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ATOMIC ENERGY AC‘T lViTIES IN THE REPUBLIC OF SOUTH AF RICA

;
I
i
, s i
-To assess the ntomic energy m.tivitxes of the Republic of South

j .
(

0 i | g emomuEM,

CUiAfdea, T s P e P
o i B O
S 'summnv AND CONCLUSIONS

. i
| 5 H 5 ?

The Repubhc of South Africa cumntly has

no capability for the productzon'of fissionable
material and thére jis no evidence ‘of activity

related to the debelopment of nuélear weapons,
' South African’ reserves are estimated at 220,000

" tons’ of U0, in presently exploitable dcpoeits.;

In July 1970, the Prime Minlster of South Africa
announced the devulopmont of;:a new toche

nology for, isotope;sepnration (U-235 enrich-
ment) which 531 claimed’ to .be!economically *
competitive with other established methois, The | :
/U3 0 that it produced through the end of 1970,
“about 4,600 tons have not been accounted for. ;
‘It i not kriown whether this concentrate s
‘being stockpiled or has. beon soid to othcr.
;couritries. v '

Prime Minister announced also that a pilot plant
was being constructed. Subsequently. the Chalr-
man of the African Atomlc Hnergy Board stated
that the -process is entirely .new and : is not
gaseous diffusion, gas centrifuge, !or the Becker
jet nozzle method of isoto

cost but a heavy power user, gés chiromatog-
raphy also appears to be ruled out. As yet there

exact location of tho pﬂot p!nnt. [ y k -
'k Pt

South Africa lns been a, maer suppller of

uranium concentrates since 1952 and has pro-

duced approximately 75,500 ton of Uranium

oxide (U; 0y). The Umted States and thé United

Kingdom havc bcan lts n.aim ‘custo'r.ers.

il | i
U=!' ! .L T w? .
it : .- Ll ﬁ ;

separation, Since .
" the process was also stated to be bl low capital o

is no information on the new prnhess ar on the ..;elaborate work related to .

‘ ; ;
PrcSently, South Afncn is also selling uranium to
Franceand has sold smnll quantities to other.

;countries The uranium i3 being produced as a;

by-product of gold mining opecrations. Provcnf

Cun'cnt production is about 4 000 tons per year.

Although: South Africa sold almost all tha;

The nuclear rescarch and developrent |
program of South Africa is small, except for thc
aw matenals
production, The principal research facility is the '
Nationnl Nuc!ear Research Center at Pelindaba

_ncnr Prctoria. AE US-supplied high -flux rescarch -

reactor, Safari-1, which went critical in March *
'1965, ls - at Pelindaba nlso.;'l’he reactor was |
mltinliy operated at 6.6 MW but in February of

_‘196“ wus uprntcd to 20 MW,

L
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The South Afncan Elecmcxty Supply,
Commission is planning to begin construciion of!
a 3,000 MW(e) nuclear genemting complex wath

¥
)

i

H
'

1

!
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. BACKGROUND | - E
- [ ?, \

; I

In 1948 the Atomlc I:nergy Act was passed{

to provide security and the machinery to control|

the exploitation of radioactivd minerals and toi
establish the South Afncanl Atomic Energy!
Board. The Beard was estabhshed in March 1949
a.d its initial operations wers confined to
administrative procedures lccmcemed with
mining, extraction and sale of uranium concen-

tlontrol of radio-!

heavy water production. The Board had been
preceded by the Uranium Reseerch Commlttee.
set up in 1946, which dealt primarily vith'

uranium mining. In 1957, the detailed planning!

- of an Atomic Energy Rescarch imd Development :

Program. for .the Republic Wwas started and:

" was completed in 1958 and waJ accepted by the
government In 1959, The Program included |

research ' concerned with mihing, extraction, %

" processing and utilization of the countw’s major |
“‘nuclear produtt- uranium; it whs toncerned nlso !
- with practical’ monifestations ‘of nuclear energy.!
. namely, "electric power produ'etion ‘and radto-a
 isotope and radiation -.eppllcatiomhl 2. K

H ! -'11 e: :
i ;—_ : C

1
The Republic of South Africe is a member of -

"the Intemational Atorhic Energy Agency

.t k]
1 "

! ._ ”
“1% ! ’ ‘:-ﬂ l' f |

'I'he South :African Ato mic Energy Board has :
841 employeep of whlch 155 are seienttsts. The

i

J

. ! - ) '

I . : .!l . .
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a startup date in the mid-1970s of the first unit
of 350-500 MW(e). Bids for the reactor are
expected to be tendered in 1971.

} | mscussz

Chairman of the Board is Dr. A.JLA, Roux and

+ Dr. T.E.W.Schumann is Deputy Chairman . There

are 10 additional members of the Board with Dr,

t{ W.L, Grant as Director General and Dr. J.P.B.

Hugo, Deputy Director General. _

URANIUM
Ptoduction

i After negotiations between the South African
Atom:c Energy Board, the United States and the
UK, the waste piles of four gold mines were set
up for urmanium processing. By 1951 contracts

were drawn and 23 additionai mines became
wranlum producers and South Africa became
one of tlie world's leadmg uranium producers. In
addition to shipments going to the United States
and the UK, small quaniities were also sold to
Swedcn, Iapan, nnd Franee .

' An estimated output of 4,000 tons of ura-
nium oxtde in 1970 represented about 20
percent of the Free World’s total and placed the
country third behind the United States and
Candada among Ieadmg suppliets. The very low
comparat.ive cost of uranium recovery, by virtue
of being a by~product of gold production, places
South Africa in a favorable posntlo.l to market
uramum. W I ?

E R Tt ' '

N The Witwatersrand gold fields are the source

~of all,uranium produced by the Republic of

South ; Africa, although, important fields have
been d:scovered ia! Southwest Atrfca The ura:

b 5
b !
i
i
H

!
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nium mining operations and recovery plants are
situated throughout a long mineralized belt. The
occurronct of uranium in the gold-bearing ores
of the Witwatorsrand fields had bosn known
since 1923, but it was not considmred significant

until 1944 when uranium became 'of strategic
lmportanu for the production of aromic

energy.? | g R |
: ‘ i j- I '_:

plants is the resiclue from goid extraction.
T:ulingsmeposited lm :slime, dams "or tailing
dumps are' also §uscd to a considerable extent.
The conventional ufantum extraction process is
much the same as that for gold involving
agitation, pmcipitution, and filtration. Unlike

the gold leaching process where cyanide 13 used,

sulfuric acid is used in uranium recovery, which

is produced on site, using the by-product pyrite
from the gold jords as a: sourca of sulphur'

diox:de. S ‘ _! [ .
"The following South African companies are
currently engaged in uranium mining and pro-

cessing: Buffelsfontein Gold Mining Co. Ltd.;

Harmony Gold Mining Compnny. Ltd.; Harte- |

beestfontein, | Goid - Mining Company, _ Ltd.;
Western Reefs Exploration an | Dévelopment
Company, Ltd.;" Virginia (O. FS[; Mining Com-
pany,-Ltd.; ahd Yundpan Gold Mining Company,

td., Blyvooruitzicht Gold, Mlnlng Campany, .
it'.; Fres State Saaipleas Gnld Mining Com-
. pany, Ltd.; Vaal Reefs Exploration and Mining -

- Company, Ltd., West Rand Consblidated Mines,

Ltd.; and Weatern- Deep . Levelb,' ‘Lidi*i (The

- South African uranium’ processin facﬂities cur-

rently in opot‘ation are shown on ablc .)

I
L

 South Africa by the end of 1 1970 produced

75,500 tons' of U, 0y ‘since mining opcrntlons

started in, 1952, Nearly 71 OOd tons! of this
amount havc been scld to- othet ‘countrios,
(Table 2. )”An additional 4 600 ons have been

I_l;'
!

uranium ! feserves.

MORI DocID: 651167

produced but ere either held in reserve or have
been sold to some unknown country. No infor-
mation i available on the disposition of this
con?cntru'to. .

o P

Reserves !

'i;‘he” Republic of South Africa possesses the:

- world's third largest uranium reserves, preceded

The foed: nmtoriul to South At‘r!cnn uranfum ! only by the United States and Conada. Total. -

measured present reserves amount to approxi--
mately- 220,000 tons of U;0,. Although of low
grade, the 'deposits are associated with goid,

pynte, and small quantities of oiher metallic
sulphxdes and can be mined economically as a-
By-product. - The dcposits are found in con-
glomerates of four continuous preCambrian:
systems, namely, the Dominion Reef, \Fu’xt!.w.:aters-I
rand, Vcntersdsop and Transvaal

i The dlstribution of uraninite and gold in the
conglom@rates is intimately related to certain
lithological and structural features of sedi-
mentary origin, Evidence suggests that the ura-
njum and gold were both deposited at the same
timo as the conglomoratcs or soon after.

!
i

§ The conglomerates at severz.l horizons in the
Witwatersrand system are the principal sources
of uranium in the gold mining operations of: the
Witwatersrand, ‘Klerksdorp, ‘and Orange Free
State gold flelds. These ore bodies account for
about 90 percent of the country's total known
) The, balance consists of
aranothorianite in carbonate. "

\ b
i !-

! In the immediate future, uranium will con-

tinue to come from developed arcas within the

;Witwatersrand system or extensions of those

grens and also, probably, froni stimes and tailings
ponds ‘which are oxpested to yield increasing
quantities a8 prices increase. There are however
r‘nnny areas beyond the borders of the gold field

.
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, 0 TABlEL | ;
i i . : '
£Cumnt and P!anned Ummum Producers
; Lo ' ! ' Production
. Production * PlantP Yield Tous
. Company *  Location® started . - capacity Ibjton ;U0
W, Rand Krugersdotp 1952 75,000 1.362 6t4
W.Reefs ©  Klarkrdorp - - 1953 230,000 0.589 782
Harmony ~ Welkom 1355 225,000 0.310 - 313
Virginla  © Welkom © 1955 130,000 0.562°.  404°.
Hartoes Klerkedorp 1956 240,000 0430 . 455
V. Reefs Klerksdorp - 1956 100,000 0.638 418
Buffels Klerksdorp 1957 '+ 250,000 0.520 - 630
Saaiplaas Klerksdorp. : 1963 A S
Zandpan , Klerksdorp 1966 toe 0672+ 267
‘W.Deep Carletohvllla T 1969 ;70,000 C e
Blyvoor Carletomutle a 19697 1 150,000 N
' Q i i T ! oo ‘ ’ ‘ ‘ “:
Pllntl under conitmntloni . o : .
* Prés. Brand Welkom : ! S 1971 =200,0{}0f .
W Drie!ontem Carletonville , 1971 ° ; 100,000 )
T . Tt i " ] . .- | }
- i ; . i . t . i i . “h
o I'Innm:d plants: | : | o ) S P - o
: South Vaul Klorkadorp : N " o : .
; ’g Nuum town, (Eulatonvula. Klérk:do:p. .uid ngendorp arg in the Tnmval Welkom Is I the °
K OnngaFmsme.! cofi v ; , : ; - 1
; " | b Tons per month ofthréushput.f Fo : b G4 2 ?_‘ k I .
P01 Ineludes produchonfrdm Sasiplass gold tails, © | ) " : e :
d No hranium plocessiig plant. Saaipiaas contracted with Virgina to detiver high ~rade un- _ _
" nluth ‘bearing gold talla sufficlent to ptodute 1,171 tons of U0y, Contract comploted by sudof 1969, ¢ . Z;w;
. ¢ No umuum p:écmin; pllm. 50 000 tpm, mllled pulp pumped ta Hules for gold md uunium ' N
mownr. : [ :
+ { Original plant of 175.000 lpm caplcl!y which commonctd ptoduuuonln 1953 was .luseddownin R i s
- - 7 1964 und salvaged, A now plant of $0,000 tpm capicity to procesy an upmdad fine l‘mﬁon way . Pt
R ccmplct}:d and coml'nenoed productlonhtaln 1969, ;. i B n i : C : o
' I i TR : P ke : R 1o
S :_E.z _ ! s i.!t;'! { S R - ‘
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TR AN AT AT ST O
G b R A ; - A i ;
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o o ' Total
CY  Production/tons | USAEC France Cther sales
1957 1 443 L .. .
1953 567.6 P2 . . 462.5
1954  1,628.1 . '11,2488 . . 1,661.7
1955 3,290 f 2,520 : 3,072
1956  4,368.8 L .3,6724 : 43719
1957 5,709.2 4,355.8 es : 5,606.3
1958  6;256.7 . 4,665.1 . . 6.300.0
1959 64286 . ,.3,720° 17.63 6,390.4
E .196‘0 . 6,43711 \ ’ 3’9.00'8 vy 'E ; 6'677.0
1961 5474 = 3,883 ' 581 5,002
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" reserves ave as yet known, it is estimated that

[N

: ‘ j o :
which are geologically promising but which have
yet (o be spucifically explored for uranium. One
of these is Southwest Africa.

In-late 1969, n majur uranium discovery wus
reported in the Rossing area of Southwest
Africa. Although no exact figures for these

this deposit contains from 500 million to one
billion tons of ore. The grade "of the ore is-
believed to be .04 percent U, Q4. Exploration
drilling and bulk sampling will continue until
1972 when the davelopment stage will be-

‘reached. It is expected that .the deposit will

-produce by '1975. Tho Sotith Africans are

tentatively planning a uranjum' mill with an
input of 20,000 tons of 'orc per day by 1975
w:th a doubling of‘ pmduction by 1977 -8

The. oreo body cons:sts of an intrusive mass
approximately five miles fong by one mile wide
and of undetermined depth. The Rossing ur-
nlum deposit’ is: located! in the center of a
syncline facies of a late Proterozoic mobile belt
which trends: from -Southwest Africa in the.
southwest to;Zambia in:the northeast over a!
distance of approximately 1,400 miles. The.
contral position of the syncline is characterized
by an intvsnsei gramtizatlon and pegmatitization
of Proterozoic sediments, :The ore occurs mainiy

_in partly metasomatic pegmntites as uraninite |

(asallanite. N T B :
; o I T . countrics. No details of this plan were revealed

and probably in gramtized class!c sediments such | j

!

Depending on further lxploratlon and ;

 analysis, the deposit could dontain from 50,000’
. to 400,000 tons of Us0, in resérves. However, it

the aciual’ reqerves O Y !

i3 likely thit the lower figure- Is far ¢loser to,

ot
]
1, 4

o RESEARCH -'45 oy

i.'
o i

Work was started on tha désign of a nuclear’

i
a i

- center at- Pelindnba ln 1960 nqd constructiop

I i ST

i
o
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commenced In July 1961, The administration
building and part of the rcactor building were

" occupied in July 1963 while the chemistry

building, accelerator, water purification works,
and portions of the reactor enginecring building -
were completed al the end of 1963.* (Figire 1.)

Safari-1

South Africa’s only nuclear reactor is a
research reactor called Safari-1. (Figure 2.) It is
situated in the Pelindaba atomic rescarch com-
plex. This Is an Ajlis-Chalmers ues:gncd tank-
type reactor. It reached criticality in early 1965
and has operated at about 6.67 MW since that
time, although it was designed for upgrading to
20 MW, This upgrading, by the nddition of
pumps and heat exchangers, took place .in
February 1969. The reactor uses MTR-type fuel
elements, 90 percent enriched, and is cooled and
moderated by light water. Replacement fuel
¢tlements are supplied by the UK as was a waste
disposal plant,

Umn}urp Isotope Sepamtion

© On 20 July 1970, the Prime Minister of the
Republic of South Africs announced that South
Afrira had discovered a new method of uranium
isotope separation and that a pilot plant was
: being constructed. He further stated that the
new process was economically competitive with
those “presently being used by Free World

and o tight security system was established for ~
the ‘plan’s protection. A department entitled
“Uranium BEnrichment Corporation of South
Africa, Ltd " was estabhshed

Subsequently. Abraham Roux, the Chairman

of the Atomic Energy Board stated that the -

*The memh effort Im beon cowred oxlensively In the
Thirtéenth Anmual chort. Atomlu Encrgy Bourd, Republic of
South Aftica, 1969. !

—SECREI—~
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pmcess is not gasoous diﬂluslon, gas centrifuge,

or the Booker nozzle method of isotopb separa- |

 tion but ‘an; entirely new- proce’ss on ‘which the
South Africans have been. worﬂing for the past
. nine years, He further elaborated that it is low in
capital cost bat a heavy' powar suscr. Gas
i chromatography appum to’ be; ruled ;out since

'that process is not a heavy pow‘er user, The fact l

that the process lends! itself .to s'mall scale plants
' indicates that the process has a_high; separatwe
" copability. uAs yet, | however, the process the '

South Africans' plan to employ in their; isotopa ;

separation techniques is hot knlovml. és d
i 1 " " ‘ :' . ; h , :r -
i ! . !

. ' A pilot plant for which $‘70 milhon has been
"allocated ls cumntly‘undor ¢ natmcdon noar |
' Pelindaba, | South :Africa'’s | gtdmic, fesearch

. center, The South Africans hat}e indlcated that
they would be' willing to: locate 'a production

f‘acmty in 1anothor Wastom oountry which has
cheap electric power in’s ret; forl financ!al
, assistance, Their objective is to ;have a ﬂ:ll scalo
industrial plant in opemtion by 1978-80 91 3
for ; IR
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f Consldarab!o resoarch has be 'n carried out in

“the subjects of . isotopes and ratliatibn. .Isotopes ]

, manufacturéd havh been bromitie 82, chiomiury,
51 copper:, 64, =gadolinitlm 159. gold 198,
. hafnium 1181, Haﬂthamim 1404 potasslumMz.

. thepium | laﬁimthenlum 103, samardumn. 153;

s selenium, 75, ‘silicon |31, |sodium:;24,- thulium .

170, ytterbiunt 175, and zing: 65 In addition, an "
. isotope! méthod was' developad to. determine the.

. uranjum content &f ammonium ditirénate in the:

form of a slurry An x-ray uorescende method

, with radioisotope excltatlon \vJas devo10ped with’
the aid of & ganmnium' ?tecfor With ‘a.view to |
o

. the rapid detefniination
- of a sumpla. ] :
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Tho hcnlth safety program has carried out
[studles‘ on | personnel - dommetry and made
samples and smear analyses of the waste treat-
ment’ building, Health physics work is carried
'out In the chemlstry, enginc-cring, and motnl-
lurgy bulldings. o

b ,1 ,3 - !
' Rad:oactxvity envu'onmental studies were
icamed out i the, environs of Pelindaba. A
‘survey- of gamma radiation levels is conducted
once a year at about 170 points up to a distance
'of 30 kilometers from Pelindaba. All analysis
: revealed that radxoactmty vias within control

ilnmts., _; P o .
Af‘ter tho French Paclfic nuclear tests, B

i program was ‘established to'measure radioactive
i fallout, although it was !found difficult to
'attributo f‘allout to any partxcular nuclcar test.
% Programs \;aore also cart]cd out in line with
foot and eye protection and studies carried out

.on strontium~90 in-the bone structure of the

i South’ African population ‘and the quahty of .
g water front tha far west Rand arca O
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1| Thie Van do Graat‘t‘ accelorator has contmued
;toE operata;satlsfactorily and roﬁnements to:
; auixﬂiary equipment have been made. An on-line’
computer thas been lnstalled a!so.] Inelastic :
scatteﬁng mss-sections for various™: elements .
were /|’ measured Gammé rays multing from :
inelastié gcattering were also investigated, and a:
theorotlcalfphysics program -was aotlvcly pur-

Sued.l !' : ;?ii--"ii.t:i:..,. i_‘ ,'
2 ' : b f ‘nii : . N

1
3 Aétivltiad in the retd‘of chemistry mcluded
reseatch lnto the radiolysis of aJiphatic alcohols, |
solutlon polymerization. ,lon klnetlcs. the
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one Canadian, and two

ies are expected to tender bids in

it going into opera

the : first
. .
]
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The station is expected to
as well a3 enriched. uranium’
reactors; but as yet no decision has been
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