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1, INTRODUCTION * Si

In his paper, Mr Brown has given a fairly comprehensive review of |j

•the present status of nuclear power technology in its many and ":

diverse aspects. The field is obviously much too broad to have

permitted detailed coverage being given to every aspect. The

factual background and technical information regarding the

various types of power reactors, as adequately set out in

Chapters 2 to S of Mr Brown's paper, will not be re-iterated

in this supplementary contribution. It would be more meaningful --J

to use the limited time available for a somewhat closer considerate io

of such matters as the nuclear fuel cycle, ESCOM's program and ;

safety aspects - which are all factors of significance to ^

South Africa.

2. NUCLEAR FUEL CYCLE

The major steps in the LWR fuel cycle are illustrated in Fig. 10

•0 of Mr Brown's paper. The fuel cycles for other reactor types

•vary slightly, but essentially follow variants of the same patt,̂ir-ii»

A simplified grouping of the major essential steps yields:



(a) natural uranium feed material (mining, extraction and

conversion to UF^)

- (b) enrichment to the requisite level

(c) fuel element fabrication

(d) fissioning of the fuel in the power reactor

(c) spent fuel reprocessing

2«J Uranium resources

The most recent (1973) official estimates of the free world's

uranium resources in different price categories are given in t

Table lv '» It will be noted that South Africa possesses some f,

23 % of the Reasonably Assured Reserves in the category less 1
I

than #10 per lb U,Og ($26 per kg U) and as such has the second ;

largest reserves after the U.S.A. With regard to production ,

capacity South Africa presently holds third place after the

U.S.A. and Canada. It is clear that the data in Table 1 is

dated and a re-evaluation of free world reserves is to be

undertaken by the Joint. EN'A/IAEA Working Group in July this

year. It is also interesting to note that the previous price

categories have become fictitious as a result of the upsurge '

in demand for and price of uranium in the last year, as sparked

by the so-called "oil and energy crisis". Thus the forthcoming -

re-evaluation of uranium resources will be undertaken in the '

price categories: less than #15 per lb U.Og (less than #39 per

kg U) and #15-30 per lb l^Og (#39-78 per kg U). ,

South Africa's reserves of uranium are presently being re-

evaluated in the light of the abovementioned recent devel-

opments and, of unique importance to South Africa, the
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substantial rise in the price of gold* As you are no doubt

aware the vast majority of our present uranium production is

as a by-product of gold. The combination of the higher prices

of gold and uranium will doubtless increase South Africa's

reserves, but may, ironically* have the effect of somewhat

decreasing our production potential since lower- grade gold

and uranium ores will be mined*

\

Regardless of what our reserves are proved to be, the fact is

clear that South Africa is and will remain one of tlie major

suppliers of uranium in the foreseeable future. South Africa

is thus firmly established in the first major step of the fuel

cycle, since we possess not only the reserves but also the

requisite technology and expertise for the economic exploitation

of our ores.

7.. 2 Uranium Enrichnent

The very recent statements by the Prime Minister (on 7 April 1975)

and the Chairman of the Uranium Enrichment Corporation (UCOR)*

Dr A*J.A. ROUJ: (in Paris on 22 April 1975) lend great encourage=

ment to the possibility of South Africa's entry in. the near

future into the next major step of 'iitie fuel cycle* viz. enrichment

on a commercial scale. Time does not permit the sketching of

the motivations and historical developments that led to the

initial discovery of the South African - or UCOR - enrichment

process* nor to the subsequent development, establishment and

successful commissioning of the pilot plant at Valindaba. The

following facts revealed by Dr Roux in Paris on 22 April 1975
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may, however, be of interest to you:

(1) The UCOR process is, as far as can be established, unique

in its conception.

(2) Some two years ago the stage was reached where, with

international participation, an intensive economic

feasibility study of the process was commenced. This

study was recently successfully concluded. The exact

nature of the separating element or its technology cannot,

however, be revealed in view of Soutli Africa's competitive

position in the international market place and her

responsibility towards the world for the prevention of

nuclear proliferation. The Prime Minister has made it

very clear that South Africa is prepared to share her

expertise and technology subject to certain very definite

conditions, in particular that it will only be used for \&

peaceful purposes.

(3) The UCOR process is of an aerodynamic type and a separating

element which in effect is a high performance stationary-

walled centrifuge using VT, in hydrogen as process fluid

has been developed. Process pressures throughout the

system are comfortably above atmospheric, so that the

formation of explosive hydrogen-air mixtures within the

plant is not a problem. The UF,- partial pressure will

be sufficiently low to eliminate the need for process

heaving during plant operation.

(4) The process is characterised by a high separation factor

over the element, viz. from 1,025 to 1,030 depending on

economic considerations. For comparison the separation
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factors of the other enrichment processes are given in

Table 2.

Table 2 : SEPARATION FACTORS

Enrichment Process* Separation Factor

Gaseous diffusion ! 1,003

Becker nozzle lf013

UCOR 1,025 - 1,030

Centrifuge 1,20

(5) A new cascade technique, the so-called "helikon" technique,

has been developed. It has recently been patented and is

based en the principle that an axial flow compressor can

simultaneously transmit several streams of different

isotopic compositions without there being significant

mining between them. Essentially, the UCOR process must

be regarded as a combination of the separation element and

the helikon technique, which makes it possible to achieve

the desired enrichment with a relatively small number of

large separation units by fully utilising the high separation

factor available,

(6) The separation element can also be used to yield high

purity hydrogen in a single step separation of UFft from

hydrogen. Separation factors greater than 10 000 to 1

in,a single pass can easily be achieved.

(7) The specific energy consumption of the separation element

.as presently attained is still a factor of approximately 6

higher than the theoretical lower limit, which indicates
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that the UCOR process s t i l l has a large development

potential.

©
(8) The low process temperatures and low UF/- partial pressures

will permit extensive use of normal uncoated construction

steels, as opposed to the use of expensive and exotic

materials in the other enrichment processes.

(9) Owing to the very large modules which are envisaged for

a commercial plant (viz. 50 t/a SW), it will not be

possible to move directly from the pilot plant to a

commercial plant, and a large scale prototype component

development program is underway,

(10) The estimated capital cost for a 5000 t/a SW plant built

in South Africa is R910 million in October 1974 money

values, excludiag interest on expenditure before —.

production, but including RljO million for further

research and development and for the construction and

operation of commercial prototypes.

(11) Based on these capital costs and the expected operational

costs under South African conditions, and assuming a

selling price of R50/kg (October 1974 money values),

an after-tax discounted cash flow yield was obtained

' which is considered viable even for a 5000 t/a SW plant.

(12) Negotiations with interested foreign parties with a view

to the establishment of a large scale enrichment plant in

South Africa as an international venture, are underway

and it is expected that finality will be reached during

the next few months.
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,(13) Whether or not satisfactory terms are concluded with

foreign participants, UCOR has little doubt that the

South African government will decide in the near future

on the establishment of an enrichment plant in South

Africa of 5000 t/a SW capacity. This plant is planned

to come into operation by 1984 and to reach full production

by 1986. The design will provide for future expansion

up to 10 000 t/a SW capacity.

If it is borne in mind that the projected installation of

nuclear power in the free world will follow an essentially

exponential rate and that the enrichment requirements for such

nuclear power programs must perforce increase at a sympathetic

rate, it is clear that greatly increased enrichment capacity

will have to be installed in at least the one and a half to

two dtcades beginning in the early 80's, I, therefore, have

no doubt that there is a place in the sun for a commercial

enrichment plant in South Africa.

2,3 Closing the Fuel Cycle

By the mid-80's, therefore, South Africa will in all probability

have entered a major segment of the nuclear fuel cycle. What

remains to complete it? Essentially the fabrication of compo=

site fuel elements and spent fuel reprocessing. The Atomic

Energy Board is keeping a close watching brief on these latter

sophisticated operations and, I am confident, their establishment

in South Africa will be achieved in the not too distant future,

the time scale being dictated by an interplay of economic and

strategic factors.
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As is no doubt known to all, ESCOM decided on the short-list

of three power reactor vendors to t-jnder for its twin-rfMC(0'

station Koeberg A (2 x 1000 MWc units) a few weeks ago, and

the final contract will be placed early in 1976, The first

unit is scheduled to come on line by mid-19S2 a.nd the second

not more than 2 years later.

As a preamble to setting this program in motion ESCOM has

devoted detailed and meticulously careful attention to all

aspects relating to the safe operation of the plant and the

safety of the public around the power station site.

Thus, an extensive investigation o( the Duincfontcin site and

its environs has been undertaken by leading authorities from

South Africa and overseas under the direction of ESCGM's Site

Investigation Committee on which interested parties are @

represented. These included:

Atomic Energy Board

Bernard Price Inst ' ute

Cape Provincial Administration

C.S.T.R.

Departments of Planning, Health and Water Affairs

Division of Sea- Fisheries

Divisional Council of the Cape

Geological Survey

University of Cape Town

Aspects studied included geology, hydrology, seismology,

meteorology, oceanography, demography and the effect of

discharging liquid radioactive effluent into the sea. Most

of the site investigations are now complete and they have c
cost over a million Rand. The extensive information gained
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has confirmed thr conviction that Duinofontein is an excellent

nuclear power st.it ion site- and satisfies the most stringent

norms with respect to public health and safety.

Very small quantities of radioactivity arc released to the

.environment as the result of operating nuclear power stations

and the approach adopted is to limit their normal operational

release to 1P%'C-1S> such that the radiation dose to the surrounding

population is only increased by a few per cent. The limit chosen

for Koobc*rs» is i miem/a pc-r reactor (10 nirrm/a for the 2 units)

at t lie boundary feiice. Actual operating radiation levels are

invariably well below those limits. The insignificance of

this incrcscised amount of radiation can be judged by realising

that the average natural background radiation dose in the

Western Cape is about 100 mrem/a and about 130 mrem/a on the

highveld, vlwrt-ns a single chest X-ray results in a dose of

100-200 rarcm.

It is of course impossible to absolutely ensure that any plant

as complex as a nuclear power station can never suffer an

accident. What is done, however, is to set such stringent

safety standards for nuclear installations that the potential

hazard to the public is much lower than that which the public

has accepted for other activities. This aspect has been clearly

covered in Chapter 10 of Mr Brown's paper and is graphically

illustrated in Fig. 11 of his paper and Fig. 1 of this con=

tribution.

It is edifying_to note that the likelihood of a major reactor

accident at a LVR power station resulting in 1000 fatilities
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is about 1 in a 100-million per reactor year - which is two

orders of magnitude less than the probability of 1000 people

being killed by a meteorite. The individual risk of fatality

( 2)
by various causes in the U.S.A. is, according to Rasraussen ,

given in Table 3.

Table 3 '• INDIVIDUAL RISK OF FATALITY TV THE U.S.A.

FROM VARIOUS CAUSES^2)

Accident Type

Motor vehicle

Fires and hot substances

Drowning

Air travel

Lightning

All accidents

Nuclear reactor accidents
(100 plants)

Suffice it to say that in spite of public concern for reactor

safety, most of which is unfounded, the operating record has

been quite outstanding. Presently well in excess of 1000 power

reactor years of operation have been accumulated without a

single accidental release of harmful amounts of radioactivity

to the environment. Similarly,, in excess of 1200 reactor

vessel-years of operation have been amassed (including nuclear

warships) without a single failure.

The record thus shows that nuclear power is clean and safe

power,, and T. am convinced that this situation will prevail -
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in South Africa ii only for the following additional reasons:

o
(i) ESCCM h?s wisely selected the best proven type of power

reactor;

( i i ) the .-.-.i •;.'.,oing and subsequent operation of BSCOM's

"" reactors ami al l associated plant is subject to a very-

meticulous safety evaluation by the Atomic Energy Board's

Licensing Branch, which should ensure to the best of human

ability that the stations can be safely operated.

In final conclusion I wish to make one observation. In this

Conference nuclear power has been grouped with other alternative

sources of energy. It is , in my opinion, the only significant

alternative enersrv source in the hear future.

©
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