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ABSTRACT 

The Physics and Radioisotope Services Group of ICI operates a Triga 
Reactor in support of a commercial, Industrial Radioisotope 
Technology Service. The technical and commercial development of 
this business is discussed in the context of operating a Triga 
Reactor in an Industrial Environment. 
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ICl is an international company involved in the manufacture of a 
wide variety of products ranging from petrol, plastics and fibres 
to paints, pigments, drugs and agrochemicals. The Triga Mk I 
Reactor is installed at Billingham, within the Physics and 
Radioisotope Services Group of the Petrochemicals and Plastics 
Division. This reactor is the only commercially sited reactor in 
the UK and is totally dedicated to supporting the activities of 
the Physics and Radioisotopes Group. This group and its associate 
companies in N America and Europe form the world's largest 
commercially based organisation specifically devoted to 
providing contract problem solving services using 
radioisotopes and its activities exemplify what radioisotope 
technology can achieve. The installation of a Nuclear Reactor 
in what is essentially a petrochemical complex is rather unique 
and it is helpful in understanding the development of 
commercial radioisotope technology to see how the group was 
established. 

The Physics and Radioisotope Services Group was really formed about 
30 years ago when researchers were interested in the possibility of 
using sources of ionising radiation to induce chemical reactions. 
This line of research met with little success itself but in 
exploring the possible uses of radioisotopes it quickly became 
apparent that there was considerable scope for their use in 
process investigation work. This type of work started with 
relatively simple unsealed tracer measurements of flowrates on 
chemical plants. Short lived gamma emitting isotopes were 
purchased on a weekly basis from the Atomic Energy Authority and 
made up into suitable solutions for injection on site. The 
economic advantages of using radiotracer techniques were quickly 
apparent to plant managers, when diagnostic tests could be 
carried out on line and under normal operating conditions. 
These tests could literally save £100,000 a day in lost production 
on a large plant such as a naphtha cracker. The ICl Group was also 
fortunate to be located at Billingham, at the centre of one of the 
largest chemical complexes in Europe. This location also proved 
convenient for exploiting N Sea gas and oil fields in later 
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years. The increase in unsealed tracer work was also accomp
anied by the development of a number of sealed source diagnostic 
techniques based on gamma attenuation and backscatter measure
ments and neutron backscatter/thermalisation properties. 

The demand for unsealed tracer work grew rapidly together with a 
requirement for a 24 hours a day troubleshooting service. This 
type of service could not be controlled effectively by purchasing 
isotopes from outside the group. In 1970 the decision was taken to 
install a 250 kw Triga Reactor at Billingham. The reactor was 
commissioned in 1971. The operation of this reactor gave an 
impetus to the business since the group was now able to design 
experiments around very short lived radioisotopes, particularly gas 
tracers and provide the type of diagnostic service required by 
plant operators. 

The current use of radioisotopes in problem solving is not 
undergoing dramatic change, although more applications are being 
identified as industry becomes more aware of the potential. The 
major changes are taking place in data acquisition and processing 
as computers become standard items in portable equipment. 

The group developed rapidly from 1970 to the present day and now 
employs 66 people at Billingham and approximately 20 people in its 
overseas operations in Europe and N America. The group now offers 
a fully integrated commercial service dealing in all aspects of 
tracer work, nucleonic instrumentation, sub-sea diagnostics, 
labelled compound synthesis, environmental analysis, neutron 
activation analysis and radiological protection advice and 
training. 

The group operates as a.profit centre within the Petrochemicals and 
Plastics Division of ICI and responds to a business area director. 
The capital investment of the group must be self generated from 
service work income. 

VII-25 



The activities of the group may be loosly classified into those 
operations requiring reactor support and therefore based on the 
nuclear site and those not requiring direct access to the reactor. 
The group structure is as follows:-

Petrochemicals & Plastics Division 
Business Area Director 

' Physics & Radioisotope Services Group 

Radiochemistry Nucleonic 
Instruments 

Process 
Applications 

I 
Instrument 
Development 
& Electronics 
Support 

Radiological 
Protection 
and Advisory 
Service 

Administration 
Marketing 
Accounts 

Those operations not based on the Nuclear Site involve Radiological 
Protection and Training, Nucleonic Instrumentation and Labelled 
Compound Synthesis. The Nuclear Site business areas involve the 
following activities: 

a) Process Applications 
b) Isotope Production 
c) Neutron Activation Analysis 
d) Environmental Analysis 
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Radiochemistry 

I Radiochemistry | 
I 

- Environmental 
and 

Reactor Services 

Labelled Compound 

Synthesis 

| Environmental | I Triga Nuclear | 
| Analysis | | Reactor + | 

| Nuclear Activation | 
| Analysis | 

| Radiotracer | 
| Service | 

Labelled Compound Synthesis - supply of custom synthesis of organic 
compounds labelled with Tritium, Carbon-14, Sulphur-35, Chlorine-36 
and Phosphorous-32. 

Environmental Analysis - Determination of Radionuclides in 
environmental materials eg Tritium, Carbon-14, Sulphur-35, 
Caesium-137, Iodine-131, Ruthenium-106 etc. 

Neutron Activation Analysis - Non destructive determination of 
trace elements in a wide variety of materials, applicable to 
solids, liquid or gases. 

Radiotracer Service - Use of specially labelled compounds for 
chemical tracing eg mass balance, diffusion studies and reaction 
kinetics data. 

VII-27 



Nucleonic Instrumentation 

a) Design and commissioning of installed gauges using radioactive 
isotopes. 

b) Design and Production of radiation monitors. 

Applications 

a) Grout Density Monitoring (N Sea Oil Platforms). 

b) Level gauges - both single and proportional indication. 

c) Density gauges. 

d) Ultrasonic pipeline leak detection. 

Process Applications 

Investigation of Plant Processes and general troubleshooting using 
sealed and unsealed source techniques. 

Applications 

a) Density profile measurements. 

b) Leak, detection. 

c) Gas and Liquid Single/Multiphase flow measurements. 

d) Residence time and mixing characteristics. 

e) Thickness and corrosion measurements. 
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Process Applications Group 

This group carries out process investigation studies or general 
troubleshooting operations using a combination of sealed and 
unsealed source techniques. Sealed source techniques include gamma 
ray atttenuation studies and both beta and neutron backscatter 
methods. Typical measurements include density profiles, level / 
interface detection, corrosion and thickness measurements. 

Unsealed physical tracer techniques include liquid and gas flow 
measurements, residence time studies and leak detection 
measurements. The majority of measurements are carried out using 
portable computerised equipment with personnel operating from 
mobile laboratories. A number of short lived isotopes are produced 
in the reactor for routine unsealed tracer operations. These 
tracers include inorganic and organic forms of Bromine-82 and 
Sodium-24. Argon-41 is produced in a special in-core facility as a 
short lived gas tracer. It has proved possible to carry out gas 
flow measurements at considerable distance from Billingham using 
Argon-41 (eg France, Germany and Holland). This type of work 
requires careful planning and the use of specially chartered 
aircraft to minimise losses due to decay. In certain circumstances 
it is necessary to use a gas tracer with a longer half life such as 
Krypton-85. 
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In certain types of measurement it is important to introduce a 
tracer into a plant which is chemically identical to the flow 
under investigation. This mainly involves processes containing 
powders or granules and a typical example is the measurement of 
residence times of such materials in a plant vessel. In this 
situation it is important that the tracer material is similar in 
particle size and density to that under investigation. In this 
type of experiment, material from the vessel would be analysed by 
neutron activation analysis and a suitable short lived tracer 
identified. Bulk quantities of the material would then be 
irradiated for re- introduction into the plant. If a suitable 
tracer could not be identified, then a solution containing sodium 
or Bromine would be sprayed onto the surface of the material. The 
dried material would then be activated in the reactor. 

The world-wide potential for Process Applications work. is 
considerable and the ICI Group has established businesses in North 
America, Europe and Malaysia. 

It is our experience in carrying out sealed and unsealed tracer 
work that there can be an initial resistance on the part of 
potential customers to the idea of using radioactive materials. 
This resistance may take some time to overcome and can require 
considerable marketing of techniques. An example of this problem 
is in the North Sea Oil Industry, where our services are now 
routinely used on an almost daily basis. This success has only 
been achieved after several years of marketing and persuasion of 
those involved in the oil and. gas business. Marketing and promotion 
is, therefore, an essential part of the business and all senior 
technical staff are involved to varying degrees in promoting their 
own particular business area. 
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Neutron Activation Analysis Service 

This service was initiated in 1971 when the reactor was first 
installed and mainly served the Research & Development function at 
Billingham. The service has expanded steadily over the years from 
an annual sample turnover of about 300 in 1972 to around 30,000 
today. The NAA service has been marketed heavily outside the 
company and external work now accounts for about 60% of the total 
sample turnover. A wide spectrum of analytical work is carried out 
within the company and includes the analysis of Petrochemicals, 
Plastics, Dyestuffs, Agrochemicals, Pharmaceuticals, Catalysts and 
Fibres. The external work pattern is mainly split between Mining 
and Exploration, the food industry and blood and tissue analysis 
for hospitals and research foundations. The mining and exploration 
work involves non destructive analysis for gold, silver, iridium 
and rare earth elements. 

A recent addition to our facility has been the development of a 
fully-automated, non destructive multi-element analysis 
service. This facility provides an inexpensive and accurate 
analysis at ppm or sub ppm levels for twenty two elements using 
fully computerised sample changing and data processing techniques, 
eg Au, Ir, Sb, Ta, Eu, Lu, Hf, Cr, Co, Fe, Ni, Sc, Zn, Th, U, La, 
Nd, Yb, Ag, Se, W, Br. The system is capable of processing up to 
400 samples a week during silent hours and at weekends. The 
typical size of sample is in the range 10-50 grammes of material. 

In recent years we have established a service for the analysis of 
Platinum group elements at levels below 5 ppb w/w, eg Pt, Rh, Pd, 
Os, Ru, Au, Ir. This analysis requires a pretreatment of the rock 
material using a NiS fire assay method. The recovered, purified 
PGM elements are then irradiated and analysed by conventional gamma 
spectrometry. 

The NAA laboratory contains 9 detector systems which can be 
operated in a variety of modes to either provide simple, rapid 
single element analyses or more complex multi-element 
determinations using sophisticated Nuclide libraries. 
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Neutron Activation Analysis 
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Environmental Analysis Service 

In recent year there has been a significant increase in the demand 
for environmental radionuclide analysis to be carried out. A comp
rehensive service based on the Nuclear Site has been established 
for the determination of a wide variety of natural and reactor 
produced radionuclides. The techniques employed are as follows: 

a) Beta Spectrometry 
Complex radiochemical separations are carried out on a wide 
variety of materials to isolate the nuclide of interest. 
Sample analysis is generally carried out using liquid 
scintillation counting methods. The main isotopes of interest 
are Tritium, Carbon-14, Sulphur-35, Strontium-90, 
Technecium-99, Calcium-45 and Plutonium-241. 

b) Alpha Spectrometry 
Radiochemical separations are used in conjunction with 
electrodeposition and surface barrier detection of alpha 
particles. The main isotopes of interest are Pu-239, Pu-238, 
Am-241, U-233, U-238, U-235, Th-233, Th-228, Th-232. 

c) Gamma Spectrometry 
A number of large volume detectors situated in the NAA 
laboratory are reserved for environmental monitoring. These 
detectors are calibrated in a variety of sample geometries to 
facilitate the non destructive gamma ray analysis of almost 
any type of material whether it is solid or liquid in nature. 

The majority of the environmental analysis work carried out at 
Billingham has been derived from long term central and local 
government sponsored contracts. The Chernobyl incident has given 
rise to a large increase in the demand for monitoring radioactivity 
levels in drinking water, animals, herbage and processed and 
unprocessed foods. There is every indication that the enhanced 
level of environmental monitoring seen in recent months will 
continue well into 1987. 
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Radiotracer Tracer Service 
This service is designed around the use of radioisotopes as 
chemical tracers. A large number of the projects undertaken 
involve mass balance and residence time measurements carried out on 
full scale operating plants. The majority of these experiments 
involve complex organic molecules and tracers are specially 
synthesised to contain Carbon-14 or Tritium. The analysis of these 
labelled materials can only be carried out in the laboratory and 
involves considerable preparative chemistry in conjunction with 
liquid scintillation counting techniques. 

Work carried out for Research & Development functions within the 
company generally involves small scale simulation experiments. An 
example of this type of experiment is the use of Carbon-14 labelled 
plasticisers to identify the rate of diffusion of plasticisers 
through plastic material under various environmental conditions. 

In recent years, a considerable number of radiotracer investiga
tions have been carried out into North Sea Oil Recovery operations. 
In particular radiotracers have been used to identify injection 
water breakthrough times from injector to producer wells. Secondary 
oil recovery requires the injection of sea water into the reservoir 
to sweep the oil to the producer wells. An important consideration 
in optimising the operation of an oil field is to identify the 
residence time of this injection water in the reservoir and the 
overall recovery efficiency of the system. This information can be 
obtained by incorporating a pulse of radiotracer into the injection 
water and monitoring the produced water for the arrival of the 
activity. The use of a number of different tracers in selected 
wells can enable reservoir engineers to identify complete flow 
patterns within a reservoir system and establish where injection 
water losses are occuring. 

These types of radiotracer experiments can be extremely long term 
and the anticipated breakthrough times can vary from a matter of 
weeks to 20 years. The chemical form of the tracer is particularly 
important in this type of work, since it must follow the water flow 
with no exchange or adsorption in the reservoir system. 
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Reactor Operations 
The reactor supports the main business activities of the Nuclear 
Site which includes the Process Investigation and Neutron 
Activation Analysis Services. In order to operate and compete as a 
true commercial enterprise it is necessary to minimise operating 
costs and ensure that staff are used in the most effective manner 
possible. In order to achieve this objective, it has been neces
sary to ensure a flexibility of staff and tailor their training 
requirements accordingly. 

All persons involved in Reactor operations are also directly 
involved in the Neutron Activation Analysis and Isotope Production 
business. The scheduling of reactor operation is carried out to 
ensure that levels required by NAA are achieved without affecting 
isotope production schedules. The nature of the process 
investigation work and requirement for short lived isotopes means 
that reactor staff must be prepared to work at any time of the day 
or night, including weekends. A call out system is employed to 
ensure that urgent work requests can be met. The pressure and 
intensity of the work is high and each member of the analytical 
staff is often required to handle a number of projects at any one 
time. The impact of Reactor down time is reduced to a minimum by 
scheduling planned maintenance shut down to weekends. The absence 
of research programmes and beam tube experiments helps to ensure 
relatively uncomplex operational schedules. It is our experience 
that the Triga Reactor has a very good record for down time due to 
faults and the necessity for unscheduled maintenance. Reactor 
staff are directly involved in maintenance and servicing, with 
input from the ICI site specialist trades where necessary. 

A Safety Committee consisting of Physics and Radioisotope personnel 
and external consultants operates to consider and approve any sig
nificant change to reactor plant or operational procedures. A 
minimum of two Safety Committee meetings a year are held to review 
reactor operations. In general isotopes produced in the reactor 
are used within the group to support other business activities. The 

1 ? —? — 1 relatively low thermal neutron flux 2.5 x 10 n cm sec is not 
suitable for establishing a competitive radioisotope production 
service to industry, hospitals and research establishments. 
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Typical Annual Reactor Operating Statistics 

Isotope Production: 
Solids : 240 
Argon-41 : 160 

Irradiations for Activation Analysis: 
Lazy Susan : 5000 
Rabbit : 22,000 

Power Output : 420 MWH 

Lost time due to unscheduled maintenance : 3 days 
Scheduled maintenance : 5 days 
Water Purification resin change every 9 months. 

Summary 

The Physics and Radioisotope Services Group at Billingham have 
demonstrated over a number of years that a Triga Reactor can be 
employed to provide the basis of a profitable commercial service to 
industry. The future for this type of work is generally 
encouraging, although increased anti-nuclear attitudes may make the 
authorisations for unsealed tracer work more difficult to obtain. 
It is our experience that these problems vary significantly from 
country to country. The delays which may be involved in securing 
necessary authorisations are important since the nature of the 
process investigation work is trouble-shooting in nature and 
requires a rapid response to a customers request for assistance. 
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