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Abstract. Nuclear research centres (NRCs) played an important role in the introduction of nuclear
techniques in their respective countries. These centres are now faced with changes in public and
government attitudes, pressures from anti-nuclear groups, competition from non-nuclear technologies,
budget cuts and privatization, etc. These NRCs are still making useful contribution in the field of
science and technology but need to change their strategy to operate under these pressures. The
Pakistan Institute of Nuclear Science and Technology (PINSTECH) has a record of 34 years of
successful operation. Salient features and achievements of this Institute are presented as a model for a
research centre in a developing country. The elements that are contributed for the success are
described. The IAEA and other cooperative agencies can help to overcome the negative factors posed
to these NRCs.

Introduction

Nuclear research centres have played an important role for the introduction, development and
application of nuclear techniques for almost half a century. Since their establishment in the
50s and 60s, these cents have provided valuable R&D support which has been applied not
only for nuclear technology but also several aspects of conventional techniques. During this
period the nuclear research centres had to survive through various challenges in the shape of
economic, political, commercial, regulatory and environmental concerns. However, their
continued operation critically depends on their ability to meet current scientific demands and
undertake new technical challenge. The present meeting of the IAEA provides a valuable
forum for reviewing the past achievements and outlining plan to meet the future needs of
NRCs.

In Pakistan, the development and introduction of nuclear technology has been entrusted to the
Pakistan Atomic Energy Commission (PAEC). In order to meet this responsibility, the PAEC
established several research centres, distributed all over the country. These centres are
conducting basic and applied research in various disciplines including, physical sciences,
Agriculture, Medicine, Mineral development, environmental studies. Most of the research
centres focus on problems specific to the area or the region and can be regarded as 'mono-
discipline' research centres. The present meeting aims to address the future needs of 'multi-
disciplinary' research centre. Traditionally, such a centre must have an operational nuclear
research reactor as one of research facilities. In this context it will be appropriate to review the
status and future plans for the Pakistan Institute of Nuclear operating this fine nuclear
research centre in Pakistan. In doing so, I will present a brief Science and Technology
(PINSTECH), which is the premier multidisciplinary nuclear PINSTECH was established in
early 60s.

I would like to share with you our experience of description of the Institute, its organization,
facilities, R&D work and perception of the future. I hope to leave with you an impression that
PINSTECH can be considered as a role model for a nuclear research centre in a developing
country.

* Dr.H.A. Khan is Director General of Pakistan Institute of Nuclear Science & Technology, Islamabad, Pakistan.
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Research and development experience at PINSTECH

The establishment of PINSTECH was planned in the early 60s. Construction of Phase-I
started in 1963 and the first major facility, 5 MW research reactor went critical in December
1965. Since then PINSTECH has continued to expand and change.

Objectives of establishing PINSTECH

The goals for establishing PINSTECH can be broadly described as:

• Undertaking research in various nuclear fields to gain knowledge and experience;
• Providing guidance and leadership in the technological development for the peaceful

application of nuclear energy;
• Providing radioisotopes and radio-pharmaceuticals to meet the need of nuclear medical

centres, industry research institutes;
• Developing human resources to meet the strict standards for working as professionals in

nuclear fields;
• Developing know-how and technology for the production of sophisticated equipment and

nuclear materials, etc.;
• In general, provides an environment for developing science and technology in the country,

including non-nuclear fields;

A brief description of PINSTECH

The PINSTECH is located in the south-east corner of Islamabad. It consists of a large
rectangular block comprising various laboratories and a research reactor. The construction of
the Institute proceeded in two stages: in the first stage, the reactor building and ancillary
facilities were completed and in the second, various laboratories, workshops, library and
auditorium were built. The first phase was completed in December 1965 when the reactor
started operation and the second in 1974. Subsequent expansion comprised additional,
separate buildings built according to needs and resources. These included the second research
reactor, waste management and disposal facilities and a training centre.

Organisation

The operation of PINSTECH is managed by its Director General who is responsible to
implement the programmes as decided by the PAEC. Within the Institute, work is distributed
among various Divisions; each having specific assignments and allocation of resources. It is
interesting to point out that PINSTECH started in 1966 with only four Divisions. It has now
grown to have 14 Divisions. The Divisions, which have primary task for the R&D, are nuclear
physics, nuclear chemistry, nuclear materials, nuclear engineering, radioisotopes applications,
applied physics, applied chemistry, radiation physics and health physics. Some have mainly a
supportive role. These are Electronics, Computer, Scientific Information and General Services
Divisions. In addition to this there are separate Divisions for Administration, finance,
programme co-ordination.

The manpower development facilities are continuously being upgraded. Presently, a separate
institute, Pakistan Institute of Engineering and Applied Sciences (PIEAS), is functioning on
the same campus and provides training. PIEAS also carries out basic and applied R&D. The
PIEAS will soon get 'degree awarding' status. There are separate laboratories on the campus
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which undertake micro-seismic studies and R&D in optics and lasers. Changes and
improvements in the PINSTECH organisation are a matter of routine. New institutes,
laboratories are created, while those, which have fulfilled their purpose, are closed. Major
changes are made to meet technical and functional requirements.

R&D facilities, programmes

PINSTECH is equipped with some of the most advanced research facilities and has a wide
range of sophisticated tools and equipment. It is managed by highly qualified and skilled
scientists and engineers. With the passage of time research facilities are upgraded and new
ones added to achieve the objectives for its establishment. These facilities are shared with
other establishments of the PAEC and other organisations and educational institutions in the
country. Major facilities are briefly given in Table 1:

Table 1. Major facilities

1. RESEARCH REACTORS
• PARR-1 (10 MW)
• PARR-2 (30 kW)

2. ELECTRON MICROSCOPES
• Scanning Electron Microscope
• Transmission Electron Microscope

3. ACCELERATORS
• Neutron Generator (14 MeV)
• Charged particle (250 keV)

4. RADIOISOTOPE PRODUCTION FACILITIES
• Production Cell for Isotopes for Medical, Agriculture and Industrial Uses
• Radiopharmaceutical Kit Production

5. COMPUTER STATIONS
• Central Computer Network
• Sparc Station 2 & Super Sparc Station 20

6. SCIENTIFIC INFORMATION FACILITIES
• INIS and other Scientific Networks
• Library with Scientific Books, Scientific Journals, Reports, etc.
• Printing Press

There are several research groups at the Institute who are engaged in the study of basic
physical phenomena and nuclear reaction characteristics. The neutron diffraction technique
has been extensively used for investigating crystal structures. A harmonious blend of pure and
applied basic research has been achieved in the field of solid state nuclear track detectors
(SSNTD). The research on SSNTD at PINSTECH has played a pioneering role in the
development and practical applications of these detectors.

The chemistry programme around the reactor includes neutron activation analysis, nuclear
and radiation chemistry and radioisotope production. Neutron activation analysis is used for
accurate and precise determination of rare earth elements, impurities in high purity uranium
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compounds and nuclear fuel materials. These measurements are necessary for the quality
assurance of the fuel.

Research reactors

A pool type research reactor, which was established in 1965, has been upgraded for operation
at 10 MW with several improvements. The modifications done to the reactor includes
Replacement of the entire Instrumentation and Control with the locally designed
instrumentation, lining of various pools with stainless steel, increasing the power level from
5 to 10 MW and conversion of the reactor core from high to low enriched uranium fuel.

The second research reactor at PINSTECH is a tank-in-pool type reactor with a nominal
power of 30 kW. This reactor was installed in 1991 and is mainly used for a neutron
activation analysis and training.

Table 2. Characteristics of research reactors at PINSTECH

Reactor type
Reactor power
Fuel
Enrichment,% U235
Control rod
Cooling
Reflector
Maximum neutron flux
Criticality date
Critical loading, U235
Operation core loading

PARR-1
Pool
10MW,
U3Si2-Al
19.99
Ag-In-Cd, 5
Forced, 900 m3/h
Graphite, H2O
1.5 x 1014n/cm2-s
December 1965
4.1kg
5.75

PARR-2
Tank in pool
30kWt

U-Al Alloy
90
Cd, single rod
Natural convection
Beryllium, H2O
1012n/cm2-s
November 1991
,1kg
<lkg

Analytical facilities

PINSTECH is equipped with a variety of analytical tools, and has manpower conversant with
advanced, powerful instrumental techniques. Separation and pre-concentration procedures
have been developed for a variety of elements. These are applied in radiochemistry and waste
management. Services are available for analysis of biological, environmental, geological and
industrial samples, alloys, etc. Following analytical facilities are available at PINSTECH
• Mass spectrometer
• Mossbauer spectrometer
• Neutron spectrometer
• Gamma spectrometer
• Atomic absorption spectrophotometers
• X ray fluorescence spectrometers
• X ray diffraction spectrometers
• ICP-optical emission spectrometer
• Atomic emission spectrograph
• Chromatography (HPL)
• Chromatography (GAS)
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Production of radioisotopes and radiopharmaceuticals

PINSTECH has been producing a variety of short lived isotopes for use in agriculture,
industry and hydrology. Facilities also exist for the conversion of radioisotopes into suitably
labeled compounds and radiopharmaceuticals for direct use in nuclear medical centres and
other hospitals. PINSTECH scientists were involved in the investigation of several problems
of national importance using radioisotope tracer techniques. These include seepage from dams
and canals, detection of leaks in underground water network of Shalimar garden,
identification of damaged tube in a heat exchanger of national refinery, etc. In radiation
technology, the know-how developed at PINSTECH was used to set up a commercial plant
for sterilization of medical products at Lahore. Some of the radioactive products and cold kits
produced at PINSTECH are given in Table 3

Table 3. Radioactive products and cold kits

PRODUCTS
Sodium Iodide (131I)
Sodium Phosphate (32P)
Chromic Phosphate (32P)
Sodium Chromate (51Cr)
Chromic Chloride (51Cr)
Chromium-EDTA (51Cr)
"Mo — 99mTc Generator
Gold Colloid (198Au)

COLD KITS
MIBI
DTPA
MDP
Sn-Colloid
DISIDA
DMSA
Ca, Heptagluconate
MAG3
ECD
Pyrophosphate

APPLICATIONS
Diagnosis & Treatment of Thyroid Diseases
Localization of Brain Tumor
Cancer Treatment
Red cell labelling
Determination of Protein Loss
GFR studies
Labellin with Pharmaceuticals
Liver Cancer

APPLICATIONS
Heart Perfusion
Kidney & Brain Imaging
Bone Imaging
Liver Imaging
Hepatobiliary studies
Kidney Imaging
Kidney & Brain
Renal Function
Brain Perfusion
MUGA studies

Radiation and radioisotopes applications

Radiation and isotopes are used to investigate various industrial processes, e.g. flow rate
measurement, residence time measurement, measurement of mixing/blending time, leak
detection in heat exchangers/pipelines, etc. A group of experts provides advisory and
technical services in this area. A variety of non-destructive techniques have been mastered
and industry is encouraged to use these techniques for improvement of their products.

The application of nuclear technique in hydrology is a new concept. Several types of
hydrological problems has been resolved including identification of ground water origin and
determination of the air flow, velocity and direction.
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Fuel fabrication

In 1974, the development of indigenous technology for the supply of fuel for the Karachi
Nuclear Power Plant (KANUPP)was initiated, by the production of reactor grade UO2 and the
manufacture of prototype fuel at PINSTECH. The R&D experience at PINSTECH was
applied to set up a commercial scale plant which now provides the entire supply of fuel for
KANUPP. Zirconium used for cladding of UO2 fuel pellets must be free of Hafnium, which
occurs with it in the mineral. For this purpose a pilot plant was locally designed, fabricated
and commissioned. Metallurgical laboratories have been set up for developing alloys for
special application in nuclear as well as non-nuclear fields.

Quality control

To ensure the quality of materials, the institute has developed a comprehensive quality
assurance programme, for the analysis and testing of materials. A number of highly sensitive
techniques such as neutron activation analysis, atomic absorption spectrometry, X ray
fluorescence, inductively coupled plasma and emission spectrography have been set up to
check the chemical purity of materials used in reactor technology. Mechanical properties and
stress analysis of materials are also carried out. Excellent facilities exist for fabricating
specialized equipment like printing circuit boards and for repair and maintenance of a wide
variety of electronic instruments in use at the Institute. Computers, both dedicated and general
purpose, have been installed for experimental and theoretical work.

A network terminal provides easier access to the main computer facility. Assistance is also
provided to other centres of PAEC as well as universities and other organizations in repair and
maintenance of electronic and computer based equipment.

Environmental studies

Environmental pollution is a worldwide problem affecting the air, land and water resources.
PINSTECH is using various nuclear techniques for environmental studies. And has carried
out measurement for trace and toxic element at Islamabad. Modern equipment is available to
carry out this work and for conducting R&D in this area.

Materials development

Development of material needed for the nuclear power programme and industry has been one
of the most useful programme at PINSTECH. R&D activity has been pursued for the
development of reactor fuel, structure materials, alloys, ceramics and for heat treatment
mechanical and corrosion testing, material characterization. Sophisticated metallurgical
laboratories are carrying out R&D activities for the preparation of alloys. The laboratories are
well equipped for mechanical testing, phase/texture analysis, corrosion studies, stress
corrosion cracking and fatigue testing. These techniques have provided tremendous support
for the operation of KANUPP, PARR 1, CHASNUPP and other projects of the PAEC.

Health and safety

The importance of health physics, radiation protection and safety is increasing day by day and
is an important factor in receiving public confidence and support. The basic principal of
health physics and radiation protection of a programme is to minimise and the keep the
radiation exposure to the workers, public and environment as Low as Reasonably Achievable
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(ALARA). Constant surveillance and strict adherence to the procedures has given PINSTECH
a clean record of safety and radiation protection. The Health Physics Division not only
provides the radiation protection service but undertakes R&D programmes and is managing a
secondary standard dosimetry laboratory.

Scientific and technical services

Computer oriented facilities were introduced at PINSTECH at a very early stage. Currently
the Computer Division is providing all kinds of services to the entire community of scientists
at PINSTECH. This includes hardware and software support, maintenance of computerized
machines, operation of LAN, etc.

PINSTECH posses an excellent collection of scientific and technological literature. The
library specializes in the field of nuclear and related sciences. The Scientific Information
Division is the national centre for co-ordination of INIS activities. These facilities are shared
with other establishments of PAEC and organizations in the country.

National and international collaboration

PINSTECH has developed an affective and working research collaboration with various
advanced laboratories in Europe, and USA as well as with the International Atomic Energy
Agency (IAEA). Scientists and Engineers from PINSTECH have been regularly invited to the
advisory meetings of IAEA, and some have worked as technical experts to other countries. As
a result of its quality of research the Institute has been awarded a number of IAEA research
contracts and research grants from European agencies. Scientists and engineers from
PINSTECH have made important contributions in research and have won international
recognition in their fields. To keep the scientific community of the country abreast with the
latest developments in science and technology PINSTECH has successfully organized a
number of conferences both at the national and International level. One of these "The
Nathiagali Summer College in Physics and Contemporary Needs" is the only International
Conference in the sub-continent to be held regularly for the last 20 years. Nationally,
PINSTECH has helped Pakistan industry in adopting the latest nuclear techniques for
improvement in quality

The research potential at PINSTECH has been utilised for the benefit of several organizations
like PIA, WAPDA, PAF, Department of Irrigation, Hydrocarbon Institute, Department of
Archaeology, etc. Scientists at PINSTECH help universities in teaching and research.
Universities, lacking basic facilities have benefit from close collaboration with PINSTECH.
The Government of Pakistan has been kind enough to recognize the high quality of work
carried out at PINSTECH by conferring high civil awards and prizes to some of its scientists.
The Pakistan Academy of Sciences and other international academies and organizations have
also appreciated the work carried out by PINSTECH scientists by making them life members
and awarding gold medals to them.

Major achievements

PINSTECH have shouldered diverse responsibilities in the field of nuclear technology and
have accepted many difficult challenges. PINSTECH has made a crucial contribution towards
the fabrication of fuel for KANUPP and for the production of zirconium metal for use as
cladding material for the reactor fuel. The production of radioisotopes and
radiopharmaceuticals for use in the nuclear medical centres and for other applications has
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been a unique facility in the country. Another major achievement has been the complete
replacement of instrumentation and control of PARR-1, through local efforts in design,
fabrication and installation. The conversion of the core from HEU to LEU and upgrading
power from 5 to 10 MW was undertaken and completed with local efforts. The Institute has
also played a vital role in providing trained technical manpower for various specialised
programmes of the PAEC.

Future programme

PINSTECH has played a key roll in the national development, contributing trained and
talented manpower for various programmes. This will be continued and improved. The
programmes concerning reactor physics, nuclear engineering and development of materials
will be upgraded.

The collaboration with industry, universities other S&T organizations will be enhanced. This
policy aims at making the maximum use of the human and material resources available at
PINSTECH.

At the international level, co-operation at bilateral and regional levels will be encouraged. The
work with the IAEA has a very good track record. This will be continued, strengthened.

Discussion

I have described salient features of 34 years of PINSTECH operation. It can be said that
PINSTECH has progressed steadily, and continues to improve, to fulfill its mandate. The key
to this success is the well defined programme, its ability to adapt to changing needs and
qualified, dedicated staff. This has been adequately supported by positive public attitude and
support by the Government.

The public interest in various programmes of PAEC remains highly positive. This can be
attributed to the tremendous contribution, which the PAEC has made for introducing various
nuclear techniques. The list is long and covers nuclear power, agriculture, medicine, quality
control, non-destructive testing, industry, etc. In almost all cases necessary R&D or analytical
services were developed at, or provided by, PINSTECH. Some basic research is undertaken
but the primary goal is to acquire and maintain scientific competence. All this has been very
helpful for securing adequate allocation of resources.

The research reactor, PARR-1, at PINSTECH is 34 years old. During this period its operation
has been flawless and the safety record is excellent, thanks to a very dedicated operation team.
It has gone through constant upgrading and modifications and, therefore, this reactor has no
signs of ageing or safety degradation.

PINSTECH did have its share of problems. These are mainly the un-availability of
manpower, need for more funds and pressures to generate revenue from its products and
services. The manpower needs are met by recruitment but there is a constant brain drain to
other PAEC projects, private sector and, in some cases, opportunities abroad. Somehow, a
reasonable balance has been reached. The causes of shrinking budget are inflation and
constant slide against the hard currency. Thus the effective allocation is reducing, even though
the government funding is maintained at more or less reasonable level. This problem is
tackled by increasing the indigenous production of scientific equipment, and spares and thus
reducing foreign spending.
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The generation of external revenue is not succeeding much as contrary to the industrialized
countries the clients do not have much funds and in many cases pay only in gratitude and
thanks. This is happily accepted and PINSTECH strives to make as many clients as possible.

Global perspective

According to the IAEA research reactors database there are 291 operational reactors in 58
countries. This includes 39 developing countries. In general, a nuclear research centre is
established around the reactor facility. The NRC may have more than one reactor on one
campus. The problems, which are being faced, are mainly the anti-nuclear feelings, changing
government attitudes, reduced funding, giving up basic research in favour of applied research,
safety and security upgrades. These problems are real but not all NRCs face all of these at the
same time. In this context the NRCs may be considered in three broad categories, each having
more or less common problems and solutions.

The first category is the NRCs, which are located in the industrialized countries. These NRCs
have to survive in the face of competition from other research centres, technologies and
economic, environmental issues, etc. In general they have technology, resources and
capability to resolve their problems.

In the second category we may consider the NRCs in the developing countries which have
programmes for nuclear power. The nuclear power programme requires substantial technical
support for which the NRCs play a useful role. The investment needed for operating the NRC
is a very small fraction of the investment committed for the nuclear power programme. Thus
in this case, the NRCs can manage to continue to operate and serve several purposes in
addition to the nuclear power programmes.

In the third category, the NRCs belonging to the developing countries which do not have an
active nuclear power programme. In this case they have to justify their utility every time they
need to improve or upgrade the facilities. The budgets are very tight and manpower gets
frustrated, as they do not find the career in this field to be much rewarding. In such cases, the
research reactor is generally of very low power level and therefore the operation and
management cost is only nominal. Such centres may exist for several years providing only
radiation measurement and health physics service.

Collaboration and co-operation

The problems faced by NRCs are real but are differ from one facility to the other. It may not
be feasible to suggest a 'generic' programme to satisfy every situation. To this end
cooperative efforts must be promoted based on technical, economic and political
compatibility. The co-operation can be in the form of using facilities at one centre by the
scientists of another centre, expert advice or training. Such efforts are possible as bilateral,
multilateral or regional agreements. The major problem in introducing such programmes is
the unavailability of budgets to cover the travel costs of experts and trainees. In general, the
host governments are able to provide local hospitality, including accommodation but not the
travel costs which require foreign exchange expenditure. The IAEA can play a useful role by
supporting such programmes, even if at a very small level. Another aspect of the co-operation
can be transfer of equipment from one centre to another on free of cost basis. Such situations
arise when a facility is upgraded or shutdown and the equipment can be utilized at some other
place, which is still operating in the same or lower level.
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Conclusion

A nuclear research centre is a general-purpose laboratory facility, which supports
multidisciplinary research and development programmes. It is a vital links with nuclear
technology but the results of R&D benefit several sectors. In the case of developing countries,
a nuclear research centre may be a place, which has the highest technical expertise and
equipment within the country. These centres will be needed for decades to support the nuclear
and non-nuclear technology. Such centres may be regarded as national assets and merit
support

In order to survive in the case of competition, the NRCs must have:

• Well defined goals, which must be realistic and consistent to ensure results;
• A reasonable balance should be established between fundamental and applied research to

maintain scientific competence;
• The R&D programmes should have good commercial potential and oriented towards the

customers;
• The organizational structure and management policies must be clear and acceptable;
• Long term budget commitments must be ensured.
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