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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/PRU4-P Power and Energy Program
AAEC/PR4U-U Uranium Fuel Cycle Program
AAEC/PRH4-N Nuclear Science and Applications Program
AAEC/PRHM-D Divisional Research
AAEC/PR44-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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1. INTRODUCTION

The Uranium Fuel Cycle Program consists of work in the Commission's
Nuclear Science and Technology Branch relevant to the use of uranium as
a source of nuclear power generation.

Major developments in the uranium fuel cycle occurred overseas. An
International Conference on Nuclear Power and its Fuel Cycle was held at
Salzburg, Austria in May 1977. At this Conference, France announced
development of a novel uranium enrichment process involving an exchange
mechanism claimed to have inherent advantages in non-proliferation of
uranium as a nuclear explosive. President Carter proposed indefinite
deferral of spent fuel reprocessing in the USA as a contribution to non-
proliferation of plutonium as an explosive or its theft by terrorist
groups.

At the London Economic Summit in May 1977, President Carter pro-
posed the International Fuel Cycle Evaluation (INFCE) Study to review
practical means of achieving peaceful nuclear energy needs, including
alternative technical approaches and ways to improve safeguards and
ensure environmental protection. The Australian Government accepted an
invitation to participate in INFCE and the study is under way.

A major Australian development in 1977 was completion of the Ranger
Uranium Environmental Inquiry, which had sat for a total of 121 days and
heard evidence from 303 witnesses. The Inquiry examined a specific
proposal by Ranger Uranium Mines Pty Ltd to develop uranium deposits in
the Northern Territory and also considered generic issues relating to
the use of nuclear power, including the safeguarding of fissile uranium
and plutonium from illicit diversion and the ultimate disposal of
radioactive wastes.

The findings of the Inquiry Commissioners were published in two
reports. The Inquiry First Report, which dealt with the generic aspects,
was issued on 28th October 1976 and the Second and Final Report, which
dealt with environmental aspects of the Ranger proposal which were of a
national or local nature, was issued on 17th May 1977.

A wide-ranging debate in Parliament and in the public arena has
continued since the tabling of the First Report of the Inquiry on llth
November 1976.

The Australian Government, in Ministerial Statements issued on 25th
August 1977, announced its decision that there should be further develop-
ment of uranium mining under strictly controlled conditions.

Against this background, the Uranium Fuel Cycle Program continued
to assess international trends in the supply of and demand for uranium
for nuclear power reactors and to coordinate appropriate programs of
effort on uranium mining and milling, upgrading processes, and management
of wastes containing radioactivity.



2. MINING AMD TREATMENT OF URANIUM ORES

2.1 Processing of Uranium Ores (R.J. Ring, Chemical Technology
Division)

Laboratory studies have been carried out on Australian uranium ores
to investigate leaching conditions which might reduce processing costs
and increase uranium recovery and to assees the effect of these con-
ditions on subsequent processing and treatment of waste streams.

Acid Consumption of Gangue Material

An important factor in determining the potential for the occurrence
of bacterial leaching in waste stockpiles is the balance between the
maximum possible production rate of sulphuric acid from sulphides and
the neutralising capacity of the gangue material. If the rate of acid
consumption is sufficiently high, the pH will not decrease to a value
(preferably pH 2.0-2.5) where T. ferro-oxidans and T. thio-oxidans can
function efficiently.

This situation was assessed for Ranger ore by determining the acid
consumption of the ore as a function of pH. The results indicated that
the neutralising capacity of the gangue was so high that the low pH
required to promote rapid bacterial leaching could not be achieved from
the low (0.25 per cent) average sulphur content of Ranger ore.

Leaching with Hydrochloric Acid

The leaching of uranium ores by sulphuric acid with the addition of
an oxidant is standard practice. Typically, ground ore is leached for
up to 24 h as a 50-60 wt % slurry at 35°C to give uranium extractions in
excess of 95 per cent, although some ores contain a significant pro-
portion of refractory uranium minerals which are not dissolved by this
process. In the acid leaching process, less than 0.1 per cent of the
radium-226 is dissolved. The tailings must be properly contained to
prevent dispersal of radium bearing solids by wind erosion, to minimise
leaching of radium into natural waters, and to control the emission of
radon gas. Alternatively, radium-226 could be removed from the ore
during processing, or from the tailings, for separate storage.

The merits of using hydrochloric acid for leaching uranium and its
radioactive daughter products from ore were investigated in a series of
tests with typical Ranger ore. Since radium was known to be extracted
by hydrochloric acid, the main aim of the study was to determine the
efficiency of uranium extraction.

Leaching under conventional plant conditions (pH 1.0-2.0, 14 h,
35°C) resulted in 30-40 per cent lower acid consumptions, but also 3-4
per cent lower uranium extractions, than were obtained with sulphuric
acid leaching. However, as the cost of hydrochloric acid is about four
times that of sulphuric acid, the use of hydrochloric acid cannot be
justified economically.

Leaching in dilute slurries with boiling hydrochloric acid for one
hour gave almost complete extraction of uranium at the expense of un-
acceptable increases in acid consumption.



High extractions (85-95 per cent) of radium-226 were obtained
during leaching and washing operations.

2.2 Publications

Ring, R.J. [1977] - Recovery of By-product Uranium from the Manufacture
of Phosphatic Fertilisers. Atomic Energy in Australia, 20 (1)
12-20.

Conference Papers

Ring, R.J. [1977] - Unconventional Processes for Leaching Uranium Ores.
2nd AINSE Engineering Conference, Lucas Heights, 22-23rd
August .

Alfredson, P.G., Crawford, R.E., Ring, R.J. 6 Warner, R.K. [1977] -
Modern Developments in Uranium Extraction Technology. 2nd
AINSE Engineering Conference, Lucas Heights 22-23rd August.

3. MANUFACTURE OF URANIUM HEXAFLUORIDE

3.1 Development of the Catalysed Fluorox Process (J. Janov,
E.G. Char J. ton, A.H. Le Page, Chemical Technology Division)

The production of uranium hexafluoride (UFe) by the catalysed oxi-
dation of uranium tetrafluoride (UFi,) is being investigated in a 150 ram
diameter fluidised bed reactor. In this process, which has been patented,
the reaction of UFi, powder with oxygen at about 650°C is catalysed by
platinum supported on gamma alumina or calcium fluoride to form gaseous
UF6 and solid uranyl fluoride (U02F2):

2UFi» + 02 — -•- »>UF6 + U02F2

The U02F2 is reconverted to UFi, in a second fluidised bed reactor
by successive gas-solid reactions using hydrogen (which reaction is also
catalysed) and hydrogen fluoride at temperatures below 500°C:

U02F2 + H2 - *- U02 + 2HF

U02 + 4HF - *- UFn + 2H20

The rate of conversion of UFi, to UFe w?.s increased about tenfold
when 0.05 wt % platinum was mixed with the UF4 . This allowed the cata-
lysed process to be carried out at a lower temperature than the un-
catalysed process, thereby reducing the rate of corrosion of the reactor
which is very significant at temperatures above 650°C. The process is
unique in that a gas-solid reaction is catalysed by a second solid which
is dispersed throughout the fluidised bed and circulates with the react-
ing particles.

The pilot plant is being operated to demonstrate the engineering
feasibility of this type of reaction in a fluidised bed and to determine
long-term catalyst performance and practical corrosion rates.

The reactions for reconverting U02F2 are also being investigated



with a view to carrying them out simultaneously in one reactor. Currently
It appears that UOaFa particles of less than 100 um diameter and reaction
temperatures of ~ 365°C are required to obtain high conversion under
these conditions.

3.2 Uranium Hexafluoride Information Paper (J.M, Costello,
W.W. Plotnikoff, Assessment 6 Planning Unit)

A draft information paper lias been written on aspects of manu-
facturing technologies, properties, commercial production capacities,
and projected market for natural uranium hexafluoride. It has been
written as a data base for Australian companies who may be interested in
participating in this sector of the industry in the near future.

3.3 Publications

Conference Paper

Janov, J., Charlton, B.C. 5 LePage, A.H. [1977] - Development of a
Catalysed Oxidation Process for Production of Uranium Hexa-
fluoride. 2nd AINSE Engineering Conference, Lucas Heights,
22-23rd August.

4. URANIUM ENRICHMENT

M.I Japan/Australia Study on Uranium Enrichment

Agreement was reached between the Governments of Japan and Australia
to conduct a joint study on the feasibility of establishing a uranium
enrichment plant in Australia, and the first meeting of the team of
experts was held in Tokyo from 29th November to 2nd December 1976.
Working papers were presented to this meeting by both teams. A second
joint meeting took place in Sydney from 5-7th April 1977, at which a
further series of working papers were presented and discussed. A third
meeting was due to be held in Tokyo from l^-iBth November 1977.

The inter-governmental agreement to conduct the joint study covered
five topics, on which working papers were based as follows:

(a) Future supply and demand for enriched uranium.

(b) Availability of raw materials.

(c) Siting and energy costs.

(d) Capital requirements.

(e) Availability of technology from third countries.

The Australian team was led by the General Manager, Commissioner Mr
K.F. Alder, and consisted of AAEC officers from the Nuclear Science and
Technology and Regulatory and External Relations branches. The team was
as follows:

Mr K.F. Alder" (General Manager)
Dr C.J. Hardy* (Program Manager, Uranium Fuel Cycle)
Mr A.P. Marks ft (Assessment 6 Planning Unit, Uranium

Fuel Cycle)



Mr D.J. Mercer-'1 (Centrifuge Enrichment Project Division)
Dr W.B. Rotsey (Director, External Relations Office)
Dr J.L. Symonds (Program Manager, Power 6 Energy)
Mr W.J. Wright" (Director, Special Studies Unit)

" indicates officers of the team which visited Tokyo where they were
assisted by officers from the Australian Embassy : Mr J.J. Humphreys,
(Counsellor, Atomic Energy); "Dr P.W. Wilson, (First Secretary, Atomic
Energy) and Mr G.J. Wilson (Second Secretary).

During the Sydney meeting, translation services were provided by Mr
D. Dobinson, Department of Foreign Affairs.

The discussions held so far have resulted in a useful exchange of
views. A final report is expected to be prepared to present the agreed
attitude of both teams to the results of the study.

4.2 Publications

Conference Papers

Green, W.J. [1977] - Thermal Emissivity Measurements on Various Materials,
in Particular, Aluminium subject to Surface Conditions which
include some Oxidation. 2nd Australasian Conference on Heat
and Mass Transfer, Sydney, 16-18 February.

Hardy, C.J. [1977] - Uranium Conversion and Enrichment - World Supply/
Demand and Prospects for Australia. 2nd AINSE Engineering
Conference, Lucas Heights, 22-24th August.

5. WASTE TREATMENT IN THE NUCLEAR INDUSTRY

5.1 Treatment of Wastes from Uranium Mining and Milling
(D.M. Levins, R.K. Ryan, K.P. Strong, Chemical Technology
Division)

Laboratory experiments are being carried out to quantify the
sources of possible pollution in uranium mining and milling, to develop
improved waste treatment and pollution control methods, and to demon-
strate the applicability of conventional waste treatment technology to
wastes produced in the processing of Australian ores.

Behaviour of Radium and Actinides in Uranium Milling

The fate of the radioactive daughter products of uranium during ore
processing, especially isotopes of radium and thorium, is important in
evaluating the effectiveness of proposed waste treatment methods.
Examination of the published literature indicated a number of anomalies
particularly in the extent of radium dissolution. These anomalies were
traced to the use of radiochemical methods of radium determination and
misinterpretation of the relative contribution of the various radium
isotopes. Using a de-emanation method which is specific to radium-226
(a daughter product of uranium-238), it was shown that only 0.01 to 0.03
per cent of the radium-226 was dissolved when Ranger and Nabarlek ores
were leached under proposed treatment plant conditions. Measurement of
total radium in solution indicated that the concentration of radium-223



(a daughter product of uranium-235) in leach liquors and acidic effluents
was generally much higher than the concentration of radium-226.

In a joint study by Chemical Engineering and Analytical Chemistry
Sections, a more detailed investigation of the extent of leaching and
the growth and decay of radium-223 in leach liquors has been initiated
involving the measurement of actinium-227 and thorium-227, the precursors
of radium-223, by gamma spectrometry using a high resolution Ge(Li)
detector.

Neutralisation of Tailings-Raffinate Slurries

The major waste stream from uranium mills using acid leaching is a
slurry consisting of the residual ore (tailings) and the acid waste
solution after uranium recovery, known as the raffinate. Neutralisation
of this tailings-raffinate slurry before impoundment is a simple method
of reducing acid and heavy metal concentrations in seepage from the
tailings retention system.

Neutralisation curves were determined for typical Ranger tailings-
raffinate mixtures using limestone and lime. Up to pH 4-, only slightly
larger quantities of limestone were required for a given change in pH
and, on a molar basis, limestone was the more efficient. Beyond pH U,
increasingly larger quantities of limestone were required and the final
pH depended on the time available for reaction and the extent to which
the limestone was ground. In practice, the upper limit was pH 6 with
limestone ground to < 50 ym. Two-stage neutralisation, using limestone
in the first stage at pH 4.5 followed by lime in the second stage at pH
8, was found to be the most economically attractive approach. Under
these conditions, 13 kg of limestone and 3.3 kg of lime were required
per tonne of ore.

The residual concentrations of sulphate ion and five heavy metals,
uranium, copper, zinc, lead and manganese, were measured as a function
of pH. In all cases no significant difference was observed when lime or
limestone was used for neutralisation, or when tailings were present or
not. All heavy metals, except manganese, were reduced to concentrations
of less than 0.5 mg H~ l at pH 8. Neutralisation to pH 10 removed
essentially all manganese from solution.

Neutralisation of Ranger raffinate only to pH 8 removed about 60
per cent of the radium-226 but, in the practical case, where both tail-
ings and raffinate were present, the concentration actually increased to
a maximum of 600 pCi H~ ' at pH 5 to 6. This was probably caused by a
reduction in the sulphate concentration during neutralisation which led
to increased dissolution of radium sulphate from the tailings in accor-
dance with the common ion effect. Above pH 6, this effect was apparently
less important than absorption and coprecipitation and the radium-226
concentration decreased.

Leaching of Radium and Heavy Metals by Seepage
from Tailings

Seepage of neutralised process wastes and rainwater through the
tailings in a retention system may dissolve some radium and heavy metals.



Experiments are being conducted to simulate this process in laboratory
columns by measuring the concentration of radium and heavy metals in
seepage under a range of possible conditions. Liquid, either de-
mineralised water adjusted to pH 7.5 or neutralised raffinate, is being
allowed to percolate through columns of Ranger tailings of varying
heights and degrees of compaction. The seepage from the base of each
column is being regularly monitored for pH, radium and heavy metal con-
centration. Ten columns are now in operation; three columns have been
monitored for 18 months, while the other seven have been in operation
for s ix months.

The radium-226 concentrations in seepage from the three columns
that have operated for 18 months varied from 60-330 pCi £" l, and did not
decrease significantly during the last year. The corresponding concen-
trations in the effluent from the seven new columns were lower, generally
varying within the range 25-80 pCi H~ 1, with the highest concentrations
originating from the columns containing neutralised raffinates. The
differences in radium-226 concentrations from these two groups of columns
are larger than expected, but may be related to the different sources of
tailings used and the extent of washing to remove sulphate. In all
cases, less than one per cent of the radium-226 present in the tailings
has been leached by the percolating liquids.

The concentrations of copper, lead and zinc in column effluents
varied little with time or column conditions and were typically in the
range 0.01-0.05 mg £~l. When neutralised raffinate was used, the uranium
concentration was typically about 1 mg £~1, but with demineralised water
the value was usually below 0.01 mg HT l. The concentration of manganese
was generally less than 0.1 mg XT l for experiments in which demineralised
water was used but was 100 mg H~l and 3 mg £~: for raffinate neutralised
to pH 7.5 and 8.5 respectively.

Chemical Removal of Radium from Tailings

Uranium tailings contain essentially all the radium originally
present in the ore. The presence of radium in tailings constitutes a
potential source of pollution due to leaching of radium into ground
waters, emanation of radon and windborne dispersal of tailings. These
problems could be overcome if radium and its precursor thorium were
chemically extracted during milling.

A leaching process involving washing witn 1-5 M sodium chloride at
ambient temperature is being studied. Release of radium was observed
within minutes. Because of the extreme insolubility of radium sulphate,
the concentration of sulphate in solution must first be reduced to less
than 20 mg £~1 for effective leaching. This can be achieved by repeated
contacting. Radium extraction efficiencies as high as 92 per cent have
been measured for five-stage leaching of Ranger tailings in 5 M sodium
chloride.

The radium dissolved by leaching can be precipitated from solution
by the addition of barium chloride. Over 95 per cent precipitation of
radium was achieved from a solution containing 150 mg sulphate H~ l by
adding the stoichiometric amount of barium chloride. Alternatively,
batch experiments have demonstrated that radium can be removed by ion
exchange on Dowex 50 resin.



Removal of Radon from Air Streams

Inhalation of radon and its daughters is the major radiological
hazard in uranium mining. The present approach to radon control in
uranium mining is to dilute and disperse the gas in the atmosphere. In
most open-cut mines, atmospheric dispersion dilutes radon concentration
to acceptable levels but in underground mines forced ventilation is
generally required. As easily accessible uranium is mined out, there
will be a move towards deeper mines with increased technical requirements
and costs of ventilation.

An experimental rig has been constructed to determine the dynamic
adsorption characteristics of radon on activated charcoal. The purpose
of this work is to assess whether it is technically feasible to remove
radon from underground mine air by adsorption on activated carbon at
ambient temperatures and to evaluate the performance of gas masks or
canisters containing activated carbon for short-term use in atmospheres
containing very high radon concentrations. Improved methods for radium
and radon analysis based on adsorption of radon on activated charcoal
may be a further gain from these studies.

The experimental rig can be operated so that ail- at any required
humidity is equilibrated with activated carbon in the bed. A pulse of
radon gas is then in^cted into this stream and the air at the outlet of
the bed is continuously monitored for the appearance of radon. The
change in activity of radon in the exit gas stream with time can be
interpreted in terms of mass transfer theory.

Experimental studies during this period have been limited to dry
air at 25°C passing through a 1U mm internal diameter, 370 mm high,
column packed with Sutcliffe Speakman 207C grade activated carbon (average
granule size ~ 2 mm). Under these conditions, average retention time
of radon varied from U3 minutes for a superficial velocity of 360 mm s~'
to 790 minutes for a superficial velocity of 23 mm s~ *. The dynamic
adsorption coefficient was 3.6 m3 of air per kg of carbon and was inde-
pendent of flow rate. The height equivalent of a theoretical stage
increased from 6 mm to 39 mm as superficial velocity was raised from
23 mm s~! to 360 mm s~'.

5.2 Waste Water Treatment (J.V. Evans, R.M. Wechsler,
F.D. Nicholson, J.J. Foy, Chemical Technology Division)

This project is aimed at the investigation of advanced waste water
treatment techniques and their possible applications in the nuclear
industry, particularly the use of pressure-driven membrane techniques
such as reverse osmosis (RO). During this period work has been concen-
trated on the pilot-plant evaluation of commercial RO membranes, at the
expense of the more innovative but longer-term work on systems such as
the dynamic membranes described previously (AAEC/PRU3U).

Treatment with ̂Commercial RO Units

Two pilot plants, each of U.5 m3 d~l capacity, have been used to
study the performance, membrane life and process economics of commercial
RO units of tubular configuration when treating typical water streams:



blowdown and make-up water (220 m3 d *) associated with the HIFAR secon-
dary cooling system, and discharge water from the Research Establishment':
effluent treatment plant (300 m3 d~1). Consideration has been given to
the significance of the results to water utilisation on site.

HIFAR secondary cooling water

Three different types of membrane with different flux and salt
rejection characteristics, manufactured by Paterson Candy International
Ltd, were evaluated. The recovery of water was varied from 20 to 95 per
cent. The system operated satisfactorily, although suspended solids and
the growth of algae in the cooling water caused a severe decline in the
flux, especially with the lower rejecting (high flux) membranes. The

• results showed that chlorides, the most restrictive impurity ;n the
cooling water, could be maintained at concentrations below the operating

1 limit with membranes having an intrinsic rejection of 95 per cent or
greater and by utilising a blowdown of 5 m3 d~:.

A computer simulation model was written and applied to the data to
estimate long-term performance. The model showed that membrane fouling
could be severe with increased recovery, especially with the high flux
membranes. At recoveries exceeding 80 per cent, the model indicated
that the lower flux membranes could produce more water in their lifetime
than the higher flux membranes. Table 1 summarises the performance of
each type of membrane.

As an alternative to direct treatment of HIFAR cooling water, the
chlorides could be controlled by removing them, by RO, from the make-up
water before they enter the cooling water. This would involve increased
costs for the treatment of much larger volumes of higher quality feed-
water (at increased fluxes with less fouling of the membranes) than
would direct treatment of HIFAR cooling water. It would however pose
fewer problems in the handling of rejected water and blowdown and give
cost savings for corrosion control in HIFAR. The pilot plant is at
present treating Sydney mains water to obtain quantitative data for the
assessment of this option.

^ Site discharge water

The second RO unit, with cellulose acetate membranes manufactured
by Paterson Candy International Ltd, was used to treat up to 4.5 m3 d~l

of effluent water from the sludge blanket clarifier of the site effluent
treatment plant.

The unit operated satisfactorily. Although causing some opera-
tional difficulties, growth of algae was not a serious problem even in
the longer-term experiments which lasted for about three weeks. A

. considerable quantity of algae and sludge was removed from the membranes
after each experiment, but these solids always contained less than one
per cent of the total amount of radioactivity in the treated water.

Recoveries of water in the range 10 to 90 per cent were studied,
using both high and low flux membranes. Only 46 and 71 per cent of
iodine was rejected by the high and low flux membranes respectively.
For all other isotopes (51Cr, 137Cs, 60Co, 59Fe, 121<Sb and 65Zn), re-
jections were estimated to be in excess of 90 and 97 per cent for the
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different membranes. It is probable that higher rejections actually

TABLE 5.1

CALCULATED RECOVERY OF HIFAR COOLING WATER

PCI Membrane Type T2/15 T2/15W T2/30

Initial flux m3 m~2 d~ J

Salt injection %

0.7

98

1.2

95

1.9

80

*

Water recovery of the Water production m3 m 2

operation % membrane for 3 year life"
___

20 487 835 770
40 468 635 612
60 468 553 457
80 467 443 327
90 427 426 366
95 362 205 143

*Plan on stream 98 per cent of time treating cooling
water directly. Membranes cleaned every five days.

occurred for isotopes other than iodine, but low concentrations and
radioactivities, particularly in the product water, limited the estimates
of the rejections to the values quoted. The present equipment and pro-
cedures are being modified to permit higher radioactivities to be used
and higher rejections to be measured.

Although the analysis of the flux decline data is not yet complete,
it appears to fit the RO simulation model developed from previous field
data. When this work is completed, it will be possible to specify
design and operating parameters and costs for the recovery and recycle
of any given fraction of the site effluent water.

Photometric Analysis of Phytopigments

Some work continued on the use of reflectance spectra for the
analysis of the phytopigments in water samples as a sensitive indication
of algal growth in cooling waters. Little effort has been available for
the chemical aspects of the work but the Physics Division has continued
its work on computerised data analysis. One problem has been to obtain
the samples of purified phytopigments necessary to provide the individual
reflectance spectra. To allow development of the computer techniques to
continue in the absence of these data, measurements are being made on
model systems prepared, with pigment mixture in a polymer matrix.

5.3 Hydrology Model of the Jabiru Catchment (O.K. Gibson, Health
Physics Research Section)

A computer program has been written following the Boughton and
Jones model for daily runoff brought about by rainfall in small farm
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catchments. Various approaches were examined to find a way of estab-
lishing the parameter values, so that the program could be applied to
mining catchments in the Northern Territory. When some, flow data for
one of the creeks in the Ranger area became available, these were used
to modify the model and to establish the parameter values. The program
was then applied to the two main catchments in the mining area, which
drain into Retention Ponds 1 and 2.

The net estimated annual flows into these ponds, although not in
very good agreement with the values found by the Ranger consultants,
were not sufficiently different to require any change in management
plan. However, when the question of contamination was examined, it
appeared that the water quality in the two retention ponds would be
approximately the same. This is in direct conflict with the earlier
estimates, which claimed that RP1 water would be much purer than the RP2
water. It was suggested, therefore, that uncontrolled discharge of the
RP1 water should be reconsidered.

5.U Assessment of Discharge Structures at Jabiru (M.E. Petersen,
Health Physics Research Section)

It is proposed that Ranger Uranium Mines may release substantial
quantities of water (~ 1.5 x 10G nr ) during the annual monsoon season
into the Magela Creek at Jabiru. This water will be collected as rain-
fall run-off from the whole mine site and will contain low level con-
centrations of a number of heavy metals. Ranger have proposed that part
of this water be released via two discharge structures located in the
middle of the Magela Creek at times when peak flooding occurs during
February and March.

The distribution of non-adsorbing and adsorbing solutes released
into wide rivers has been examined and applied to the Ranger proposal.
In examining the concentration contours with an alternative proposal
consisting of a single outfall, results have been obtained which are in
broad agreement with those of the Ranger consultants Coffey £ Hollings-
worth. Similar agreement has been observed in results obtained for the
dual outfall structures at the high solute concentrations which will
occur near the source or discharge structures. These results indicate a
substantial reduction of the area within a given plume contour compared
with the single outfall case. However, at low concentrations, i.e. at
larger distances from the two discharge structures, the two isolated
plumes observed at high concentrations merge and the details of the
source have negligible influence on the plume dimensions. This effect
was not mentioned by Coffey £ Hollingsworth.

The reduction in high concentration plume dimensions when two
discharge structures are used rather than one is of biological signifi-
cance because the area of the river where the plume concentration is
high is significantly reduced when compared with a single outfall.

5.5 Overseas Visit on Radioactive Waste Management (J.M. Costello,
Assessment £ Planning Unit)

Dr Costello was a member of the Australian delegation to the
Salzburg International Conference on Nuclear Power and its Fuel Cycle,
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2-13th May 1977. He presented a paper entitled 'Management of wastes
containing radioactivity from mining and milling of uranium ores in
Northern Australia'. He then attended, as Australian delegate, a Joint
Meeting of the OECD-Nuclear Energy Agency's Radioactive Waste Management
Committee and the Committee for Radiation Protection and Public Health,
held in Paris on 16-17th May 1977.

Subsequent visits to nuclear establishments were made to discuss
and inspect progress in the technology of reprocessing of spent irradiated
uranium fuel from power reactors, immobilisation of high level wastes in
a stable insoluble borosilicate glass, and placement of the waste into
deep geologic formations.

Sites visited were:

Karlsruhe Nuclear Research Centre, West Germany,
the Salt Mine at Asse, West Saxony,
the BNFL Reprocessing Plant at Windscale,
the US Nuclear Regulatory Commission Headquarters, Washington,
the US Energy Research and Development Administration, Germantown,
and
the Allied General Nuclear Services Reprocessing Plant and
Hexafluoride Plant, Barnwell, South Carolina.

5.6 Publications

Reports and Papers

Petersen, M.C.E. [1977] - The Distribution of Adsorbing and Non-
adsorbing Solutes in Wide Rivers. AAEC/E423.

Wechsler, R.M. [1977] - Reverse Osmosis on Secondary Sewage Effluent:
The Effect of Recovery. Water Research, 11 : 379.

Conference Papers

Alfredson, P.G. , Davy, D.R. £ Levins, D.M. [1977] - Environmental
Aspects and Pollution Control in Uranium Mining and Milling in
Australia. 2nd AINSE Engineering Conference, Lucas Heights,
22-24th August.

Bull, P.S., Evans, J.V., Wechsler, R.M. 6 Cleland, K.J.- ("Metropolitan
Waste Disposal Authority) [1977] - Treatment of Leachate from
a Sanitary Landfill. Australian Water and Wastewater Association,
7th Federal Convention, Canberra, 21-23rd September.

Costello, J.M. [1977] - Management of Wastes Containing Radioactivity
from Mining and Milling of Uranium Ores in Northern Australia.
International Conference on Nuclear Power and its Fuel Cycle,
Salzburg, Austria, 2-13th May. IAEA-CN-36.

Gibson, O.K. £ Petersen, M.C.E. [1977] - Water Management at Ranger
Uranium Mines. 2nd AINSE Engineering Conference, Lucas
Heights, 22-2Uth August.

Levins, D.M., Ryan, R.K., Strong, K.P. £ Alfredson, P.G. [1977] -
Improving Pollution Control in Uranium Ma'jiing and Milling.
5th Australian Conference on Chemical Engineering, Canberra,
14-16th September.

Levins, D.M., Ryan, R.K., Strong, K.P., Spelman, G.F. £ Alfredson, P.G.
[1977] - Laboratory Studies of the Treatment of Wastes from
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the Processing of Australian Ores.. 2nd AINSE Engineering
Conference, Lucas Heights, 22-24th August.

6. FUEL REPROCESSING AND MANAGEMENT OF HIGH LEVEL HASTES

6.1 OECD-HEA; Radioactive Waste Management Committee (J.H. Costello,
Assessment & Planning Unit, Australian Delegate)

The Radioactive Waste Management Committee (RWHC) has continued its
work in coordination of research and development by member countries
into treatment, storage and disposal of radioactive waste from pro-
duction of nuclear power.

Particular emphasis has been given to the ultimate disposal of high
level wastes. One of the most promising options for disposal is place-
ment of the wastes into deep, dry, stable geologic formations. Inter-
national collaboration in this field is being encouraged by the Co-
ordinating Group on Geologic Disposal, a sub-group of the RWMC, which
met in November 1976 and Hay and Septembei1 1977 and organised a workshop
on Risk Analysis and Geologic Modelling in Relation to the Disposal of
Radioactive Wastes into Geological Formations. This workshop was sponsored
jointly by NEA and the Commission of the European Communities and held
at Ispra, Italy in May 1977. A complementary symposium on Storage in
Excavated Rock Caverns, 'Rockstore '77', was sponsored by the Royal
Swedish Academy of Sciences and held at Stockholm, Sweden, in September
1977.

A Seabed Working Group has been established to coordinate research
and development programs being carried out by France, Japan, United
Kingdom and the USA on disposal of long-lived radioactive wastes onto or
into the deep ocean floor. A workshop on Seabed Disposal of High-level
Radioactive Waste was organised by the working group and held at Washington
in March 1977.

The RWMC has continued efforts to establish an International Research
and Development program on the conditioning of high-level radioactive
waste. Other NEA activities in 1976/77 have included studies on gaseous
radioactive wastes with specialist meetings on iodine-129 held at Paris
and Cadarache, France, in June 1977, organisation of an international
questionnaire on the classification of radioactive wastes and publication
of information notes for national authorities on topical aspects of the
nuclear industry.

A major innovative principle established by NEA in 1977 has been
the publication, in appropriate cases, of the work of independent expert
groups, intended to provide a reliable reference source for decision
making and informed public discussion without commitment of member
governments or the OECD to conclusions or recommendations reached in the
reports. Assessments have been published of future requirements for
reprocessing services in OECD countries, and on objectives and strategies
for the management of radioactive waste.

Australia has no research program in reprocessing or ultimate
disposal of high-level wastes from nuclear power generation. Membership
of the RWMC is providing up to date information to the Commission on
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progress on treatment storage and ultimate disposal of radioactive
wastes. This involvement is enabling the AAEC to provide expert advice
on waste disposal to government and the public. Work by Commission
officers on Oceanographic modelling has been offered to the RWMC as a
possible contribution to work in this area.

Work by the Commission on radioactive waste disposal is being
concentrated on wastes from uranium mining and milling operations. NEA
intends to give this field priority attention with particular reference
to management and stabilisation of mill tailings and radiation protection
requirements related to the presence of radium and radon in the environ-
ment.

6.2 Publications

Conference Paper

Costello, J.M. [1977] - Prospects for the Long-term Disposal or Con-
tainment of Nuclear Reactor Waste Products. 2nd AINSE Engineering
Conference, Lucas Heights, 22-24th August.

Booklet

Costello, J.M. [1977] - Radioactive Waste Management. April. 1st Rev.
July.

7. INFORMATION ON THE URANIUM FUEL CYCLE

7.1 Uranium Enrichment Contracts (W.W. Plotnikoff, J.L. Dowdell,
Assessment 6 Planning Unit)

A data base is being established which contains information on
contracts held by overseas organisations for uranium enrichment services.
The basic data may be processed to provide a file for use in the compu-
tation of enrichment supply and demand.

7.2 Supply and Demand for Uranium and Separative Work
(W.W. Plotnikoff, J.L. Dowdell, Assessment 6 Planning Unit)

A computer listing of the reactor programs of individual countries
is maintained and regularly updated by the Power and Energy Assessment
Unit. This list contains information on individual reactors which are
operating, under construction, firmly committed or planned. A further
listing of nuclear power projections of individual countries and country
groupings in also maintained. Information from these files is being
used by the Uranium Fuel Cycle Assessment and Planning Unit for calcu-
lating requirements for fuel cycle services for any selected nuclear
power projection.

The data contained in the above listings are used as input to a
computer program with produces lists of reactors with modified plant
operating dates consistent with power projections for any individual
country or country groupings. Where a projection extends beyond the
date at which listed reactors exist, then a reactor mix and future plant
sizes are estimated and national reactors are created. The estimated
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reactor mix is consistent with projections for high, likely and low
growth rates for nuclear power in individual countries and the world.

These data are then used as input to a computer program, which
together with estimates for enrichment plant tails assay, uranium and
plutonium recycle and individual plant operating characteristics,
enables the calculation of uranium and separative work requirements as
well as requirements for the remainder of the fuel cycle.

7.3 Radioactive Waste Management (J.M. Costello, Assessment £
Planning Unit)

An illustrated booklet, 'Radioactive Waste Management' was written
for members of the general public. It focuses on aspects of popular
concern, such as radon gas and radium from mining and milling of uranium,
and ultimate burial of high level wastes in deep, dry, stable geologic
formations. The booklet has been distributed widely in Australia as a
contribution to the public debate on the acceptability of nuclear power.

7.U Briefs for Visitors and Material for Public Relations
(C.J. Hardy, Program Manager, J.M. Costello, A.P. Marks,
Assessment 6 Planning Unit)

A substantial effort has been made in updating information leaflets
on aspects of the uranium fuel cycle operations, and to the preparation
of display material for visitors focusing on the management and ultimate
disposal of radioactive wastes from nuclear power generation. In addition
briefing material is regularly provided to senior Australian Government
Officers and to the Press.


