual Report of the Atomic Board, 1959, pp. 7-8.; The
Way to Pelindaba, pp. 78, (AECA) AJA Roux: Atomic
Energy Research and Programme of South . pp. 110-
119.
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his overseas report.®* In Dr Roux's Proposed Atomic Energy
Research and Development Programme of South Africa a list is
given of those research reactor types from which a choice would have
to be made for the South African programme. All the American multi-
purpose research reactor types selected by Dr Roux, were fuelled with
enriched uranium.

Dr Roux selected a number of American, British and Canadian multi-
purpose research reactor types from which the one most suitable for
South African research would be selected.?® The cost of these reactors
ranged from | million dollars to 4% million dollars. All these reactors
would provide adequate research reactor facilities for the South African
programme. Dr Roux was convinced that it would be short-sighted to
buy a reactor with a low neutron flux and as the se'sction of possible
research reactors indicated most of the reactors suitable for South
Africa would have to be fuelled with enriched uranium. %

When the Government approved the Board's Rescarch and
Development Programme, approval was also granted for the purchase
of a nuclear research reactor. That portion of the programme directly
concerned with the reactor, would be carried out by the Atomic Energy
Board.  As mentioned previously, the bilateral inter government
agreement between the USA and South Africa (July 1957) had provided

28 l\{id. Atomic Energy Research and Development, vol. |, II, Ill: Research
eactors,

29 Reactor types selected by Dr Roux: (The percentage enriched uranium (U-
235) required for fuel is given in brackets.) American: Engineering Test
Reactor (ETR) (93.4%); Materials Testing Reactor (MTR) (93.4%); Oak
Ridge National Laboratory Research Reactor (ORR) (Fully enriched U-235);
Argonne Research Reactor (CP-5) (20%); MIT Research Reactor (Highly
enriched); Omega West (90%); Water Boiler Reactor (88% enriched urany|
sulphate); Swimming Pool Reactor (20% or more). British: BEPO (Natural
uranium metal and oxide); LIDO (Uranium 235); DIDO (90%): PLUTO
(90)%; MERLIN (80%). The Canadian Multi-Purpose Reactors selected
were: NRX (Natural uranium) and NRU (Natural uranium). (AECA) AJA
Roux: Proposed Atomic Energy Research and Development Programme
of South Africa, pp. 91-98.

30 MARM:MMMMMMW
Programme of South Africa, pp. 91-98.
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Pretoria, 1965
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for the acquisition of a research reactor for South Africa. Despite
mounting political differences the "letter of intention” for the purchase
of the research reactor, called SAFARI I, was signed on June 17, 1960,
in Washington, USA. (SAFARI is the abbreviation for South African
Fundamental Atomic Reactor Installation. "1 indicates that it was the
first research reactor), ¥

The Oak Ridge National Laboratory Research Reactor (or ORR-type)
was selected by the South African miclear authorities as being the most
suitable for the South African research programme. Despite political
disagreement between the two countries, training of personnel was nor
hindered during the first five years (1960-1965) of the Research
Programme. A seven-man research reactor operations team was
appointed in 1960 and sent for training to the Oak Ridge National
Laboratory USA, where the ORR-type reacior had been designed and
developed. There they familiarized themselves with the intricacies of
the reactor. On their return they were responsible for the safety and
efficiency of SAFARI .

Before the Cabinet had actually approved the proposed nuclear research
and development programme in September 1959 the Atomic Energy
Board, confident thar the programme would be approved, had
authorised the commencement of a survey to locate a suitable site for
the SAFARI I reactor and the future National Nuclear Research Centre.
To AR Newby-Fraser and John R Colley who had some years of
experience in the heavy chemical industry fell the task of defining the
applicable criteria to which the South African Centre should conform
and of undertaking in situ investigations of all possible locations for the
Centre.

The criteria to which the South African Nuclear Research Centre should
conform were those of (a) prozimity to the mining and manufacturing
indusiries, the CSIR and the three northern universities of Pretoria,

3 (SAL) SAFARI I, AEB publication, Fretoria 1965,
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Potchefstroom and the Witwatersrand and (b) the vicinity of a river
with a constant minimum daily flow of some § 000 cubic meters. 2

These two criteria dictated that the new Centre would have 1o be
located within a reasonable distance of the Crocodile, Sterkstroom,
Mooi or Vaal Rivers, but not closer than 16 km from any substantial
centre of population. Reconnaissance of selected areas in a large area
of Transvaa!, bounded by the line Vaal Dam to Potchefstroom, in the
south, and Rustenburg to Pretoria in the north, was undertaken by
Newby-Fraser and Colley. Each evening the two engineers recorded
their findings and finally by a process of elimination, six possible sites
remained as possibilities. The most promising site was at Pelindaba
immediately south of the Hartebeespoort Irrigation Dam, and the
second choice was located just north of the Dam, but even these had
drawbacks. The latter bordered on an area of intensive small farms
watered by canals from the Dam, while the acquisition of the Pelindaba
stte on the east bank of the Crocodile River would have required no
fewer than fifty-seven separate negotiations with the different owners of
the properties involved. However. the general Pelindaba area remained
the first choice and the Department of Lands was instructed by the
Atomic Energy Board to keep a watch for any suitable property which
might be acquired. At that critical time the farm Welgegund, bordering
the east side of the Crocodile River, unexpectedly changed hands, but
the deal was not completed. The Department of Lands stepped in and
bought the land on behalf of the Atomic Energy Board. That it had
been bought by the Atomic Energy Board was not revealed, strict
secrecy being maintained to preclude any possibility of land speculators
getting wind of the project and buying up land in the areas of interest.
AR Newby-Fraser commented that it was no easy task avoiding
searching questions from local residents. "

32 AR Newby-Fraser: Chain Reaction, p. 47,
33 Ibi.! |, pp. 4748,
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{Source: Atomic Energy Corporation)
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As (oe U partment of Lands had to take a quick decision to buy the
Welgegund farm, an in-depth investigation as to the suitability of the
1 000 hectare area, for a nuclear research centre, followed after the
purchase. The conclusions reached by the investigating team were
more than satisfactory. The AEB approved the acquisition of the site
and authorized the steps necessary to complete the purchase. ¢

Throughout the world it was accepted practice to refer o research
centres by the name of the town or village serving the establishment,
for example Oak Ridge, Harwell, Chalk River and others. s Engquiries
brought to light that during the 1920's plans had been drawn up to
establish a township there 1o be called Pelindaba, a project that never
came to fruition. The meaning of the word was a conjunction of two
African words pelile meaning “finished” and indaba meaning
“council”. The Director of the AEB, Dr Roux, felt that the meaning,
implying “the end of the discussion”, was appropriate: enough had
been discussed, it was time to get on with the establishment of a
nuclear centre, %

Work was started on the design of the centre at Pelindaba during the
middle of 1960. At 11:00, June 5, 1961, a small informal group of
scientists, businessmen and pressmen watched the Deputy Chairman of
the Atomic Energy Board, Dr TEW Schumann, twrn the first few
spadefuls of red earth on the site of the SAFARI | reactor building - a
symbolic gesture repeated by JD Roberts, Managing Director of the
company chosen as main contractors for construction of the reactor
complex. By July 1961 construction was commenced on the site,

34 AR Newby-Fraser: Chain Reaction, p, 48,
3s Ibid., p. 48,
36 (AECA) The Way to Pelindaba, p. 14,

37 Die Burger: 6 Junie 1961: “Werk begin aan Kernreaktor” : AR Newhy-
Fraser: Chain Reaction, p. 51.
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During the 1950's, the small administrative staff of the AEB was
housed on the fourth floor of the Merino Building in Central Pretoria.
The administrative personnel of the AEB moved to Pelindaba in July
1963 and in the same month the Reactor building was occupied by
additional staff members. Also at Pelindaba the Chemistry building,
Accelerator, Water Purification Works and a portion of the Reactor
Engineering building were completed by the end of 19633

The establishment at Pelindaba centred around the research reactor
SAFARI 1. With the design of SAFARI | virtually completed, the
South African scientists who had been working on it at Oak Ridge,
USA, returned to the Republic and set about the task of integrating the
activities in order to prepare the construction that would house the
reactor.’ Stage succeeded stage as the gaping excavations were filled
with massive concrete foundations and the grey walls and heavily
reinforced reactor pool structure rose upwards to be finally topped with
a dome roof. Only then could the kilometers of pipework, the intricate
cabling and the aluminium components be installed.  Accidental
damage to the completed reactor vessel in the USA - then undelivered -
set the project back.% Although scheduled for completion by the end
of 1963, this was only achieved by the end of 1964

The installation of the reactor vessel and the construction of the
concrete base slab posed some difficult problems, but with perseverance
these were overcome and the reactor went critical ai sunset (18:30) on
18 March, 1965.4' In order 1o oOperate the reactor, South Africa was
completely dependent on a supply of 90% enriched uranium from

38 (AECA) Pelindaba, AEB, Brochure No. 2, 1964, p. 5.

39 (AECA) Annual Report of the South African Atomic Energy Board,
1964, pp. 7-8.

40 There was speculation in some South African circles that it could have been
deliberate on the part of an unknown individual. Interview with DB Sole,
12.12.1990.

41 (SAL) SAFARI I, AEB Publication, Pretoria, 1965: AR Newby-Fraser:
Chain Reaction, pp. 52-54.
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overseas. At that time it was supplied from the United States of
America.*?

A trilateral agreement was signed by the Republic of South Africa, the
United States and the IAEA (26 February 1965). Since that date the
Agency has been applying safeguards to materials, equipment and
facilities transferred to the Republic. The United Siates Government
was prepared to renew an amended Agreement for Cooperation
between that Government and the Republic of South Africa on 7 July
1967 .43

In the design of the centre at Pelindaba the Republic was in the
fortunate position of being able to draw on the experience of other
countries. The expansion of nuclear research facilities in Europe, the
USA and Britain had taken place at a phenomenal rate during the post-
war period. Much of the development and the mistakes that came with
it, could not have been foreseen by even the most far-sighted. The
on crall practical design philosophy adopted at Pelindaba reflects to a
large extent the general consensus of opinion on the subject at the
beginning of the sixties. Generally speaking, the site could be divided
into "Hot" and "Cold"” zones. Hot areas mean those where there is a
possibility of radio-active contamination taking place; cold areas,
where there is no possibility of contamination.*

It became clear at an early stage in the design of the centre that large
portions of the various buildings would be constructed in reinforced
concrete, one of the most suitable materials for radiation shielding. It
was also the most economical and generally accepted method of frame
construction in South Africa. Internal protection walls were
constructed in brick. Air-tighiness was desirable between laboratories

42 (Private collection DB Sole) DB Sole: "The Rise of Nuclear Sanctions
apainst South Africa®, American Review, Jan. 1986, p. 3.

43 (AECA) Agreement for Cooperation as amended, Article IV (A2); Anrticle
VI (A)

44 (AECA) Pelindaba, AEB Publication, Brochure No 2, 1964, p. 10,

231



Stellenbosch University https://scholar.sun.ac.za

and elsewhere ** A sysiem was installed to extract radi.. active matier
from contamii.ated liquid wastes. The Waste Disposal Centre would
deal with the disposal of solid radio-active wastes and the
decontamination of equipment which had become radio-active

The Pelinduna Project

As mentioned, the research feactor, SAFARI | was one major project
initiated by the Atomic Energy Board in the early sixties. The second
major project was the development of the natural uranium reactor
concept.

The Commission of Enquiry into the ¢pplication of Nuclear Power in
South Africa published its findines o ' April 196] v concluded
amongst other things thar even though . Africa had no immediate
feed for a nuclear power plant it seemec  vitshje that nuclear energy
was the power source of the future * efore, although nuclear
power production in South Africa in the 1960 Was not an urgent onc,
the availability of low cost uramium indicated that nuclear power might
be economical in South Africa in the not 1o distant future.

The South African scientists undergoing nuclear training at Argonne
National Laboratory believed that start should be made in developing
4 type of reactor suitable o South African conditions, a project on
which scientists of various disciplines could work together.  Even
though it was known in the carly sixties that enriched uranium would
eventually replace natural uranium as fuel in nuclear reactors, the South

45 (AECA) Pelindaba, AEB Publication. Brochure No 2, 1964, p. 10
4 Ibid., p 28

47 RP 2361, 21 April t%lllomlﬂnlhhprﬂh.dwh-uh
MMhCMIMcMMipMDD orsyth).

48 Ibid., pp. 4041
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African Government was resolute that South Africa should not be
dependant on a foreign source for reactor uel

For South Africa to embark on the development of a nuclear reacter,
which was still in the experimental stage. as it had not been developed
anywhere else in the world, would invoive considerable expense.

The investigation into heavy water production in South Africa in the
1950°s by the AER (in which Dr WL Grant had been involved) was
panofthercamnwhyapommorbuadmmmrﬂunniumas
fuel, heavy water as moderator and liquid sodium as coolant was
consilered. ™ Dr WL Grant on his return from Argonne in 1961
desipned and developed a power reactor concept - PELINDUNA -
based or natural uranium and heavy water. He was assisted by Dr
JWL de Villiers and Dr DJ Everett. The name PELINDUNA was
composed from “PELIN" for Pelindaba (the centre for nuclear
research), the first letter of deuterium or heavy hydrogen (D) and the
chemical symbols of uranium (U) and Sodium (Na). Although this
concept had carlier been examined by the USA, it had not been
developed. PELINDUNA was an original reactor concept specifically
devised 10 accommodate South African conditions. As this design had
not yet been put to the test fully in any other part of the world, it
presented a challenge to engineers and scientists and an opportunity (o
become familiar with nuclear technology in practice.

Within a few months of his return 1o the Republic, Dr Grant submitted
his proposals for research in that direction to the Atomic Energy Board.
His recommendation was approved and the proposed power reactor
concept - the PELINDUNA project - could commence. Attention had
to be given to numerous considerations. Aspects of the concept had

49 Interview with Dr WL Grant, 27 7 1989,

S0 AJA Roux: " en die aan daarvan onder Suid-Afrikaanse
omstandighede”, T . 12 October 1959, pp. 95-96.

51 Commentary by tape-recording, AR Newby-Fraser: 18.7.199]
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previously been discussed by Dr Grant and Dr De Villiers, whilst
training at the Argonne National Laboratory in 1960. Following that,
certain Division Heads had contributed in pointing out implications and
problems, as well as putting forward suggestions which finally resulted
in the formation of the "Proposed Power Reactor Concept  for
Development in South Africa®. The Division Heads that were involved
weve Dr SJ du Toit (Physics); Dr LJ le Roux and Dr DM Kemp
(Chemistry): Dr RE Robinson (Extraction Metallurgy): Dr JK Basson
(Isotopes and Radiation) and Dr JP Hugo (Physical Metallurgy). %2

The reactor type considered for power generation would have to make
use of materials that were available in South Africa or that could be
made available if required.® Furthermore. the components for the
reactor would have to be readily manufactured in South Africa. The
development of the reactor had to involve those techriiques that would
keep the research teams and the South African industry in close touch
with e nuclear reactors being built overseas, and which would have
the mos: potential for the application to electric power production, e
development of ceramic fuels, liquid metal techniques. high
lemperature heat exchangers, etc. The concept had to be capable of
allowing scientists of the AEB and in the universities to work on
aspects of reactors which would help 10 keep abreast with the most
advanced developments overseas. The concept would have to show
decided potential for economic power generation, ™

\s stated in tie intreduction of the Concepr, it would not be possible to
select a veactor that would conform to all the requirements.  Some of

) (Dr WL Grant: Private collection) WL Grant et al:  Proposed Power
Reacior Concept for Dovelopment in South Africa. Document No. AEB
25/62. R1/0 762, Preface. SD Ferguson who had written the sectior on
hazards apprasal and' Dr AJA Roux. Director of the AEB who had given
guidance, criticism and encouragement during the entire duration of the
preparation of 1he ; 1oposed concept, were thanked by the authors,

53 (D: WL Grant: Private «l'ection) WL Grant et al:  Proposed Power
lunqurumvelo..mthSnnlAMu. Document No. AEB
25/52, R1/0/7/62, pp. 1-4.

4 Ibid., pp. 3.5
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the reactor types that were being developed overseas would, to a large
axtent, conform to many of the above requirements. The pros and cons
of all reactor types in use and under development overseas were
considered, but the conclusion was reached that to bring South African
industry in contact with the most important reactor techniques, the
natural uranium, heavy water moderated, liquid sodium-cooled reactor
would be the best choice. *

From the start the PELINDUNA project had certain advantages. The
concept held promise of a reduction in power generating costs. Before
any large-scale experiments were conducted, a complete theoretical
investigation of the system was performed, which required the
development of calculation methods for the reactor-physics parameters,
an undertaki g in which the lack of a suitable compuier demanded a
series of lengthy hand calculations depecdent on & aumber of
simplifying assumptions. Difficulties werz encountered and a change
was made o a computer-based model.  Initially the facilities of the
CSIR were used and later the computer centre of the AEB.

Owing o the complexity and size of the proposed uranium fuel
elements, and to the fact that refined computer calculations certain
assumptions still had 1o be made, experimental confirmation of some of
the calculated reactor core parameters was necessary. To this end a
sub-critical or so-called exponential assembly was constructed, with the
entire manufacture of both the assembly and fuel elemonts carried out
by South African industry %

As work progressed modifications and improvemecits inevitably made
their appearance, affecting the various original design features.*” Many

5 (Dr WL Grant: Private collection) WL Grant et al:  Proposed Power
Reactor Concept for Development in South Africa, Document No. AEB
25/62. R1/0/7/62, pp. 3-5.

56 AR Newby-Fraser: Chain Reaction, pp. 117-118.
57 The original approach of providing each fuel clement with s own

coolant pump and heat exchanger was found 10 be cumbersome
for high ratings and was replaced by a manifold system with common
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Uranium spheres manufactured

as luel for the PELINDUNA project

(Source: AR Newhy Fraser: Chain Reaction)
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problems were overcome, but some ;. full / resolved.  The original
fuel-clement design employed unclad - aium metal spheres* of 10 mm
diameter.  With unclad fuel s eres there was the ever-present
possibility of fission products esci - : in:) the coolant and this was
something which required early clar ne

The metallurgists involved in the project had to produce the uranium
fuel in the form required, but had also to determin~ in advance the
behaviour of the fuel and other tomponents under reactor operating
conditions. A method was found to produce the natural uranium
spheres of 10 mm diameter and a production method was developed 1o
meet the first requirement of 600 000 spheres. Many studies involving
the fuel spheres were carried out. %

All the reactor engineering studies indicated that the PELINDUNA
concept was even more promising than was originally expected.

The third major project that was initiated by the Atomic Energy Board
in the early sixties was the Gas Cooling Project. This was the code
name for the uranium enrichment investigations carried out by scientists
and engineers of the AEB. (The project will be discussed in detail in
the following chapter. )

Towards the end of 1966 both PELINDUNA and the enrichment
project had almost simultaneously reached the stage where each
required. as a next step, the construction of a large demonstration or
pilot plant for which the financial implications were very heavy indeed.

pumps which could be mechanical, with the heat exchangers alongside the
reactor. AR Newby-Fraser: Chain Reaction. p- 119,

58 AR Newby-Fraser: Chain Reaction, pp. 119120

59 For example, the mechanical behaviour of fuel spheres under controlled
lemperature and irradiation conditions, fr which a loop, 10 perform the
irradiation of les containing the uranium fuel spheres, was installed at
the ikzko of the gAFARI I pool. AR Newby-Fraser: Chain Reaction, pp.
119-120.
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Dr JWL de Villiers

(Source: Alomic Energy Corporation)
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The Republic of South Africa could not finance both projects at the
same time and no compromise was possible - a choice had to be made.

At a Gas Cooling Project meeting on November 25, 1966. Dr AJA
Roux who had Just returned from overseas, informed his colleagues at
the meeting that if the Enrichment Programme was fully implemented
all projects at Pelindaba would have to be brought to a standstill and all
available manpower would be involved with enrichment. FHe suggested
that if that happened, the reactor development programme would have
to be slowed down for ahout three or four years, and at that future
stage a new assessment of the circumstances would have to be made,

At the meeting in November 1966 Dr JWL de Villiers who had played
a significant role in the development of the PELINDUNA concept was
adamant that the PELINDUNA project continued in earnest. He
believed that if all effor:s were concentrated on the PELINDUNA
concept, and the pace of the project accelerated, either using atural
uranium or enriched fuel, a prototype could most likely functio): ay
1973, The go-ahead for the building of a prototype hased on o,
development of the Loncept up to that point, should be given as soon as
possible.®  Dr De Villiers did not agree with the suggestion put
forward by Dr Roux that the scientists involved with the PELINDUNA
project couid interrupt their research programme for five years and then
be expected to resume wiih the same enthusiasm where they had left off
after that length of time had elapsed

Dr Roux suggested that a nuclear reactor could in the future, if required
be purchased from a foreign country.  Dr De Villiers stressed the fact

60 (AECA* Meeting of the Gas Cooling Project, Pelindaba. 25.11.1966, p. 17
Present at the meeting were: Dr AJA Roux ¢Chupmm. Dr JK Basson, Dr |E

6l (AECA) Meeting of the Gas Cooling Project, Pelindaba, 25. LEIS6C, p. 16,
b2 Ibid.

37



Stellenbosch University https://scholar.sun.ac.za

that the reason for the progress in the PELINDUNA project was
ultimate success. The nuclear scientists and engineers working on
PELINDUNA believed that a South African built nuclear reactor
would be functional and could eventually be incorporated in the South
African electricity generation system.  According 10 De Villiers the
acquisition of a reactor from overseas would have a quelling effect on
the South African reactor development programme o

Taking into account the complexities of uranium and nuclear power
development (1964-1967) it was difficult to make the decision to shelve
PELINDUNA and 1o go ahead with the enrichment programme .

The following aspects favoured power reactor development. The status
of nuclear power in the middie sixties indicated that a country would
necessarily in future have 10 meet the demands of nuclear reactor
development and have available in the country the manpower required,
technical skills and industrial mfrastructure % A second aspect that had
10 pe reflected upon was the progress that had taken place in nuclear
power reactor developmeni. By 1966, South African nuclear engineers
and scientists were seriously considering a nuclear power reactor for the
Republic o

In the minutes of the meeting of the members of the research and
development programme of the Gas Cooling Project held on 15
December 1966 it was stated that both the enrichment programme and
PELINDUNA would g0 ahead uninterruptedly tll the end of 1967
The PELINDUNA reactor design would be developed so that the

63 (AECA) Meeting of the Gas Cooling Project, Pelindaba, 25111966, p. 21.

64 Address by VS Emelyanov, President of the Conference: Proceedings of the
Mlmemuudcm«mumwwudmﬁw.
11 Augusi - 9 September 1964 vol. l. pp. 27-28; GF Tape et al: “Future
energy necds and the role of nuclear powe.*, Proceedings of the Third
lalemlmioul Conference on the Peaceful Uses of Atomic Energy, vol. |,
pp. 69-70.

65 See Technical Addendum: “Nuclear Power Reactor - Proposed Reactor
‘oemes® 15121966,  (AECA) GVP Navorsings- en Ontwikkelings-
program, Minutes of meeting 15, 12,1966, pp. 4.5,
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The critical assembly,

PELINDUNA designed and constructed to determine essential
operational facilities, sl

hows the four fuel elements which used 2% enriched uranium

(Source: AR Newby-Fraser: Chain Reaction)
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implications thereof could be evaluated. 5 However, in August 1967,
the Atomic Energy Board and the Nuclear Power Committee took the
decision to conclude the PELINDUNA project.®”  The project was
allowed to continue till November 1967 On 30 November 1967 a
critical assembly based on the PELINDUNA concept reached criticality
- a date which must be considered as a major milestone in the
development of reactor physics in South Africa, especially as it was the
first such assembly of indigenous design and construction on the
African Continent. %

The final decision to end the PELINDUNA project was brought about
mainly by the fact that the concept would have been more effective if
the natural uranium was replaced by slighty enriched uranium.
Dependence from foreign countries for fuel supplies for energy
production, as well as the disadvantage of using natural uranium as
fuel, would most likely make the Government. as well as ESCOM
reluctant to support the establishment of a reactor based on
PELINDUNA.

The PELINDUNA project, which would have employed heavy water as
4 moderator, kept the possibility of heavy water in South Africa alive,
Had the PELINDUNA project gone ahead, there would have been
considerable more thought given (0 the prospects of erecting a
production plant in this country. The production of heavy water in
South Africa remained a very real possibility right up to 1967 when the
decision was taken to shelve PELINDUNA

66 (AECA) GVP Navorsings- en Ontwikkelingsprogram, Minutes of meeting,
15.12.1906, pp. 13-14

67 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
sp. 32; PEL I7S E, AEB Report on the Investigation into the Possible
lanbnﬂqurMch&eRMdMMHn. May
1968, pp. 6 and 7,

AR Newby-Fraser: Chain Reaction, p. |18,

1

69 Commentary on heavy water by tape-recording, AR Newby-Fraser:
18.7.1991,
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The PELINDUNA project was not an unavailing undertaking.  Besides
the advancements in nuclear engineering and science, South African
industry had 1o face up to the problems associated with nuclear-grade
materials and their specialized manufacturing techniques.  Certain
project management methods were developed, that would later be
applied 10 specific projects in the uramum enrichment programme.
Skilled workshop teams that were involved in PELINDUNA could also
be readily incorporated in the production of cquipment for the uranium
enrichment undertaking. According 10 Dr Gramt PELINDUNA wis
significant in South African nuclear scientific and technological
development.  He believed that "PELINDUNA's flexible design
encompassed some of the most advanced and progressive techniques in
nuclear power production. From this we learned a lot that will never
be lost. It enabled us 1o take a tremendous step torward in ouclear
power technology ", according o Dr Gram ™

A Nuclear Power Plant

The termination of South Africa’s own power reactor project did not
mean that investigations concerning nuclear power in South Africa dd
not go ahead.

In the latter half of the 1960’ muck research was undertaken. In June,
1965, the Atomic Energy Board was requested by JFW Haak, Minister
of Mines and Planning, 10 undertake an investigation into the possible
application of nuclear power in the Republic of South Africa.  The
Board requested that the responsibility lor the investigation be given 1o
its Nuclear Power Committee which, in 1965, had the following
membership:  Chairman:  Dr HJ van Eck (Incastrial Development
Corporation of South Africa Limited); Vice-Chairman. Dr AJA Roux
(Atomic Energy Board), and nin~ other members representing Mining,

70 Interview with Dr RS Loubser, 287 1989,
mn AR Newby-Fraser: Chain Reaction, p. 125,
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ESCOM, the Atomic Energy Board and the Iron and Steel Industry. ™
The Committee decided to form 1 special Sub-Committee on July 6,
1965, to direct the investigation. A Study Group under the leadership
of JR Colley and members of the AEB and ESCOM was formed to
prepare interim  report  for the Sub-Committee's consideration.
Valuable contributions w.re made by the many other organizations, in
particular the Atomic Energy of Canada Lid.. the United Kingdom
Atomic Energy Authority and the Commissariat I'Energie Atomique.
Assistance had been requested from these three nuclear energy
organizations in  particular, because they were leaders in  the
development of the types of reactor of particular imterest o this
investigation.  The report was accepted by a combined meeting of the
Special Sub-Committee and the Nuclear Power Committee on March
26, 1968, and approved by the AEB on April 1, 1968.M

Whereas the Commission of Enquiry into the Application of Nuclear
Power in South Africa, 1961, had found that there would be no
econoni: advantage for the substitution of nuclear power in the Cape
Western area, the Report of 1968 determined that those estimations
were no longer valid.

The 1965-1968 investigation was the first serious attempt, since the
report of the Commission in 1961, 10 evaluate nuclear power in South
Africa. In the intervening six years a considerable amount of data had
become available as a result of reactor experience overseas and it was

72 The nine other members were:  Dr MG Aimore (Angio American
Corporation), Professor FL Clarke (Afnican Explosives and Chemical
Industries Lid.); S Craib (Geseral Mining ad Finance Corporation Lid. )
Dr IMK de Villiers (Electricity Supply Commission): Dr WL Grant (AEB):
Dr CM Kruger (South Afiican lron and Steel Industral Corporation Lid
Dr RS Loubser (AEB); Dr FA Raal (Diamond Research Laboratory), NT
van der Wal (Eleciricity Supply Commissior).

73 AEB PEL 175 E, on the Investigation into the Posible
Introduction of Nuclear in South Africa, May 1968, p. 2
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felt that there was then sufficient information for a meaningful
evaluation of the possible introduction of nuclear power. ™

It was stressed in the report of 1968 that the uninterrupted operation of
a commercial nuclear power staton in South Africa must not be
subjected to any uncertainty regarding enriched fuel supplies.
According to the report, reliable supplies of enriched fuel were at that
time subject to grave doubts. For this reason the report that was based
on information accumulated between 1965 and 1968, only reactor types
capable of operating on nateral uranium fuel were considered.
Reuctors obtaining an economic benefit from the use of enriched fuel,
but which could be operated on natural uranium during emergencies,
were also considered. ™

By the middle sixties several studies showed that the boiling water
reacior (BWR) and pressurized water reactor (PWR) power stations
(both fuelled with enriched uranium) would be competitive with fossil-
fuelled stations in many regions of the USA, and evaluations made
during 1965 and 1966, showed that these power reactors had by then
become economical even in regions where low cost fossil-fuels were
available. These findings resulted in a dramatic increase in orders by
other countries for large commercial power sti.' ons of those two types.
In the USA alone, 24 nuclear plants, totalling 20 000 electrical
megawatts were ordered during 1966, and orders for a further 30
power reactors with a combined generating capacity of 25 000 electrical
megawatts were placed during 1967.7

In 1968, Britain still had the largest installed nuclear generating
capacity in the world, and had generated more electricity by nuclear
means that the rest of the world. When appreciable reductions in the

74 AEB PEL 175 E, on the Investigation into the Possible
Introduction of Nuclear Power in South Africa, May 1968, p 8

15 Ihid., pp. 8.9,
76 Inid., pp. 6-7.
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cost of power from the Gas-Cooled Graphite Reactor (Magnox*)
stations in Britain did not appear possible. attention was directed to
enriched uranium reactor systems, since enriched fuel was (in 1968)
soon to be available from the British diffusion plant. The rest It was
the Advanced Gas-Cooled Reactor (AGR), which utilized much of the
technology of the Magnox reactors, but ad lower capital and fuel
costs.”?

The investigation was confined to those reactor types where at least an
electricity generating prototype had been satisfactorily operated, and for
which the economies and operating characteristics of a similar station
were considered 1o have been adequately proven. From a purely
economic point of view it was clearly desirable to use enriched uranium
as fuel, but it was essential that the supply of fuel for a South African
reactor must be assured for the operating lifetime of any commercial
nuclear power station, i.e. for 25 years 1o 30 years. ™

The eval . - ~f many factors relaung to the introduction of nuclear
power to - . Africa were investigated: e.g. the economies of
electricity generation; the conservation of natural resources; and the
effect on local industry, ™

Nuclear reactor development clearly indicated that enriched uranium
would be required if nuclear power production was to be introduced 1o
the Cape Western area. If South Africa was not o be subjected to
uncertainty regarding enriched fuel supplies the logical solution was
own production,

7 AEB PEL 175 E, Report on the investigation into the Possible
Introduction of Nuclear Power in South Africa, May 1968, pp. 9-10.

78 Thid.
79 Ibid., p. 18
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CHAPTER EIGHT

THE DEVELOPMENT OF AN ORIGINAL
URANIUM ENRICHMENT PROCESS

In the early sixties it became clear t.at nuclear power in the future
would be based very lar ely on enriched uranium Juel. There were a
number of known methods to separate uranium isotopes, but to find a
method that was practically effective and economical was both ifficult
and extremely expensive. While Dr WL, Grant was head of the section,
Heat Propagation and Ihmnodymndrs of the National Research
Institute for Mechanical Engineering ar the CSIR. certain experiments
with a vortex wube indicated that water vapour could be separated from
air. This phenomenon made Dr Grang speculate as to its application as
an isotope separation mechanism. Trial experimentation was begun in
December 196]. After much hard worl and ort the vortex tube
method of isotope Separation was proved in the laboratory.  An
Investigation Committee appoinied by the Governme=t, set about
a.rsmtaj the viability «}{ a pilo: uranium enrichmeny plant.  Having
reviewed the findings of the Committee the Government came out in
favour of the project. Under the direction of Dr Wi, Grant, the top
Mmanagement began the extensive or anization to establish a ﬁlol plant
(the Y-project). On July 20, 197& the Prime Minister, Vorster,
snnounced to Parlioment and foreign representatives that South Africa
had developed its own uranium enrichment process. In the November of
that vear, the Board of Directors of the Uranium Enrichment
Corporation (UCOR) of South Africa was ed in order 1o
coordinate the actual production of enriched uranium.

mumcmmmuﬂnnmsnﬁwmmm«

The third major project 1o be undertaken by the Atomic Energy Board
in the early sixties, and which would eventually lead o a great
technological triumph for South African nuclear scieniists, was
fundamental research in uranium enrichment technology. This highly
classified invest. sation became known as the Gas Cooling Project.

There were a number of reasons why fundamental research in uranium
enrichment was undertaken.  South Africa required 90% enriched
uranium to fuel its research reactor SAFARI 1. This could be obtained
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from the United States, bui own production would be an advantage
should economic sanctions against the Republic ever include nnclear
fuel. Secondly, in the carly sixties nuclear physicists and engineers
were well aware of the Jower capital costs associated with the use of
enriched uraninm »< seactor fuel. The majority of future nuclear
reactors wiat! m all probability require enriched fuel rather than
naterz wisniom fuel. The reduction of the quantity of uranium oxide
sold ‘.. the early sixties enhanced the prospect of lucrative prices that
could be obtained from the enriched product. With South Africa’s
substantial uranium resoucces, these aspects could not be overlooked.
Manufacturing uranium in its most sophisticated form (i.e. enriched),
would have to be initiated because the rewards would be extremely
beneficial to the country. Uranium marketed in an enriched form
would mean virteally doubling the foreign-exchange rcturns from
uranium sales.’

As far as nuclear experts in South Africa could judge the situation,
1960 marked a trning point in the development of nuclear power in
the world, in the sense that it then became clear that nuclear power in
the future would be based very largely on enriched uranium fuel. It
was, therefore, natural that South Africa, as a country with large
resources of uranium and at the same time a young ingustrial country
which for its future development had adopted a pohcy of marketing its
raw materials in the most advanced form should have look «d at ways
and means of enriching at least some of its uranium reserves. South
Africa had for such an undertaking the advantage of low cost power
and an industrial infrastructure developed to the point where it was
capable of embarking on the development and construction of
sophisticated projects. At the beginning of the sixties South Africa was
on the eve of a very large nuclear power programme. South African
nuclear authorities believed that in order 0 meet increasing power
demands (estimated at 2000 megawatts (electrical) by the end of the
1 (AECA) AJA Roux: “Uraanverryking”, Referaal gelewer tvdens byeenkoms

van die Suid-Afrikaanse Akademie vir Wetenskap en Kuns, Kanschiersgebou,
Universitent van Pretoria, 19 Maart 1971, pp. 34 - 35.
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century) a nuclear power station would be economical in the Western
Cape. If such a programme could be based on enriched uranium, it
would result in a very marked capital saving. However, such a course
could only be followed if the supply of enriched uranium could be
guaranteed, which, considering South Africa's international position,
implied own production.?

By 1961, when the senior AEB scientists returned from their overseas
training, the future of enriched uranium as well as the possibility of its
being produced locally, was frequently discussed. As was indicated
carlier, there are a magnitude of difficulties that have to be overcome in
developing an uranium enrichment process. The most important
methods of enrichment that were deve.oped in overseas countries were:
Gaseous diffusion, Thermal diffusion, Electromagnetic separation,
Ultra-centrifuge and Separation nozzles

Not one of the numerous processes of uranium enrichment, that were 0
be found in scientific literature of the time, held promise and could be
developed to contend the gaseous diffusion method, except, possibly a
process based on the ultra-gas centrifuge. This technique had been
tried by United States engineers and scientists, in the forties. but was
abandoned during the Manhattan Project.*

The initial studies as well as the continued investigations into uranium
enrichment in the Republic of South Africa can be linked to the
2 (Dr WL Geant:  Private Collection) AJA Roux and WL Grant:  Uranium

Enrichment in  South Africa, Presentation to European Nuclear
Conference, April, 1975

3 (AECA) HL de Waal:  Uraanverryking in die Republiek van Suid-Afrika,
pp. 27-28. See Technical Addendum: “uranium enrichment - an explanation
ol the gaseous diffusion method given by Dr AJA Roux.”

4 (AECA) AJA Roux: “Uraanverryking®, pp. 1921, (SAB) Assembly
Debates, vol. 29, 17 July 1970-23 August 1970, 27 July 1970, col. 471;
After the Second World War scientists in Holland and Germany continued
rescarching the gas centrifuge for uranium enrichment. (In later years
Britain, Germany, Holland combined in a joini organization to form the
commercial uranium enrichment company URENCG.). See (AECA) HL de
Waal: Uraanverryking in die Republiek van Suid-Afrika. p. 28,
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Dr WL Grant

(Source: Atomic Energy Corporation)
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protessional career of Dr WL Grant® and a number of scientists and
engineers who assisted him.

While Dr Grant was head of the Department: Heat Propagation and
Thermodynamics of the National Research Institute for Mechanical
Enpinsering at the ©SIR in the fifties, a special proj t was undertaken
for = Chanber of Mines relating 1 underground environments and
their psychologice! >ffects on human beings.  As part of this project,
Dr Grant wrote a thesis illustrating that he had devised a method of
preparing cool air for the dew point meters which utilized a vortex
tube.*  Although it proved unsuitable for that purpose, the experiments
indicated that water Vapour was being separated from the air in the
tube. This phenomenon made Dr Grant speculate as to its application
aS an uranium isotope separation mechanism 6

The vortex wbe was described for the first time by the German
scientist, MG Rangue, as carly as 1933.  After 1946 a number of
publications appeared in which the vortex tube principle was utilized.
An interesting ohservation in the vortex tube action was that when a
£as, under pressure, was blown into the tube, the gas could be
separated into (wo streams: one stream in which the temperature was
lower than the inlet gas, and another stream in which the temperature
was higher than the inlet gas. For this phenomenon, an explanation
had to be found. The general flow pattern is that the £as moves in a
special flow from the inlet 1o the warm outlet and that the cold air

5 Dr Grant was appointed as a mechanical engineer to the staff of the CSIR on
March 1s', 1948. There Dr Grant initiated work on a flow meter and a
pressure regulator and investigated a heat transfer theory for the construction
of a wind tunnel. During Dr Grant's ten years with the CSIR his work
remained orientated towards heat transfer and thermodynamics - experience
which was 10 be invaluable in his later achievements. (AECA) HL de Waal:
Uraanverryking in die Republick van Suid-Afrika, pp. 1011,

6 When Dr Grant joined the Atomic Energy Board as Senior Engineer in
October 1959, he was involved with the manufacture of heavy water. He
Saw a possible application of the vortex principle in the production heavy
waler.
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stream moves in a spiral flow from the warm outlet disc to the cold
outlet.”

Dr Grant realised that only a cheaper and less sophisticated method of
enrichment would be within the bounds of practicality for South Africa.
An enrichment process in which the high separation factor of the gas
centrifuge method and the high flow-through per enrichment stage of
the gaseous diffusion technique could be combined, would have great
practical advantage. In this concept the vortex tube seemed to brve
great potential. * Dr Grant deliberated on the idea that if a vortex tube
could separate water vapour from air, it could perhaps be developed
Into a separating element which might separate uranium 235 from the
majority of uranium 238 atoms - a separating element which would
have the tremendous advantage over the gas centrifuge of employing no
moving pans.® This was the fundamental source of the eventual
attainment of enriching uranium,

It was on the basis of Dr Grant's premise that Dr Roux convened a
meeting of a select few and advised that the various known methods of
enriching uranium should be looked into. On 23 August 1961, Dr AJA
Roux informed the Executive Committee of the Atomic Energy Board
concerning the advantages of using enriched uranium as fuel rather than
natural uranium.'* It was at this stage that the Executive Committee
decided that research on a method of enriching uranium should be

commenced.
In 1961 no one was under any illusion as to the politically sensitive
nature of uranium enrichment. (This aspect will be elucidated in the

7 (AECA) HL de Waal: Uraanverryking in die Republick van Suid-Afrika,
p 14,

8 Ibid., pp. 1314
9 Ibid., pp. 15-16.
1 Members of the Executive Committee of the South African Atomic Energy

Board. 1961: Chairman: Dr TEW Schumann; Members: CS McLean and
HA Nel.
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following chapter.)  Research would have to be handled with
unquestionable discretion and accordingly the project was classified. It
was given the designation of the Gas Cooling Project (GCP) which still
later was dwvided into three Separate components, namely: X the
experimental stage of development, Y the pilot plant and Z the full
scale production plani. The Gas Cooling Project as a whole was
therefore also referred to as the XYZ-project.!  This chapter deals
mainly with the X-project and preparations for the Y-project. (To a
lesser extent preparation for the Z-project). However, the three
components saov'd be regarded as an entirety for all the research and
technical e» perimentation was done with a view to eventual commercial
production. (The Y aud Z projects would only be completed in the
1970's and 1980's.)

The first building 1o house the early experimental work, was in Du Toit
Street, in central Pretoria. These premises were kept as unobtrusive as
possible.  Partitioned into a front and rear section, the experimental
equipment was assembled and operate in the rear portion, and the
front half comprised the workshop where casual enquirers were told
scientific equipment was being manufactured.  Later it became
fecessary (o transfer the experimental work to new premises.  This was
the equally unobtrusive Shamrock Building in Skinner Street, Pretoria.
Stricter security was exercised there. 12

The Experiments to separate Uranium Isotopes and the Scientists involved

In December 1961, experimentation with the vortex tube was begun.
The research that commenced, was based on investigations that had
been done in connection with moisture measures at the CSIR. The

11 Interview with Dr WL Grant, 17.7.1989; (AECA) HL de Waal:
Uraanverryking in die Republick van Suid-Afrika, Pp. 41 - 43; (AECA)
Minutes of the Meeting of the Exzcutive Committee (Production) of the AEB
for uranium enrichment, 20 Masch 1969, p. 4,

12 AR Newby-Fraser: Chain Reaction, pp, 96-97,
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proposed vortex tube process has a high separation value. As this value
IS S0 much better than the theoretical maximum for a uranium
hexafluoride diffusion process ** was decided that research should be
continued, 13

Investigations at the CSIR had not demonstrated the Separation principle
beyond all doubt and a new experimental assembly was constructed to
repeat what had been done years before, and to confirm the carlier
observations. Initially Dr Grant's team was convinced that the
experiment with the vortex tube, that had been done years before would
succeed, but this was not the case. Dr Grant recailed the day.
Christmas Eve, in the Summer of 1961. The experiment was done over
and over again, but with no success. Some of the members of the team
were in a festive mood and were in an adjacent room. When they
returned (o where the apparatus had been set up to enquire whether the
experiment was  successful, the scientists  could only, to their
consternation, reply that there was no separation of air and water
vapour. Again and again the experiment was repeated - week after
week, but to no avail. After three months, by which time autumn had
brought a chill to the air, the team began to understand why  The
elementary explanation became dpparent.  The relative humidity in the
air had in the summer been t0o low. With the coming of winter it
gradually changed. The relative humidity in the air was higher.
Having accommodated this external effect in the experimentation the
separation mechanism was proven successful and the scientists could
proceed to the next stage of investigation. 14

In his recollection of the year 1961 Dr Grant recalled the following
circumstances which are for this study of interzs. Soon after his return
from the United States. he rememoered sanding on Church Square,
watching the inauguration of the first State President of the Republic of

—_—

13 (AECA) HL de Waal: Uraanverryking ir die Republick van Suid-Afrika,
p. 16,

14 Interview with Dr WL Grant, 27 .7.1989,



Stellenbosch University https://scholar.sun.ac.za

South Africa, CR Swart. The tountry wou . at that point, pursue its
future outside the British Commonwealth of Nations. On his ret.n Dr
Grant suggested 10 Dr Roux, then Director of the Atomi. Energy
Board, that they should investigate the enrichment of uraniun. At that
point Dr Grant realised thar iched uranium reactors would be of far
greater advantage than natural uranium reactors. They would be a far
more economic proposition and more versatile. The decision 10
investigate a method of enriching ura.aium was, according to Dr Grant,
a scientific deliberation. Having assessed progress in the United States,
he could speculate as to the future of both natural uranium reactors and
enriched uranium reactors. Approximately thirty years later he 18
convincc. that the correct decision was taken, as early as 1961, 1o
pursue a method of enriching South African uranium, '*

The Minister of Mines, Dr N Diederichs, was consulted at the time.
The economic advantages of enriched uraniun' as illustrated by Dr AJA
Roux prevailed and the Minister conceded that research be commenced
on &n enrichment process. For political reasons the whole effort would
be confidential. Only the most senior members of the Board would be
informed of the progress made. This course of action wa< largely due
to the apparent economic advantages of enriched uranium in nuclear
power reactors. ' However, the decision to enrich uranium would alert
the international community that South Africa could in future be in a
position to produce nuclear weapons and this had to be taken into
account, !”

Most of the initial experimentation was done by Dr Grant himself,
assisted by a small team of scientists. When, in the autumn 1962, it
was discovered that air and water vapour could be separated they

15 Interview with Dr WL Grant, 27.7.1989,

16 (AECA) Review of the XYZ-project by Dr AJA Roux. Minutes of the
meeting of the Executive Commiee (Production) of the AEB for uranium
earichment, 20 March 1969, p- 2. (AECA) HL de Waal: Uraanverryking
in die Republiek van Suid-Afrika, p. 42,

17 Interview with Dr RS Loubser, 28.7.1989
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progressed 1o where they could Separate argon isotopes from air.
During these initial experiments gases (such as argon) which are non-
reactive and easily handled, were used. When Dr Grant and his team
succeeded in separating argon isotopes from air, it was realised that
extra finarcing would be required if they were to proceed to
experiments involving the separation of uranium isotopes. The feed
material for the separation of uranium isotopes is uranium hexafluoride
(UF,). The UF, for the enrichment process should be clean end of high
quality. In the early stages of the X-project, UF,, was obtained from
overseas (France).'® If this uranium compound were (o be produced,
on a scale for experimental laboratories researching the separation of
uranium isotopes, government financing would have to be conceded !9

Therefore adequate laboratory facilities were required to permit the
making and the safe handling of UF, and also to extend experimentation
on chemical and metallurgical aspects of the research. An estimate of
the requirements produced the figure of one million Rands. 2

On March 25, 1963 Dr Roux and Dr TEW Schumann were granted a
personal interview with Dr Verwoerd in order to obtain governmental
financing, At the meeting were present Dr Dénges, Minister of
Finance, and Dr N Diederichs, Minister of Mines. This was a highly
confidential meeting, not even the other members of the Cabinet were
informed. The enrichment programme required a million Rands for a
project which might prove successful, but on the other hand might fail.
Dr Grant provided Dr Roux with a sheet of paper on which some
details were given of how they pronosed to separate certain gasses,
which were requirec to produce UF,, and an indication of the
laboratory envisaged, in which the separation of uranium isotopes could
be done. These were the main objectives. Dr Roux explained the
processes as logically as possible. He made it known to the Prime

I8 Interview with Dr JJ Warnenburg, 25.4.199].

19 Interview with Dr WL Grant, 27.7. 1989,

20 Ibid.
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Minister that there was the possibility that it might not succeed, but that
it could only be proven with the necessary experimentation and
adequate facilities. It was disclosed 10 the Prime Mimster and the other
Cubinet Ministers that a pilot plant would have 10 be erected for the
piodetion of UF,, as well as a special building with air purifying
instailotions.  The facilities of a scparate workshop at Pelindaba was
requirad 7nd at some stage suitable compressors would have 10 be
constructed ‘or UF,.  Dr Roux informed Dr Verwoerd as v the
importance of the success of development of the process, and indicated
the economic advantages as well as the internetional implications of
South Africa becoming a nuclear power 2!

Any doubts or fears which the two members of the AEB may have
entertained regarding the reception of their proposals were soon allayed
by the intense interest displayed in them. On being told that
preparation of designs and drawings for the necessary buiiding and the
call for tenders would probably require about eight months before
construction could be commenced, Dr Verwoerd asked whethe: some
of the formalities could not be by-passed to achieve earlier completion
of the work. Ly the course of a weekend, the funds were obtained
Approximately at ten o'clock on the Monday morn'ng April 1st. 1963
Dr Schumzann iclephoned Dr Grant to inform him that the noney had
been granted for tie prograrime to proceed. It can be said that this was
the direct resuit of Dr Verwoerd's percepiion, that the possibility of the
success of an uraniurm enrickrient veiture was worth some risks, and
could only be accomplished with lucpe gevernmental financial support,
An important consideration wa< that i . was n undertaking inherent to
South Africa. It was the beginning of 1 relaionship of trust that existed
between the scientists of the AEB involved »ith uranium enrichment
and the Prime Minister and his successor The scientists made every

21 (AECA) Review of the XYZ-proiect by Dr AJA Roux, Munutes of the
meeting of the Executive Committee (Produ. iom of the AFB for uraniom
enrichment, 20 March 1969, p. 2. Interview wiih Dr WL Grant, 27.7.1989;
(AECA) HL de Waal: Uraanverryking in die Republick van Suid-Afrika,
p. 31
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effort 10 enlighten the Ministers concerned as o all the nuclear
scientific and technological implications of the project. They were
fully aware of the risks invelved and how the funds would be applied.
The envisaged programme was approved by the Cabinet in May 1963,
as well as the financial provision until 1968/69.%2

The South Af-ica enrichment process is characterized by a high
separation factor.* This was a major factor in obtaining funds from
the Govervment for Dr Grant's uranium enrichment premise would
have to indicate precedence over known methods of enrichment. The
challenge to rescarch and develop an enrichment process totally South
African was an exiting experience to the nuclear scientists involved. [t
was an opportunity 1o be involved directly with enrichment technology
development.  Universally this was a dream of many scienticts but the
privilege of only a few. The nuclear scientists that were engaged in Dr
Grant's undertaking were fully aware of this.*

The scientists that were involved with the early experiments of the X-
project fully supported Drs Roux and Grant and were exceptionally
dedicated.  Funds were limited and initially there were only a few
scientists involved.  Enthusiasm was, however, such that scientists
almost oleaded 10 be included in the undertaking There were times
that the ‘cam had t be totally resolute in their perseverance, as the
research was dogged by innumerable complex problems that required
repeated experimentation.  The scientists were determined to make the
project succet .. At times they were cequired to work overtime, for
which they wu ° not compensated. beyond the vision of ultimate

2 Intervien: watk O WL Grant, 27.7 1989; (AECA) HL de Waal:
Lu.mrym‘: die Kepublick van uid-Afcika, p. 31; AR Newby-
Fases Chaln fron, pp. 98-99,

23 (Dr WL Grat: Privaic sllection) AJA Roux and WL Grant:  Uranlum
Encichmint in Sout* | "rica, Presentation to Ewopean Nuclear
Confirence, Introducior Cordl, 1975, See Technican Addendun:
"Uranium errichment” "4 0 4 "rican process”.

24 mterview with Dr DM £pp. 0041991,
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Dr RS Loubser

(Source: Atomic Energy Corporation)
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success. This enthusiasm was a great inspiration to those lzading the
project.®®

According to Dr Grant the experimental work on 1 “outh African
process was a success as a result of the inventive wiuh done by key

individuals. One ol these persons was Dr RS Louio At the
beginning of 1964 Dr RS Loubser joined the AEFR ' oubser was
appointed Assistant Director with the specific task <1 ot Dr Roux

in Technical Administration. In that capacity he beozine more directly
involved with the manufacture of project equipment. The technical
services section of the Atomic Energy Board devoted most of their time
and cxpertise to Dr Grant and the Gas Cooling Project. It was
therefore with the manufacture of technical equipment for the uranium
enrichment experimentation that Dr Loubser became involved with the
Gas Cooling Project. One of the first things that became quite clear to
him was that the success of Dr Grant's concept depended on the
"separating element”.  As the experimentation and studies progressed it
became more and more apparent that the separating element would have
to be a particularly fine and accurate piece of mechanism. It would
have no moving parts, but would nevertheless have (0 be made with
absolute precision. At the same tiine it would have to be manufactured
economically. If this could not be done it would have made the whole
undertaking far too costly. From the beginning of the development of
the separating element, Dr Loubser took the lead. It was as a result of
his technical skill that the prototypes of the separating element were
precision made and the ultimate uranium enrichment process was a
success, 6

A prominent scientist that made a vital contribution to the Gas Cooling
Project was Dr JJ Wannenburg. In the early sixties, Dr JJ] Wannenburg
was a lecturer in Mechanical Engineering at the University of
Stellenbosch. He was investigating axial compressors.* These trbo-

s Interview with Dr WL Grant, 27.7.1989,

26 Interviews with Dr RS Loubser, 28.7.1989 and Dr WL Grant, 27.7.1989.
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type machines are also used in acroplanes. Late in 1963, Dr Roux and
Dr Gramt anended an academic conference in Stellenbosch and
considered Dr Wannenburg's interest in this field as commendable for
research in the Gas Cooling Project. Dr Grant informed him that they
were involved with highly secretive investigations concerning uranium
enrichment.  For experimentation to proceed, it was essential that an
axial flow compressor be developed. Dr Wannenburg's expertise was
employed to overcome complex problems involving the pumping of the
highly corrosive feed material. Dr Roux was very persuasive and Dr
Wannenburg decided 10 leave the university, accept the challenge and
proceed (o Pelindaba. When he arrived in Pretoria at the beginning of
1964, the laboratory facilities for the enrichment investigations had
been moved from Pretorius Street and were established at Pelindaba. 2

Dr Wannenburg joined Dr Grant's team and "¢ was in charge of the
compressor, which was a vital comporent in the enrichment process.
He later played an important part in the development of the
compressor. It was agreed by thes. three key figures in the
programme, Dr Grant, Dr Loubser and Dr Wannenburg, that they
would not desert the uranium enrichment project by accepting other
appointments offered them until the experiments had succeeded and an
uranium enrichment pilot plant had been put into operation. Many
appointments had been turned down by them.2*

After the completion of the Laboratory in the Engineering building at
Pelindaba, by November 1964, the gas cooling apparatus was set up,
financed from the funds received from the Government. 2%

For the trial experiment to separate uranium isotopes, uranium
hexafluoride was used, at first mixed with hydrogen and later with
helium. The process was, therefore, of an aerodynamic type. The feed

27 Interview with Dr JJ Wannenburg, 25.4,199].
28 Interview with Dr RS Loubser, 28.7.1989.
29 Interview with Dr JJ Wannenburg, 25 41991
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Dr JJ Wannenburg

(Source: Atomic Energy Corporation)
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material was difficult to use as it ‘¢acted with materials with which it
.oe into contact. A diaphragm compre< '+ was deveioped by Dr
W anenburg, and this was used in (w c~arly experiments.  The
equipment vas not of a standard to successtully accommodate uranium
hexativoride-gas. The first attempts ot using a uranium hexafluoride
and hydrogen mixture were disastrous; the compressor could be used
only for a single day before it had to be completely dismantl:d and
thoroughly cleaned. The gas itself would rapidly vanish as a result of
its attack on constructional materials and the formation of HF
(hydrofluoric acid). Some of the tubes were metallic, some riass. As
the gas flowed through the tubes the scientists would obeerve how the
colourless gas changed to a yellow-green, then to a dark hue and
eventually it would simply eat away the glass or corrode the metal.
Later it w=, found that this was caused by water vapour. The early
diaphragm compressor was a flat construction that was inclined to leak
at the part where the compressor clasped the diaphragm. This caused
water vapour (o enter the system and much damage was done to the
tubing of the apparatus. It was an on-going »ndeavour of building up
the apparatus and then damaging it by the experimentat'on - ance again
having to rebuild it. The result was that the endless repetiton of
reconstruction and experimentation that was time consurmng and
demanded unlimited patience on the part of the scientists involved. ™

In his article "The Development of Compressors for « Uranium
Enrichment Plant in South Africa” Dr Wannenburg indicates some of
ine  difficulties connected with the deveiopment of a uranium
hexafluoride compressor and possible solutions of the these problems.
Types of compressors were menticned that might meet th demands of

the process.*!

30 Interview with Dr WL Grant, 27.7.1989.
31 (AECA) 1] Wannenborg:  "Die Omwikkeling van Konﬁnmc vir 'n

Verrykingsaanleg in  Suid-Afvika®, November 1964: HL de Waal:
Uraanverryking in die Republick van Suid-Afrika, p. 23
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By way of Summary one can say that, during the first half of 196%, e
experimentation on the vortex tube was continued, and the forming «:
hydrofluoric acid in the apparatus caused countless problems. Intensive
research on compressor development was carried out. The study of
effective lemperatures, cascade linkage, isotope separation, uranium
hexafluoride tests, the specific energy consumption of the separation
process, cost estimations, etc. were intensively investicated.  The
results indicated that the vortex tube most definitely had alvantages as
compared (o the gaseous diffusion methods, as well as the centrifuge
method that the French were investigating at that time. 2 The toil any
laborious efforts of the team were to be rewarded in the second half of
1965.

During the first half of 1965 a mixwre of uranium hexafluorid: and
hydrogen was used as the process gas in the  enrichment
experimentation.  [n July, 1965 it was decided to try ranium
hexafluoride with helium. It proved 1o be less corrasitz. One of the
problems that was particularly back-hreaking to the tean: was the fact
that once experimentation had begun, the apparatus could not be lef
unattended. As much as possible had to be done before the uranium
hexafluoride wou!d rect with the encasements and bring the process 1o
2 halt.

The Breakthroagh: The Discovery of a Unique Process

By ¢ ‘ober 1965 ihe scientists had not yet succeeded in separating t/.c
isotop.s of uranium. Al efforts were devoted to a round the clock
programme to achieve this all-important milestone, before a schedulea
visit in November by the Prime Minister, Dr Verwoerd, who reta ned a
deep ir orest in the Gas Cooling Project.

— - — —

32 (AECA) AJA Roux and Wi Grant: 'Vorderingsvetﬂq 00r 'n nuwe metode
van Uraznverryking”, 31 March 1966; HL de Waal: Uraanverryking i
die Republiek van Suid-Afra, p. 29,
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Dr DM Kemp

{Source: Atomic Energy Corporation)
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The team managed 1o separate the isotopes a mere two weeks before the
visit. They succeeded in accomplishing this by using a mixture of
uranium hexafluoride and helium Once separation was achieved, there
would be an enriched stream and a depleted stream. Samples had to be
taken to assess whether isotopes had been separated. During the early
experimentation two persons were responsible for taking samples and
managing the test bench, Bill Grant (brother of Dr WL Grant) and Rob
Sinclair. One afternoon in November 1965 about two weeks before the
scheduled visit of the Prime Minister (Dr Grant recalled the actual test)
the gas cooling apparatus was set in motion for the umpteenth time and
experimentation began. Sam van Rensburg, under the direction of Dr
DM Kemp, was in charge of the mass spectrometer, which would
indicate whether separation had occurred. Samples were taken and the
analysts worked through the night. It was about four o'clock the
following morning when Dr Grant was informed by the telephone, that
the isotopes had been separated. This was a significant breakthrough,
but the low-mass isotope was appearing at the outlet where the high-
mass isotope should be discharged. The morning Dr Roux was invited
to come and see what had been achieved. It was perhaps the most
important day in the history of the Gas Cooling Project.
Approximately o weeks of intense activity followed and when the
inspection visit took place as planned, it was possible to separate
uranium 238 in a helium-uranium hexafluoride mixture, 3

With this stage achieved, it was then possible to exp ind the programme
and conduct a detailed investigation of corrosion resistant materials for
construction. It was in these investigations that Dr Conrad Johannes
played a significant role. He was the chemical engineer in charge of
the uranium hexafluoride preparation. (He may by regarded as the first
uranium enrichment physicist of the AEB.) It was his task to prepare

13 Interview with Dr WL Grant, 27.7.1989; Interview with Dr J) Wannenburg,
25.4.199].

34 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
pp. 21-22,
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the uranium hexafluoridz so that it could be used in the experimentation
in a purified form. This Was essential in order that experiments
might succee!. He conducted his own research into types of claddings
and encaserients that could withstand the corrosive action of uranium
hexafluoride. It was on his recommendation that certain materials were
used in the apparatus that contributed largely to the success of the
project. 3

The materials that could be used for the construction were limited:
metals, aluminium, copper, alloys of nickel, alloys of copper (such as
monel),* pure nickel and stainless steel (however, large are.s of
stainless steel were unsuitable). Teflon was the only non-metalli
substance that could be used. Teflon had the unique property of having
a low friction coefficient. [t could be used where one would sormally
use oil as a lubricant, 7

When Dr Wannenburg started making analyses he realised that for the
flow that was required, an axial flow compressor was not the answer.
There were two other alternatives. The one was a rotor compressor*
and the other alternative was a piston engine. ** The piston engine had
less disadvantages. The greatest difficulty that had to be overcome was
the sealing of the piston rod. Ultimately a teflon bellows was
developed 10 seal the piston rod.  With numerous improvements a

i5 Interview with Dr WL Grant, 27.7,1989; Dr ¢ Johannes fater left the
country 1o live in France where he died. He had porphyry and Dr Grant
recalled how, with sore and bleeding fingers, he pursued his investigations
with uranium hexafluoride. His dedication was remarkable.

i6 (Dr JJ Wannenburg: Private Collection) Monel: 67% nickel, 30% copper
and 3% iron, "Monel magic in Nuclear Technology”, Focus o~ Atomic

Energy Corporation (supp ment in Engineering Week. 23.11.1990) p. 7.

37 Interview with Dr J) Wannenburg, 25.4.1991: Jj Wannenburg:  "Die
Ontwikkeling van Kompressore vir 'n Umnvenykingmnleg in  Suid-
Afrika”, Part II, July 1965; HL de Waal: Uraanverryking in die
Republiek van Suid-Afrika, pp. 23-24,

38 See Technical Addendum *Rotor Compressor” and *Piston Engine”,
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bellows was eventually constructed that could be used in the pilot
plant.*

Dr Grant used mass spectrometers as analytical instruments in the
development of the project. This method was a handicap, it impeded
the progress of the undertaking because the analyses essential to the
experimentation could not be done quickly. Only a few analyses could
be carried out per day ard even that was only accomplished with much
effort. It was in this sphere that Dr Haarhoff (later Professor
Haarhoff*) would play  significant role. In 1961 Dr Haarhotf
received a scholarship from the AEB to further his swudies a
Cambridge University. There he worked on melecular reactions and as
part of his study, became particularly interested in mass spectrometry
as an expedient in scientific research. Dr Zramt, aware of Dr
Haarhoft"s abilities in this field, approached Dr Roux to make available
some of Dr Haarhoff's time for an investigation ino the mass
spectrometric analyses of the Gas Cooling Project. Dr Grant believed
that he had the ability to improve that aspect of the research. [Initially
Dr Haarhoff was only employed part-tme to help with the Project.
Each step of the analytical procedure was systematized and thus helped
1o shorien the time in which results could be produced. Dr Haarhoff
became particularly interested in the Gas Tooling Project and later
became a full-time member of the team. The problems connected with
time-consuming analytical results were eventually overcome to a point
where any amount of analyses could be done accurately and as quickly
as they were required. This was largely due to the expertise and
dedication of Dr Haarhoff - an accomplishment invaluable w0 the
progress of the Project as a whole.

Dr Haarhoff's most significant contribution to the development of the
South African uranium enrichment project was the technique he

39 Interview with Dr 1} Wa.nenburg, 25.4.1991.

40 In 1977 Dr Haarhoff joined the staff of the University of Pretoria and was
Head of the Department Mechanical Engineering.
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Or PC Haarhoff

(Source: Arvmic Energy Corporation)
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discovered to reduce the many stages of enrichment in the enrichment
process and in this way reducing the ultimate cost of the projected pilot
plant 4!

In the gaseous diffusion method developed by the United States and the
Becker process developed by Germany, scientists in the middle sixties
had not solved the problem of reducing the number of stages of
enrichment (also known as “cascades”). This was a major factor in
making enrichment so extremely expensive. Vast constructions were
built with hundreds of stages of enrichment.

Dr Haarhoff started researching the cascade aspect in 1965.' Dr Grant
believed that with some good thinking and inventiveness a method
could be discovered to reduce the number of stages in an enrichment
cascade. Dr Haarhoff focused his attentions on the problem and
contemplated various possible solutions. He believed that the answer
lay in not how the stages themselves worked, but how the stages were
connected to each other. He took 20 small stages, cach with a differem
composition and tried to find a way of cowbining them into one
compact unit.  With some inventive thinking he formulated a totally
new method of connecting the stages of a cascade, quite unique in the
world

As the uranium enrichment process requires uranium tetrafiuoride (UF,)
and uranium hexafluoride (UF) the following aspects  should be
mentioned. The conventional processes for UF, and UF, production
beth require either anhydrous hydrofluoric acid or fluorine gas, neither
of which was produced in South Africa. An al. native method, the s
called Fluorox process, involving oxidation of UF, was developed and

4] See Technical Addendum: Stages of enrichment.
a2 Interview with Dr Haarhoff, 28.7.1989.

43 PC Haarhoff  “Oorwegings by die ontwerp van 'n kaskade®, October 1965,
;ISde Waal: Unnvm-ylh.h‘em'um. pp- 24

44 Interview with Professor PU° Haarhoff 29.7.1989,
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in 1967 a pilot plant for the production of uranium hexafluoride was
established at Pelindaba by the Nuclear Fuels Corporation 4

The South African process must be regarded as a combination of the
(vortex tube) separating element which in effect is a high performance
stationary-walled centrifuge (with a high separation factor), using
uranium hexafluoride in hydrogen as process fluid, and the new cascade
techniques that were developed 0 deal with a small uranium
hexafluoride cut. The new cascade techniques made it possible 1o
achieve the desired enrichment with a relatively small number of large
separating units by fully utilizing the high separation factor available 4

By the end of 1967 the feasibility of the vortex-tube enrichment method
had been fully demonstrated on laboratory scale, while the scientific
and technical problems which still remained were by no means regarded
as insurmountable.

mwulohﬂdlﬂlmm

Whether the process would be viable for a full-scale enrichment plant,
was dependent on the acquisition of economic and industry-related data
which no laboratory-scale work could provide. In short, this
information could only be derived by building a full pilot plact based
on the vortex-tube separation element. The cost and effort involved in

45 Ownership of uranium was, according 10 the Atomic Energy Act (1948),
vmu:inthe&ue. In l%?thcAclwumuhd(Act No. 90 of 1967) and
one o :hcchm;uwuthemmhnofmisomrmpmpﬁvnmmm.
As a consequence, the Chamber of Mines, Uranium Sales ization
(which negotiated on behalf of the mines terms and conditions of uraniu:.
sales) was by the Nuclear Fuels C:lwmlm of South Afnca
(NUFCOR). NUFCOR was founded to act as 4 ling agent on behalf of al|
individual uranium- gold mines, lulaolookmoperuhuonhc
Central Calcining ich collected ammonium diuranate slurry from the
extraction plants of the various mines.

46 (AECA) AJA Roux and WL Grant: Uranium Enrichment in South Alrica,

uwmcﬂm Process Description, April,
1975, Interview with Dr JJ Wannenburg, 25 4.199]
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Dr HJ van Eck

(Source: Atomic Energy Corporation)
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this, however, would be of a very different order 1o those injected into
laboratory work. It was realised that the Government could not be
expected to take a major decision on whether to proceed with the next
Stage purely on the recommendation of the top scientists and engineers
engaged in the project.

It was on the recommendation of Dr Roux that an impartial expert
committee was appointed by the Government in the first quarter of
1968 1o draft a recommendation to the Cabinet regarding the future
production of uranium enrichment in South Africa 47 According to Dr
WL Gramt, as early as the beginning of 1966 Dr Verwoerd had said a
commission should be appointed to investigate whether it would be
beneficial to enrich uranium in South Africa. After the 1966 general
election he would attend 1o the matter. Persons such as Dr EJ van Eca
(Chairman of the Industrial Development Corporation) and Dr
Straszacker (Chairman of ESCOM) should serve on such ga
committee.* On 7 March 1966, Dr HJ van Fck as Chairman of the
Nuclear Power Committee of the AEB, discussed the possibility of the
construction of uranium enrichment plants (a pilot plant and later a full
scale plant) with Drs Roux and Grant in Johannesburg 4

Dr Verwoerd was assassinated on September 6, 1966. The enquiry into
the future production of enriched uranium was, therefore, delayed by
approximately two years, as a result of the death of Dr Verwoerd. The
scientists that were aware of Dy Verwoerd's enthusiasm for the project,
were shattered by the news of his death. % A new Prime Minister (BJ

47 AR Newby-Fraser: Chain Reaction, p. 100.
48 Interview with Dr WL Grant, 27.7 1989,

49 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
p. 3

50 Interview with Dr WL Grant, 27.7.1989.
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Vorster) and i new Minister for Mines (Dr C de Wet) had 10 be
enlightened as regards the uranium enrichment programme. !

1966 it was decided that the enrichment programme would go ahead
uninterrupted. At the end of 1967 the cost of South Africa's enriched
uranium, based on the piocess of the South Africa Atomic Lnergy
Board, could be assessed in comparison to the price of the enriched
uranium of the United States and other enrichment methods. 52

Considerations that would favour the issue of whether to build a pilot
plant to test Dr Grant's method were the following: In the Republic the
foreign exchange value of natural uranium reached an all-time low in
1965 and 1966. Although enrichment was an expensive undertaking
there were great marketing possibilities for low enriched uranium. 53

In an exchange of letters between Dr AJA Roux, the Chairman of the
Uniced Kingdom Atomic Energy Authority, Dr 'M Hill, in September
and October 1968, the existing collaborztion Agreement between the
United Kingdom Atomic Energy Authority and the South African
Atomic Energy Board was extended 1o July 1977 % Although the
Agreement was extended, the arrangements could be subject to veto by
the United States Government.  South African nuclear authorities

51 (AECA) Review of the XYZ-project by Dr AJA Roux, Minutes of the
meeting of the Executive Committee (Production) of the AEB for uranium
enrichment, 20 March 1969, p. 3.

352 (AECA) Gvp Navorsings- and Ontﬂl-ldlmm Minutes of

meeting, 15.12.1966, pp. 13- 14,

53 Ibid., pp. 9-10.

54 (AECA) Letter from Dr IM Hill w Dr AJA Roux, 19 September 1968,
Letter from Dr AJA Roux 1o Dr IM Hill, 11 October 1968; (AECA)
Agreement for Cooperation as amended, 7 July 1967, Anticle IV (A2).

55 (AECA}M«IMMMM&:M&IM&

Nuclear Power in Sosth Africa, PEL 175 E, AEB, May 1968, p. 10; AR
Newby-Fraser, Chain Reaction, p. 8.

265



Stellenbosch University https://scholar.sun.ac.za

were convinced that South Africa should not be dependent on a = . en
source for nuclear fuel.

By 1968 considerable progress had been made: factual foundation of
the process and a basis for the design of a future pilot plant was
established. ™ p Lion-Cachet (Head Technical Services AEB)
examined various aspects of the plant, such as pewer supply, labour,
faw  materials, equipment, mechanical capacity, staff, transport,
security, programming, etc, %’

On 18 March 1968 the Minister of Mines, Dr de Wet, in consultation
with the Prime Minister, BJ Vorster, appointed an impartial
Investigation Committee to look into the possibility of the establishment
of an enrichment plant. The Committee, whose members had not up to
that point been involved with the development of the process, were
required to draft an independent recommendation to the Cabinet
regarding the future production of enriched uranium in South Africa.
The Committee was under the chairmanship of Dr HJ van Eck: Dr TF
Muller (member of the Transvaal and Orange Free State Chamber of
Mines) and Dr RL Straszacker (Chairman, Electricity  Supply
Commission) were members; and B von M Louw was appointed
secretary, 5%

The Committee lost no time in fulfilling its responsibilities. On 5 April
1968, Dr AJA Roux sent letters .0 the members of the Investigation
Committee in which he provided a list of reports which he regarded as

56 AGM Jackson: "The Separation of UFg-H and UFg-He Mixtures by Freeze
ion "; AGM Jackson: “The Separation of UFg-He Mixtures by
Fractional Permeation through Membranes*: Ww Grant and HA Behrman:
"Die  Opbou and Inbedryfstelling  van die  Vier-draai-kolkbuis
Plnllelskakelingmueg'; HL de Waal: Uraanverryking in die Republiek

van Suid-Afrika, pp. 34.35.

57 D Lion-Cachet: "Construction of a Pilot Enrichment Plant*; HL de Waal:
Uraanverryking in die Republick van Suid-Afrika, p. 35.

58 (AECA) Review of the XYZ-project by Dr AJA Roux, Minutes of the
meeting of the Executive Committee (Production) of the AEB for uranium
enrichment, 20 March 1969, p. 3; (AECA) HL de Waal: Uraanverryking
in die Republiek van Suid-Afrika, p. 35.
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important for the Committee 1o study and evaluate in their arbitration of
the enrichment project. In this way Dr Roux believed that the
Committee would be well-informed prior to their investigations at
Pclindaba. 5

After a study of the reports and other documents pertaining to the work
of the preceding years, the Committee spent three days, from Tuesday,
April 16th 1o Thursday, April 18th, 1968, at Pelindaba, inspecting the
laboratories and other facilities. They conducted interviews with Dr
AJA Roux, Dr WL Grant and other specialists in the various aspects of
the vortex tube enrichment process. %

On Friday morning, 19 April 1968, Dr Van Eck dictated the Report on
the pilot uranium enrichment plant which the Investigation Committee
wished to present to the Minister of Mines, Dr C de Wet. Within three
days (22 April 1968) the Committee presented its report and
recommendations to the Minister 6!

In the Report it was stated that the Investigation Committee had been
fully informed regarding the Gas Cooling Project, by numerous reports
and specialists at the South African Atomic Energy Board, The
conclusion reached by the Committee was that, despite the many
impediments implicit in any mew process, it seemed, even at that early
Stage, that the South African process vould later be developed in a large
production plant which, in both capital Output and operating costs,

59 Documenis for review by the Investigation Comm’ = concerned: Technical
Aspects of the GCP; Experimental Work on the rex Tube; Laminary
Flow in the Vortex Tube;  Compressor Developuent; The Corrosion of
Metals in UFg gas; Report on Instruments that had been developed; Cost
Estimates and the Construction of a Pilot Plant; Leuers from Dr AJA Roux
to Drs HJ van Eck, TF Muller and RL Straszacker, § April 1968,

60 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
pp. 35-36.

61 (AECA) Review of the XYZ-project by Dr AJA Roux, Minutes of the
meeting of the Executive Committee (Production) of the AEB for uranium
enrichment, 20 March 1969, P- 3: HL de Waal: Uraanverryking in die

van Suid-Afrika, pp. 3536, AR Newby-Fraser, Chain
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could compare favourably with existing foreign enrichment plants. It
was the Committee's opinion that a pilot plant should be erected before
embarking on the construction of a full-scale installation, so that the
nNEw process could be tested on a much larger scale than was possible in
the Laboratory. 62

This recommendation by the Investigation Committee was based on the
following: firstly, the high separation factor of Dr Grant's method. In
the laboratory, the new method indicated a far higher degree of
enrichment per stage, compared to that of the vast gascous diffusion
plants in the United States, United Kingdom and France. It was even
higher than the separation that could be achieved theoretically by the
gaseous diffusion method. There was the possibility that an even
higher separation factor could be attained in future

Secondly, uranium enrichment had economic advantages. Fnriched
uranium would have a far higher foreign trade value. In 1968, South
Africa was the third largest uranium producer in the world. The
uranium reserves of the Republic, at that time, were 200 000 tons that
could be exploited at $8 per Ib. At that price it would yield a total
value of about R2 500 million. If the uranium were enriched to an
average of 3%, its value would increase by at least $20,5 per kg, or
about R2 900 million. If the enriched uranium could be processed and
marketed as fuel elements, the value would further increase by at least
R1 000 million. &

A further advantage noted by the Committee was the availability in
South Africa of enriched fuel for power generation. Enriched uranium
instead of natural uranium would lower the capital costs of a nuclear
power plan. It was estimated in the Report that by 1980, South Africa

62 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
Pp. 36-38; AR Newby-Fraser, Chain Reaction, p. 10].

63 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
p. 38,

64 Ibid., p. 39.
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would require an additional | 000 MW generated power each year. |If
enriched uranium power plants were installed, there would be a cost
reduction of R40 million per year. Within ten years that figure could
increase to twice the amount (R80 million). The South African process
had the advantage thar it would consume less water than was required
by overseas production plants,

The report also stressed the advantages of South Africa being
independent of foreign sources for enriched fuel. the greater marketing
possibilities of the enriched product and the benefits of an enrichment
plant to the engineering industry o6

The Investigation Committee stated in the Report that considerable
progress had been made in the development of suitable materials for the
separation apparatus, and that a larger plant could be considered. [t
had required much ingenuity and intensive research 10 accommodate the
very corrosive and poisonous gas UF, in the pipes, valves, couplings,
measuring instruments and compressors of the experimental plant. It
was realised that much would stil] have to be done in that particular
aspect in order to achieve the required maximum efficiency. However,
the prospects were promising and the anticipated course of research, in
order to improve materials and casing, was clearly defined o7

It was also realised that an enrichment plant would consume a great
deal of electricity. In the United States, the three enrichment plants,
with an annual capacity of 17000 tons of uranium, required
approximately 6 000 megawau power (approximately 3 100 kWh per
unit separative work*). According to calculations, the South African
process would consume only half the American requirement. With
regard to the equipment for the pilot piant, the largest single source of

65 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
pp. 38-40; AR Newby-Fraser, Chain Reaction, p. 100.

66 Ibid., p. 40.

67 (AECA) HL de Waal: Uraanverryking in die Republiek /an Suid-Afrika
PP- 38-40; AR Newby-Fraser, Chain Reaction, p. 38, ;:
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expenditure would be the compressors.  These would have a
considerable capacity and a large number would be required. The
advantages of large compressor units were considerable, especially the
economic benefits, but also for the process itself. It was, therefore, on
compressor development and improvement that subsequent research
would be focused. 5

In July 1968 the Prime Minister, BJ Vorster, Dr C de Wet and the
Minister of Finance (Dr N Diederichs) were given further informaticu
regarding the proposed pilot uranium enrichment plant.

The large sum of money that the Government would have to make
available for the pilot plant, required careful consideration. By the end
01 1968 no final decision had been made by the Government. On
February 11, 1969, the Prime Minister, BJ Vorster, and his Cabinet
came out firmly in favour of the Van Eck recommendations, and voted
the funds for not only the construction of a complete enrichment pilot
plant, but also for continued research for the next two years.®

In order to co-ordinate all the activities preceding the establishment of
the pilot plant for uranium enrichment, the Minister of Mines appointed
the Executive Committee (Production) for Uranium Enrichment: Dr
AJA Roux, President of the Atomic Energy Board (Chairman), Jp
Coetzee (Managing Director of ISCOR), Dr TF Muller, Dr RL
Straszacker, Dr HJ van Eck, Dr WL Grant (Director of the Atomic
Energy Board) B von M Louw, JGW van Zyl and Mr- P Oliver
(clerk).70

68 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
pp. 38-40.

69 AR Newby-Fraser: Chain Reaction, pp. 101-102.
70 (AECA) Review of the XYZ-project by Dr AJA Roux, Minuies of the
mecting of the Executive Committee (Production) of the AEB for uranium

enrichment, 20 March 1969, p. I: HL de Waal: Uraanverryking in die
Republick van Suid-Afrika, p. 42.
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Dr WL Grant recalled Prime Minister Vorster's visit 1o Pelindaba after
the Van Eck Report had been accepted by the Government. Dr Roux
informed the Prime Minister that a st of R550 million would be
required for the establishment of a pilot plant. Mr Vorster asked Dr
Roux whether the project could not prove to be a white elephant. He
said that he was not a scientist. but if Dr Roux considered it a venture
10 be undertaken, he would support it.7!

Therefore, from the beginning it was apparent that the cooperation that
the nuclear scientists had experienced with the Nationalist Government
under Dr Ver serd, would be continued under the leadership of Mr
Vorster.

All effoits were aimed ar bringing the pilot enrichment plant into
Operation as soon as possible, although even a small-scale plant for
uranium enrichment was clearly a large undertaking. There were many
problems in iIncorporati ng laboratory results on uranium enrichr.ient 1o
4 pilot enrichment ot These problems, however, were not
insurmountable 72

The plant was 0 be a rescurch and development facility, the most
important aim being to demonsivate the new process on an industrial
scale 10 establish the design and cost parameters of a full-scale plant.”
The pilot plant was to demonstrate that the South African procss could
compete economically with the foreign processes. Consequently, mass
production methods of manufacturing separation elements. for insance,
became a matter of high priority ™

71 Interview with Dr WL Grant, 29.7.1989; 'Kmnnlg van k550 miljoen.
Verrykte uraan vir die hele vrye wéreld”, Die Burger, May 1973,

n AJA Roux: Talk on the Radio programme, “Top Level®, 27.6.1971.

73 (WL Grant:  Private Collection) AJA Roux and WL Grant: Uranium
hMAhh.PmmahntonwEumpcmNuclw

Conference, April, 1975, p. 3.

74 AR Newby-Fraser: Chain Reaction, p. 102,
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Al the first meeting of the Executive Commiuee (Production) of the
AEB on 20 March 1969, Dr AJA Roux welcomed the members of the
Committee 1o the meeting and gave a short review of the history of the
XYZ-project. He Meationed that since 1963 (when the Verwoerd
Government granted the first funds for uranium enrichment) 3]
March 1969, the sum allocated for the XYZ-project by the Government
amounted 10 R3, 29 million.”™ Ay this meeting Dr Grant informed the
Commiitee that the uranium enrichment research Eroup was in full

vortex tube development: compressor development and compressor
components;  secusity; Instrumentation and Management: plant and
process deveiopment. analytical and chemical research,  theoretical
studies; and economic studies. "

As s00n as the Executive Commintee (Production) set about organizing
the Y-project, the purely research character of the enrichment group
changed 1o one with production as the goal. This necessarily resulted
in economic factors playing a more significant role

The wp management, headed by Dr Grant, set about organizing every
facet of the enrichment pilot plant. Three Aspects were crucial: enough
separating elements had (o be manufactured ar a competitive price,
compressor development had (o be finalised and the technique of
linking the stages of separation had 10 be perfected.” A fourth aspect,
MOt as vital as the first three, but essential, was accommodating
hydrogen and uranium hexafluoride (UF,) in the pilot plant process, ™

75 (AECA) Review of the XYZ-project by Dr AJA Roux, Minutes of the
meeting of the Executive Committee (Production) of the AEB for uranium
enrichment, 20 March 1969, p2

76 Ibid., p 4.
77 The achievements of Drs RS Loubser, PC Haarhoff and JJ Wannenburg on
these aspects have been mentioned.

78 Interview with Dr RS Loubser, 28.7. 1980,

2n
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A plant 1o produce uranium hexafluoride was established 1in 1967 By
Means of the Fluorox process the Quantities of UF, required for the
pilot enrichment plant were produced. ™

In 1969, when it had been decided that a pilot enrichment plant would
be built, fundamental and applied research of uranium hexafluoride was
undertaken at an accelerated pace. llwasamoud“ﬁculnimeasuw
chemistry team was placed under great pressure o provide proficient
answers. The only premises available was the laboratory of the Atomic
Energy Board. Being a new field of research, a laboratory had to be
built up from scratch and equipped for these snecialized investigations.
In 1969 there was little, if any. collaboration with other organizations.
The investigations of the cheiical scientists were 100 specialized and
security 100 stringent.  That they were working with uranium
hexafluoride or hydrogen was not mentioned outside the laboratory »

Dr Roux favoured that both the pilot plant as well as the large
commercial plant be built in close proximity w0 Pelindaba. Other
important aspects that were given, were a possible site for the proposed
pilot (Y) plant; a water supply for cooling and the necessary power
supply from ESCOM for the Y-plant ®

i Interview with Dr DM Kemp, 24.4.1991; AR Newby-Fraser:  Chain
Reaction, pp. 74.75; Since much, if not all, of the uranium sold by South
Africa was destined to pass an enrichment plant, an economic
*valuation of the feasibility of UF, production in South Africa, usi
established technology, was undertaken by NUFCOR. The conclusicn was
relchedlhufmmapumlymialpoimokawﬂmﬂdnm'mm
¥iractive investment because, if a purchaser were (0 require uranivm i (he
liexaflvoride form, it would be more economical to ship the con. v rate to
Britain for 10ll conversion 10 UF, and then on to the final destivativn. The
Atomic Energy Board would itself have o become directly invol co with
UF, production for commercial purposes. A joint decision was taken by
NUFCOR and the AEB. A UF, rilu plant would be established at
velindaba, and a UF, pilot plant 1o
N'IFCOR at their works. Both ventures would be jointly financed by the
AEX and NUFCOR. The UF, plant was successfully conanissioned in 1976,

80 Interviow with Dr DM Kemp, 24.4.199] .

81 (AECA) Minutes of the meeting of the Executive Committee (Production) of
the AEB for urarium enrichment, 28 April 1969, p. 6.
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At the third meeting of the Executive Committee (Production) on 30
June 1969, Dr PJ Riekert attended in the place of Lir HJ van Eck who
had taken ill, Progress on the XYZ-project was reported.  Aspecis
such as conditions of service of the staff and the delivery date of the
M spectrometers were discussed. D RH Loubser was appointed
Chief Executive and Dr 1} Wannenburg Chief Engineer of the Y.
programme. It was decided that the pilot plant would be located in the
immediate vicinity of Pelindaba %2

On 8 August 1969 the senior officials of the XYZ-programme were
appointed by the Executive Committee (Production) in consultation
with the Minister of Mines: Dr WL Grant (Director General -
Production Research): Dr RS Loubser (Director of the Y-programme);
Dr 1) Wannenburg (Assistant-Director of the Y-programme) and B von
M Louw (Senior Administrative Official) On 1 November 1969 RA
Barbour was appointed (Assisiznt-Director - Planning and Design); J
du P Dippenaar (Assistant. Director - Coustruction) and Messrs SW
Liebenberg (Head - Internal Manufacture): We Botha (Head - Quality
Control) and D Lion-Cachet (Advisor 1o the Chairman and the
Executive Staff) »

Dr Roux (Chairman of the Executive Committee, Production) would be
responsible for the pilot enrichment plant policy in general. finarcial
control, appointment in general, financial control, appointment of
senior officials, and both the design and the development of the site for
the Y-plant. Dr Gramt would be in charge of the research and
development programme of the pilot v richment plant as well as the
technical and scientific aspects thereof. Dr Loubser was given the task
of planning and designing the pilot plant. Manufacture, construction
and the setting in motion of the Y-project at a given time was also his

82 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
p. 44,

B3 Ibid., pp. 4445, (AECA) Meeting of the Executive Committee (Production)

of the AEB for uranium enrichment, ¥ August 1969, pp. 2-5.
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responsibility. The scientific and technical features would be designed
in consultation with Dr Grant »

In August 1969 an uranium enrichment draft bill was put before the
Executive Committee (Production) for consideration as the Cabinet
wished 0 come 1o a decision before the end of August 1969 concerning
legislation regarding uranium enrichment thar would have 10 be
introduced to Parliament during the following parliamentary session. [t
was not definite that legislation would be put through Parliament during
1970 for various strategic apparatus had to be imported from overseas
before the uranium enrichment process could be made public.
However, the Executive Committee (Production) accepted the draft bill
for uranium enrichment in principle on 8 August 1969 4

At the August meeting Dr Roux said that the site for the uranium
enrichment research and development programme would require
stringent security.  For this reason the Atomic Energy Board had
obtained permission from the Cabinet 10 acquire sites 62 and 64 of the
farm Welgegund, owned by the Preller-brothers and situated near
Pelindaba.  There was much 1o recommend close proximity of to
Pelind*ha.  Since in the selection of Pelindaba’s location in the early
sixties the choice had aeliberately fallen on a sparsely populated area.
there was space to Spare for the new establishment in the immediate
vicinity. The Department for Agricultural Credit and Land Tenure was
negotiating 10 buy the properties from the Preller brothers for
R100 000. Dr Roux said that a second area, site 24 of the same farm
Welgegund which was in close proximity to the former area and in
private ownership should for security reasons also be acouired by the

N (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
P S

8S Ibid., pp. 7-8.
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AEB. The areas p, oned were chosen by Dr Roux because they
were concealed and !+ ¢ for co.nstruction purposes. %

In February 197, - 1 Wannenburg indicated that the experimental
work on the sucti, \OTESSOrs was proceeding very well and that he
believed the cru, blems connected with sealing and the piston
rings of the suction compressor would be resolved before the end of
1970.97 The compressor was an es: nrial part of the enrichment plant.
The manufacture of the separating element and the development of the
compressors were the two most difficult aspects of the Y-projeci s
Originally suction compressors were designed for the Jow flow stages
of the plant, and SCcrew  compressors  for the high flow stages.

than that done op the screw tompressor. However, at that point much
work  still remained 0 be done on the valves for the suction
compressor. The development of suitable valves was a particularly
delicate aspect and required extensive research. It was decided that
only suction compressors would be ysed in the pilot plant, and that
priority would be given to suction compressors rather than screw
compressors in the development Programme. Research would proceed
on the screw compressor until September - October 1970, and then a
final decision would be made as 1o whether the research would
continue At the Meeting of 11 February 1970, it was decided that
the firm AH Pullman and Son would be appointed to manufacture 15 -

20 Prototype suction compressors, %

86 (AECA) HL de Waal: Uraanverryking in die Republiek vap Suid-Afrika,
pp. 89,

87 (AECA) Meeting of the Executive Commiree (Production) of the AER for
uranium enrichment, || February 1970, p 4

88 Interview with pr RS Loubser, 28.7. 1989,

89 (AECA) HL de Waal: Uuanvcn-yth in die Republick van Suid-Afrika,
pp. 4546,

9% (AECA) Meeting of the Executive Committee (Production) of the AER for
uranium enrichment, | | February 1970, p.8
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Early in 1970 site 24 of the farm Welgegund near Pelindaba for the site
of the uranium enrichment undertaking was purchased The new site
would be named Valindaba - from the Zulu verd “vglz® meaning "to
close” and “indaba" meaning “the council®; hence “the council is
closed” %

Dr HJ van Eck passed away on 19 February 1970. In a tribute to Dr
van Eck, Dr Roux said that Dr van Eck had made a significant
contribution to the economic development of South Africa. As a
member of various committees of the Atomic Energy Board, Dr van
Eck had through the years worked in close co-operation with the Board.
The Executive Committee (Production) recommended to the Minister of
Mines that Messrs Brand Fourie (Secretary of External Affairs) and MT
de Waal (Deputy Manager of the Industrial Development Corporation)
be appointed on the Executive Committee (Production) The Minister
dpproved the recommendation. Ay the meeting of the Committee
(Production) on 16 April 1970, Drs Straszacker and Muller (Member of
the Chamber of Mines) congratulated Dr Grant and his staff on the
remarkable progress that had been made with the XYZ-project zfter
April 1968, when they and Dr Van Eck were called upon to assess the
vortex tube enrichment process. 92

It was decided that Roberts  Construction Company would be
dpproached as the building contractors and building consultants for the
pilot plant.** This firm had constructed the buildings that housed the
SAFARI I reactor. Dr Roux had personal contact with the managers
and regarded the firm as reliable for such a highly scientific
undertaking. Because of the secrecy of the project, as well as the
security risks involved, there was no Question of calling for tenders. S

91 (AECA) HL de Waal: Uraanverryking in die Republick van Suid-Afrika,
Pp. 46 and 49,

92 Ibid., p. 47; Meeting of the Executive Commitiee (Production) of the AEB
for uranium enrichment, 16 April 1970, pp. 1-2.

93 (AECA) Minutes of the meeting of the Executive Committee (Production) 16
April 1970, p. 9,

1
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van der Walt was appointed Project Manager by Roberts Construction
Company. The Management of the construction of the pilot plant was,
therefore, largely in the hands of Dr RS Loubser and S van der Walt.
Dr Loubser had the scientific know-how and Van der Walt the practical
knowledge of building and construction, ™

By the beginning of 1970 it was possible 1o establish  accurate
estimations for the Y-project. The confidence that the Mmanagement of
the Y-project had that the undertaking would be economically viable

The point had been reached at which detailed Planning could be
undertaken, purchases and contracts could be neypatizizd and even the
date on which the pilot plant would be set in oL, (namely, April
1974), could be determined. On 13 November 1970 4 fev- men made
their way along a farm road on site 24 of Welgegund. Drs Roux and
Grant dug a few spadefuls of soil as g symoolic beginning of
construction, and Roberts Construction Company could commence their
immense task %

TInUnnimnEnridmmPrmbuomch

Inevitably more and more organizations and persons other than AEB
Staff members became involved in the preliminary work, and the

94 Interview with Dr RS Loubser, 287 1089, (AECA) Minutes of the mecting
of the Executive Committee (Production) 16 April 1970, pp. 9 . 10.

95 (AECA) HL de Waal: Uraanverryking in die Republick van Suid-Afrika,
p. 48,

9%  Ibid., p. 49.
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possibility of maintaining secrecy as to the nature of the activities
receded. Before long many hundreds of workers would be invading the
selected site, and ar that stage it would be inevitable that sufficient

known.  The Prime Minister was consulted. It was Mr Vorster's
decision that the uranium enrichment process should be made public @

The general public in South Africa had lite, if any, knowledge of the
scientific developments taking place at Pelindaba. An indication of
this, is illustrated by the following extract. Dr A Radford (MP for
Rosettenville), in the debate in Parliament on 26 May 1967, that
followed the Second Reading of the Atomic energy Bill (No. 93 of
1967) said that he believed the Bill was not a “forward-looking Bill".
He was not disputing the control that the Government was placing on

¢nough o encourage the endeavours of research scientists in South
Africa. He wondered whether scientific discoveries relating 10 nuclear
energy would be allowed 1o be developed in South Africa 9

In answer to Dr Radford, the Minister of Mines, Dr C e Wet, gave
the House of Assembly an indication that South A Tica was doing
significant research as far as nuclear energy was concerned. He allayed
fears that the Atomic Energy Board was not sufficiently qualifiey 1o

Not go into details but that: "we are doing research in this country
which might - and here I want to be very careful - put South Africa on
the map as never before. We are certainly giving a lead in the atomic
tnergy field. I have personal knowledge of this based on the part

97 (AECA) HL de Waal: Uraanverryking in die Republiek van Suid-Afrika,
p. 48.

98 Assembly Debates, vol. 21, I May - 15 June 1967, col. 6751-6752.
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played by the Director General (of the Atomic Energy Board) and other
officials at international conferences. "™

Although it was decided by the South African government to develop
the South African enrichment process, there were factors that delayed a
public announcement. The discovery of a unique South African
process was very significant politically, financially and internationally .

Firstly, there was the whole Question of security. The Prime Minister
was not in favour that all the employees of the Atomic Energy Board at
Pelindaba should be informed about the project. A separate
organization would be brought into being that would control uranium
enrichment and work in conjunction with the Atomic Energy Board.
This separate organization would have to have legal status. A bill
would in time be drafted and introduced to Parliament. This would
lake time as the preparatory work of the Executive Committee
(Production) with regard to the pilot plant would largely have to be
completed before the bill could be finalised. '™

Secondly, the Executive Committes (Production) in consultation with
the Prime Minister and the Minister of Mines had to consider whether a
financially strong foreign partner should be brought into the South
Africa enrichment undertaking.  Collaboration could only take place
after much consultation and after the Prime Minister was fully informed
concerning the process and the pilot plant. The United States of
America would have to be informed that South Africa had developed a
new process for uranium enrichment before collaboration with a foreign
partner could be undertaken. 10! According to Dr RS Loubser, South
Africa was not prepared 10 share its nuclear discoveries either for
commercial or any other reasons. In addition, South Africa's political

99 Assembly Debates, vol. 21, | May - 15 June 1967, col. 6753-6755.

100 (AECA) Minutes of the meeting of the Executive Committes (Production) of
the AEB for uranium enrichment, 20 March 1969, pp. 3 - 4.

101 Ibid., pp. 8 - 9,
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policy and refusal to sign the Nuclear Non-Proliferation Treaty in 1968
would deter foreign collaboration with the South African Atomic
Energy Board 1 Foreign financial support would have resulted in a
far larger enrichment endeavour. Going it alone and utilizing local
manufacture had a tremendous effect on how the pilot enrichment
project was undertaken. '

Other aspects that delayed the public announcement in Parliament were
the problems acquiring a suitable location for the plant, negotiating the
fecessary water and electricity supplies and finalising the plans for the
internal construction of the plant 14

On Friday, July 18, 1970, and Saturday, July 19, 1970, Dr Roux and
Dr Grant met with Mr Vorster and members of his Cabinet at Groote
Schuur, the official residence of the Prime Minister in Cane Town, in
order (0 make recommendations and to assist the Prime Minister in the
final draft of the speech which he was to deliver in the House of
Assembly, the following Monday, announcing the discovery of South
Africa’s unique process. Present at the meeting were Dr Carei de Wet,
Minister of Mines: Dr H Muller, Minister of External Alfairs; PW
Botha, Minister of Defence: Dr N Diederichs, Minister of Finance.
and Brand Fourie, Secretary of External Affairs. Mr Vorster informed
the scientists and Cabinet Ministers present exactly what he was going
to announce in Parliament, The announcement was prepared in both
official languages of the country, English and Afrikaans. It was
decided that all the foreign ambassadors would be invited to the official
announcement, and thai the speech would be delivered in English so
that the press and overseas countries would clearly understand what had

102 Nuclear Non-Proliferation Treaty: see also Chapter 9.
103 Interview with Dr RS Loubser, 28 7. 1989,
104 (AECA) Meetings of the Executive Committee (Production) of the AEB for

uranium enrichment, 28 April 1969, p. 6; 11 Feb. 1970, pp. 3 - 4: 16 April
1970, pp. 2 - 3.
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been achieved and how the Government intended dealing with the
implications thereof 104

Speaking in English for the benefit of foreign visitors and pressmen, on
20 July 1970, the Prime Minister announced 1o Parliament that
scientists of the Atomic Energy Board had succeeded in developing a
n.w and unique process for uranium enrichment, as well as the
extensive associated technology. The Atomic Energy Board had
concerned itselfl with uranium enrichment particularly for two reasons.
It was more lucrative (o market uranium in the enriched form and South
Africa was considering a large nuclear programme of its own.
According 1o Mr Vorster the South African process was developed 10
the stage where it was estimated that under Soutl: African conditions, a
larre-scale plant could be competitive with cxisting plants in the
Wesy, 06

The Prime Minister said that it was impossible 0 mention the names of
all the scientists and technical personnel who contributed 0 that
important development, but he mentioned the names of Dr AJA Roux
and Dr WL Grant specifically. 197

He emphasized that South Africa's nuclear resezrch and development
was directed entirely towards peaceful purposes. South Africa w .-
prepared to collaborate in the exploitation of the process with any nop-
communist country desiring 0 do so. Such an agreement would,
however, safeguard South Africa's interests.  Although South Afric..
had not yet acceded (o the Non-Proliferation Treaty, the Governmen:
had on various occasions clearly stated that it would consides

105 Interview with Dr WL Grant, 29.7.1989.

106 (AECA) AEB, Aankondiging deur Die Eerste Minister, Maasday 20 Juiie
1970, pp. 1-5; Assembly Debates, vol. 29, 17 July 10 23 Aurist 1970, 20
July 1970; The Argus, "Uranium, Benefits for South Africa”.

107 Ibid.
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participation as soon as the safeguards system to which Sou.n Africa
would be subjected, was known. 10%

The decision to build an uranium enrichment pilot plant to prove
whether Dr Grant's method could ultimately be used for commercial
production was a watershed in Scuth African uranium and nuclear
energy development. 1, : uecision involved certain implications., A
few of these were highlighted ty the Minister of Mines and members of
the House of Assembly during the debate on the Uranium Enrichment
Bill:  The Atomic Energy Board and Pelindaba were geared for
research. A commercial comoration would have to be brought into
being in order to coordinate production and later enter the field of
commerce. Because the South African Process was unique. secrecy
was of the greatest importance. Although the AEB consisted of persons
of the highest integrity, they represented a number of organizaiions.
Therefore it was advisable to establish a corporation that would solely
deal with uranium enrichment.' This would not cause a duplication
of costs. The corporation would cooperate very closely with the
Atomic Energy Board, and would .nake use of certain expensive
facilitics which the Atomic Energy Board already had at its disposat, as
well as the expert services of the National Merallurgical Institute
{NIM), 1o

“oatrol of ‘he enriched product had to be established. The exercising
of the geneval powers of the corporstion would be subject o the
directions of the Minister of Mines and the relevant provisions of the
Atomic Unergy Act  The provisions of the Act would retain control

108 (AECA) AEB, Aankondiging deur Die Eerste Muaister, Maandag 20 Julie
1970, pp. 1-5; Assembly Debates, vol. 29, |7 July 10 23 August 1970, 20
July 1970, The %\ gus, "Uranium, Benefits for South Africa”.

109 Assembly Debates, vol, 29, 17 July 10 23 August 1970, 27 July 1970, col.
462463

Ho Ibid.; The Government Metalurgical Laboratory’s name was changed 1o the
National Metalurgical Institate (NIM) in April 1966,
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over the enriched material for the Atomic Energy Board. This, the
Minister regarded as a very important point. !

Financing uranium enrichment was a major consideration.  The
Minister called auention to clauses 5, 6 and 7 of the Uranium
Enrichment Act which dealt with the finances of the corporation. As
far as the finances of the corporation were concerned, a sum of
R50 million was mentioned in clause § (1). The Minister of Mines
could not guarantee that this would be the amount required. It could be
less, or could be far more. The costs of the large-scale installation
(pilot plant) for the enrichment process were impossible to calculate
accurately at that point. The amount not required immediately would
be invested with the Public Debt Commissioners, Clause 7 made
provision for the tabling of the reports and statements of account of the
corporation, unless disclosure of reports and statements in the opinion
of the government, would jeopardize the safety of the State or be
contrary to the public interest.'? With reference 1o Clause & of the
Bill, the Minister stated that regulatory control would be essential when
the corporation's activities came into full operation, but that it would
not be practicable to control all these activities by way of legislation as
such, 113

Other aspects that would have o be considered were whether market
experts in industrial know-how should be appuinted 1o the controlling
board of the corporation and to what degree would private enterprise be
fepresented in the corporation.  Provision would have to be made that
workers did not come into contact with health hazards, unless suitably

11 Assembly Debates, vol. 29, |7 July to 23 August 1970, 27 July 1970, col.
46-

112 Uranium Earichment Act (No 33 of 1970) clauses 5, 6 and 7. Government
Gazette, 21 Aug 1970, No 2783, p. 8

113 Ibid.
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protected and that compensation should be provided for harm done to
the health of workers, !4

The Minister stated in his closing address that it was the intention of the
Government to appoint not only scientists but persons in commerce and
industry to the board of the uranium enrichment operation. South
Africa would not deal with Communist countrics and that the
corporation was subject o all the laws of the Country relating to
pollution and health hazards. '

Although South African industries were not participating financially,
they were making a very substantial contribution in the erection of the
pilot plant - in this way benefitting financially '1e

In order 10 realize the government's decision to enrich uranium and to
put into effect the stipulations of the Uranium Enrichment Act every
effort was put into the construction of the pilot plant which was to be
completed in 1974,

Perfecti ¢ enrichment process as well as the coordination of the
building pilot plant and furnishing it with sophisticated technical
equipment was assigned to the Uranium Enrichment Corporation
(UCOR). The corporation was brought into being by the Uranium
Enrichment Act (Act 33 of 1970) on 21 August 1970.117

14 Assembly Debates, vol 29, |7 July to 23 August 1970, 27 July 1970, col.
405468

115 Ibid., col. 47547

116 Assembly Debates, vol. 20, |7 July to 23 August 1970, 27 July 1970, col
475478,

() Government Gazette, No 2783, 2| August 1970, pp. 3-11. On 16
November 1970 the Board of Directors of the Uranium Enrichmemt
Corporation of South Africa was appointed. Dr AJA Roux (Chairman); Dr
RL Straszacker (Viee-Chairman); 1P Coetzee, BG Fourie, Dr GSJ Kuschke,
Dr TF Muller, Dr P) Ricken and JW Shilling (Members). The Board of
Directors of UCOR was. therefore, much the same as the Executive
Committee (Production). (AECA) HL de Waal:  Uraanverryking in die
Republiek van Suid-Afrika, Pp- 49 - 50; For security reasons the Minister
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With the founding of UCOR economics would play a predominant role.
The ultimate objective in the founding of UCOR was to make South
Africa an independent producer of enriched uranium, and to produce a
product for its own power re ztors, as well as to be a supplier on the
world market. In other words, uranium enrichment would become an
exiensive State-controlled business undertaking.''" The Republic, then
the third largest supplier of uranium concentrates in the Western
World, would also enter the international arena with the enriched
product. In 1970 the United States of America still had the monopoly,
The United Kingdom, France, Holland. the Federal Republic, China
and the Soviet Union were all contemplating production plants for
uranium enrichment. 1

of Mines decided that the names of the Directors would not be made public,
Vid Assembly Debates, vol. 29, |7 July 10 23 August 1970, 27 July 1970.

L8 On | April 1971, the Uranium Enrichment Corporation (UCOR; was
established as a Government Corporation. It was announced by the UCOR
Chairmas, Dr AJA Roux, who at that time was also President of the Atomic
Energy Board. (According to the Atomic Energy Amendmeni Act (No. 34 of
1970), the title of the head of the Atomic Energy Board was changed from
‘Chairman” 0 “President”.) Government Gazette, No. 2783, 21 August
1970, 3-7; Assembly Debates, vol. 29, 17 July 1o 23 August 1970, 20

19  (AECA) Uraanverrykingskorporasie van Suid-Afrika, Beperk, Persverklaring
van die Kantoor van die Voursitter, 1771, | April 1971, HL de Waal:
Uraanverryking in die Republick van Suid-Afrika, p. 45.
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CHAPTER NINE

THE SOUTH ~FRICAN URANIUM INDUSTRY
IN POLITICAL AND INTERNATIONAL
PERSPECTIVE

South Africa’s international position during 1955 to 1970, and the
realization that it would have to protect its vital national interesis
against an increasing hostile world, would determine the course of
nuclear energy development and give the implementation of nuclear
power in South Africa a further dimension of strategic importance. In
1963 South Africa was not one of the nations thai signed the Nuclear
Test Ban Trearv. The United States and other Western countries were
wary of South Africa’s hesitation. This led to a deterioraiion of
relations between South Africa and both the United States and the
United Kingdom. In the IAEA South Africa found it difficult to maintain
Status.  South Africa was becoming aware of increasing animosity from
the international community. The international Sttuation gave greater
impetus to the initiatives of South African scientists and engineers to
develop a South Africa wranium enrichment method South Africa’s
outstanding enrichment achievement would inevitably bring abour
political repercussion and some could Just not believe that it was a
South African scientific achievement, Although the sanctions measures
did not effect nuclear development before 1970, there was an awareness
that economic sanctions would ultimately also lead to nuclear sanctions.

lmﬂnﬂn.l‘ombehindthe%hlishmuuoﬂheﬂnnimmdNudm
Industries in South Africa

Without doubt, the accelerated endeavours of Western scientists to
create an implosive assembly before the Axis powers, had a direct
bearing un the discovery of uranium in South Africa. South Africa's
uranium which is of a low grade, was assiduously assessed by the
combined efforts of the United States, the United Kingdom, Canada
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and South Africa, primarily because it was discovered at a ume when
the known deposits of the world were in the hands of the enemy and
inadequate for future needs. The urgency of the investigations was
intensified by the Cold War sitation that developed between the
Western Allics and the Soviet Union during the late 1940's and the
post-war international relations contributed to the establishment of the
uranium industry in South Africa.

Generai Smuts took a keen interest in the development of nuciear
science and uranium during the was. Both he and Dr Schonland
favoured the British connection in South Africa. According to Dr S!
du Toit who played a leading role in the nuclear development from the
1940's 10 1970, South Africans today do not realise how Anglicized
technology and science were during the 1940's. On nuclear decisions
General Smuts and the Uranium Research Committee were more
inclined to consult with British Authorities as to what to do, and then
come to a decision. !

Although decision making concerning the mvestigations of uranium
during the 1940's lay with General Smuts and the Uranium Research
Commitee, the establishment of the uranium extraction plants at a
number of mines on the Witwatersrand were executed under National
Party leadership.

As South Africa provided the United States and Britain with huge
amounts of uranium for =wiployment in various military programmes
during the early fiftics, a basis for good nuclear cooperation between
South Africa and the Western Nations was created.  According to
William A Hance, during the late fifties and early sixties, uranium
oxide ranked as the number one United States import from South
Africa. It's value declined considerably in 1964 and 1965 owing to the
fulfillment of contracts 2

| Interview with Dr 8 du Toit, 9.]. 1992,

2 William A Hance (ed): Southern Africa and the United States, p. 121
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President Eisenhower's Atoms for Peace plan that led (o the
Cooperation agreements between the United States and South Africa and
the United Kingdom Atomic Energy Authority and the South African
Atomic Energy Board contributed to the establishinent of the nuclear
industry in South Africa.

Fissile material was made available in South Africa for reactor
research, research reactors and nuclear power production. South Africa
could therefore consider nuclear power as a future alternative power
source,

Dr Malan placed a great emphasis on local manufacture. He insisted
that the cyclotron be manufactured in  South Africa. This was an
illustration of how the Nationalist Government would  stress
independence from Briain and Overseas countries, and place the accent
on .- exploitation of South African resources for the benefit of the
count ;.

The Government wished 10 advance nuclear studies in South Africa.
According to the Minister of Mines, Dr AJR van Rhyn, it was essential
and justified that £330 000 was invested in the National Physical
Laboratory and its highly technical equipment. South Africa should not
rely on research done overseas or import experts from abroad. South
Africa, with her limited resources, could contribute something
worthwhile (o the development of nuclear science

The peaceful uses of nuclear energy compelled South African
industrialists and scientists to look beyond the borders of South Africa.
Firstly, they investigated  advancements abroad, and secondly,
deliberated South Africa's power resources and considered whether
nuclear power production could be an alternative. It was essential that

3 Interview with Dr SJ du Toit, 9.1.1992,

4 (Dr D Reitmann: Privaie Collection) Address by Dr Van Rhyn, Minister of
Mines and Economic Affairs, at the official inauguration of the cyclotron on
January 1956, pp. 3-6.
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progres: that had been made in nuclear research be evaluated before
South Alrica embarked on nuclear development. Advancement was so
rapid that a country could not afford to be ignorant of the very latest
improvements and new techrologies, Of particular importance were
centres of learning where South African graduates would be able o
Turtirer their <tudies in nuclear science and engineering.

The krc viedge gained by South African nuclear scientists at Argonne
Nationzi Laboratory . i emont. Chicago, which was particularly well-
equipped for specialized training in reactor engineering, reactor
physics, metallurgy and research reactor design and operation, as well
as the Oak Ridge National Laboratory, Tennessee, USA contributed
greatly to nuclear development in South Africa.

The major decision, whether South Africa would institute a nuclear
energy research and development programme, ultimately lay with the
Nationalist Government. The Government, realising that energy was
one of the most important cornerstones for economic growth, strove o
make South Africa economically resourceful. The composition of the
Strijdom and the Verwoerd Cabinets in the second half of the 1950's
has bearing on the development of nuclear energy in South Africa.
Men in key positions in the Government had for the aforegoing twenty
years been directly involved with the republican goal.  Economic
factors were a priority, for the Government wished South Africa to
become a republic within the Commonwealth of Nations such as India,
Pakistan, Ghana and Ceylon and in this way maintain its international
economic connections.  Interference with South Africa's internai
policies by members of the Commonwealth compelled Dr Verwoerd o
withdraw his request for South Africa to remain a member of the
Commonwealth.® 1t is difficult to assess exactly to what extent these
motivations and the diplomacy of isolation in the late fifties and early

5 PW Coetzer and JH le Roux: Die Nosionale Party, vol. 4, pp. 114-125;
AN Pelzer: Die Afrikaner-Broederbond: Eerste 50 Jaar, pp. 46, 54-55,
155-156, 168; BM Schoeman: Die Broederbond in die Afrikaner Politick,
pp- 7-8, 10-11, 17-19; D Geldenhuys: The Diplomacy of Isolation, pp.
11, 22-24, 31; GC Olivier: Suid-Afrika se Buitelandse Beleid, pp. 6/ 03,
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sixties, contributed to nuclcar  energy decision-making by the
Nationalist Government, but certainly they cannot be disregarded.

From the aforegoing history the role of Dr TEW Schumann might be
assessed.  Dr Schumann, formerly a Public Service Commissioner and
head of the South African Weather Bureau, had had a long association
with members of the Strijdom and Verwoerd Cabinets. ¢ He understood
the aspirations of the Government and in wrn, the leaders of the
Government knew that he shared their sentimenis and would advise the
Government as a colleague and compatriot. Although the Government
certainly approved his appointment, Dr Schumann did not promote any
specific sectarian interests. He was a man of integrity and a committed
Afrikaner. As a senior member of the AEB (in years and as Deputy
Chairman), he played a fatherly role and did not intercede in scientific
programmes.”  As Deputy Chairman of the AEB, he attended three
major nuclear conferences during 1958, i.e. The Second International
Conference on the Peaceful Uses of Atomic Energy at Geneva. the
Meeting of Commonwealth Nuclear Scientists in London and the
Second General Conference of the International Atomic Energy Agency
in Vienna %

The Nationalist Government would very largely depend on the
Judgment and recommendations made by Dr Roux of what he had
learned about nuclear developments abroad. It was the general opinion
among his contemporaries that it was Dr Roux's unique ebility 10 put it
across that he firmly believed in nuclear development in South Africa
(in combination with his extensive knowledge of nuclear development
Overseas) that encouraged nuclear decision-making on the part of the
government.

6 Annual Report of the South African Atomic Energy Boara, 1958, P
{SAL) DB Sole: This Abave All (Unpublished manuscript), p. 201,

7 Interview with Dr SJ du Toit, 9.1.1992,
8 Annual Report of the South African Atomic Energy Board. 1958, p. 3.
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The United Nations Organization

During the years 1948-1956 the Nationalist Government, entrenched a
racial policy that would later lead l0- great opposition against South
Africa. In the early 1950's the government passed a number of Acts
enforcing complete social and residential segregation.’ Resistance
against South Africa's apartheid policy did not only come from within
the count.y s Lorders. The sharpest criticism came from overseas and
countries of Africa.

The racial policy of South Africa in the form of the treatment of
Indians had been before the General Assembly from the beginning of
the United Nations. but it was not until 1952 that the policy of
apartheid appeared on is agenfa. From 1952, a growing number of
resolutions regarding South Africa’s racial policy were passed by the
General Assembly of the United Nations. Up 1o 1960, however. these
resolutions were largely verhal indictments and had no impact on the
South  African Government's determination to pursue its chosen
course.'* During the 1950's South Alrican racial policy also had little
effect on uranium and nuclear relations with First World countries.
However, during the 1960 s there would be signs of change and caution
on the international front,

Resolutions condemning the policy of apartheid that appeared regularly
on the agenda of the General Assembly established the claim of United

9 Population Registration Act (1950);  Group Areas Act (1950): Separate
Representation of Voters Act (1951). Prevention of lllegal Squatting Act
(1951); Native Building Workers Act (1951); Native Services Levy Act
(1952); Native Laws Amendment Act (1952); Bantu Authorities Act (1953);
Bantu Education Act (1953),

10 Amry Vanderbosch:  South Africa and the World, pp. 228.237: The
Simonstown base and the sed route round the Clpc‘werc still impomm
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Nations to discuss issues, which although technically domestic, were
deemed 10 involve accepted human rights and became therefore the
concern of the international community of states. The Sharpeville
shootings'' of 1960, ¢ ‘dey with an increase in the African
membership of the UN and brought the conduct of South Africa to the
atiention of the Security Council which passed resolution (5/4300) in
April 1960 with on'y Britain and France abstaining, stating that the
government's policies had led to international friction and if continued
might endanger infernational peace and security. The support of the
United States for the resolution marked a dramatic change in its attitude
0 SoL.a Africa. The British abstention was translated as a positive
vote against South African policies in the General Assembly debate in
April 1960 when a condemnatory resolution (1598 (XV)) received a
massive majority of 96 1o |12

In 1962 a resolution asking for economic ang diplomatic sanctions was
passed by the Uhited Nations General Assembl 1, 67 votes to 16 with 23
abstentions.  This resolution (1761, 6 Noveiaber 1962) included a
fequest to member states 10 close their ports and airports 1o South
African ships and aircrafi and refuse the sale of arms. A special
committee was also established o consider further a:tion. Although
the resolution obtained a two-thirds majority, its application was not
mandatory on member states. The United Kingdom and the United
States voted with the minority 11

South Africa's predominant position as world producers of gold and
diamonds and the country’s geographical location were strong
arguments against an isolation policy.  They made isolation itself

1 In quelling demonstrations Against the pass laws on 21 March 1960 the South
African police killed 69 Africans and wounded |78, Reaction to this even
was immediate and worldwide. Amry Vanderbosch: South Africa and the
World, p. 240.

12 JE Spence: The Politica! and Military Framework, pp. 105106,

13 LESde Villiers: US Sanctions against South Africa, p. 47.48.
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unreal.'  Uranium being essential for the development of nuclear
Weapons, placed South Africa politically in a strong position. The
world would want South Africa’s uranium and South Africa would be
regarded as an important bastion of Western Civilization.

It was not just the fact of South Africa's commercial importance and its
production of gold that Cultivated Western caution in the face of biack
African impetuosity; there were also Strategic considerations: increased
Soviet deployments and the fact that Western Europe was heavily
dependent upon oil supplies transiting the Cape of Good Hope.!s In
addition 10 those strategic considerations there was a moral one: if
economic pressures were used black South Africans would suffer the
most 16

Under pressure from the African states, the United Nations had in late
1963 established a group of experts to advise it on the course of action
concerning the problem of apartheid.  When South Africa refused its
vooperation, on the grounds of interference in its own domestic affairs,
the Security Council appointed a new committee (June 18, 1964) 10
study the “feasibility, effectiveness and implications of economic
sanctions”.  The vote was & for, none opposed, 3 abstentions
(Czechoslovakia and the USSR wanted stronger action; France wanted
weaker action). The affirmative United States and United Kingdom
Votes were coupled to reservations that these nations did not agree in
advance to accept the committee's recommendations. More than five
years later the United Nations General Assembly, on November 20,
1969, recommended voluntary sanctions against South Africa 80 10 §

14 RB Hagart: “National Aspects of the Uranium Indusiry”, JSAIMM, 57,
April 1957, p. 578,

15 Western Europe’s 1otal daily oil needs in 1971.197) amounted 12.3 million
barrels a day, 4.2 million barrels of which came via the Cape route,

16 FH Hanmann: The Relations of Nations, pp. 541-542,
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{Ausiralia, Portugal, South Africa. the United Kingdom and tt ¢ United
Siatess, with 26 abstentions. 17

The IAEA

The pressure against South Africa in international organizations
extended (o the Specialized Agencies of the United Nations. The
International Atomic Energy Anency (IAEA) was possibly the only
scientific and technical o:gan of the United Nations o resist
successfuily the intrusion of politics for a very considerabie time.!¥
The Board of Governors was made up of representatives from 4 number
of different countries, Eve.y year the Board of Governors would elect
its own Chairman. It was an accepted convention that none of the four
atomic powers, the United Kingdon, the United States and the USSR
would fill the Chairmanship of the Board of Governors.' The Board
of Governors of the IAEA met for five sessions every year. (About ten
or eleven weeks a year.) On the Board of Governors, nuclear scientists
were very much in the mino iy,  Nuclear scientists of the principal
alomic countries normally led delegations to the General Conferences
of the IAEA 20

Despite increasing political isolation, South Africa, as a major producer
Of uranium, in the late fifties, m3intarnad status on the IAEA. With the
establishment of the IAFA in Vienna, many coustries maintained two
diplomatic missions in the Austrian capitai. South  Africa's
representative, DB Sole, was both Envoy Extracadicsry and Minister

17 LES de Villiers: US Sanctions against South Africa, p. 60: FH Hartmann,
T'bellhlhunlﬂm.pp. 194 and 541

18 AR Newby-Fraser: Chain Reaction, p. 12.
19 (SAL) DI Sole: This Above All (Unpublished manuscript), p. 198,
20 Ibid., p. 199,
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Plenipotentiary to Austria, as well as South African Governor and
Resident Representative on the IAEA 2!

In 1959, DB Sole was unanimously elected Chairman of the Board of
Governors of the IAEA. During his years of office DB Sole made it
his objective to base the Board's decisions on consensus, rather than on
votes. No Board paper would be issued unless and until he was
satisfied that it was in a form best suited to reaching Board Consensus.
The use of this technique Sole believed, shortened the decision-making
procedure 10 a considerable extent, minimizing political or ideological
differences that existed in the Board, promoted a sense of teamwork
and induced a spirit of compromise. 2

As a member of the Board and during his year as Chairman (1959),
Sole served #s leader of the South African delegation to the Annual
General Comorence of the IAEA in Vienna. In this capacity he got to
know the heads of the various atomic energy authorities in Britin,
France, the United States, Canada, India, Argentine, Brazil and the
Soviet Union.

DB Sole returncd to South Africa after the Fifth General Conference
(1961) and JG Stewart was appointed Envoy Extraordinary and
Minister Pienipotentiary in Vienna. Afier the Vienna board Meeting in
June 1963, Stewart warned that trouble was building up against South
Africa in the IAEA and that the General Conference in September 1963

21 As mentioned in a previous chapter South Africa secured a permanent seat on
the Board of Governors. South Africa was regarded as the member most
advanced in the technology of atomic energy in the region of Africa. IFA de
Villiers believes that South Africa’s participation in technical and scientific
councils in Africa in the 1950's a role in South Africa acquiring a seat
on the Board. Interview IFA de Villiers, 15.8.1991.

n (SAL) DB Sole; This Above All (Unpublished manuscript), pp. 200-201.
23 Ibid., p. 201.
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could be the occasion for an attack on South Africa's position in the
IAEA 4

The Vienna Conference (September 1963) was the most difficult 11,
DB Sole ever had 1o handle. Ghana wished to propose a resolution
calling for the <uspension or withdrawal of South Africa from :*.-
IAEA. In a personal account of what happened behind the scenes, Si -
stated that Ghana could rely on 32 votes for such a resolution and Sc+!,
Africa could not be sure of more than 25 ‘0 28 votes against, owing (o
the number of states that would abstain.  The problem was that,
although Western countries like the USA. the United Kingdom, France
and Australia, were prepared to vote against any resolution directed
against South Africa, they wer: not willing to speak against such a
resolution, so there was no one 1 give a lead 1o the wobblers (those
who were unsure of which way 1o vote). It was difficult to establish
and maintain an initiative so that South Africa’s opponents would not
realise their weakness in votes. Behind the scenes the South African
representatives played fully on the divisions in the African and Asian
camps (notably between Ghana and Zaire and between Ingia and
Pakistan), sowing confusion where they could. No resolution was
introduced in 1963 2

There was no attack on South Africa's position on the June 1964 IAEA
Board of Governors session. (The June session “designated”  the
Governors for the next year in terms of the requirements of the IAEA
Stawte.) In the September 1964 General Conference there was no
attempt to expel South Africa or deprive her of her rights. 2

The Republic of South Africa maintained international nuclear relations
at top level, even though at times the practical problems of distance and
the demand on the time of the South African scientists and engineers

24 (SAL) DB Sole: This Above All ( Unpublished manuscript), p. 247,
25 Ibid., p. 248,
26 Ibid., p. 248,
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were taxing. The most important of the conferences was the Third
International Conference on the Peaceful Uses of Atomic Energy held
in Geneva, 31 August 1o 9 September, 1964 The South African
delegation was Dr AJA Roux (head), Dr TEW Schumann, Professor SF
Oosthuizen  (Professor of Radiology) and Dr RL  Straszacker
(Chairman, ESCOM). The delegation was accompanied by some
thirty-three advisors.?” So many of the Board's scientists attended the
Conference that the laboratories at Pelindaba seemed quite empty.
However, the Atomic Energy Board derived much benefit from the
large attendance at the Conference. 2%

As far as the International  Atomic Energy Agency was concerned
South Africa got off 10 a good start in 1965 because of a “ueeessfully
negotiated trilateral safeguard agreement between Scuth Africa, the
United States and the IAEA regarding the application of Agency
safeguards (0 the SAFARI | research reactor at Pelindaba. By (he
agreement South Africa provides the mandatory reports ~nd accepts
inspection visits by IAEA inspectors several times each year, whenever
these may be required. The 1965 dgreement was replaced two years
later by a similar updated version which will remain in force as long as
the reactor continuss to be operated. Despite the baseless allegations
levelled against South Africa, the terms of the agreement have always
been meticulously observed, to the great satisfaction of the Agency and
its international staff, 2°

As mentioned earlier, the concept of an organization to control nuclear
materials and equipment and ensure their peaceful utilization, was
entrenched in the Statute of the International Atomic Energy Agency
(IAEA). This safeguard system bound the nuclear weapons signatory
powers not to transfer nuclear Weapons technology to any non-nuclear

27 mummm«mcmumwu-u

28 AWM“MMMAM&MM. 1961, p. 8,
29 AR Newby-Fraser: Chain Reaction, pp. 1011
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State.  Signatory state: \ere required o accept the IAEA safeguards
system. Inspection was ndertaken by inspectors appointed by either
the country supplying tne equipment and material, or subject 1o the
consent of the supplier, by inse. ‘ors of the IAEA. The IAEA
administered the iNspectors as a serics (o its member states. With the
establishment of nuclear plants for - eac-ful purposes in many countries
of the world, more and more pluton: i) was being produced. Ali the
plutonium was placed under the watchful cyes of the IAFA inspec ion
System, except supplies in the nuclear power countries, i.e. USA, Ut
USSR, France and China. The main problem was to try and make the
inspection so secure that all plutonium that was formed could be
accounted for. If this could have been done the danger would not have
existed that a country with belligerent intentions co ' manage (o
embezzle small amounts for military  purpose it being
apprehended. By the sixties it was realised that a method w_uld have
to be found to totally contain nuclear proliferation. *

In June 1965, South Africa's representation had difficulty concerning
South Africa's re-designation to the Board of Governors.  Zaire
proposed Israel (as the country most advanced in the technology of
nuclear energy in the region of Africa and the Middie East) in South
Africa’s place. However, after a two hour debate, South Africa's re-
designation w- « ‘ough. The 1965 General Conference of the IAEA
in Tokyo pro «cdeu well. The setback to the initiative by Zaire in e
Board of G .. nors meeting in June had diminished the enthusiasm of
the African representatives. DB Sole remained the South African
C vernor on the Agency's Board of Governors for ten years (1956-
1966). His moderating influence and the high esteem in which all the
other governors held him are acknowledged as having had a very

30 AJA Roux: "Uraanverryking®, p, 26; Statute of the IAEA, Aniex 4, in A
McKnight:  Atomic Safeguards. A Study in International \ erification,
pp. 205-218,
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significant and |~ :ressive i fluence on the development f (he
IAEA %

In 1966, when Brand Fourie had taken over from Gerard Jooste as
Secretary for Foreign Affairs, it was decided that Dr AJA Roux would
take over the leadership of the South African delegations to the IAEA
General Conferences.

The United States, South Africa and Nuclear Proliferation

As was mentioned in a previous chapter the inability of the nuclear
powers (o agree on controlling v.uclear weapons had iefi them by 1955
to explore the possibility of merely inspecting such armaments as each
side decided to possess.” Neither the United States nor the Soviet
Union trusted each other sufficiently to institute nuclear or conventional
disarmament on a basis of good faith. It was unlikely that the
Superpowers would have been prepared to allow international inspecton
leams to probe arsenals at will anywhere in the world a any time. |If
No area could be blocked off as "unsuitable” for inspection there could
he no more military secrets. The stabilization of nuclear arsenals at an
A veed rate, without inspection was equally improbable. The danger
Was once nuclear tactical weapons had been developed and atomic
"bombs” took the shape of artillery shells and could be numbered in the
thousand: the chances for successful duplicity were great.

Accurding o George F Kennan, the Khru:hchev era, and particularly
the years from 1955 w 1960, presented whai was unquestionably the
st favourable situation that had existed since the 1920's for an
improvement of relations between the United States and the Soviet

3l AR Newby-Fraser: Chain Reaction, p. 10.
32 FH Hartmann: The Relations of Nations, p. 29|,

i3 FH Hartmann:  The Relations of Nudons, p. 291; A Le Roy Bennet:
International Organizations, Principies and Issues, p. 217,
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Union, and for a tempering of what was by that time becoming a
dangerous, expensive, and undesirable competition in weapons systems.
Kennan believed N Khrushchev, the Soviet leader, o be intensely
human, even in relations with an ideological opponent. He was
someone with whom one could communicate. 3

The Khrushchev period was not lacking in serious crises: the
Hungarian rebellion of 1956, the Berlin crisis (1958-1962), the Suez
crisis (1956)* and later the Soviet Union and the United States were
preparing to arm themselves with nuclear weapons, capable of inflicting
incredible damage to each other. With such weapons in place, the
illusion of winning a war faded. Aware of the dangers, leaders in both
countries began to develop proposals for arms limitation. They were
however hampered by mistrust of each other

The major Soviet goal after the Korean War ( 1953) was a SeCurity
agreement in Evrope, preferably one that gained American recogaition
of the Soviet sphere of influence in Eastern Europe. American strategic
thinking was nat a rearmed Germany integrated into the Western
alliance was essential to European and ultimately Amer.can security. 7

The Soviet response 1o the rearming of Germany was benign.
Rearming was twlerable tu the Soviet leadership. Acknowlcdyement of
e West Germen leader, Konrad Aden:uer's was the Soviet Union's
wises' choics. % In the mid 1959'c there were some indications that the
Cold War might be winding down. In February 1956 Khrushchey

34 GF Kennan: The Nuclear Delusion, pp. 27.38.
s Ibid., pp. 35.40.

i6 WI Cohen: The Can:ridge History o1 American Foreign Relations, vol.
IV, p. o8,

X | Ibid., pp. 89-90.
38 H Hanek: Soviet Foreign Policy since the eath of Stalin, pp. 5§7-60.
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delivered his famous speech to the Twentieth Party Congress in which
he denounced Stalin and endorsed peaceful coexistence, "

However, the road to negotiations with the Soviet Union over
disarmament proved rocky. In February 1958, Poland's Foreign
Minister, Adam Rapacki, advanced a plan, supported by the Soviets
calling for a zone in Central Europe comprising Poland, Czechoslvakia
and the two Germanies 1o be kept free of nuclear weapons. Eisenhower
and Secretary of State, JF Dulles, both said that such a small nuclear
free zone would add nothing to the security of Europe. 40

Early in May 1958, the United States through the United Nations,
advanced a plan of its own calling for an international inspection zone
in the arctic to guard against a surprise attack by either Russians or
Americans. The Soviets vetoed it. They objected because the Soviet
territory subject to inspection would be larger than the American.
Basically, since the Russians feared an attack from Central Europe most
and the United States dreaded an arctic attack, the Soviet and American
plans were irreconcilable 4!

In 1958, attention began to focus on proposals for achieving a nuclear
test ban. Considerable world opinion feared the ever-rising radio-
activity ip rhe atmosphere resulting from tests, The nuclear powers had
4 certain mutual interest in encouraging the cessation of nuclear testing
before such devices became more widespread among nations.

Those nations (like South Africa) that had initiated nuclear energy
research and development programmes and could in future progress to
nuclear testing, would not easily be able to defend a nuclear testing

19 WI Cohen: The Cambridge History of American Foreign Relations, vol.
IV, pp. 90-9].

40 A De Conde: A History of American Foreign Policy, p. 792,
41 Ibid., p. 793.
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programme by commiitting themselves to a test ban treaty. In this way
nuclear proliferation would be curbed.

In July and August of 1958 technicians from both sides of the iron
curtain conferred in Geneva, The United States and Britain had
suggested that their scientists Join Soviet scientists in ascertaining
whether or not nuclear tests could be detected. They agreed in
principle that tests could be discovered through a world-wide system of
detection stations. 42

A three power (USA. UK and Soviet Union) conference on the
"Discontinuance of Nuclear Weapons Tests” opened in Geneva in
October 1958 41 Americans hoped would produce a political agreement
on the control of broader agreements on general disarmament.

By late 1960 the political conference had evolved a draft treaty that,
although incomplete, represented substantial progress. The Control
Organization envisaged was to have joint teams that would monitor
blasts from stations around the world. The teams would be granted
access "to the site of any element of the System or any where an on-site
inspection (would) be conducted."*  Although the number of such
permitted inspections proposed by Russia on July 26, 1960 was in the
US view inadequate (only three). this proposal represented the first
occasion on which the Soviet Union had gone so far as to give a figure.
In 1961 the United States and the Soviet Union were able to agree on
once more improving the UN disarmament machinery. As a result, in
1962, the UN sponsored Eighteen Nation Disarmament Committee
(ENDO) began functioning in Geneva. It was eventually to become a

42 A De Conde: A History of American Foreign Policy, p. 793.
43 After three years (October 1958-October 1961) of interrupted negotiations

and 353 fruitless sessions, the conference brought about agreement on minor
matters, but no final agreement. A De Conde: A History of American

Foreign Policy, p. 793,
44 FH Hartmann: The Relations of Nations, p. 292,
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forum to which the super powers would imbally present agreements
worked out between them.**

Progress in the next two years was interrupted by new crises centering
on Berlin and Cuba. The abrupt breaking off of the negotiations and
the large-scale resumption of testing by the Soviets in October 1961,
culminating in their fifty megaton explosion, shocked public opinion
around the world, The United States also resumed testing. *®

In the aftermath of the two crises, Nikita S Khrushchev, the Soviet
leader, indicated new interest in an agreement to ban tests. In
December 1962, secret conversations were initiated, but the Soviets
were still unwilling to permit more than two or three "on-site”
inspections, whereas the minimum US figure was eight to seven.
Because US insistence on its figure stemmed from the difficulty of
distinguishing underground blasts from seismic disturbances, and
because underground testing only has limited military advantages and
does not pollute the atmosphere, the deadlock was overcome by
divorcing the two categories of tests. The United States was confident
that US monitoring systems were adequate to detect all above-ground
blasts. The negotiations of mid-1963 now went forward rapidly, the
issue of inspection was shelved and the treaty banning atmospheric tests
was signed on August 5, 1963, and ratified by the US Senate by 80 to
19 on September 4. By the end of 1963, 113 nations had signed or
accedud to the treaty. Some 336 nuclear explosions in the atmosphere
over a thirteen-year period by the United States, the Soviet Union, and
Great Britain were then ended. ¥

The Nuclear Test Ban Treaty prohibited tests in three environments:
the atmosphere, outer space and under water. Parties to the treaty also

45 FH Hartmann: The Relations of Nations; A Le Roy Bennet
International Organizations, Principles aud Issues, pp. 211-212.

46 FH Hartmann: The Relations of Nations, p. 292,

47 Ibid., pp. 292-293; A Le Roy Bennet: International Organizations,
Principles and Issues, p. 216.
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bound themselves to prevent the escape, beyond their nawral
boundaries, of radioactive debris from underground explosions and
promised not to encourage or participate in any nuclear explosion
anywhere that would violate the restrictions assumed under the treaty.
South Africa did not sign this treaty. the reasons being that under the
strictest security South Africa was in 1963 experimenting with the
enrichment of uranium and South Africa was not the only country to
abstain from underwriting the agreement for both France and
Communist China refused to sign or be ound by the Nuclear Test Ban
Treaty (NTBT). Their explosions continued. **

The achievement of the NTBT, despite these drawbacks registered an
important change in the approach of the superpowers to guestions of
arms control.  Beginning at this tme, the superpowers began to
abandon their essentially useless competition to sway the UN to their
opposed point of view and instead sought direct agreememt between
themselves.  This significant change in attitude continued in the
following years.

In general, the continent of Africa is less important to the United States
than Europe, Asia and Latin America. The strategic interests of the
United States in Southern Africa in the 1960's were of only minor
importance to their security. Of greater interest was American business
investment in South Africa. ™

According to Anthony Lake, United States policies towards South
Africa after 1945 were marked by caution, compromise and muddle, by
inconsistency between rhetoric and action, and by a “low profile”
uncharacteristic of most of America's post-war foreign policies.*! On

48 2Al.cRoyBemu: International Organizations, Principles and lIssues, p.
16.

49 FH Hartmann: The Relations of Natioas, pp. 292.293.

50 William: A Hance (ed): Southern Africa and the United States, pp. 25-26,
PE. 119-128,

51 Anthony Lake: Caution and Concern, p. 44,
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September 13, 1960, agreement was reached between the United States
and South Africa on three NASA facilities in South Africa. This
agreemcnt, coming six month's after Sharpeville, exemplified the gap
between verbal criticism and the reality of cooperation,*?

The Agreement for Cooperation between the Government of the
Republic of South Africa and the Government of the United States of
America concorning the Civil Uses of Atomic Energy was renewed
(with fe'w anendments) and signed in Washington on June 12, 19625
According to the agreement, highly enriched fuel would be delivered
on a lease basis 0 South Africa at intervals as ordered. By this time
political ideologi-ai  differences between the two countries were
apparent,  As stated the Jnited States supported the United Nations
resolution (S/4300;. of April 1960, and an arms embargo. Political
ideology would have s direct effect on the practical implementation of
the Agreement and ob-tacles would have to be overcome. As far as
international politics was concerned, considering the determination of
the United States to aczoiiate terms with the Soviet Union on arms
control, South Africa had rc.sor to be cautious of being dependent on
the United States for a suppiy of enriched uranium for SAFARI |
research reactor or, more importiat, for # possible power reactor using
enriched fuel that may be acquires <t som* future date.

In 1962 it became clear that the United Siv'es would not be able much
longer 1o resist African pressures at the UUN for action against South
Africa.™ Since its inception (in 1952 th- American Committee on
Africa pressed for total United States dis.ngagement from South

52 The agreement covered a minitrack radio trocking station, a camera optical

tracking station and a deep space probe tracki'g siation near .
Anthony Lake: Caution and Concern, p. %3 William A Hance (ed):
Southern Africa and the United States, p. 25,

53 (AECA) Agreement for Cooperation between h. Government of the
Republic of South Africa and the Government of 'be Un‘ted States of
A&u?'ka concerning the Civil uses of Atomic Energy  As amended. May
1962,

54 LES de Viliiers: US Sanctions against South Africa, p. 47
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Africa. This Committee under the leadership of its founder Grorge
Houser took its sanctions campaign against South Africa to real boycont
action in 1963 when at Brooklyn docks a South African ship was
prohibited to unload its goods.**

Although neither the United States nor the United Kingdom was
prepared to accept the South African situation as a threat (o
international peace and security or to support sanctions, the decision to
accept a ban on the sale of arms was, from an Afro-Asian point of
view, a significant victory. In 1963 the Organization for African Unity
laid plans for new pressures on South Africa. In August of that year
the Security Council began a debate on a resolution calling for a ban on
all arms sales to South Africa. President Kennedy, anticipated the vote
and going beyond the recommendations of his advisors, had his
ambassador unilaterally declare on 2 August that the US would sell no
additional arms to South Africa after the end of that year *¢

The arms embargo reflected the general pattern of the Kennedy policies
toward South Africa. It was a significant step in demonstration of
opposition to apartheid, but still falling short of majority opinion at the
UN and American rhetoric itself.*”

In 1966 during testimony before congress George Houser specified the
type of sanctions that he would like to see applied to South Africa.
Amongst these was the cessation of nuclear cooperation by the
American Atomic Energy Commission witly the South African Atomic
Energy Board. According to LES de Villiers, far fetched as these goals
may have seemed in 1966, they would ultimately becom. 2rist for the

55 LES de Villiers: US Sanctions against South Africa, pp. 53-55.
56 Anthony Lake: Caution and Concern, p. 94,
57 Ihid., p. 96.

307



Stellenbosch University https://scholar.sun.ac.za

mill in a number of other activist groups that followed the American
Committee on Africa on the road of sanctions against apartheid **

President Johnson, in regard to South Africa was prepared to take
action. In September 1966 the Johnson Administration barred the sale
of three French jetliners to South Africa and proceeded to stricter
observance of the arms embargo. %

The Nixon administration's policy toward South Africa of
"communication and cooler rhetoric” was reflected in its approach at
the United Nations. In November 1969, the US did not abstain but
voted for the first time in many years, against the annual anti-apartheid
resolution at the United Nations. In the same year this policy of
caution showed when the US refused to vote for a Security Council
resolution which set a date for South Africa's withdrawal from
Namibia. According to Anthony Lake United States policy during the
period 1945-1970 never included a forceful effort to make its anti-
apartheid action equal to its anti-apartheid rhetoric.®

It is of particular significance in the history of uranium and South
Africa nuclear power, that during the early sixties the United States
indicated caution with regard 1o the cooperation agreement with Sovth
Africa.® It would not have gone unnoticed by the American
Government that South Africa had not supported the United States in its
efforts to curb Soviet nuclear proliferation. However, South Africa’s

58 LES de Villiers: US Sanctions against South Africa, pp. 55-56; Anthony
Lake: Caution and Concern, pp. 108-109,

59 Ibid., pp. 59-60; Anthony Lake: Caution and Concern, pp. 104-105.
60 Anthony Lake: Caution and Concern, pp. 125-127.

(] The renewed collaboration agreement between the United States and South
Africa was subject to veto by the United States Government. In 1975 the
United States ceased 1o supply enriched fuel for SAFARI | research monitor.
LES de Villiers: US Sanctions against South Africa, pp. 294-265; DB
Sole: "The Rise of Nuclear Sanctions against South Africa”, American
Review, Jan. 1986, pp. 4 and 7.
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fierce anti-communist stances? combined with its nuclear technological
achievement of enriching uranium would have been plus factors in US
and South African relations in (he event of Soviet or Chinese
intervention in the regions of Southern Africa or the Indian Ocean.

An important development in international arms control came in 1966
with United States, Soviet Union and United Nations' agreement on the
Treaty on Outer Space, which required the parties "not to place in orbit
around the carth any objects carrying nuclear weapons or any other
kinds of weapons of mass destruction, install such weapons on celestial
bodies, or station such Weapons in outer space in any other manner”
With further efforts encouraged by this achievement. the United States
and the Soviet Union were able in 1968, to agree on the text of a
Nuclear Non-Proliferation Treaty (NPT). The two superpowers
worked in close cooperation in this effort 0 combat the dangers of
nuclear proliferation. 4

The NPT bound the nuclear weapons signatory powers not to transfer
nuclear weapons or supply weapons technology to any non-nuclear
weapons state and required non-nuclear weapons states not to receive
nuclear weapons. Non-nuclear weapons signatory states were also
required to accept the International Atomic Energy's system (or an
“quivalent system) to ensure that their non-military nuclear facilitic
and materials could not be used for military purposes. Although the
United Kingdom supported the NPT, France and Communist China
announced that they would not adhere to it. Even though the UN
General Assembly vote in favour of the NPT was overwhelming, and
fifty-nine nations signed the draft treaty on July 1, 1968, there was
much dissatisfaction behind this facade of agreement. By the end of
1968, West Germany, Japan, India, ltaly, Israel, Brazil and Argentina

62 JE Spence: The Political and Military Framework, pp. 76.78.
63 Ibid.

64 DB Sole: “The Rise of Nuclear Sanctions against South Africa”, American
Review, January 1986.
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had not signed the treaty, pointing to the lack of effort by the
Superpowers to control the missile arms race. Many states also feared
that the NPT could limit their utilization of nuclear power for peaceful
purposes. Nonetheless, in November 1969, West Germany signed and
Japan soon followed suit The United States and the Soviet Union
ratified the NPT simultaneously in November 1969 and, in an effort 10
meet some of the criticism, began the Strategic Arms Limitation Talks
(SALT) in Helsinki, Finland, that same year. Also in 1969, the UN-
sponsored Eighteen Nation Disarmament Committee (ENDC) ar
Geneva was expanded to twenty-six meabers and renamed the
Conference of the Committee of Disarmament (CCDA).  This
Committee became explicitly a forum to which the superpowers would
present their agreed texts and seek wider support for them. In 1970
ratification of the NPT, nonetheless, continued at a slow pace while the
non-nuclear powers waited to see what progress would be made on
their complaints that the Superpowers would not be able to enforce the
control they envisaged and that nuclear power for peaceful purposes
would be hindered. ¢

The United States had clearly been vexed by South Africa's refusal to
become a party 10 the 1968 Non-Proliferation Treaty (NPT). The
reason for this being that by 1968, South Africa's uranium enrichment
method had been proved in the laboratory and the South African
Government and the Atomic Energy Board were considering enriched
uranium production ia the not too distant future, not only for its own
reactors, but also for export.% South Africa was not alone in refusing

65 FH Hartmann: The Relations of Nations, pp. 293.294,

66 In July/August 1977 a Soviet satellite picked up what was claimed 0 be a
nuclear test site in South Africa's Kalahari desert. The United States satellite
surveillance quickly confirmed the existence of the alleged test site. The

th African government strenuously denied that is was a nuclear test siie.
DB Sole: *The Rise of Nuclear Sanctions against South Africa® American
Review, Jan, 1986, p. 4.
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(o adhere to the trealy, and could not be singled out as unique in this
respect. 67

Those countries that were signatories of the NPT were hound by the
treaty not to manufacture nuclear weapons and to allow their nuclear
nstallations to be examined by IAEA inspectors. It would verify their
p=aceful intentions and ensure that fissionable material would not come
into the hands of non-signatory states, but remain under the authority
and jurisdiction of the nuclear states ¢

Although South Africa had not signed the NTBT or the NPT, the Prime
Minister, BJ Vorster, had stressed in his announcement of the
enrichment process in July 1970, that South Africa had an obligation in
this regard. South Africa's enrichment discovery, he said, should
benefit South Africa and mankind. He said, that although South Africa
had not at that time acceded 1o the Nuclear Non-Proliferation Treaty,
the Government had at various occasions clearly stated that it would
consider participation as soon as the details of the safeguards system to
which South Africa would be subjected, were known,

It has been established in this dissertation that only by collective
security, that is, the United Nations Organization, the International
Atomic Energy Agency and a nuclear inspection  system. nuclear
proliferation could be controlled.

67 DB Sole: “The Rise of Nuclear Sanctions against South Africa”, American
Review, January 1986, p- 3, Western states were cautious o vote in favour

international law.  Michael Akehurst: A modern Introduction to
International Law, p. 273,

68 AJA Roux: "Uraanverryking", pp. 29-30,

69 (AECA) AEB, Aankondiging deur die Eerste Minister, Maandag 20 Julie
IM| PP. |-5
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The NPT and the inspection system were essential  international
measures, which all responsible governments supported in principle but
they undeniably had inadequacies. The inspection system necessarily
incorporated the possibility of the infringement of sovereignty. In
Other words, the inspection team would know exactly what a country's
nuclear potential was. Sovereignty implies power, self-determination,
independence, paramountcy and freedom. These attributes  were
strengthened by a nuclear potential and threatened by the inspection
system. If a state would find it necessary to protect its vital national
interests, such information would jeopardise the country's status and

bargaining power.

South Africa was prepared to subject its requirements for the SAFARI |
to the IAEA control system in 1965. However, as far as the gaseous
diffusion process was concerned, none of the nuclear powers (USA,
UK., USSR, France and Communist China) was prepared to divuige
details of technology or supply equipment. This was the case. even
though a non-nuclear country like South Africa was willing to establish
an enrichment plant for peaceful purposes only, and prepared to accede
(o the inspection system. The nuclear powers were not prepared to
concede to this, firstly, because technological data could leak out
through the inspection System, and that would increase the potential of
the non-nuclear states to produce nuclear weapons and. secondly,
nuclear powers were not prepared to relinqui. . their monopoly of the
enriched uranium marker, ™

One might well ask: was the controls system sufficiently secure to
prevent dissemination of information to ferrorist organizations. As
mentioned, the controls System established by the IAEA in the middle
fifties was unable to restrain nuclear proliferation. According to
National Geographic Magazine, on 3 wintry November day in 1968,
the cargo vessel Scheersberg A, flying the flag of Liberia, cleared
Antwerp harbour with a brand-new crew.  Aboard were 200 tons of

70 A\ Roux; "Uraanverryking", pp. 26-27.
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yellowcake, uranium oxide, made from ore mined in Zaire. It was
bound for Genoa. AJl Papers were in order. Once in international
waters, beyond prying eyes, the drums of yellowcake vanished. The
Sheersherg A never arrived in Genoa. When the vessel put into a
Turkish port 15 days laier, the $3 700 000 cargo was missing. Secret
agents tried 1o trace the shipment. The mystery remains unsolved.
Although the JAEA inspectors visited nuclear facilities in many
countries to determine that its supplies of fissionable materials were
adequately safeguarded, these nuclear watchdogs "lacked teeth” 7!

In 1970 it was impossible for a country to produce its own nuclear
weapons unless it had discovered the technical know-how. It would

@ nuclear reactor; and in addition, for the weaponry or the nuclear
bomb itself, By 1970, besides the five nuclear powers. there were a
number of countries that had acquired sufficient knowledge to produce
nuclear weapons, 72

Considering the aspects related to the NPT and the inspection system
given above, should South Africa have signed the NPT in 1968-1970?
According to Prime Minister PW Botha South Africa had made the
correct decision not to be bound by the NPT 7 It is reasonable to
conclude that the South African Government, unbending in its purpose
10 pursue its domestic policy amidst mounting threats of African
nationalism, taking into account the fecommended voluntary sanctions
imposed by the United Nations in 1969 (and the possibility of more
stringent sanctions (o follow), more than ever required its sovereignty
totally upheld. South Africa would not run the risk of details of the

71 ‘The Promise and Peril of Nuclear Energy", National Geographic
Magazine, Official Journal of the National Geographic Society, Washington,
DC, vol. 155, No. 4, April 1979,

72 AJA Roux: "Uraanverryking ", pp. 27-28,
73 Conversation with pw Botha, 10.1.1992
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new process leaking out as a result of the safeguards inspection system,
On the other hand South Africa's reluctance to sign the treaty had
flumerous repercussions. Both the United States of America and the
United Kingdom had apprehensions about South Africa's refusal 1o
adhere to the treaty. It was believed by some that South Africa would
not have had (o tread such a thorny path internationally, had she agreed
to accede o the NPT. There would be increasing pressure from
Overseas countries on the Republic to sign the treaty and it definitely
played a role in deteriorating negotiations with foreign countries.
According to DB Sole, the whole Question of safeguards became a
constant dispute between the Republic of South Africa and the IAEA
after 196874

South Africa and the United Kingdom

During the late fifties there was close and enthusiastic collaboration
between South Africa and the United Kingdom, despite mounting anti-
South African opinion in the United Nations. The United Kingdom
assisted South Africa by supplying information on nuclear plant safety
and health prospects. In 1957, the Chairman of the United Kingdom
Atomic Energy Authority, Sir John Hill, visited South Africa.” The
meeting of the Commonwealth Nuclear Scientists, which took place in
London immediately after the Geneva Conference, was attended by the
following South African representatives:  Dr AJA Roux, Dr TEW
Schumann, Dr SM Naudé, JR Colley and AR Newby-Fraser, 76

Relations with the United Kingdom were, however, deteriorating. The
pattern of nuclear cooperation with the United Kingdom had been very

74 Interview with IFA de Villiers, 15.8.199]: Interview with DB Sole,
12.12.1990.

75 DB Sole: "The Rise of Nuclear Sanctions against South Africa”, American
Review, Jan. 1986, p, 5.

76 Annual Report of the South African Atomic Energy Board, 1958, p. 2.
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much in line with that applicable to the United States British
abstention, in April 1960, from voting against South Africa in the
United Nations resolution (5/4300), was seen as a positive vote
condemning South Africa's internal policy. From the time of British
Prime Minister, Harold MacMillan's, "Winds of Change” speech in
Cape Town (February 3, 1960) there was a decline in political
cooperation between the United Kingdom and South Africa. This
decline was accelerated by the advent of the Labour Governments under
Harold Wilson - October 1964 - and later, James Callaghan. DB Sole
believed that the Americans were more anti-South Africa and that
American influence played a part in the decline of cooperation between
the United Kingdom and South Africa.”?

Germany and South Africa

As stated in an earlier chapter, bilateral nuclear relations between South
Africa and the Federal Republic of Germany had been established at the
1955 Geneva Conference on the Peaceful Uses of Atomic Energy,
when the South African delegation included Drs HJ van Eck and
Meiring Naudé.

South Africa's nuclear collaboration with the Federal Republic of
Germany probably took its origins from the contact made between the
South African and German delegations at this Conference. 7 In 1955
the official repression of nuclear research in West Germany came 1o an
end. In the Spring of that year, the Federal Republic of Germany was
allowed to engage in a nuclear energy development programme of its
own.  When the international agreements freed Germany from
limitations in nuclear research, Germany was relatively unprepared to

77 DB Sole: "The Rise of Nuclear Sanctions against South Africa®, American
Review, Jan. 1986, p. 5.

78 DB Sole: "The Rise of Nuclear Sanctions against South Africa”, American
Review, Jan. 1986, p. 5.
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take part in the development of nuclear energy.” Germany sent a
seventy-member delegation to the Conference, led by Professor Otto
Hahn, President of the Kaiser Wilhelm Society for Promotion of
Science (renamed the Max Planck Society) of Géttingen. Dr Van Eck
and Dr Naudé were two powerful and influential dignitaries possessing
particularly close ties with Germany. At that time German nuclear
activities were only in their initial stages; their nuclear links had been
mainly with the Americans and the British. Quite clearly they
welcomed contacts with South Africans who were, of course, at the
time, personae grata with the Americans and the British. In the
following years there was a considerable expansion of relations between
South Africa and the Federal Republic in the nuclear field. South
African nucl*ar scientists regularly visited German nuclear research
centres at Jilich and Karlsruhe %

After that time there were ties between the Atomic Energy Authorities
of the Federal Republic and South Africa.® When DB Sole was
appointed as South Africa's Ambassador to the Federal Republic in
1969, his objectives were to serve as catalyst in promoting sales of
South African uranium, and to encourage exchange visits by nuclear
scientists and to investigate possible German interest in becoming
associated with South Africa's enrichment process.® According to DB
Sole, in his position as South African Ambassador to the Federal
Republic he made contact with the two main nuclear research
institutions at Jilich and Karlsruhe, Kraftwerk Union (manufacturers of
nuclear power stations) and comipanies concerned with uranium
prospecting and enrichmem. He was also acquainted with corporations

79 (Atomic Energy Corporation Archives) AJA Roux:  Atomic Energy
Research Development, Part 111, Continent of Europe, p. 82.

80 DB Sole: "The Rise of Nuclear Sanctions against South Africa®, American
Review, Jan. 1986, p. 5.

81 (AECA) Meetinz of the Executive Committee (Production) for the pilot
enrichment plar:, 28.4.1967, HL de Waal, Uraanverryking in die
Republiek van Suid-Afrika, p. 44,

82 (SAL) DB Sole: This Above All (Unpublished manuscript), p. 323,
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having an interest in the nuclear business such as Ruhrkohle Siemens,
importers of South African uranium and with the German Minister and
senior officials in the German Ministry  dealing with nuclear and
uranium affairs. Dr AJA Roux and South African nuclear specialists
exchanged visits with German nuclear scientists,

wmlmwmwdmmmum
Enrichment Process

Dr Roux, Dr Grant, the Prime Minister and the Cabine. Ministers were
fully aware of the negative awitude of overseas Countnies and the
African States towards South Africa’'s domestic policy. It was realised
that the international repercussions could be tremendous.  Greater
pressure could be placed on Sou, Africa because of her ability 1o
enrich uranium, and having refus.d (o sign the Non-Proliferation
Treaty (NPT) in 1968 Allegatior . uld be made that South Afric:
would be in a position 1o produce ar  mic homb The South African
Government was seen by the outside rid 1o be unbending in jis
purpose 1o enforce apartheid. These fuctors could, with the

antagonism towards the white regime in South Africa.

0 hear what the international reaction would be™  The British
scientists stated that this was not unusual. In other words, they
believed that South Africa had the capability.  For them it was logical
81 Ibid., p. 323

R4 Themahmofwnn.Drt‘anlde\vu.hdutedtbmndlhcirmmw
}omhlmuhixmldemelohwwhuthcimmmwhm!dm.
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that a country rich in uranium, would refine the metal in a way to
deliver the best product for export. To them it seemed a normal course
of events.* Tt should be mention. 4 here that the very day before, 20
July 1970, the new Conservative Government in Britain announced that
it was considering lifting its arms sale embargo against South Africa *

The American reaction on the announcement  was  particularly
interesting.  They stated that American scientists had already considered
nllpouiblemhodsofunnmmemichnumMﬂwydidmbelim
!ImSoumm‘riucouldlavedinconmdmmimm. So they
believed it was a bluff. This was an unexpected turn of events. The
Americans in the 1970's on the one hand recognised South Africa's
varichment achievement, but on the other hand could just yot accept the
fact that South Africa had actually mastered the severe technological
deinands of an enrichment undertaking and that the Republic was a new
contender in the enriched uranium world nmarket ¥

The African States believed the Americans and there was no reaction
from them at all, They were not going to be led by what America
assumed to be an impossibility. It was only in later years that they
reacted o nuclear development in South Airica ™

Towards the end of 1969 the S!cfnh»hlem'Iekm’::‘lm.mr.wll.rclum in the
Federal Republic, under the leadership of Dr Bund., and in
collaboration with Professor FW Becker of Karlsruhe, had decided 10

85 Interview with Dr WL Gram, 28 7 1989
Ry FH Harumann: The Relations of Nations, p 54)
87 nterview with Dr WL Gram, 28.7, 1989

L1 ] Several years later, Presiden: Julius Nyerere of Tanzania, stated that Nigerin
Wi g tobuheﬂmunﬂn“ﬂcmmmmhnemhwm.

scientific s at Pelindaba and Valindaba. Interview with Dr WL
Gn;'u. 28.7.1 vid. "US Scientists Bowled Over” The Argus
21.7.1970.
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develop the Becker "jet nozzle” enrichment process on a large scale ™
When the South African enrichment process was announced to the
world in July 1970 and it became known that the South African method
Was an aerodynamic process, where the feed material 1S a combination
of uranium hexafluoride and a carrier gas, Dr Becker claimed and
stated publicly tlmmetwopmccsseswereuuminsofaruboth
were based on the principle of the high performance stationary-walled
centrifuge.  But, he added "that did not mean that all the details were
the same "%

According to Professor PC Haarhoff, the Germans claimed that South
Africa had copied their process, because it made use of a carrier gas as
4 feed material and both Dr Grant and Professor Becker called their
discoveries a "stationary wall centrifuge”. Professor Haarhoff gave an
explanation of the differences between the IwWo processes. Both are
verodynamic processes. The design of the separating element is the
€7k of the matter.  The "jet nozzle” method, developed by Dr Becker.
< es not work with a vortex tube and that is the crucial difference. The
Becker process is a two-dimentional process: it works with a surface
and a crevice; Dr Gramt's process is three-dimensional: it has a left
side, a right side and a middle. Professor Haarhoff believed that
Pro‘essor Becker was a bit petulant and willful. He was particularly
proud of his achievement and another process endangered his own
accomplishment. He was not going to take South Africa's discovery
lightly and claimed that South Africa had copied his process. !

This misconception appears in publications that the South Africin
enrizhinent process and Professor Becker's “jet nozzle" enrichment
process are the same  Even though German scientists, who had been

—— L — - p——

89 (AECAY ML o Waal: Urnanverryking in die Republiek van Suid-Afrika,
45,

p

90 “Jet Nozife Envichment. South Africa’s Way with Uranium”, The Financial
Times, 205 1974

91 Interview with Professor Pr* Haarhoff, 29.7. 1989,
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shown part of South Africa's process, had publicly stated that there was
No conaection between the two, public opinion remained sceptical %2
The South African Government was also accused by anti-apartheid
movements that the Federal Republic of Germany, debarred by its
constitution from itself ever becoming a nuclear power, was actively
aiding South Africa to acquire the atomic bomb.” [t was conceded
largely on the basis that there was scientific Cooperation with the
Federal Republic and South Affica, the misconception that South Africa
had copied Professor Becker's invention and that Dr WL Grant had
visited Karlsruhe in 1970, As these accusztions were made after 1970,
they do not fall within the field of the study of this thesis,

South Africa maintained secrecy over the separating element. This was
based cn considerations of South Africz's competitive position in the
international market place and her respensibility towards the world for
the prevention of nuclear proliferation. At the Paris Conference in
April 1975 South Africa was thus only prepared o reveal some
technical aspects, namely that the process was an aerodynamic type;
that the separating element was a high performance stationary-walled
centrifuge using UF, in hydrogen as process fluid: and that the process
had a high separation factor over the element”

92 (SAL) DB Sole: This Above All (Unpublished manuscript), p. 324.

93 Ibid., p. 324.

W (SAL) DB Sole: This Above All (Unpublished manuscript), pp. 324-325;
ZduwtCmmmﬂn‘bul Rogers:  Nuclear Axis: “A :
Neues Etikent* (Atom Business. New Label), Der Spiegel, No. 53, 1977,

95 (WL Grant:  Private Colleciion) AJA Roux and WL Grant'  Uranium
Enrichment South o European Nuclear
Conference, April, 1975, pp. 34
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CHAPTER TEN

EVALUATION

In order to ascertain the significance of the history of wuranium and
nuclear energy in South Africa in the period 1945-1970, the evaluation
will focus on three issues:  The most ﬂgm'ﬂcwn aspects of the

the contribution of nuclear scientisss and engineers as well ax the role of
leading politicians; and Sfinally a review of the most important

The commencement of investigations on the gold-uranium ore of the
Witwatersrand directly influenced industry in the country. It led 1o the
establishment of uranium EXtraction plants at a number of mines. The
first uranivm 1o be produced came from West Rand Consolidated Mine.
This was 29 years. almost to the day, after Cooper had announced his
discovery of uraninite 1o the Chemical, Metallurgical and Mining
Society  Production of natural uranium climbed steeply during the

price and difficulty in securing new sales contracts, The United
Kingdom revealed in 1991 (The British disclose Cabinet confidentiality
after thirty years) that one of the main subjects discussed by Dr HF
Verwoerd and the British Prime Minister, Mr Harold MacMillan during
his visit to South Africa early in 1960, was uranium. Dr Verwoerd
was concerned about the impending decline in (he demand for
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uranium.' After 1965, however, -roduction was once again geared up
in anticipation of a rising demanc  In 1970 the NUFCOR processing
plant was operating at onl} v thirds production. This could be
stepped up rapidly if demand . ed such action.?

South African uranium was a ueieriniming factor in the United States
and South African relations. When General Groves 100k the lead in the
Manhattan Project early in 1942, he believed wat if the United States
wished to keep the atomic bomb as an exclusive American possession,
America would have to have a monopoly of the world's nuclear raw
materials. Groves, who never trusted the United States-Soviet Union
war alliance knew that the Soviets would not be able 10 construct
nuclear devices without these materials. As chairman of the Combined
Development Trust. Groves was able to make decisions independent of
the Commiitee *

At the end of the war Groves intended no slowdown in America's
nuclear weapons programme and in 1945 be believed he had preclusive
monopoly of the world's raw materials. The Cold War therefore was
contributary 1o the initial investigations on South African uranium
ores.*

The news that in 1944-1945 South Africa had the world's largest

undeveloped reserves of uranium ore capable of early commercial

development, brought considerable comfort to the national security

planners of the Truman administration and dramatically raised the value

I Ilnppon 6 Januarie 1991; “Verwoerd, Macmillan se geheime op die
appe”.

“Assured fuel supply”, Mining Survey, Sepiember 1971, P17, A marked
increase in the price of uranium in the 1970's brought the metal into greater
prominence.

L]

3 G Herkin:  The Winning Weapon, pp. 100-104; D Yergin:  Shattered
Peace, pp. 135-137, 344 ki

4 D Yergin: Shattered Peace, p. 109. According 10 Yergin, Czechoslovakia

was the Soviet Union's most important source of It must have
provided a powerful motivation for the Soviet drive to keep Czechoslovakia
n its sphere.
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of South Africa to the United States on the eve of the Cold War. The
Truman administration took a strong stance on apartheid, however, the
growing economic interdependence of the two nations and the promise
Of vast quantities of uranium ore fiom the Rand assuaged officiai
Amnerican concern about an evidently troubled South African future in
the 1950's and 1960's. 5

It was expected in 1950 that if a major United States-Soviet Union war
broke out the United States and its allies would lose access to the
Middle East, South East Asian and European raw materials. The
United States therefore looked 1o Africa for strategic materials

The Cold War shaped Eisenhower's approach to mineral issues. He
and his advisors within the Government realised America's dependence
on foreign countries for vital materials Relying heavily on low-cost
foreign suppliers could be a serious danger 10 American security n
wartime. These factors and the discovery of rich uranium deposits on
the Colorado Plateau led 1o a diminishing dependence of the United
States on South African sources of uranium. However, the United
States imported $450m worth of South African uranium between 1953
and 19717

According 1 T Borstelmann, the most important single interest of the
United States during the Truman administration was the uranium of the
southern Belgian Congo and the South African  Witwatersrand *
Therefore, South Africa's uranium contracts with the Combined
Development Agency played a significant role in South African, United
States relations.  The Truman administration permitted top South

5 T Borsielmann: Apartheid's Reluctant Uncle, pp. 50 and 84; K Dunaher:
kaalEumyntUSh&mirdMA&h.p.bs.

6 A&E;kcr TbUﬂd&m“hGWwaM.pp.
152-153.

? Ibid., pp. 202, 206-208; ) Barker and J Barrett:  South Africa's Foreign
Policy, p. 238,

8 T Borstelmann: Apartheid's Reluctant Uncle, p. 198.
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African military officials o consult with counterparts in the Pentagon.
In 1950, declassified secret documents revealed that on 15 November
1950 the Joint Chiefs of Staff made the assessment that in the event of
global war, there would be both offensive and defensive roles for the
South African armed forces. The ability of the Union of South Africa
10 participate in the defence of the area of which it was a part was of
importance to the security of the United States ®

According to K Danaher, South Africa as an issue in itself was of little
concern to the Truman administration.  American policy was
determined by larger considerations of the Cold War and the need 1o
expand opportunities for American business, American policy under
Eisenhower (1953-1961) remained much as it had been under Truman,
Military ties continued along the lines laid down during Truman's term
in office. 10

In the early sixties (as related in the previous chapter) US POI'CY toward
South Africa became more contradictory.  On the one jiand i
endeavoured to protect the United States' reputation on the question of
race. on the other Washington remained force blucking an
international response to South African policies. Until 1970 nuclear
cooperation continued, agreements remained in force and South African
scientists were permitted to study in the United States.

The development of the uranium industry was particularly beneficial o
South Africa. The extraction plants formed a major part of the
country’s industrial activity, The plants had to be provided with
considerable additional electric power supplies as well as equipment.
There was a sharp increase in the demand for power, sulphuric acid and
certain chemical reagents.  Stainless steel fabrication in South Africa

9 KDI;IHI(I’: mmwmm,ausmqwmm.
pp. 6768,

10 Ibid.,, pp. 6869 In 1950 South African scientists were allowed 1o
participate in the monitoring of United States nuclear weapons ltests in the
Atlantic.
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grew primarily from the requirements of the uranium extraction plants
and the engineering industry throughout the country benefitted from the
establishment of the uranium industry .

South Africa's large uranium reserves underlined the necessity to
advance nuclear research and nuclear physics. Young South African
scientists of the early 1950's. like scientists all over the world, were
intrigued by the tremendous advancement in nuclear science during the
previous decade. Opportunities for careers in nuclear energy research
were created through the establishment of the Council for Scientific and
Industrial Research and particularly the National Physical Laboraiory.

The Pretoria cyclotron, as a national facility for basic nuclear physics
research (utilized in the various fields of nuclear science, education and
the manufacture of radio isotopes) made important contributions that
were recognised both locally and internationally Many nuclear
scientific publications utilizing the Pretoria cyclotron appeared in the
1950's and 1960's, many of which were published internationally
Specialized university degrees were attained making use of the
cyclotron facility. Orders for hundreds of radio isotopes for medicine
and industry were delivered both for local and overseas clients. '

It seems that scientists and engineers closely involved with the
evolution of nuclear energy in South Africa agree that it was the correct
decision 1o establish a new site for the implementation of the South
African nuclear energy research and development programms, even
though by 1958 the National Physical Laboratory had been founded at
the CSIR and the Pretoria Cyclotron had successfully been put into
eperation.  According to Dr SJ du Toit by 1958/1959 the National
Physical Laboratory was functioning extremely well and proving to be
a particularly successful undertaking. A capable staff of nuclear
physicists and scientists were attending to the functioning of the

| (NAC Faure) NAC 84-01(SR) “Voorwoord" tot Simposium ter viering van
die 25 jaar diens van die Pretoria-siklotron, WNNR, 28 Junie 1983,
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cyclotron and the other apparatus used in conjunction with the
accelerator. In the middle fifties it was believed by Dr Naudé and
others that with some additional manpower and equipment the National
Physical Laboratory could have been developed into a nuclear physics
laboratory of a particularly high standard. It should, however, be
borne in mind that it was a purely nuclear physics laboratory, not
nuclear energy as such. If a nuclear energy programme was
implemented, it was essential that the various discipiines, i.e. nuclear
physics, mechanical engineering, nuclear chemistry and metallurgy, be
integrated. It was, therefore, the best decision to establish a new site,
Althovgh it was a sensitive decision at the time, in retrospect, it is a
manifestation of how rapidly advancements in nuclear energy
development were taking place during the 1950's and how
problematical it was to remain abreast with progress.

The disagreement between Drs Meiring Naudé and Roux concerning
the development of a new site for nuclear research and the acceptance
of Dr Roux's proposals for a nuclear research and development
programme by the South African government should be mentioned in
this regard. Dr Roux had a greater knowledge of the developments of
nuclear research abroad, having undertaken the extensive investigations
to nuclear research centres in all the major Western countries. The
development of a nuclear research centre had to meet the demands of
future nuclear developments. In the formulation of his nuclear
development programme Dr Roux anticipated the possibility of
enriching uranium. The sophisticated technologies relating to uranium
enrichment research and ultimate production would inevitably require a
separate site. The nuclear research centre would necessitate stringent
security, additional power supplies, radiation precaution and extensive
available land for future expansion.

According to Dr WL Grant the disagreement between Drs Meiring
Naudé and Dr Roux should not be underestimated. Had the
government not accepted Dr Roux’'s programme the uranium and
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nuclear industries in South Africa might not have developed 10 the
extent that they did in the following years.

In this dissertation the construction of the Pretoria Cyclotron has been
discussed in detail because the cyclotron and National Physical
Laboratory were established with the specific purpose to train scientists
in advanced nuclear physics with a view to nuclear research and
de, clopment.

It was stated in the 1959 - 1960 annual report of the CSIR that the
inadequacy of support for university research was having grave
tonsequences on the training of research workcrs and consequently on
the development of science and industry in South Africa.’? Dr Meiring
Naudé, in his proposals for a nuclear research programme for South
Africa laid emphasis on the encouragement of physics research
throughout South Africa by the creation of research facilities and in
particular by the provision of an accelerator !? It was particalarly as a
result of these recommendations that Dr Roux included the twelfth
theme of the nuclear research and development programme, namely:
the support of fundamental research basic 1o nuclear energy
development.

According to Dr 8J du Toit the theme Fundamental Research included
in Dr Roux's programme brought about practical liaison between the
Atomic Energy Board and all the universities of South Africa. This
included mainly research in nuclear physics, nuclear chemistry and
metallurgy. The Directors of the Atomic Energy Board visited all the
universities at least once a year and in this way an enthusiastic
relationship was established between the AEB and the universities. Al
the Physics Laboratory at Pelindaba an extensive fundamental

12 Fifteenth Annual Report of the CSIR, 1959-60, p. 9.

13 SMNM:Whmmthwm
programme for the union of South Africa, November 1958, pp. 12-14,
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programme on neutron physics, specifically in relation to nuclear
energy, was carried out under the leadership of Dr D Reitmann 14

Fundamental research centres were established in close proximity o, or
at universities in order to encourage and stimulate nuclear physics
research, not specifically for nuclear energy production, The Nuclear
Physics Research Unit of the University of the Witwatersrand. with
Professor JFP Sellschop as Director, was formed in the mid-fifties
Several years later it acquired the | MV Cockroft-Walton accelerator
which the renowned Lord Rutherford used at Cambridge University,
United Kingdom. Potchefstroom University had initiated cosmic-ray
research shortly after the war, but it was not uniil 1960 thar it entered
the nuclear physics field and acquired an accelerator. Dr AJA Roux's
Atomic Eneryy lesearch and Development Programme would later
incorporate the southern universities of Cape Town and Stellenbosch
In 1963 a 6MV Van De Graaff accelerator was commissiored for the
Southern Universities Nuclear Institute (SUND) at Faure in the Cape
Province. There, scientists and students from the Umiversities of Cape
Towz and Stellenbosch could undertake research in the accessible fields
of nuclear physics and chemistry, '*

As in the case of Drs Naudé and Roux, there was not always consensus
of opinion on major resolutions. Dr JWL de Viiliers believed that the
Van de Graaff accelerator at Pelindaba should rather have been set up
at a university for the study of fundamental nuclear phys.ics. This view
differed from that of certain other senior physicists and led 0 Dr De
Villiers joining Dr Grant's division particularly reactor physics, on the
PELINDUNA project.

14 Interview with Dr SJ du Toit, 9.1.1992

15 AR Newby-Fraser: Chain Reaction, pp. 27-29: A large range of detectior
systems and peripheral equipment was installed. In 1977 the National
Accelerator Centre was established at Faure. It is a mul, disciplinary
research centre and inco the former Southern Universities Nuclear
Institute. (NAC Faure) National Accelerator Centre, Brochure, 1994
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By the end of 1967, Dr De Villiers was Director of the Reactor
Development Division and played a leading role in the development of
the PELINDUNA critical assembly. Dr De Villiers was particularly
hesitant to terminate rhe reactor  development programme,  The
acceptance of the resolution to pursue the uranium enrichment project
once again brought the argument concerning the decision to establish a
New site for nuclear energ: research and development 1o the fore. The
reasoning put forward b, Ur De Villiers was that if the reactor
development aspect of the nuc :ar energy research and development
programme was terminated, then the Atomic Energy Board woul
essentially be an 1sotope laboratory, virtualiy the same as the CSIR
laboratory. Dr De Villiers was resolute for he firmly believed that if
reactor development was discontinued at that point, South Africa would
in future have no choice, but that ESCOM e dependent on a foreign
power to supply a nuclear power reactor for South Africy. i¢

Persons directly involved with nuclear energy in South Africa believe
that it was the correct decision to develop Dr Grant's vortex tube
enrichment process. According 10 Dr RS Loubser the Government
believed *hat it was an essential undertaking, as it was certain that a
nuclear power station would be constructed in the Western Cape and it
would be to the country’s advantage if South Africa could supply the
reactor with enriched fuel. In 1970 it was believed that the process
would be economical and that South Africa's enriched product could
compete in the world marker. No-one could foretell that n later years
the international enriched uranium market would become far more
competitive. 17

Dr JWL de Villiers is of the opinion that it was the correct decision o
develop the enrichment process for it placed the couy 'ty in a position to
constder various reactor types. He was in favour of a small pilot plant

16 Interv ew with e JwL de Villiers, 10.1,1992,
17 Interview with Dr RS Loubser, 28.7 1989
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10 test the process (while continuing  with reactor development
research). Only when the pilot plant proved to be successful, would a
final decision be taken regarding the size of the semi-commercial plant
as well as reactor development research.

Eisenhower's Atoms for Peace Programme had a direct effect on South
Africa's nuclear power development. In February 1957, the United
States was prepared to increase the amount of fissile material, to give 1o
countries developing nuclear energy for peaceful uses. o 20 000
kilograms.  This was later increased to 50 000 kilograms.'*  The
Cooperation Agreement between the government of the United States
and the government of South Africa that followed Eisenhower's
decision (July 1957) provided for enriched fuel to be supplied for the
research reactor at Pelindaba, the nuclear research centre.

SAFARI 1 research reactor was essential to the AEB's research
programme for potential nuclear materials had to be investigated under
radiation conditions. In 1969 its power level was raised from 62/; MW
o 20 MW.  With the upgrading to 20 MW several fast-neutron
irradiation facilities were created. The research reactor was put to full
use and there were few activities at Pelindaba which did not make use
of the reactor directly or indirectly.

The following statement by the Deputy Minist> of Mines, M Viljoen
in May 1961 indicates that as early as 1961 the aim was to eventually
enrich South Africa's uranium. He stated in May, 1961 that nuclear
power would assume dimensions that in future there would be "a steady
world demand for nuclear material and we are fully confident that we
shall be able to ~ iver such material in whatever form it might be
required by that time at highly competitive prices. 19

Would the:: be a market for South Africa's uranium? Dr Roux was
contident that the future outluok for enriched uranium was favourable.

IR N Moss: The Politics of Uranium, p. 45,

19 Assembly Debates, vol. 108, | May-26 May, 196123 May 1961, col 7016.

330



Stellenbosch University https://scholar.sun.ac.za

He believed that enriched uranium was the cornerstone of the peaceful
application of nuclear energy in the world. The provision of adequate
power is indispensable for the preservation and further improvement of
mankind's standard of living. Nuclear power would play an increasing
part in meeting the ever-increasing demand for electricity.  For this
reason there would be a growing demand for enriched uranium.
According to Dr Roux there was simply no alternative to the use of
nuclear power in view of the reientless demands of industry for more
and more energy .20

In the period 1950-1970 it was generally believed that no “shortage” of
coal for power production would force South Africa to opt for nuclear
power. South Africa has relatively abundant coal reserves. However,
energy authorities were aware of the hazards of large coal-fired power
stations, especially in the industrial areas such as Withank in the
Eastern Transvaal. Coal is a non-renewable energy source and nuclear
power is the only presently known realistic alternative for base load
power generation in the RSA 2

The governr xcision to finance the XYZ-project was favourably
nfluenced by the economic boom of the 1960's. The inherent strength
of the economy (1945-1957) was the prelude to one of the greatest
waves of economic expansion. Between 1960 and 1970 the gross
national product of the Republic increased from about RS,200 million
to R12.400 million, rising by R7000 million during the eleven year
period.  The South African economy with that of Japan probably had
the highest growth-rate in the world at that time. 2

20 (DM Kemp: Private Collection) AJA Roux:  Uranlum - Recent
Developments and Future Outlook, p. 2.

21 WE Stumupf et al: "Nuclear Encrgy as a Primary Resource in South Africa in
the Next Century”, p. 2.2/2,

22 DH Houghton: The South African Ecocomy, pp. 209-229.

ERY]



Stellenbosch University https://scholar.sun.ac.za

In South Africa the provisions of the Atomic Energy Act of 1948 cast a
blanket of Secrecy over uranium and thorium prospecting, as well as
inventions made in connection with these materials, Only a limited
amount of information for this dissertation could be obtained from daily
fewspapers.  An examination of three Cape Town newspapers, Die
Burger, The Argus and The Cape Times, has revealed that particular
events were published and reviewed in the press. Uranium production
and sales in the late 1950's was given much coverage in the press and
particularly the implications of the impending  overproduction and
decrease in the selling price. The announcement of South Africa's
enrichmen® process was front Page news in the daily newspapers,
However, even today, the contracts of the uranium production
programme between the Combined Development Agency and the South
African  Atomic Energy Board, 1952-1970 are classified and
information concerning the contents of these documents can only be
obtained from the governments of the United States and the United
Kingdom.

During the years 1950 10 1970 there was a certain optimism regarding
nuclear power and prospects for the nuclear industry boomed. Towards
the end of the fifties it became abundantly clear that the technology
involved with nuclear power production was extremely sophisticated
and costs in all facets of nuclear power plant construction were rising.
The United States had the financial means 1o develop its nuclear
capability and by 1970 orders for nuclear plants flooded into Generai
Electric, Westinghouse and other suppliers.

Contributions of Individuals

The second issue of investigation concerns the roles of particular
persons.  In the establishment of South Africa's own uranium and
nuclear industry there are a number of persons whose positions,
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resolutions and discoveries were particularly effectual on the South
African community,

a further dimensic) 1o 1o prestigious position that General Smuts held
during th vy 4 Prime Munister of country with an uranium
Poteriiai - an usset invaluable to the Allied war effort.

Both General Smuts and Dr HJ van der Bijl. the first Chairman of
ESCCM, placed great emphasis on developing an dequate electricity
fetwork for mining and industry on the Witwatersrand prior to 1950
Much of the same esteem that was enjoyed by Dr Van der Bijl in the
Smuts Governments, Dr HjJ van Eck would experience with the

assess W what degrae nuclear energy would contribute 1o South African
industry and the country's total power requirements.  His decisions
would bave far-reaching effects on the development of uranium
enrichment and nuclear power in South Africa. Dr Van Eck was
directly responsible 1o Cabinet Ministers and particularly influential in
governmental decision making.

In the exploration of the uranium potential of South Africa in the
1940's, the President of the Chamber of Mines, CJ Mclean, the
President of the CSIR, Dr BFJ Schonland, the Director vl the
Government Metallurgical Laboratory, Professor 1. Taverner, assisted
by the members of the Uranium Research Committee played leading
roles. The work done by these scientists and researches at the GML
pPrepared the way for uranium and nuclear energy research in South

The endeavours of Dr §J du Toit 10 lay the foundations of nuclear
physics research in South Africa as well as his contributions (o the
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development of nuclear energy research as head of the Physics Division
at Pelindaba were significant in this history.

During the formative years of nuclear technological development Dr
Meiring Naudé, Dr AJA Roux. Dr 8J du Toit, Dr JP Hugo, Dr LJ Je
Roux and Dr JWL de Villiers made notable contributions. 2?

Dr RS Loubser, Dr 1) Wannenburg, Dr PC Haarhoff, Dr DM Kemp
and RA Barbour (Deputy Director. Economic Affairs associated with
Uranium Enrichment), should be given. special mention for then
significant roles in the establishment of the pilot enrichment plant.

Dr Haarhoft's significant contribution to the development of the South
African uranium enrichment project was the technique he discovered 1o
reduce the number of stages of enrichmen’ in the pilot plant. The
Pelsakon technique* redaced the stages of enrichment in the pilot plant
by ten 1o twenty times less than would have been necessary with
standard techniques.*  His concept incorporated a number of stages
into one large unit which became known as the Helikon technique
This method ultimately succeeded in reducing the number of stages
from a couple of thousand to about 30 2 Ultimately contributing 1o
making the South African method far more economical than the
gaseous diffusion method of enrichment.

D. AJA Roux had the ability to bring people round to his way of
thinking. However, this could only be achieved by a command of a
tharough knowledge of nuclear development. Dr S.J. du Toit, who
dccompanied Dr Roux to the United States and Canada, recalls how

23 Interview with Dr WL Grant. 27.7.1989,

b Interview with Dr WL Gramt, 27.7. 1989,

25 interview with Dr JJ Wannenburg. 25.4.199] .

26 Interview with Professor PC Haarhoff, 29.7.1989.  The theory of the
Helikon technique was later included by Professor Manson Benedict in his

advanced courses of nuclear engineering at the Massachusetts Institute of
Technology.
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dedicated Dr Roux was to the purpose of knowing exactly what
progress had by 1958 been made in nuclear energy overseas. Dr
Roux's Reports reflect the vast amount of knowledge he acquired and
how systematically he investigated overseas nuclear research and
development programmes. Dr Roux realised that in order to have his
Atomic Energy Research and Development Programme implemented he
would not be able to rely on Government funds alone. The financial
support that he obtained from the Chamber of Mines and the uranium
industry undoubtedly was a crucial factor in the eventual decision o
execute his extensive programme. There is speculation as to whether
Dr SM. Naudé was awaie of the support of the Chamber of Mines for
Dr Roux's Programme. Had Dr Naudé known this, he might not have
qQuestioned the financial burden of such an extensive programme. >’

Dr Grant became the second recipient of the Order of the Southern
Cross, Gold, on May 25, 1989. He received this high award for his
nuclear research and the development of the South African enrichment
process.**  Dr WL Grant's discovery of the vortex tube method of
uranmium enrichment, which determined the course of nuclear energy
development in South Africa, was both a scientific and an historic
achievement.  Mention should be made of his notable proficiency
during the 1960's to have led the research in both the PELINDUNA
and Gas Cooling Projects.

It was a phenomenal accomplishment that South African scientists and
engineers had mastered the highly complex technology of uranium
enrichment. Only the United States of America, the United Kingdom
and France in the Western World had uranium enrichment facilities 29

27 Interview with Dr 8 du Toit, 9.1.1992.

28 The Argus, 25 Muy 1989; "Nuclear Physicist Awarded Gold Cross®.

29 ng deur Die Eerste Minister, Maandag 20 Julie 1970, gp. 1-5;
Assembly tes, vol. 29, 17 July 10 23 August 1970, 20 July 1970: The
Argus, 21.7.1970: *Uranium, Benefits for South Africa”.
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From the start Dr Grant was the project leader, a task which he,
togeiher with his team of scientists and technical personnel, carried
throngh with vigour to eventual success. Dr Grant and Dr Roux, a
complimentary team, were closely associated for 22 years in the service
of science in South Africa. Through their combined effort and
gutdance uranium enrichment was made possible * In 1970 Drs Roux
and Graat received the HF Verwoerd Pricz for their ac.uevements in
nuclear s :nce and engincering.

The political leaders, Dr DF Malan, JG Strijdom, Dr HF Verwoerd
and BJ Vorster, and their Cabinets all played significant roles in this
history. They had the problematical task of deciding the extent of a
research and development programme and, most important of all, how
much governmental financial aid should be given to such vast
undertakings.

Dr Verwoerd was condemned for the rigorous way he endeavoured to
establish apartheid between black and white. He was determined to
entrench the traditional policy of separation at a ume when he believed
racial conflict could lead to a situation of chaos. Therefore, Dr
Verwoerd's support of an uranium enrichment programme in the early
sixties would invite speculation as to his intentions. South Africa was
on the threshold of a new constitutional dispensation, she would face
the future as a Republic outside the Commonwealth. If the country
could develop its own enrichment process it would undoubtedly put it
in a position of strength. In a competitive world any leader of a nation
would strive to develop his country’s natural resources to their full
potential.  On these grounds Dr Verwoerd's support (and later BJ
Vorster's support) of the uranium enrichment project was acceptable.
There would however be the surmise that South Africa could misuse
strategic materials for its own purposes. For this reason the South

30 deur Die Eerste Minister, Maandag 20 Julie 1970, pp. 1.5,
Assembly es, vol. 29, 17 July 10 23 August 1970, 20 July 1970; The
Argus, 21.7.1970: "Uranium, Benefits for South Africa”.
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African Government's policies increasingly became the target of
foreign and internal Crusaders for human rights and condemnators of
nuclear proliferation.

Sltnﬂiumconleqm

In May 1971 ESCOM 100k the first definite steps towards a nuclear
Power programme with its decision 10 advise potential tenderers that it
planned to commission the first South African nuclear power station.
A few months later seventeen organizations received notification of
ESCOM's intention to ISsue an enquiry calling for turnkey offers for a
power station.

This decision was the culmination of the many studies made as to the
possibility of nuclear Power production in South Africa. t was
certainly no hasty decision, as was related, nuclear cost evaluations had
been mad= in South Africa as early as 1954 and many assessments
followed. It was yot a prestige effort, but a project based on economic
considerations. The PELINDUNA toncept was a first step in reactor
development and served many proposed purposes. [t established a
wealth of nuclear €X} - use for further nuclear research.  With the
decision 1o pursue the South African uranium enrichment method.,
PELINDUNA could not provide a basis for the country's nuclear
reactors and ESCOM was obliged to utilize foreign nuclear reactor
expertise.

Koeberg would he capable of meeting the future electrical demands of
the increasingly industrial Western Cape. Although it would be fully
integrated into the nagional electricity grid, its (wo reactor units would
make the Cape region independent of the generating capacity elsewhere
in the country.

The contract for Kocberg was finally awarded to the French consortium
of Framatome - Alsthom - Spie Batignolles Framateg. The formal
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contract documents embodying the terms of agreement were signed in
Johannesburg and Paris on 5 and 6 August 1976, respectively. This
represented only agreement on the commercial level, and the project
being both nuclear and of very substantial magnitude, it was essential to
formalize the negotiations at government level.

To this end a bilateral agreement between the governments of South
Africa and France, specific to the Koeberg project, was signed in Paris
on 15 Octeber 1976, This was followed by a trilateral safeguards
agreement Leiweon France, South Africa and the 1AEA. in terms of
which nuctear safeguards would be applied to the Koeberg nuclear
power station to satisfy world opinion that there is no diversion of the
reactors or their fuel for non-peaceful purposes.  This agreement
entered into force on § January 1977, The consortium's offer for the
supply of capital works, nuclear fuel and services for the two 922 MW
reactors (Koeberg Units 1 and 2, together with associated financing
facilities, would be effectuated by 31 December 1983.%  The
introduction of nuclear power in the Western Cape was a direct result
of South Africa's nuclear industry.

Ihe development of the South African nuclear programme during the
1960's led to further advancements.

As a result the pilot enrichment plant (the Y-project) came into full
operation on Friday 4 March 1977. The pilot plant placed South Africa
in a position to produce fuel for the SAFARI I reactor if so required.
As a result of the development of nuclear science during the sixties,
during the middle seventies UCOR was contemplating the third step,
the semi-commercial enrichment plant (the Z-project). Construction of

il AR Newby-Fraser: Chain Reaction, p. 125 - 132 It was assumed in 1976
that South Africa’s installed nuclear capability would double every 7 years.
It could provide 4 000 MW(e) by 1990 and some 12 000 MW(e) by the end
of the century. AJA Roux: Uranium - Recent Developments and Future
p. 19,
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the semi-commercial plant commenced in 1979 and was completed at
the end of 1986.

As was illustrated in this dissertation, South Africa as a founder
member of the IAEA played an active role in the Agency's affairs from
1957 up until the mid1970's.

From the inception of South Africa's Atomic Energy Research and
Development Programme the Atomic Energy Board (later the Atomic
Energy Corporation) and UCOR maintained standards of safety for the
protection of health and minimization of danger 1o life and property in
the operations, making use of fissionable material. Well before the end
of the first five years of the AEB's research programme it was
appreciated that as and when nuclear power stations and other nuclear
installations with a potential for nuclear damage came into operation,
some form of statutory control over them would be essential to ensure
that they would not constitute a hazard to health and safety. This
appreciation gave rise in May 1963 to the Nuclear Installations
(Licensing and Security) Act No 43. Amongst the provisions of this
legislation was the main one requiring all sites housing installations
capable of causing nuclear damage 1o be licensed by the Atomic Energy
Board. In addition to this, the liability of licencees for nuclear damage
and for the provision of insurance cover was also laid down,

The Atomic Energy Board was committed to ensuring the safety of its
personnel with respect to nuclear hazards. lhese activities include
personnel  monitoring, practical health physics and studies of
environmental radioactivity, and vere undertzken by specialists capabic
of dealing wich any aspect of radiation protection. ™ Apart from

32 DB Sole: "The Rise of Nuclear Sanctio 1s against South Africa”, American
Review, Jun. 1986, p. 6.

13 Statutes of the Republic of South Africa, Act No 43 of 1963, pp. 434456,

34 (AECA) Vid. PJ Kruger and JI Feather: “In Vivo Measurezient of Uranium
in ' Human Chest under high background conditions”, August 1980,
Isotopes and Radiation Division, Pelindaba. AEB PEL 275. D van As:
“Activable Tracers in the Control of Pollution and the Study of
Environmental Transport  Processes®, National Conference on  the
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looking after safety at Peiindaba, the Board's healih physicisis also
advise the Department of Mines and mining companies on radiological
protection. Courses in OCcupational safety are offered o both AER
personre] and outside organi— - ps,

Today there are some "ho query the vast amounts of money that were
Spent on the establishment of the centre for nuclear research and for the
uranium enrichment project, ' Arguments that are put forward from
time to time are: Dr Roux found acceptance with the political leaders

expenditures. It was done at a time when there were sufficient funds,
but were those funds wisely spent” There Was a certain amount of
prestige attached 1o the entire venture. [y should be borne in mind that

Was an optimism about (he possibilities of nuclear power which
prevailed throughout the world. It was assumed that the costs of

Technological Applications of Nuclear Techniques, 1972:  Jk Basson:
“Principles and Hazards of Radioactivity and i1s Technological Application*,
Conference on Nuclear Technology, Cape Town, June 1974

35 (AECA) WE Stumpf et al: “Nuclear Energy as a Primary Rescurce in South
Africa in the Next Century®, p. 2.2/ (undated ca. 199]),

36 Sunday Times, 3 October 1993: "Row rages over inflated cost of local
uranium",
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utilising nuclear power to generate electricity would be minimal
compared to other energy sources. '’

The decision to enrich uranium was certainly also a strategic
consideration.*® During the 1960's Dr Grant was involved with certain
weapons programmes. ™ Leading authorities on uranium and in nuclear
science and technology from 1960 to 1970 are in agreement that
decisions regarding the peaceful applications of nuclear power were
never taken without strategic considerations, %

To nuclear scientists and engineers uranium enrichment is a scientific
and rechnological challenge. It is in the hands of the industrial giants
and the politicians to decide its economic viability. Although no one
could in 1970 have predicted that South Africa within a few years
would Se involved in a border war, it was evident that the South
African Government would be reluctant to accept the ruling of the
United Nations and the World Court in 1971 that South Af-ica's
presence in South West Africa (Namibia) was illegal. An enricliment
programme augments a nation's military capability. Politicians of the
time were not oblivious to this fact. it would only be after 1970 that
South Africa would proceed to use the capability to enrich uranium to a
sufficient extent to build nuclear devices, a fact unknown to the public
until the revelation of President FW de Klerk in 1993 4

" Interview with PC Haarhoff, 29.7.1989.

iR (Afgm HL de Waal: Uraanverryking in die Republiek van Suid-Afvika,
p. 40.

9 i view with Dr WL Grant, 27.7.1989.
40 Interviews with Drs WL Grant, PC Haarhofl, RS Lou _ser and PC Toens.

41 V/hen uranium is enriched, the proportion of uranium 35 is increased not by
acdition, but by subtraction. Should a country, therefore, possess a facility
10 ensich uranium to 3.5 ml (for fuel purposes), it is of
separating out 80 kilograms 100 kilograms of uranium 238. To get o
90 percent uranium 235 (material for an atomic bomb) only 19 kilograms of
uranium 238 more would have to be removed. Most of the would
already have been done. Therefore, a country possessing a plant 1o enrich

M|
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Although the corcluding date of this dissertation is 1970 the statement
made by the Depu.y Minisicr of Mines, M Viijoen in May 1961 that
there would be a rewire miarket for nuclear material and that South
Africa would be able (o deliver such material in whatever form it might
be required at highly competitive prices, should be addressed.

The market for natural uranium fluciuated considerably between 1970
and 1989. South African production reached a peak in 1980 and
declined to reach the level of 2943 (U in 1989. However, South
African production is committed to long term coniracts which cushions
the South African uranium industry from fluctuations in the uranium
market. 42

Althoug!: the production of enriched uraniurn as well as its foreign
trade value is classified ‘nformation the pivotal question at issue in this
dissertation should be addressed: Did the commercial production of
enriched uranium succeed or did it prove to be a "white elephant"?4?

According to P Bredell, Generai Manager of the uranium enrichment
division of the Atomic Energy Corporation's*® the semi-commercial
enrichment plant was built as pari of the AEC's uranium enrichment
programme which commenced in the mid-1960's. Voarious studies were
undertaken to investigate the feasibility of the commercial envichment
venture, but the decision to proceed with the piant was, however,
largely precipitated by the passing of the US Nuclear Non- s oliferc on
Act in 1968, prohibiting, inter alia, the export of separacve work

fuel, is three quarters of the way towards making an implosior: assembly. N
Moss: The Politics of Uranium, p. 21,

42 DJ Brynard: “Uranium Resources, production and demand in South Africa’,
Engineering Week, 23 November 1990,

4 Vid.p. 271
44 The Atomic Energy Board (established 1948) and the Uranium Enrichment

Corporation (established 1971) were from 1981 administered under a single
worporate structure. D Geldenhuys: The Diplomacy of Isolation, p. 152,

34



Stellenbosch University https://scholar.sun.ac.za

Vilindy 1a

(Source: Atomic Energ < “rporation)
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(enriched uranium) to countries that would not submit all their nuclear
facilities 10 IAEA safeguards, such as South Africa at the time. 4

Although the plant was completed at the end of 1986, plant
commissioning took another 18 months, resulting in the commencement
of production in September 1988, Most of the technical problems
encountered during the commissioning of the semi-commercial
enrichment plant could be traced back to insufficient profotype testing.
All process related problems had to be solved within the AEC, which
was fortunately well equipped to provide the necessary technical
assistance 4

According to DB Sole, by the end of 1977 the Co-operation Agreement
between the RSA and USA was a dead letter and the United States had
reneged on its con. nitments to supply enriched fuel for SAFARI |
research reactor.

Throughout the period 1976-1980 the United States had little or no
credibility in the eyes of the South African Government and the reverse
was equally the case, despite opinion in the United States that it was
unwise to antagonise in the nuclear field a Western country which was
the third largest producer of uranium in the Western world with the
second largest proven reserves 47

45 P Bredell: *Uranium Enrichment born out of Act excluding South Africa™
Engineering Week, 23 November 1990,

47 Uranium Resources, Production and Demand, Joint Report of the IAEA

Against South Africa”, p. 7; H) Brynard: *Uranium Production
lndDemnndlnSomhA[rica‘.FmonIheAEC Engineering Week,
23.11.1990, p. 4.
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In April 1990, nuclear fuel elements produced in South Africa with
Scuth African enriched uranium were used to reload the Koeberg
Nuclear Plant Unit 2.4

Recently it was reported in the South African press that South Africa
was of pivotal importance in the battle for Africa between the Soviet
Union and United States. This was confirmed by former KGB Chief of
Foreign Counter Intelligence, General Oleg Kalugin who was in South
Africa in September 19954 Soviet expansionizin in Southern Africa
was a real threat in the late 1960's and 1970's. Therefore the decision
to go nuclear and develop a limited capability in 1974 was strategically
valid.

According t© Dr Waldo Stumpf, chief executive officer of the AEC,
South Africa's total supply of weaponsgrade enriched uranium which
was produced at Valindaba during 1978 and 1989 is under IAEA
guarantees and sealed by IAEA inspectors The United States has not
compelled South Africa to transfer its supply of enriched uranium fo
America in order that it might be degraded for commercial use. This
supply of enriched uranium will be used in future to produce radio-
isotopes. The supply could have been sold to the United States,
however, the production of radio-isotopes will increase the foreign
trade value of the enriched uranium up to forty times the normal selling
price. %

Considering these issues as well as the stimulus of the entire enrichment
undertaking in South Africa for nuclear and scientific development in
Southern Africa the XYZ-project was of value.  Criticism of

48 Die Burger, 25 April 1990: “SA maak sy eie kernbrandstof™; 26 April
1990, "Kernkrag: SA gaan 140 M bespaar.”

49 The , 22 September 1995: "Apartheid 'a boon' to Russia®; Weekend
Argus, 23/24 September 1995, “The 'life and death’ battle for Africa”

50 “AEK smee Amerikaanse bande”, Finansies en Tegnick, 26 August 1994,
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expenditure involved®' should take all strategic, economic, political and
scientitic considerations into account.

In an entirely ;iew research project all factors pertaining to the history
of nuclear energy after 1970 would have been 10 be thoroughiy
examined in order to determine conclusively the success of the vortex
tube uranium enrichment project.

51 Sunday Times, 13.9.1997. "Nuke fuel wastage”.
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TECHI W AL ADDENDUM

The purpose of the technical addendumt i: fto give an explanation in
nonspecialist words and idiom, scientific «n ‘echnical terms relating to the
wranium and nuclear industries that the averaves reader may not be familiar
with. In the text these words, formulas, con pic and processes are indicated
with an asterisk (*) and explained as follows

A

accelerator: the general principle behind this machine = that charged particles ae
accelerated by applying a powerful electric charge to them so that they are strongly
repelled. JW Kane and MM Sternheim: Physies , p. 467, MW Dempsey: Factbook
of Science, p. 15,

acid leaching: (sce "leaching”) dissolving soluble minerals or metals out of ore, by the
use of acid. McGraw-Hill Dictionary of Scientific and Technical Terms, pp. 161, B98.
actinium: a radioactive metal found in pitchblende; atomic number 89; symbol Ac,
Chamber's Twentieth Century Dictlonary, p. 10.

alchemy: combination of primitive science and magic practised from . “nt times
until the birth of modem chemistry in the 1700°s, In trying to transfc netals
into gold and *ransform old age into youth alchemists made several visew: - for
example - of mineral acids - which paved the way for the development of i stry.
Readers' Digest Library of Modern Knowledge, vol. 1, p. 190.

alkali: metal hydroxide that is soluble in water and is a strong base. Any co.npound
having higshly basic qualities. McGraw-Hill Dictionary of Scientific and Technical
Terms, p. 51.

alpha particles: fast moving helium nuclei (ions), containing 2 protons and 2
neutrons; emitted with a high velocity during the decay of certain natural radioactive
substances; an alpha particle has a short definite range in matter (a few centimeters in
air) and produces intense ionization of the atoms along its path. Readers Digsst
Library of Modern Knowledge, vol. 3.

amalgam barrel residues: The amalgam barrel is a mechanical apparatus used o

gold ores in ré. "o recover the gold by means of the amal process.
residues are the . esltftmerthcgoldhnbeenrwoverdbymmoflm
amalgamation proc - /o “plate amalgamation process”). Woordeboek van die
Afrikaanse Taal, e | p 170;  MeGraw-Hill Encyclopaedia of Science and
Technology, vol. 19, »

ammonium diurani - (ADU):  see also “uranium extraction from gold ores”.
Ammonium diuranate, the product of the gold mines uranium extraction plants, which

is £n aqueous slurry, is pumped into tanks at the processing plant, where it is
mixed with ADU from other mines. calcining plant process starts with a
filtration* , where the ADU passes through filters and is pressed by rollers,

through in a steel plate, to form spagetti-like extrusions on a dryer belt. During
the drying process, these extrusions crack into pellets, determining the characteristic
granula texture of the concentrates from the processing plant.

The ADU is further dried in a heated air stream after which the chips of ADUJ passs
into calcining furnaces. These are horizontal cylinders of stainless steel, sup&)lmd
and tumed on eclectrically driven rollers. They are heated externaily by
elements and the calcining temperature measured in the bed of the material -eaches
just under 500°C. The yellow ADU transforms through orange UO, (uranium
trioxide) 1o grey green concentrates consisting of a mixture of UO, (uranium aioxide)
and UO, (dry uranium oxide - "yellow cake").

From the U0y, commonly referred to commercially as "yellow cake®, uranium oxide
(UO3), uranium tetrafluoride (UF,), uranium hexafluoride (UF,) and a puze form of
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uranium metal must be v 'ced. The ¢ compounds can be used for resesh
purposes and can, as refined 1 (erials, be exported, They would also be essentia. or
uranium enrichment. (SAL  Uranium: South Africa's Mineral Wealt*, .olic
Relations Department of the © Lamber of Mines and the AEB of South Africa, 82,
pp. B-9

anion exchange method: ion exclange is a chemical reaction between substances in
which the ions of metallic substances are exchanged for ions of other metals. The ion
exchange is brought about by resins in a column. When a metallic substance is passed
through them, they atlach themselves to the ons in the substance, and tons of differem
metals are substituted.

lon exchange is used to purify uranium. A suitable pregnant solution (of uranium)
was passed through a column of a strong base® anion exchange® resin. The uranyl ion
would then be selectively absorbed as a phosphate or sulphate anionic complex and
after saluration of the column, this complex could then be eluted with a suitable
eluant (a solution employed to elute the uranium off the resin) from which uranium
could be recovered by precipitation as ammonium duiranate. Readers' Digest Library
of Modern Knowledge, vol. p. 1002; RE Robinson and RG Velthuis: "The lon
Exchange Process as applied to Uranium Extraction”, Uranium in South Africa, 1946-
1956, vol. 1, pp. 332-331,

artificial radioactive elements: Frédéric ard lrene Juliot-Cuiic boiibarded boron,
aluminium and magnesium respectivelr with alpha particles and they obtained
radioactive isotopes of elements n .« ordinarily radioactive namely. nitrogen,
phosphorous and aluminium. (See also "radioactivity”). Bombardment by nevirons
can also ol ange one element into another. A whole new series of chemical elements,
not found in n:ture namely: plutonium and neptinium and others have been made by
bombarding uranium and other elements. So far 16 artificial clements have been
produced by nuclear bombardment. Like uranium these elements are unstable and
intensely radioactive.  The New Encyclopaedia Britannica, vol 8, p. 602; MW
Dempsey: Facthook of Science. p. 14,

srtificial radioactivity: ~2¢ “radioactivity”. Antificial radioactivity is induced by the
~uubardment of a substance by neutrons from another radioactive source.  Also
kiuown as "induced radioactivity”. MecGraw-Hill Dictionary of Scientific and Technica'
Teivs, p. BOS,

atem: (a) smallest quantity of an element that can take part ia a chemical reaction: (b)
portior. that cannot be subdivided without loss of chemical identity; (¢) commonly the
smaliesi portion of matter, an atom is identified by its mass represented by atcmic
weight. an:d the charge on its nucleus represented by its atomic number, The popular
odel of an atom comprises a nucleus made up of positively charged and
uncharged neutrons which together constitute virtually the whole mass of the arom and
a circumnuclzar ‘oud of nepatively ciarged electrons equal in number 1o the number
of protons i the oucleus. MeGraw-Hili Dictionary of Scientific and Technical Terms.
p. 130

aton.i encrgy: ste ‘naclear enerpy”.

atomic pliv: early nuclear reactors were called “wiomic piles” (o, 1946-1954). Afsr
the n,*!tie (+fties the term “nuclear reactor® was gonerally nsed. It was & large device
contain.ng Lraninm in the form of the metal, highly purifiec. The amour: of nranium
in a pile depended on 115 construction and the purpose for winch it was des'gned. The
first pile to be successiully put into operation contained about 6,200 kg of uranium
metal. A Bleksley: “South Africa will have and atomic pile” Industrial Review of
Africa. March 1953, p. 17.

atomic weight (or relative atomic mass): isotupes differ in weight among themselves;
¢.g. the most common hyd atom - with one proton und no neutrons - has an
atomic weight of 1. Some hydrogen atoms have a nucieus cuntaining a proton and
neutron (deuterium). It is an isotope that weighs wice as mach as an ordinary
hydrogen atom. Readers' Digest Great Encyciopaedic Dictionary, vol. 3, p. 1482,
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auto-oxidation process: (for dilute sulphuric acid production). Sulphuric acid and
ferric sulphate were found effective for the dissolution (breaking up) of uranium ore.
In the leaching process sulphuric acid and ferric sulphate* were established as
effective and economical reagents*.  There were altemative methods possible for
obtaining these reagents from the pyrite of (the Witwatersrand ores. Sulphuric acid
could be obtained by the "auto-oxidation* process. By introducing sulphur dioxide
and air into a solution containing ferrous sulphate, sulphuric acid and ferric sulphate
could be formed. The auto-oxidation of sulphur dioxide to produce sulphuric acid and
ferric sulphate seemed ideal for supplying these reagents for leaching uranium ores
and a study of this process (which wa relatively well-known in the 1940's) was
commenced at the Government Metallurgical Laboratory towards the end of 1947 and
continued for many years. VH Osborn: "South Africa Becomes a Uranium
Producer®, Optima, (3)1, March 1953, p. 14; PA Laxen and MG Atmore:  “The
Development of the Acid Leaching Process for the Extraction and Recovery of
Uranium from Rand Cyanide Residues”, Uranium in South Africa, 1946-1956, vol |,
pp. 317 - 318; p. 322

autunite:  (geology) a mineral composed of a hydrous phosphate of uranium and
calcium (Autun in France, one of its localities), Chamber's Twentieth Century

y 0.

axial flow compressor: avial: of, pentaining to, or along an axis. avial flow: flow of
fluid through an axially symmetric device such that the direction of the flow 15 along
the axis of symmetry. ~avial flov: compressor: a fuid compressor that accelerates the
fluid in a direction generally parallel (o the rotating shaft  McGraw-Hill Dictionary of
Scientific and Technical Terms, p- 138.

B (beta) count r: instrument for measuring radioactivity; beta particles or electrons
are giver off by radium and other radioactive substances. Chamber's Twentieth
Century Dictlonary, p. 100,

ball-mill feed: ore tnat hes been sent through the bud!-mill (a pulverizer tiat consists of
a horizontal rotaiing cylinder, up to three uiameters in length, containing & charge of
tumbling or cascading steel balis, pebbles or rocks).  MeCraw-Hill Dictionary of
Scientific and Technical Terms, p. 143

bavlum: aiomic no 56, Soft white casily oxidized meta!: Readers Digest Great
Erevelopaedic Dictionary, vol. 3, p. 1983,

barrca selutims: solu'ions from “filter cake” washing in whtch tiere is little or no
recove”, value; for esomple barren <yanide solutica from washing of gold cake
slimes. McGraw-Hill Dicuonary of Scientific and Technical Terms, p. 155,

hase exchangs: repicement of <ertain ions by others in clay, MeGraw-Hil} Dictionary
of Scientific an! Technical Terios, p. 158.

berybium: It is a hard white vetal atomic rumber, 4. This metal has excellent
properties for atomic energy prvoses. It can be used as a moderator in nuclear
reactors because it retains its strutural strength at relatively high temperatures and is
4 good thermal conductor. (AECA) AJA Roux: Froposed Atomic Energy Research
#14 Development Programme for South Africs, pp. 42-46.

beiu-rays: beta particles - electrons; particularly the fast electrons emitted during
ridivactive change; they have a long path in air at normal pressure. JW Kane and
MM Sternheim: Physics, p. 746.

Boiling Water Rea:tor (BWR): see "1, clear reactor”; “nuclear reactor (types)"; “light
Vir reactors”,

brannerite: a complex, black opaque titanite of uraniumn and other elements in which
iie weight of uranium exceeds (e weight of titunium  MeGiaw-Hill Dictionary of
Scientific and Technical Terms, p.2i2.
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Bufflex solvent extraction method: the process involved the recovery of uranium by
ton-exchange and purification and recovery of the uranium by a tertiary amine
solvent. In the later Purlex method direct contacting of the leach liquors with the
solvent eliminated the jon exchange step. AR Newby-Fraser: Chain Reaction, p. 72.

bulk vre: large quantities of low-grade ore of which the high-grade portions have not
been segregated. MeGraw-Hill Dictionary of Scientific and Technical Terms, p. 225

&

cadmium: atomic no. 48. soft, blue - white metal occurs as a sulphide in zinc ores;
as cadmium (also boron, atomic number §) readily absorbs neutrons it is used for
making control rods that control the fission process in the reactor core. MW
¢ Factbook of Science. p. 19; Chamber's Twentieth Century Dictionary, p.
146.
caleine: (1) to heat to 2 high temperature without fusing - to heat ores, precipitates,
concentrated ore residues so that hydrates, carbonates or other compounds are
decomposed and the volatile material is expelled. (2) to heat under oxidizing
conditions the product of calcining or roasting. McGraw-Hill Dictionary of Scientific
and Technical Terms, p
calutron system: see “uranium enrichment®, “methods of enrichment®, “calutron
system”,
carbon-sulphide fotation: see also “flotation”; the flotation miethod was initially used
10 recover uranium. The uranium ores were subjected to flotation with different types
of flotation reagents; addition of a frother floated the naturally floatable constituents:
xanthate floated the suiphides and finally oleic acid was used to float the uraninite.
The concentrates were referred to as “sulphide” and “carbon” concentrates. This
method was known as carbon-sulphide flotation. Little of the uraninite contained in
the Rand ores was liberated at the coarse grinds employed in these tests. (SAB)
Levin, "Concentration Tests on the Gold-Uranium ores of the Witwatersrand for the
Recovery of Uranium®, Uranium in South Africa, vol. 1, 1946-1956, p, 345.
carbon:  atomic number 6, known in several modifications: (1) crystalline, as
diamond and graphite; (2) amorphorus as soot charcoal, gas-carbon and coke.
Readers' Digest Great Encyclopaedic Dictionary, vol. 3, p. 1486,
carnotite: oxidized uranium mineral. Hydrated vanadate of uranium and potassium.
Important as a source of radium, later of vanadium and later of uranium. Chamber's
Twentieth Century Dictionary, p. 160,
centrifuge process & "uranium enrichment”, “methods of enrichment”, “centrifuge
process”,
chain reaction: In addition to fragments and energy, nuclear fission produces two or
three neutrons, which under suitable conditions, can cause fission in other atoms. If
that kappens, an ever-increasing number of fissions will occur as more and more
neutrons are released and cause more fissions in turn. This process, called a chain
reaction, releases a vast amount of energy. To produce a chain reaction there must be
4 certain minimum of “critical’ mass of uranium present. If the mass of uranium is
too small, oo many of the neutrons escape without hitting atoms, and no chain
reaction occurs. The only useful naturally occurring fissile material is uranium-235,
an isotope of uranium. This occurs in small amounts in natural uranium. When split,
uranium-235 produces more than 3 million times the energy released by burning an
equivalent amount of coal. If all the nuclei in one kilogram of uranium-235 fission,
the energy released is equivalent to that of 20 000 tons of TNT. Readers' Digest
Library of Modern Knowledge, vol. |, p. 186; JW Kane and MM Sternheim: Physics,

cobalt - silver: cobalt: metallic element, atomic number 27. Widely distributed in

nature in association with nickel, copper, arsenic and silver. Tenacious and malleable
metal. Readers’ Digest Great Encyclopaedic Dictionary, vol. 3, p, 1490,
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coffinite: black unoxidized uranium mineral containing 60% uranium. MeGraw-Hill
Encyclopaedia of Science and Technulogy, vol. 19. p. 86.

compound: Broadly speaking a substance containing two or more elements combined
in definite proportions by weight regardiess of the mode of preparation. Readers'
Digest Great Encyclopaedic Dictionary, vol. 3, p. 1491

conglomerates:  (geology) composed of pebbles naturally cemented together.
Chamber's Twentieth Century Dictionary, p, 222,

control rod: see also "nuclear reactor®. Nuclear reactors contain control rods. These
control rods are made of a substance such as boron, which has a large neutron capture
probability, and are used 1o control the fission rate; as these rods are withdrawn from
the rezzior assembly, the chain reaction grows until the desired rate is reached.
Replaced in the reactor assembly neutrons are captured and the rate of fission is
controlled. JW Kane and MM Sternheim: Physics, p. 767.

copper precipitation process: solids may be separated from a solution by precipitation.
When a solution is saturated with a substance (that is when no more will dissolve) ar a
raised temperature and is then allowed 10 cool, - a pregnant solution - the substance
usually falls to the bottom. Precipitation is a chemical process. The copper
precipitation process was developed from the following: When the pregnant solutions
were passed over scrap iron for reduction purposes, in preparation for precipitation, a
considerable proportion of the total uranium was precipitated on the iron as uranous
phosphate. Tn this process, copper and phosphoric acid were added 1o the clarified

sulphate with the simultaneous reduction of the iron salt. The resulting solution was
then treated with finely divided metallic iron whereby sponge copper and uranous
phosphate were simultancously deposited. The intention was to wash the cement
COpper - uranium precipitate, extract the uranium from it by solution in sodium
carbonate and retumn the copper to the circuit. Readers' Digest Library of Modern
Krowledge, vol. |, p. 176. L Taverner: "An Historical Review...", JSAIMM, a7,
Nov. 1956, p. 139,

corduroy concentrates method: method utilising an apparatus with a corduroy surface:
used to separate ore or metal from its containing rock or earth. Chamber’s Twentieth
Century Dictionary, p. 218,

eritical: ‘critical’ is used 1o describe a system which is, or is becoming unstable, so
that & small change in conditions may bring about a large change in the system. A
“critical mass of uranium® is one in which a U-235 isotope is about 1o fission and start
a chain reaction; “critical wars” are wars involving atomic weapons. Readers’ Digest
Library of Modern Knowledge, vol. |, p. 196,

crusher slimes: liquid slurry of very fine ore with slime appearance; ore from the
crusher (machine for crushing rock and other bulk materials). MeGraw-1ill Dictionary
of Scientific and Technical Terms, p. 388.

complete extraction; process of dissolving powdered gold ores in a weak solution of
sodium cyanide or potassium cyanide; the precious metal is precipitated from the
solution by zinc. MeGraw-Hill Dictionary of Scientific and Technical Terms, p. 400.
cyanide residues: substances left after the gold has been removed in the cyanide
process of gold extraction. MeGraw-Hill Dictionary of Scientific and Technical Terms,
p. 400,

cyclotron: device for accelerating charged particles (o high energies by causing them
to pass repeatedly through the same region. JW Kane and MM Sternheim: Physics,
pp. 467-468.
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D

davidite: uranium-titanium-bearing mineral, relatively unoxidized uranium mineral (7-
'0 percent uranium); occurs in the ore at Radium Hill, South Australia. The
Associated Scientific and Technical Societies of South Africa: Uranium in South
Africa, vol. 1, pp. 227 and 377.

distilled water: water that has been converted from liquid into vapour by heat and then
condensed again to flow as a liqguid. Reade. ;' Digest Library of Modern Knowledge,
vol. 2, p. 998.

E

Einstein's theory of relativity: As early as 1905 Einstein stated that mass and energy
were equivalent and suggested that proof of the equivalence might be found by the
study of radioaciive subsitances. He concluded that thezamnunl of Energy E,
equivalent to a mass M, was given by the equation: E = Mc” where ¢ is the velocity
of light. This implies that mass can be changed into energy. This, however, can only
be brought about by some mechanism. With the discovery of nuclear fission this
mechanism was found. In the fission process a nucleus of uranium breaks vp into
fragments, the total mass of which is less than that of the original nucleus. When this
happens, energy sfroducegmlhcfomorhwuﬂmion According 1o
Einstein's equation, E = . this energy is the resuit of the conversion of some of
the mass of the original alom "When the total mass of the products of nuclear fission
is calculated, it is found o be less than the original mass of the atom before fission.
So the mass lost during fission reappears as energy. In Einstein's equation ¢, the
velocity of light, is very large (186 000 miles, 300 000 km a second). Therefore E
will be very large indeed. If stated in actual numbers, its startling character is
apparent. It shows that one kilogram of matter, if converted entirely into energy.
would give 25 000 000 000 kilowatt hours of energy, as against 8.5 kilowatt hours of
heat energy which may be produced by burning an equal amount of coal. BJ Olivier:
"Uranium”, Industrial Review of Africa, 4(7), Jan 1953, pp. 17 - 33; JW Kane and
MM Sternheim: Physics, pp. 635 and 765 - 767.

electron: one of the fundamental particles of matter, a constituent of all atoms;
electrons carry a negative electric charge, revolve about the positively charged nucleus
of every atom in defined orbits. Their number and arrangement determine the
chemical properties of the atom and their number is constant for each element. JW
Kane and MM Sternheim: Physics, p. 117.

electroscope: instrument used 1o detect electric charge and radiation. Readers' Digest
Library of Modern Krowledge, vol. |, p. 199,

element: a substance that cannot be resolved by chemical means into simpler
substances; element abundance: the relative amounts of each type of atom in the
universe. Hydrogen is the most abundant, accounting for 92% of the atoms, followed
by helium (nearly 8%); all the other atoms together make up less than 1%, Readers'
Digest Library of Modern Knowledge, vol. 1, p. 55, Chamber's Twentieth Century
Dictionary, p, 341

element 94: the element with atomic number 94 which is plutonium. An artificial
element not found in nature. MW Dempsey: Factbook of Science, p. 14.

enriched material: material in which the amount of one or more isotopes has been
increased above that occurring in nature such as uranium in which the abundance of
U-235 is increased. See also "uranium enrichment”.  McGraw -Hill Dictionary of
Scientific and Technical Terms, p. 547,

enriched uranium: see "uranium enrichment”,

enrichment of uranium: see "uranium enrichment”.

exponential piles (of uranium): piles that can produce a chain reaction. A Bleksley:
"South Africa will have a Atomic Pile”, Industrial Review of Africa, 4(9), March
1953, pp. 17 -
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F

fatty acid fMloat: an organic monobasic acid used in the flotation method of uranium

recovery. McGraw-Hill Dictionary of Scientific and Technical Terms, p. 590,

ferric sulphate: iron forms two series of salts namely iron I, ferrous and iron I

ferric. It is a salt used in indusirial chemical procesies. MeGraw-Hill Dictionary of

Scientific and Technical Terms, p. 596.

filtration: filtration separates solids from liquids conducting - often under pressure - a

mixture through a filter medium. Woven fabric, met:” mash, granular materials and

porous salts may all be used as a medium. McGraw-hadl Dictionary of Scientific and

Technical Terms, p. 606,

fissile material: material in which nurlear fission can take place

fission: see "nuclear fission”.

Notation method: apmcususedmﬂamcpmiwuewﬁdswhkhhlwbem
in a fluid, by selectively attaching the particles to be removed (0 a lirht

fluid and allowing this mineralized fluid aggregation 1o rise to whzre it can be

removed. PC Schoonees et al (red): Woordeboek van die Afrikaanse Taal, D-F.

Nuorescence: the property of some substances of emitting, when exposed to radiation,

rays of greater wave-length than those received. Emission of light by substznces

excited by bombardment with electrons or other charged paricles, X-ruys. or

ultraviolet light (adjective: fluorescent)  Readers' Digest Library of Modern

Knowledge, vol. 1, p. 200.

Muorescent: sce “fluoresence”

Fluorox process: the conventional processes for UF, anu UF, production require either

anhydrous hydrofluoric acid or fluorine gas neitier of which was produced in South

Africa. G tently an alternative method, the so-called Fluotox process, involving

the oxidation of UF, was developed. AR Newby-Fraser: Chain Reactioa, p. 74,

G

gaseous  diffusion  method: se¢  "“uranium enrichment”, “methods of
enrichment” “gaseous diffusion method”,

Geiger-Miller counter: radiation is detected by observing the ionization it produces in
matter. A Geiger counter is a radiation detector. MeGraw-Hill Dictionary of Scientific
and Technical Terms, p. 672,

geysers:  a spring that spouts hot waler into the air. Chamber's Twentieth Century
Dictionary, p. 445,

graphite: soft, black carbon in natural form; excellent heat-resisting material; in
nuclear reactors it acts as a “moderator”:  see also “moderator”.  Readers’' Digest
Library of Modern Knowledge, vol. 2, p. 1000,

gravity method of extraction: particles in suspension in a liquid allowed to settle under
normal gravity. MeGraw-Hill Dictionary of Scientific and Technical Terms, p. 700,

H

heavy water moderated: see "moderatoc” and "nuclear reactor”.

heavy water: (deuterium oxide; D,0) is so called because although in nearly al
s it is the same as water, the hy atoms have been replaced by one o

hydrogen's heavier isotopes, deuterium. Hydrogen exists in three forms: ordinary

hydrogen (H: deuterium or heavy hydrogen ,H: and Tritium \H. /.l water contains

minute amount of heavy water - some |50 parts in a million. lis separation

!lg;cxpuuiveplm. Readers' Digest Great Encyclopaedic Dictionary, vol. 3, p.
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hydrocarbon: The simplest carbon compounds are the hydrocarbons, which are made
up of carbon and hydrogen atoms only. Elseworth (1928) gave the name thucolite 10
ndio-tcuve hydrocarbon. Thucolite has been retained in mineralogical literature to
denote certun nateral, solid hydrocarbons that contain uranium - and or thorium-
bearing minerals. The Associated Scientific and Technical Societies of South Africa:
Uranium in South Africa, vol. I, p. 102, Readers' Digest Library of
Knowledge, vol. |, p. 180,
hydrogen: the simpl:st element and the lightest gas: y the most common
element in the univere. Hydmnenhuthmm “heavy water". Readers'
Digest Library of Mo »tn Know.rge, vol. 1, p. 20

H

1

lonizing radiation: (1) Vuiicles or photons that have sufficient energy to produce
jonization directly in their pacsage through a substance; also known as
radiation; (2) particles th:. are capable of nuclear interactions in which sufficient
wumw!o;m;muuou McGraw-Hill Dictionary of Scientific and
Techaical Terms, p. 84

irradiation processes: see “irraduation”

Irvadiation: (engineering) the 'x-\u.uut‘amueﬂllwobmmxml gamma rays,

identical with other isotopes of the » yic clement. MeGraw-Hill Dictionary of Sclentific
and Technical Terms, p. 852,

isotope uranium-235: see “uranium”.

K

kinetic energy: energy possessed by a mosing objeci  the amount of this energy
depends on the mass of the object and the specd of its movement. Readers' Digest
Library of Modern Knowledge, vol. 1, p. 15%

krypton: element; atomic number 6. A curious gas ¢ o vered in the air by Sir W
Ramsay in 1898; Chamber's Twentleth Century Dictiocnss p. 591,

L

lme: the white caustic earth byc calcium caborars. It usually is added 10
control pH and reduce the ful effects of accessory maic 7ial - Chamber's Twentieth
Century Dictionary, p. blﬂ,

lithium: (symbol L: stomic number 3) it is one of the lighiest known solids.
Chamber's Twentieth Century Dictionary, p. 622,

low velocity newtrons: neutrons that have been slowed down by a moderator; see
“moderator”. JW Kane and MM Sternheim: Physies, p. 767,

M

r: (geology) molien rock material. Chamber's Twentieth Century Ly tinaary, p.
“"Magnox" reactor: see “nuclear reactor”; “nuclear reactor (types)®.

mass mmx instrument for the mass.: and
relative of different kinds of ion. The substance is vaporised and jumsed
uy electron bombardment, The ions through a narrow slit, are accelerated by =n

electric field, pass through a field in a curved 10 another slit and a:
detected as an electric current.  For any given setting of the instrument, oniy ions of
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nitrogen: a gas; atomic numiber 7; atomic symbol N, forming nearly four-fifths of
common air, Chamber's Twentieth Century Dictionary, p. 725,

nuclear encrgy: energy released when a nuclear reaction takes place. This can be (a)
fission, the splitting of a heavy nucleus into fragments, (b) reaction of elementery
particles with a nucleus, (c) radioactive disintegration; the release of energy is
accompanied by a loss of mass predicted by Einstein's special relativity theory. JW
Kane and MM Sternheim: Physics, pp. 766 - 767.

nuclear fssion: lnlheﬂshnmmlnmkmufmmm?imnfw.
the total mass of which is less than that of the original nucleus. See "Einstein's theory
of Relativity.” JW Kane and MM Sternheim: Physics, pp. 766-767.

nuclear foel: urantum-235 and plutonium-239 are nuclear fuels. They are fissionable
and can be used in fuel pellets. Millions of pellets in slender fuel rods make up a
reactor core.  From the reaction of fissioning uranium in the reactor core waler
is heated. Pant of the energy that bound the nucleus is released as heat. Heated water
produces steam. Steam drives a turbine that operates a gencrator - a generator
produces electricity. “Anatomy of a Nuclear Plant”, National Geographical Magazine,
vol. 155, No 4, April 1979,

nuclear power production: a controlled fission reaction (splitting of the atoms of
uranium) takes place inside a nuclear reactor. The urarium is scaled inside fuel
elements in the reactor. A coolant fluid circulates past the hot elements, ing the
heat away (o & heat exchanger, a device in which heat is transferred from one 1
another. There it heats water, creating high-pressure steam 1o drive turbo-generators
as in a conventional (fossil fueled) power station. Readers' Digest Library of Modern
Knowledge, vol. 2, p. 970.
nuclear power reactor: Proposed Schemes (15 December 1966) Five schemes were
which would be used as guidelines for nuclear development in South Africa
following years: Each scheme indicated: | type of fuel: 2 initial type of
reactor (short term); 3 ultimate choice of reactor (long term). Of the five schemes
gwond.thrumnﬂmhﬂhcmwmpﬂm: Scheme A, Scheme B and Scheme

The reactor proposed in Scheme A would initially be fueled with natural uranium amd
ultimately with plutonium with barren uranium as fertile material. The type of reactor
that would be required for the first stage of Scheme A would be a thermal neutron
(heavy water-D,0) reactor (TNR) which was developed overseas. The ultimate reactor
mm»mummworuumnmmwmm
developed overseas at the time in the future that the Reputilc required it. Scheme B:
In the second scheme the reactor would be fueled with natural uranium and ultimately
with plutonium and barren uranium as fertile material.  The initial type of reactor
would be based on the PELINDUNA project. The ultimate reactor weld be the

first load of the FNR. The first
the ultimate reactor would
PELIHENNA.  GVP Navorsings- en Ontwikkelings-program, Minutes of meeting,
15.12.1966, pp. 4-5.
nuclear reactor: assembly of fissionable maierial (uranium, plutonium) in the form ol
mmmwwamumm heavy water) and controlled
10 maintain a self-sustaining chain reaction; heat generated in the process is removed
by a coolant. A nuclear reactor can be used for power production; all electric power
reactors in ion in the United States and elsewhere in the world employ thermn
neutrons o fission and have several common features. They have fuel rod
(tubes containing enriched uranium) along with a moderator and control ¢
moderator serves to slow down the neutrons. The control rods are {4
substance such as boron, which has a large neutron capture probability and are used 1w

The

ki
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control the fission rate. As these rods are withdrawn from the reactor assembly the

chain reaction grows until the desired rate is reached. The approximately | percent of

the neutrons that are delayed play a key role in this process. They permit the

operators to gradually adjust the control rods and to make readjustments if the reaction

grows too rapidly. JW Kane and MM Sternheim:  Physics, pp. 767 - 768,

nuclear reactors (types):
light-water reactors: most electric power reactors in the United States, Western
Europe and Japan use ordinary light water (H,0) as a moderator; neutrons slow
down when they collide with the hydrogen nuclei in the water. The water also
serves as a coolant. There are two types of light water reactors: boiling water and
pressurized water.  The energy released in the fission process is converted into heat
when the fast moving fission fragments collide with other atoms in the fuel rods.
In a boiling water reactor the water carries off this thermai energy in the form of
steam that is then used to drive turbines and generate electricity. In a zed-
water reactor, the pressure of kept high enough that the water never boils. s heat
is transferred through a heat exchanger to water at a lower pressure that boils and
produces the steam that drives the turbines. Both types of light water reactors are
intrinsically stable against rumaway chain reaction. unintended rise in
temperature reduces the density of the water, thereby reducing the number of
nuclei available to moderate the neutrons and slowing the reaction, JW Kane and
MM Sternheim: Physics, p. 768.
"Magnox" reactor: a "Magnox” reactor utilises natural uranium as fuel, graphite as
moderator and is gas-cooled. PEL 175 E, AEB Report on the investigation into the
Possible Introduction of Nuclear Power in South Africa, May 1968, p. 10.
natural wranium reactor: 4 type of reactor that utilises uranium in its naturally
occurring state.  Natural uranium contains only 0.71% of the fissile uranium-235
isotope.  (Because of this very low proportion of U-235 o U-238 in “natural”
uranium only those reactor systems with low neutron absorption can be operated
on uatural uranium). PEL 175 E, AEB Report on the investigation into the Possible
Introduction of Nuclear Power in South Africa, May 1968, p. 10,

nuclear spectroscopy:  study of the distribution of energies or momenta of particles

emitted by nuclei. MeGraw-Hill Dictionary of Scientific and Technical Terms, p. 1100

nuclear test ban: a formal prohibition on the testing of nuclear weapons. Chamber's

Twentieth Century Dictionary, p. Ba.

nuclei: see “nucleus™; plural of nucleus.

nucleus: see “atom”; central, heavy, positively charged part of the atem around

which the clectrons move; it consists of protous and neutrons. Chamber's Twentieth

Century Dictionary, p. 733,

nuclide: a species of atom, characterized by a number of protons, number of neutrons

and energy contents in the nucleus, or aliernatively by the atomic number, mass

number and atomic mass; to be regarded as a distinct nuclide the atom must o

capable of existing for s measurable lifetime. McGraw-Hill Dictionary of Scientific and

Technical Terms, p. 1101,

0

osmiridium: alloy of osmium and iridium: osmiam is an element of the platinum
group; osmiridium is found naturally and contains iridium (50-80%) and osmium
(15-40%). Rexders' Digest Grest Encyclopaedic Dictionary, vol. 3, p. 1521

oxide: compound in which oxygen is combined with another element. Chemically
oxides can be grouped into three categories (1) oxides of metals (2) oxides of the
alkaline - carth metals and (3) oxides of non-metals. The first oxides tend 1o have the
character of "bases”, being able 1o ncutralise acids. The second oxides dissolve in
water to form alkalis and the third, for example, are the oxides of sulphur and carbon,
These are acidic in character, ¢.g. sulphur trioxide forms sulphuric acid H,50,. (See
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“sulphuric acid” - used in the uranium extraction process). Readers' Digest Library of
Modern Knowledge, vol. |, pp. 2019 - 210.

oxygen: a gas without taste, colour or smell; forming part of air, water elc;
supponm; life and combustion; atomic number 8. Chamber's Twentieth Century
Dictionary, p. 768

P

pegmatite deposits:  (geology) deposm of very coarsely crystallised granite.
Chamber's Twentieth Century Dictionary, p. 798
Pelsakon technigue: mmdmulm.(uagmodnwchn . The process mixiure
(UF, + He or UF, + H;) is pumped direction (forward) through the
muumchmudum means of valves, the flow is reversed and the gas
ture is pumped back into system for a time. After this the gas mixture is
pumped forward again. The action is on valves that are linked
periodically. The gas is pumped out and back in what is known as transfer volumes.
Interview with Dr JJ Wannenburg, Valindaba.

piston engine: a piston engine has a rod that moves up and down and the rod has to be
sealed from ihe atmosphere. This was one problem. The second difficulty was that it
required piston-rings that would have to be lubricated. A third prohlem was that the
piston engine would need valves that would automatically open and close according o
the change of the pressure.

The greatest difficulty that had to be overcome was the sealing of the pistonrod. (The
rod moving up and down would oscillate the piston). The method that Dr
Wannenburg ultimately used was to employ a bellows. The bellows was sealed from
the inside outward. Considering that the bellows had to accommodate a movement of
100 mm or more at a speed of approximately 500 revolutions per minute, as well as
making allowances for metal fatigue - the problems seemed unsurmountable. The
initial design of the bellows was a construction of stainiess steel plates. The plaies
were welded together - and in this way the bellows was set up. However, the
construction would only last for about one thousand cycles. Moving at 500
revolutions per minute, it would function for a mere two minuics.

With the improvement of welding techniques, as well as consiruction materials, a
bellov  was set up which seemed adequate for experimentation. A machine and the
bellows were set in operation and it functioned for twenty-four hours. This was
indeed an accomplishment for the team and they celebrated the success. When one of
the technicians dismantled the machine in order 1o inspect the bellows, it disintegrated
into a thousand pieces. This was a tremendous setback. Ultimately Teflon (a plastic
material) was used. With much development and numerous improvements, in
conjunction with the manuf; industry, a bellows was constructed that could be
used in the pilot plant. In concl (as far as the development of the compressor is
concerned) 1t should be mentioned here that the construction of the pilot plant was
started in 1973, Interview with Dr JJ Wannenburg, Valindaba.

plichblende: a black mineral of resinous lustre, fundamentally composed of uranium
oxides; a source of uranium and radium. See also "uraninite” Chamber's Twentieth
Century Dictionary, p. 830,

plate amalgamation method (see also amalgam barrel residues): method where a copper
plate, for the dissolution of gold in mercury, was placed in front of the discharge
screen of a stamper that grinds gold ore; lumhodnfpldmmrywldelypmmd
prior to cyanidation and in conjunction with it.  MecGraw-Hill Encyclopaedia of
Scientific and Technical Terms, vol. 8, p. 162, Woordenoek van die Afrikaunse Tual,
deel 1 (A - C), p. 170.

plutonium: (symbol Pu, atomic number 4) artificial radioactive element, made by
irradiating or bombarding uranium with neutrons in a nuclear reactor, une
quantities of plutonium are produced in fast breeder reactors. One isotope of
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plutonium (Pu-239) is used as a nuclear fuel, Readers' Digest Library of Modern
Knowledge, vol. 2, p. 1005,

precipitated (as oxides): a substance (such as uranium) separated from solution or
Wm. usually falling to the bottom. Chamber's Twentieth Century Dictionary, p.

precipitation (see also copper precipitation process): solids may be separated from a
solution by precipitation. When a solution is saturated with a substance (that is
no more will dissolve) at a raised temperature and is then aliowed to cool,
substance usually falls to the bottom. Precipitation of uranium is very complex. A
solution produced by leaching ore (containing uranium) with sulphuric acid and
manganese dioxide, contains uranium and significant quantities of ferric, ferrous,
aluminium and magnesium ions, etc. MG Atmore: “The Chemistry of Uranium
Oxide Production”, Uranium in South Africa, vol.2, p. 197

pressure leaching: in the process used for the extraction of uranium, pyrite was
recovered from the ore and used for the production of sulphuric acid, which was then
used in the leaching process. Considerable interest was attached to the possibility of
generating acid from the pyrites in the ore in situ in a pressure leaching process, If
successful, that method of operation would eliminate the need for pyrile recovery
plants in many instances, and the need for expensive sulphuric acid . (AECA,
Pelindaba) AJA Roux: Proposed Atomic Energy Research and Development Propramme
of South Africa, p. 22.

Pressurrised Water Reactor (PWR): see "nuclear reactor”; “nuclear reactor (types)”;
“light water reactors”.

proton: a constituent of all atomic nuclei with a positive electric charge. See “atom”
and "nucleus”.

pyrite:  a hard brittle brass-yellow mineral with metallic lustre.  MeGraw-Hill
Dictionary of Scientific and Technical Terms, p. 1300

g8

Q
quartz:  (geology) the commonest rock-forming mineral, composed of silica,
occurring in hexagonal crystals. Chamber's Twentieth Century Dictionary, p. 901,

radiation: anything that radiates from a source. The term i used in three main ficlds;
(1) the radiation of sound; (2) the radiation of electromagictic waves, including radio
waves, infra-red, visible light, ulira-violer, X-rays and gamma rays: and (3) the
radiation of electronically particles which can ionise matter through which
they pass. Readers' Digest Library of Modern Knowledge, vol. |, p. 214.

radio nuchides: a nuclide that exhibils radio activity; see also "nuclide” McGraw-Hill
Dictionary of Scientific and Technical Terms, p. 1324,

radio-isotope: an isotope which exhibits radioactivity - also known as radioactive
w% unstable isotope. MecGraw-Hill Dictionary of Scientific and Technical Terms,
p. 1323,

radioactivity: spontancous disintegration of atomic nuclei; lheml}orily of atoms are
stable, remaining the same indefinitely. However, some change ;ivln? off
nuclear particles in the form of radiation. Thupmcmiskmnu vity.
Radioactivity occurs when a atom contains 100 many neutrons, or too few for the
number of protons (that is if the nucleus has oo much or oo little cement). The
nucleus will then be unstable and tends to redress the balance by ejecting one or more
nuclear particles. The disintegration involves the cmission of (a) alpha particles, the
positively charged helium nuclei, (b) beta particles, high energy electrons
(accompanied by neutrinos), (c) gamma rays, high energy (short wave-length) X rays,
Natural radioactivity is a sign of nuclear instability characteristic of isotopes with high
atomic numbers, e.g. radium. Ra is finally transmuted (see (“transmutation”) into an
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isotope of lead, Ph-82. Isolopes of smaller numbers are produced artificially and
many of these are radio-active. Readers' Digest Library of Modern Knowledge, vol. |,
p. 169, Readers' Digest Great Encyclopaedic Dictionary, vol. 3, p. 1528,

radium: a radioactive metallic element; atomic number 88; found in pitchblende and
other minerals. Remarkable for its active spontaneous disintegration.  See
"radioactivity”. Chamber's Twentieth Century Dictionary, p. 909.

reagent: a substance with characteristic reactions, used in chemical tests. Chamber's
Twentieth Century Dictionary, p. 918,

radon: (Rn, atomic number 86) Padon is formed when radium decays. Like radium
it is radioactive. Traces of radon appears in the air, but in hardly detectable
concentrations. Radon traces are higher where uranium mineral ore is crushed. MW
Dempsey: Textbook of Science, p. 150; Uranium in South Africa, vol. 2, p. 150

research reactor: a reactor primarily designed .0 supply neutrons or other ionizing
radiation for experimental purposes; it may also be used for training, materials testing
and production of radioisotopes. Also known as teaching reactor. MceGraw-Hill
Dictionary of Scientific and Technical Terms, p. 1363,

resin: any of a class of solid or semisolid organic products of natural or synthetic
origin with no definite melting point - generally of high molecular weight. McGraw-
Hill Dictionary of Scientific and Technical Terms, p. 1364,

Rintgen rays: German physicist Konrad von Ronigen (1845-1923) discoverer of
Rontgen rays or X-rays. Rontgen rays or X-rays are electromagnetic rays ol very
short wavelength which can penetrate matter opaque to light rays. Produced when
cathode rays impinge on matter. Chamber's Twentieth Century Dictionary, p. 957,
rotor compressor: il functions similar 1o an Archimedes pump. It has two rotors,
machined in the form of two screws. The screws rotate into each other and this
tuming action pumps the gas. This type of compressor had the discdvantage of
having two axles that had to be sealed - a total of four seals. Interview with Dr JJ
Wannenburg, Valindaba.

run-of-mine: the unscreened output of a mine, or “mine run”. MeGraw-Hill Dictionary
of Scientific aund Technical Terms, p. 1025,

s

salts: the term “salt™ covers any compound formed by the replacement of hydrogen in
an acid by a metal;  calcium chloride, magnesium sulphate, potassium nitrate, for
example, are all salts. Readers’ Digest Library of Modern Knowledge, vol. |, p. 175,
sericitic (minerals): sandstone in which sericite (derived by decomposition of feldspar)
intermingles with finely divided quanz and fills the voids between quartz grains.
McGraw-Hill Dictionary of Scientific and Technical Terms, p. 1452

spring: see "thermal spring”.

stages of enrichment: see “uranium enrichment”, “stages of enrichment”.

stope: 10 excavate ore in a vein by driving honizontally upon it a series ol workings -
one immediately over the other, or vice versa - each horizortal working is called a
stope because when a number of them are in progress each working area under attack
assumes the shape of a flight of stairs; stopes, therefore, areas of mine workings.
McGraw-Hill Dictionary of Scientific and Technical Terms, p. 1559,

:  chemical compound in which sulphur is united with another element.
Sulphide minerals are widespread in nature and include pyrite (see "pyrite”). Readers'
Digest Library of Modern Knowledge, vol. |, p. 220.
sulphuric acid: uranium is soluble in sulphuric acl:. In the uranium industry it is
obtained from the pyrite of the Witwatersrand ores. Sulphuric acid plays as important
a part in the recovery of uranium as that played by cyanide in gold production. In
order to obtain .ulphuric acid a very exhaustive programme of research was conducted
o the auto-oxidation process®*.  The results obtained were regarded as so
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satisfactory that an auto-oxidation unit was designed and provided the sulphvric acid
and ferric sulphate reagent requirements for the small pilot leach plant at the GML.
Plants for the production of sulphuric acid were later constructed ai several mines
associated with uranium production. This was a very convenient arrangement, since
the -aw material for sulphuric acid production is readily available as a by-product.
Sce also "auto oxidation process” and "pressure leaching”. L Taverner: "An
Historical Review...", JSAIMM, 57, Nov. 1956, pp. 136 - 137; VH Osborn: "South
Africa Becomes a Uranium Producer®, Optima, (3)1, March 1953, p- 14; PA Laxen
and MG Atmore: “The Development of the Acid Leaching Process for the Extraction
and Recovery of Uranium from Rand Cyanide Residues®, Uranium in South Africa,
1946-1956, vol. !, pp. 316-317 and 322.

silicates: see “uranium silicates”.

T

target (physics): an ohject or substance subjected to bombardment or irradiation by
particles or electro-magnetic radiation.  McGraw-Hill Dictionary of Scientific and
Technical Terms, p. 1611,

tails assay: is the weight percentage U-235 in the ammonium-diuranate (yellowcake)
supplied 10 the enrichment plant. The capacity of an enrichment plant in terms of the
tonnage of enriched uranium produced is not fixed. Output depends on the tails
assay, The optimum tails assay depends on the price of the raw uranium and the cost
of the enrichment. The more expensive the yellowcake is, the lower is the optimum
tails assay, given the price of the separative work units. TG Moore: Uranhum
Enrichment and Public Policy, pp. 11-13.

thermal springs: hot cutflows oi water from the earth. Chamber's Twentieth Century
Dictionary, p. 1144,

thermodynamical efficiency: thermodynamics originated as the study of the
relationship between mechanical and thermal energy (the energy associated with the
disordered motions of the atoms and the molecules with in a substance). The second
law of thermodynamics sets limits on the efficiency of converting thermal energy 10
work that is independent of the materials used in the process. Such processes are used
in both fossil fuel and nuclear electric power-generating plants. JW Kane and MM
Sternheim: Physics, p. 260,

thorium: (symbol Th, atomic number 90) a highly reactive element. It occurs ina
wide variety of minerals,

thorium: processing methods of: thorium is a fertile mate " J from which a fissile
isotope of uranium (U-235) can be bred and used to fuel fast breeder reactors. The
application of the thorium cycle was acknowledged in 1958 (Dr AJA Roux's Proposed
Atomic Energy Research and Development Programme) as a long-term future
possibility. AR Newby-Fraser: Chain Resction, p. 40; Readers' Digest Great
Encyclopaedic Dictionary, vol. 3, p. 1539,

thorium province: (geology) thorium regions (areas) of the earth. BB Brock et al:
“The Geological Background to the Uranium Industry”, Uranium in South Africa,
1946-1956, vol.1, p. 216.

TNT: trinitrotoluene - a high explosive. Chamber's Twentieth Century Dictionary, p.
1176,

torbernite: a bright green radioactive hydrous phosphate of copper and uranium,
Chamber's Twentieth Century Dictionary, p. 1161.

transmutation: a changing into a different form, nature or substance especially that of
one chemical e'ement into another; radium transmutes spontaneously in nature to lead
(atomic numb-- 82); tansmutation is achieved by bombarding an element with
accelerated & : i particles, such as alpha particles and protons. Readers' Digest
Library of Mocier. Knowledge, vol. 1, p. 222,

Twenty percent (20 * in the isotope U-235: see "enriched material”
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]
U-235: uranium-235, see "uranium".

U-238; uranium-238, see "uranium".

Unit separative work: Fundamental measure of work required to separate a quantity of
is0lopic mixture into two component §, one having a higher percentage of
concentration of the desired isotopes mdp?ne having a lower percentage. (see also
tails assay) MeGraw-Hill Dictionary of Scientific and Technical Terms, p. 1450,

uraninite: heavy black radioactive uranium mineral. The terms “uraninite and
"pitchblende” are often used synonymously. Rogers (1947) suggested that the term
“uraninite” should be applied 1o the mineral consisting essentially of uranium oxide.
They differ in specific gravity and water content. The Associated Scientific and
Technical Societies of South Africa: Uranium in South Africa, vol. I, p. 86; McGraw-
Hill Encyclopedia of Science and Technology Terms, vol. 19, p. 86.

uranium: element; symbol U; a hard white metal found in pitchblende and in other
minerals. The element uranium is composed of three different isotopes. These are
uranium-234, uranium-235 and uranium-238.  Uranium-234 consists of 92 protons
and 142 neutrons. Uranium-235 consists of 92 protons and 143 neutrons. Uranium-
238 consists of 92 protons and 146 neutrons. Uranium.235 represents only 0,71
percent of the total. Uranium-234 represents a negligible amount.  Uranium-238
makes up 99 percent of the metal The anificial fission of uranium, which releases
huge amounts of energy, provides the basis of nuclear power. JW Kane and MM
Sternheim: Physics, pp. 765 - 767.

uranjum enrichment: uranium is enriched when the amount of the isotope (uranium-
235) has been increased above that occurring in nature. When uranium is enriched the
proportion of uranium-235 is increased not by addition, but subtraction. Uranium-
238 isotopes are separated out increasing therefore the percentage uranium-235.

fuel purposes), it is capablc. of separating out 80 kilograms from 100 kilograms of
uranium-238. To get 10 90 percent uranium-235 (material for an atomic bomb) only

would already have been done. Therefore, a country possessing a plant to enrich
fuel, is three quarters of the way towards making an implosion assembly. N Moss:
The Politics of Uranium, p. 21,

methods of enrichment:

*® the centrifuge process of isotope separation: in this process the heavier isotope 238 is
Spun 1o the outside, as in a cream separator.

*® the calutron system of isotope separation: in the calutron process, uranium
tetrachloride was charged 10 the jon source of an electromagnetic 180° mass separator
(calutron) and ionized. The beams of U-235 and U-238 ions, which were separated in
the magnetic field, were collected separately in individual pockets of a collector made
of graphite,

® the gaseous diffusion process of isotope separation: in this process, gaseous uranium
I!enﬂupride is diffused through barriers, or filters, more molecule:s containing the

® gaseous diffusion method (an explanation by Dr AJA Roux): To enrich the uranium
so that its U-235 ratio of 0,71% (as in the case in natural uranium) is increased to say
90%, the separation process would have to be repeated several thousand times. Each
stage of enrichment would essentially comprise three basic components: a compressor
o pump the gas; a lieat exchanger to get rid of any excess heat and a membrane vessel
in which the separation takes place. 1%: specifications of the components, that have to
be built into such a plant, are extremely exact, because the feed £a5  uranium
hexafluoride is highly corrosive and extremely poisonous and amply as active as the gas
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fluorine. In the plant all the uranium hexafluoride £as 1s under pressure (usvally lower
than the atmospheric pressure) and because it is highly corrosive, it is essential that there
is absolutely no air, oil or water vapour leakage. Water vapour, especially, may not
enter the system, because UF, in the presence of water vapour, immediately
decomposes into UO,F, and HF and the UO.F, precipitates as a fine substance on the
walls (of the system) and especially on the diffusion membrane where it causes the
blockage of the small pores. The whole system has, therefore, to be inade leakproof 1o

fuoro ethylene are suitable. Effective membranes must have lmxlmumfomsity. but
the pores should not be larger than 200A° in diameter (1 cm = 10 A°). i

therefore, essential that no substance should be formed that can blocklsuch tiny pores.
Additionally, the membrane has to be extremely thin, about '/, mm The

uarded secrets of technical advancement of the time. So linle is published
concerning enrichment technology, that every country virtually has to start from the
beginning. AJA Roux: *Uraanverryking ", pp. 11 - 23, 16-17; McGraw Hill:
Encychpudhofschanmd'ruhuhu. vol.19, p. 85,

comfortably above atmospheric and, depending on the type of "centrifuge” used, the
maximum process pressure would be in A range up to 600 kPa (6 bar). The UF,
partial pressure would be sufficiently low (o eliminate the need for process heating
during plant operation, and the maximum temperature at the compressor delivery
would not exceed 75°C.

An important feature of the separation elements of the process is that they can also be
used to yield high purity hydrogen in a single-step separation of UF, from hydrogen,
when fed with material of approximately the enriched stream composition. Separation
factors greater than 10 000 to | in a single pass can easily be achieved. This feature is
incorporated in the enrichment process to make gas separation by freezing, at the
block interfaces, u !

A valuable feature of a plant based on this process is its very low uranium inventory,
which results in a shon cascade equilibrium time, of the order of 16 hours for a
commercial plant enriching uranium 1o 3 percent U235,

As far as energy consumption is concerned, the theoretical lower limit to the specific
energy consumption element can be shown to be about 0,30 IMW.h/kg S\l/. The

be drastically reduced, the discrepancy betwesn the above figures illustrates that the
process still had a large developmental potential. AJA Roux and WL Grant: Uranium
Enrichment in South Africs, Presentation to European Nuclear Conference, Process
Description, April, 1975,

stages of enrichment: When Dr Grant designed the separating element (vortex tube) it
had one particular feature: the uranium-bearing gas that entered the module woula
leave the module in two streams, one enriched and one depleted. (The evident factor
achieved by this type of separating device is asymmetrical, i.e. the enhumegnem of the
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enriched, bur only with a typical factor of approximately 1,03. In other words, of the
feed stream had one percent of 235 isotopes as it entered the module, it would have
1,03 percent as it left the module, Progress would be slow - the next stage would
progress to 1,06 percent and so on. If the enrichment process was repeated thirty
times one would eventually get to 2 percent. These stages would have to be connected
one after the other, in a “cascade”. Interview with Dr Haarhofy, 28.7.1989,

reasons for the high cost of an enrichmnent Tacility :

® urarium enrichment was an expensive undertaking. The two uranium isotogcs that
have to be separated, U-235 and U-238, only differ by three mass units, while the
mass difference ratio is;

3
338, therefore about 1,25%,

For example: in the separation of heavy and light hydrogen isotopes, the difference
between HD and H, is one mass unit and the mass difference ratio is S0%. Besides
this, uranium is a hard metal with a relatively high melting-point (abour | 123°C).
There are no uranium compounds (except uranium hexafluoride) that have a low
melting-point or that are workable and easily available. Uranium hexafluoride is the

enrichmeuts processes in the world, Above 65°C, it is a gas with pressures [ower
than 1.5 bar. AJA Roux: "Uraanverryking®, pp. 11-12

uranium extraction from gold ore: sce also "methods of recovering gold and uranium®
The nuclear uses of uranium demand high purity in general, particularly a high degree
from centain rare materials, as well as from cadmium and boron, all of which have the
ability to absorb neutrone. The extraction from the gold ore is the first stage. The
first uranium recovery plants employed a uranium process, namely an ion-exchange
system in which uranium-bearing solution was passed through bed of resin® contamned
in drumlike columns. A Iwo-way exchange took place, with the solution giving up its

original solution. The resulting “eluate” was then neutralised with ammonia and
transformed into a bright yellow precipitate, ammonium diuranate (ADU). (SAL)
Uranium: South Africa’s Mineral Wealth, Public Relations Department of the Chamber
of Mines and the AEB of South Africa, 1982, pp. 89,

uranium hexafluoride (UF,): is used in the enrichment process and can be prepared by
fluorating the metal, an oxide, uranium tetrafluoride, or other compounds with

needed for the fluorination of uramum tetrafluoride. This reaction, the basis of
methods for industrial preparation of uranium hexafluovide, occurs at high
lemperatures, above 400°C (470°F). The hexafluoride may be handied as gas, solid
or liquid. Because this process, like much of the industrial chemistry of uranium
compounds, entails major usage of highly corrosive fluorine and fluorine compounds,
highly sophisticated chemical engineering techniques, standards and equipment are
required. Encyclopaedia Britannica. |5ih edition, 1987, vol. 21, p. 435,

uranium meial: see "ammonium divranate”: the preparation of uranium metal: of the
many processes that may be used for the preparation of uranium metal the one in
almost universal use employs uranium tetrafluoride with magnesium as the reducing
agent, used for the preparation of uranium hexafluoride. Encyclopaedia Britannica,
15th edition, 1987, vol. 21, p. 435.

uranium metal sphere: a round mass of uranium metal about | cm in diameter;
natural uranium fuel elements used in the PELINDUNA project. AR Newby-Fraser:
Chain Reaction, p. 109,

uranium oxide: see "ammonium diuranate”.
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uranium provinces: (geology) uranium regions (arcas) of the earth, BB Brock et al:
“The Geological Background to the Uranium Industry®, Uranium in South Africa,
1946-1956, vol 1, p. 21.

uranium silicates: (geology) magma containing compounds of uranium and silicon and
uranium and oxygen; when the magma cools uranium deposits are formed; silicaies
are the most common groups of compounds in the earth. Readers' Digest Library of
Modern Knowledge, vol. 1, p. 82.

uranium tetrafluoride: see also "ammonium diuranate”; important in making uranium
metal, is produced by reaction of uranium dioxide with anhydrous hydroflvoric acid at
450" - 600°C (840° - 1100°F). The higher the temperature the more rapid the
reaction rate, but a practical upper limit is imposed by the availability of structural
materials and equipment able to withstand attack by hydrofluoric acid and the ability
to control the reaction, which produces considerable heat, Encyclopaedia Britannica,
15th edition, 1987, vol. 21, p, 435,

uranium-235: uranium isotope 235; see "uranium”,

uranium-235 gun assembly: gun assembly method: a projectile, a sub-critical piece of
uranium-235 (or plutonium 239) would be placed in a gun barrel and fired into a
target, another suc-critical piece of uranium-235. After the mass was joined (now
super-critical) a neutron source would start the chain reaction. Encyclopaedia
Britannica, 15th edition, 1987, vol. 29, p. 579.

uranium-238: uranium is' pe 238; see "uranium”.

v

vel niculiw: light (in weight) mineral. Contains a laige percentage of mica.
Chamber s Twentieth Century Dictionary, p. p. 1228.

vortex tube: A tube causing a whirling action of a gas (if blown into the tube under
pressure). See also "stages of enrichment”. HL de Waal: Urasaverryking in die
Republiek van Suid-Afrika, p. 14.

z

zine:  bluish-white metallic element; alomic symbol Zn; resistant to atmospheric
corrosion. Chamber’s Twentieth Century Dictionary, p. 1299,

zirconium: whitish metallic clement; prepared by the reduction of zircon: atomic
number 40. MeGraw-Hill Dictionary of Scientific and Technical Terms, p. 1778,
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