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SUMMARY

A description is given of the Atomic Energy Corporation's uranium

conversion and enrichment plants at Valindaba, including a brief

discussion of problems encountered and plans for future develop-

ments

OPSOMMING

'n Beskrywing van die Atoomenergiekorporasie se uraan-omsetting-

en verrykingsaanlegte te Valindaba word gegee, insluitend 'n kort

bespreking van die probleme wat ondervind is en planne vir toe-

komstige ontwikkeling
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URANIUM CONVERSION

Plant Desc,.ription

A uranium conversion plant with a nominal capacity of 1200 t U/a has

been built by the Atomic Energy Corporation (AEC) at Valindaba near

Pretoria to supply uranium hexafluoride (UF 6) to its uranium enrich-

ment facility.

The process involves the following discrete steps in the conversion

from ammonium diuranate (ADU) to UF 6 uranium trioxide (UO 3)

production, uranium tetrafluoride (UF 4) production and finally

UF6 production and distillation, as shown in Figure 1. Facilities

provided for the production of hydrogen fluoride (HF) and fluorine

(F 2) form part of the conversion plantcomplex. As the HF plant

capacity is larger than the conversion plant requirements, excess

hydrogen fluoride ranging in quality from industrial to high purity

grade is marketed locally and overseas.

ADU delivered to the conversion plant is filtered, dried and calcined

to produce uranium trioxide in pellet form. U03 is fed into a

vertical moving bed reactor consisting of two sections, i.e. an upper

reduction section where UO 3 is converted to uranium dioxide (UO 2)

at 600 'C by means of preheated ammonia, and a lower fluorination

section in which the UO 2 is contacted with HF to form UF4' The

relevant chemical reactions are:

Drying: (NH4)2U207 heat> 2UO3 2NH3 + H20

Reduction: 3O 3 + 2NH 3 3UO2 3H2 0 + N2

Fluorination: UO 2 + 4HF > UF4 2H20

The performance of the UF4 reactor is critically dependent on the

quality of U03 pellets fed into it. The reduction and fluorination

sections of the reactor are separated by means of a nitrogen barrier

which ensures that HF and ammonia do not react. The lower section of

the vertical reactor is cooled to prevent the bed from sintering at

the high temperatures which result from the fluorination reactions.

See Figure 2 for details.
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Uranium tetrafluoride and electrolytically produced-fluorine gas are

fed into the UF 6 flame reactor where the following exothermic reac-

tion occurs. UF 4 + F2 UF6

UF 6 gas leaving the reactor is cooled, filtered to remove any so-

lids and then chilled to recover UF 6 by crystallisation. Unburned

UF collected at the bottom of the r eactor is recirculated to the
4

reactor inlet as shown in Figure 3 As a final step in the purifica-

tion process, UF 6 is distilled in order to comply with the string-

ent specification for feed material for the enrichment plant.

Plant Experience

UF 4 quality, which was originally below specification, has been

improved by upgrading the HF feed system of the UF 4 reactor and the

method of compaction of UO 3 pellets. A reduction in the sodium and

potassium content of ADU has also led to an improvement in UF 4

reactor performance.

Problems associated with the clogging of the UF 6 reactor have been

overcome by improving the UF 4 quality, as well as modifying the

UF 4 distributor at the inlet to the reactor. The UF 6 distilla-

tion column was redesigned to ensure compliance with the enrichment

plant specification.

The ADU used in this conversion plant is supplied by NUFCOR'from

selected mines and the quality is carefully monitored to ensure effec-

tive conversion plant performance.

Future Developments

A study is currently under way to determine the feasibility of using

U 308 instead of ADU as feed material to the plant. Although the

need for UO 3 production would fall away in this case, certain tech-

nical aspects still need to be further investigated.
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A considerable effort is also being made to reduce uranium losses to

acceptable levels by improving effluent recovery systems.

An interesting option being considered at present is the possibility

of producing additional fluorinated products utilizing surplus HF

production. A survey is being done to determine the profitability of

entering the fluorinated product market both locally and internationa-

ly.

URANIUM ENRICHMENT

Plant Description

The AEC semi-commercial uranium enrichment plant, with a nominal

capacity of 300 tons separative work per annum (t SW/a) is currently

in operation at Valindaba near Pretoria. The plant was built as part

of the AEC's uranium enrichment programme, which commenced in the

mid-sixties with the development of a new isotope separation technolo-

gy and led to the establishment of a pilot enrichment plant in the

seventies. Various studies were undertaken to investigate the feasi-

bility of a commercial enrichment venture, but the decision to pro-

ceed with the present plant was, however, largely precipitated by the

passing of the US Nuclear Non-Proliferation Act in 1978 prohibiting,

inter alia, the export of separative work to countries that would not

submit all their nuclear facilities to International Atomic Energy

Agency (IAEA) safeguards, such as South Africa at the time.

The establishment of the semi-commercial venture was preceded by a

prototype development phase aimed at demonstrating th e viability of a

new cascade design called the Helikon Technique.

Construction of the semi-commercial plant commenced in 1979 and was

completed at the end of 1986. Plant commissioning took another eight-

een months, resulting in the commencement of production in September

1988. Except for short outages due to maintenance, the plant has

been in continuous operation ever since.
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The enrichment process is based on the aerodynamic separation of

uranium isotopes by a vortex device, also referred to as a "statio-

nary walled centrifuge". The process fluid consists of a gaseous

mixture of uranium hexafluoride (UF 6) and hydrogen, with the latter

serving as a carrier gas. The enrichment factor achieved by this

type of separating device is asymmetrical, that is, the enhancement

of the isotopic concentration of the enriched stream produced by the

device is significantly more than the corresponding reduction in the

concentration of the depleted stream leaving the element as shown in

Figure 4.

Separating element asymmetry is compensated for by means of the above-

mentioned Helikon Technique. The latter is based on the principle of

multiple stream compression in specially designed axial flow compres-

sors that limit inter-stream mixing to acceptable levels. Thus,

separation stages consisting of a number of separating elements inter-

connected as shown in Figure cn be configured to behave in a sym-

metrical fashion, i.e. by ensuring that the combined enriched flow

produced by the separation stage is equal to the depleted flow lea-

ving the stage. Utilizing the Hlikon Technique, the element

enriched streams and the element feed streams of the same stage are

respectively compressed by means of two axial flow compressors. All

components belonging to a particular separation stage, i.e.

separating elements, compressors and accompanying heat exchangers,

are physically contained in a single cylindrical vessel, called a

module, in which element gas flow inter-connection is achieved by

means of partitioned channels arranged inside the module. See Figure

6.

Since the separation stages behave symmetrically from a separation

point of view, they are arranged in a classical enrichment cascade

configuration employing a counter-current inter-stage header system.

Inter-stage transfer of enriched streams is achieved by means of a

single partitioned pipe designed to prevent mixing between individual

streams,. The depleted header system, however, uses an undivided

pipe.
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The physical module size is dictated by the minimum volume flow that

can be handled by the axial flow compressors used in the separation

stage. Having thus effectively fixed the number of separating ele-

ments per module, the stage separative work capacity is also deter-

mined. Given the gross separative work output of the plant, and

utilizing the above stage size, a cascade consisting of 46 equivalent

separation stages has been designed that is capable of achieving the

required enrichment of 325% in three successive batching opera-

tions. For tails assays below 03% a fourth batching step can be

added to the enrichment cycle, if necessary.

As a natural consequence of the separation process which takes place

inside each separating element, the UF 6 and H2 process gas compo-

nents are also partially separated. This results in a cascade hydro-

gen flow imbalance which is corrected at the most highly enriched end

of the cascade by means of a gas separator. Purified hydrogen pro-

duce d by the gas separator is recirculated to the most depleted end

of the cascade. Five separation stages, almost identical to those

used for enrichment, are employed in the gas separator. In order to

facilitate the gradual change-over from the isotope to the gas separa-

tion sections of the cascade, eight transition stages, similar to the

abovementioned two types, are provided.

Owing to the above difficulties associated with gas separation at

cascade block interfaces, the ideal cascade design has been squared-

off to form a practical cascade consisting of a single enrichment and

stripper block utilizing a common separation stage size throughout.

Plant Experience

Most of the technical problems encountered during the commissioning

of the semi-commercial enrichment plant could be traced back to insuf-

ficient prototype testing. In spite of experience gained on pilot

plant and subsequent prototype systems, problems still emerged during

the commissioning phase which had not been anticipated. These in-

clude metal fatigue encountered in module assemblies subject to aero-

dynamic vibrations and maloperation of compressor gas seal systems

used for dynamic process gas containment.
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Owing to a very tight construction programme, the prototype experien-

ce obtained prior to finalizing process plant designs was insuffi-

cient and resulted in plant modifications that had to be dealt with

during the plant commissioning phase. The fact that this enrichment

plant was a unique venture undertaken solely by South African exper-

tise meant that all process related problems had to be solved within

the AEC, which was fortunately well equipped to provide the necessary

technical assistance.

Future Developments

The technology developed for this enrichment plant is based on an

energy intensive process. Therefore, it is recognized that, in an

age of ever-increasing power costs, the present enrichment plant may

ultimately have to be phased out and replaced by a more advanced

technology. However, countries committed to the gaseous diffusion

process, which is similarly energy intensive, have found that exis-

ting commercial plants have a surprising longevity in spite of their

high energy consumption, owing to special agreements with utilities

on electricity tariffs, and the fact that most of the capital cost of

these plants has already been repaid or has been considered as sun-

ken. The same argument should also apply in the case of the South

African enrichment facility.

Viewed against the above background, alternative technologies there-

fore have to compete with well-established existing facilities and

infrastructures in an already oversupplied enrichment market.

References

Haarhoff, P C, Die Helikontegniek vir Isotoopverryking, Tydskrif vir

Natuurwetenskappe, (Suid-Afrikaanse Akademie vir Wetenskap en Kuns)

September/December 1976, Vol 16, No 3 to 4 pp 68-126

Roux, A J A, Grant, W L, Uranium Enrichment in South Africa, Nuclear

Energy Maturity, (Proceedings of the European Nuclear Conference,

Paris) 21-25 April 1975, pp 167-171

Roux, A J A, Grant, W L, Barbour, R A, Loubser, R S, Wannenburg, J J,

Development and Progress of the South African Enrichment Project,

(IAEA-CN-36/300), May 1977, pp 171-182

P J Bredell


