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ABSTRACT

This research programme is designed to develop industrial measurement systems utilising
simultaneous transmission of neutrons and gamma rays (Neugat method). Descriptions of these
systems have been given in reports and magazine articles, and industrial site trials have been
undertaken.
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1 INTRODUCTION

On-line continuous methods of industrial product measurement offers many advantages over
periodic sampling methods. The New Zealand Ministry of Health has accepted that radiation
transmission methods deliver negligible doses to any product and are suitable for food quality
measurements. This paper describes such a solution for on-line measurement utilising
neutron/gamma transmission method (here called the Neugat Method - for Neutron-Gamma-
Transmission). The method has been discussed previously by Tominaga et.al. [1], The solution is
now part of a total packing system being marketed in the meat industry. Applications to other
industries such as the specification of wood chips in pulp and paper production is being evaluated.

2 SCIENTIFIC RATIONAL AND PROGRAMME DESIGN

(a) GENERAL OVERVIEW

On-line non-invasive bulk measuring systems for the agricultural industries are uncommon. The
approach here is based on detecting the variation of the bulk hydrogen as an indicator of the
composition of binary materials.

In the meat industry, measurement of the fat content of boned meat determines both the true
commercial value of the manufactured product and ensures the farmer is correctly compensated. In
turn, knowledge of the meat composition assists the fanner to select his breeding stock for best
returns.

(b) STRATEGIC AND TACTICAL RELEVANCE

Strategic research relevance applies to the priorities of the NZ government. This programme
supports the NZ government priority themes and strategies such as value creation for industry and
sustaining resources.

Tactical relevance refers to producing desirable products for industry. We have been successful in
gaining financial input and usage in our radiation based instruments, particularly in the meat and
wood based industries.

(c) INFORMATION, TECHNOLOGY TRANSFER AND FUTURE PLANS

The principle market applications are through the processors and marketers of primary products.
We endeavour to understand the needs of industry by carrying out regular discussions, publishing
our work in trade journals and international publications [2-6] Related commercialisation
processes in a number of industries widens our scope in finding customers.

Markets have been established for non-invasive measuring systems based on low intensity radiation
transmission. Future development and sales will be based on market forces which are not fully
explored.



3. BASIC ELEMENTS OF THE SYSTEM

(a) DESCRIPTION OF THE TECHNIQUE

The general experimental geometry for Neugat systems [2-6] is illustrated in discussed in the
references. For a narrow neutron and gamma ray beam transmitted through a material, composed
of components x and y, the relationship between the numbers of events detected with and without
the material present can be written:

In = Ino exp[ - [u.axmx + m my]] (1)

Ir = IY0 exp[ - [u^m.s + |%mv]] (2)

where iVc, M-ny are the apparent neutron mass attenuation coefficients for the two components, x
and y, composing the mixture. The quantities I,,, Ino are the numbers of events detected in a
prescribed period with the material present, and absent, respectively. Corresponding gamma ray
components are u^, u ,̂., Ir and I/o. The quantities mx and mv, are the masses of x and y per unit
area, respectively.

By solving eqns. (1) and (2) for mx and my, the wt% of component x can be determined from the
expression:

w = 100 mx/(mx + my) (3)

and the density of the mixture can be determined from the expression:

p = (mx + my)/t (4)

where t is the material thickness.

As shown in the references, the uncertainity in the wt% and the density can be readily expressed
using the propergation of error approach based on AIn (the error in 1,,) and A1T (the error in IY)
being typically the counting statistical errors, Vln and Vly, respectively. The Neugat signature is
distinctive for x and y as long as F = u^u^y - M-nyM̂  •?• 0. For best measurement conditions p, F
and the neutron and gamma ray integrated counts in a prescribed period should be as large as
possible. The magnitude of F is influenced by the gauge geometry and electronic settings.
Experience has shown that the simple model is still useful for broad divergent beams used in
practice.

(b) BASIC EQUIPMENT

The radioisotope sources used in Neugat gauges are 252Cf and Am-Be. The detectors are large
liquid scintillation detectors which detect both neutrons and gamma rays simultaneously, with both
high efficiencies (-50%) and high rates up to 106c/s.



(c) SENSITIVITY OF THE NEUGAT SYSTEM

Typical F values for dairy product combinations in order of reducing values or increasing difficulty
of measurement are listed in Table 1. For the mixtures at the top of the list a counting rate of about
100 kHz is required to achieve a precision of composition measurement of about 1 wt% in 20
seconds. For reduced F value's longer counting times are needed. For example, an F value
reduced by a factor of two requires four times the counting period to achieve a given precision [2].

TABLE 1: F values for measurements on small dairy samples using a 2s2Cf source

Combination

Fat/Skim milk (also a lean meat/fat mix)
Fat/Water
Butter/Water
Cream/Skim milk
Cream/Butter
Cream/Water
Water/Cheese
Water/Skim Milk

F [xlO5| m'/kg2

0.8
0.8
0.3
0.2
0.2
0.2
0.1
0.03

4 MARKETING ASPECTS OF NON-INVASIVE METHODS.

(a) FEATURES OF NON-INVASIVE METHODS IN INDUSTRY

Currently in most industries, key parameters of primary materials are determined by sampling
methods. This involves periodically removing samples of the product, taking the samples
away to a remote laboratory which may be off-site and then analysing the samples by
conventional chemical analysis methods. It is often assummed that these samples are
representative of the product as a whole. The difficulty of this approach is that only a very
small portion of the product is tested (so the results obtained may not be representative of the
product as a whole), the determination of the results is much slower that the production
process (so direct feed back to control the production process is usually not possible) and the
procedure is labour intensive.

Benefits of non-invasive methods include automatic immediate measurements on a large
percentage of the product while maintaining production speed, and subsequent control of the
composition produced in the production process No labour intensive activities are required.

(b) NEUGAT INDUSTRIAL APPLICATIONS

The simultaneous transmission of neutron and gamma rays is basically a simple method for the
measurement of key parameters for industrial and primary product materials [2]. Inherently,
neutron transmission is sensitive to the fractional mass of light elements in the material,
particularly hydrogen, whereas the gamma ray transmission is sensitive to the total mass.
Because the same radioisotopic source usually provides both the neutron and gamma ray
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beams, these beams are geometrically coincident thus ensuring the same sample volumes are
spanned.

An attractive feature to users is the independence of the composition measurement to the
product mass (e.g. see eqn.3). Insensitivity of the wt% measurement to sample temperature is
often an important feature in promoting Neugat systems.

5 CURRENT NEUGAT INTERESTS

(a) MEAT INDUSTRY UPDATE

A typical calibration curve for fat measurement [4] in boneless meat is given in figure 3.
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FIG.3 Measurement of fat in meat using a Am-Be source

A major goal for the meat industry is to be able to automatically pack meat to a certain fat
value at high rates. The Neugat system has been integrated into an automatic packing system
called 'Beast-to-Box' (BTB) through sponsorship by the Australian Meat Research Council
(now called the Meat and Lifestock Association). The BTB system uses a process chain of a
dicer, a measurement system (Neugat system called 'Meatscan 150T'), a meat sorter (under
development), and associated computerised process control systems to pack into boxes (27
kg) at rates in excess of 10 tonnes per hour. A Neugat measurement has been built and
demonstrated by Australian groups Scantech and Vormax using over 1500 meat samples.
They report being able to measure fat content to 0.4% (one standard deviation) in about 30
seconds. It is planned to promote BTB in an Australian meat plant demonstration over the
next 2 years, and worldwide sales of at least 60 systems are anticipated particularly in the USA
and South America.



(b) PULP AND PAPER INDUSTRY UPDATE.

A Neugat gauge has been installed on a wood chip conveyor at the Carter Holt Harvey Pulp
and Paper mill at Kinleith, New Zealand. We have used the gauge to measure the dry wood
content and bulk density of wood chips being carried on a conveyer to a continuous digester.
The dry wood content (OD%) is measured to about 1 wt% (one standard deviation) precision.

. Typical calibration curves are given in fig.4.
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FIG.4 Calibration for water measurenient in wood chips using a Cf-252 source.

(c) CHALLENGES IN RAW WOOL MEASUREMENT

Raw wool is a complex material containing wool, suint (animal sweat-like material), water,
dirt, grease, and vegetable matter. Wool can significantly change its water content with
changes in atmospheric humidity. The industry would like to be able to measure the
marketable content of raw wool, variously expressed as the 'wool yield' of the 'wool base'



depending on the market requirement. We have reported trials of a Neugat system to the
measure of'wool yield' based on using the binary model expressed in Sec. 3a [5]. Twelve
mini-wool bales covering the wool yield range 55 to 85 wt%, from random origins
(geography, breed, fleece position), were provided by the New Zealand Wool Board (now
Wools New Zealand). We found the wool yield of raw wool is poorly correlated with the
Neugat signature (i.e. fractional weight in terms of hydrogen). In fig. 6 we see an example of
this poor correlation between the laboratory values and the Neugat binary model results.
Basically this product does not behave like a binary mixture, and indeed is not a binary mixture
in reality.
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FIG.5 Application of a binary Neugat model to raw wool (12 mini-wool bales).

(d) POTENTIAL FOR LIQUID MIXTURE MEASUREMENT

The Neugat method can analyze with ease large product volumes, say of the order of 10 L,
continuously on a production line and is insensitive to temperature. We have demonstrated an
ability to measure the composition of liquids where the components may have very small
density differences [6].

6 CONCLUSION

We have focussed particularly on Neugat transmission gauges in the meat industry and in the
pulp and paper industry. There is considerable potential for applications in other industries
(e.g. dairy, liquid mixtures) where changes in hydrogen content can be reliably correlated with
composition. There are exceptions such as raw wool, where for obvious reasons the Neugat
measurement of yield using a binary model may be inadequate. Neugat gauges satisfactorily
operate at high count-rates and sensitivity.
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The method is attractive to industries because it can be applied automatically to a large
percentage of a industrial material at production speed. This allows the correct commercial
value of the material can be determined and production can be made more efficient by the
introduction of feedback mechanisms to control quality.
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