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Peaceful N uclear Progi'am'

Its Dependence Upon
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Information avaﬂab!e as QI1 I Ocraber 1979
ims been uscd in the preparation_ of this report.
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Office of Scientific Intelligence. Contributions were

provided by the Offices of Economic Research and
Political Analysis, Commenis and queries are wels
come and should be dirccted to the
Office of Scientific Inzelligence, .
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This rcport was coordinated wuh the Office of Eco-
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Overview
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The South African - -
Peaceful Nuclear Program: : P
Its Dependence U :

Foreign Asslstanc'e)“

i
1 P i . . j
3

The Republic of South Africa has basced ilsfpcaccful nuclear program on
assistance from Western goverriments, primarily those of the United States,
the United Kingdom, and France. In recent years that assistance has been
reduced to a level far below South Africa’s exp:ctations, and the South
Africans consequently have taken steps to reduce their dependence upon
foreign nuclear suppliers. This paper examines the status and likely course

of the peaceful nuclear program and identifies the areas in which South

Africa will continue to be dependent upon assistance from outside sources. .

| , o : : | i

The results ar¢ summarized in the table on page 1 1. Over the next five years

South Africa fn‘obably will significantly reduce its present reliance upon
foreign suppliers:, - { S ,

» Completion of the Koeberg nuclear power reactors, scheduled for the

‘period 1983%84. will lessen South Africa’s dependence upon France to the:
_point where the fabricat;on of fucl clemca}'ts for those reactors will.be the

]
H
E

“principal remaining necd. .

» Expansion of the Valindaba enrichment p_;lant. scheduled to be complcted
-in 1984, wiil permit South Africa to produce sufficient amounts of slightly
enriched uidnium to refuel power reactors—thus frecing it from

E'de:pa,‘.-.:u:h:m:e on the United States for pnriéhmcnl scrviccs.-

t li E - f i

Et

meet its long-}an'ge goal of constructing nu¢lear power stations in licu of
coal-fired poykge,r plants, The South ;Al'rican's have indicated an interest in
beginning several new nuclear power projcqts in the [980s, although their
government ct}uld easily afford to postpone further reactor construction for

Y, years; ?iiglcspread constr?ction is not planned to begin until the 1990s,
: ] X T . '
] i ? ' '
[ il i

1] : ™ I '
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Nevertheless'. Soﬁth Africa will remain dclicndcnt upon foreign suppliers to




et aa

oo o et At

PRE Y M estiige D e i ©

b,

¢ e i o -

el T S

| . R - "
; 1 SN ,
; ' : Lo ~FROPIMORCON. ‘
- -
f Lo b
! Contents ’
| , P
: 2 1 |
. ‘ ) Page
. Overview . - o, : iii
: Uranium Mining S % !
! Chemical Conversion of Natural Uranium ! !
L Uranium Enrichment . | . g 2
: J ' Valindaba Pilot Plant P 2
' ! : Future Enrichment Plants ) { 4
Nuclear Fuel Fabrication 1 " : 5
; ‘ Fuel for the Safari Research Reactor i 3
i Fuel for the Kocberg Power Reactors =~ ! 6
Nuclear Power S % : 7
o Spent Fuel Reprocessing 1. : i 5.
P Reactor Development R 9
I Peaceful Applications of Nuclear Explosives 10
| Computational Capabilities ; i % 10
i } o R g :
i . L i !
i : ; ; '!.g : !
; Table 3 b
: i The Estimated Extent of South African Dependence I
. i__.___Upon Foreign Supplies Through 1985 i
L T o ‘
o i TR : Y i i !
[ S R N i f
b R |
borp , ] .’ T P
b I 1
H H . . o " K 1
! . ’ i :
! TR :
. [ i B i i ' .
| i N P { ; !
S N
! . A i l j
: , [ ’J jl 'l :
! 1 | i f I L j
. i ] | ’ } ’ ; : H
{ AR P
A R o
' f - 1. :
! S .
| It
B I |
i o E i
Ph B




e L PO N

T T

...

1 . . i

The South Africarn
Peaceful Nuclear Program:
Its Dependence Upon -
Foreiign Assistance iy

’ ! H i

| .,
| S AR
A

South Africa probably will have adeguate supplies of
uranium for its own nuclear program for many
decades. Its vast uranium deposits amount to perhaps
250,000 metric tons (mt) recoverable at about $56

or less per kilogram of uranium oxide concentrate
(U,0,) {Reference 1), which formed the bagis of the
South African nuclear program. The desire to improve
ore processing technology to compete with foreign
uranium producers spurred the earliest South African
rescarch in the nuclear field, and sales of the resultant
natural uranium concentrates have maintained South
Alrica as a leader in uranium exports. B

P
P
i

Uranium Mining

i

Higher prices for both gold and uranium in the past
few years have led to a considerable expansion of
uranium production. [2] Arnual productimi in the past
four years increased from about 2,900 mt in 1975 to
about 4,500 mt in 1978; it is expected to e;;?:ee? 6,000

mtin 1980, [2-4] - 1
In addition to the Rossing depasit currently being
exploited in Namibia, in which South Africa has a
small share, other Namibian deposits are being ex-
plored and mapped but for near-tetm development.
The South Africans'also are cxamining the possibility
of similat uranium mining projects in the Karoo! [$]
Preliminary investigations suggest that, if South ”
Aftica were to lose access to Namibitruranium, the
mining of deposits northeast of Cdpe Town would
permit the continued expansion of South Aflrican
uranium production. (6] The Atomic Energy Board
(AEB), which operates the Pelindaba nuclear research
center near Pretoria, has opened & branch dffice’in -
Beaufort West to support thess investigutions, [$]

i i L L
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Chemical Convers%on
of Natural Uranium

Traditionally, South Africa has exported uranium in
the form of a uranium oxide concentrate, Customers
routinely made their own arrangements for conversion
of the concentrate to uranium metal or dioxide for use
in natural-uranium-fucled reactors or to uranium
hexafluoride (UF,) to use as feed for enrichment
plants, Nevertheless, the Nuclear Fuels Corporation
(NUFCOR), which markets South Africa's uranium
concentrate, has long been capable of some further
processing at its plant near Johannesburg, There
uranium concentrates can be converted to uranjum
dioxide or uranium tetraflunride (UF,), and the UF,
can be converted to uranium metal, The capacity of the
NUFCOR uranium metal production facility probably
is ab?ut 100 metric tons per year (mt/y). {10) I

) ' {

The NUFCOR capacity for UF, production is not
known, but it apparently exceeds by a considerable
margin the requirements of the uranium enrichment
proa’:;am. which now amount to as much as 300 mt/yin
terms of elemental uranium, [11] In addition to this
capacity, another UF, production facility probably is
nearing the commissicning phase at Pelindaba, The

new {acility was completed last year with process

techhology developed and tested by the AEB Process .

Mectallurgy Division. It probably incorporates im-
provements in process control (digital monitoring and
control techniques) rather than new or differcnt
chemical proctsses, The capacity of the new plant is
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stated 1o be 250 ml/y. it probably was designed to gwc
South Africa a UF, production capacity adequate to
mect the future needs of the domestic uranjum
enrichment facilities that are now being expandcd :

i

Uramum hexaﬂuonde (UF.) feed material for the
Valmdubn enrichment plant is produced at Peimdnbu
in a plant that was designed and built with French.
assistance in 1974 and 1974, [13] The Minister of |
Mines announced the completion of this plant in I975
slatmg that it was a commercial module with a :
capacity of 200 mt/y and was intended to be a basic
umt of a large-scale UF, plant. [14] This confirms
olhlcr statements that the plant was designed to prowdc
cxpenrncc directly applicable to the construction of a
!argcr plant, but the cited capacity appears low. A
capacuy of 200 mt/y would be roughly equivalent to
the amount of foed material needed annually for the
existing enrichment plant at Valindaba, but two pieces
of evidence suggest that the plant may in fact be :
soraewhat larger: (1) The South Africans reportedly
tricd in 1975 to make arrangements for the sale of up
to 500 tons of apparently surplus UF, over the periéd
1977-78, [15)

It could be that the announced
capac:* refers to operation of the plant for only cight
hours per day while actual plans may have hcrn bascd

on greatcr utitization. - : E , P

Producuon of UF. at the Pelindaba plant has bccn 2
limited by technical problems. Equipment failures and’
gascous and liquid lenks in the plant caused it to be
shut down for about six months in 1977. [16) The AEB
Annual Report for 1978 states that these problcms :
have been solved, The plant, nevertheless, appears to
have been idle for several months last year becausé of a
shartage of imporied hydrofluaric acid. There are |
several producers of fluorine in South Africa, and the
AEB itsell is working to develop impraved fluorine!
prdduction technology. [16] It is unlikely, thercforé
that the South Africans regard the importation of |
hydrofluoric acid as a crmcal long-term dependcnce.

- b fii
Thc Uranium Enrichment Corporation (UCOR) IS lo
mcorporatc the tcchno!ogv and cxpenence zamed m '

i . ! :
H [
. H H
4 .
L]
H . i
s

.D : iy,
- z o
i - © , . - . .
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the construction and operation of the pilot UF, plant to
build a new facility at Valindaba. [12] Having
acquired most of the technology for UF, production
from France and having mastered the operation of the

. pilot plant, South Africa probably is capable of

expanding its UF, producuon capacity without further

assistance, - |

3

4

: Uranium Enrichment

Valindaba P ilot Plant
The uranium enrichment plant at Valindaba, adjacent

to the Pelindaba nuclear center, is believed to have
been built to produce ecither reactor-grade or

. weapons-grade uranium.' It was constructed almost
" entirely by domestic industry and is not covered by any

nonprolifcration safeguards agreements. It is likely
that the Valindaba pinnt has produced limited
amcunts of both slightly énriched and highly enriched
uranium since its faltering startup in 1975, -

Operating smoothly in th;: low-enrichment mode, the
plant probably could produce about 25 tons of
reactor-grade uranium per year (at about 3.2-percent

. uranium-235). This would be adequate to meet the

annual fuel requirements of one of the two power

* reactors purchased from France and now under

construction at Koeberg, near Cape Town. It is
unlikely, however, that South Africa ever intended to
rely on the inefficien? Valindaba plant to mect the

: i cnriched uranium requirements of domestic power

reactors. In 1974 South Africa signed a coniract with
the United States to obtain the enrichment services
needed for the Koeberg reactors. At that time the
South Africans expected to rely on US enrichment
services until a domestic commcrclal enrichment plant

“could be put into operation in the mid-1980s. In part

because of subsequent US requirements that South

. Africa revise ivs nuclear policy and sign the Treaty on
. the Non-Proliferation of Nuclear Weapons {(NPT),
.+ however, and also because of political difficulties in

" importing sophisticated technology for the future

' commereial uranium’ enrichment project, {17] South

Africa decided in late 1977 to undertake a rapid

i expansion of the Valgndabn plant with the goal of
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meeting domestic enrichment needs indig;nously at The South Africans thus may plan to use the -

Valindaba plant only to meet the subsequent refl ueling .
requirements of the two reactors, A prolonged reduc-
tion in power may also be pianned to conserve the .
initial fuel,

the eaglqlcsl opporlt}lnity- (18] _

The foreign enrichment services needed to permit

timely and unrestricted operation of the Koeberg

reactors probabdly could be secured from only a few

sources, other than the United States. The Soviet

Union is a possible source but for palitical reasons .

completion in 1984, and partinl operation is untikely to almost certainly would not provide such assistance to
contribute to the ol\'e'rall Valindaba capacity before the South African nuclear program, Urerico enrich-
1982_‘ E S P ‘ment services probably will not be available because of

| : U the involvement of the Dutch Government, whose

The estimated design capacity of the existing plantat  agonizing over participation in the Koeberg construc-
Valindaba is such that the South Africans, starting tion project moved the South Africans to award the
about now, could stockpile sufficient material in time  contract to the French. The French have decided niol to

- for the fabrication of an initial core load of fuel for the  supply enrichment for Koeberg in place of the United

- Koeberg reactors by 1982, This could allow startupof ~ States, even though they are building the reactors and

, the first reactor on schedule at the end of 1982, If the  fabricating the necessary fuel, [22] The most likely
existing plant éapacity were then dedicated to main-  sources are the minor partners of the French-led

i aining the operation of the first reactor, the produc-  Eurodif enrichment consortium. Italy, Spain, and ,

* tion of enriched uranium to fuel the second reactor Belgium arc facing the costly burden of an oversupply

.would have to await startup of the new enrichment of enriched uranium from their shares of the Eurodif

' facilities, prabably causing a delay of about two years enrichment operations, aggravated by the probable

“beyond the startup of this secund reactor scheduled at  withdrawal of Iran from the enterprise, which would
the end of 1983, Alternatively, enriched uranium could reqitire one or more partners to absorb the Iranian

; be stockpiled to start up both reactors more or less on share as weil, - '
schedule, after which the reactors could be operated at o

reduced power levels (about half capacity) for the first I South Africa fails to find an alternative foreign

two years to conserve fuel until the ex

ment plant could be brought on tine. ;
b b, R of ratification of the NPT against reduced or delayed .

! The latter contingency plan appears quit'cfreaadnablc. operation of the Koeberg reactors, A review of the
because past experience suggoats that the Kocberg South African energy supply and demand situation
 reactors would operate at reduced power for the initial indicates that even a two- or three-year delay in

| year or 50 in any case, It must be stressed, however, operatla: the Koeberg power station would have only a
 that the Valindaba plant kas a history of operational small i« § on the overall ability of the Electricity

s problems, it is expensive to operate, and the South Supply Commission (ESCOM) to mest the projecied

! Africans would have to give up the production of electricity demand and that the assoclated economic
highly enriched uranium at Valindaba for the next impact would be reflected primarily in a smali increase .
| three to five years, Together these facts constititea  in power costs folf consumers during those years,

| compelling reason to seek an external source of Judging by the government’s willingness to increase
enrichment services, In fact, South Africa recently let  significantly the cost of gasoline 1o help finance

; forced to weigh the political and military consequences

!
purchase the riecesfsary enrichmént servicds, though noriic eonsequemfm of a temporary delay in starting

. the specific enrichment requeste would be ndequate ; P .
~only for fabrication of the initial coreloads of fuel. {21) o
| § P

i
1 i j : i
i i i .o i, o . :
} o R 3 j - —Fop-Seeret—
i - | ' e i
| C ! ' S

panded enrich-  source of enrichment services, the government will be

: it be known in European circles that it wants to | development of alternatives to imported oil, the cco- |
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the Kncbcrg reactors probably would not be suffi-
ciently sérious to provide much leverage for influenc-
ing South African nuclear policy. In the event that the
Frcnch complete the Kocberg reactors but refuse to

fabrtcatc the necessary fuel unless the US demands are
metl the economic loss would, of course, be much

grcatcr. [ ¢

; , :
Funm Envichment Plants | )
As rioted earlier, UCOR originally planned to build n
Iarg commercial uranium cnrichment plant. Southz
Afrllca planned to add to its foreign cxchange carnings
by exporting its uranium in an enriched form, Even |
thoxigh gradual cutbacks in nuclear power programs
around the world thrcntcncd to causc a surplus of ;
uranium enrichment capacity in the mid-1980s, South
Africa, nevertheless, was preparing to proceed with the

construction of a plant that would correspond to about

1

10 percent of the world's commercial enrichment
capacity at that time. [23] The South Africans
probably were cunf' dent that their posilion as a vendor
of enriched ummu m, rather than as a mere suppl:cr of
enrichment services, would give them a clear advani
tage in the enrichment market. As a leading producer
of natural uranium—a commodity in greater demnnd

-than enrichment services—South Africa believed | u

would be in a position to require that its cuslomcn
purchase some or all of its uranium in an enriched

MORI DocID:

projects, UCOR hoped to find West European firms
that could fill this critical gap. [26] By the end-of 1977
UCOR apparently decided that the chances of finding
n willing vendor and getting the equipment to South
Africa weee not sufficient to justify launching the
commercial project. [17]

According to announcements made in carly 1978,
South Africa will teke into consideration the prevailing
“economic” ¢onditions and reconsider the construction
of a commercial enrichment plant after the interim
expansion of Valindaba is finished. [27] If South
African industry is still unable to produce axial-flow

. compressors for UCOR at_that time, Pretoria wilt
. again be dependent upon forcign assistance to under-

form. In fact, NUFCOR had already begun to include '
such clauses in new uranium sales contracts before the '

commercinl enrichment venture was deferred. {24);
Since then, incredsingly restrictive export controls’

placed on uranium (and enrichment services) by other -

major suppliers hive put South Africa in a more
advantageous position from the point of wew of

sal‘cguards £25] ; _

Thc single grcutcat rcason for postponing the constriigs
tion of n commercial enrichment plant was the

lnablllly of UCOR to obtain the axial flow compressors |
ncccssary for the commercial exploitation of its cIchr
"hchkon cascading technique.” This technique, which '
would limit "npltnl cosis by

rmitting several process

gns'slrcams to be pumped by a single axial-flow ) ’ T

comprewsor. probably has been tesied only in a few
prototype units, Because South African industry is not
capable of supplying the necessary axial-flow compres-
sors at a rensonable cost und because US compamcs
have not been permutted to xport compressors for such

| S

|
i o
I ‘

take this project, which has been estimated to be worth
$600 million per year in foreign cxchange carnings.
The South Africans thus may well be continuing their
contacts with European compressor manufactures in
an cffort 0 obtain production technology despite the
postponement of a commercial project. Without for-
cign assistance, South Africa probably wouid not be
able to launch the commcrclal cnnchmcm project
before about 1990, .

651178

e




bt e e g w

T8 meemne e rmm——

e e e

—South {Africa had made “a fiem decision
" in principle to GQUI[L itself to produce Safan fuel” and

E : H

| S ' C

; ? "
It is possible, though not likely, that South Africa has
succeeded in acquiring a modest number of axial flow
compressors—in addition to the several reported to be
in use in the research and development program
[32]—perhaps through discreet puechases such as the
one reported by Der Spiegel in 1977.2 [33] If so, the
helikon cnscadc tcchmque could be tested and proved
in the expansxon pro;ect now undcr way

) |
One important piecc of equipment that mayinot be
obtainable abroad is a process monitaring and control
computer. The existing control unit at Valmdaba was
obtained from a US company, but further s acquisitions
from the same source are not likely. South Africa's
plans in this area are not known. The existing i
computer at Valindaba may be adequate to meet the
new demand, or the Instrumentation Division of the
AEB may be tafked to cxpand its capab:l:tm -

E ‘ ' AR
|
l

l..

o T st e e

+ 1.

Nutlur Fuel Fabrltutlon Do

i i i
Fuelfar the Safari Rem:rch Rcmor '
The AEB began to perfect the technique of fabncatmg
fuel elements for the Safari research reactor at :
Pelindaba in the late 1960s. At least one fucl clement
was manufactured—essentiully an exact duphcate of
the imported fuel but niade with natural uranium
rathcr than highly énriched uranium, [36] In carly
1978 South Africa no longer had confidence in |
oversr.as sources of supply, and the Valmdaba enrich-
ment plant was capable of producing moderately high
enrichment levels. [37)

cited metallurgical studics that had led to the fabrica-
tion of fucl plates with a high ratio of uranjum to
aluminum, The goal was to produce fuel at a reduced
enrichment level; the work waa said to bc prehminary
in naturé [38] : X

MORI DocID: 651178
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i

planning to produce a core load of Safari fuel by the

end of 1978, [39] and a special building was ¢on-
structed at Pelindaba for the project. [40] The
enrichment tevel chosen for the fuel was 32 percent,
{41) The new fuel was intended to be placed in the
reactor by June 1979, [42] Subsequent delays appar-
ently have been due to a desire on the part of the South
African Government to avoid the repercussions that
might follow the disclosure of & capability to produce
weapons-grade uranium; such a disclosure would be
almost inevitable if domestically produced fuel were
used in the Safari reactor.’ Earlier this year the AEB
apparently submitted the question of using its own fuel
to the government for a policy decision, which was
scheduled to be made by the end of Junc. [43] Perhaps
as a result, when Dr. A. J. A. Roux retired as AEB
president at the end of June, media interviews with him
and wnh his successor occasioned extensive discussion
of South African dependence upon the United States

for nuclear fucl. The resultant quotations and editori-

als indlcated that no decisions had been reached
concemmg the best way to address South Africa’s
domestic capabilities. Rather, conflicting statements
were issued asserting that “South Africa has the
techno!ogy to produce highly enriched uranium, but no
actual plant {s planncd,” [44] and that the existing
plant at Valindaba—with extensions now under way
and snine modification—--could produce uranivm for
both Safari and Koeberg fuel within three years, [45)

1

The latter statement is the most recent and appears to
haveé been more cirefully constructed than previous
remarks, Of some interest is the optimistic implication
that the exr.mnsmn of Valindaba will have progressed
sufficiently in three years to support the Kocberg .
reactors at their intended power levels. This issue is
discussed above. More important, the statement is the
only assertion that South African facilities will be able
to ptoduce hfghly enriched uranium (even though
some "modif‘cetmn" Is involved). It may be that in

Spdzea ufuuards ummm. the reactor Is imapected by the

- International Atomle Energy Agency three to four times per year,

and South Africa would be obliged to notily ths Agenty of the use of
dumestically produced fusl. Clandestine operation wou!d be posslble
but kardly worth the risks,

I
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‘making this statement the South African Government
was preparing for the eventual overt use of domesti-
cally produced Safari fuel—attributing this capability
to future facilities and thereby avoiding the need to]
acknowledge that such a capability has existed all :
along, The reference to three years from now is J
consistent with the time when additional enrichment
stages may begin to be installed and operated in the
new facility. It may also be that a decision was made.
not to demonstrate any capability to produce { ;

~ weapons-grade uranium unti} construction of the i

Kocberg reactors has been esseatially completed,
which is to be about three years from now, Totally -
reliant upon the French industry to build this nuclear
power station, the South Africans probably are con-
cerncd that overt production of Safari fuel could bring
sufficient pressure upon the French Government to -
halt the project or to make its completion contingent
upon the same nonproliferation requirements that the
US Government has set forth. I g

2

One can argue that until South Africa is willing to use |

domestically produced fuel for the Safaci, the v
capability to produce this fuel will not reduce South

African dependence on the United States in this area,

It must be noted, of course, that a government decision
not 10 use domestic fuel may indicate a low current ; .
priority on operation of the Safari reactor as well asi

concern over possible related repercussions. At present

few important research projr.jcls make use of the Safari '
renctor, in part becausc of the cancellation of projects |
two years ago when the reactor operation was severély ;

reduced to conserve US-supplied fuel, The'rcmainin’u;_

projects likely to be of some importance arethe || °

production of radioactive isotopes for industry and ! ‘
medicine (which can be carricd out at reduced power
levels and supplemented with purchases abroad) and {
irradiation testing of materials in the power reactor; -
fuel developiment effort (which would require operas
tionof the Safari reactor at high power levels), While
Dr. Roux has hinted that the Safari would be refueled
within three years, this time frame might correspond to
a delay of up to three yenrs In developing o domestic .
caphbility to manufacture flel for the Koeberg reac-

L I A

l b o ,'
Y

i ;
Fuel for the Koeberg Power Reactors ‘
The indigenous development of the technology re- ',
quir;ed toI pr?ducé fuel for the Koeberg power reactors

§
i

! !
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near Cape Town would take more-time and effert than

was necessary to master the production of Safari fuel.
The high endurance and low failure rate required of
power reactor (uel and the use of this fuel in a facility
that is such more important than the Safari reactor, in
terms of cconomics and safety requirements, led South
Africa to seek proven foreign technology from the
outset; [46] When France was awarded the contract 1o
construct the reactors at Kocberg, discussions began
on the purchase of a license to manufacture the
necessary fuel in South Africa, The license agreement,

- under which the French firm * manufactures the fuct,

prohibited the transfer of the fabrication technology,
however, and the South Africans turned to

" I in the United States for assistance. The d Scus-

sions wit never procecded beyond the

exploratory phase, [47
!

4

Kocberg reactory, [48] _
|

1
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The speed with which a domestic fuel fabrication;
capability can be established will depend on the '
assistance obtained abroad, Aside from the unspecified
lectures and discussions, the extent of that assistance
has not been reported. With unlimited assistance,
South Africa probably could be in a position to begin
manufacturing Koeberg fuel elements by thé end of
1981, Without proven technolegy for sintering ura-
njum dioxide pellets and for forming, machining, and
welding zirconium components, South Africa might
easily spend five years reiterating small-scale irradia-
tion tests of materials and fabrication techniques
before adequate fuel performance and safety can be
assured. Construction of a fuel fabrication plant |
probably would add an additional two or three ycars.
Without assistance, therefore, South Africa cannot
expect to be ready to fabricate Kocberg fuel upon
completion in 1984 of the expansion of the Valindaba
enrichment plant. i Co ;

C g A
In addition to the production of the cnﬁcheq uranium
dioxide necessary for domestic fuel fabrication, South
Africa must produce or purchase the zirconi;um alluy
that forms the structure of the fuel elements. As of
erly 1978 the AEB reportedly was encountering
difficulties in attempting to acquire zircaloy| tubing
(used as cladding material). Further, given the limited
number of sources of this material, an independent fuel
production cepability may well require the domestic
production of the zirconium itself. [52] Scuth Africa
has known deposita of zirconium ore; zircon sands
along the northeast coast have been processdd for
years, and zirconium oxide has heen recovered as a
byproduct of copper and phosphate produciion. [53,
12] The problem for fuel manufacturers is to obtain
refined zirconium of sufficient purity.’ Sinde fate 1977
the AEB dnd National Enstitute for Metallurgy have
been makirg uso of an electron-beam furnace to ’
* Naturally occurring impisriiies (hafelum In pmiculn‘rg absorb
neutrsis and thereby impede the desired fission process in tha fuel.

. oo T CobL T

i i ] | )
SF

L

.

H

|

NI
: 7

i b
, E

i ' '

MORI DocID: 651178

produce small amounts of nuclear-grade zirconium in
a new refinement process under development. [54)
Presumably, South Africa plans to produce
nuclear-grade zirconium on a large scale if the process
is successful. (In the event of unforcseen obstacles, of
course, a conventional refinement process could be
employed.)

i

i
Nuc!eqr Power

One o!‘ South Africa’s long-term goals is to substitute
nuclear power reactors for coal-fired power plants,
thus extending its domestic enargy resources. The
widespread construction of nuclear power stations is
not planned 1o begin until the 1990s, however. [55]
The South Africans have estimated that by the turn of
the century coal reserves and mining operations will
reach the point at which economically advantageous
coal sug plies no longer can be guaranteed to cover the
25-year lifetime of new coal-fired plants.f Figures
mentioned for total nuclear power generating capacity
installed by the year 2000 have ranged from 7,000 to
20,000 megawatts. [56] These figures do not reflect
firm long-range plans, however. Rather the South

Africans have been taking a step-by-step approach to

meeting this long term goa.

When the decision was made to build a nuclear power
station at Koeberg it was expected that a single
950-megawatt power plant would be needed in fuil
operation in the area during the second quarter of
1983, [55] Lacking this, power would have to be
conveyed to the Cape area from the northeast by high
voltage transmission lines, or coal would have to be
transported from the northeast to fuel additional
conventional plants—allernatives that have been de-
bated by ESCOM, the AEB, and others, The AEB
reportedly prevailed over opponents to the nuclear
alternative, [57] Shortly thereafier, ESCOM began.
preparations for the construction of an additional
3,600-megawatt coal-fired plant in the northeast, [58]
which would constitute an expected surplus of capacity
for that area (well above the | 7-percent reserve
capacity that ESCOM normally maintains). [$5) It
may be that ESCOM, in ita cautious approach to the
matcl?ing of supplyto unticipated demand, wanted a

* Recent upward revisions of South Africa's coal reserves may delay

widesproad construction until the neat century. ||
P ' )
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hedge against technical delays in getting the nuclear
reactors into operation. Since then, the growth in
clectricity consumption has been less than predicted,
particularly during the slight recession of 1977, |59}
As a result, it appears likely that the overall South
African power generating capacity will be adequate
even if the contribution of the Koeberg reactors is
delayed by two to three years. The need to move up
construction of a $300 million transmission line |55]
and the necd to buy and burn more coal than expected
for the power plants in the northeast probably would
pose few technical or engineering problemms. It would
increase the cost of clectricity for consu mers, but [
ESCOM probably would take this relatively small i

ccohomlc penalty in stndc.- 3

|

Plahs for the construction el' additional nuclear power ;
reactors have been subject to continual revision,

1 ] . 5
Commitment to n new nuclenr power project would be

persuasive evidence that South Africa does not expect

any further deterioration in 'its image ns a buyer in the

nuclear market. South African industry isa dccadc
away from the point where it can begin to make a:
slnmf‘cn nt contribution to the construction of nuclear

pchr reactors: an mdcpcndent power reactor industry

is v'ery far off. Thus, during the period between a

) requcst for bids and the completion of a new nuclear

power plant, the South African Government dlmost
certainly would not intentionally reveal evidence of a
nuciear weapons program (such as probably would.

result from a nuclear test), Conversely, if the South -

Africans were to plan an overt or easily detected action

that could provide direct evidence of nuclear wcapom
devclopment, it is unlikely that they would simultas ;
necusly place a new billion- dollnr reaclor project af :

nsk- ; ! { }1"
: ' ! '

ﬁﬁmﬁhﬂuh- ] o f :i % E]
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!
Because the economic arguments for and against
additivnal reactor construction can be expected to
continue to shilt, the decision to purchase more nuclenr
power stations probably will be made on other grounds,
giving greater emphasis to politics or national security.
Therefore, as long as the costs of cual and other
cconomic factors continue to put nuclear power plants
in roughly the same economic position as coal-fired
plants, the government's desire to save South African
‘coal for conversion to synthetic fucls and for export
probably will be the deciding factor in support of
‘nuclear power reactor construction. Depending on the

* South African perception of the need for an indepen-

dent fuel fabrication capability, and hence possibly
depending on the time required to establish such a

- capability, the construction of an additional nuclear -

power plant probably would be scheduled for comple-
tion in the late 1980s. .

- Spent Fuel Reprocessing f

i South Africa has devoted little attention to the
so-callcd back end of the nuclear fuel cycle—the
rcprocéqsmg of irradiated fuel elements to separate
! plutonium and unused uranium from radioactive

- fission products and the siorage or disposal of the
_resultant radioactive waste. The present resources of
- the AEB probably are not adequate to support both a

3 t high priority fuel fabrication project and an effective
! fuel rcproccssmg dcchOpmcnt cffort. Although re-
 senrch that ¢ould be applicable to fuc) reprocessing has

* been done by the AEB fof years, the choke point in
such projects at Pelindaba is the availabitity of

: cngineers and enginecring services, needed to move

" from laboratory results to large-scale experiments and

- pitot tests, Nuclear fuel reprocessing research per se
probably does not enjoy sufficient priority to draw
more than sporadic assistance from the machine shops,

. draftsmen, and engineers who divide their time aimong

; the projects that are mlcndcd for near-term applica-

; tion. ; s

! E g

Fuel reprocessing facilitics will not be needed ta service

j the Scuth African power reactors before the turn of the
- century. A reprocessing facility will be useful in the

. 1980s only if the South Africans want to produce
plutonium—-an unlikely case—or if they decide 1o use
domestically produce!d Saefnri reactor fuel for an

i

—
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extended pcriod In the latter case, the value of the
enriched uranium contained in the accumulating spent
fuel clements could help to justify the construction of a
small pilot reprocessing facility (capable of handling

perhaps half a kilogram of spent fucl per day). Il

Reactor Development

More hkely than construchon ofa fuel reprocessmg
facility, as the next major AEB project, is the | |
construction of an experimental nuclear rééctor; An
indigenously developed reactor probably would be
designed:cither to supplement the Safari fn'cilities for
testing fuel designs applicable to éonventional * | i
light-water reactors or to permit expenmedts on a new
type of reactor system. The Reactor Develqpmeht
Divison of the AEB, which apparently has been|
conducting a modest amount of rescarch of advanced
fast reactors since the late 1960s, may well have .
reached the point in its computer modeling studies :
where further progress is hampered by a Iaek of '
suitable test facilities. Dr. J. W, L; de Villiers, the .
recently appointed president of the AEB, stated
I in mid-1978 that he hoped to lnslall at the
RDD complex [64)-—probably using the same facili-
tm employed in the nuclear weapons program-—-a fast
l'erllical assembly (zero power reactor), [64] whlich
A ';!=‘jﬁ'5!;§

i
1
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§
would be used to check the computer models. The
logical follow-on to this experimental device would be a

small fast reactor. having a thermal power rating of
several tens ot‘ megawam

The most Ilkely advanced reactor systems for develop-
ment by South Africa are the sodium-cooled and
molten-sait fast breeder reactors, both of which seem
to have been considered by the AEB. The fact that
such systems are already under development by more
advanced groups in other countries means South
Africa almost certainly will not be at the forefront of

the technology development. An indigenous program,

however, would greatly assist in the assimilation of
foreign technological advancements or in the later
introduction of foreign commercial systems, JIl|

A precedent for this kind of approach to project

planning is evident in the establishment of a Tokamak

facility in the Physics Division of the AEB. This
facility was set up to permit plasma physics research in
the fi eld of nuclear fusion, which is decades away from
commercial explohauon. [65] Although the AEB
rarcly undertakes projects with so little promise of
direct applications, such & project was determined to
be nécessary for the preservation and expamion of
expertisc in nuclenr physics. [Jjj
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Computaﬂonal Capub!litla R -

l
A brllef mcnhon of AEB compumt:onal capablhtm is
warranted; this is an area in which the South Africans
are seeking foreign assistance. A new AEB division—
the Computational Sciences Davus:on—-—was established
at Pelindaba last year to ensure the most effective use'
of thc existing computer, an IBM 3707155, [69] This;
computer is considered inadequate for the present |
demands, however. Dr. DeVnII:ers has stated that a
moré advanced computer is one of the AEB's greamt

needs, [70] and such an item would nwmanly haveto

be imported. The acquisition of rizw computer famhhes
(an IBM 3033 and an advanced Japanese computer

have beer considered) is hampered by export © ! 4_
restrictions, [71] The South African Government has - | ;
not indicated any willingness to make political conces- | :

sions in order to obtain such facilities for the AEB.| | |
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