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Abstract

On-line and in-situ nucleonic analysis systems have found widespread application in the Australian
metalliferous mineral and coal industries. The rapid and reliable response of these systems has led to improved
exploration and better control of mining and mineral processing. This paper reviews both types of nucleonic
control system (on-line and in-situ) available in Australian exploration and mining market.

1. INTRODUCTION

Nucleonic gauges have been widely used in many countries by various industries to,
improve the quality of product, optimise the process, save energy and materials. Nuclear
Control Systems (NCS) include on-line gauges for process control such as thickness, density
and level gauges, nucleonic analysers providing information about parameter of interest of
investigated medium (i.e. ash in coal, iron grade of iron ore), portable gauges for in situ
measurements of physical and/or chemical properties as well as nucleonic instrumentation for
downhole measurements in exploration and mining applications.

The application of on-line and in situ analysis techniques and instrumentation in the
mineral and energy industries opens up new possibilities for the improved control of various
mining activities. Areas of mining applications of NCS include the exploration stage, mine
planning, the development and production stages, and mineral processing. The first stages
(from exploration to an early phase of production) involve mostly utilization of in situ gauges.
These gauges are used for delineation of metalliferous ore bodies, coal seams and petroleum
or gas-bearing strata as well as for provision of some analytical information before
exploitation of the explored deposit. The on-line gauges dominate in the last phase of mine
production and mineral processing.

In the mining industry there is no viable alternative to NCS for provision of reliable
information in real time. Instead of manual sampling followed by laboratory assaying at a
later time, rapid and relatively accurate analyses can be provided in real time for improved
process control. In most uses of NCS sampling volume is larger than in other physical
techniques, and much larger than assays collected for laboratory analysis. The level of
accuracy for quantitative determinations by NCS is usually lower than the accuracy of
chemical/instrumental laboratory analyses. However, quoted accuracy for conventional
laboratory assaying does not take into account large errors introduced by sampling and the
reduce volume of the sample. How well the final sample taken for instrumental analysis
represents the parent ore body is always the question.

Nuclear analytical techniques can be used to determine various components of a
mined product that have a bearing on its efficient use and environmental effects. The
spectrometric techniques that have been applied to on-line and in situ measurements provide
the means for detection and quantitative determination of specific elements. This ability,
coupled with an improved understanding of the application of nuclear techniques in
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heterogeneous media, has provided the scope for new applications. Nuclear techniques have
begun to spawn a variety of different measurements that can be applied to the solution of
complex problems, often in conjunction with other types of measurements. As a result there
has been a rapid increase in the application of on-line and in situ nucleonic analysers over the
last 15-20 years, in the mineral and coal mining industries.

The mining and processing of natural resources is expected to continue for many years
to come and will probably intensify owing to its continuing importance to the socio-economic
well-being of many countries. Such activities would proceed irrespective of the use of NCS.
However, the application of nucleonic gauges, through better process control, would at least
lead to economically viable and environmentally less disruptive extraction of mineral
resource.

2. NUCLEONIC GAUGES FOR ON-LINE ANALYSIS

This section briefly reviews the nuclear techniques and instrumentation commonly
applied in Australian mining industry for on-line analysis of mined and/or processed mineral
product. Only very brief description of the particular types of gauges is provided, as the
detailed information is available from other sources.

Nucleonic instrumentation developed and manufactured by two Australian companies
is the most commonly applied in the Australian mining industry. Australian Mineral
Development Laboratories Ltd (Amdel) produces and sells analysis instrumentation and
process control packages for the mineral processing industry (in-stream analysis systems for
slurry and solution streams). Mineral Control Systems Ltd (MCI) has specialised in the
development and manufacture of the COALSCAN range of on-line coal quality analysis
systems.

2.1. Density Gauges

Density gauges provide continuous on-line measurements of the density and/or%
solids of slurry or solution streams in pipes (on-pipe configuration) or in open tanks
(immersion probe). Over nine hundred and eighty Amdel's density gauges are now installed
in various mines and mineral plants across Australia.

The Amdel AM870 High Performance Density Gauge and AM871 Immersion
Probe are designed around a microprocessor-based signal processor, which may be coupled
with an on-pipe source/detector unit or an immersion probe. The measurement is performed in
narrow beam gamma ray transmission geometry. A 50mm x 50mm scintillation detector and
gamma ray source of typically 750 MBq activity are the basic components of the measuring
head. Automatic gain stabilisation for high precision measurement and source decay
compensation are incorporated in the gauge. Typical density operating range is 0-10 g/ml.
The microprocessor can calculate SG,% solids, gms/litre or solids mass flow.

Ronan Engineering (Aust) Pty Ltd also supplies density gauges for the Australian
industry. The X96N Density Monitor provides density/% solids monitoring of products in
the process pipe. Two types of detector are used; scintillation detector or ionisation chamber
detector. The Cesium-137 isotope is used as the source of radiation. Over 290 X96N gauges
are installed across Australia.
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2.2. Thickener Interface Gauges

The Amdel Thickener Interface Gauge (AM204 & AM542) provides continuous on-
line measurement of the level of the liquid/solid interface in thickeners and counter-current
decantation washers. The gauge also determines the span of the transition zone. This
information can be used for better control of flocculent addition rates. The density profile can
also be displayed. The Thickener Interface Gauge determines the interface level by measuring
natural radioactivity at various levels in the thickener using an array of up to twelve detectors
mounted vertically in a 50mm diameter stainless steel probe. The gauge has no moving parts
and the detectors used in the probe are rated to 110 °C. Amdel has installed 35 units across
Australia, mostly in thickeners and CCD washers in Alumina plants and in Mineral
Processing plants.

2.3. In-Stream Analysis Systems

In-stream analysers provide on-line assay information to allow better control of the
mineral processing plant. A variety of applications include Mineral Concentrators, Coal
Washeries and Mineral Sands Concentrators.

The Amdel In-Stream Analysis (ISA) Systems are of modular structure which enable
flexible configurations to measure as many streams as required and up to 8 elements in each
stream. ISA provides continuous and intermittent assays by using Multi-Element ISA probes,
Single-Element probes and Density probes. All probes are immersion probes. The first two
are based on energy dispersive X ray fluorescence analysis. The Density probe provides
measurement of pulp density and is used in conjunction with one or more Single-Element
probes. The probe contains a scintillation detector to measure attenuation of gamma rays
transmitted as a collimated beam through the slurry. The Single-Element probe measures one
element per probe and contains a scintillation detector for spectrometric measurements of
characteristic and scattered X rays. The Multi-Element probe contains a solid state detector
and is capable of measuring up to 8 elements and pulp density (based on the scattered X rays)
simultaneously. The Multi-element probe is particularly useful for slurries having very low
concentrations of valuable minerals as occur in some residue streams. The much better X ray
resolution of the solid state detector increases accuracy of analysis. The ISA systems are
installed at over 40 locations throughout Australia and analyse over 370 streams. The systems
are widely used for the better control of mineral concentrators with reported improvements in
mineral recoveries often in the range 1-2%.

The Amdel OLA-100 Universal On-Line Slurry and Solution Analyser provides
continuous analysis of both light and heavy elements in slurry and/or solution streams. The
OLA-100 uses the PGNAA technique for analysis. Due to the high penetration of both the
neutrons and resulting gamma rays, the measurement is less affected by variation in
mineralogy, matrix or particle size. The instrument is based on a solid state detector and
Californium-252 neutron source, up to 4000 energy channels are used for data acquisition.
Sixteen streams at North Parkes, Me Arthur River and Mt Keith are analysed using the OLA-
100 analyser.

Table 1 summarises the Australian and world-wide installations of the two most
commonly applied Amdel products; the In-Stream-Analysis family of systems (ISA, DSA,
OLA and CSA) and the Density Gauge.
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The Amdel Coal Slurry Analyser (CSA) provides on-line measurement of ash and
solids content in coal washing plants. A set of three CSA probes is immersed into the slurry
stream. The Ash Probe uses a source of low energy X rays and a scintillation detector in
backscatter geometry to measure the ash content of the slurry per unit volume. This probe
also measures the concentration of iron for necessary corrections to ash and density
determinations. The Density Probe measures the slurry density (%solids) using a source of
gamma rays (370 MBq Cs-137) and a scintillation detector in a gamma ray transmission
geometry. The Aeration Probe measures the amount of air in the slurry and provides a
correction to the density probe signal for effects of aeration. The probe uses a low intensity
Am-Be neutron source and a thermal neutron detector in a transmission geometry. Twenty
five streams at various Australian collieries are analysed with the CSA system.

TABLE 1: AMDEL NUCLEONIC GAUGES WORLD-WIDE INSTALLATIONS

Gauge

ISA gauges
(No. of
streams)
Density
gauges

Total

Australia

377

354*

731

North
America

41

-

41

South
America

82

28

110

Asia

148

118

266

Africa

78

4

82

Other

104

66

170

Total

830

570

1400

45 gauges installed outside the mining industry are included.

The Amdel Dry Stream Analyser (DSA) provides continuous on-line analysis of dry
material stream. The most typical application in the mining industry is for Mineral Sands. The
DSA measures% Ti, Fe, Zr, Ce, Hf, etc. in rutile, ilmenite, zircon and monazite product
streams. High-energy resolution (solid state detector) XRF technique is applied. A sample of
the main stream is diverted to the analyser. The main applications are in measurement of the
final product streams for quality control. Seven DSA systems operate at various Australian
mineral sands mines.

More detailed description of nucleonic instrumentation applied in mineral and coal
slurries can be found in a number of publications [1-5].

2.4. Coal Ash Gauges

The technical and economic benefits of the on-line analysis of coal for ash content
have been recognised for several decades. However, reliable and relatively accurate ash
monitors for conveyor belt applications have become available only in the last 10-15 years.
Recent years have seen the development and commercial availability of a variety of nucleonic
gauges for on-line and bulk analysis of coal (and minerals). Improved performance of these
instruments have been mainly associated with the development of new or improved
techniques, the development of fast and stable electronics and the availability of new range of
fast, reliable and inexpensive microprocessors.
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The ash content of coal can be determined by gamma ray techniques, which depend on
two basic facts; that ash has an effective atomic number greater than that of the combustible
matter and that the natural gamma-radiation of coal is well correlated with ash content. Three
types of on-line ash gauges, which are in widespread routine use in Australian coal
operations, are based on dual-energy gamma ray transmission, pair production and
measurement of natural-radioactivity of coal. The gauges are manufactured and marketed by
MCI as Coalscan ash monitors [6], Coalscan analysers operate both as on-belt and off-belt
systems depending on the type of analyser. Only two analysers (utilising dual transmission
and natural gamma-radiation) are used directly on-belt; the others require use of a sample by-
line.

The MCI Coalscan monitors are used in a wide range of applications including mine
grade control, raw coal monitoring, coal sorting, coal blending, stockpile management, power
station feed monitoring and blending, and ash monitoring at coal shipping ports. The typical
advantages of their applications include continuous product monitoring, increased recovery of
product specification coal, reduced penalties from off spec coal, reduced power generation
costs resulting from ash control in feed, improved blending, automatic rejection of high ash
coal and direct alternative to coal preparation for high quality coals.

Dual energy gamma ray transmission (DUET) gauges are the most widely used in the
coal mining industry for the on-line monitoring of the ash content of coal. Ash content is
determined by measuring the transmission through coal of two narrow beams of low- and
high-energy gamma rays [7, 8]. The absorption of the lower energy gamma rays depends on
ash content, due to its higher average atomic number than that of coal matter, and on the mass
per unit area of coal. The absorption of the higher energy gamma rays depends almost entirely
on the mass per unit area of coal in the beam. Ash content is determined by combining
measurements of the two beams. The determination is independent of both the bed thickness
and the mass of the coal. The main advantages of the DUET gauges are simplicity, direct on-
belt measurement and relatively low cost. The most important disadvantage of this technique
is its relatively high dependence on variable composition of ash (high Fe and Ca content).

The MCI COALSCAN 2500 and COALSCAN 3500 analysers are the DUET type
gauges. They both use Cs-137 as the high gamma ray energy emitter and Am-241 for
providing the low energy beam of gamma-radiation. A single scintillation detector measures
intensities of collinear beams originated from Cs-137 and Am-241 sources. The Coalscan
3500 is claimed to be the most extensively used on-line ash monitor throughout the world.
Fifty-one units have been installed in Australian coal mines, and 130 systems operate
throughout the world. The measuring head of the Coalscan 3500 is mounted on a C-frame
design, which ensures precise alignment of source and detector assemblies. The C-frame
swings off the conveyor (when empty) to provide an automatic standardisation and a
calibration check. The Coalscan 2500 is a cheaper version of Coalscan 3500 with some of the
features stripped off (e.g. no automatic standardisation/calibration check). Only one unit is
installed in Australia, but with another 82 units operating throughout the world the Coalscan
2500 has became the second most widely used model of all Coalscan systems.

The MCI COALSCAN 4500 is the pair production ash gauge [9]. The gauge
measures the intensities of Ra-226 gamma rays backscattered by the coal and resulting from
pair production type of interaction and Compton scattering. Both interactions depend on the
bulk density of the coal; the pair production also depends on the average atomic number of
the coal. By combining spectrometric measurement of the resulting gamma ray intensities, the
ash content can be determined. The gauge also incorporates a moisture monitor that uses a
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capacitance technique. A major advantage of the Coalscan 4500 is that it is about four times
less sensitive to variations in ash composition than the DUET gauges. The biggest
disadvantages are use of high activity Ra-226 source, high sensitivity to the coal geometry
and a necessity for a sample by-line. Eleven Coalscan 4500 systems have been installed in
Australian coal mines.

The MCI COALSCAN 1500 is an economical on-belt ash monitoring system utilising
the natural gamma ray activity of coal. The technique is based on the observed correlation
between the ash content and the natural gamma ray activity of coal due to the presence of
uranium, thorium and potassium in mineral matter of the analysed coal [10, 11]. The
correlation between the ash content and natural gamma-radioactivity of coal holds good for
bituminous, sub-bituminous and lignite coals, as well as raw and washed products. However,
different coals require separate calibrations. The gamma ray detector is very large, typically a
10 x 10 x 40cm Nal(Tl) scintillation crystal with low intrinsic natural radioactivity. To
minimise the effects of cosmic radiation, and hence improve the sensitivity of the monitor to
changes of ash content, a thick (10 cm or more) lead shield surrounds the detector and also is
mounted above the conveyor. The natural gamma ash monitors are inexpensive compared
with most other ash analysers, free of artificial radiation sources and, most importantly, are
relatively insensitive to variation in ash composition, moisture content and particle size.
However, a disadvantage is that coals from seams of different source materials and/or
depositional environment would usually require different calibrations. Eighteen Coalscan
1500 analysers operate throughout Australia.

The Prompt Gamma Neutron Activation Analysis (PGNAA) technique is the only
technique available, which can be classified as a direct method of measuring the ash content
of coal from its elemental constituents [12]. In principle, a large number of elements present
in coal matter can be determined through the neutron capture reactions of thermal neutrons
with the nuclei of atoms forming the coal and mineral matter. The determination of some of
the ash constituents (like sulphur or slagging index influencing elements) is very important
for the coal plant management. Commercially available PGNAA gauges employ Cf-252
neutron sources and Nal(Tl) scintillators for the detection of prompt gamma rays. GAMMA-
METRICS (USA) and MCI (Australia) are the major manufacturers and suppliers of the
PGNAA gauges.

The MCA COALSCAN 9000 and COALSCAN 9500 systems are PGNAA gauges.
The less expensive 9000 model applies a single large Nal(Tl) scintillator and off-belt ash
monitoring is done on a vibrating tube by-line system. The 9000 model offers handling
capacity of 1-5 t/h. Both systems incorporate a separate and independent gamma transmission
gauge for bulk density determinations and a fully integrated microwave moisture analyser.
The 9500 model has been engineered as a fully integrated, single enclosure measurement unit,
which accepts coal via a chute with up to 100 t/h handling capacity. This model incorporates
the Harwell Spectrometer system, which offers a vastly improved signal-to-noise ratio,
resulting in much better definition of elemental peaks in the recorded spectrum. The
incorporation of the Harvell Spectrometer results in a more stable calibration, valid over a
wider range of coal types. The coal attributes measured by Coalscan 9500 include: ash,
sulphur, moisture, carbon, hydrogen, nitrogen, chlorine, and ash parameters; silica, alumina,
iron oxide, calcium oxide, sodium oxide, potassium oxide and titanium oxide. The derived
parameters include, among others, specific energy, ash fusion temperature, and volatile
matter, sulphur emission potential, ash emission potential and oxygen. Nine Coalscan 9000
operate throughout Australian coal plants. System 9500 has been marketed for the last 2-3
years only, and to date six 9500 models have been installed in Australia.
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Table 2 summarises installations of all types of MCI COALSCAN technology both in
Australia and world-wide.

A single unit of the MCA COALSCAN 9100 was installed at Loy Yang B Mine of
the State Electricity Commission of Victoria to measure ash, moisture, specific energy and
sodium content of low rank brown coal [13]. The analyser uses a high-energy neutron source
to excite the 4.43 MeV inelastic scatter gamma ray from carbon. The gauge uses a high
efficiency BGO detector for improving spectral quality of recorded data, and applies the
shaker tube geometry for off-belt analysis. A microwave moisture measurement device is
incorporated in the analyser.

TABLE 2: COALSCAN COAL ASH ANALYSERS WORLD-WIDE INSTALLATIONS

Model

COALSCAN 1500
COALSCAN 2500
COALSCAN 3500
COALSCAN 4500
COALSCAN 9000
COALSCAN 9100
COALSCAN 9500

Total:

Australia

18
1
51
11
9
1
6

97

North
America
—
59
34
~
13
--
1

107

India

—
1
27
—
—
—
—

28

China

--
15
—
—
—

—

15

Other

8
7
18
1
—
—
2

33

Total

23
83
130
12
22
1
9

280

2.5. On-line Analysis of Iron Ore

The minor constituents in iron ore cause a range of quality control problems. One of
the methods which can be applied to on-line analysis of iron ore is the natural gamma method.
The relevance of the spectrometric natural gamma technique to iron ore is that the naturally
occurring radioisotopes are concentrated in the clay minerals which are constituents of the
gangue material mined with the ore. These isotopes are generally absent from the matrix of
pure iron ore. As a consequence of the fact that the isotopes are associated with kaolinite, they
are also associated with alumina. Alumina content of Australian iron ore is strongly correlated
with the thorium activity of the ore. In addition, it is possible to determine the manganese
content of iron ore from the potassium gamma ray activity [14]. The MCI IRONSCAN 1500
is a commercially available gauge for monitoring these constituents of iron ore. Two such
units are installed at the Hamersley Iron mines in Western Australia.

The pair production technique can be used to determine the average atomic number. In
a binary component system made up of hematite/goethite and shaly rock the iron ore grade
may be measured directly instead of the average atomic number. The MCI IRONSCAN 4100
is a gauge based on the pair production technique for the application in on-line analysis of
iron ore [15]. The applied technique is the same as for the Coalscan 4500. Three Ironscan
4100 analysers have been installed in Hamersley Iron operations.
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3. NUCLEONIC GAUGES FOR IN-SITU ANALYSIS

The metalliferous mining and coal mining industries of Australia have increasingly
recognised the need to obtain rapid and reliable in-situ analysis of particular parameters of the
mined product, often on a stratigraphic basis. The parameters required would depend on the
phase of mining and the particular resource industry concerned. Usually, the most sought
parameters are those that may affect the subsequent beneficiation process. Borehole logging is
now perceived by these industries as the fastest approach to the pre-exploitation stage of
mining operations in yielding a relevant, although limited, set of geological/geochemical
information.

The standard grade control procedure at most metalliferous ore mines is conducted by
sampling and assaying drill cuttings from large diameter production holes, or particularly
during the exploration stage by assaying core samples obtained in diamond drilling. This
approach offers full, detailed chemical and mineralogical assay data. On the other hand, the
sample collection, the sample preparation and the assay methods entailed are highly intensive
in labour, time and capital. One of the major problems facing the grade-controller is the time
taken to receive grade information about ore from the samples collected. In current sampling
practices at various mines, the best sample turnaround time is 24 h, but usually it takes two to
three days, and even up to a week, depending on the number of samples sent for assaying and
the backlog at the laboratory. Further, the highly precise and detailed laboratory
measurements of drill samples may fail in giving realistic evaluations of deposits, because of
either sampling or intrinsic geostatistical problems.

Nuclear well logging, apart from its capacity for delivering data rapidly, also has the
advantage that the penetrating nuclear radiation used for the measurements effectively yields
much larger sample volumes than either percussion or core drill samples. For a 10 m regular
grid of production (blast) holes of average depth of 20 m and average density of ore equal to
2.8 g/cm3 each hole represents an ore-block of 5600 t. A sample of around 4 kg (taken
manually from the cone of drill cuttings) with all accumulated errors of drilling and sampling
represents the 5600 t ore-block, giving a sample to ore-block ratio of approx. 1:1 400 000.
The PGNAA log has an effective sampling radius of 0.3 m. The overall sample for a 20 m log
is taken from 30.6 t of ore resulting in a sample to ore-block ratio of approx. 1:180. This
"radiometric sample" is without the inherent sampling inaccuracies of any manual technique,
and gives a far better ratio of sample to ore. Also, information is obtained in real time.

Among many physically different well logging techniques, nuclear well logging is
practically the only technique that has the capacity for providing quantitative in-situ grade
control in real time. Unlike on-line gauges, in-situ nucleonic gauges are usually not owned by
the mining companies. The logging is typically provided by the commercial logging
companies on a contract basis.

3.1. NON-SPECTROMETRIC LOGGING TOOLS

In the mainstream of mining, commercial operators use mainly natural gamma ray,
gamma-gamma and neutron-neutron logging, with the latter used for porosity measurements.
BPB Instruments Ltd is the biggest contract logging provider in Australia, particularly in coal
mining and exploration. Geoscience Associates Pty. Ltd, Surtron Technology (the major
provider of contract logging in iron ore mining) and Groundsearch Ltd are the other principal
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contract logging providers. Those four logging well logging companies have around 90-95%
of market share. A few smaller contractors service the remaining 5-10% of the mining
market.

Another Australian company, Auslog Pty. Ltd supplies a major share of geophysical
borehole logging equipment used by coal miners, mineral developers, explorers, groundwater
and geotechnical engineers. The core activity of Auslog is the design, manufacture and sale of
geophysical well logging equipment. Auslog equipment dominates the Australian market,
with an increasing percentage of production being exported. Among nuclear components of
Auslog non-spectrometric digital logging systems are a natural gamma ray tool, a gamma-
gamma tool, the Microdensity tool and a neutron tool. Ninety Auslog logging systems operate
across Australia.

The commercially available nuclear non-spectrometric borehole logging technologies
are mostly used for ore body (coal seam) delineation. Natural gamma ray methods identify
zones of contrast in natural activity, while gamma-gamma methods are used either to identify
zones of different density, or alternatively, to give a quantitative measure of formation
density. Formation density measurements have a further important application in resource
mining, based on apparently good correlation between the formation density and the mineral
content in coal or ore [16]. Most of the commercial density gamma-gamma logging tools
utilise radioactive sources having high activities (2000-6000 MBq). They are perceived as
being not sufficiently safe for mining personnel and for the environment, say in the case
where a tool is irretrievably jammed down a borehole. This factor has been mainly
responsible, so far, in dissuading many mining companies from becoming owners of
downhole nucleonic gauges. The miners perceive such ownership as also appropriating a
potentially costly responsibility for radiation protection and education of personnel. This
problem is not satisfactorily overcome by using commercial contractors, although that
stratagem places legal responsibility with the contractors.

While the non-spectrometric approach is satisfactory for many mining applications,
the non-spectrometric tools can neither accurately identify the chemical nature of the deposit
nor provide, with confidence, the ore grade or the chemical concentration of key impurities.
The techniques which are essential both for identification of elemental (radioisotopic
constituents) and for accurate estimation of elemental constituents in the ore are those which
are spectrometric.

3.2. SPECTROMETRIC LOGGING TOOLS

Spectrometric methods have a capability for detecting and recording, differentially,
various probe-response events, e.g. those due to different gamma ray energies. This capability
is important for identifying and estimating particular elemental constituents of the matrix,
because in nuclear reactions these constituents emit gamma-radiations of characteristic
energies, and the intensity of the specific radiation emitted is proportional to the elemental
concentration of the relevant constituent in the matrix.

CSIRO Exploration and Mining has developed a spectrometric borehole logging
technology, known as SIROLOG, for routine applications in mining deposits of coal and iron
ore [17]. Auslog Pty. Ltd is a licence holder for production and marketing of SIROLOG
technology. SIROLOG includes a family of different nuclear spectrometric in-situ analysis
techniques and instrumentation. In all SIROLOG systems, the tool is the generic part which
varies between types of nuclear logs applied. Those developed and commercially available
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from Auslog include a natural gamma tool, a combined gamma tool, a gamma-gamma tool, a
PGNAA tool, and a low radiation intensity tool.

Spectrometric downhole instrumentation has definite advantages over non-
spectrometric technology. Temperature and other drift of the detector and electronics can be
overcome through intrinsic gain stabilisation. A single detector can be used for recording
different logs based on different nuclear interactions (e.g. the combined gamma tool, where a
single spectrometric scintillation detector monitors both natural gamma-radiation and
backscatter gamma-radiation). But probably the most important advantage is that
spectrometric tools apply gamma ray sources of 1-3 orders of magnitude weaker than the
typical gamma ray source used in a non-spectrometric density tool. This feature makes the
tool safer for mining personnel and more environmentally friendly.

Callide Coalfields is routinely using SIROLOG technology (gamma-gamma and
PGNAA methods and tools) for their black coal mining operations [18, 19]. Units of
SIROLOG technology (natural gamma and gamma-gamma methods and tools) have found
commercial applications at the Tom Price, Paraburdoo and Channar mines of Hamersley Iron
[20]. The State Electricity Commission of Victoria routinely applies SIROLOG combined
gamma tool for investigation of the brown coal lithology, in order to delineate the coal, clay
and sand strata [21].

A fully spectrometric Low Radiation Intensity Tool, based on the backscatter gamma
ray method, is now commercially available from Auslog. The tool has been designed as an
intrinsically safe nucleonic gauge, providing in-situ information about formation density and
its average atomic number. The two configurations of the tool (known as the Zero Probe and
the Low Activity Probe) apply gamma ray sources of 1.1 and 1.9 MBq activity, respectively
[22]. The physical design of the tool is such that it utilises single-scattered gamma quanta to
provide information about the bulk density of coal (ore), whilst multi-scattered quanta of
lower energies carry information on the average chemical composition of coal (ore). The tool
geometry gives the advantage of a probe with the best possible bed resolution.

3.3. MEASUREMENTS ON THE COAL FACE

The coal mining industry requires in-situ analysis of coal quality at the final
exploration and pre-mine planning and production stages. Coal face analysis would be mainly
applicable to the production phase in open-cut pits and underground mines. The problem for
coal mining companies to avoid at the coal face is diluting the coal with waste, in situations
where coal and waste are visually indistinguishable. The use of quantitative face ash analysers
would permit selective mining. Coal ash determination on the coal face has received less
attention than coal ash measurement in boreholes or on conveyor belts. The technical
challenges are to design and construct a coal face analyser which is safe, accurate, portable
and manoeuvrable.

CSIRO Exploration and Mining has developed such an instrument [23], the Coal Face
Ash Analyser which is commercially available from the producer, Auslog Pty. Ltd. The
analyser uses two gamma ray microsources Ba-133 and Cs-137 of activities 1.8 and
0.35 MBq, respectively. The caesium source is used for gain stabilisation only. The analyser
works as a backscatter gamma ray type instrument. The coal face ash analyser does not
require special shielding and does not expose the user to unacceptable levels of radiation.

The analyser needs to be calibrated for different types of coal.

44



i >•

Figure 1: Low radiation intensity spectrometric borehole logging probe for qualitative and
quantitative analysis of mineable resources.

Figure 2: Low activity portable coalface ash analyser for differentiating coal and look alike
sediments.
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Figure 3: COALSCAN 3500 on-belt coal ash analyser for on-line ash monitoring. It contains
Cs-137 andAm-241 gamma sources.

Figure 4: COALSCAN 1500 on-belt ash monitor utilising the natural gamma ray activity of
coal. The gamma ray detector 10x10x40 cm Nal (Tl) scintillator shielded surrounds in 10 cm

lead.
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