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1. INTRODUCTION

In the mid 1940's artificially produced radioactive iso-
topes became available in quantity. These materials, made
in the first nuclear reactors, were eagerly awaited by rapidly’
growing groups of research workers which now had ncw tools to
help solve long-existing problems. Because of their unique
_property of giving out radiation which could be detected and
assesscd remotely, radioactive isortopes were soon put to use
as tracers, to simply follow the movement of objects or sub-
stances in such diverse fields as medicine, agriculturc and
industry. Crude electironic instrumentation based on simple
Geiger-Miller counters was used to measure the radiation
from these radioisotopes and new specialists, the nuclear
chemist, the nuclear physicist and the nuclear engineer, evolved
to verify the properties of their radiations. New discoveries
were made and rapidly translsted into practical applications.

The radioisotopcs and their associated detcction equipment
were at this time largely in Government-controlled laboratories
in a few countries, but the small groups of enthusiasts vigor-
ously devoted themselves not only to understanding their new
science, but also to educating and training other research
workers. The general public on the other hand, largely through
fear and ignorance by associating all things nuclear with the
more dramatic and lethal aspects of atomic energy, was wary,
critical and even obstructional of this new technology and
to some extent this situation still pertains today. A great
deal of time, effort and moncy was spent by Governments in
educational cu&aians and even now ncw films end publications
lfpur which still attempt to explain to the layman the simpii-
city and safety involved in the correct use of the same radio-
jsotope techniques which were developed 25 years ago.

Blaborate nationa) and local regulations have been drgwn
up and implemented to ensure that the user of radioisotopes
and radistion controls his "tools" in a responsible manner.
Those regulations are enforced by health authorities at both
the national and local level. Scientists are now taught how
to handle radioisotopes as part of their education and training.
‘Internationally recommendod regulations for the transport of
radioisotopes exist as do regulations governing the exposure
of radiation workers and the general public to the different
types of radiation. All of these measures, designed after
much consultaticn and with great care, operste successfully
and effectively, with a mininum of interference to the user.

As a technology,the a:pucution of radioisotopes and radi-

ation has experienced the benefit of Governmental support in
both manpover and money since it3 inception. In diagnostic
medicine and agriculture the techniques are well-established
‘and revarding. They are also in the hands of trained and ex-
perienced personnel. Industry, which has the most to gain
from the use of these techniques, has not fully exploited them
in spite of concerted attempts by those with vested interests
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to promote their advantages. Many theories have been expoundzd
to explain this situation and many surveys and analyses have
been made to assess the economic implications of the usec of
nuclear techniques in industry. Therc is no doubt that con-
siderable savings in money, Ta¥ materials and time can be

made through the introduction of sone radioisotope techniques.
Why then are these applicaticns not more widespread?

As explained earlier, the design and development of
industrial gauges, for example, was jmitially in the hands ot
rescarch scientists, most of whom had 1ittle contact with
jndustry and, as a result, little knowlcéune of real industrial
conditions. The first radioisotope instruments installed in
industry in 1949 werc to measure the thickness of shect material.
These gauges vere little more than laboratory instruments re-
designed to meet a particular measuring problem and, as @
rcesult, they were prone to break down in the more axacting
jndustrial environments. Gradually, the manufacture of these
devices passed into the hands of more experienced engineers
who constructed gauges which vere reliable and which could be
adapted to & particular process rather than vice versa. The
presently available thickness gauges arc reliable, accurate
and, when necessary, sophisticated, employing the most advanced
elec:vonic and mechanical technology. As a resvlt, their usc
js accepted as a routine method of thickness mcasurement and
control in nunerous industries. Other techniques have followed
s similar pattern but some rave suffered from the over--
enthusiasm of their proponents and others have simply not been
ld;pted to give the user the type of instrument he rcally re-
quires.

On the industrial side, radioisotope usadge fe still treated
largely as A specialist art instead of being just another tech-
nique at the disposal of the engineer. It is here that the de-
veloping countries have an advantage over the mcre industrially
advanced nations. large numbers of scientists and enginccers
of all disciplines have been given training in Ypiversities and
in Government-sponsored courses to enable them to judge the
necd for and advantages of radioisotope techniques vhen applied
to a particular problen. Industry in these¢ countriee is in the
hands of young technologists who do not have the traditional or
inherited conservatisn of somc of their opposite numbers in
the industrially developed countries. At the same time they
have the benefit of being able to introduce well-proven &nd
established techniques and instruments at an early stauge.

As will be seen in the following chapters, some nucleasr
techniques are widespread in industrial practice. No attenmpt
has been made to explain in depth the theory behind these tech-
niques as this is well-documented clscwhere. Only these tech-
niques which are routinely used and which are economically or
technically viable are considered. Instruments and techniques
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which are still in the dcvelopment stage or which are vari-
ations of a dbasic principle have bcen deliberately excluded
as have those which are used only cn a limited scale,




2. FUNCTIONS

2.1 Instrumentation

2.1.1 General.
Radioisotope instruments are used to determine:

(a) mass per unit arca, or thickness of homogcneous
materials such as stccl, aluminium or copper or
heterogcneous materials of constant composation
such as plastics, papcr or rubber;

(b) thickness of coatings on a dissimilar backing
material such as zinc on steel;

(c) density of materials of constant thickness such
as 1iquids or slurrics in pipes;

(4) density of bulk materials such &5 concrete, rocks
or soil;

(¢) 1levels of fluids or solids in vessels or packages;
(f) elemental composition of some heterogencous materials.

In addition, there are many applications where the same
basic principles are applied, such as in flow metcrs, fire
detectors, anemometers and position indicators.

All of these instruments consist of a source of radiation,
a radiation detector and the associated clectronics which make
up the indicating unit. Radiation absorption, rcatteriag,
jonization or excitation phenomena are ueed to mcasure a vange
of physical properties. The radiation source and detector
are either located on the same side of the material under in-
vestigation (backscatter) or on opposite sides (transmission),
depending on the application.

The choice of radioisotope scurce and detector is deter-
ained by the particular application. Alpha and beta particle
emitting sources and sources of electromacnetic (gamma or X-)
radiation and neutrons are available in a very wide range of
::yﬂcnl and chemical forms suitable for almost any application.

diation detectors are Geiger-Milller counters, proportional
counters, scintillation counters, jonization chambers and, in
a few cases, solid state detectors made of Germaunium (Li) or
gilicon (Li). Detectors are selected because of their better
response to the radiation being measured and radioisotope
sourccs are chosen to mest the basic scientific requirements
or messuring principle being used. Thus, whils: it 1s possidle
to use beta particle and electromagnetic radistion transmission
to meature all the properties (a) to (f), gamma transmission is
enerslly uscd for (c) and (e) and gamma baciscatter for (d).
lemental analysis is accompl i shed mainly witn low energy elec-
tromagnetic radistion but to a limited extent with beta particle
sbsorption and backscatter. Coating thickness is mecasured dy
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beta backscatter or X-ray fluorescence, the latter technique
rapidly overtaking the former in most applications.

2.1.2 Mass per Unit Area or Thickness.

The measurcment of mass per unit arca of sheet materials
is made by the transmission of alpha particles, beta particles
and elcctromagnetic radiation and backscattering of beta parti-
‘cles and electromagnetic radiation. Alpha particles are used
for thin materials (1-5 mg/cm2), beta particles for mest sheet
materials (1-1000 mg/cm?), bremsstrahlung radiation in the
thickness range 0.05-5mn and gamma radiation on thick materials,
such as steel, in the range 10-150 nnm.

The attenuation of beta particles and electromagnetic
radiation by material is a function of the thickness and
density of the material, i.e. mass per unit area., If the
density of the material is constant, the thicknecss cmn be
measured directly after calibration. Measurcment accuracy
is usually better than 1% when using beta particle transmission
except for very light weight (<1 mg/cm?) materials when
accuracies are about 2. The most commonly used detcctors for
these systems are ionization_chanmbers which have a continuous
current output of about 10-10 amp. Presentation of the detector
signal, after saplification, is usually donc on a recorder or
s deviation meter showing variations from a target thickness.

wCrand "0" frames which support sourcc and detector on
opposite sides of the sheet can Ee made sufficiently rigid to
cover widths up to several metres. The movement of the source
snd detector can be programined to scan the width of the sheet
material contiruously and to follow 8 pre-determined pattern
with the facility of over-riding this programme to make
measurements at any pcsition across the sheet. Beta particle
transmission gauges are the most commonly used for light-weight
sheet material. Hovever, many modern paper machines are more
than 10 metres wide and to overcome the errors introduced by

the distortion which occurs in long frames supporting the source
and detector beta backscatter is uscd to messure mass per unit
area. Source and detector are mounted side by side in an
integral, light-weight measuring head which rides on the paper,
also eliminating pass-line errors.

Similar mechanical systems are used in bremsstrahlung or
radiation transmission gauges which are used routinely to
measure the thickresses of metal sheets, either cold- or hot-
rolled. A wide range of radioisotope sources of electromagnetic
radistion is availahle, naking it relatively easy to sclect
o

the optimum radiation energy r a particular application.
Yhen only one side of the material is accezsibdle, such as when
hupoctin: pipe or vessocl walls, gamma backscatter is used to
seasure thickness. The measuring head of simple, portadble
instruments is held against the surface of the material to be
seasured so that constant geometry is ussured.
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Prices for these instruments range from $ 500,- for a
portable wall-thickness gauge to up to $ 500,000,- for a
sophisticated transmission gauge capakle of controlling a
paper making machine. The majority of beta- and gamma-
transmission measuring instruments, which siwmply indicate
deviations from a target thickness, are in the § ¢ .,000,-
to $ 20,000,- range, dependingr uron their origin, the usc
of modern electronic components and their reliability. The
‘latter implies the attention given to design and quality
control during manufacture.

2.1.3 Coating Thickness or Weight.

Beta-particle backscatter and radioisotope X-ray fluor-
escence are the preferrcd methods for mcasuring coating thick-
ness. In some applications, dual beta particle transmission
systems are used, measuring before and after application of
the coating and obtaining the desired mcasuremcnt by signal
sub:raction. lYor "light" or low Atomic Nunmber naterials,
typical measuring problems are associated with adhesive or
chemical coatings applied to paper. Beta-particle backscatter
ijs used for these mecasurements providing there is a consider-

<

able difference in the Atomic Numbers of the backing and
coating materials. Saturation backscatter must be obtained
from the basc material so that any change in heta-backscatter
is due solely to change in coating thickness. For this reason
these mcasurements are best performed against a backing of
material of similar Atomic Number to thc base. The macs per

unit area range covercd by this type of measuring systenm is
1-10 mg/cmé and instrument costs rangc between $ 2,000,- and
$ 20,000,-.

The same principle has been widely used for measuring
thin metal coatings on a steel basc, such as clectroplated
tin or zinc on steel but it is rapidly being supcrceeded by
the more practical X-ray fluorescence technique. Virtually
mono-energetic radioisotope sources of low cnergy electromag-
netic radiation are now cormercially avaiiable and this allows
the selection of a source just sufficiently encrgetic encugh to
excite characteristic radiation from the element to be measured.
Thus, for zinc coatings on steel, it is possible to excite
zinc X-rays and separate these cither clectronically or mechani.-
cally from those of iron. The intensity of fluorescent X-radizatiom
fncreases with increasing concentration of an element and hence
coating weight or thickness can be determined. For tin, paint
or aluminium coatings on steel the absorption of iron X-rays
in the coating layer is used to measure the coating thickness.
This technique s an excellent example of radioisotope instru-
mentation solving a previously difficult on-lire measuring
problem and it has led to the development of a new generation
of sophisticated thickness gauges. Costs range from § 8,000,
for a laboratory instrument to $ 250,000,- for a double-sided
on-line system suitable for process control.




2.1.4 Density.

Most density measurements arc made on materials in
pipes or other containers and the gamma transmission tech-
nique is most suitable for this purpose. The radiocactive
source, in a lead or heavy metal container, is mounted on
the cutside of the pipe with the radiation detector dia-
metrically opposite. The detector is most commonly an
jonization chamber and the radiation energy is usually
chosen to be of sufficiently high energy so that its ab-
sorption by the material is a function of electron density
only. Since source-detector separation is fixed, the
resulting signal from the detector is a mcasure of the
physical density of the material in the pipe, providing
that the pipe is full. Application arcas are numerous
ranging from oil and slurries in pipelines to ice cream and
other edible products in concentrating vessels. Installa-
tions in the § 2,500,- to $ 10,000,- range are uscd to indi-
c;tg dc:iations from a target density with an accuracy
of %0.1%.

Beta-particle transmission gauges are used on less
dense and thinner materials and the absorption of this type
of radiation is a function of elcctron density of the material.
One of the largest application arcas for radioisotope gauging
is in cigarette manufacture and here beta transmission gauges
are standard equipment, measuring tobacco packing density to
better than the 0.25% deviation normally allowed in the mean
cigarette weight. The small radioactive source and ionization
chamber detector are built into modern cigarette-making
machlnery and costs are therefore difficuit to ascertain, but
$ 2,000,- to  5,000,- is an estimated range.

For bulk materials such as sugar, soil or coal a single
probe instrument is preferred in which the radioactive source
and radiation detector are mounted together. The probe can
be inserted into the material to be mcasured either by simply
gushing or by first drilling a bore-hole. When surrounded

y sufficient material, gamma radiation from the scurce is
scattered back to the detector tc give a measure of density.
These instruments, when used to measure compaction in road
construction for example, are usually combined with a neutron
gasuge in which, under favourable conditions, fast neutrons
are noderated by hydrogenous material to give a measure of
moisture content. Prices of these portable instruments range
from § 1,500,- to § 5,000,.

2.1.5 Level

The most widespread use of radioisotope instrumentation is
the relatively simple level control or switch. In their simp-
iest form these devices consist of a radioisotope source (usually
s gamma emitter) and a radiation detector (either a Geiger- .
MOller counter or scintillation counter) vhich actuates a control
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relay when the radiation level either increases or decrcascs.

Their main use is to detect levels in large containers
or vessels without contact with the material in the vessel
and for this purpose gamna transmission techniques arc al-
most exclusively employed. The gamma source and detcector
are arranged on the outside of thick-walled vessels so that
‘the becam of radiation is interrupted when the material inside
the vessel rises above a pre-determined level, as in coail
bunkers or petroleum tanks for example. Source and detector
arrangements can be varicd to meet the requircments of parti-
cular applicaticns and multiple source-dctcctor systcowms are
used to give continuous level indication over a linited range.

A package monitor is a special type of switch which is

used to inspect the level of contents in packages nmoving along

a conveyor belt. Beta-particle emitting sources are normally

used for this application where the packages, such o5 heer

cans or soap powder cartons, pass between the source and Geiger

tube detector set at thec lowest acceptable level for the contcnts.
" Packages with contents below this 'evel allow more radiation

to reach the detector, actuating a relay and thus rejecting

the faulty package.

Prices range from $ 500,- for a simple on-off device to
around $ 5,000,- for sophisticated continuous level control
and package monitoring.

2.1.6 Analysis

All of the known radioisotopc techniques have been applicd
to problems cf analysis with varying degrees of svccess. Al-
though alpha-, beta- and gamma backscattering are uscd routinely
for a few applications, activation analysis and radioisotope
X-ray fluorescence are thc most significant techniques. Even
neutron activation analysis, which is very widely used when
access to a nuclear reactor is possible, has yetr to be fully
utilized in industrial systems but the dcvelopment of sealed
neutron tubes and the availability of more suitable vadioiso-
tope neutron sources promises to change this situation.

Radioisotope X-ray fluorescence is probably the most wide-
spread radiation technique used for rapid non-destructive
analysis, in spite of its late development. In theory it is
possible to excite characteristic X-rays from each ccmponent
of 2 nmulti-el=ment system and so obtain a complete analysis
since the intensity of the characteristic X-rays excited 1s
proporticnal to the weight fraction of the element present.

In practice, the technique is best suited to the analysis cf
simple systens such as alloys although ore assessment is the
most widespread single application.

Simple portable instruments are available for 3 3,5CO0,-
but more stablc and sophisticated laboratory instruments
giving a direct reading of elemental concentration in times as
short as 8 seconds cost from $ 8,000,- upwards. -




2.2 Radiography

Radiography, using X- or gamma radiation is probably the
most widesprcad non-destructive testing methed. Other tech- ,
niques, such as ultrasonic and magnetic flaw detection, are
less specific and more difficult to use bLzcause the results
obtained are significantly influenced by the experience of

. the operator. Whilst radiography is alsc dependent on opera-

tor technique, the end result is a record on film which, with
relatively little training, can be rapidly interpreted.

Simply, the technique consists of interposing the object
to be inspectcd betwesn a source of X- or gamma radiation
and a radiographic film to detect inhomogecneities. These
nearly always consist of holes filled with air or gas such as
cracks, cavities, porosities, laminations, etc. The amount
of radiation passing through the object is a function of its
mass per unit arca so_ghat _hin scctions or homogeneitics
show up as darker areas on the developzd film. Sharp defini-
tion is obtained by mounting the radiation source at some
distance from the object and the film close to the other side
of the object.

The quality of radiographs {rom a2 well-focussed beam of

.mono-energetic X-rays is usually superior to that from a radio-

isotope source but for conmpactness and case of operation radio-
isotope sources are indispensible. Whilst compact X-ray units
are available, they neced auxiliary power supplies if they are
to be used with the convenience of redioisotope sources trans-
ported and used in shiclding containers. Fairly spocific
application areas have novw emerged for cach technique with
gamma radiography being used primarily in remote arcas, small
and inaccessible places and for the simultaneous exposure of a
number of components. For these reasons X- and gamma radio-
graphy should not be compared but should more properly be
considered complementary.

Although a number of artificially produced radioisotope
sources are suitable for radiography, in practice three cre
used for most applications. These are Cobalt-60, Iridium-192
snd Caesium-137. The first two can be used to cover stecei thick-
nesses from 1 to 15 cm with the added adventage that they can
be made with high specific activities so that the radiation
source is very small. The advantage of Caesiumd37 is its
long half-life and medium radiation energy, making it eco-
nomical for thosc applications where sharp definition is not
the primary consideration.

g 5,000,- to § 15,000,- is csufficient tc set up a modest

.lalnl-radiography unit which could be utilized for a wide

zange of inspection purposes from pipelines to pressure vessels.
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2.3 Radiation Processing

The interaction of radiation with matter results in the
transfer of energy to the material. This cnergy manifests it-
self in the form of heat, in effccting changes in moleccular
structure or, in the case of living organisms, as an anti- o
microbial characteristic. The large quantities of artifi-
cially produced radicisotopes necessary to translate thcse
~effects into commercial processes are now available and g
several economically viable techniques have emerged. In some 1
of these processes, where high dose rates are required and thin
specimens have to be irradiated, particle accelerators are nsed. i
Because of their independence from external power supplies |
and the high pcnetration of their gamma radiation, Cobalt-6O
and Caesium-137 are preferred for the majority of applications.

2.3.1 Radiation Sterilization.

Modern manufacturing techniques allow rapid and automated
production of most medical devices. 1In most cases, when clean
factory conditions are available, these techniques can be ex-
tended to include hermetic sealing of the product in foil or
plastic. Under these conditions, a sterilizing process which
is capable of reducing any bacteriological contamination on the
pre-packed article is essential and radiation ofters the only
solution,

Simply, a radiation sterilization facility comprises a
thick concrete shield inside which packages of medical products
are conveyed past a high activity radioisotope source. The
source is usually arranged in the form of rods malking up a verti-
cal plaque and the monorail conveyor carries sealed boxes about
one cubic foot in volume on multiple horizontal passes around
this source. After receiving a previously deternined radiation
dose which is guaranteed to eliminatc or reduce to an acceptable
level any bacterial contamination, the medical products re-
main "sterile" until their hermetic seal is brecken.

Radiation sterilization is the most successful application
of large radiation sources and it has led to the development
of medical products, such as syringes, which can be used once
snd then disposed of, so reducing or even eliminating cross-
infection.

A typical plant, capable of continuously processing 1.5x
106 pounds per year of medical products costs about § 500,000,-.
Smaller batch facilities which can handle 200,000 pounds per
year cost about $ 100,000,.

2.3.2 V¥Wood Plastic Composites.

) Wood can be stabilized by replacing the water in the cell o8

walls with a non-volatile, insoluble material so that the cell

walls remain permanently swollen and shrinkage of the wood is . P
4
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reduced considerably. The molecular size of the impregnating
material must be sufficiently small to allow penctration into
the wood substance. For this rcason, lcw mclecular weight
materials are essential for impregnating wood, which is not
always highly permcable and varies in permeability both within’
and between species. Ideally, the requirement is for an
impregnating material which will peretrate unifcrmly into the

.voids of the wood and which can then be rnade to harden and, if

ssible, form a chemical link with the cellulose in the fibres.
ne means of achieving this is by using vadiation. Wood is
impregnated with a variety of monomere which are subsequently
polymerized with gamma radiation from a radioisotopc source.

The specific properties obtained in wood-polymers depend
upon the wood, the polymer and the loading (percent weight
increase due to the polymer). A general division of physical
properties which are better or worse in wood plastic composites
than in the untreated wood is given bslow.

Better Than Original Wood Norsc Than Original Wood
Static bending Nailability

Shear

Hardness

Flame retardancy
Dimensional stability
Decay resistance
Compression strength
Weatherability
Machinability
Aesthetic characteristics
Abrasion resistance
Acjid resistance
Insect resistance
Impact strength.

The cost of producing wood plastic composites varies con-
siderably since timber and labour costs very and it is ex-
tremely difficult to give accurate figures which can be gener-
lll{ applied. 1n Eurcpe, one cubic metre of a soft wood treatcd
with a vinylchloride/vinylacetate mixture costs less than, say,
J:pancsc osk or Bangkok teak but has equal, or better, proper-
ties.

Other similar techniques are rapidly dbeing developed al-
though they have not yet reached commercial maturity. For
exsmple, plastic impregnated concrete can be made with a factor
of 2.5 improvement in compression strength and reduced per-
meability by 98%.

3.3.3 Curing of Paints.

Polyester paints, when properly cured, give an excellent
finish and are extremely duradble. Unfortunately, these paints
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have been difficult to curc, have a linited shelf-lifec and

have a "tacky" surface. Radiationcuring eliminates ail of

these problems and several major paint companies have pro-

duced formulations that can be cured with low doses of radi-

ation. Elcctron becams from particle accelerators are uscd in

this process because of the thin paint films and the speed *
required to cure painted surfaces moving along production lines.

Compared to heat curing, where large ovens are required,
psinted plywood can be cured almost instantanconsly in air at -
ambient tempevatures. Since a chemical catalyst is not re-
quired, the paints can be stored and handled more easily and
heat sensitive substrates can be coated without damage to the
base material. Acrylic paints can be treated in a similar
fashion and for plain surfaces the process competes most
favourably with heat and chemical curing.

Electron beam machines for trcating widths of flat
sheet up to 1.5 metres can be purchased for less than
$ 50,000,- but the process will rcally come into its own
when complicated shapes, such as motor cars, can be painted
and cured in this manner. :

2.3.4 Textiles.

Cotton fabrics or mixtures of natural and synthetic
fibres normally go through one or more finishing processes to
rodify their bulk or surface properties. The most common of
these processes are creasc recovery, flammability, dyeability,
shrink resistance, stain and soil relcase and static (icsi-
pation. High energy radiation from ecither particle acceclerators
or radioisotope sources can be used to effcct these changes .
elther by crosslinking the polymer chains which make up the
fibre or by graft copolymerization of mononers to these chains.

The two areas which have received the most attention by
research workers are soil release and crease recovery or per-
manent-press and the latter process hos cperated commercially
for at least four years using electron beam arcelarators. ‘
Cotton fabrics have been treated cherically for a number of
years to impart crease recovery but the chemical processes
weaken the cotton fibres in the fabric so much that they have
to be reinforced with synthetic, fibres. The radiation processes
on the other hand can be used to treat pure cotton fabrics by
crosslinking the fibres after treatment with » moncmer., WFhilst
the techniques involved in the radiation processes are well
documernted, very little is known about the process and economic
details of the existing commercial facilities. VNidely varying
cost cstimates have been made however and thcese range from
§ 0.0001 and # 0.01 per yard of material. Acceclerators suitadble
for fabric treatment are available at a cost of § 40,000, - up- Y
wvards and a detailed cost estimate for a particular plant should ¢
be easily obtained.

[

’l
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2.4 Radioactive Tracers

The problem areas to which radicactive tracers can be
spplied arc numcrous and the techniques employed. are almost '
equally numcrous when considered in detail. Basically,
however, tracing consists of labelling an object, substance,
element or phase with an agent which hehaves in the same

manner as thc matter being studied throughout its transport

or transformation. Salts and dyes, for example, have been

used for many years to follow water movcment but ‘radioisotopes,
through their emission of radiation, offer several characte-
ristics which make them eminently suitable as tracers.

The measurement of radiation can be made with extreme
sensitivity so that the amount of tracer added to the process
under investigation is so small that it does not interfere vith
the process. Furthermore, the measurement is absolutely speci-
fic if the tracer is the only radiation emitter in the systcm.
In industrial systems, the radioisotope of choive is normally
s sunua-ouitter which means that instrumentation entirely out-
side pipes or vessels can be used. The basic instrumentation
required is relatively inexpensive and the cost of the radio-
sctive tracer ls not normally a deterent. The fact that radio-
sctively labelled conpounds and objects are readily avsilable
to suit slmost any process invcstifation makes the radioactive
tracer 8 powerful tool in process nvestigations.




3. PRESENT WORLD STATUS

3.1 Instrumentation

Absolute information on the nuntor of installations or
applications of Jifferent techniques is difficult to obtain.
However, by putting tozcther details supplicd by manufacturers |
of industrial nucleonic instruncntaticn end annval statistics
compiled by mnaticnal health or atomic cnergy anthorities it A
is possible to make rcliable estimates of the extent to which
nuclear tcchniques have penctrated into industry.

There has been only onec attempt to a3sCeS the world-
wide usc of radioisotope and radiation technigues in industry.(l,
A survey instigated by the International Atomic I'mergy Agency !
in 1963 resultcd in 25 countries submitting Jetailed information
on the number of applications within different industries and,
when possible, the ccenonic advantages rosulting fren these
applications. 0f the countrics participating in this survey,
Japan is the only one which still collects and publishes an
annual rcport of the number of radioisoinpe gyd radiation in-
stallations by both technique and industry (2). During the
same period Japan's industrial grewth has cont inued and the
figures could represent a typical, balancod approach to the ex-
tent to which nuclear technigues might rationally be used in
industry. However, it should be pointed out tha' for historical
reasons, the laws poverning the use of radiecisvtopes and radi-
stion in Japar have been particvlarly stringent, 50 in con-
sidering the figures thuy should be perhaps more accuratel{
viewed as mininmun nunbers which might be oxpected. They should
therefore represent installations made only after carcfwl con-
sideration of economic and technicat benefits. A comparison
of the number of radicisotope gauging installations in
March 1963 and March 1770 is given below: .

Thickaess Dcﬁsity Level
Gauges Gauge«  Gauges

——

No.of devices 1963 124 28 116 72 370
No.of devices 1970 654 227 73 418 2,048

Other TOTAL

The figures for 1963 include the number of instruments
pernitted to be used for trial or adjustment by instrument
msnufacturers, so the increase in usage it actually move pro-
nounced. Of the 4238 unspecified types of instruments in 3970,
more than half are either rmoisture gauges or gauges to neasure
the sulphur content of hydrocarbons.

1) Industrial Radioisotope Eeonomics; Technical Report
Series No.40, IAEA, Vienna, 1965.

(2) graristics on the Use of Radiation in Japan, Published by v’
Japan Radijoisotope Assocliation, Tokyo.



-16-

Only older official figures are available for threc
other highly industrialized countries; France, the United
Kingdom and the USSR.-

Thickness Density Level Gauges

Gauges  Gauges and Relays Other  TOTAL

FRARCE (1961) 374 48 858 74 1,354

FRANCE (1966) 662 172 1,577 107 2,518

U.K. imm 718 982 300 30 2,030

U.K. (1966) - - - - (4,000)*

USSR 1961-65 1,054 1,314 18,000 64 20,432
M Estimate.

More than 30 factories are producing nucleonic instruments
for industrial purposes. By totalling the number of gauges
produced by those companics prepared to relcase the information
ond comparing it with the old, but official, statistics from
different countries, it is possible to Jeduce with reasonable
certainty the minimum number at least of different classes of
instruments.

There are cortuinly more than 40,000 thickness gauges in

‘use in the manufacturing industries. The largest single user

is the paper industry, follcwed by the plastics and metal
industries. These gauges are now installed as 8 routine within
these and other industries and the trend is towards more sophisti-
cated sgstens with computer interpretaticn of the dctector out-
xnt with subsequent automatic process control. This figure

ncludes coating thickness gauges which number only a faw
thousand, but the introduction of radiocisotope X-ray fluores-
cence has openod up a large new market in the metal coating
industries. The majority of these measurenents were previously
only possible through the use of destructive techniques and the
mext few years will see hundreds and possibly thousands of

;:cso nev gauges in use in either a portable or an on-lide
™.

More than 20,000 density gauges sre installed, principally
in the tobaccc, chemical, petroleum or construction industries.
Bets transmisision gauges are used almcst exclusively in cigarette
manufacture and are an integral part of the manufacturing
machinery. Gamma transmission density gauges are normally
mounted externaily on pipelines or vesscls to monitor and control
1iquid products or slurries. A large number of portacle Jdensity
gauges, operating on the principle of backscattered electro-
magnetic radiation, is used to measurc the bulk density of soil
when compsction in road or dam construction is necessary.
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Close to 50,000 level gauges and switches can be
accounted for. The main uses are on iarpge vessels or
hoppers where iniernally mounted devices would soen be
damaged, and pamma transnission is exclusively employed.
Level controls using beta particle ubucrption are widely
used to moniter the contents of pacrorod materials such as
drugs, foodstuifs, beverages and soap powders.

Elemental analysis bythe preferential absoiption of
bremsstrahlung radiation is confined to the measurement of
sulphur or 1lead in hydrocarlons. Radioisotope X-ray fluor-
escence is used primarily in mineral anclysis, especially in
ore assessment. Although these techniques arce =preading,
only about 1,500 instruments of thesc types are known to be
routinely used.

5.2 thiogragﬁz

Gamma radiography is a widesypread and accepted nethod
in non-destructive testing. The technique is used almost
exclusively for the examination of metul castings, machined
metal parts and welds on pipelines or pressurc vessels.
It is therefore employed in circunstances where the future
use of the object under inspection could be hazardous if
flaws are present and it is almost alwuys accompanied by a
cortificate of testing. In th2 mechanical cngincering industry,
where large numbers of parts are produced, it is an imapossible
task to inspect every product. Spot-checks or statistically
applied schemes are uscd to maintain quality and gammr rulio-
graphy is the standard test method.

The great majority of radiography <ources arc either
Iridium-192 or Cobalt-60. The foruer has a half-life of
only 70 days but the encipy of its radistion makes it suit-
able for the exanination of pipes and pressure vessels and it
is the most favoured source. C(obalt-60 has a longer half-life,
$.) years, and it is most suitable for thicker mctal sections.
Because of the need to replenish these sources after 2 or
3 half-lives, it is difficult to arrive at a figure for the
tota]l number in use at any onc time. Neither the number of
radiography scurces produced nor the number of containers
manufactured for these sources gives an accurate indication.

There are numercus private service compznies carrying
out contractual inspcction of pipelines, vessels, etc., where
an independent check is desirable. Central Govcrnmental »r
semi-Governmental institutes perfcrm a similar functien. These
organizations usually possess large nurhers of radiographic
sources which they use togethcr with oiher non-destructive
methods. On the other hand, theve is an equally large number
of single users; insgecting their cwn products. The extent
of usage of the technique continues to expand, particularly
89 imnovation: are introduced, such as the crawler which moves
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remotely through pipelines making radiographs at cach weclded
joint. For cxample, Japan rcportcd that 168 radivisotcpe
sources werc used for radiography in 195X. This figure had
increased to 514 in 1970. It seems rcasonuble, on the evi-
dence available, to cstimate that about 15,000 radiographic
sources are currently in use. :

3.3 Radiation Processing

Although scveral processes employ hiah doscs of radiastion
from either radioisotopes or particle acceleracors, oniy the
radiation sterilization of medical product- has won universal
scceptance. Nearly 40 plants, ranging from little more than
laboratory systems to very large facilities sre trcating
packaged medical supﬁlics for comicrcial purposcs. The con-
venience of this technique and its economic justification have
resulted in its acceptanc: as the method cf sterilization for
s wide range of products, particularly heat-sensitive articles,
and the number of large plants is growing at a rate of about
10 per year. In countries such as Australia, the U.X. and the
U.S.A., slmost 100% of sutures and disposable syringes are
sterilized in this manncr and the technique is beginning to gain
ascceptance in developing countries. Little or no rescarch is
needed beforec apnlying this well-known tcchnology to established
manufacturing processes.

Large commercial facilities for the routine production of
vood-plastic composites number only six, but therc arc many
service facilities producing specific items on request. The con-
mercial application of this technique is pot straightforward
as it depends on the rav materials available, Whilst the radi-
stion part of the process is not difficult to handic, the impreg-
astion techniques emplcyed for different speuies of timber vary
considersbly and product uniformity is sometimes difficult to
schieve. The rangeof suitable monomers is quite restricted and
well-known but their availability and cost is an inhibiting factor
in the exploitation of wood plastic com osites. Fven when
Jocally produced monomers are used in the U.S.A., for cxample,
they account for more than half the cost of the product. However,
s combination of the use of fillers and pre-irradiation of the
ponomer promise to make the technique very attractive in the
near future and its importance in the developing countries to
produce construction materials stould not be ignored.

Similarly, there sre only three known comnercial installa-
tioms of particle accelerators to cure paint coatings orn such
things 8s wood, plastice and steel. The resulting product has a
such tougher bond betwcen the paint and the base material and
this makes painted wood, say, ideally suited as an outdoor con-
strection material. Rapidly curea Paints on flat metal surfaces
for household appliances such as refiigerators and washing machines
certainly have advantages over the rorc usual heat curing tech-
niques whilst the bonding achieved hetveen acrylic paints and
plastic substrates is unique to radiation processing. Commevrcial
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SOMB INDUSTRIAL CHEMICAL P

ROCESSES USING RADIATION

Chemical process \ Location i Status } Source
* t
Modi fication of Do er‘ |
polyethylene tape | General Clectric (USA)‘ Commcrcial ~ Accelervaior
sumitomo Flectric x
(Japan) and seversl .
others i Cemaercial lcceleraltlr
polyethylene film | W.R. Grace (USA) and | ‘
| several others | Commercial  Accelerator
Polyethylene oxide i Union Carbide (USAf f Desizning ! Co-50
plant | '
Plastic molded parts ‘ Raychem (USA) Coamercialz Accclerantor
lycthylene foss | Toyo Rayon Commercial | Accelerator
t \
Sekisul Chemical \
(Jspan) Commercial ikccelcrntor
Polyethylene wire Several (USA, France, Commercial  Accelerator
covering Japan, USSR, etc.) \ '
Natursl rubber latex Saclay (France) Pilot Accelerator

L
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TABLE 3.3.1 (cont'd)

Chemical process Locatlon Status © Source

Craft copolymerization

. Polyethylene with acrylic

’

» ] 1 et ' N
acid , Dow Chemicol (UBAY Pilot Accelerator
Polycthylene with ¢ Electrical Compumi-
butadiene - cation Lavoratory
. (Japan) - Pilow Co-60
Polyethylene with E Takasa': f~oscarch |
o butadiene and styrene v Estahlisin cat §
(Japan) i Pilet i Co=-60

Polyvinylch)oride with Takasani Rescarch

e ——

butadienc Establishoent i

(Japan) y Pilot Co-60
Polyvinylchloride wi.h i Dow Chemical [ISy)  : Pilot ' Co-860
styrene § é :
Polyester and cotton blend’ (

fabric with vinyl monomer . Deering-Milliken(15.) Coimmercial Accelerstor
Polyester and cotton blend Burlingion Industrics '

fabric with vinyl mononcr  (IISA) . Conmercial tACCClerﬂt?T
Cellulosic fiber with . Takas.Xi Research Pilot Accelerats
styrene ' Estal:lishinent :

; {(Japan)} | |
Polyethylene [ilms with ; Sekisui Chenical .Tilot “Accelerato:
vinyl monomers i (Japan) )

Cm e — - -

{
}
| l
¢

gglzgerg!atian

Ethylene Brookhaven Nationo) Pilot . C0-60
Leboratory (US\)
Takasaki Re<earch Pilot - Co-60
Establishnent (Jup.) ‘

and several othcrs
(USSR, France, italy)

L e a—— . ——— = e e e -

Bthylenc, vinyl Farbverke Hoechst Experimental
coxpounds . (Fed.Pep.of Gernmany) Co-60
Trioxane i H.B.N.P.C. (France) Pilot X-rays
[} .
, Takasaki Reszcurca
Establishment (Jap.);Pilot Accelerator
. |
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Chemical process

Location Status

Scurce

Poiymerazation (cont'd)

naring, pwiyesters with
~tyrenc ang acrylics

Folyesters in glass
“.bhre laminate

iood-plastics combination

.

i
1
{
i

Radiation Dynamics . Cemmercial
(UsA) !

Ford Motor (USA) Commercial

Americun Novawood

Accelerater

Accelerator

carbons

leum and Chemicai

(USA) Commercial = Co-50
lockhecd-Ceorgia _ |
' (USA) Pilet l Co-60
‘ ' i
Gamma Process (1/S4) Commercial . Co-60
Atlantic Kichficld !
(USA) Cemmercial | Co-00
Radiation Mechinery i
(USA) {Cemmercial 5C0-6O
Nuclear Materials & i
Equipment (USA)  Commercial iCo-GO
Chemicals ! %
Brorination of hydro- f |
carhons (ethyl bromide)  Dow Chewical (us.> .;vmmer:ial 360-69
sulfoxidation ot hydro- ‘ , |
carbons (SAS) ' ESSO Research (USA.  Pilot 200-60
Chiorinaticn of hydro- ~ Takasaki Reseatch :
catbons ; Establishment (Jap.) ¥Filot | Ca=60
rhiosination of benzene ~ Wantage - UKALA CExperi- :CG-GO
(BHC) ; | mental | “¢
Oxidation of paraffin ; (Runania) i Industrinl ?Co~60
Oxidation of benzene . Takasaki Research %Experi- | Co=60
in squcous solution i Establishment (Jap.) mental
- |
Cracking of hydro- i Institute of Petro- (Pilot Acceleratnr
!

Synthesis (USSR) ‘

¥
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3.4 Radioactive Tracers

The exact number of tracer tests performcd annually is im-
yossible to define. The many techniques are in widespread use
" n industrial research laboratories, particularly in the chemi-
cal and metallurgical industries, and most of the large indu-
strial concerns have either their own special department to
’ employ the techniques or they have personnel trained in their
use. National atomic energy organizations invariably have a
group of people specializing in industrial tracing and giving
a service to their country's industry. In the U.K., more than
200 industrial establishments use radioactive traccrs for dif-
ferant investigations whilst the figure for Japan is greater
than 100.

Only 10 years ago, almost each individual use of a radio-
sctive tracer in a plant investigation was fully reported in the
scientific literature. Nowadays this type of investigation is
rarely publicized although the number of such tests has increased
significantly. This can be attributed to the fact that the tech-
niques are routine, wcll-known and accepted as such by the
scientific and engineering community.

It is difficult to differentiate between research appli-
cations and process control applications although full-scale
plant investigations have the biggest impact. These include
studies of material transport, the determination of volumes
and optimum mixing times, the location of leaks and obstruc-
tions and the dispersion of ef{fluent in rivers, lakes or oceans.
Although the successful exploitation of these techniques is a
function of individual enthusiasm and competence, they make a
significant contribution to plant efficiency and product
quality throughout the world. )
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4. BRANCH INDUSTRILS

4.1 ggneral

Radioisotope tecchniques arce well establtished in all
branches of industry and because of the large number of appli-
cations it is not possible ©o deal with cvery single technique
applied in a particular industry. Gamma radiography could be,
and pcrhaps is, applicd to inspection problens i overy industry
and for this reason it is not dezlt with in detail herec. Its
usage is necessary and obvious.

The proponents of radioisotope usd,c stress the cconomic
advantages to be gained although intangibic bencfits such as
improvements in product quality and inciycased safety from in-
spected products are probably wgie important. The basis for
these economic benefits is as follows:

(a) Saving of raw materisl. Many sheet materials such as
steel, aluminium, plastics, glase etc., are sold by area and
both the manufacturer and con.umer arc intercsted in having pro-
ducts which conform to very clese tolerances. Thickness gauges
can perform the measurcments which result in closer tolevyance
control and hence raw matervial savings. Paper, on the other
hand, is sold by weight but a uniform product is very desir-
able and of indirect benefit to the munufaciuvrer who might sell
more because of this.

(b) Reduction of rejects. Out-of-tolerance products are
‘in many cases unsaleablc. In ocher cases they are sold cheaply
or reprocessed. In starting a production run it is desirable
to reach a target product thickness, say, in as short a time s
possible. An accurate, rapid and continuous non-destructive
measurement eliminates the need for time-consuming sampling.

(c) Reduced lahour cOSts. Becter product control and
process efficiency Tncreases output per mah-Lour. Autonatic
process control can also reduce manpower rcquirements.

(d) Reduction in pl=nt "down-time'. Mecasurcments pers
formed from the outside o1 pipes OT vesscls eliminites or re-
duces to an absolute minimum the pecessity of shutting down a

continuously operating plant to trace faults.

The benefits above are not exclucive to radioactive isotope
applications. With the exception of {d) thcy apply to alnmost all
instruments and processes. They should be tovne in mind when
! considering the impact of radioisotope and radiation technigues
‘ on different industries.

The potential user will probably benefit most by learning
of the different applications within his cwn industry. A classi-
fication based on industry has therefore been used with particular
emphasis on the manafacturing industries. Table 4.1.1 summarizes
g the most common applications of radioisotope instrumcnts in the
‘ different industries whilst Table 4.1.2 covers radioactive tracer
k applications.

e e AN . A st
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TABLE 4.1.1

APPLICATIONS OF RADIOISOTOPE INSTRUMENTS
- ACCORDING TO INDUSTRY

(Cameron, J.F., Industrial Radjoisotope Economics,
Technical Report Scries No.40, ITAEA Vienna, 1965 - updated)

Type of e 3 .
lndu;try gauge Applications
Agriculture T Mass per unit area of lecaves in studies
of water economy and balance in plants
Forestry D Silage; standing trces and structu-
and ral timbers; vegetable products;
fishing _ permcability measuremecats of unsatu-
rated columns of s0il in the labora-
tory; density variations in cores
from trces and in extraction of resing
control of moisture content of veneers
L Grain level in silos and wells

A Moisture content of grain and living
trees; density-moisturc gauges in
studies of water balance; water
storage capacities of soils; evapo-
transpiration; effect of Crops on
moisturc profile; ecffects of ferti-
lizer, soil composition and irrigo-
tion on crop yields; water movement
and irrigavion practice

Mining T Gamma backscatter gauge tec measure
and the thickness of residual coal laysr
Quarrying on floor and roof during automatic
coal cutting
D Slurries in ore processing plants

and in grinding mills. Transport

of coal, ores and sand by hydraulic,
neumatic and conveyor-belt systems.
amma backscatter gauges are in use
to obtain inventory of coal stocks

L Switches for mine cars, hcppers, con-

' veyor belts, storage bins. Counting
. and controlling movement of wagons

A Cosl-ash measurement for washery con-

trol and coal blending operations;
analysis of ores in wmining and pro-
cessing. Analysis of mine gases

T * thickness and mass per unit arei; D = density; L - level
(ilcludiag package monitors and switches); A = analysis and
ceating thickness (including moisture); M = miscellancous

(pressure gauges, torquemeters, etc.)




TABLE 4.1.1 (cont'd)

Industry T:::':f

e}

Applications

|
X
1
*

Manufacturing
industries

Food ‘ T
and
beverages

i
'
{
!
|
¢
]
i
|
t

¢
!

|
:
!

1
.

'

e i < | o B o —

[}
!
&
1
t

Foods in shecet form such as dough
for biscuits and cakes before
baking, chocolate, chcese, meat
products, chewing gum, etc.

Liquid foods in cvaporators (fish,
meat, fruit juice, tomato paste,
syrup, condensed milk), raw washed
lu{lr in melting vessels, sugar
solution, milk of lime; fat con-
tent of ice cream; mass flow of,
for example, sugar

Package monitors for controlling con-
tents (soup, meat, beans, coffee,
beer) of cans, bottlecs, packets;
counting containers

Level gauges on silos, hoppers,
storage vessels, procCess vessels,
e.g. limestone and coke in lime for
sugsr refining; chemicals used in
z:occssing foods;, grain, sugar

et, separation of fat from pro-
tein: evaporated grain syrup (whisky
sanufacture)

Moisture content of lactose; 40‘ as
indication of Yean meat content of
carcases. Analysis of foods

Monitoring and controlling tobacce
pecking in cigarettes

‘
L]

Control of coating and impregnation
rocesses in production of cellulose
sbrics, tufted carpets, leathercloth,

tyre fadbric, artificial leather,

1inoleun, adhesive and adbrasive cloth.

Control of warpknit fabrics in heat

setting; thread mass per unit length;

:ick-up of moisture and extent of
rying; wear of fabrics and garments

Polymer solutions and synthetic yafn
solutions before spinning

Tebacce »
R

Textiles T

»

L

Contents of process vessels, e.;.
viscose fabric in dissolvers; abric
in steam chambers
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TABLE 4.1.1 (cont'd)

|  Type of
Industry ; gauge Applications
: -
Wood | T Plywood, chipboard, venecrs, moistuic
and Q and rvesin content of wood
cork |

i

¥
Paper ’ T Paper of all qualities and thicknesses;
and H paperboard, pulp; "bonc-dry'" weignt of
paper i paper when combined with a dielectric
products i pauge; studics of paper forrmation.

‘ Control of coating and inpregnation
processes, €.g. polycthylene on paper,
guancd paper, laminated plastics

D Process fluids including lacquer and
slurries of calcium hydroxide, clay,
clay-starch and lime. Pulp at the
input of a paper-making rmachine

L Storage and process vesscls, e.g.
wood chips in prehecaters; Pulp and
chlorine in blcaching towvers

A Paper leaching

Printing, A ; Thickness of bi-motallic casts for

pubdblishin offset printing, stercotypes and

ond slli = printing plates; thickness of ink

industries and coatings on paper .

Rubber T Rubber sheet, foanm rubber. Rubdber

products ! sheet on calcnders; rubber costed or
impregnated material such as tyre
cords, floor coverirg, tyre wvear

-] Latex solution used to make foam rubder

L Products and processed matcrials in
stor~ge; transpert and process vessels

Chemicals T Plastic film from extruders; plastic-
and coated paper and fabrics; laminated
chemical products; wall thickness of plastic
products tubes and bottles; wall thickness of
_ ‘All pipes and tanks, in chemical plant
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TABLE 4.1.1 (cont'd)

Type of

Industry gauge

Applications

Chemicals D Many products and process solutions
and ' such as milk of lime, hot brine,
chemical ‘ organic materials, acids, alkalies,
products detergentec; to control solvent ex-
(cont'd) traction, blending, distillation,
evaporation and the input to spray
dryers

PR §

Level gauges on many product and
process materials (e.g. acids, carbon-
dioxide, sulphur dioxide, methanol,
ammonia, asphalt, coal, roke, lime,
cement, plastics, catalysts) in
storage and process vesscls; checking
operation of distillation columns.
Package monitors on products such as
soap powder, dctergents, aspirins,
toothpaste, cosmetics

s i e ~ - WS

Moisture content of products such as
detergents; chlorine content of chlor-
insted hydrocarbons; potassium content
of fertilizers:; resin to glass radio

of glass-epoxy wmaterisls; concentration
of uranium and plutonium ir solution

At WA | < o T, o S Wy o =

-y

' Asphalt impregnated products (roofing
petroloum paper and shingles)

and cosl ; ] Interface detcction in pipeline pumping
' operations; catalyst in cracking units;
smount of catalyst in oil; fluidizsd
catalytic processcs

!
Products of

| 8 } Coke level in continuous coking unit;

t intcrface location ge.g. Xerosene to
water); alignment of coke guide and
coke car vhen pushing coke {rom ovens;
hydrocarboas on trays in distillaticn
columns; level of butane and propane

: in cylinders; hot oil in melting tanks;
} - . many other raw materials and products
in storage and process vessels

A §, Co, Pb, N, O and C1 and F content
and carbon/hydrogen ratio of petroleum
products; doron in boron compounds,
moisture content

.




TAME 4.1.1 (cont'd)

Type of : oy .
i Industry gauge Applications .
»
. Non-metallic ! T Paper and textiles coated with ah-
¢ minersl l rasives; rlass sheet; glass and as-
products bestos fibres; asbestcc-cement sneet:
slate; sclection of refractory bricks
-] Sand, lime, cemcnt; ashestos-cenant

slurries used in making pipes and
shingles; line-aud slurries feeding

to lime kilns; clay slurrics in cement
mnanufacture; refractory bricks

L Molten glass in furnaces; silt in
silt basins; sand, clay, cement:

switches control cutting of glass
shects

A Class/resin ratio in fibre glass;
boron, potassiun, lead, seleniun

in glasses; boron in a variety a?
forms; potassiut in ores

Besic 7 Pipes in ingots; hot- wnd coldd-rolled
|etals sheet metal, tubes and rods; steel

. sorting; wear oy furnace walls; wayl
thickness of pipes, tanks

| Powdered and slurried cres im proces-
sing plant
L Charge in cupola of blast furneces;

11quid metal ir crucibles and roulds:
Joad leve! in electrothermal xilns aad
furnaces; dust ir electrostatic pre-
cigitators; ccal, coke and ores ipn
ltorage bunkcrs, hoppers and process
vessels

A Elemcntal conposition of metellic ore:
. and furnace melts; moisture content of

' foundry sand, ores for sintcring, blast-
furnace coke; corposition of exhaust
gases from furnaces

| Demsity and tenmperature of exhaust
gases
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TABLE 4.1.1 (cont'd)

Type of

Industry asuge

Applications

L

Coated and Yaminated metal products;
bolts, collansible tubes

D . Detonating fuse

L Alignment of critical parts in
ammunition

Metal
products

| oo o i oot o or———— [ amatiisn. o s wo

Machinery T ! Sheet matcrial used in machinery such
as strip mctal, coated and ingreg-
nated papers and textiles, rubber
and plastic sheet; condenser paper,
rous rubber sheet and plates for
stteries ¢

Rubber latcx; sulphuric acid for
battcries

8ce basic metals

A - { Thickness of coatings or platings on
i components

P

N

Transport : T i Sorting of rheet materials used in
!

r o e A W A o | A O T AR T S W

oquipment | transport equipment such as steel fo
' ' ear bodies and ships hulls, leatiier
P ~¢loth and other plastics for up-
i holstery and tubes; plastic-coated
' radomos; thickness of cooling pas-
sages in turbines; engine wear re-
search; wear of missile nose cones

Products used in transport equipment

Products used in transport equinment,
o.g. S and Pb in H/C, metals

| Tachometer; altimeters; rotor-stator
movement; location of tools

>

L I

Miscellaneous T Photographic emulsion; photographic

' A base paycr; coating of precious metal
in jewellery

-
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TABLE 4.1.1 (cont'd;
‘ - -

_ Type of .
Industry ~ gauge E , Applications

Construction

Loy

Suction dredgping; #rvhalt; cowment-
. © stahilizad soils; backiilling of
: + trenches; concrete; location of re-
‘ ; inforcing bare; evaluation of effi-
' ciency of concrete vibrators and
‘ control optiirvm vibration time; in-
spection of hollow concrete columns,
fiuidized coal

L e ——

L . Fillinp of wrgons and tank cars; sand
. and cenent in hoppers, mixers,
‘ ¢ c¢rushers, furvaces

-

A . Soil density and moistuire gauges in
constructing tuildings, daws, roods,
' ' airfields; concrete

Blectricisy () ' Pipes, boiler tubes, hoponers; soot
gas, water . deposition
::git‘r? ; D ¢ Water contend of snow, scvfge sluvdie:
services . muss [1ow 0f cca), coke; resenrch on
. iteam/uater retios; cosl in stock-
{ piles
i
!

Blockapes in ducts conveying nowlere”
coal to furmaces; coal and coke in

i hoppers, vagous, convcyor belts;

i water ‘in boilevs

[ -

Ash contont of coal in furnice fecds

| " Clearance putween turbine biades;

, . ditecvion and velocity of flow in
v boiler tubee; locatioa of water and
gas lcaks

E >

o —— a8

Community D i Suspended sedirent comcentration anc
services : density of sediment deposited in
oceans, lakes and dams

, A Ancient coins, relics; aineral content
! «f bone

] Altipetcrs

fttnsport : D | suction dredging

: !
S storage and ‘' Control of trains
communication

x
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TABLE 4.1.2
Y APPLICATIONS OF RADICACTIVY TRACEPS
ACCURDING TO 1MDUSTRY
(Beswiek, C.K., Radioisotope Tracers 'n Ipousiry and Geeplysices,
ST1/PUB/142, TAEA, Viennn, i967)
Tyne of | I o
Industry spplication ApLsstacaohs
; U kit s - —— - . »
Agriculture, MT . Ftow rates o irrfgatioan studics;
forestry snd ’ wal.r movouent ond vater hulance
fishing 5 stud e ovat - transpiration rates;
| | ffecte of fartilicer, sonil conpo-
t i sition ant ivyirotion on crof Yelds;
? POL o noveRent
é Vol. . Wateyr ciorvay: capacity of =v1ls
§ LD L Trrigetion canaly and pipes
ED L Flsh v oute in rivers and seas
i \j v Air wovenent during hay drying
é T e :
Mining and MT ~ Velucity of solids im suspension;
quarrying ’ . flntation :tadie¢s in mincrnd) pro-
focass iy,
M " Momopenizoition of dry materials
LD  Wate o soopase in mines; oundore
~ grounu .2siiication
\ / f Air moveaent in min2s
L { tdertif v mine cars; locstion of
wnerploded caarges
¥ ! Pi?eixn's 1ﬂ'¥;¢rotranspo,tat30ﬂ;
’ tubrican® ¢7ni nechine coaponent
I studiss; erivding balls
.‘ t e — '...._.,.. —"
Food and ' |11 Washi.g e€iiiciency studies;, trins-
beverages ’ fer of conitanlaants and addlit.ves
from wrappings. tins, ete.: flow
patterns in cugar sthside:s
M i Efficicne: of food mixers; distri-
i buticu ot vitamins, fats, 2ddi-
tivae and minor comstituents in
foodstufi:
IR P
- ..
NT = meterial transport; M = mixing studics. vol. = determination
of volume; LD » leak detection; ED = effiucnt Jispersion; V o veaii- .
jetion; L = labelling; ¥ = wear and corrosion. P
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TABLE 4.1.2 (cont'd)

Type of (

Industry application

Applications

'
h

Food and bever- Vel. Sucrose content of sugar beet;
¢ ages (cont'd) | : water content of food pulps

LD Storage tanks for becr and winc
ED Factory waste in rivers and scus

v Aivy movencnt in storace rooms and
factories; air filter testing

L Identification of wines by activ-
able tracers

Tobacco N | Saucing efficiency in raw wbacco
preparation

v Air movement in storage rooms

Toxtiles

Al

MT Residence times of fibres and
viscose;, washing efficiency
studies; flow patterns in process
vessels

- ——— —

N Dyc an? ¢oloar distribution studie: :
distribution of lubricanis on
artificiol silk, mylon and rayorn;
distribution of wool fibres during
carding

! | Wear of fibres
a— 7 . —

Weod and cork

-
— A A

Impregnation studies with fungi-
cldces

Distridbution of glue in laminates

s X 35

Wear of wood-cutting tools

—-

Pulp, paper . Flow rate of water, cooking liouors .
and paper pulp, chemicals, effluent and f{ibre<.
preducts movement of chips in continucus
digesters; concentration dynamics
in bleaching towers; flow patterns
. . in process vessels and on paper

. machines




TABLE 4.1.2 (cont'd)

b ' B
Industry é ap;¥?gagfon ? AppYications ‘
'
'ulp, paper M ? Fibre distr buticn =tudies
d : ’
;sodﬁzgzr ED 5 Waote dilution studics o’
(cont'd) W ; Abrasivencss of filler and fibrous
mute, 015, e.g. asbostes
Printin

publish{ﬁg and !

MT . Jransfer cf prainting ink
applied industries M

Penetration and distribution
of printing ink

—— a . ——— — - -

Rubber products MT Kesidence timee and flow patterns
; : in extiude.s, rerneability of
j f gases and liquids through plastic
end vi'caniced waterials
; M , Miaiug of carbon black, zinc oxide

and other pignents 2and tilleis
and divrributon in fival products
by using @utoradiography

w Tyve weaf

A — - ——

e

e ——— i+l - qp— - b .

Chemicals and MT z Flo. rates, [.0w patteras arc
chemical 5 retoalion tanes of gases, llunids
products ; e tnd solids,  catalyst jo:cs, effi-

: ciency and poizoning; cavry-ever
and re-circoiation in process
vesselsg,

- ———
-
S

| Mixing and blendiug of gases,
: 1iquids and solids

Veol. v Cooling wvater; gases and liguids
‘ in circuiating systems

- .

©

FProducts of Heat exchangers, double-walled

petroleun and process vessele, underground

cosl ‘ distribution lines, pressurized
' containers during storage

» e = < -
PR———

! ED . Pilution of wastes im rivers and
$7a%

Go-devil location

|
W ’ Corrgsinn of tanks =znd process .
vessels ‘

- ———
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' TABLE 4.1.2 (cont'd)
: . - e
. Type of :
. Industr : : ‘ \yprlications
. | y | applicatior NPT i :
*o Non-metallic 2 M7 ! Retetoion, @ <traibut.on, res
mineral E : Chiroiooa s taoand Trgwe opatterns
products ’ I in rotary . i:ns lor cement;
i ‘ devo<stior of T and in
' i ‘ rotary Lilis; orifin of inclu-
1 ‘ gjons - L&, o, Tlow patterns in
| ‘ glass ‘uinason and tanks
|
. ’ M : Sartland corment concrete and
: ! bitwrinoas csacrete, additives
i | in concrete
| L 1 Concrete for porticular mix
i } ident ficei10n
: w Grind:rs holls in cement mitls;
B | ) < ) . .
‘ 1 refrectc: s Jinings in glass fur-
! neves, cocrosion of glass
Dasic metals T } Vovenment of chavges in blase
P | furnnces, pas weiwocity and Flov
! i pattesnt dn ulas. TUrnaces,
i ' Flow citon apd (e pecterns of
: ! anl*on . otny sy Yiouid-solid inter-
| ! fac~ studi ¢+, omagrn of inciu- |
g soome, deio noesition siudies of 5
! ores: cxchangse reaction studirs, ;
| 2.7, 1ion Luoween slag and wetal |
M ; Distr:hocion of alloying compon- |
‘ ents; cicments distribution
; studic:, c.g.tungsten and cobait
| in steel 1
v ! Slag <ad metal melt:
ol. ; Slag -ad metal melts
L ‘ Special nelits {
» Metal products . MT ' Flow patterns in aluminium
, z castings; plating studias
' i L Joints in wire drawing
j v , Corrosion of taniks, ectc.
’, i ‘
Mechinery | 14 kate of build-up of deposits and
. _ . ' combustion efficiency in internal
' ' combauction engines; flow rates in
‘ cocliny systens; filter efficiency
! for pases and aerosols
- . e 2 -
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TABLE 4.1.2 (cont'd)
) Type of f .
Industry application ! Applications ‘
Machinery % L . Machine parts, e.g.turbine blades
] : B
(cont’d) i W ‘ Machine parts, e.g. gears, bearings, ,°
: pistons, dies and cutting tools
\
Transport ! MT Lubrication studices in gear
equipment ' | boxes, railways and engines;

, engine deposit studies; fuel
combustion and distribution
studies; flow rates of fuel in

‘ aircraft
% M "~ Blending of liquid and solid
: | fucls .
; LD ; Fucl and gas aks in automobiles
E + and aircraft
i v . Air movement in railway cars,
i i automobiles and aircraft
E L ’ Compcnents in aircraft assembly
3
Miscellaneous MT Distribution of cement and
;  asphalt injections
M Concrete, asphalt and additives
LD , Water seepage in dams and buildings;
' newly l2id water mains
L Q Buried survey stakes
w Brick and fireclay
’ -
Blectricity, P MT Turbine rating; flow rates of gas,
gas, vater and ' steam, water, scwage and solids;
ltnitary services : efficiency of liquor scribbers;
, . settling tank studies, e.g. re-
- ; tention times of sewage slud*o;

i minerel carry-over in stcam in

' boilers

' .

LD ' Reservoirs: dams; gas and water
' mains; underground gasification
) systems; pressurized cables
’ BD | Sewage pollution studies in rivers .

; and seas _

o | - Turbine blades - ¢




TABLE 4.1.2 (cont'd)

T .
Type of !

Industry ! application | : Applications )
Community E MT Efficiency of filters, e.g. gas
services ! masks, bacteria filters in

; industry
BD :  Distribution of stack gases and
dust
v Air movement in hospitals,
libraries, etc.
L Criminal investigations, e.g.
I | finger prints
Transport, LD _ | Undervater repeater station; pres-
storage and - . surized telephone cables
communication | v . ! Air movement in store rooms and
refrigerators
i

4.2 Mining and Quarrying

. The efficiont exploration, extraction and processing of
minersl or@s is desirable as these natural resources, when they ars
available, usually make a significant contribution to the national
economy. Nuclcar techniques contribute mostly at the cxploration
stage where they have been used for many years in the oil industry.
The same technigues are now spreading tc mineral prospecting and
4t can be safely predicted that they will eventually bring the
ssme economic advantages. Although most of these applications
are in borohole logging, many investigations are connected with
mine safety and efficiency and should not be ignored.

The safest way of obtaining information on mineral deposits

is by extracting and studying a core taken from a borehole.
This is an expensive and time consuming practice and sufficient
and similar information can be obtained in many cascs by lowering
various types of nuclear instruments down the borchole. These
instruments provide information on the depths of deposits, their
extent and in the case of oil and gas they can identify produc-
tive zones. They mecasure density, porosity, water content and
the thickness of differcnt strata. TJogether with other non-
nuclear logs an almost complete picture of sub-surface conditions
can be obtained. Borehole activation analysis and radioisotope
X-ray fluorescence anzlysis instruments are now in use so that
semote and instantaneous deposit evaluation is possible. It is
gonOtally sccepted that thesc techniques have rcduced by at

east 8 factor of five the number of boreholes needed to cvaluate
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a deposit. As some boreholes cost many hundreds of thousands
of dollars to drill this represents a very significant saving.

In coal mining in the U.K., continuously moving mechanical.
miners are used to remove coal rapidly. A gamma-backscatter
device is built into these mirewrs to kcep the cutting surface
in the coal seam and at the same time leave the minimum amount
of coal behind. This ensuves that the cutting blades are not .
blunted, that coal washery efficicncy is not impaired by the
pra2sence of large quantities of rock and that sufficient coal
is left behind to support the roof.

In underground ore handling, loading and transport opera-
tions can cause serious bottlenccks in the confined spaces of
a mine unless they arc properly controlled. Level switches
mounted on mine cars, hoppers and conveyor belts are widely
used to remotcly regulate these operations and one mine in the
USSR is reported to employ 400 such devices. Again, the eco-
nomic advantages are obvious but such systems are only justi-
fied in large, automated operations,

On the other hand, the rapid evaluation of ore is a
desirable facility in any mining or exploration operation,
Portable radicisotope X-ray flucrcscence gauges are used routinely
for this purpose. In Zambia and Poland such instruments are
used underground to cvaluate copper depesits. In ithe U.K. a
similar type of instrument has helped in the re-opening of
abandoned tin mines. One exploration company reports that the
use of this typc of instrument has reduced from 300 to 10 per
week the number of samples it flies out of romote areas.

In mineral benefication, rapid analvsis is cusential if
the processing plant is to be optinized and a uniform grade of
product assured. Nuclear techniques have made c¢ontinuous on-
linc analysis at reasonable cost and, as & recsult, automatic
control of processing operations will scon be rcutine.

In concentration plants using gravity feed, a steady uni-
form rate of feed is esseutial for the cfficient operation of
tables, jigs and spirals. Erratic fecd conditions result in a
lower quality of the final product. In flotation or leaching,
plants, correct feed control allows the consumption of reagent
to be kept to a minimum. A more uniform product, a more effi-
cient separation and a minimum of recycling are achieved through
the use of gamma density gauges.

4.3 Food and Beverages

One of the earliest reported savings in the food industry
was from the use of the radioisotczc dilution technique to
measurc vitamin By, contents. Although the alternative method, .
8 microbiological technique, cost about the same per test it
was far less accurate. A producer of animal food claimed to have
reduced the annual number of determinations in his plant by a ¢
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gsctor of 10, thus saving more than § 500,000,-. A smaller

company saved # 21,000,- per year. The suame technique wvhen

applied to the mcasurement of vitamin D saved another manu-

facturer § 40,000,- per ycar. This technique is now standard
. throughout the food industry.

Thickness gouges are used to cnsure the uniformity of pro-
¢ ducts in sheet {orm such as hiscuits, chewing gum, cheocolate,
etc. Apart from regularizing the appearance of these products,
vniform thickness is essential if modern packaging tecchniques
are employcd.

Similarly, consumer confidence is prescrved if food or
beverage containers are ensured of having the correct level of
£411ing. Package monitors are uscd extensively for this pur-
pose on production lines and level gauges are used to control
the contents of hoppers, silos and storage vessels.

Gamma density gauges are widely used io ensure an equal
weight of powdered products, such as aggloumcrated milk solids,
in containers. Since the bulk density of these products varies
considerably it is essential that packages should be filled on
a weight rather than a volume basis. The same type of gauge is
used to control the output fecd rate from evaporators to main-
tain a constant solids content in such products as tomatc paste,
concentrated fruit juice, condenscd nilk and meat extract.

In baby meat the fat content should not exceed 5% of the
total mass and reduction is carried out by centrifupging the hot
meat. As the fat content decrcascs, the density increascs. A
density gaugeis used to determine when all but 5% of the fat las

been removed.

Whilst all of these techniques give considerable advantages
to the menufacturer in allowing him to incet specifications with
the minimum of excess, perhaps as important is the guarantecd
uniformity of product which the customer gets.

4.4 Tobacco

A modern cigarette making machine produces up to 1,500 cigar-
ettes per minute. The satisfactory operation of such 4 machine,
so as to produce cigarettes of uniform weight, involves the
feeding and proper packaging of about 1.5 kg/min. and the de-
tection of non-standard products requires a detector with a very
fast vesponse. Dielectric gauges are used to mweasure the
moisture content of the bulk tobacco and, together with beta-
gauges, these ensure a uniform dry weight.

. Tobacco itself is a very cheap raw material but some countries
put a heavy tax on the tobacco rather than the final packet of
cigarettes. In these cases it is extremely advantagcous for the

’ manufacturer tc reduce its consumption of raw material to an
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absolute minimum whilst still meeting packaging demands.

In other cases, the manufacturer wishes to produce a homo-

geneous, well-filled cigarette to satisf{y customer require- §
ments. In either case the beta gauge can perform the desired

measurement andis fitted to modern cigarette making machines .

as & routine.

Enormous secrecy surrounds all aspects of the ciparctte
industry and eccnomic data is difficult to obtain. One re-
port has suggested that in the USA the cigarette industrg
saves $ $0,000,000,- from the use of these gauges alone but
this figure is difficult to substantisate.

4.5 Textiles

The most widespread nuclcar technique in the textile
industry is the usec of the beta thickness gauge to measure
and control the mass per unit arca of fabrics and coatings
applied to them.

The tension applied to warp-knitted fabrics during the
heat setting process determines the uniformity of the final
product, e.g. cotton webbing, coarse linen and ribbon. Beta
transmission gauges ensure optimum conditions in dyecing and
finishing operations.

Coating materials are usually applied to fabrics by
draving them through a bath after which the take-up is con-
trolled by passing the fabric through squeeze rollers. By
using differential beta transmission gauges to measure both
the treated and untreated fabric, the amount of coating material
csn be deduced and the information used to control the gap bet-
weecn the squeeze rollers. This type of measurement can be
applied with equal success to both large and small facteries.

e economics of these processes have been studied in France and
several examples can be quoted.

One large plant producing 4 million metres a year of PVC
coated textiles installed scven thickness gauges and as a result
saved about 2% cf the raw material previously used. The seven
gauges were amortized in six months. A smaller company used two

suges in a similar application and amortized them in one month.

n the thheriands, a small factory claims that savings of
25-%50 g PVC/mé are possible. Cost benefit ratios of 1:20 and
even 1:50 are common in these applications.

The first commercial plant for radiation sterilization was
built in Australia in 1960. Imported goat hair was, and still
is, sterilized to eliminate possible contamination from anthrax
spores before the hair was made up into tufted carpet. The
carpet manufacturing grocess itself involves compressing the
goat hair on to a rubber backing and beta gauges are used to .
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control the product thickness and natformity. Thesc gauges
were amcrtized in just over two months as a result of vaw
material and scrap saving.

Most tyrc callenders used for applying body stock to
dipped cord fabric are corteelled vidh beta uatges,  Apart fiom
raw materisl savings which cover the cost of the gaule in about
six months, more uniform and hence safer products result.

4.6 Yood aqgmgqtl

Radioactive applications have been nscod occasionally to
measure the distribution of adihcesivis duriae plywood manufac-
ture and beta thickaess pauges are in linitced use to coentrol
the thickness of vencers, chipboard and nlywcod.

The most significant nsce of radiution is in the preduction
of wrod plastic composites and in the curire of naints on ply-
wood or hardbonrd. Eoth of these precessos ave reloeively new
and economic data is unobtainable. There arc hovever a number

of factors which would appear to justlfy OGLh techniguis.

Paint curing can bhe achicved in less than one seconl and
cheaper paints can give the sane, or better, tinish as ovens
cured paints. 7Tic wocelerator uscd t.kes up far less spuce
than curing ovens and can be wwitchoed on and off ~¢ will. The
resulting finish is wore durable and dces not flake off. The
reliability of modern accelerators mukes them cdaptable to
fairly small production lincs.

4.7 Paper and Pulp

It is estimated that about 40% of all rodioisotope ihi
ness gauges are used in the puper industiry to measurc basls weighi
of paper and papcrboard and to measure and centrol adhesive and
plastic coatings on these materials. Tue gauges give & warect
and continuous measure of weight per unit area without coming
into contact with the paper. The tiiie spent Jn adivsting the
machine to produce the correct weight is drastically veduced
snd this weight can essily be maintained throughout tihce recl.

As a result, raw materials are used nor: efficiently and product
quality is iuproved. The types of gauge range from fixed point
mcasuring devices on smail paper machines to 40 feet wide scanning
systems used in conputer contrel of the paper making proiess,
Exanmples of the vaw material and time savings resulting from tacir
use are numcious with cost-benefit ratios of 1:15 quot>d in many
cases.

l,evel gauges are used extensively on storage and process
vessels. In pulp production, wood chip: arc treatcd at a pres-
sure of 10 atmospheres in a preheater before beiug pulped in a
defibrator. The level of chips in the preheater is used to
control their residence time and hence tihe quality of the pulp.
A study carried out in Yugoslavia to coapare the econozics of
plant operation before and after level cauge installation showed
typical results. There was a decrease in power input of 630 kW/n,
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a decrease in steam usage of 1.2 t/h and a 20% improvcment in
the physical properties of the products. The cost-berefit ratio
was 1:8.

Radioactive tracers arc usad routinely in guarantec tests
to determine mean residence times, mixing characteristics, etc. .
of pulp in process vesscls. They are aisc used to plot dilution
patterns of discharged factory effluent.

4.8 Chemicals and Chemical Procducts

This broad prcduct group has the widest range of radioiso-
tope applications. It includes the production of organic and in-
organic chemicals such as acids, alkalis and salts, dycs and
explosives, synthetic fibres, resins, plastics and rubber, and
fertilizers. Also included are the manufacture of paints, the
extraction of vegctable and animal oils and fats and the nanu-
facture of many miscellaneous chenical products such as soaps,
cosmetics, pharmaceuticals, polishes, ctc.

Many chemical processes are difficult to control since re-
actions take place at very high temperatures and pressurcs in
sealed, and sometimes steam-jackcted vessels. It is under these
conditions that nuclear techniqucs are particularly useful.
Accurate analyscs and density determinations can be made in process
streams; 1lcvels of materizls in hoppers and reaction and storage
vessels can be measured only with radioisotope techniques. In-
vestigations of plant malfunction or "troublc-shooting" is carried
out routinely tc detect blockages or restrictions; to locate
ges pockets in liquid streams and voids in solids; to measure
the transfer rates of liquids, solids and gases and to detcrmine
the mixing efficiency of these same materials.

The manufacture of plastic sheet is controllcd almost en-
tirely by beta gauges and automatic control of the extruder is
obtained by adjustment of the screw or the take-off roller
tﬁeod. The main advantage of these gauges is that they allow
the manufacture of closer tolerance and hence up-graded naterial.
At the same timc raw materials are conserved. Cost benefit
ratios of 1:20 are normal in these operztions.

Radioactive tracers, if properly used, can result in
improved plant efficiency and large savings in time and materials
by reducing shut-downs. Many of the large chemical companies use
tle:e techniques to their full advantage, the best example being
in the U.X. where cne plant estimates annual savings of $ 12
million from an annual investment cf 3 350,000,-.

Numerous radiation processes for the simplified production
of chemical products are at the pilot plant stage and several
are in routine use.

~ Package monitors arc used to ensure the correct filling of
sosp powders in cartons, tubes of toothpaste, boxcs of tablets K
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and cosmetic creams, liquids and perfumes in bottles. Savings
resulting from the usc of these devices arc difficult to assess
but customer satisfactior is assured.

4.9 Products of Petroleun and Coal ‘

Density gauges are extensively used to detect interfaces
in pipeline pumping or:rations. DLifrercnt grades of oi) are
pnnEed consecutively through long pipelines and it is cssential
to know the position of the interface betwcen successive grades
so that the products can be routed to the correct storuge vessel
or branch pipeline. This type of mcasurement it of grecav eco-
nomic significance since it is impourtant that diesel oil, say,
does not flow into a petroleum storage tank. The interface may
be well-defined at the first pumping staticn but after travel-
1ing long distances it becomes diffused and only an accurate
density measurement can indicate the correct cut-off point.

Level gauges are uscd to detect and control coke within
petrolcum coke drums, petroleum levels in storage tanks, kero-
sene-water interfaces, catalyst levels, liquid gas levels in
butane cylinders, and a wide range of relatcd rroblems. Nuclear
techniques are unique to most cf these applications. Au long
ago as 1958, one company in the USA producing gasoline reportedly
saved § 2 million in one ycar bochuse ratioisotope level pauges
had made it possible to double the Jength eof rurs on "thcrmal™
units before shutting dovn to remove coke. Another petroleum
refining company reported savings of § 300,000,- in tic sanc
period sron the same application.

The analysis of hydrocarbons for sulphur, lead and other
high atomic number elements is routine both in the laboratory
snd on-line. In most cases these applications eliminate the
need for tedious chcmical analysis cthrough the use of a simple
instrument.

All of tle major oil companies use radiocactive tracur tech-
niques to determine the wear rates of piston rings in ergines
an: hence evaluate the lubricating properties of oils. he most
important chemical elements involved i1n rescarch studies can
be conveniently labelled with radioisotopes and the high sensi-
tivity of tracer techniques accounis for their widespread use.

4.10 Non-metallic Mineral Products

Products whose mass per unit area is controlled with radio-
isotopes include asbestos-cement, glass, wallboard and coated
sbrasives. Gamma density gauges are used in the hydraulic trans-
portation of sand, asbestos-cement slurries, clay slurries for
cement manufacture and lime-mud slurries for lime kilns.

Camma level gauges are used to control molten glass in
furnaces wvhere a high accuracy is required toc ensure uniform




products from the gravity iced «)s’cem us<¢. A typical in-
stallation costs about ;. 6,200.- aid one UL oser reports

annual savimgs of % 500,000,-, Yaryoly fres the reduction ir
rejects. This Tepresents a $% sayv iy on iscrope-assisted
turnover.

Radiocactive *racer: ire usc! to stuedy yoterial transfor
prodblenms in gotary rilis tor corem rastia tase.  Reteniion,
distribution, ic-circulation and ‘icw puo 't nn oare roctinely
investigated te ersure optimue cpeva ing Concitions.  Othey
tracer techriques deternine the nuying efficiency of addi-
tives in coniete and bitumen and the source o inclusicns in
glass.

4.1) Basic Mctals and Metel Prclucts .

This industry ‘s ene of the najor uscrs of radioisotope
inst ‘umcnts. Thickness gavoes arce uscd exicnsively in the pro-
duction of hot and culd volled meials and fur contrelling coitings
on steel. In a typical .teel stiie dll, nolten aetal bs wade v -
to ingots which i turn pass to a bhlooriny nill where a gawma
transmission gavge is used Lo detect cavit:icn. Ghe thickness
of hot rolle¢ strip or plete is then meusu-od with a garma ox
bremsctranlung *ronsmissien eouce ond thianor cold strins ave
controlled with beota transmission pances. v catting up opera-
tions, a fast botu tramsmission gauge ‘s tsed ro ort sheets
of diffcrent thicknzosses. In scparate oporations, steel sheets
are continuously ccated with zimc, tin, alurininu, paint anl,
more irccently, chromium for thz proluctien ot "tin-free’ stocl.
Peta backscatter gauges cve new beng svpercoeded by sory accurate
X-vay fluorescence gauges to measure and ¢ontiol these cnating
thicknesses.

Level gauges are u:cd to control ithe fecad to blast furnaces
snd furnace wall wear is measurcd by in ertiag small radicactin:
sources at diffcrent depths in the wall and recorling their rate
of disappearance.

Portable X-rav fluoresceince fiuves are used to identify
different types of steel and ncutron activation analysis is
used to measire oxygen in steel in furnace cvoerations., Acti-
vation analysis is also used to measure the iren content of iron
ore.

Radioactive cracers are used esteusively in basic research,
especially tc study boundary migraticn and the movenent of s2lloyving
components and elenents such as tungsten and cobalt in steel.
Plant investigatious, although not always routine, are made to
follow the movement cf blast furnace chargcs and to determine {low
patterns in furnaces.

.
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4.12 Machinery and Transport Eqpipmcqg'

Gamma radiography is used extensivcly to inspect cast and
welded objects such as crank shafts, cylinder blocks, turbines,
rotors, boilers, pressure vessels, pipes and aircraft parts.
Although there are many examples of sn.!l savings resuiting from
this type of inspection, the real benciics come from the en-
sured reliability of the products.

Radioactive tracers are widely uscd to lahel moving parts
in machines and engines to determine thcir wear rates. The move-
ment of air in railway cars, aircraft and¢ automobilcs is studied
routinely by means of a radioactive gas.

4.13 Civil Engincering and Construction

Many of the materials used in construction are prcduced
with thc aid of radioisotope ~auges. This is especially true of
sheet materials such as glass, wallboard, shcet metal, plastics,
shingles and roofing f{elt.

Redioisotope moisture and density gauges ave uscd extcnsively
in the construction of roads, airfields, and dams and al:o in the
mixing of ready-made concrete. The same instruments are used to
measure density and moisture contents of concrete structures and
to locate the position of reinforcing bars.

Camma radiography is widely used to inspect the welded
frames of buildings and other structures, and density paujes
are employed in continuous dredging operations to keep the
content of solid materials within certain limits. This Yatter
applicdtion ensures efficient operation of the pumps without
interruptions due to overloading.

Radioactive tracers are used routincly to inspect buricd
weter mains for lcaks and to locate the source of water secpage
in dbuildings and dams. Conversely, they are used to define the
distridbution of cement injections,

4.14 Blectricity, Gas, Water and Sanitary Services

In coal-fired electricity generating stations levcl gauges
sze commonly used on steel or concretc storage hoppers and also
to indicate blockages as crushed coal is fed througa ducts into
furnaces. Gamma backscatter gauges are used to measure the ash
content of coal to ensure efficient furnace operaticn, hut this
has limited application sc far as power station cperations Tely
on coal washeries to provide the correct grade of fuel.

- Radioactive tracers can be used to measure with high accu-
racy the flow rate of water through pipes.. This technique is
used routinely to measure the flow of water through power
station turbines and it has proved so reliable that it is now
accepted as the standard method of turbine rating in the U.K.
Similar tracer mothods are used to mcasure the flow rates of



water or sewage in pipes, channecls or givers. Sewapc denmsity is
measured and controlled b{ gamma density fauges before being
pumped into digestion tanks.

Although the technique is not universally sccepted, many
countries use radioactive tracexs to stuldy the dilution of .
industrial wastes or community sewage into large receivers.
The technique not only gives dilution patterns but it 's influ-
ential in determining the degrec of purification rcquired and .
the leagth, position and design of the discharge pnipe. Large
scale, all-weather tests vhic include measu.cments taken from
boats might cost about § $0,000,- or more but the results give
savings out of all proportion to this. A somewhat similar tech-
aique is uscd to follow the movement of silt or sand in water-
vays by using lcbelled material.

Leaks in gas and water mains are accurately located by the
use of radiocactive tracer te:hniques, even when the pipes are

In pollution control, smalysis of thc particulate li!tt!
collected on air filters i{s done rapidly by means of X-ray filvor-
escence. The same type of application ir found in water pollu-
tion where polluting elements amd their concentrations cam be
jdentified rapidly. These tochuilucs have only recently beem
introduced but their use is spreading rapidly.

e
Tow
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S. APPLICATION ARLEAS 1" DIVELOPING COUNTRILS

$.1 Ipdustrialired Countr.cs

Modc i manufnrcturing metnods withii a particular industry °
vary very little vith Yocalien. An developiog countries, the
size of indiviinl cperctions is generally smalicy than that of
competitive indusinics in indu-trially developed countries, but
the manufacturing tools are basicually the oom. The quu'ity and
composition ¢l rav materials may difier ond the Jistribution of
seapower and skills can neceseitate chure . in ~anufacturing pro-
cedure. Tocchhological and orgianizational {ioxinility readilty
overcomes thesc chstarcles resulting in th~ preduction of accep-
tedble goods, at least for the hone market,

The quality control aspectis of ranufacturc become incrcasingly
isportunt in tae developucrt of cnpari arieis wvhere international
co.fetitian demands adlerance to <trict socificeiions  and it
§s in thie area vhero cadloisortepe and rodietion techniquces have
thedr biggest impuct. The mert quoted Lencfit fron the use of
radioisotops guuger, for evomple, js irproved quality. Although
gt §s diffici t tu assiin spu-ific cash vatues to this Lenefit,
it is obvicus *hat an increase in quitlicy tiakrcs 4 vroduect more
competitive ani thus more accentabie firocopnre markets. It is
unfortunate that quu.ity coat.og and reliability esuwac this
importance orly inder these circunstirces tut as a connequence
domestic standards might aiso be enhanced.

Whilst monufacturing facilities may be the sume, the avall-
sbility of measuring and controlling devices certainly varies.
These are made mostiy in the industricliy developed Couantrics
and thelr acquizition , except as ar 1ntezral part of new plant,
con be a difflcuit and lengthy process. This applies cqually to
all types of refincd measuring systems whichs cre @ necessary
part of modern industrial manufactur: and radicisotope Jauges
are mo exception. On the otheys hand, tney are jn many cases
essler to instull and calibrate than otheci nMcacuring &Y. LCMS.

Consider, for example, the manufacture of plastic sheet, &
commodity for which there is a widespicad deasad. Many problems
associated vith il useof plastic sheet are closely related to
thickness and it is therefore lmportast thot this paranmcter
should be coatrolled voth longitud naily and across the shcet.
The effeciivcness of heat sealing varics considerably with
sheet thickness, the optimum sealing time increasing $0% for
every 0.02 mm jncrease in thickness of srheet in the range 0.02 to
0.1 ma. Thickness varlations aye thus extremcly important in
operations such as extrusion coating polyethylene on kraft paper
or sluminiua.

Thickness mecasurements must be perforzcd either before or
jamediately afier the rubber rollers which take off the plastic
sheet as it comcs from the extruder. Spring-loaded micromcters
were first used for this mcasurement, but these have the dis-
sdvantage of beinz in contact with the product and measuring
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only in a fixed longitudinai position, spart from their in-
herent measurement accuracy !imitations. It i35 only by using
the information obtainablc f.on fast beta-gauges that <he

present production rutes 7 hiigh quality shest his been pos- .
sible. The measurement ic mon-contacting and can be nade at .
either nre-deterulvcd positioss or cont'intously across the

width of the shect. This i3 particularcly impertest in the

case of extruders which have a Jaree aurber of adiustable cle-
ments and wvhich produce wide sheets of thin (0.COL mm -

0.008% mm) plastic. Since the dies may be only 1-1 cm apart,
the radioactive source in the beta-saugce is rolifwcted so

that a strip of widt.: 1 cm i5 scarned. Actomitic control of
machine dircction variations i1s obtaincd by avivuutic adjust-
ment of either the screw or take-off rclier speed. Profile
control is accomplished by die aljuctment, either wmanually or
automatically, in accordance vi'h the cross-shect measurenents.

This example of thickno:s pauge uszage serves to demonstrate
the effectivencss of a particuiur radioisotope technique aud the
impact it can have on product quality in a relatively slaple
manufacturing process. In addition, the high measurcment accu-
racy obtaincd leads to economic bterncefits through reduced raw
material usage and a lower rejuct rate. The process is the
same irrespective of its location but measurement and control
techniques may vary.

The manufacturer may not always be aware of the diftcrent
measuring devices at his disposal. Only ths largest production
facilities can suppo:t research and deve_opment staff whose
dutles would include the ev#ivaticon and control of process varl-
ables. Smaller operations have correspondingly “ower techiical
staff who are usually fully occupicd witih maiantajuing production
and are mest coaccraed with juncdiate problems of maintenance
and repalr. They have little tiue to experiment with novel
techniques, especially thoses which, righuly o1 wrengly, *o them
might have an aura of mistique or haza-d. Under these condi-
tions, the direct application uf radioisotope and radi:lio:n tech-
mology with its demunstrated abiiity to improve process effici-
ency and product quality is the wost rewarding approach.

Most industrialized countiries have specialized Institutions
whose purpose is to provide information, evaluate and demonstrate
the efficacy of process techic,ogy. The same ins*titutions pro-
vide test and investigational facilities. Ideally, these bodies
should be aware and have experience of net only nuclear techniques,
but all the altcrnative methods of approach tc the solution of
industrial problems. In practice, since nuclear techniques might
be the most reccent, they are sometimes omitted because they are
known only from tex:becoks ot manufacturcus brochures. The same
countries normally have an atomic energy authority with at least

one nuclear reactor and the associated research facilities. o’
Qualified staff, many with experience pained outside their own

country, deliver lecturcs at numecrous training courses designed .
to make scientists and cngineers awarc of the principles of radio- *

fsotope and radiation usage. Thesc courses include laboratory
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ractice to teach methods of handling and applying radio-

?sotopcs and they arc idcal for the scicntist. They ray

not be the best typc of training for the industrialist or

the industrial cngincer. Somectimes spccial short courses

are designed for industrial persouncl so that they beconme

acquainted with the potential of nuclear techniques. Beth

. types of course will undoubtedly bring returns in the long
run but nuclear scientists arc not neccssarily thc test
per<ons to teach industrial tcchnology. Many nuclear tech-
niques are well out of the rescarch and development stage
snd have become hard industrial fact. At this stage thelr
evaluation and adaption are best lcft to the industrial
rather than the nuclear technologist.

Although the same is not necessarily true of agriculture
and medicine, instruction in the routine uses of radloisotopes
in industry might best be left to those industrial institutions
which fulfil the samc purposc for other, ron-nuclcar tech-
niques. To achieve this it becomes essential that these insti-
tutions be singled out for specialized training and assistance
to enable them to perform this function. Thie is particularly
true for radioisotope gauges which, whilst based on the same
principles as dcimonstrated by laboratory practice and instru-
mentation, incorporate industrial decign concepts which may
not be familiar to the nuclear scientist. The application
and operation of radioisotope gauges docs not require ihe
same training as other radioisotopc techniques. They should
be regarded as normal measuring devices with special atten-
tion paid to the possible hazards arising from nisusc of the
radloactive sourccs contained in them.

Radioactive tracers on the other hand requlirc morc care-
ful handling and morc extensive trajning is nccessary to en-
sure groper use and control. Wherc industry is not large
enou to support specialist services of this type, national
stomic energy avth-;ities have successfully organized tcams
of experienced staff, able to perform tracer investigations
on request in collaboration with plant cngineers. Similarly,
several Jindustries in some countries join together to provide
the financial support needed to sustain a specialist group
able to give a similar service. If weli-organized, either
system functions effectively with resulting benefits to the
industries concerned.

Whilst it is not possible to state specifically that
fndustrialized countries will all have the same basic industries,
it can be assumed that these industries will include batic
metals, chemicals, paper, tobacco, machinery, food and, perhaps,
minersl processing. In all of these industries radioisotopes

.. | can be used extensively.
. . The basic metals industry covers smelting, refining, coke-
¢ oven operation and the manufacture of basic iron and ncn-ferrous

products such as sheets, plates, strips, tubes, tin-platc and
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galvanized and aluminized sheet. In 10lling and ccating oper-
ations radioisotops thickness ganges are now aliest the traai-
tional measurcmrent devices whilst vodicizotope Tevel gaug:s
are particulurly suited to the coralitions persa nire in this .
industry for measuring liquid Jevels in frrac ol ores in
Lhoppers. Simple, rapid and accuratc radicisoto, v rothod- of
analysis mecet the demands fov controliing tho couwrocition of
steel and alloys. In large- to noediuwm-sizod operotions there
is no question about the usc¢ of radioisntcpe techpiques for
the above-mention~d purposcs. They have proved themeclves in
hurdreds or even thousands of similay applications, bringing
both economic and technclogicsl advantages.

In the manufactuve of cigarettes, hcta pauges ave @n inte-

iral part of the process in many countrics. vk vhen tobacceo

s inexpensive and does not carry hich taxes, the production of
uniform cigarcttcs with a constant pucking density is desirable,
whether the tobacco be tightly or wooscly pachud. Tho use W f
a relatively inexpensive radioisctope gaupe to control product
consistency to *0.25% would seem to be justiticd from the quality
aspect alone.

Most metal fabrication and maclinevy industries have a re-
quirement for radicgraphic inspection and, whether per foimed by
service organizations or by industry it.elf, this shouid be one
of the first radioisotope techaiques introduced. 1he necd is
cbvious, training is straight forwasd, +he equipment is inexs
pensive and the returns, in terms of improved quality, are high.
- Another completely routine applicaticn is tho of tho use
of beta-gauges in the paper iandustry. Thuse javges Tange {rom
large systems which scan continuously across 1) actre wide shrets
to fixed-point measuring devices noed en swaly prpev-making
machines. Since mass per unit area is ond of the main para-
peters to be controlled im the paper maxing rpincens the in-
stallation of a non-contacting beta-gauge i5 aimost manditory
on any machine, irrespective of location.

In the food industry, the use of modern packaging techaigues
makes it desirable to check the contents o& scaled cortainers or
packages. Radioirotope package monitors accoaplich this on even
the fastest production lines, so eliminating tealous sanual
inspection procecdures and guaranteeing custonery saticfaction.

Many problems arise in the bulk manufzciure or chemicals in
which radicisotopes offer the most expedient and sometiies the
only feasible means of solution. In process measuremcnt and
control, accurate analyses and determinations of density can be
made and difficult problems of level controi in Loppers or in
reaction and storage vessels become retatively casy with radio-
isotope techniques. Investigations .of various forms of plant
malfunction are greatly assisted by radioactiv> tracers., Several
radiation-initiated chemical processes ave worthy of consider-
stion and others warrant rescarch efforts.
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Yhere medical products and supplies are manufactured,
radiation sterilization should most certainly be considered
as one technique to be employed. If used in conjunction with
modern manufacturing methods and packaging techniques, it can
greatly facilitate cumbersome sterilizing procedures and help
guarantee sterility, :

The above are typical examples of radioisotope and radi-
ation techniques whicg can be readily introduced into the
industrics of developing countries. Very few sgecial skills
are required to do this, but the returns can make a signifi-
cant contribution to economic and industrial development.

$.2 Semi-Industrialized Countries

This group of countries can generally be expected to
support medium-sized production operations with old-fashicned
mant ‘acturing techniques competing against modern methods. The
modern industries can certainly benc%it from the usc of nuclear
techniques, in many cases to the same extent as their counter-
parts in the industrially advanced countrics. Greater care
must be taken in evaluating the mecasuring and control methods
to be applied under these conditions and the need for assistance
in this will probably be greater also.

If, as is quite likely, nuclcar research facilities exist
in these countries, they probably contain the best collection of
modorn investifational cquipment together with scientific ex-
portise of a high standard. In addition to the incvitable re-
search work which is a necessary function of these cstablishments
it is hiihly desirable that the special skills and technology
which exist there are made available to assist in national
developmont programmes. A close relationship between such
establishments and industrial institutions can only rcsult in a
sounder-based industrial decvelopment,

The older industries warrant special attention if they are
to survive and produce acceptable goods. These industries usually
rely on the special skills and talents of lon;-servin! employeces
to ensure product quality, but this may not be sufficient in a
competitive market. '

For oxnnglo, steel may not bo produced in these countries
but there will always be a demand for galvanized steel shcet for
use in low-cost construction projects. The traditional method
of checking the thickness of zinc on steel is the wet chemistry
weigh-strip-weigh technique which involves weighing & standard
sized sample, dissolving the zinc and re-weighing the basic steel
of the sample. Radioisotope instruments exist for making this
messurement more accurately and in a few scconds at the push of
s button, without any special nuclear or electronic knowledge.
This means that s check which previously required the services
of s qualified chemist can now be performed by unskilled staff.
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In many instances these checks are only male occasicnally beccause
of the expense cf retaining a chemict. They cen mew be Jone
routinely to encure cleoscr manpufacturing tolevances and probably
result in raw niterial savings., The sane srpureris apply to the
production of tin-platec. ’

Thickness geuges are necescary in the @ wition of sheet
materials, but the type of ganpe wic'vh is .uiticicil or cSsci-
tial for a parti-ular voocess depends o rhe de..ce of ronireld
possible in the manufacturing machincry. ''th new mach nuery
radioisotope thickness paurcs are provebly dosivable because of
high producticn rates and the zlo:r tele:an s which pochine
adjustments allow. Oid:r machinery wight 1:ve Jower (Locuciion
rates which do nut necassite te Glth-oeed Gl es s eocarermont <
and, more important, the machines ight not Lo capalld . 0. ad-
justments to follow the accurate rensurens oo o raGioisovrope
gauges. Under thc latter couditiors preces suivasi.on does
not serve a usceful purposc but o <juple radioisetopc thichress
gauge installation mignt be justificd. On'y a prog—a: siudy
can determine the bhest measuiing toclaiiGoe i03 o pasticular pro-
cess and this probably nplies thut «n iadustriel institution,
competent to judgc, should . ava.lalle. Suclh an irstitution
er a nuclear rcscarch centre would also be an a pog i ion 1o
service and maintain all types of veasuriog nstiovcnts, A
broadening of the furctions of these bodies ight be jJustified
in these circumstances.

The one nucicar technique which can Le said to bo abolataly
essential is radiography. The establishrrcn. .nd ava,lubility
of a service group with the NCCRS ALY 13 dl iup i @ v iopee to
check welding in construction woik 01 the iunvricetion nf PR o
vessels and pipeiines can maxe 4 ziguaificani ~2ai ciruiion 10 th:
enforcement of safety stunlurds.

¥hilst the small, modern industries c.- vy oubtediy benefic
from the application of some radicisozon. an! rvaciation toch-
niques, particularly level, :hickness and Gasity measurenint,
the older industries might do so only aut 1 cuveful evaluation.
The task of improving process efticiency =l proauct ialivy
might be tedious but it is not unsurmount.-'c If availid.e toch-
nical resources are used wisaly.

5.3 Non-lIndustrialized Count:ies

. Exce.* for isclated cases, it is only poscible to discus:
the potential benefits which might be lerived fronm radicisotope
usage ia these countries. Somz manufacturing ipductrics wiil
exist and, depending on thei: level of development, th2y uay

well be able to profit from the ‘ntroduction of these techniques.
On the other hand, as industiry is established ia these countrics,
it has the advantage ob heing ablc to :hosce the most modern
technology. 1If this is dJonc, nucisar science will undoubtedly
make its contridbution, probably more rezlistically than unler
other circumstarnces. :
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The transfer of technology is best done vhen it is
assesscd and bascd on experience elsovhere. This is true
not only of radioisotope techniques, hut of any other instru-
mental, process or nanufoctuering scheme.  The introduction
of ncew industria! ventures might be as a result of govern-
menta! planning or through the initiative of individuals.
Where a natioral authority is respensible for superintending
industrial development schemes, there is always the possi-
bility of naticnal institutions being consulted to give gui-
dance on the best technology available., In the vrivate sector
therc will be a tendency to accept on exact ¢ony of a plant
which functions well elsewhere. 1t is ant easy in either case
to influcnce the choice of mecasuring or coutro! systems which
may be required and it may nct be advisable to do so. Any radilo-
dsotope tcchnique worthy of consideration will be accepted if
previous cxperience has proved it to he an econonic and techni-
cal success.

Therec may be more scope for the use of radioactive tracer
studies in deveclopment scihemes. For example, the discharge
of cffluents into the sea, lakes or rivers can ke fuliy cvalue-
ated beforc the crection of a new factery and precautions
taken to limit future harmful eifects., Such studies 1cquire
the services of well-qualified engincers but their use has
proved to be invaluablie in some ccuntrics. Siwilar techniques
are used routicly for the control of scwuge discharce from
new urban scttlcments whilst the pattern of silt movemeat in
new harbour construction is evaluated conclusively il radio-
actively labelled silt or sand is used in full-scale tests.,

Again, with the cxception of gamma-ridiongraphy, there 18
little point in trying to force the introduction of radiciso-
tope techniques under these circumstancces. The uecd for *these
and other non-nuclcar methods will cvolve naturally and, pro-
vided that suitable training is given to the growing puambers
of scientists and engincers In non-industrial counrtricz, czach
sethod will eventually {ind it3 own levei of acceptance,




6. CONOLUSIONS

Industriali-ed countries invariably have their own
national atomic energy authori’ ies. aiiried and conmpetent
staff, trained in aii branches of nuclear scienc? are qvail-
atle and a wide variecty cf ty-ining courses is given repu-
larly to industrial management and enginecers. ft is uvniortu-
nate that the vast sums of money spent in promoting nuclear
technology are out of propertion to the mmeldiate retuins which
might be expected in terms of nationel developuent Many
yeasons are given to justify thoese large projrammes;  prepiras
tions for atomic power development, irprovensnts in scientific
understanding, raising educaticnal tevels, benefits to industry,
medicine and agriculture, etc. hese justifications largely
break down in practice. Nuclear vover stations normally come
under the control of the power penerati:g authoritics whose
own staff, after short periols of rraining, are coupetent to
operate nuclear facilities. Nuclear resacarch tends to be aca-
demic rather than applied and the reaching of nucleay technology
is better placed in universitics and other educaticnal cstablish-
ments except where very specialized training is nocossary.

Although nuclear research wiii uadoubtedly bring long-
term benefits in raising the level of scicntafic athicvonent
in many countries, it ais in the applied scicrnces that the greatest
immediate contributions can be nade. In diagnestic medicine,
radioisotope techniques are used extensively in both the pudblie
and private sectors. The techniques are rclatively simple and
they have been refined to make their easy application possible.
The extent of the use of radinisotcnes in biolupy 1nd meldicine
can be gauged by observing the very nide ranze of isdtopes and
labelled compounds produced specif.cally for viis purpore. On
the one hand the techniques are universaily accepted and on
the other, the market is sufficiently lucritive to attruct proe
ducers of radicisotopes. To 2 lesser exteni the same is true
of agricultural applications which are also well-defincd and
straightforward. The use of radioisotop~s and radiaticn in
those areas lLave biought rich recwards. '

L]

In industry, these rewards Love still to be realized. This
is not to say that industry does not benclit from th: use of
radivisotopes. Take, for example, the use >f thickiess gauges
in the paper industry. A consarvative estirate of the annual
savings in time and raw material {rom the use oi one of these
gauges is 3 7.000,-. There are rougiiy 20,000 such geuges in
use which gives a saviugs figure of $ 140 million per year {rom
+his application alone. Many of tne otrer gauzing tecnnigques
are even more iucrative. Unlike modicine and agricultiire, how-
ever, the range of techniqucs available is very wide and cach
application has to be examined separately and the instrunantation
or experiment dJdesigned, planned and executed on an irdividual
basis. There are also much fewer personnel inveolved in ex-
ploiting industrial applications compared to the other ficlds and
several rcasons for this can be advanced.
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In order to exﬁloit radioisotope techniques in industry
it is necessary to have a broad, if not thorough, knowledge

of all branches of industrial processes. The chemical engineer,

for cxample, in small or industrially-developing countries is

usually better qualified in this respect than hkis counterpart

in highly industrialized countries, where specializaticen is '
necessary. He has to be inventive and imaginative and learns

quickly by experience. The demand for this type of person

is great and he normally finds a stimulating and lucrative

position in industry quite cacily. Such a person is seldom

prepared to work within the strictures of finance and oppor-

tunity imposed by governmental establishments. The applied

scientist does not always get the sane financial and social
recoznition as his academic colleagues and in many developing
countries this fact tends to upset the proper balance between

pure and applied science.

Since he is dealing with and introducing a relatively new
technology, the industrial radioisotope specialist finds him-
self playing the r8le of a salesman to some extent. This is s
quality not found naturally in scientists. He also has to work
in environments quite different frem those encountered in the
laboratory. One of the most difficult aspects of training
sciontists in this type of work is to scale up laboratory prac-
tise to the plant level. The confidence re uired tc carry
out a large scale tracer study in an 0i) refinery for exsmple
can only come through experience.

In spite of these difficulties, there are numerous examples
of successful groups exploiting radioisotope techniques vcr;
successfully. Usually, however, this success is based on the
enthusiasm of a small number of persons who are fully aware of
the potential of the technology which they exploit.

In countries where the size of individual industries {9
small or the products are aimed only at the local mnarkét where
competition is not strong, there is little incentive to invest
in new technology. National standards may not exist and, 1if
they do, may not be strictly enforced. Management may not even
be aware of these new techniques. In exploiting export markets,
however, quality control plays a very significant rglo. Nuclear
methods are a very good basis for non-destructive testing and
quality control and it is the responsibility of the nationsal
atomic energy centres, many of which possess a country's most
sodern and sophisticated test cquipment, to ensure that their
tochaolosy is not restricted to atomic energy programncs but
is passed on to industry for the direct benefit of the consumer.

Yoo often there is inadequate contact between industrial
management and the organization responsible for promoting nuclear
.;pl cations. Industry does not readily seek advice from these
organizations but will accept it if it is based on sound pria-
ciples and judgement and backed by technical knowledge. This
sgain points to the need for a careful selcction of staff and
to the necessity of judiciously collecting and disseminating
information.
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Gamma radiography is a tcchnique which is fully exploited
in industrialized countries. It is inexpensive, relatively
simple to use and the training rcquired is not excessive. It
is probably the only nuclcar technique which is approaching
ssturation in some countries but in many of those countries
where industry and coustruction are expanding rapidly it has
yet to be fully utilized as an inspection tnol. Many of the ¢
advantages from quality control arc intangible but reliability
is a very strong sales point. 1t is retflected in the need to
hold in stock fewer replacement parts, in the number of re-
turned products, in the safety of cuch *hings as weclded boilers,
gressure vessels and pipelincs, and in customer satisfaction.
adiography helps to achisve all nf thesc objectives and it is a
powerful tool ir non-destructive testing.

Beta thickness gauges are used extensively in the manu-
facturing industries, particularly in the paper, chemicals and
glastics, basic metals, textiles, rubber a2nd cement industries.

hey show excellent returns on investment through savings in raw
material and a reduction in waste and they result in a higher
quality product. Their use can accurately be described as
routine although in many cases the electronics design and compo-
nents used leave scope for improvement. The fact that a very
largo number of these gauges are installed in spite of their
early drawbacks testifies to their necessity as measuring devices.
Modern gauges, using the most advanced electronics and mechani-
cal design are extremely reliable under severe environmental
conditions and their measurement precision is unequalled in
most of the on-1ine applications. Sophisticated automatic
control systems are now being built into many of the continuous
sheet processes, the beta thickness gauge being the measuring
device to make this possible. A large number of coating measure-
ments which werc previously made unrelially can now be made
satisfactorily with X-ray fluorescence gauges. As the new
generation of thickness gauges, thcse devices incornrorate the
post modérn technology and open up a new field for exploitation.
Industrialized and semi-industriaiized countrics manutacture
sheet materials of all types in large and small operaticns.

Many of the machines for making these shcet materials are
equipped with radioisotope thickness gauges when delivered.
Existing industry, provided that its machiner; can be ad usted
to meet the accuracy of measurerent from the gauge, can be
veadily equipped with these devices to give immediate economic
gains and product improvement.

Dcnsitl gauges are used mainly in the cigarette industry

where they have obvious benefits in botk raw material savimgs

snd product quality. They sre fitted automatically to all new

machinery but can be easily incorporated into existing machinery.

In terms of returns through the application of s particular

technique, this exsmple is the outstanding one for density

’::go fnstallations. There are numerous variations of gamma o
sity gauging, particularly in the chemical, petroleum

snd sining industries, but none of these applicstions is suf-

ficient to warrant a concerted effcrt to prowote their usage. .

The individual gauging installations are necessary and readily .
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justified on economic and technical grounds. They have
developed slowly to solve measuring problems which cannot

be overcome by other methods. Gond cixmples of this arce

the transport of petrolecum products through pipelines,

gauging of unpleasant liquids such as sulphuric ucid and
sodium hydroxice and the control of dredring and sewage treat-
ment operations.

Radicisoctope level gauges have becn used in many cases
quite indiscriminately. In some countries, nuclear instruments
are produced at the expense of other mecasuring devices just
because the nuclcar industry developed nore rapidly and sooner
than others producing control devices. Within the confines
of an atomic energy progranme it is possible to mass produce
simple radiation switches which can casily be adapted tc a
wide range of applications. It is not nccessarily wrong that
this technique, which wor¥s well and reliably, should be pro-
moted at the expensc of others under thesec conditions. The
benefits to be derived from level gauge usage are largely in
labour saving and increased productivity, although some out-
standing returns on low investments have occurred in the
petroleum and chemical industries. These two industries are
the largest users of level gauges, closely followed by tie
mining and power producing industries. 1 underground mining
these devices are widely used in rciote-controlled operaticns
and there are numercus exanples of their installatijon on large
hoppers and scaled vessels.

Analytical instruments cwmploying radicisotopes offer
distinct advantages, primarily in the mineral exploration and
extraction, stecl and petro-chemical industries. 1In logging
for oil, gas, coal and wineral deposits these devices are
universally accepted because of their ability to provide
rapid information. They also reduct dranatically the need for
analytical chemists whose services are at a preniun in devel-
oping countries. Activation analysis and X-r-y fluorescence
are techniques which are already contributing signiticantly
to geochemical &nd geobotanical mineral exploraticn ana these
provide an excellent link between atomic enerygy authorities and
mineral survey organizations in the development c¢f naitural
resources. The techniques are ideai for vuse in doveloping
countries where nuclecar facilities exist and cau He used in a
programme directly connected to nationul development. They are
used to a iesser extent in the pctrochemical industries, but
their application in these industries in developin: countries
can make a significant contribution to product quality, control.
Moisture and density gauges are used primarily in road construc-
tion but the intcrpretation of results is not always straight-
forwvard and the instruments can give misleading information if
used by inexperienced personnel. On the other hand, their ad-
vantsges are considerable and the correct balance between the
need for and use of these techniques has to be judged on un
individual basis.
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Radicisotope instyuments have not been furly exploited
in the developing countries althoueh there i plonty of vvi-
lence to show tlhat they couvld make conivibutions to product
auality conirel and c{ficient nlan? onation, probably in ex-
cess of those exporievced in industriaoln a lvanced nations.
Tha development of these 1nstulierts has Loen siow but they
¢t now be sa‘d e be entirely suitiboo for ase in the most

»
cemanding conditiens, e riving o miniaun O f maintenance. ¢
Caly the simplest of nstiuments, s us levol switcles,
ahould be maamfactursd whore crmpeunent quai ity and crgineering -

Jesign is suspect since these tocrors Lave heen proved to
hinder rather than advasec the acceptance of nuclear technology.
1y most cases, the instruments cun be applied wath cqual ewse
and rasults to all sizes of industry vhcre process control is
drsirable.

Radiation rrocessing has soRc aspicis which make it parti-
cularly attractive 1o developing tountrios, The manufacture
of medical products under aseplic conditicus is »not always casy
in tropical areas or in tho-e counirics whese corntag. industries
nroduce most of these materials. Radlation s:erilization should
nct be viewed as a means of dircctly overconing there difficul-
ties but it has proved te be the rost convenient stevilizing
technique for disvoesabie aidd nackuged picducts. 1t is parti-
cularly suvitall. for covntries with de-cantr-lizod production
facilities since sterility ¢an be tontroticco at onc central
noint end tho nceod tor numerous autoclaves ran he el ininated.
A radiation steril.zaticn plant iz cinple ©c onefule and can
be run by very few pevzons. faso of imhortarcc is the fact
L4t Teturns onu capital inve tment ave high. imnyovements in
hygienic standards ave rapilly achicved thyough tic insrouuctiion
of thic techaique.

Although the radi=tiou freatn-ut 5 textiles to imvrove
their properties is not widel> sprend, the products ore gxcel-
lont. The manufacturs -7 croase 2nd stain resistant rabrics s
largely confined to industrially < tyvanced covntrics and well-
patenied chemical technijues are predoniuant.  The corton-
neoducing countries have mnzh to gain ia terms of expa~ding ex-
port markets if they rould manafacture those fabrics. The
r.diation proccsses zre notl 30 restoictive from the patent
point cf view and thu possibiltity of -xnloiting thewm is certainly
sorthy of study. .

The manufacture of wood plastit composites by radiation
has been disnmissad by many as 120 expensive a techricue to be
appiied in the developing Countrive. The possihility ol using
Lhe technique to vrodace inexpensive const.uction saterials is
attractive, particulaily if waste materials such as hagasse or
cheap woods cun be utiliced 4! the cost of monomers reduced.
Racent d-velopments appecar to have. overcone these difficulties.
and the technology should not be disregarded. Similarly, the
rapid curing of painted slieet materials such as plywood and o
steel is of equal importance to the Jeveloping countries as
the industri.lly devcloped ones since a iurge pertion of the
products are cxported. _ .
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The application of some radioactive tracer techniques
is routine in investigating the e! (icicncy oi industrial
processes, particularly in the cher.cal and steel industries.
Nide acceptance of these mcethods is Lindered waindy by the
fact that only large concrrns can affopnd 2l duxudy of main-
taining a tenm of aualificd technolopgists to use ther in
trouble~sheotinz investigations. 7This prollen has heen
successfully overcome in several swall count ries hy a number
of industries joining together to suppert ¢ central radio-
isotope laboratery whose -ervices are at their dispesal at
8l) times. A similar philosophy applied ia developing coun-
tries might wel! produce more rapid and satisliacrory resualts
than relying on the sonetines inetfective eiflorts of naticnal
atomic energy authorities. The benciits to be cained from the
usc of these techniques are considersbic hul the direct parti-
cipationof industry is necessary if these rewvards are to be
realized. Most of the chotacles to the widespread use of radio-
isotopes in dindustry apply to the use of trucers and in parti-
cular to possible radioactive contamination and the resulting
health hazards. There is little cvidence of serious contamina-
tion problems arising from the usc of t.uc rs in industry and,
in fact, these chould be complctel” avoidable in properly
planned aud exccuted investigations. I is through tracer
studies that thc use of radioisotopes in industry can still
expand considerably.

In summary, it can be concludad thut some radioisotope
and radiation techniques bring economic and technological bene-
fits to many types of manufacturing processes. Aiter 28 years
of devclopmert and usage, the most snccesy al agplications are
easily recognizable through the exteni of thoir acceptance.

This is particularly (rue of vadioitotupe gauges. The techniques
can be applicd with cqual facility to all sizes of process but
there are stil!! many countries vwhiose irdustry, through lack of
kncwledge, reluctance or fear of radiatvion, is hot t-%ing ad-
vantage of thece methods. Lfforts to pronote radioisotope appli-
cations have not alwavs been made in the test way. Perunaps 100
much emphasis has beea placed on the nuclenr aspeets of this
technology rather than on the reguircments of industry for the
solution of a particular problem. The "narket” for these tech-
niques is far from saturated and properly planned prorotional
sctivities can make their benefits available to  new and
existing industries throughout the world.
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7. RECOMMENDAT IONS

The premotion of proven racd:c sctope and radiation tech-
nology is best done by individuils orv iastitutinie vho iuliy
understand the requirements of industry «nd the cxactiryg con-
ditions under vhirh ary measuiing systoe o1 applicd scliontl- .
fic develepnoent nast fmnctliorn., bwhilst atsmic encroy or-ganis
zations have well-quoiified ctaif compotent io make scliontific
evaluations o nucicar amnlication., the nunber of persons
within these organszations vho ¢ assess thesc ¢ pirications
objcctively [(rom the indust>.al point of view is small. The
nuclear scientict can rarely Jo mere thon point out the tochni-
cal advantages und limitations of radicicotope suges, fou
cxample, and quote sccond-ha d informaticn un process perfore
mance and economics resuvlting fiowm their vse under =inilmm
circumstances. In many instinces this hLos been and is sufff-
cient for the industri«l user to form his own judgcm-nt on
the value of a particular nvclear techniqu: to his manufacturing
problem.

Another, and perhaps more important limitation, is that
radioisotope gauges ar- manufactiiod in a relatively ifew
industrially developed countries. ‘the potential user . Jhe
developing count-ies has littic opnorturity to evaluate this
type of equipnent at first hand., This s not to zuggest
that these giuges should be designed and z:semhbled in the de-
veloping ceuntrics. On the contravy, «hiist Jaboratory fastru-
mentation unlcr the control of snmecialints J= relatively casy
to build and raintain, industrjal cquipucnt with its long
Ristory cf develnpment has te me.t more cxacilng requiremcots
and only the simplest devices, =uch as level swiiches, should
be considered for local manufacture in nost caces.

(a) To supplement the existing cifcrts of matiomai atomlc
energy authorities, the application of «il-cstanlished racio-
isotope pauzing techniqucs should be promnt2d by inaduscriay
centres. laickncss, loveid, density and andlyticul gauges in
the chemical, plastics, tobacce, nining, pipmt a1 d wetal industries
are the most appropriate and immcdiately rewarding aveas

(b) The developiag countrics chould asscss the impli-
cations which the introduction oi these techuiques m'ght have
on efficiency and qualiry con:ivo! in the munufacturing industries
and the econonic benefits to be cxpected. This might best be
done by requcsting the servicas of a team ¢f specialistis made
up of both technologists and ndustrial economists to assist
1ocal staff in evaluating this pctentiail in particular industries,

(c) On the basis of thcse cost-benefit studies, UNIDO
might consider the possibility of demcastrating the advantages
of radioisotope techniques through the provision of iadustrial
gauging equipment with a further process study at & subscquent .
date. Such ¢valuations would provide a realistic basis for
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thoroughly evaluating radioisotope thickness gauges, say, in
the sheet metal, plastics or paper industries of developing
countries. Studies of this kind have not previously been
wndertaken.

(d) The relative ecase with vhich gamma radiography can
be taught and the rewards it can bring make it a most attractive
aon-destructive testing technique. Evaluations by specialists
of the nced for this technology might lead to the formation of
aon-destructive testing groups uitg a resulting improvement
in fadbrication standards. Only the very large industries can
afford to support such groups but the availability of s service
erganisation able to perform radiographic and other testing
orutions on demand in a country or region has obvious possi-
bilities. Developing countries should draw on the expertise
availadle to obtain an assessment of local situations, :rovido
training and suggest regulatory systems to guarantec a igh
standard of insrction. The mtroduction of gamma radiographic
techniques can be the foundation on which to build up a complete
son-destructive testing network.

(¢) Medical products, whether they dbe bandages, dressings,

swabs or more precise devices such as syringes, sutures and

fastruments, sre manufactured in most countries. Radiation
ﬁ%iﬂgutioa is an acceptable, safe, simple and convenlent
of ralsing hygienic standards of properly ackaged

meterials. With the sassistance of speciali-ts, the need for
s@sll, batch plants or larger, centralized facilities to meet
industrial requirements should be apprajsed. Au < later stage
expertise should be made available to help introduce medern
pechaging techniques and advise on the regulatory functions
pecessary to ensure the efficient operation of this type of plant.

(£) The aumber of plants for continuously coating shuet
ootal with tin, zinc and paint is very lar:c in developing
countries. Some timber-rich countries produce painted plyvood,
sainly for export markets. The radiation curing of painted sur-
g*_u has many technical advantages ovei heat curing and, whilst

generally introduced, it should be carefully considered for

esses of this type. A thorough evaluation of this technique,
ts technical and economic ramifications and its adaptability to
the conditions pertaining in industry is warranted and this will
be best schieved through case studies.

(g) 1n thosa countries which have a nuclear reactor, the
preduction of some radicisotopes is usually one of the first
wndertaX¥ings. 1f s supply of suitable radioisotopes is avail-
able, radioactive tracer techniques can make a consideradle
mtriW!z’oa to the efficliency of operation of industrial pro-
cosses. Ia small countries or those with small industries, »

contralized tracer orgsnization with direct industrial rru-
cipation caa play a useful réle but the bdiggest difficulty s in

L)
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convincing industry cof the cffcctiveness of such & service.
UNIDO should assist in this by zmwking ovailabie the services
of speclialists with expericace in this typo of opcralion Lo
help evaluate the effect it could have on the aperational
efficiency of a group of cowpanics and 1n providing cuidance
in the establishmcnt end co-ordination ot the activities of
such a group.

The above suggestions and recemaendations should bo con-
sidered in the context of indusirvial in<trumcntation and pro-
cess devolopment as a whole. Rodioisolope and radiation tech-
ajques should rot bhe looked upeon as nmovel or ar soni:thing for
the spocialist. They arc mcrely sther teels for ndustry to

loy to achicve bHetter pioduct quality and process efficlency.

In describing their contribution, however, it is necessary to

be specific and comparison with the many other meac<uring nethods
P )

would be unwieldy. Tn many cascs the techniques offer unique
sol.tions to industriaj process problems and thelr still ex-
anding use testifies to their cuccess. [ndustry has yet to

e fully cducated as to the merits and relative simplicity of
theseo tcchniques and UNIDO possesses the neccessary resources
and machinery to make this possihblz, Appendices I, 11 and 111
a;; examples of thc types of project which might initiace this
eoffort.
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APPENDIX 1
UNITED NATIONS INDUSTRIAL DEVELOFPMENT ORGANIZATION

UNITED NAT1IOKS DEVELOPMENT PROGRAMME
Special Industrial Services

Project Data Sheet

Referonce Number: _ Country:
Project Title: Assistance in Quality and Process Control:

Radioisotope and Radiation Techniques.

Pate formal request received:

Government Department submitting request:

Specific Government Agercy conccrned with _the project:

Pescription of the project: The Government
rczuiros assistance in defining industrial processes where
radioisotope techniques could have a significant impact.
Ho;; specifically, the report of the expert should in-
clude:

(a) an assessment of those industric: which might benefit
most from the use of radioisotcpe gauges;

(b) a detailed examiration of particular measurement and
control problems within these industries tc which
vadioisotope techniques can offer a solution,

(c) economic studies of the effects of introducing these
techniques;

(4) oan assessment of thc improvement in quality comtrol
to be sxpected; .

(e) recommendations for inplanonting the introduction of
those techniques which might offer the most signili-
cant and rapid benefits.

round Information: The development of manufacturing
ndustrie; In the area has led to a need for the intro-
duction of non-destructive testing and quality control
methods »s a means of product improvement. Within thesc
industries, the ability of vadioisctope gauges to achieve
this purpose has been amply demonstrated, at the same time
leading to a more efficient utilization of raw materials
and savings in waste and rejocts. Cifective cost-benefit
studies are necessary before industry embarks on the use
of these reliadle but sometimes novel techniques and these
studiss must be made under industrial conditions to opti-
mise their usefulress.
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APPENDIX 1 (cont'd)

Project Budget:
Components :

Request spproved:

for UNIDO

Consultant - salaries and travel
expenses, report preparation

(3 persons)*

Dete

for UNDP

a

This figure should be multiplied according to
contres t0 be visited and to the com-
plexity of the prodlems involved.

s ’umn"
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APPENDIX I1

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
UNITED NATIONS DEVELOPMENT PROGRAMME

Special Industrial Services .

Project Data Sheet

Reference Number: . unt
Project Title: Assistance in Non-Destructive Testimg:
Radiography .

Dete formal request received:

Government Departmcnt submitting request:
$pecific Government Agency concerned with the pidject:

scription of the project: The Govermment
requires assistance in defining the need for gamma and
X- radiography techniques for the inspection of welds and
machinery components and suggested methanisms for dealing
:1t:u:hcso problems. The report of the expert should
nclude:

(s) an examination of the construction and manufacturing
industries where ron-destructive inspection is aa
integrated function;

(b) an assessment of the benefits to be gained through the
- use of X- and gamms radiography ;

(¢c) .“ﬂnition of local practices in these aress;

(4) suggestions for improving these practices aad
regulating thenm;

(e) recommendations on desirable institutional snd
regulatory arrangements, particular technical aspects

to be further examined and general principles relevest
to the local situation.

saitgrnund Information: The non-destructive testing methed
ch Is most Independent of ogorntor skills is radio-
graphy. 1Its use as an inspection techmique, particularly
in remote or inaccessidle areas, is well-established and
the economic and less tangidble benefits such as incressed
safety and improved reliability are obvious. Although data
exists on sone individual users of the method, a0 evalus-
tion of the implications of {ts more widespread application
is available and it is against this backgrouad that there

is 8 need for institutional and regulatory arrangements
to be examined.




4. Preiect Budges:
Conponents: Coensultant - salaries and

. ~ . tgavel expeases, report .
’ eparation.
%2 porsocas) - $ 6,000,
L X J

v $. Desuest apereved;

for UNIDO for VNDP
M‘ ml—-—--w

s figure should bde mwitiplied according to
™ ot de 'hlul’ud te the e=-
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APPENDIX 111

UNITED NATIONS INDUSTRIAL DEVELOSMENT ORGANIZATION
UNITED NATIONS DEVELOPMENT PROGRAMME

) ' Special Industrial Services

Project Data Sheet

1. Reference Number: Country:

Project Title:  Assistunce in Medical Product Production: !
. Radiation Sterilization

Pete formal rvequest received:

Governgent Nepartment subdmitting request:

Jpecific Government Agency concerned with the project:

3. Description of the project: The Government
requires assistance In defining schemes for the production
of sterile medical products, particularly where radiation
sterilization night improve product quality and overcome
difficulties arising from de-centralized production. The
report of the expert shouid include:

() oan examination of the oxtent of medical product manu-
facture and its geographica; distribution;

(d) s definition of local practices for sterilizing
these products; : -

() an examination of the economic and technical impli-
. cations of introducing radiation sterilization and a
comparison with other methods; .

(4) recommendations for desirible manufacturing and
. Tegulatory arrangements relevart ta the local situstion.

3. lgck!{eund Inform=tion: The increased production of dis-

, posable, seafed and fackaged medical supplies has led to
radistion sterilization being a:ccpted as a most converient
and reliable method. It is particularly advantageous in
the processing of heat-sensitive products and where small,
de-coentralized manufacture makes jocal sterility control
prohibitively expensive. No data currently exists on the
meed for this method, the effect vhich is might have on up-
grading existing products or its adaptation to new manufac-
turing practices.
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APPENIIX_I1T (cont'd)

Project Budget:

Componcnts . Consultant - salarics and

travel expenscs, seyort

preparation '

(2 persons)”® £ 6,000,-

"Request approved:

for UNIDO ~ gor UNDP
Page: Pate:

This figure should be multiplied according to
urban centres to be visited and to the com-
ploxity of the problems involved.
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