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PREFACE

The Nuclear Science and Technology Branch Report is an annual
technical report dealing with work done in a twelve month period ending
on September 30th of each year.

The report is issued in several volumes, each recording the tech-
nical effort within broad areas of responsibility as follows:

AAEC/PR42-P Power and Energy Program
AAEC/PR42-U Uranium Fuel Cycle. Program
AAEC/PR42-N Nuclear Science and Applications Program
AAEC/PR42-D Divisional Research
AAEC/PR42-S Site Management Program

The contributions to each report are made by Research Divisions,
Research Sections, and Site Management Departments where appropriate.
Wherever possible the names of staff responsible for each project are
indicated.

K.H. TATE
Controller, site Information services
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The Uranium Fuel Cycle Program is one of the major fields of
interest within the Commission.1s Nuclear Science and Technology Branch.
Within this Program assessments are made of national trends and develop-
ments relevant to the supply and demand for uranium as a source of
nuclear power, Commission policy and objectives are implemented and
appropriate programs of assessment, research and development work are
contracted out to Divisions within the Nuclear Science and Technology
Branch.

There have been significant developments within the uranium fuel
cycle world-wide in 1975. In the USA, the rate of discovery of high
grade uranium ore deposits is falling short of program requirements and
attention is being given to sources of uranium recoverable at higher
costs. There are no operational commercial reprocessing plants in the
Western World, and attention has become focused internationally on the
need to store irradiated fuel and to develop publicly acceptable methods
for disposal of high level wastes. These problems have been offset to
some extent by delays and cancellations in reactor installation programs
due in part to pressures for intense scrutiny of environmental matters.
The commercial sector in the USA has been encouraged to undertake invest-
ment in and operation of uranium enrichment plant for manufacture of
power reactor fuel, a major departure from the hitherto Government
enrichment monopoly.

Against this background, the emphasis in the Commission's Uranium
Fuel Cycle Program has been placed on preparing for the mining and
processing of uranium ores, conversion to uranium hexafluoride, pro-
cesses for enrichment of uranium, and waste management in the nuclear
industry, with the aims of improving process efficiency and minimising
environmental impact during operation. There has been collaboration
among the Power and Energy and Uranium Fuel Cycle Assessment and Plan-
ning Units and the Commission's Special Studies Unit in provision of
market intelligence on reactor installation programs world-wide and
forecasts of fuel cycle services.

2. MINING AND TREATMENT OF URANIUM ORE

2.1 Development of a Uranium Mining and Milling Industry in
Australia (J.M.Costello, Assessment s Planning Unit)

Estimates have been made of additional capital and operating costs
required for some alternative procedures to increase the capacity of the
proposed Ranger Uranium Mill to 5,000 tonnes uranium per year. This
work was conducted at the request of the Special Studies Unit. Aspects
of centralised processing of ores mined in the Northern Territory were
also examined.

2.2 Assessment of Costs of Process Materials and Services
in an Alkaline Flowsheet for Production of Uranium Ore
Concentrates (R.K. Ryan, Chemical Technology Division)

The costs of process materials and services for the production of
uranium concentrates from a uranium-vanadium ore were estimated for an



alkaline leach flowsheet in three sections: the production of a crude
yellowcake product (70-75 per cent UaOe containing vanadium and sodium),
the removal of vanadium by roasting and water leaching and the removal
of sodium to give an upgraded yellowcake containing in excess of 90 per
cent UaOs- The ranges of these costs for a processing plant with a
capacity of 2,500 tonnes U/year treating an ore containing 0.3 per cent
uranium were estimated as $5-13 per tonne ore for the first section of
the flowsheet, $0.40-0.60 for the second, and $1.20-3.40 for the third.

2.3 Processing of Uranium Ores
Technology Division)

(R.J. Ring, Chemical

Uranium Extraction from Leached Ore Pulps

Continuous ion exchange equipment for the extraction of uranium
from leached ore pulps is under development in the United States, United
Kingdom and South Africa, and large savings in capital and operating
costs are expected. These resin-in-pulp processes utilise multistage
fluidised bed columns which operate in a cyclic manner with overall
countercurrent flow of ion exchange resin and leached ore pulp. Most
effort to date has concentrated on investigation of equipment geometry
and ad hoc testing of operational cycles in terms of uranium extraction.
In Chemical Engineering Section, more basic studies of column operation
have commenced in an attempt to optimise the process cycle time. Expan-
sion and contraction of a fluidised bed are being studied as a. function
of starting and stopping the flow of leach liquor (water in these experi-
ments) . Contraction of the bed when the liquid flow is stopped is in
accordance with published models, but expansion of the bed shows signifi-
cant departures from previous work. Experiments with resin of different
sizes and densities should enable a suitable model for this behaviour to
be devised. The transfer of resin from stage to stage between fluidisa-
tion cycles is also being studied. Equipment has been constructed to
allow the measurement of the rate of flow of resin through orifices
submerged in water with both countercurrent and co-current flows of
water.

Alkaline Leaching of a Uranium-Vanadium Ore

A preliminary study of the leaching of a uranium-vanadium ore (0.32
per cent uranium) was carried out using a one litre capacity stirred
autoclave. The ore was ground to 35 per cent -200 ESS and leached as a
45-55 wt.% slurry in a solution initially containing 60 g H~ l of sodium
carbonate and 15 g £~* of sodium bicarbonate. Experiments were con-
ducted at temperatures ranging from 85-150°C at pressures of 50-350 kPa
gauge. Initial results indicate that the uranium was readily extracted
by conventional carbonate leaching conditions, and recoveries were in
excess of 95 per cent.

Research Contract - Studies of the Processing of Uranium
Ores in the Northern Territory

This Research Contract, which was initiated and completed during
the year, was with the Australian Mineral Development Laboratories;
the AAEC Liaison Officer was Dr. P.G. Alfredson.

Uranium discoveries in the Northern Territory represent a major
energy source and their mining and processing will become a major
industry in Australia in the 1980s. To obtain maximum national benefit
from these deposits, it is essential that they be processed efficiently
to achieve the maximum recovery of uranium. This contract was concerned
with two aspects of uranium processing, leaching characteristics and
design of mixer-settlers for solvent extraction.

Leaching tests on Ranger and Nabarlek ores showed that a signifi-
cant proportion of the uranium in these ores, ~ 12 and < 2 per cent
respectively, cannot be extracted under conventional sulphuric acid
leaching conditions. The refractory minerals amount to only a few
hundred tonnes of uranium in the Nabarlek deposit but several thousand
tonnes in the Ranger deposit. Chemical and mineralogical techniques
were used to identify the form of this refractory uranium. In all
samples, it was mostly present as fine grained U-Ti and U-Si minerals
which are partly liberated by grinding but are also present as minute
inclusions in s-"icates. If a significant portion of these refractory
uranium minerals could be concentrated from the tailings by some phy-
sical separation process, leaching with concentrated sulphuric acid
might enable further economic recovery of this uranium.

The state of the art of the design of mixer-settlers for the
extraction of uranium from leach liquors was also critically reviewed
including consideration of both pump-mix and gravity flow designs and
scale-up criteria. An experimental program to investigate aspects of
pump-mix mixer-settlers, particularly impeller design and scale-up
criteria as they affect pumping and mixing characteristics, was proposed
but has not been proceeded with at this stage.

Uranium Recovery from Phosphate Rock

Since the initial assessment of processes for the recovery of
uranium from phosphate rock, there has been a growing world-wide interest
in the exploitation of this source of uranium. These developments do
not influence the Australian situation, and the assessment completed in1973/74 is still valid.

2.4 The Microstructure of Uranium Ores (Materials Division)

A knowledge of the morphology of uranium mineralisation is essential
to the extraction of uranium from its ores. In addition, a study of the
uranium mineralisation has potential benefits to the Commission's
uranium exploration activities. Manpower limitations prevented com-
mitment of effort to this program in the current period but the appoint-
ment of a mineralogist will see this project under way in the next year.

2.5 DiiKI -• *--•---2.5 Publications

Reports^

Ring, R.J. [1975] - Manufacture of phosphate fertilisers and recovery of
by-product uranium - A review. AAEC/E355.

Lowson,R.T. [1975] - Bacterial leaching of uranium ores - A review.
AAEC/E (in press).



Internal Document

Charlton, B.C. [1973] - A review of resin-in-pulp, solvent-in-pulp, and
continuous ion exchange processes relating to the extraction
of uranium from unclarified leach liquors. CT/TN19.

3. MANUFACTUFE OF URANIUM HEXAFLUORIDE

3.1 Amenability Drop Test for Uranium Ore Concentrates
(P. Pakalns, Chemical Technology Division)

This test is used to determine the amenability of uranium concen-
trates to refining by solvent extraction. It detects the presence of
TBP-hexane soluble constituents, particularly surfactants, which extract
into the solvent and cause inefficient operation. The uranium con-
centrate is digested in nitric acid and the slurry is contacted with a
TBP-hexane solvent. The solvent is then stripped with a dilute nitric
acid solution to extract the uranium, and the stripped solvent is tested
under carefully controlled conditions to determine whether the rate of
rise of a drop of the stripped solvent in a column of distilled water is
within the established time limit which has been correlated with refinery
operations. A concentrate is regarded as non-amenable if the time required
for a drop of solvent to travel 60 cm exceeds 5.0 seconds.

Amenability tests carried out on AAEC Rum Jungle uranium concen-
trates gave drop times in the range 4.5 to 4.7 seconds.

3.2 Assessment of Australia's Self-sufficiency in Process Chemicals
for the Manufacture of Uranium Hexafluoride (J. Janov,
Chemical Technology Division)

A preliminary survey of Australia's capability for producing the
process chemicals required for the manufacture of uranium hexafluoride
showed that there is a good expectation that Australia could be self-
sufficient, if necessary, particularly in nitric acid, ammonia, lime,
sodium carbonate, hydrofluoric acid, tributyl phosphate and potassium
hydrogen fluoride. Only the latter two are not produced in Australia at
present but the raw materials are available and the requirements are
relatively small.

Production of hydrofluoric acid at two plants in Sydney and Newcastle
is based on imported fluorspar. Currently, no fluorspar suitable for
acid manufacture is produced in Australia although numerous small deposits
have been mined for 60 years. In 1972 significant new deposits wero
found in the Speewah Valley, 160 km south of Wyndham in Western Australia,
and metallurgical studies have shown this ore can be beneficiated for
acid production.

Another source of hydrofluoric acid in the future may be conversion
of fluosilicic acid which is produced from fluoride contained in phot-
phate rock as a by-product during fertiliser manufacture. A number of
different processes have been developed overseas, some on the pilot
plant scale, but no production plants have been built, presumably
because of unfavourable economics.

3.3 Fluorine Production (D. Royston, R.J. Ring, A. Burwell,
A.H. Le Page, J. Janov, Chemical Technology Division)

A series of reports has been prepared which describe in detail the
design, operation and performance of the 1500A experimental fluorine
cell and supporting plant. These reports are listed in Section 3.5.

—•• ^^>-i.xon

^ ..iic .rroauction
(Chemical Technology Division)

Uranium Hexafluoride Pilot Plant
Janov- R r. "i •

> .mu.>. .me fiiot Plant
(J. Janov, B.C. Charlton, A.H. Le Page)

i aycy

Laboratory thermobalance and bench-scale fluidised bed experiments
[AAEC/E292] have demonstrated that the Fluorox process for the pro-
duction of uranium hexafluoride via the oxidation or uranium tetra-
fluoride can be catalysed by platinum so that temperatures of 600-650°C
give adequate reaction rates. A pilot plant with a uranium throughput
of approximately 4 kg h~ * is being constructed to investigate the pro-
cess on a significant engineering scale and to obtain operating and
design experience relevant to a uranium hexafluoride production facility.

All process vessels and pipework have been installed and chemically
cleaned on the plant. Trace heating of pipes, insulation and some
electrical and instrumentation work remain to be completed. It is
anticipated that commissioning of the plant will commence in October1975.

An infra-red gas analyser and a thermal conductivity cell, which
will be used to monitor the reaction gases continuously, are being
tested and calibrated in bench-scale rigs concurrently with the con-struction of the pilot plant.

A comprehensive safety assessment and detailed operating instructionsfor the plant have been prepared.

3'5 Publication^

Reports

Alfredson, P.G., Charlton, B.C., Ryan, R.K. & Vilkaitis, V.K. [1975] -
Development of processes for pilot plant production of puri-
fied uranyl nitrate solutions. AAEC/E344.

Burwell, A., Charlton, B.C., Janov, J., Le Page, A.H., Ring, R.J. &
Royston, D. [1975] - Operating procedures for the fluorine
cell experimental plant. AAEC/N89.

D., Burwell, A., Ring, R.J., Levins, D.M. & Alfredson, P.G.
[1975] - The design of a 1500A medium temperature fluorine
cell and supporting plant. AAEC/E353 (in press).

D. & Chrimes, N.W.D. [1975] - Fabrication of equipment from
Monel and other materials for corrosive service in the pro-
duction of fluorine. AAEC/E354 (in press).

Royston, D., Ring, R.J., Burwell, A., Le Page, A.H., Janov, J. & Vilkaitis,
V.K. [1975] - The operation and performance of a 1500A medium
temperature fluorine cell and supporting plant. AAEC/E338 (inpress).

Royston,

Royston,



Alfredson, P.G., Royston, D. & Ring, R.J. [1975] - The production of
fluorine. Atomic Energy in Australia. (in press).

Lectures and Papers to Conferences

Royston, D., Burwell, A., Janov, J., Le Page, A.H., Levins, D.M.,
Ring, R.J. S Vilkaitis, V.K. (1975] - Regeneration of caustic
potash solutions used for the disposal of gaseous fluorides.
Third National Chemical Engineering Conference, Mildura,
Victoria, 20-22 August 1975.

Internal Report

Janov, J. [1975] - Assessment of Australia's self-sufficiency in process
chemicals for the manufacture of uranium hexafluoride.
CT/TN30.

4. ENRICHMENT OF URAMIUM

4.1 Supply and Demand for Uranium and Separative Work
(W.W. Plotnikoff, A.P. Marks, J.L. Dowdell, Assessment
and Planning Unit)

A computer program has been written which treats in detail the
world supply and demand situation for uranium and separative work,
using input data based on individual reactor installations. Contractual
commitments for supply may be included, and the program enables the
outstanding requirements to be obtained for any individual utility or
country, and any selected group. Output data are also obtainable for
the remainder of the fuel cycle, including requirements for fuel fabrica-
tion, reprocessing, and production of plutonium. Major programming
assistance was given by Applied Mathematics and Computing Section and
the work was carried out in collaboration with Special Studies Unit.

4.2 South Australian Enrichment Study (C.J. Hardy, Program
Manager, A.P. Marks, Assessment and Planning Unit)

A committee has been established by the South Australian Government
to advise it on preliminary aspects of setting up uranium conversion and
enrichment plants in that State. A report was prepared for the committee
by consultants, Mr. S.B. Dickinson (Mining and Metals Corporation of
Australia) and Mr. R.E. Wilmshurst (Australian Mineral Development
Laboratories). The Uranium Fuel Cycle Program Unit gave advice on
unclassified technical aspects of the report, and took part in a number
of meetings with Messrs. Dickinson and Wilmshurst.

4.3 Enrichment Feasibility Study with Japan (C.J. Hardy, Program
Manager, A.P. Marks, Assessment and Planning Unit)

Agreement to initiate a joint study on the feasibility of the
enrichment of uranium was reached by the Prime Ministers of Australia
and Japan on 2nd November 1974. A Japanese team visited Canberra in

December 1974 for discussions with Ministers and departmental officers.
The team also visited Lucas Heights and was given an outline of the fuel
cycle program. Internal papers were prepared by the Uranium Fuel Cycle
Program Unit giving preliminary views of Commission staff on possible
areas that the joint study might cover and a list was drawn up of
Commission staff to participate in the study. It is anticipated that
technical meetings will be held later this year between Australian andJapanese teams.

4.4 Visitors from Enrichment Organisations

Visits were paid to the Commission by representatives of Garrett
AiResearch Manufacturing Company of California, and from Uranium En-
richment Associates (UEA). In both cases unclassified presentations
were made on the companies' progress and development plans for enrich-
ment plants based on centrifuge technology (Garrett} and gaseous diffusion(UEA).

4.5
Jet Nozzle Enrichment Process
Research Division) (P. Essam, Engineering

The jet nozzle, or Becker, process for uranium enrichment is at an
earlier stage of development than the centrifuge. Development work has
proceeded solely in West Germany where the industrial firm STEAG has
been collaborating with the R and D team at Karlsruhe. There are
possibilities that a demonstration scale plant will be built in Brazil
under the terms of a recent agreement with West Germany.

Data and designs published on the nozzle process have been reviewed
and assessed, and some costing studies carried out. Although the
developers anticipate further reductions in specific power consumption,
the process remains more power intensive than diffusion. Thus operating
costs remain relatively high, and separative work costs were indicated
in 1974 to be higher than those for the diffusion or centrifuge process.
The research and development studies at the Karlsruhe laboratory were
explained in detail to Dr. C.J. Hardy, Program Manager, Uranium Fuel
Cycle, during a visit there in March 1975.

4.6

Florence,

Publication^

c

London, 5-7. Uranium Isotope Separation,
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Materials Division)
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• A n ^his project which has been
Only a small effort was --̂ t̂ ral; project, 'Phase, Property

transferred to the Po-, ~~ -~̂ Systems'.transferred to te owe
and Sintering Studies in Ceramic Oxide Systems'

6. WASTE TREATMENT IN THE NUCLEAR INDUSTRY

Waste Management in the Uranium Fuel
- -i ;„„ tln-il-^

Waste Mauavjcun.....
Assessment and Planning Unit)

Reports

Fane, A.G. & Le Page, A.H. (1975) - The production of sinterable uranium
dioxide from ammonium diuranate. Part III. Continuous pro-
duction in a pulsed fluidised bed reactor. AAEC/E347.

Janov, J., Alfredson, P.G, & Vilkaitis, V.K. [1975] - Pilot plant
development of processes for the production of ammonium

diuranate. AAEC/E333.

(J.M. Costello

!Ssmciiu .̂.—

A paper, 'Wastes and Waste Management in the Uranium Fuel Cycle'
was presented to the Australian Ionizing Radiation Advisory Council
(AIRAC) Conference, held at Lucas Heights on 4th April 1975. Informal
discussions on the fuel cycle were held with Mr. H.J. Higgs, Dr. J.F.
Hookey and Mr. W.R. Watson, who attended the Conference on behalf of the
Department of the Environment and Conservation. The paper described the
manufacturing processes in the uranium fuel cycle for light water reactors,
with particular reference to the chemical and radiological wastes pro-
duced and the waste management procedures employed. The problems and
possible solutions of ultimate disposal of high activity fission products
and transuranium elements from reprocessing of irradiated fuel were
reviewed. Quantities of wastes arising in each stage of the fuel cycle
were summarised, and wastes arising from reactor operation described

briefly.
The paper has been issued as AAEC/E364; draft copies were sent to

the Department of the Environment and Conservation on request, for
discussion by the Australian Ionizing Radiation Advisory Council at its

meeting on 12th June 1975.

6.2 AAEC Submission to Parliamentary Committee Inquiry
(J.M. Costello, A.P. Marks, Assessment and Planning Unit)

Draft contributions on uranium milling, production of uranium
hexafluoride and enrichment of uranium have been written for coordina-
tion into a Submission required for the House of Representatives Standing
Committee Inquiry into the environmental implications of mining, pro-

cessing and use of uranium in Australia.

6.3 Code of Practice for the Management of Radioactive Waste
(J.M. Costello, Assessment and Planning Unit)

Detailed comments were made on a draft code of practice produced by
a subcommittee of the National Health and Medical Research Council. It
was suggested that the document should be revised.

6.4 Experimental Work on Waste Treatment in Uranium Processing
(D.M. Levins, R.K. Ryan, Chemical Technology Division)

Treatment of waste streams arising from mining, milling and re-
fining of uranium is an important consideration in the design of uranium
mills and conversion plants. Various aspects of these processes are
being investigated in laboratory studies.

Neutralisation of Acid Raffinates

The recovery of uranium from ores by acid leaching and solvent
extraction gives rise to a raffinate stream containing sulphuric acid
(pH 1.5-1.8), dissolved heavy metals including radium, and traces of
organic solvent. Neutralisation of raffinates with lime to a pH in the
range 7 to 8.5 reduces the concentration of dissolved salts to generally
acceptable levels, removes amines by adsorption, and reduces radium
concentrations to 100-200 pCi £~ l. Two stage neutralisation, first with
limestone to pH 4 followed by lime addition, has now been shown to be
more effective for radium removal than single stage neutralisation with
lime, provided the solids remaining after the first stage are not
removed prior to the addition of lime. When limestone of particle size
less than 300 jJm was used, the radium concentration from the second
stage varied from 4-50 pCi £~:. It appears that the limestone and
precipitated solids from the first stage remove radium by surface ad-
sorption.

Removal of Radium from Liquid Effluents

Even after neutralisation, the radium content of raffinates is
generally too high for discharge to the environment. Rain water that
contacts ore storage heaps or collects in the mine also becomes con-
taminated with radium. Simulated natural leaching tests on ore and
tailings from a carnotite ore showed that radium is leached from these
solids. After three consecutive one-hour leaching experiments with 10
grams of tailings in water (solid/liquid ratio 1:100), the radium concen-
tration was still above 10 pCi £~:.

Radium can be effectively removed from waste effluents containing
sulphate by addition of barium (as BaCla) to co-precipitate the sul-
phates of barium and radium. However, this treatment is expensive and
other possible methods of radium removal are being explored. Preliminary
experiments with activated alumina indicate that this adsorbent is
capable of removing radium from solution. In column experiments with a
0.6 m long bed of 3 mm diameter activated alumina (Alcoa H-151) decon-
tamination factors for radium of from 5 to 10 were obtained. The highest
decontamination was observed at the lowest flowrate which corresponded
to a superficial velocity through the column of 1.9 mm s~l.
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Recycle of Acid Raffinates

Most uranium mills employing the acid-leach process do not recycle
raffinate streams. The requirement for fresh process water would be
lowered if raffinates were recycled and the corresponding decrease in
effluents would reduce the requirement for waste treatment. One method
of recycling is to return d purLion of the raffinate to the leaching
stage, the remaining raffinate being used to wash the leached ore, with
losses being made up with fresh water.

Initially, the effect of recycling of raffinates on uranium re-
covery during leaching is being studied in batch experiments using a
composite Ranger ore. There has been a continual build-up in impurities
during the first six recycles, but concentrations have not increased to
unacceptable levels and uranium recovery has remained about 85 per cent.

Removal of Vanadium from Alkaline Leach Liquors

Some uranium ores contain vanadium, part of which is dissolved
along with uranium during alkaline leaching. Precipitation of lead
vanadate has been studied as a possible method of vanadium removal or
recovery. Addition of solid lead sulphate at pH 8.3 was not effective
in precipitating vanadium but lead nitrate, at a Pb/V molar ratio of
three, precipitated more than 99 per cent of the vanadium from a typical
alkaline leach liquor.

Removal of Fluorides from Liquid Effluents

Waste streams containing fluorides are generated during the pro-
duction of uranium hexafluoride, enrichment, and conversion to uranium
dioxide. A common method of treating these streams is to add lime to
precipitate calcium fluoride. However, the treated liquid still con-
tains fluorides at concentrations of 0.8-1.7 mg &~l which are well in
excess of the recommended limits for unrestricted use. Activated
alumina, which has been used for defluoridation of public drinking water
supplies, is being tested as a method of removing fluorides from waste
effluents. Initial tests have confirmed that the best conditions for
adsorption are in the pH range from 6 to 7.2. In batch experiments, the
capacity of Alcoa H-151 activated alumina for adsorption of fluoride
has been found to vary from 0.70-4.5 mg g~ * depending on the fluoride
concentration in solution. The pH of the solution rises during adsorp-
tion suggesting an ion exchange mechanism of removal in which the
fluoride in solution is replaced by hydroxyl ions.

6.5 Waste Water Treatment (J.V. Evans, P.S. Bull, R.R.T. Morgan,
R.M. Wechsler, Chemical Technology Division)

Industrial waste waters are being purified to a much greater extent
than has been the practice in the past and the possibility of re-using
this water is becoming attractive. These more demanding requirements
for waste water treatment mean that, in addition to the more conven-
tional processes, there are possible applications for more advanced
processes, for example, pressure driven membrane techniques. This
project is designed to investigate these processes and their possible
applications to the effluent requirements of the nuclear industry.

Membrane Processing

There are three related aspects of this project concerned with the
application of commercial tubular reverse osmosis (RO) equipment to
specific waste water problems, the formation and properties of dynastic
membranes and the development of a low cost, disposable RO module.

Two small pilot plants each of 4.5 m3d-1 capacity are being con-
structed to study <"he performance, membrane life and process economics
of commercial RO units. The first of these has been installed adjacent
to the HIFAR cooling towers and will treat blowdown water from the
secondary cooling circuit. This water is typical of several coolant
waste streams which occur on power plant sites and will provide useful
data on the performance of RO for these applications. The second plant
will initially be used for studying the performance of RO in treating
waste water containing low levels of radioactive impurities.

Dynamic membranes for RO may be formed in situ simply by pumping
water containing hydrous oxides or large organic molecules over a
supporting surface containing fine pores. Although zirconium hydrous
oxide (Zr(IV)) membranes reject dissolved salts efficiently only at low
pH (< 3) and polyacrylic acid (PAA) alone forms an unstable membrane,
Oak Ridge National Laboratory has shown that their combination forms a
very successful composite membrane (Zr(IV)-PAA) with good salt rejection
in the more useful pH range 5-8. Current ORNL work is centred exclu-
sively on Zr(IV) and Zr(IV)-PAA membranes.

We have continued research into the factors, responsible for the
stability of the hydrous oxide-organic acid composite membranes. Studies
of the adsorption of poly-acids on oxide surfaces have been successful
in arriving at a better understanding of the qualitative observations
made on composite membranes. The conditions of pH used to form the
membrane provide a high surface density of additive molecules, held only
by a small proportion of their acidic groups. On raising the pH to
neutral, these free groups are available to provj.de a high concentration
of fixed charges in the membrane which results in salt rejection.

In addition to investigating these processes, a range of hydrous
oxide membranes, and their composite membranes formed with a range of
polymeric flocculating agents, are being examined in an attempt to
extend the range of membranes available for evaluation. Initial experi-
ments have successfully formed single layer membranes from Al(III),
Ti(IV), Fe(lII) and Cr(III) and composite membranes with polygalacturonic
acid (PGA). Their performance has been compared to that of Zr(IV) and
Zr(IV)-PAA membranes formed under similar conditions. The Al(III),
Fe(III) and Zr(IV) membranes all showed rejections from sodium chloride
solution (0.05 mol £~J) of about 61-64 per cent but the value obtained
for Cr(III) was 73 per cent and that for Ti(IV) only 24 per cent. The
salt rejection found for the Zr(IV)-PGA composite membrane was slightly
higher than for Zr(IV)-PAA, the figures being 50 per cent and 40 per
cent respectively. Because of the lack of adequate pumping capacity,
these membranes were formed under non-ideal, laminar flow conditions
with low circulation velocities and low pressures but, with the excep-
tion of Ti(IV), they compared favourably with Zr(IV). The rejections
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are expected to improve considerably when the membranes are formed under
optimum conditions. Work on the application of dynamic membranes will
commence as suitable pumps become available.

Module costs are critical to the successful economic implementation
of both dynamic and conventional membranes. Consequently, we have
devoted effort to the investigation of cheaper alternatives.
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7. FUEL REPROCESSING AND MANAGEMENT OF HIGH LEVEL WASTES

7.1 OECD-NEA: Radioactive Waste Management Committee
(J.M. Costello, Assessment and Planning Unit)

Following a decision by the steering committee of the Nuclear
Energy Agency (of which Australia is a member) the Agency established a
Radioactive Waste Management Committee with responsibility for the
conduct of an expanded program in waste management, with particular
emphasis on research and development of waste treatment and storage
processes. The objectives and scope of the program are as follows:

To set up a General Exchange of Information System.
To set up an International Project on the Disposal of Radio-
active Waste into Geologic Formations.
To set up an Ad Hoc Study Group on the Conditioning and
Storage of Radioactive Waste.

The Working Group identified seven other major topics which they
recommended should be studied further and has initiated the collection
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A.
B.

C.
D.
E.
F.

of information on national and international research and development
programs on each topic listed below:

Treatment cf alpha waste.

Capture and disposal of gaseous and oth^r airborne fission
products.

Decontamination, etc., of nuclear facilities.
Seabed disposal.
Treatment of cladding hulls.

Transmutation of long lived radionuclides.
Retrievable surface storage.

Apart from the consideration of the management of wastes in uranium
mining and milling operations, Australia's interest in the proposed
Agency program is long term. Australia is involved at this stage in a
watching brief, using the Committee as a vehicle to gain access to
information generated by the program. A paper has been sent to the
Committee recommending more emphasis on the problems of waste management
in uranium mining and milling, conversion and enrichment, which are of
greater short-term relevance to countries such as Australia than manage-
ment of wastes from fuel reprocessing operations.

8. HEAVY WATER PRODUCTION

Around 1970 it appeared that Australia could have a requirement for
heavy water production within the next decade or two. The most common
process for heavy water production involves hydrogen isotope exchange
between hydrogen sulphide and water and is known as the Girdler-Spevak
(GS) process. The cost of the gas-liquid contacting towers represents
20 to 30 per cent of the total cost of a GS heavy water production
plant. Controlled cycling is a technique by which the throughput and
efficiency of the towers may be significantly increased and the Commisr:on
awarded a Research Contract to investigate these potential improvements.

3.1
Research Contract - Improvement of the Performance of
Absorption rviin»"««* *"• <•*--••—

This Research Contract is with the Department of Chemical
Engineering, University of Sydney, (Dr. I. Furzer), and
the AAEC Liaison Officer is Dr. P.G. Alfredson.

The theory of periodic cycling has been developed to a stage where
it is possible to predict the performance of a plate column, given the
plate efficiency, the fraction of liquid dropped per cycle and the ratio
of the slopes of the equilibrium line and the operating line. To test
the theory, the 0.6 m diameter sieve plate absorption column was modi-
fied to allow for a large liquid hold-up on the plates and consequently
to achieve high plate efficiency. Using a dynamic method of measure-
ment, plate efficiencies as high as 70 per cent were obtained for the
stripping of an ammonia solution with air. Extensive data were collected
which showed the effect of liquid hold-up and gas flowrate on the plate
efficiency. The other two parameters required were obtained by measure-
ment of the gas and liquid flowrates in the apparatus, together with
the known equilibrium data for the ammonia-water-air system.
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The column was then placed on direct digital control (DDC) to the
engineering faculty control computer PDP11/45 using the minibus system.
To demonstrate the validity of the theory, extensive data were collected
as The fraction of liquid dropped per cycle was varied over wide limits.
A single plate was operated with periodic cycling and a 40 per cent
improvement in column performance was obtained. This improvement was
predicted accurately by the theory.

The column was then expanded to include five plates and the apparatus
was again operated with periodic cycling by a DDC loop to the computer.
The performance of this five plate arrangement was below the values
predicted by the theory. Computer printouts of the liquid hold-ups on
various plates in the column demonstrated that the liquid hold-ups were
satisfactory and liquid was being transferred from plate to plate during
the cycle.

A residence time distribution (RTD) study of the liquid phase was
made using a step change in a salt tracer at the inlet to the column and
monitoring the output conductivity. An analysis of the RTD curves
clearly showed the absence of liquid mixing between plates which could
have explained the drop in performance.

A further mass transfer run using dual flow and a single plate
confirmed the high plate efficiency of 70 per cent. When the number of
plates was increased to 2, 3, 4 and 5, the overall column efficiency
declined with increasing plate number. This is a new phenomenon which
has not been prex'iously reported and it could be explained by a segre-
gated flow pattern on the plates. If this segregated flow is the cause
of the lower plate efficiency in the periodic cycling runsf then the
mathematical modelling of the plate would have to include this effect.
Simulated runs of the column show agreement with the experiments if
segregation is included. For the maximum improvement with periodic
cycling, this segregated flow must be eliminated.

A detailed report of the complete project is being finalised and
will be submitted in November 1975.

9. INFORMATION ON THE URANIUM FUEL CYCLE

The Assessment and Planning Unit maintains a continuing review of
information received from overseas on all aspects of the fuel cycle.
This information is utilised for the preparation of answers to Parlia-
mentary Questions, for a Questions Brief for the Minister, for the
regular Fuel and Power Reports prepared for the Commission, and for ad
hoc reports and appreciations requested from time to time by the Com-
mission and its officers.

9.1 The International Fuel Cycle Industry

Dr. C.J. Hardy reported at an information meeting at the Research
Establishment on 14 May 1975 on hi? visit in February and March to
research laboratories and production factories in the US and Europe, to
a uranium mine and mill in tha US, and to overseas conferences on
aspects of the Nuclear Fuel Cycle in Atlanta, USA, and on Enrichment at
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London. Plans for new enrichment plants in the US and Europe were
discussed, together with problems expected in the supply of uranium for
nuclear power programs and in the reprocessing of irradiated fuel and
disposal of high level wastes.

9.2 ( -.. -^ration of Marketing Data

A compilation was made on a country-by-country basis of organisa-
tions involved in the fuel cycle steps of conversion, enrichment, fuel
fabrication reprocessing and transport. This compilation covers 15
countries and is part of uranium market studies by the Commission.

9.3 Review of Nuclear Technolo
in the Comecon Countries and the

People's Republic of China
•R « — —

„« M44S* ^i

(j".M."Costello, W.W. Plotnikoff,
Assessment and Planning Unit A. Parkinson, Power andEnergy Unit. . ,._.._̂ i, rvjwei. ana

D.J. Wilson, K.J. Maher, Physics Division)

A literature survey has been conducted in collaboration with staff
in the Power and Energy Program to improve the commission's knowledge of
nuclear technology and particularly fuel cycle activities in the Comecon
countries. This provides an up-to-date review of the nuclear power
stations and requirements for uranium ore, enriched uranium, reprocessing
capacity, etc., in the USSR, PRC and Comecon countries.

9.4 Publications

Costello, J.M., Maher, K.J., Wilson, D.J., Parkinson, A. fi Plotnikoff,
W.W. [1975] - The nuclear power prograw arid nuclear fuel cycle
resources of the Comecon countries and the People's Republic
of China. E Report in press.
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