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N JULY 25, 1957, the Australian Atomic Energy Commission called a meeting of

representatives of universities, professional bodies, industrial firms, power authorities,
and Commonwealth and State departments at which it was agreed that a Symposium on the
Peaceful Uses of Atomic Energy in Australia should be held during the week June 2 to 6,
1958. The Symposium was intended to bring together members of scientific and technical
organisations and industrial firms who were interested in atomic energy, to serve as a focal
point for the various activities in these fields, to present the progress already made, and to
suggest mew lines of investigation and advance. It would also foster public interest in
atomic energy, and to this end it was decided that an exhibition be held at the same time
as the Symposium, and that public lectures be arranged.

It was thought that the Symposium might be planned on lines similar to the conference
held in Geneva in 1955, and that it should include unclassified scientific and technical
papers in the many fields of science and technology which relate to atomic energy, with
particular reference to scientific and industrial research and applications in Australia and
to the part atomic energy might be expected to play in the development of Australia, The
University of Sydney generously offered the use of lecture theaires and other facilities for
holding the Symposium, and this proved a most satisfactory arrangement.

The response to the invitation to present papers was much greater than expected, and
finally 114 papers were selected for presentation at the Symposium to simultaneous sessions
throughout the week.

Four hundred and thirty-five people enrolled for the Symposium, including 38 over-
seas visitors representing Government agencies, universities and industrial firms, from Great
Britain, the United States of America, Canada, New Zealand, Pakistan and the International
Atomic Energy Agency.

The papers—which covered a wide range of interests in relation to raw materials,
nuclear power, nuclear research, the basic sciences, education and the industrial and medical
uses of isotopes—were distributed as preprints before the conference. Omne feature of the
conference was the lively discussion that ensued following the presentation of the papers.

Contributions to the discussion are included in this volume, together with these papers.

Visits were arranged during the Symposium week to laboratories undertaking research
of interest in nuclear science and technology ut the Australian Atomic Energy Commission’s
Research Establishment at Lucas Heights, at the University of Sydney, and at the New
South Wales University of Technology. In addition to the scientific activities, the Deputy
Lord Mayor of Sydney welcomed distinguished overseas and interstate visitors at a civic re-
ception. A social was held on the Monday evening, and an official dinner on the Wednesday
evening in the Sydney University Union.

In connection with the Symposium, a five-day exhibition was arranged by the Aus-
tralian Atomic Energy Commission in the Sydney Town Hall. Government and industrial
organisations in Australia and overseas participated, and the exhibition covered prospecting
and mining of uranium and other raw materials, the development and use of atomic power,
the industrial uses of radioactive isotopes and training and research in the broad field of
nuclear technology. The exhibition was attended by many thousands of people. A public
atomic energy forum was held in the Assembly Hall on the Thursday evening, at which five
Australian and overseas scientists answered questions on atomic energy matters put by mem-

bers of the audience. Several radio and television programs featured atomic energy during
this week.

The Symposium, exhibition and associated activities made up an active and interesting
week, stimulating interest both among those already engaged in these fields and the general
public. They surely mark a milestone in the development of atomic energy in Australia.

J. P. BAXTER



SYMPOSIUM SECTIONS AND OFFICERS

Chairman Deputy Chairman Secretaries

G. GENERAL CONFERENCE

Pror. J. P. BaxTER ProF. Stk LESLIE MARTIN MR. D. F. SANGSTER

1. MATERIALS SECTION

Pror. R. H. MYERS Mr. K. F. ALDER Mg. J.
Dr. D
Mr. F. L.
Mr. W

a
=
u
&
o

2. POWER ENGINEERING SECTION

Dr. H. G. RAGGATT Mgr. C. N. Warson-Munro Pror. L. C. Woobs
Dr. C. D. McKENzIE

3. POWER AUXILIARIES AND RESEARCH REACTORS SECTION

Dr. F. W. G, WaHITE Dr. G. J. C. DaLTON Dr. D. J. CARSWELL
Mr. D. M. SLaDE

4. BASIC SCIENCES SECTION

Pror. M. L. OLipHANT Pror. D. O. JorpaN Dr. J. H. GREEN
M=r. K. P. N1cHOLSON

5. ASSOCIATED TECHNIQUES SECTION

Pror. H. MESSEL Dr. G. L. MiLES Mgr. B. W. Scort
Dgr. A. R. W. WiLson
Mr. D. R. EBerLING
M=g. J. S. WarT

PUBLICITY & PUBLIC FUNCTIONS
Mr. A. D. THOMAS

PUBLICATIONS
MR. J. G. CAReY

EXHIBITIO!
Mr. B. GALLOWAY



Contents

SECTION 1—MATERIALS
Geology

Instrumentation Problems in Radioactive Prospecting.
BY J. Daly and D. F. Urquhari.

The Regional Distribution of Uranium Occurrences, Northern Territory, Australia.
BY B. P. Walpole.

The Occurrence of Uranium in Queensland.
BY J. H. Brooks.

Minerals in New South Wales for Atomic Energy.
BY E. O. Rayner.

Geological Environment of some Radioactive Mineral Deposits in South Australia.
BY W. Johnson.

Discussion
Mining and Milling

The Location, Mining and Concentration of Uranium Ores at Radium Hill, South

Australia.
BY T. A. Rodgers.
The Flotation of Uranium Minerals, with Particular Reference to Uraninite.

BY J. S. Carr.

Discussion
Extraction
The Production of Uranium Ore Concentrates at Rum Jungle.
.BY F. H. Baker.

Treatment of Radium Hill Concentrates for the Recovery of Uranium.
BY J. N. Almond.

Features of the Development of Chemical Processing for Mary Kathleen Ores.
BY R. A. Couche and F. R. Hartley.

The “Jigged-Bed” Ion Exchange Pilot Plant for Uranium Extraction.
BY G. L. Herwig, R. M. Stewart, E. A. Swinton and D. E. Weiss.

Discussion
Metal Production

Production of Uranium Metal.
BY F. L. Cuthbert.
(S)ong. Aspects of the Production of Uranium Powder by Calcium Reduction of the
xide.
BY R. H. Myers and R. G. Robins.
The Production of Uranium Metal Powder by Electrolysis in Molten Chlorides.
BY R. G. Cunning.
The Preparation of Uranium Powder by a Hydriding Process.
BY J. W. Kelly.
The Lower Halides of Niobium and Zirconium.
BY 1. E. Newnham.
Materials for the Control of Nuclear Reactors.
BY W. J. Wright and K. P. Nicholson.

Discussion
High Temperature and Ceramics

Recent Progress in Reactor Materials Development.
BY F. W. Albaugh, R. E. Nightingale, E. A. Evans, ]. W. Riches, R. L. Dillon.
gpgclizi% oCeramics and Cermets Investigation at Division of Industrial Chemistry,
BY L. S. Williams, J. Graham.
Some Oxide Ceramics as Reactor Materials.
BY K. D. Reeve.
Neutron Diffraction Studies of Some Sintered UO»-Th0,-Be0 Compacts.
- %Y K. D. Reefve Tgnd Ts Ig gaﬁbine.d s
e Preparation o orium Carbide and Some Aspects of the High Tem
Decontamination of Irradiated Carbide Fuels. P g perRiueS
8Y D. E. Scaife and A. W. Wylie.
A Study of Gas-Metal Reactions at High Temperature.
BY G. R. Wallwork and A. E. Jenkins.
Discussion

vii

15
27
35

42
44

53
58

59
67
75
86

99

102
111

115
123
128
132

138
140.

153
161

168
172

182
186



Liquid Metal Coolants

Some Studies of Corrosion in Liquid Metals.
v H. M. Finniston.
The Wettmg of Solid Metals by L1qu1d Metals.
BY D. O. Jordan and ]. E. Lane.
Compatibility Between Solid and Liquid Metals.
BY F. L. Bett.

Discussion

Metallurgical Aspects

Problems in the Selection of Materials for Fuel Element Cans in Gas-cooled Nuclear
Power Reactors.
BY B. C. Woodfine.
Fusicn Welding of the Less Common Metals.
BY J. M. Newburn.
Levitation Heating and its Metallurgical Possibilities.
BY B. Harris, E. G. Price and A. E. Jenkins.
Irradiation Behaviour of Uranium and Uranium-Based Alloys.
BY H. M. Finniston.

Discuission
SECTION 2—POWER ENGINEERING
Nuclear Power Programs

The Nuclear Power Program in The United Kingdom:.
BY H. H. Gott.
Development of Nuclear Power in the United States.
v L. H. Roddis.
The Ca.nad.lan Nuclear Power Program.
BY D. G. Hurst.
Posable Developments in Nuclear Fuel Cycles in Australia.
¥ J. P. Baxter and C. N. Watson-Munro.

Discussmn
Economics

Atomic Power in Australia—Some Economic Considerations.
BY Commonwealth Bank Discussion Group.
The Economics of Electricity Generation in Queensland and the Potential Employment
of Nuclear Reactors.
BY State Electricity Commission of Queensland.
The Growth in Demand for Electricity in Australia.
BY The Department of National Development.

Discussion
Power Reactors

Medium Eutputhg;as—cooled Graphite Moderated Reactors for Australia.
BY W
Engineering Aspects of Nuclear Power Stations Employing Gas-cooled Graphite
Moderated Reactors.
BY K. J. Wootton.
Design of the Gas-cooled Graphite Moderated Reactor for Power Production.
BY R. D. Vaughan.
The Hinkley Point Reactors.
BY H. S. Arms, H. C. Bottrell and P. H. W. Wolff.
French Private Industry in the Atomic Fleld
BY L’Association Technique pour la Production et I'Utilisation de IEnergie
Nucleaire.
Operattox;all‘/})aft{a and Experience from the Experimental Boiling Water Reactor.
BY arr
Gas-cooled Reactors of a Mixed Fuel-moderator Type.
BY G. C. J. Dalton.
Liquid Metal Fuel Reactors,
BY K. F. Alder.

Discussion
SECTION 3—POWER AUXILIARIES AND RESEARCH REACTORS
Research Reactors

Canadian Research Reactors.
BY D. G. Hurst.

189
197
201

207

208

216
221
226

234

235
239
249
253

258

260
265

273
282

284
299

307
318
330

333
340
346

355

359



The Design and Construction of HIFAR.
BY W. H. Roberts.
The Control and Instrumentation of the Reactor HIFAR.
BY G. Page. :
The First Year of DIDO Operation.
BY F. W. Fenning.
An Industrial Research Reactor.
vy T. E. Allibone, F.R.S., D. R. Chick, and A. J. Salmon.

Discussion

Chemical Processing

Chemical Précessing of Irradiated Uranium.
BY J. E. Cole.

The Future of Nuclear Fuel Reprocessing in Australia.
BY G. L. Miles. _

Acid Leaching and Apcde Dissolution of Graphite-Moderated Fuels.
BY K. R. Hyde, D). J. O'Connor and J. L. Woodhead.

Waste Disposal

The Philosophy and Practice of Radioactive Waste Disposal.
BY R. B. Temple.

Handling, Treatment and Disposal of Radioactive Wastes.
BY J. A. Lieberman.

Discussion

Power Generation

Nuclear Steam Power Plant for Waterless Zones.
- BY W. R. Wootton.
Similitude in Gas Turbines for Nuclear Power Plants.
BY G. G. McDonald.
Nuclear Power Reactor and Turbo-Alternator Interaction Under Dynamic Conditions.
BY H. K. Messerle and J. F. Armstrong.
Heat Transfer in Homogeneous Gas-Cooled Reactors.
BY G. de Vahl Davis.

Discussion
SECTION 4—BASIC SCIENCES

Theoretical Physics

Optical Treatment of Inelastic Scattering.
BY S. T. Butler, N. Austern, and C. Pearson. .
The Ground State of the Triton; Effect of Repulsive Core Forces.
BY J. Blatt and G. Derrick.
The Ground State of the Triton: Group Theoretical Classification of Wave Functions.
BY G. Derrick and J. Blatt.
Nuclear Forces at Very Small Distances.
BY S. T. Ma.

Discussion

Cosmic Rays

The Charge Spectrum of Primary Cosmic Radiation.

BY A, J. Herz.
Recent Sydney Work on the Charge Spectrum of Heavy Cosmic Ray Primaries.

BY F. A. Brisbout, A. J. Herz, J. H. Noon, B. J. O’'Brien and N. Solntseff.
Energy Spectrum of Particles Bombarding the Earth.

BY B. J. O’Brien.
The Sydney Air Shower Experiment—Paper 1: The Experimental Apparatus.

B8Y D. D. Millar.
. The Sydney Air Shower Experiment—Paper 2: The Determination of the Radial Dis-
tribution of Electrons and of the Size Spectrum of Extensive Air Showers.

BY C. S. Wallace.
The Sydney Air Shower Experiment—DPaper 3: The Zenith Angle Distribution of
Air Showers.

BY J. Malos.
The Sydney Air Shower Experiment—Paper 4: The Radial Distributions of High

Energy Nuclear-Active Particles and of x-mesons in Cosmic Ray Air Showers.
BY J. A. Lehane.

ix

363
380
392
397

406

408
413
420

429
435

447

448
455
463
471

475

477
489
492
498

500

501
505
512
514

518

522

525



The Sydney Air Shower Experiment—Paper 5: Cerenkov Radiation from Cosmic Ray
ir Showers.
BY M. H. Brennan.

Discussion
Reactor Physics and Reactor Theory (Including Radiation Effects)
1Slome Recent Developments in the Theory of Doppler Broadening of Nuclear Resonance
egions.

BY J. L. Cook. )
On the Second Order Terms in the Age Theory of Neutron Distribution.

BY L. C. Woods.
The HIFAR Oscillator.

BY K. P. Nicholson and A. W. Pryor.
Neutron Diffraction on HIFAR.

By T. M. Sabine.
Imperfections Induced in Solids by Fast Particle Irradiation.

BY P. G. Klemens.
Discussion

Radiation and Nuclear Chemistry

The Chemistry of Positronium.

BY J. W. Lee and ]. H. Green.
Radiochemical Method for the Detection of Fast Neutrons.

BY R. Mills. .
Free Radical Measurements in the Radiolysis of Liquid Hydrocarbons.

BY K. H. Napier and J. H. Green.
The Chemical Fate of a Radioactive Atom.

BY D. L. Baulch and ]J. F. Duncan.
Distribution Studies and Stereospecificity in Recoil Tritium Labelling of Organic
Compounds.

BY W. G. Brown and J. L. Garnett.
The Chemical Fate of Recoiling Fission Fragments.

BY D. Hall.

Discussion
Chemistry

The Solution of Lime in Liquid Calcium and its Effect on the Reducing Properties
of the Metal.
BY D. J. M. Bevan and F. D. Richardson.
The Oxidation of Particles of Uranium Dioxide.
BY J. S. Anderson, F.R.S.

Discussion )
SECTION 5—ASSOCIATED TECHNIQUES

Radio-isotopes—Physical Sciences

Radio-isotopes in Australian Industry and Research.
BY J. N. Gregory.
Neutron Scattering Technique for Measuring Water Content of Soils and Other
Materials.
BY J. W. Holmes.
Measurement of Concentration of Tungsten Suspensions and the Density of Liquid
Sodium by Gamma Ray Absorption.
BY J. S. Watt and K. R. Lawther.
Gamma Ray Measurement of Defccts in Poles and Trees.
BY B.fl. J. McHugh and H. E. Buoth.
The Use of the Isotopes Oxygen 18, Carbon 13, and Carbon 14 in the Study of
Exchange Reactions of the Tris-Oxalato Chromium ITI Anion.
BY D. R. Llewellyn and A. L. Odell.
Electron Transfer Reactions.
BY R. W. Cattrall, R. J. McKellar and B. O. West.
The Diffusion of Hildmgen Sulphide Gas Through Surface Films on Water.
BY J. G. Hawke.
Radiometric Titrations.
BY J. F, Duncan and F. G. Thomas.

Discussion
Radio-isotopes—Biological Sciences

Plant Breeding with X-ray-induced Mutants in Western Australia.
BY J. A. Carpenter and J. S. Gladstones.

X

529

533
534
541
547

552
555

562

563
568
570
574
575
580

583

586

588

599

600
607

610

615
623

628
634
637

644

648



The Effects of Ionising Radiations on the Synthesis of Porphyrins by the Red Blood
Cells of the Domestic Fowl.
BY R. Tirrell.
Experimental Haematology Using Fe59 and Cr51.
BY I. Brading, E. P. George, and R. J. Walsh.
The Use of Radioactive Tracers in Cardiac Investigations.
BY E. P. George, J. Hickie, F. A. Rocke and W. A. Seldon.
Inaccuracy of the Colloidal Gold Method for Determining Liver Blood Flow.
........ BY J. McRae, M. Playoust, R. Boden and C. R. B. Blackburn.
Radio-iodine Studies of the Equilibrium Turnover of Thyroxine in the Thyroid Gland.
BY T. H. Oddie, 1. D. Thomas.
The Localisation of Placenta Using Radio-isotopes.
BY E. P. George and D. McGrath.
Beta-Ray Therapy with Strontium 90 Sources.
BY D. F. Robertson.

Discussion
Radiation Safety

Evidence for a Direct Mechanism in Leukaemogenesis.
BY P. Ilbery.

Hazards Associated with the Use of Ionizing Radiations.
BY D. ]. Stevens.

Discussion
Instrumentation
Some Temperature Effects of Geiger-Mueller Tubes.
By R. E. Belin.

Transistor Decade Scaling Circuits for Use in Radiation Counting.
BY R. E. Aitchison.
A General Purpose Wide-Range Electrometer.
BY C. T. Murray.

Discussion

Techniques
Active Handling Facilities at A.E.R.E., Harwell.
8Y H. M. Finniston.
High-Density Concrete for Radiation Shielding in Australia.
BY D. Campbell-Allen.
Reactor Irradiation Techniques.
BY B. S. Hickman.
The Development of Radiochemical Facilities at Lucas Heights.
BY G. L. Miles and D. F. Sangster.
Analytical Chemistry in Atomic Energy.
BY L. E. Smythe.

Discussion

Education

The Turbine Engineering Laboratory at The University of Sydney.
BY G. G. McDonald.
The Program of Education for Nuclear Engineering and Science at the N.S.W. Univer-
sity of Technology.
BY J. H. Green and L. C. Woods.
Discussion
SECTION G—GENERAL

Controlled Thermonuclear Reactions.

BY T. E. Allibone, F.R.S.
Some Aspects of Project Sherwood, the U.S.A.E.C. Program on Controlled Thermo-
nuclear Power.

BY A. E. Ruark.

Discussion

APPENDICES

Brief Notes on Research in Australia of Interest in Nuclear Science and Technology.
List of Participants.
Index to Authors.

=i

651

656
661
666
669
673
676

680

681
685

689

691
695
701

705

707
717
726
731
739

744

745
750

758

758
765

774

777
787
779



Instrumentation Problems in

Radioactive Prospecting

By J. Daly and D. F. Urquhart*

The paper gives a brief review of problems in the design of equipment for radioactive
measurements required in the search for radicactive minerals. The equipment is used for two
main purposes, assaying and prospecting. Equipment required for assaying introduces no
special problems. However, the use of radiation measuring equipment in moving vehicles,
which is of great value in prospecting, involves fundamental difficulties, apart from any
practical problems which may arise. As examples, the design of equipment for bore logging and
for airborne surveying is discussed. Bore logging involves serious practical problems, and the
response of a bore logger is greatly affected by the time constant of the equipment. In air-
borne prospecting the practical difficulties are not serious, but the response is influenced by
the fact that only radiation from the surface can be detected. A simple method is described

for calculating the response of moving detectors.

INTRODUCTION

The design of equipment for radioactive
megsurements is nowadays a fairly well stan-
dardised procedure. All that is involved is the
selection of a detector capable of giving the
information required, and a suitable means of
registering this information. The properties
of detectors and registering circuits are the
subject of a vast literature, in which they are
discussed at any desired level of physical and
mathematical complexity. A summary at a
rather elementary level is given in a publication
of the Bureau of Mineral Resources, Geology
and Geophysics (Daly, Urquhart and Gibson,
1956) ; no discussion is given here.

In connection with the search for radio-
active minerals, radioactive measuring instru-
ments are required for two purposes, assaying
and prospecting.

For the purposes of the present paper the
question of instrumentation in connection with
assaying may be treated in summary fashion.
The measurements required have no unusual
features, and the equipment does not differ
in design from that used for similar measure-
ments in other fields of nuclear study.

The various methods of assaying may be dis-
tinguished as follows:—

(i) Beta or gamma counting, comparing the

radiation from the unknown sample with
that from a standard. This requires a
detector, which may be either a geiger
tube or a phosphor and photomultiplier,
and counting equipment.

(ii) Simultaneous beta and gamma count-

ing. The equipment is the same as in
(i). This méthod of assaying is fully
described by Daly, Urquhart and Gibson

(1956).
(iii) Methods involving gamma ray spec-
troscopy. If a gamma ray spectrum of

the radiation from the unknown sample
is observed, much more accurate infor-
mation is obtained on whether the
material contains uranium or thorium or

* Bureau of Mineral Resources, Melbourne. Menu-
script received March 13, 1958.

GEOLOGY

both, and its state of radioactive equili-
brium. The Bureau has found that
there is no advantage in taking a full
gamma ray spectrum, but that adequate
information 1is obtained by counting
gamma rays of a few selected energies.
The standard method now used by the
Bureau involves a beta count, taken
simultaneonsly with two gamma counts at
selected energies. A scintillation detector
must be used for the gamma counts., In
addition to the wusual counting equip-
ment, pulse amplitude analysers must be
provided to select the desired energies.
The design of such circuits is standard.
Delayed Ceincidence Methods., These
methods have been suggested, but it is not
known that they have been used much,
presumably because they require a con-
siderable amount of equipment. It is
theoretically possible to estimate the
amount of any radioactive element which
produces a radioactive daughter product
of very short half life, by isolating the
radiation from each element, and meas-
uring the number of disintegrations of the
daughter product which occur within an
appropriate time interval after each dis-
integration of the parent. The equip~
ment required would include gating units,
time delays, and coincidence units, in
addition to the usual detectors, amplifiers
and counting equipment.

Methods involving alpha ray spéctroscopy.
Such methods are attractive in principle,
as both uranium and thorium are alpha
emitters.. A method of this type has been
developed and used in the Bureau, and
is described by Howard (1958). The de-
tector is a gridded ionisation chamber,
followed by a high gain amplifier and an
alpha ray spectrometer. The major
drawback to alpha counting methods is
the difficulty of preparing the sample in
a suitable form.

For prospecting purposes, the information
lired is @ measurement of gamma ray in-
tensity at a chosen point. Consideration of

PAGE 1
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sensitivity, ease of operation, and maintemance
restrict the choice of detectors to Geiger tubes,
or scintillation detectors, and of registering
circuits to ratemeters. The design and con-
struction of portable Geiger or scintillation
ratemeters is standard, and such instruments
are now well known. The purpose of the
present discussion is to consider the problems
involved in the extension of these elementary
techniques.

Attempts at the extension of geophysical
techniques take the following obvious direc-
tions:—

(i) Mounting of equipment in moving
vehicles, such as aircraft, thus increasing
the speed of coverage.

(ii) Construction of continuously recording
equipment, which is a necessary con-
sequence of (1).

With ordinary geophysical techniques, the
difficulties involved in such extensions are
practical ones only. This does not necessarily
imply that the difficulties can be easily over-
come. Taking some familiar methods as
examples, the airborne magnetometer problem
has been solved as regards total force instru-
ments. However, notwithstanding continuous
research, airborne magnetometers for the
measurement of specific components of the
earth’s fleld are still in the early experimental
stages. In recent years, airborne electro-
magnetic equipment has been developed suc-
cessfully. On the other hand, the difficulties
in the construction of an airborne gravity
meter have so far proved insuperable, and on
present indications will remain so for a long
time.

The statement that only practical difficulties
aere involved implies merely that there is no
reason in principle why an instrument cannot
be devised which will give fundamentally the
same information as the instruments at present
used on the ground. With radiometric equip-
ment, this is not the case. Apart from practical
difficulties, any extension of radioactive pros-
pecting equipment to moving vehicles involves
difficulties in principle, as g result of which
the information obtained from the modified
method is fundamentally different from that
obtained by a static measurement of radioactive
intensity. These difficulties are due to the
following fundamental causes:—

(i) Unlike gravitational, electrical or mag-
netic fields, radioactive intensity is not a
potential field.

(i1) Any radioactive measurement requires the
counting of a random process. This
necessarily involves a time constant.

As an example of the application of these
principles, instruments for two types of radio-
active measurements (for radioactive bore-
logging and for airborme radiometric pros-
pecting) will be discussed.

RADIOACTIVE BORE LOGGING
Radiometric logging is used for two main
purposes.
(i) Stratigraphic logging, used in oil drilling.

PAGE 2

(ii) Logging of holes drilled in the exploration

of deposits of radicactive minerals.

The problem in stratigraphic logging is
generally to record the position of formations
of considerable width, with radioactivity
which may be very slight. The main purpose
of the work is usually to essist in correlation
of geological formations from one drill hole
to another. High sensitivity is necessary, but
the actual nature of radioactive minerals in
a formation, or the precise width of the forma-
tion, are not matters of prime interest.

Logging of exploratory holes on the other
hand, usually involves relatively strongly radio-
active formations which may be quite narrow.
High sensitivity is not required, but it is of
great importance to obtain an estimate as
accurate as possible, of the width and grade
of the formations. The discussion here 1is
confined to the second type of logging.

The principles of design of a borelogger will
be discussed in some detail, because it may
be of interest to observe the non-scientific
factors which are often of prime importance.
The following practical considerations have
considerable influence in the design and con-
struction of a bore logger (in Australia at
least) :—

(1) Shallow exploratory drill holes are kept
to as small a diameter as possible for
economic reasons. Practically, this means
that the probe of a bore-logger for
general use must enter an EX hole, and
thus its diameter cannot exceed 13in.

(ii) Drill holes commonly pass through
crumbling ground, particularly iIn the
weathered zone. The probe of the logger
is liable to stick in such ground. This
complicates the mechanical design of the
logger considerably.

(iii) There are great advantages in using only
components which are readily available.
The situation in this has im-
proved in recent years, but there is still
a wide range of componenis which can
be purchased from stock in UX. or US.A.
but which are not evallable in Australia.

(iv) The designer is practically restricted to
the use of a standard type of cable, as
cable manufacturers could not consider
the construction of a special type of cable
for which no large market exists,

There is no problem in the design of the
detector or registering circuit. The detector
is either a Geiger tube, or & phosphor and
photomultiplier. Until recently, photomultiplier
tubes of small size were not available, and it
was impossible to construct a scintillation probe
of diameter less than 2in. sq that scintillation
loggers could not be used in EX holes. Recently,
however, a photomultiplier tube of diameter
3in. has become available, and scintillation
probes can now be made which will enter an
EX hole.

The registering circuit is a ratemeter of con-
ventional design. The problem for the
designer arises from the fact that detector and
registering circuit have to be connected by &

SECTION 1



cable some hundreds of feet long, which intro-
duces a heavy capacitative load. Theoretically,
this can be overcome in several ways, which
are all considerably hampered by the practical
matters listed above. For example, the probe
could include impedance matching elements
such as cathode followers or pulse transformers,
provided it were big enough. Such a probe,
however, would have to contain its own power
supplies, otherwise a multiconductor cable of
special design would be necessary. Such cables
are not readily available.

Also, if more components are built into the
probe, it is more expensive, and the chance
of loss must be minimised. If batteries are
included in the probe, they will have to be
replaced periodically. The engineering prob-
lem of designing a probe which can be easily
dismantled to replace batteries, and which
will stand up to the water pressure encountered
at depths of some hundreds of feet, is con-
gsiderably more difficult than would at first
appear.

‘These considerations lead to some form of
compromise which usually has obvious draw-
backs. Two examples may be of interest. The
design of loggers specially constructed for the
Bureau of Mineral Resources was based on the
following primary considerations:—

(1) The loggers were required for use in EX
holes at Rum Jungle. There was reason
to expect that the ground would be
extremely bad.

(i) Some of the holes were horizontal holes
drilled underground. Push rods were
necessary in such holes.

(iii) The only Geiger tubes agvailable were
glass tubes about Zin. diameter. As the
probe was restricted to 18in. diameter,
there was no room in it for other com-
ponents.

Based on these requirements, equipment was
designed in which the push rods were an
integral part of the equipment, to be used in
all holes. This has the following advantages:—

(1) The push rods provide all the strength
necessary, so that a low cost, low capacity
'c;ble of low mechanical strength could

(ii) The cable selected was a Pt 11 M coaxial.
Because the push rods could be used as
en electrical connection, the equivalent of
a three conductor cable of very low
capacity was available. This was made the
basis of an ingenious device for reducing
the effect of the cable capacity still further.

The use of the push rods means that the
probe must be raised and lowered by hand.
The method of reading is to halt the probe
at each reading point for a time sufficient for
the ratemeter to reach a steady reading. Dis-
tances are measured along the push rods, and
no errors due to cable stretch are introduced.
The probe is relatively inexpensive. However,
continuous recording is not easily practicable.

This equipment has been used for several
years, and is still in use. Its only serious
drawback is that it is slow and cumbersome.
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An example of an alternative design is the
“Deedle bug” designed by the U.8. Bureau
of Mines. The Geiger tube used on this
equipment is metal-walled, and is about Zin.
diameter. It requires no protection, and itself
forms the probe. The tube is of the high
current type, and measurement involves record-
ing the steady current flowing so that the
capacity of the cable does not affect the
design.

Because the diameter of the probe is con-
siderably smaller than that of the smallest
hole, it is not so liable to stick, and the cable
provides strength sufficient for retracting the
probe. The probe is driven by a winch, which
also controls the paper drive of a pen recorder.
Continuous recording is therefore possible.

Provided the hole is reasonably clear
so that free motion of the probe is not
hindered, this type of logger is convenient in
use. Its disadvantage is the effect of the time
constant on the response. The response may
be calculated by a very simple process.

The action of a logger involves feeding a
current proportional to the count rate at any
instant into a resistance-capacity circuit, and
measuring the voltage developed. If R and
C are resistance and capacity, and I(t) the
current input, the voltage developed is given
by:—

Cdv + v = I(t)
dt R
or RCdv + v = RI®)

dt

RC is the time constant of the circuit.

If an analytical expression for I(t) may be
written down, the equation can be solved for
V immediately. It can also be solved very

GAMMA RAY INTENSITY

DISTANCE

FIGURE 1:—Response of continuously record-
ing borelogging.
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conveniently by graphical methods, as dis-
eussed, for example, by Bailey and Somerville
(1938).

The application of this to the logging prob-
lem is shown in Figure 1.

The ideal log which should be obtained when
passing a band of uniform radioactivity is
shown by the rectangular graph. Due to the
finite length of the probe, the actual current
input to the ratemeter will have the trapezoidal
wave form shown. Graphical integration over
the time constant of the equipment gives the
response as shown by the curved line, which
differs very considerably from the ideal log.

A priori, it would appear doubtful that
such a simple theory could provide a realistic
basis for the discussion of bore logging prob-
lems. However, the theory has been tested by
a set of experiments performed by Territory
Enterprises Ltd., at Rum Jungle, the results of
which were made available to the Bureau of
Mineral Resources. The results indicate that
the logs calculated by this method fit observa-
tions with surprising accuracy, and that this
simple treatment can be used with confidence
to predict the response of loggers to various
conditions.

One significant conclusion from this work is
thdat unless the radioactive formation is con-
siderably wider than the length of the probe,
the shape of the log has only an indirect rela-
tion to the width and grade of the formation,
and it is quite impossible to obtain accurate
information on the width and grade of narrow
formations from logs of this type. A detailed
report on this work will be issued in a Bureau
publication.

AIRBORNE RADIOMETRIC PROSPECTING

An obvious method of increasing speed of
coverage in prospecting is "to use equipment
mounted in a motor vehicle or an aircraft.
Continuous recording is necessary. Equipment
mounted in a motor vehicle has been used suc-
cessfully by the Bureau of Mineral Resources,
but it has been found that the efficiency ot
this method is limited by topography to a
much greater degree than might be expected.
The use of aircraft offers greater possibilities.
There is no particular problem in the design
of equipment for this purpose. nor is the time
constant of the equipment an important fac-
tor, to a first approximation. However, other
problems arise, which aré due in principle o
the fact that radiation intensity is not a poten-
tial field.

The ideal method of prospecting would fulfil
the following two requirements:—

(i) It would register radiation coming from

any ore body.
(ii) It would register only radiation coming
from ore bodies.

Neither of these conditions can be satis-
fied by any method, because it is possible to
record only radiation arising from surface
material. Unless an ore body actually out-
crops, it may have little or no expression in
surface radioactivity. On the other hand, any
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prospecting instrument will register all sur-
face radioactivity, from whatever source.

Prospecting with 2 hand instrument involves
testing the level of radioactivity at wvarious
points, and tracing the source of any anomalous
radioactivity (not usually a very easy matter).
An improvement in speed of coverage can be
obtained by mounting the detecting equipment
in a light aircraft. This is flown over the
terrain at the lowest possible altitude. The
site of any anomalous radioactivity is marked
on air photos and the marked sites are later
examined on the ground. In principle, this
amounts to performing the operation of ground
prospecting at the speed of a light aircraft.
For the purposes of a mining company wishing
to prospect a limited area, this is a very satis-
factory method and has been widely and suc-
cessfully used.

However, it has difficulties where a full
routine coverage is required, particularly where
information has to be published. The informa-
tion must be published in some form of map.
An inaccurate map is of no value, and an
accurate map cannot be prepared from air
photos alone, but requires additional control
by other surveying methods. The most econo-
mical solution is to fily the area, locating the
position of the aircraft, not on air photos, but
by means of some other surveying method,
such as Shoran. An accurate map is prepared
separately by the usual methods, and the sur-
vey results combined with it.

This involves carrying the necessary position-
ing equipment in the aircraft. For this reason,
a large aircraft is necessary..which must fly
at greater heights and speeds than a light one.
The disadvantage of the greater height may
be minimised by mounting the detector in a
“pird,” which is trailed below the aircraft in
flight. This method has been used successfully
by the Bureau, although it introduces diffi-
culties in actual flying which may become
serious in areas of rough fopography. The
extra height and speed mean that the response
of the detector averages over a large area, and
is affected to some extent by the time constant
of the equipment. It is therefore one stage
more difficult to relate it directly to conditions
on the ground.

A comparison with aeromagnetic methods
will help to make the matter clearer. The
magnetic field on the ground consists of the
effects due to magnetic bodies of geological
significance, at various depths, with in many in-
stances a superimposed magnetic “hash” due
to detrital material of irregular magnetism,
which may obscure the mcre significant indi-
cations completely, In an airborne survey over
the same ground the effect of the “hash” dis-
appears, because it is caused by near surface
material having random polarity in either
sense, and its integrated effect at a distance is
zero. The radioactive case is quite different.

Radioactive intensity cannot have a negatiye
value, so that irregularly distributed surface
radioactivity will certainly have a positive integ-
rated effect at a distance. Instead of simplify-
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ing the picture as in the aeromagnetic case,
an airborne radiometric survey is likely to con-
fuse it unless the results are examined with
special care.

The effect of time constant on the response
can be evaluated by the same theory used
for bore logging. However, the problem is
rather more difficult, because allowance must
be made for the absorption of radiation in the

air. The equation:—
RCAV + V = R. I{t)
dat

applies as before, but the expression for I(t)
is more complicated.

The effect on the detector of an elementary
area of radioactive material at a distance r
e ~uT
is proportional to

where u is the
rﬂ

absorption factor for gamma radiation in

air, The value of I(t) at any instant is there-

fore proportional to fe dr, where the

r2
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integral is taken over the total area of radio-
active material observed by the detector at the
instant in question. This integration may be
performed graphica.lly Work is in progress to
test the application of this theory to actua.l
prospecting problems.

CONCLUSION

The above brief review indicates that the
usual principles of the design of radioactive
measuring equipment are quite adequate to any
of the requirements of radioactive prospecting.
There are plenty of difficulties involved in the
discovery and exploration of deposits of radio-
active minerals, but there is no reason to expect
that their solution will be made any easier by
improvements in instrumental design.
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The Regional Distribution of Uranium

Occurrences, Northern Territory, Australia

By B. P. Walpole*

Uranium deposits in the Northern Territory have been found in Precambrian rocks

ranging from Archaean to Upper Proterozoic in age.

The important deposits are confined

to a particular facies assemblage within the Lower Proterozoic sequence, and to rqcks
which belong to the lower part of the Upper Proterozoic (Lower Adelaidean) succession.
None of the major deposits can be related to granic intrusions and all are Upper Pro-

terozoic in age.

Some can be related to Upper Proterozoic volcanic activity, but the remainder,

and particularly those at Rum Jungle, are not associated with volcanic rocks.

INTRODUCTION

The first recorded discovery of radioactive
mineralization in the Northern Territory was
made in 1947, when samarskite was found in
the pegmatite of the Butcher Bird mine in
the Harts Range. The discovery of the Rum
Jungle deposits in 1949 provided an impetus
which has since led to the location of more
than 70 radioactive prospects in the Territory.
Only a few of them have developed to the
stage of production. Very few have reserves
which allow them to be classed as economic
mining propositions, and all these latter occur
in the Rum Jungle and South Alligator River
districts of the Katherine-Darwin region. All
the known prospects occur in Precambrian
rocks. .

This paper will not describe the different
deposits in detail. They will be subdivided into
geographical groups and, where necessary, in-
to different types of deposits within any par-
ticular area.

GENERAL GEOLOGY

The distribution of the Precambrian rocks
of the Northern Territory is shown in Figure
1. It has long been recognised that these rocks
can be considered in three major divisions,
here referred to as Archaean, Lower Protero-
zoic and Upper Proterozoic. The divisions were
based primarily on degree of metamorphism,
the presence or absence of granite intrusions,
and the degree of folding, and all data gained
in recent years emphasise the correctness of
these divisions. Tentative subdivision of the
Lower Proterozoic into Lower Proterozoic and
Upper/Lower Proterozoic and of the Upper
Proterozoic into Lower and Upper Adelaidean
is now possible, but it is certain that such sub-
division will be modified as more data become
available. The salient features of the rocks
in these major divisions, and their areal distri-
bution are summarized in Table 1.

* Bureau of Mineral Resources, Geology and Geo-

hysics. Published by permission of the Becretary,

artment of National Development. Manuscript
recelved March 25, 1958.
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Archaean
Joklik (1955) has described a suite of Arch-

‘aean rocks from the Harts Ranges of Central

Australia. These may be considered as typical.
The sediments are very highly metamor-
phosed, the granite intrusions are gneissic,
and granitization and migmatization are
common features.

In direct contrast to the intense metamor-
phism which these rocks have undergone,
structural deformation is mot severe. This
feature has not been widely recognised in the
past, but there are very good examples in the
Northern Territory which may be noted. One
such area is the Harts Range. Here the main
structural elements are fairly simple domes
and basins, the flanks of which dip at angles
averaging only about 40°. Dips of 20° are
common. The writer is of the opinion that
most of the major faults in the Harts Range
area. are not Archaean in age, but were de-
veloped late in Precambrian time. A second
example is the Oenpelli area of the Katherine-
Darwin region, where again the structural de-
formation is not intense, but the degree of
regional metamorphism is high.

The Archaean rocks of the Northern Terri-
tory are singularly lacking in known economic
deposits of base metals in general and of
uranium in particular. There are a few minor
occurrences of copper, lead and other min-
erals, but major discoveries of base metals
have not yet been made in these rocks.

Uranium discoveries in the Archaean of
the . Northern Territory are confined to a
few occurrences of samarskite in the mica-
bearing pegmatites of the Harts Range, and
to small veins of pegmatite ‘containing beta-
fite in the Mt. Cavenagh area on the Northern
Territory—South Australian border.

Lower Proterozoic

The Lower Proterozoic rocks of the Northern
Territory unconformably overlie the Archaean
metamorphics, and crop out in the Tennant
Creek area, and in the Katherine-Darwin-Vic-
toria River region. The sediments are geosyn-
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