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Abstract

The nucleonic gauge technology in China is in full development. The nucleonic gauges are widely
used, mainly in metallurgy, coal, cement and rubber industries. The simple first generation of nucleonic gauge is
locally designed and manufactured in industrial scale by many institutions and enterprises. The local market is
large and far from being saturated. The quality and reliability of nucleonic gauges and their integration into the
control system are still concern. Research and development is going on to improve the quality and to design and
produce second generation of multibeam and multienergy nucleonic gauges.

INTRODUCTION

The nucleonic gauges and control systems are widely being used in many industries in
China. At the beginning of the development of nucleonic instrumentation industry in 1950's,
China copied indiscriminately the experience of the Former USSR. From the 1960's onwards,
China began to develop its own industrial nucleonic gauges.

At present, there are more than 180 companies in China which develop and produce
nucleonic gauges. More than 40 types of nucleonic gauges are being produced so far. The
industrial nucleonic instrumentation includes nucleonic level and density gauges, weight and
thickness gauges, neutron moisture and density-moisture gauges, content analysers, and some
simple nucleonic control systems as well. These gauges played an important role in the
modernisation of conventional industry. They were successful in reducing energy
consumption, increasing the quantity of goods and controlling quality of products.

With the development of research in the field of nucleonic control systems, more and
more nucleonic gauges are used in monitoring and controlling industrial production
processes.

The nucleonic gauges were rapidly increased from 1988 to 1997. From only 6,000 sets
of nuclear instruments in 1988, there were about 38,000 sets by the end of 1995. The number
of nucleonic gauges including level switches amounted to more than 45,000 sets in 1996. This
progress is shown in Figure 1.

Due to many advantages, nucleonic gauges are widely being used not only in
metallurgical, coal, cement and rubber industries, but also in computed tomography and
digital radiography.

Research and development of nucleonic gauges are still in process. Compared to some
developed countries, nucleonic gauges used in China are not of high quality and are not
accredited to international standards. In order to improve reliability and stability of these
gauges, a lot of work still needs to be done. Most of the nucleonic gauges are of simple nature
and are not part of the control system. In many factories or plants, NCS are still being
imported from abroad.
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Fig. 1. Progress in number ofnucleonic gauges.

The principle of nucleonic gauge

The nucleonic gauge usually consists of three parts, i.e. a radiation source, a detector
and an electric measuring instrument. The radiation source emits radioactive rays. The
detector is used to convert energy or density of the rays into electric signals. The electronic
measuring instrument is used for the processing of the electronic signals.

Beta, X and gamma, and neutron sources are used as radiation sources and detectors
include ion-chamber, scintillation detector and proportional counter. Beta and X ray have a
shorter range due to their strong ionisation ability, thus they can only be used in measuring
the property of thin layer materials. Neutron and gamma ray have a very strong ability to
penetrate a mass, so they can be used in measuring the property of bulk materials.

The industrial nucleonic gauges mainly include three kinds of gauges. First, the
intensity measuring type gauges, such as thickness, density and weight gauges. Second, the
spectrometric analysis type gauges, such as X-florescence analysis, and third, the imaging
type gauges, such as computed tomography and digital radiography.

There are two configurations of source, detector and material. In transmission
configuration, source and detector are arranged at both sides of the object which is to be
measured (see Figure 2).

In the scattering configuration, source and detector are arranged at the same
side of the object which is to be measured (see Figure 3).
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Case;-study types of nucleonic gauges manufactured in China

The major nucleonic gauges manufactured in China are described below:

1) Nucleonic level gauge:

The nucleonic level gauge is one of the simplest gauges in industrial nucleonic
instrumentation. It is widely used in industry, especially for measuring materials having high
temperature and pressure, as well as for combustible, explosive, toxic or erosive materials in
hermetically sealed vessels. This measurement is not affected by chemical composition and
physical conditions of materials. Nucleonic gauges are widely used in cement and chemical
plants, oil refineries and steelwork activities in China. They have been contributing to a huge
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economic benefit. For example, at many cement plants, there were increases of more than
30% in production, bringing the total income to approximately US$ 11 million per year. Until
1996, about 12 000 sets of nucleonic level gauges were installed in China. There are produced
simple relay (switch) type and more complicated continuous level nucleonic gauges. Figure 4
shows the principle of a switch nucleonic level gauge:

Source {^Detector

Vessel Electronic
instrument

Fig. 4 . Principle of nucleonic level switch

Figure 5 (a) shows a multi-detector system used for continuous level measuring. It can
be used for liquid, slurry or solid materials. Figure 5 (b) shows a continuous level
measurement system using a long detector.

2) Thickness Gauge

Several kinds of thickness gauges have been designed and used in Chinese industry.
Some examples of thickness gauges are steel thickness gauge for strap mill, paper and plastic
thickness gauge and many other thickness gauges for measurement of material thickness. The
following three types of thickness gauges are produced and commonly used in China.

a. Steel thickness gauge

There are more than 100 small and middle-sized strap mills in China, which produce
about one million tons of hot and cold steel strap per year, including many kinds of special
steels. The 241Am gamma ray source and high pressure Xenon ionisation chamber with thin
window is used recently.

The thickness gauges produced by INET come in different types to meet the demands
of various users. They are of low cost and are widely used by local industry, about 500 sets of
thickness gauges produced by INET are being used by 70 users in 20 provinces and cities
during last 11 years. One set was installed and is still in use in Thailand.

Figure 6 shows that the amount of thickness gauges increased by 50 sets per year from
1992 to 1994, and by approximately 60 sets per year from 1994 to 1997. A rough estimation
shows a profit of over US$ 30 million per year, as a result of improved performance and
optimised processing.
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Fig. 5 (b) Long detector continuous nucleonic level gauge
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Fig. 6: Progress in number of thickness gauge in use

b. Other thickness gauges

Nucleonic gauges for paper and plastic basis weight monitoring play an important role
in paper and pulp industry in China. The beta sources Kr-85 and Pm-147 are mostly used.

3) Nucleonic weigh scale

The nucleonic weigh scale is a mass flow meter. The gamma rays are attenuated
during their penetration into materials. Gamma rays received by a sensor mounted beneath a
belt conveyor are converted to the mass flow rate and the variation of total weight of material
is displayed on a computer. Examples of nucleonic weigh scales include mineral ore belt,
helical, chain, fender, vibration and pneumatic conveyers. They are widely used in cement,
coal refining, mining, chemical and mineral ore processing plants.

Nucleonic weigh scales have been produced since 1983. The first gauge made in
China was designed by INET and used in Beijing Second Coal Plant in 1987. Since then,
according to the technical scheme that was developed by INET, several companies have
produced many nucleonic weigh scales. Cs-137 and a long ion chamber detector are mostly
used. A linear sealed source is being used recently to improve the performance of these
gauges.

Recently, with the development of long ionising chambers, nucleonic weigh scales
became of great importance to the cement industry. Nucleonic weigh scales are the most
commonly used gauges in China. There are about 80 companies that produce nucleonic weigh
scales in China. They produce more than 700 sets per year. At the end of 1997, about 6500
sets were installed in various plants in China.
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Fig. 7: Progress in number of nucleonic weigh scales

APPLICATION OF NCS IN INDUSTRY

Table 1 summarises the nucleonic gauges installed in Chinese industry.

TABLE 1: MAIN APPLICATIONS OF NCS IN INDUSTRY

Nucleonic Gauge
Thickness

Level
Density
Moisture content
Weigh scale
Well-logging

Industrial field
Iron & steel, paper-making, chemical, non-ferrous metals,
construction
Iron & steel, chemical, cement
Mining, Iron & steel, chemical, cigarette
Iron & steel, civil engineering
Cement, coal, chemical, Iron & steel, power, mining
Petroleum, coal, mineral

In cement industry, the need for level gauges is huge. About 2300 sets are required for
controlling the process of clinker production in rotary kilns. A large number of nucleonic
weigh scales and X ray fluorescence analysers are also needed for monitoring the cement raw
material. The cement industry, consisting of 10 000 cement plants, is the biggest market of
NCS in China.

Nucleonic instrumentation in civil engineering is largely applied. Portable density and
neutron surface density-moisture gauges are used for measuring density and moisture content
of soil, cement, concrete and asphalt in highways, bridges, harbours, dams and buildings.

73



TABLE 2: APPLICATIONS OF NCS IN LARGE IRON AND STEEL PLANTS

NCS

Level
Moisture gauge
Weigh scale
Density gauge
Thickness gauge
Content analyser
Aligning gauge
Slab position detector
Continuous level gauge
Coating mass gauge
Tuber wall thickness
measuring system
Total

BS

29
15
8
9

21

6
15
6
1
2

112

BT

10
6
12

17
2
8

55

SH

8
2
10

14

16

50

PZH

4
4

12

2

22

AS

5
2

8

4

12

31

W
H

4
14

42
13

18

91

TS

70

16
60

2

148

CQ

2
4
2

1

9

CONCLUSIONS

The nucleonic gauging activity in China is in expansion. Research and development
are in process in many nuclear institutions for design and manufacturing of prototypes of
more advanced double-beam and multi-beam gauges.

The nucleonic instrumentation industry is producing a large number of simple
nucleonic gauges with common use in Chinese industry. The need for more nucleonic gauges
is quite evident in huge Chinese market.
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