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SIXTH WORKING GROUP MEETING
OF RCA MEMBER STATES

Kalpakkam, India
March 20-23, 1984

SUMMARY REPORT -

The 6th Working Group Meeting of Member States of RCA (Regional
Co-operative Agreement for Research, Development and Training Related to
Nuclear Science and Technology) was held at the Reactor Research Centre,
Kalpakkam, near Madras, India, March 20 to 23, 1984. The meeting was
hosted by the Department of Atomic Energy of the Government of India and
was attended by representatives from 8 RCA Member States. A list of
participants is attached as Appendix 1.

Mr. C.V. Sundaram, Director, Reactor Research Centre, Kalpakkam,
Department of Atomic Energy, India, welcomed the delegates and introduced
the participants. He also briefly explained about the various activities
of the Centre. His remarks are attached as Appendix 2.

Professor M. Zifferero, Deputy Director General and Head of the
Department of Research and Isotopes, International Atomic Energy Agency,
traced the history of RCA and reviewed its current activities in his
opening remarks (Appendix 3). Prof. Zifferero pointed out that IAEA is
putting ever increasing emphasis on RCA activities and that, to
facilitate this task, a full time Co-ordinator had been appointed, at the
level of Director, in the person of Dr. M. Kobayashi.

Dr. R. Ramanna, Chairman of the Atomic Energy Commission of India
and Secretary to the Department of Atomic Energy, Government of India, in
his inaugural address recalled the active role played by India in RCA
activities. He drew attention to the common problems of introducing
nuclear power in developing countries and suggested that RCA should
address itself to co-operative aspects of this question (Appendix 4).

Dr. D.V. Gopinath, Head, SRL, Reactor Research Centre, presented a vote
of thanks on behalf of the Local Organizing Committee for the Working
Group Meeting. It is attached as Appendix 5.

Following the opening of the meeting, Dr. P.K. Iyengar, Director,
Bhabha Atomic Research Centre, Bombay, was unanimously elected Chairman
of the meeting. His name was proposed by the representative of Japan and
seconded by the representatives of Australia and the Republic of Korea.
Dr. Iyengar thanked the representatives of the Member States and
re-emphasized the need for greater co-operation among RCA countries.
While appreciating the considerable efforts already put into RCA by
Member States in the field of isotope applications in agriculture,
medicine and industry, he felt that it would be desirable to develop good
programmes in basic research. 1In this context, he suggested that a team
of scientists drawn from various Member States might form a research
group and work on specific projects in designated laboratories in Member
States under guidance for durations of six months or more.

The provisional schedule of the meeting was circulated and
accepted.



AGENDA ITEM I

Progress of RCA Research Projects

PR

A status report of co-operative research projects for the years
1983-84 was presented by Dr. M. Kobayashi, RCA Co—ordlnator of IAEA. The
report is attached as Appendix 6. o

The representatives of Member States 5enerally expressed »
satisfaction with the progress made in the various research progects.
The discussions regarding individual research progects are summar
below: ‘

s ga
1.

In view of the good progress achieved thus:far in this p:o;ect? it
was agreed to extend the duration of the pregrammewunﬁ 1@1986“
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2. Food Irradiation Phase I

The participants expressed the v1ew ﬁhét'fnlﬁést countries the food

irradiation programme had reached 'a stage where 1t can be transferred on
a pilot-plant or industrial scale for spec1f1c commodxtles. Copies of
the revised version of the Recommended Codex International General
Standard for Irradiated Foods were made available by the TAEA Secretariat
to serve as guidelines in formulating nationg; standards (Appendix 7).

3. Nuclear techniques to improve domest1c buffala product1on Phase I

,\,.

While generally appreciating the prégres ‘ made, fi
representatives from India and Thailand desrredmthn

accomplishment should be highlighted. - o
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4. Radiation sterilization practices for med1c l_su lies ...

The project was completed in 1983 with the compilat1on of a code of
practice. The Indian representative requested that copies of the
recommended code of practice prepared previously by the Agency and N
further outlined in a coordinated research programme in 1983 should be
made available to all RCA Member States. He also expressed the view that
further updating of the code of practice should depend on the outcome of
further international efforts.

5. Health-related environmental research

It was noted that upon successful completion of the project,*}tlwas
phased out by the end of March 1984.
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6. Maintenance of nuclear instruments

Comments made by participants included the following: a) IAEA
should consider establishing a "spare parts" bank to provide urgent
supply of spare parts of nuclear instruments to Member States; b) it was
felt that suffzclent emphasis had been given to areas like air
conditioning and power fluctuation and that these need not be further
stressed in future training programmes; c¢) the representatives from India
and Thailand suggested that training programmes in the field of
maintenance of industrial nucleonic control systems are important and
should be given adequate attention; d) the Deputy Director General,
Department of Research and Isotopes, IAEA, informed the participants that
the Agency is considering to conduct, at its laboratory at Seibersdorf

. Vxenna, quality.control of all nuclear instruments to be supplied
ﬁgi;%%§§ the"kgency'égtﬁghﬁfCal co-operation programme.

M <3 {s P A1
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5 cxence qg}ng tesearch reactor

A report on the TAEA-RCA Workshop on the use of microprocessors in
research reactor utilization, held in early 1984 at the Bhabha Atomic
Research Centre, ;gd;a,“was presented by the Indian representative. The
report is attached as Aggendxx 8. The members appreciated the useful
programme of the course and felt that similar workshops should be held in
future. The use of personal computers in analysing scientific data might
also be included in the future programmes.

8. Isotope agglicatidﬁ“in hydrology and sedimentology
‘ The Australran Eépresentatxve expressed the view that the countries
partxcipat1ng,in this programme have reached a stage where further cash
1 } ththrog émme will not be needed. Hence, he informed
that futire Australian contributions to this programme may be "in kind"
contributions. The representative of Malaysia agreed with this view.

9. Other “on=goin¥ projects
R The‘parﬁihiﬁﬁnts’approved the progress reports on the ongoing
programmes related to semi-dwarf mutants for rice improvement, cancer
therapy, tropical parasitic diseases, and production of Tc-99m
generators, which were included in the background document ptepared by
the IAEA secretariat.

AGENDA TTEM IT

__ Progress of the RCA/UNDP Industrial Project

A summary of progress achieved was presented by the RCA
Co-ordinator. The Japanese representative reported on Japanese
co-operation in 1983/84 and expressed the intention of his government to
make every possible effort to continue this co-operation.
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Unfortunately, the Project Co-ordinator, Mr. Sobhak Kasemsanta, was
able to attend the éth Working Group meeting only for one day (March 22)
and the detailed discussions were postponed until his arrival. The
report and work plan were presented by Mr. Kasemsanta during the session
held on March 22. The text of Mr. Kasemsanta's presentation is included

as Appendix 9.

The Indian representative pointed out the usefulness of the various
sub-projects of the UNDP Industrial Project, and especially noted the
training/demonstration programmes. He gave a detailed progress report of
the training programmes conducted in India and other countries,
particularly in tracer technology (India and Singapore), radiation
sterilization (India and Republic of Korea), and nucleonic control
systems in the steel industry (India and Japan). He made two. furbhgg
observations: Regarding the annual budget, it was, he sazd, 1mporta@£
that the national counterparts be consulted beforﬁ ggy major, changgsgan
individual sub-projects are made. He suggested ocpceedzng with. cauta@n
regarding market survey studies for radiation equ:pment and nucleonic
systems. While some of the sub-projects are at a mature stage, e.g. :
nucleonic systems in the paper industry, in some other programmes such as
application of electron beam processing, no equipment has been installed
yet and the first training/demonstration has yet to take place. Also,
the technology for radiation vulcanization of rubber is not yet completed
and the sub-project is not ready for technology transfer.

Industries in developing countries are just becoming aware of the
value of electron beam machines. Market surveys will be more meaningful
after about one year when the above technologies are established and the
first series of executive management seminars in different sectors is
completed. :

The representative of Malaysia generally agreed with the need to
establish a demonstration programme before the market survey .was: catgged
out. The representative of Bangladesh emphasized the need for an
intensive train-the-trainers programme. The IAEA representative -
suggested that national agencies should take care in the selectlon of
candidates for training and mentioned that the Senior Board of Advisors
had suggested that about 70% should be from industry and 30% from
national centres. It was generally agreed that the training/
demonstration programmes were useful and that survey studies should be
taken up only after careful planning at the appropriate time.

To optimize the benefits of the training courses, it was
recommended that follow-up action be taken on the continuing engagement
of the trainees in their respective areas of specialization.
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AGENDA ITEM III

Action Plan for 1984 and Cost Projectiom for 1985

The 1984 RCA action plan and 1985 cost projection were presented by
the IAEA secretariat. (Appendix 10). The total budget for RCA projects
in 1984 is US$2,454,559. Of this amount, the budget for research
projects amounts to US$833,500 and that for the UNDP industrial projects
to UsS$1,621,059. The representatives expressed their great appreciation
of the IAEA's continuing financial support to RCA and urged strong
support for the activities planned for 1984 and 1985. Certain
representatives enquired about relative priorities of the various
projects under the RCA research programmes and the flexibility existing
to’fespond to such priorities. The DDG-RI, ITAEA, clarified that, within
‘the 'total allocation limit, re-allocation to different projects is

A possible” and can'be done to meet the wishes of RCA Working Group

Smébers. It was®@greed that a system for the evaluation of the projects
and for establishing priorities should be established. The achievements
in the projects should also be highlighted in such evaluatioms.

b

0*AGENDA ITEM V

AGENDA ITEM IV

Basic Science for Advanced Reactors

In the context of RCA programmes and basic sciences and research
reactor utilization, Mr. C.V. Sundaram, Director of the Reactor Research
Centre, gave a presentation on the research programme carried out at the
Kalpakkam Centre and highlighted some of the important areas of basic
research necessary for advanced reactors.

Lu

Hgdical“andfﬁiblogical Applications cf Nuclear Techniques (Revised)

After reviewing Japanese cooperation in RCA, including JICA's
activities, the Japanese representative stated that his government would
support the project, especially in the fields of nuclear medicine and
cancer therapy. A draft agreement is being prepared similar to the
Agreement for the Food Irradiation Project, with an expectation of wider
participation of RCA Member States. He also explained the results of
radiation treatment of cancer under hyperthermic conditions and using
sensitizers, and emphasized the relative cost advantage of hyperthermic
machines in comparison with high LET radiation techniques which require
expensive cyclotrons. The representative from Korea urged to caution as
this technique is still in a research and development state.
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Within the co-operative research project on nuclear medicine for
liver and thyroid diseases, it was proposed, based on the recommendation
of a recently IAEA consultants' meeting, to initiate a programme on
"Imaging procedures for the diagnosis of liver diseases"”. The revised
proposal, along with revised budget estimates, is attached as Appendix 11.
In the revised programme, the envisaged training programme on
radioimmunoassay techniques for thyroid hormones will be held in 1985 by
IAEA, possibly with the support of the Australian government. The Indian
representative informed that training programmes in RIA techniques are
held regularly in India. He also said that the possibility of including
candidates from RCA countries in one of the regular training courses or
even conducting a special training course for them could be examined in
1985.

. The representative from Korea indicated that the Specialists'
meeting on imaging procedures for diagnosis of liver diseases under this
project will be held at Seoul as proposed, pending final approval of his
government. He also informed that the meeting could be held during the
first week of September 1984, following the Asia-Oceanian Congress of
Nuclear Medicine, scheduled to be held in Seoul from 27-31 August, 1984.

AGENDA TTEM VI

Nuclear Techniques to Improve Domestic Buffalo Production Phase ITI

In view of the good progress achieved in Phase I of this programme,
it was decided to implement Phase II of the project. However, it was
felt that the work plan as envisaged covers too many areas and it may be
advisable, considering the limited resources available, to concentrate on
selected areas such as nutritional aspects. It was felt that IAEA should
consider this aspect at the time of awarding the contracts.

AGENDA TTEM VII

Future Programmes and New Proposals

1. Fodd Irradiation Phase II

The representative from Bangladesh announced that an irradiator
from USSR would be provided to his country under the IAEA technical
cooperation programme, and he offered its use to other Member States of
RCA. He also announced that irradiated food had been cleared for human
consumption in his country. The representative from Thailand informed
that the present trend in his country is towards commercialization of
food irradiation (onions and potatoes) in the private sector.

The representative from India said that the objectives and work
plan as outlined may require certain modifications. The objective
outlined in point 1.1 of the document prepared by the IAEA secretariat
may be modified so that food irradiation technology should be applied to
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products carefully selected to suit the needs of the region. From this
point of view, the insect disinfectation of fruits would receive lower
priority. He also pointed out that the irradiation of frozen sea food
would need to be dove-tailed into the existing technology and hence the
economics would have to be carefully examined. He felt that priority
should be given to areas like the study of transport of irradiated foods
within the region, their market testing, consumer acceptance, and
economic evaluation. Most Member States expressed strong support for
this programme and welcomed the trend towards commercialization. The
delegate of Australia announced that the Australian Government is
considering the possibility of extending financial support to Phase II of
the project.

2. Energy from Agricultural and Agro-Industrial Residues
through the Use of Radiation and Industrial Micro-organisms

P
Lo
o

i After a brief introduction by the IAEA secretariat, the Bangladesh
representative presented the project proposal. (Appendix 12). The

. DDG-RI, IAEA, expressed the view that this project, although of great

" significance for the energy needs of developing countries, contained only
a small nuclear component for consideration by TAEA as a coordinated
research programme. The position may be reviewed after the scope of
activities of other UN organizations in this area has been examined, to
avoid a conflict of interest. However, it would be possible to consider,
on its own merits, any individual research contract proposal for any
specific component- of the programme involving major use of radiation
techniques. )

3. Other New Proposals

A proposal for conducting a workshop on "Reactor neutron activation
analysis" under the reactor utilization programme of RCA was presented by
the Indian participant. The detailed proposal is attached as Appendix 13.
The course is planned for a duration of 2-3 weeks and will be funded from
India's special contribution to RCA. The Indian representative also
indicated his country's willingness to share the neutron beam facilities
available in Indian research reactors and associated instruments with
other RCA countries for use in research programmes. The representatives
of Malaysia, Bangladesh and the DDG-RI, IAEA, fully supported this
proposal since it would be beneficial in the utilization of research
reactors. The proposal was accepted.

AGENDA ITEM VIII

Country Statements by RCA Representatives

The country statements presented by the representatives are
attached as Appendix 14.
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SIXTH RCA WORKING GROUP MEETING

WELCOME ADDRESS

Shri C.V. Sundaram
Director, Research Reactor Centre

Dr. Ramanna, Professor Zifferero, distinguished guests from over-
seas, fellow participants and colleagues.

On behalf of the Reactor Research Centre, Kalpakkam, it is my
very pleasant duty to welcome you all here to this inaugural function of
the Annual Meeting of the WOrkzng Group of the Regional Cooperative
Agreement (RCA) of IAEA.

This is the 6th Meeting of the RCA Working Group since its
formation in 1979, the earlier meetings having been held in Tokyo,
Manila, Jakarta, Kuala Lumpur and Dhaka.

The Department of Atomic Energy, India, has always greatly valued
international cooperation in the peaceful utilization of atomic energy
for development. It has shown keen interest in the deliberations of IAEA
and actively participated in the IAEA projects calling for international
collaboration. During the 5th RCA Working Group Meeting held last year
in Dhaka, the representative from India formally extended the Indian
invitation to host the 1984 meeting and this proposal received the
concurrence of representatives of the other countries. We are grateful
to the IAEA and the RCA Member States for their readiness in accepting
this invitation which has brought this group to Kalpakkam.

We are particularly happy that this meeting is being inaugurated
by Dr. Ramanna, Chairman of the Atomic Energy Commission. Through his
pioneering contributions in nuclear science and technology, his deep
conviction in the importance of nuclear energy development for human
progress, and his infinite capacity for integrating a wide range of
cultural values of evolving a philosophy for purposeful action, Dr.
Ramanna represents a vital and invigorating force, not only for India but
in the entire international scene today. He has been a consistent
champion of enlightened self-reliance and enlightened international
collaboration in the community of human endeavour, in the cause of human
civilisation. We will keenly look forward to his message for our meeting.

We are very happy that Professor Zifferero and Dr. Kobayashi from
the IAEA and Mr. S.K. Singh, the Indian Ambassador in Vienna, are
attending this meeting, and I extend our hearty welcome to them.
Professor Zifferero is Deputy Director General and Head of the Department
of Research and Isotopes, IAEA. He has been associated with the Italian
atomic energy programme for nearly three decades. He has specialized in
aspects related to the fuel cycle, particularly fuel reprocessing, and
brings a large fund of experience to his present assignment in IAEA and
RCA which will bring benefits to the programme.
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Participating in this meeting are representatives from nine
countries from Asia and the Pacific region. I realize that for many of
you the notice for this meeting was rather short and that could have
posed problems in organizing your schedule. We particularly appreciate
that you have been able to be with us despite these difficulties. I am
sure that Dr. Gopinath and his colleagues in the Local Organizing
Committee will spare no effort in ensuring that your stay is comfortable
and enjoyable.

In the Indian team for this meeting, we have 13 participants from
. BARC and RRC. I should like to make special reference to Dr. P.XK.
Iyengar, Director, BARC, Dr. V.K. Iya, Director, Isotope Group, BARC,

and Dr. K. Sundaram, Director, Biomedical Group, BARC, who have been
illustrious and dynamic leaders in the programmes in physics, isotope
applications and the life sciences and whose individual contributions
have had a strong impact on RCA programmes in the region.

While welcoming you all to this function, it will be appropriate
for me to add a few words also about this Centre. The Reactor Research
Centre came into existence in 1972, around the same time the RCA was
established. Considering the high potential of fast reactors for nuclear
power in the effective utilization of uranium and thorium resources, the
Department of Atomic Energy has placed emphasis on the development of
fast reactor technology. To build up the necessary infrastructure, this
Centre was started originally with a nucleus of scientists from BARC.
Presently, we have the Fast Breeder Test Reactor in an advanced stage of
completion and it is expected to go into operation towards the end of
this year. We have operating laboratories working on the various aspects
of fast reactor development such as materials science, materials
development, reprocessing development, radiochemistry, safety research,
and sodium technology.

As you will have noticed from the provisional agenda of the
meeting, we have a programme of taking you around the Madras Atomic Power
Station and the Reactor Research Centre. Besides this, during the course
of your stay here, you will be most welcome to visit any of the
laboratories.

Finally, before handing over the microphone to Prof. Zifferero, I
would like to have the honour of introducing the overseas delegates to
the audience.

Thank you.
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SIXTH RCA WORKING GROUP MEETING

OPENING REMARKS
Professor Maurizio Zifferero
Deputy Director General
Head of the Department of Research and Isotopes
International Atomic Energy Agency
Vienna, Austria

Dr. Ramanna, Dr. Sundaram, Dr. Gopinath, Ambassador Singh,
distinguished delegates and guests from RCA Member States, observers from
Asian and Pacific countries, ladies and gentlemen.

It is a great honour and pleasure to address the 6th Working
Group Meeting of RCA Member States in India, one of the most active
supporters and participants of RCA.

I welcome all of you on behalf of the Director General of the
International Atomic Energy Agency.

I would like at this time to express the appreciation of the
Agency to the Government of India for hosting this meeting and compliment
the staff of the Indian Atomic Energy Authority for the excellent
arrangements.

The steady growth of RCA activities is requiring more and more
coordination work. For this reason, as announced at the 12th Meeting of
Representatives of RCA Member States, the Agency has decided to establish
a post for this function at the Director level. In the past, RCA
coordination was assigned, as you know, as a part-time activity to the
Head of the Industrial Applications and Chemistry Section, Mr. Sueo Machi.
I would like to take this opportunity to convey to Mr. Machi, who left
the Agency shortly after our last meeting in Dhaka, our appreciation and
gratitude for his untiring efforts to develop and promote RCA
activities. The functions of coordinator have been taken over by
Mr. Masatoshi Kobayashi, whose long experience in nuclear science and
technology transfer will be of great benefit to our programmes.

The 1984 consolidated budget for RCA activities reached the level
of US$2,454,559, which represents approximately 2% of the Agency's total
consolidated budget.

Of this amount, a major portion, namely $1,621,059, relates to
the UNDP Industrial Project. This includes the special contributions by
the Governments of Australia and Japan and industries in the region. The
amount of the budget earmarked for research and training activities in
1984 is US$833,500 to be funded from the Agency research programme
budget and special contributions by donor RCA countries.

A comparison between ‘the 1983 and 1984 budget shows a decrease in
the UNDP project expenditures of approximately one million dollars. 1In
fact, most of the equipment purchasing has been completed in 1983. At
the same time, the budget for research and training activities for 1984
has practically doubled and is now approaching the one million US dollar
mark.
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Let me now briefly review the status of current activities and
the prospects for the near future.

In all the ongoing projects, remarkable progress has been made,
as is evident from the relevant project documents which will be discussed
at this meeting.

The four projects on medical and biological applications of
nuclear techniques, which were approved in 1983, have become operational
in the course of the year. With the financial support of the Japanese
Government, a research coordination meeting on cancer therapy was held in
Kyoto, Japan in December 1983 and a consultants' meeting on nucleasr
medicine was held recently in Vienna. An after-loading teletherapy
apparatus for cervix cancer treatment, donated by the Government of Japan
to the Agency, is now being transferred to Malaysia. The Australian
Government has also indicated its intention to actively support RCA
activities in the area of nuclear medicine and we gratefully acknowledge
the offer by the Australian Government to host a training course on radio-
immunoassay as announced at the October General Conference RCA/12 meeting.

The new project on "Basic science using research reactors” is
being implemented through the financial support and the cooperation of
the Government of India, and the first training workshop on "The use of
microprocessors in research reactor utilization" was held at the Bhabha
Atomic Research Centre, 30 January - 17 February 1984.

The project on "Food irradiation", which has been supported by
the Government of Japan over three years (1980--1982), and was extended
for another year in 1983, will be terminated this year. A survey mission
has reviewed this programme in June 1983 and has confirmed the success of
the Phase I project.

In the course of the Fifth RCA Working Group Meeting held in
Dhaka last May, many countries expressed their interest in continuing the
activity in food irradiation and to establish a Phase II project.
Accordingly, the Agency has undertaken contacts with the Australian
authorities to explore the possibility of financial support to this
programme. The Australian Government has not yet formally announced its
response but I am glad to report that prospects look favourable on this
matter.

The UNDP Industrial Project has been steadily progressing in most
of the sub-projects.

As you know, the Government of Australia had continued to provide
funding for the coordinated research programme on "Isotope applications
in hydrology and sedimentology" for many years which resulted in the
establishment of hydrology laboratories in many participating countries.
The financial contribution of the Government of Australia has now been
shifted to the sub-project "Nucleonic control systems, mineral
exploration, mining and processing” under the UNDP Industrial Project.
The first training demonstration course under this sub-project on
"On-stream analysis and control of mineral concentrators® was held in
Australia and the Philippines.
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The Government of Japan has continued its support and cooperation
in several sub-projects of the UNDP Industrial Project, including
radiation processing, non-destructive testing, nucleonic control systems,
and maintenance of nuclear instruments.

The installation of a Co-60 irradiation facility for
vulecanization of natural rubber latex was completed in Jakarta in
September 1983, and a nucleonic control system for the steel industry was
installed at the Bokaro Steel Plant in India. The first training courses
have been carried out at these sites.

At the 12th Meeting of Representatives of RCA Member States, held
on 12 October 1983 in Vienna, a draft plan for NDT Certification and
Training was submitted and the conclusion will be compiled after
receiving the comments of participating Member States.

Finally, the UNDP project office was officially opened in Jakarta
on 1 July 1983. As from the same date, Mr. Sobhak Kasemsanta was
appointed UNDP Project Co-ordinator.

The accession of the People's Republic of China to the
International Atomic Energy Agency has been formalized and China is now
an Agency Member State as from the first of January of this year. China
has indicated keen interest in a number of RCA projects and I know that
you join me in welcoming this interest and in recognizing the important
role China could play in RCA in the future.

Ladies and gentlemen, distinguished delegates.

In concluding my remarks, I should like to note with satisfaction
the steady growth of our activities, the increasing funding effort of
donor countries, and the number of achievements since we met in Dhaka a
year ago.

This success is the outcome of effective cooperation,
governmental support and of the full commitment and dedication of all
participants.

I wish you a successful meeting.
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SIXTH RCA WORKING GROUP MEETING

INAUGURAL ADDRESS

Dr. R. Ramanna
Chairman
Atomic Energy Commission, India

Dr. Zifferero, distinguished delegates from the RCA countries,
and colleagues:

To the wotdé of welcome extended by Mr. Sundaram, Director of
this Centre, I wish to add mine, both on behalf of the Atomic Energy
Commission as well as on my own behalf.

It gives me particular happiness to welcome you all to this
Centre here at Kalpakkam, for it is from here, on the East coast, that
our trade and cultural connections with the East were established several
centuries ago.

In fact, even as you entered the precincts of this Centre, you
must have passed through the environs of Mahabalipuram, where there are
exquisite examples of Indian temple architecture. The shore temple of
Mahabalipuram was built some 1300 years ago and is perhaps the archetype
after which some of the temples of South East Asia were fashioned.

I draw attention to these ancient reminders of our historic past
with a purpose. While I invite you all to take advance of this occasion
to visit these beautiful monuments all over the State, I would also like
to express the hope that this meeting, for which we are all assembled
here, would bring us together to seek common inspiration to achieve our
respective national goals in the field of nuclear science and
technology. I say this because there are so many problems, so many
hindrances, so many intermediate steps that we all have to go through in
bringing modern science and technology to meaningfully improve the
quality of our lives that there is a compelling case for a common
approach. :

The Regional Cooperative Agreement (RCA) which was first signed
in June 1972, with which I have been privileged to be personally
associated from its very inception and in whose birth I can claim some
credit, has undoubtedly been a success during the last twelve years.
While we are all appreciative of the constructive role played by the
Agency, I tend to believe that this success is to be attributed to the
truly cooperative effort which all the participating Member States of the
Region have put in to benefit from each other’s experiences. This
sharing of experience has resulted from pursuing common goals and at the
same time recognizing a number of common problems. For instance, we all
have identified the utilization of research reactors, the production,
handling and application of radioisotopes, the use of radiation
processing in preserving commodities of economic importance and the
application of nuclear radiation in medicine, as some of the important



areas in which nuclear science could be expected to have an immediate
impact. Using research reactor utilization as a means, we have made a
major effort in manpower training, bringing in RCA programmes to assist
larger national efforts. Coordinated research programmes, research
contracts, research coordination meetings, newsletters, etc. have sprung
up under the aegis of RCA to our mutual benefit. All these have brought
our young nuclear scientists and technologists together. We can proudly
say that today we have a well-knit community of nuclear scientists in the
Region.

I am, therefore, particularly happy to be here this morning to
inaugurate this Sixth RCA Working Group meeting. As I can perhaps claim
to be a "Charter Member" of the RCA, I would like (with your indulgence)
to voice some thoughts on its future.

Where do we go from here? The atomic energy institutions in all
our countries are now mature enough to interact with each other on more
sophisticated topics and deal with specific technologies. I dare say,
therefore, that there will be an increase in the scope and range of
coordinated research activities, exchanges of equipment, of personnel at
various levels and of information. This is all to our common good and I
hope during these four days you will identify such programmes for
immediate attention.

But let us remind ourselves that atomic energy programmes were
embarked upon by various countries, to provide long-term solutions to
growing energy needs. As we - and here I am referring primarily to those
RCA countries, most of them like mine are called "developing" -
industrialize and improve the living standards of our people,
expectations will rise and great demands will be made in basic sectors of
the economy, like energy. For example, in India our total installed
generation capacity is expected to rise from the present 30,000 MWe to
100,000 MWe by the end of the century. To achieve this, a target of
10,000 MWe of nuclear power has been set. Similarly, some other
countries have also drawn up plans for nuclear power.

Despite all that has been said in the wake of the global oil
crises of the last decade, all of us realize that nuclear energy is the
ultimate and only long-term answer to the energy problem. But let us not
forget that fossil fuels will not last for more than fifty years. With
the population levels that will prevail at that time, the inevitability
of nuclear energy cannot be contested. Therefore, our national atomic
energy efforts will have to gear themselves up for answering this call.

I venture to suggest that we should use the RCA programmes to address
ourselves to cooperative aspects of these questions also in the years to
come.

We have to re-assess the role of atomic energy in the total
energy scenario of the developing countries during the coming decades.
A little reflection will convince most of us in the developing world that
the answers and options in the advanced industrialized world are not
always applicable here and wisdom lies in working out our own answers.
In fact, there are many other aspects of nuclear power in which the
options for the developing world are wholly different. Our power
demands, grid sizes, technology assimilation rates and infrastructural



support do not always permit adopting the state-of-the-art technology of
the developed world. We have to choose deliberately the rate at which
nuclear power technology can grow in our countries. I believe RCA
activities can be brought in to play a role in identifying our
commonality of circumstances and pursuing the similar objectives that lie
ahead.

In this context, it appears to us that all the opposition to
nuclear power on environmental grounds and the slowing down of power
reactor construction programmes are temporary phenomena. If they are
not, I suggest that it is unscientific to put off the problems learning
to make nuclear power safe. In fact, it is my view that there is no
industry which has paid as much attention from its very birth to safety
as the nuclear power industry.

I am not entering into any controversy here, but I am bringing up
this point only to emphasize that this is a technology we have to master
and we in the developing world should not let up on our efforts.

The Reactor Research Centre here at Kalpakkam is, for these
reasons, a particularly appropriate venue for the RCA meeting. It was my
desire to bring you all here to see for yourselves how we are pursuing
the objective of finding our own path to the nuclear power generation
problems. Here you will see, adjacent to this research centre, the fifth
and latest of our power reactors to go on stream; the first Unit of the
Madras Atomic Power Station. It is a 235 MWe, natural uranium, heavy
water reactor, which is almost entirely indigenously built. It has been
steadily supplying power to the Southern grid for a few months now. We
have decided to build many such reactors of this type for some more
years, even though power generation technology in the world would tend to
favour larger systems. This is because stations of this size are more
appropriate to our industry and to our grid size. ’

Similarly, at this Research Centre, you will see the Fast Breeder
Test Reactor (FBTR) which will shortly go into operation and you will
hear about our plans for a Prototype Fast Breeder Reactor (PFBR) which is
a 500 MWe system. One of the main objectives of our breeder reactors is
to convert thorium, a proposition few other countries in the world are
willing to consider. But here again, we are fully convinced that, though
the problems are tough, solutions have to be found because our thorium
reserves hold out the greatest hope for our energy profiles of the
future. It is my hope that, while at Kalpakkam, you will see that we are
working hard on the problems we have set for ourselves.

With these words, I have great pleasure in inaugurating this
Sixth RCA Working Group meeting and hope that your deliberations are
useful and you will carry happy memories of your visit to India.
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SIXTH RCA WORKING GROUP MEETING
VOTE OF THANKS
D.V. Gopinath

Dr. Ramanna, Ambassador Singh, Professor Zifferero, distinguished
delegates from overseas, my colleagues from Bombay and Kalpakkam.

On behalf of the local organizing committee, I would like to
express our thanks to the International Atomic Energy Agency for
accepting our invitation to have this meeting in India and the Department
of Atomic Energy of India for choosing Kalpakkam as the venue for the
meeting. We very much value meetings and discussions aimed at increasing
the international collaborative effort and it is a pleasure tc have you
with us today. In spite of his very busy schedule, Dr. Ramanna, Chairman
of the Atomic Energy Commission, has kindly consented to be with us today
and to inaugurate the meeting and I would like to express our gratitude
to Dr. Ramanna. It is a pleasure to have Ambassador Shri S.K. Singh with
us today and I would like to thank him also. Our special thanks are due
to Professor Zifferero, Deputy Director General, IAEA, and Dr. Kobayashi,
RCA Coordinator, for being present today. As Shri C.V. Sundaram
mentioned earlier, for many of the delegates the time available for
planning to attend this meeting might have been rather short and this
could have posed several problems. That you have been able to be with us
today in spite of these difficulties makes us very happy and we are
grateful to you for this. I would like to express my gratitude to my
colleagues from Bombay for being present. '

During the course of the preparations for this meeting we have
received very valuable guidance from all the members of the steering
committee, and particularly from Shri C.V. Sundaram, Shri M.K.P. Rao, and
Shri P.K. Bhatnagar. I would like to record our sincere gratitude to the
management and staff of the Reactor Research Centre, Madras Atomic Power
Project, General Services Organization and Centralized Waste Management
Facility for extending their full cooperation and providing all the help
we sought.

We have tried our best to make your stay useful and enjoyable.
In spite of our best efforts, it is likely that there could be some
deficiencies. I would request you to kindly bear with the possible
shortcomings. I wish you all a happy meeting and a pleasant stay at
Kalpakkam.

Thank you.
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SIXTH RCA WORKING GROUP MEETING

STATUS REPORT OF COOPERATIVE RESEARCH PROJECTS
1983/1984

OUTLINE

The 12th Meeting of Representatives of RCA Member States was
held at the Hofburg, Vienna, on 12 October 1983, chaired by
Mr. K.G. Dharmawardena of Sri Lanka. The report of the 5th RCA
Working Group meeting was accepted to serve as the Report and
Recommendations of RCA/12.

The 1984 RCA budget is estimated to be US$2,454,559. The
budget for research projects is US$833,500 and that for the UNDP
Industrial Project is US$1,621,059. Sources arte the IAEA regular
‘budget, UNDP dunds and special contributions from RCA countries.

The four projects on Medical and Biological Applications of
Nuclear Techniques, approved by the Director General of IAEA in 1983,
have been implemented.

The project on Food Irradiation was extended up to August
1984, Interest in the Phase II project has been manifested by
participating countries, which was clarified by a Survey Mission
dispatched in June 1983.

The new permanent UNDP Project Office was opened in Jakarta
on 1 July 1983, and the interim office in Tokyo was closed. After
the retirement of Mr. E.E. Fowler, the former Project Director and
UNDP Chief Technical Advisor, Mr. S.P. Kasemsanta, former Secretary
General of OAEP, Thailand, was nominated as UNPD Project Coordinator
in July 1983.

A 300 KCi Co-60 irradiation facility for the natural rubber
latex vulcanization programme was constructed in Jakarta, at the
Centre for Application of Isotopes and Radiations (CAIR), in
September 1983.

A draft of a certifiction scheme for NDT specialists was
presented at RCA/12 and will be adopted after receiving the comments
of participating countries.

RCA/13 is scheduled to take place during the 1984 IAEA
General Conference in Vienna.

USE _OF INDUCED MUTATIONS FOR IMPROVEMENT OF GRAIN LEGUME PRODUCTION

The 4th research coordination meeting was held at NIAB,
Faisalabad, Pakistan, 5-9 March 1984, The participants of the
programme have made good progress in developing new, more productive
plant types of various pulse species. The coordinated research
programme was scheduled to phase out in 1984; however, it is
suggested to extend the duration of the programme to 1986.



FOOD IRRADIATION

Upon the recommendation of the meeting of the RPFI Project
Committee in Bangkok in 1982, the Agency circulated the text of an
agreement to extend the project for one year to all governments party
to the RPFI on July 15, 1983, and the Governments already notified
the Agency of their acceptance. The extension agreement entered into
force on 25 August 1983, and will continue until 27 August 1984.

As a follow-up to the recommendations of the 3rd RPFI Project
Committee, the Agency dispatched a team of 5 experts to evaluate the
progress of work in Indonesia, the Philippines, Thailand and
Bangladesh. According to the report of this Mission, the food
irradiation technology in most RPFI countries has reached the stage
where it can be transferred to industries. The Mission recommended
strongly that the Agency should provide financial support to the
Phase II project, either from its own resources or from donor
governments.

The Agency has approached the Government of Japan regarding
financial support of the Phase II project. At RCA/12, the Japanese
delegation expressed the view that provision of funds would be
difficult in 1984, and that they would prefer to provide "in kind*
contributions.

NUCLEAR TECHNIQUES TO IMPROVE DOMESTIC BUFFALO PRODUCTION

The final research coordination meeting was held in Manila
30 January - 3 February 1984. The work on reproduction has
characterized the reproductive capacity of different breeds of
buffalo in different countries. The use of radioimmunoassay
techniques has been identified as a suitable tool for monitoring the
reproductive status. The isotope-based studies on nutrition and
pathogenesis have also progressed. The second phase of the project
will start in 1984 for another five years.

STERILIZATION OF BTIOLOGICAL TISSUE GRAFTS

The coordinated research programme on "Radiation
sterilization practices for medical supplies, carried out from 1978,
was phased out in 1983 upon successful attainment of the objectives.
The programme helped to prepare a draft outline of the national Code
of Practice. The draft is due for updating in 1986. On the occasion
of the IAEA/WHO Seminar on Tissue Banking, to be held in Manila,

7-11 May 1984, the details of the new coordinated research programme
will be drafted and submitted to IAEA for consideration.

HEALTH-RELATED ENVIRONMENTAL RESEARCH

The 3rd and final research coordination meeting was held at
the National University of Malaysia, Kuala Lumpur, 1-3 November
1983. All participants agreed that the research programme as a whole
can be regarded as a success. The present programme will be phased



out by the end of March 1984, and the detailed proposals for a new
programme, either within the framework of RCA or as a part of a
global coordinated research programme, will be prepared in the course
of this year with a view to implementation in1985. To improve the
analytical capabilities of laboratories in RCA countries, a training
course is planned for 198S5.

MAINTENANCE OF NUCLEAR INSTRUMENTS

The project now has 10 active participants and the work on
power conditioning has now entered its final stage. A second
train-the-trainers workshop will be held in April/May in Kuala Lumpur
and the research coordination meeting was held at BARC in December
1983. The 1984 programme will concentrate on air conditioning,
training, maintenance management and spare parts supply.

BASIC SCIENCE USING RESEARCH REACTORS

A three-week workshop on "The use of microprocessors in
research reactor utilization” was held at the Bhabha Atomic Research
Centre, Bombay, 30 January — 17 February 1984, with the financial
support of the Government of India. The workshop was developed by
scientists of BARC in cooperation with IAEA staff. Applications from
14 scientists from 8 RCA countries were received.

ISOTOPE APPLICATIONS IN HYDROLOGY AND SEDIMENTOLOGY

The programme includes field studies in Indonesia, the
Republic of Korea, Malaysia and Thailand. As was announced at the
last Working Group meeting in Dhaka, the cash contribution of the
Australian Government to this programme has been shifted to a
sub-project of the UNDP. Industrial Project, so that the hydrology
programme will be implemented with reduced funding by IAEA in 1984.

SEMI-DWARF MUTANTS FOR RICE IMPROVEMENT

The first research coordination meeting was held at IRRI, Los
Ranos, the Philippines, 24-28 October 1983, and was dedicated to the
problems of agronomic evaluation of semi-dwarf mutants of rice
obtained in participating laboratories. The participants obtained a
large number of new semi-dwarf mutants which must be evaluated in
field conditions. Results of these experiments will be discussed
during the next research coordination meeting which will be held in
1985.

IMPROVEMENT OF CANCER THERAPY

After the approval of this coordinated research programme in
April 1982, the first coordination meeting was held in Japan in
December 1983, and included 9 participants, 2 consultants and 27
observers. The next coordination meeting, which was proposed to be
held in India in 1984, will be postponed to 1985 due to financial
considerations and also to allow for sufficient time for further
research.



NUCLEAR MEDICINE FOR LIVER AND THYROID DISEASES

A specialists meeting was scheduled for 20 February 1984 to
review medical requirements in the region for radionuclide
investigations, and to propose a coordinated research programme and
training. This meeting had to be postponed due to financial
considerations. The Agency has requested the nomination of
counterparts in the respective participating countries and has
received 13 names.

At RCA/12, the Representative of Australia officially
announced that his Government would host a training course on
radioimmunoassay.

NUCLEAR TECHNIQUES FOR TROPICAL PARASITIC DISEASES

This programme was started in October 1983 and, by the end of
the year, included 8 research coatracts. Applications from Indonesia
and the Republic of Korea are expected. The work plan began in
December 1983 and includes the collection of serum and urine
specimens from patients with malaria or filariasis, and all the
institutes involved are expected to complete the assay of the
specimens by September 1984.

DEVELOPMENT OF 99m-Tc GENERATOR SYSTEMS

The goal of this programme is the development of an
appropriate technology for the preparation of 99m-Tc generator
systems using low specific activity Mo-99 produced in low power
research reactors.

Letters were sent to all Member States currently in
possession of a nuclear research reactor, inviting them to present
formal proposals for participation in the programme. There are
currently five participants, and research contracts with scientists
from Bangladesh and the Republic of Korea are expected to be signed
in the near future.
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CODEX STAN 106-1983

1. SCOPE

This standard applies to foods processed by irradiacion.
It does not apply to foods exposed to dosas imparted by
measuring insctruments used for inspection purposes.

2. GENERAL REQUIREMENTS FOR THI PROCESS
2.1. Radiacion Sourceas

The following cypes of ionizing radiacion may be used:

(a) Garma rays from the radionuclides 60¢o or 137Cs;

(b) X-rays generatced from machine sources operated at or
below an energy level of 5 MeV. .

(¢} Electrons genaerated Irom machine sourcess operated at or
below an energy level of 10 MeV.

2.2. Absorbed Dose
The overall average dose absorbed by a2 food subjected to
radiation processing should net exceed 10 kGy (1) (2)-.

2.3. Facilities and Centrol of the Process

2.3.1L. Radiation treatment of foods shall be carried out
in facilicies licensed and registerad £or this purpose by
the competent national authoricy.

2.3.2. The facilitias shzall be designed to meet the re—
quirements of safety, efficacy and good hyglenic practices
of food processing.

2.3.3. The facilicies shall be staffed by adequate, trai-
nad and competent personnal.

2.3.5. Control of the process within the facility shall
include the keeping of adequate r=cords includinz quan-
~ticative dosimecry.

(*) Revised version of thé Recommended Internmational Gen—
eral Standard for Irradiated Foods (CAC/RS 106-1979).

(1) and (2) See notes on page 4.



2.3.5. Prenises and racords shall be open zZo inspec:zion
by appropriate nacional authoricies.

2.3.6. Control should be carried out in accordance with
the Recommended Intermational Code of Practice for the
Operation of Padiaction Facilities used for the Treatmenz of
Foods (CAC/RCP 19-1379, Rev. 1).

3. EYGIEZNE OF IRRADIATED FOCDS
3.1. The food should comply with che provisions of the

Racommended Intermational Code of Practice - General Prin-
ciples of Food Hygiene (Ref. No. CAC/RCP 1-1989, Rev. 1,
1979) and, where appropriate, with the Recommended Inter-
national Code of Hygienic Practzice of the Codex Alimen-—
tarius relative to a2 particular food.

3.2. Any relevant national public health requirement
2ff2cting wmicrobiological safezy and nufritional adequacy
applicable in the country in which the food is seld should
De observed. ’

&, © TECHNCLOGICAL REQUIZEMEXNTS
4.1, Conditions for Irradiation

The irradiation of food is justified cnly when ic fulfils a
technological need or where it serves a food hygiene pur—
pose (3) and should not be used as a substitute for good
manufacturing practices.

$.2. Food Quality and Packaging Requirements

The doses applied shall be commensurate with the techno-—
logical and public health purposes to be achieved and shall
be in accordance with good radiation processing practice.
Foods to be irradiated and their packaging materials shall
be cf suitable qualicy, acceptable hygienic condicion and
appropriacte for this purpose and shall be handled, before
and afrer irradiatiom, according to good manufacrturing
practices taking into account the particular requirements
of the technology of the process. -

(3) See note on page 4.



5.1 - RE-IRRADIATION
5.1. Except fo foods with low @moisture contents

(cereals, pulses, dehydrated foeds and octher such com—
modities) ircadiated for the purpose of controlling insect
reinfestation, foods irradiated in accordance with sections
2 and 4 of chis standard shall noct be re—-irradiated.

5.2. -+ Por the purpose of this standard food is not con-—
sidered as having been re-irradiated when: (a) che £food
prepared from =materials which have been irradiated at low
dose levels e.g. about 1 kGy, is irradiacted for ancther
technological purpose; (b) the food, countaining less cthan 5
%Z of irradiated ingredient, is irradiated, or when (c) che
full dose of ilomnizing radiacion required to achieve the
desired effect is applied food in more than one
instalment as part oI processing £for a specific techno-
logizal purpose.
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5.3. The cunmulative overazll average dose absorbed
shoeld not exceed 10 kGy as a resul:z of re-irradiztiorn.

€.  LABELLING

6.1. " Inventory Control
For irradiaced foods, whether prepackaged or not, the
.relevans shipping documents shall give appropriate inforza-
tion to idencify the registered Zfacilicy which has irrad-
iated the food, the date(s) of treatment and lot idanti-
fication.

-

6.2, Prapackaged foods intended for direct consumption
The labelling of prepackaged irradiated foods shall be in
accordance with the relevan:t provisions of the Codex Gen—
eral Standard for the Labelling of Prespackaged Foods (4)-.

§.3. Foods in bulk containers
The declarztion of the fact or irradiacion stall be made .
clear on the relevant shipping documenzs.

(4) See note on page 4.
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(L) TFor measurtement and calculation of overall average
dose absorbed see Annex A of the Recommendad Incernational
Codée of Practzice for the Operation of Radiation Facilities
used for Treatnmeant of Foods (CAC/RC? 1%-1579, Rev. 1l).

(2) The wholesomeness of foods, irradiatad so as to have
absorbed an overall average dose of up to 10 kGy, is not
impaired. In this context the term "wholesomeness™ refers
to safety for coansumption of irradiated foods £rom the
toxicological pointc of visw. The irradiacion of foods up
to an overall average dose of 10 kGy introcduces no special
nutritional or w=icrobiological problems (Wholesomeness of
Irradiated Foods, Report of a Joint FAQ/IAEA/WHO Expert
Commiccee, Technicazl Report Series 659, WHO, Geneva, 188l).

(3) The wutilizy of cthe rradiation process has been
demonstrated for a number of food items listed in Annex 3B
to the Recommended International Code of Practice for the
Operation of Radiacion Facilities used for the Treatment of
Foods.

(4) " Under revision by the Codex Committee on Food
Labelling.



PECOMMENDED INTEIRNATIONAL CODE QF PRACTICE FOR
THE OPERATION OF IRRADIATION FACILITIZS USSD FOR THZ
TRZATMENT OF FOCCS (~)

1. INTRODUCTION _
This code refers to the operation of irradiatiou facilities
based on the use of either a radionuclide source (GOCO or
Cs) or X-rays and electrons genarated Ffrom nachine
sources. The irradiation facilizy may be of two designs,
either "contiauous”™ or “batch™ cype. Control of the food
izradiation process in all types of facilizy involves the
use of accepted metheds of measuring the absorbed radiation
dose and of the monitoring of the physical paraneters of
the procaess. The operation of these facilities for the
irradiation of £food must comply with the Codax recom=-
mendations on food hygiene.

2. IRRADIATION PLANTS
2.1, Parameters

For all types of rfacility the doses absorbed by the product
depend on the radiztion parzmeter, the dwell time or the
transportation speed of the product, and the bulk densicy
0f the waterial to be irradiated. Source—product geometry,
especizlly distance of the product from the source and mea-—
sures o increase the efficiency of radiaction wutilization,
will 4influence the absorbed dose and the homogeneity of
dose distriburtion. -

2.1.1. Radionuclide sources :
Radionuclides used for food irradiation emirz photons of
characteristic energies. The statement of the source
--materizl completely determines the penetration of the emitc-
-ted radiation. The source activity is wmeasurad in
Bacquersl (Bg) and should be stated by the supplying organ—
isation. The actual activity of the source (as well as any
return or replenishment of radionuclide material) shall be
Tecorded. The recorded activity should take iInto accountk
the natural decay tate of the source and should be

(*) Revised versiom of the Recocmended Iaternational Code
of Practice for the Operation of Radiation Facilities used
for the Treatment of Foods (CAC/RCP 19-1979).



accompanied by a record of cthe dare of wmeasuremea: or
recalculation. Radionuclide irradiators will usually have
a well separated and shielded deposicery for the source
elements and a Creatment arez which can be entered when the
source is in the safe position. There should be 2 positcive
indication of the correct operationmal and of the corrsct
‘safe position of the.source which should be interlocked
vich the product movement system.

2.1.2. ¥achine sources

A beam of electroas generated by a suitable acceleratsor, or
after belng converted to X-rays, can be used. The pene=-
traticn of the radiation is governed by the energy of the
electrons. Average beam ©power shall be  adequately
recorded. There should be a positive indication of the
correct setting of all machine parameters which should be
interlocked with tha preduct movement system. Usually a
bzam scanner or a scattering devics (e.g. the conver=zing
tarzez) 1s incorporated in a machine source to obtain an
even distribution of the radiatiom over the surface of the
product. The product movement, the width and speed of the
scan 2nd the beam pulse :reauency (if a2pplicable) sho:,lf‘ be
aq*uswd to ensure a uniform surface dose.

\

2.2. : Dosimetry 2and Process Contzrol

.Prior to the irradiation of any :focdstuff certazin dosimetry
_wmeasurenments (1) should be made, which demonstrate that the
process will satisfy the regulatory requirements. Various
techniques for dosimetry pertinent to rTadionuclide and

machine sources ars available for wmeasuriag absorbed dose
in 2 quantitative manner (2). 2

~Dosimetry commissioning wmeasurements should be made for
each- new food, irradiation process and whenever modifica-
_tions are made to source strength or type and to the source
product geometry.

Rouzine dosimetry should be made during operation and
records kept of such measurement. In addition, regular
measuraments of facility parameters governing the process,

(1) See Annex A to this Code.
(2) Detailed in the Manual of Food Irradiation Dosimetry,
IAEA, Vienna, 1977, Tachnical Report Series No. 178.



vgh as transportation sp
ime, cachine beaz parane:
licy operation. The reacords o
used as supperting evidence that tha process sacisfies the
regulatory requirements.

3. GOCD RADIATION PROCISSING PRACTICE

Facility design saould atzempt to optimalize the dose uni-
formity ratilio, to ensura appropriate dose rates and, where
necessary, to per=it temperature control during irradiation
(e.g. for the tcreatzment of £rozea food) and also control of
the atmosphere. It is also oftemn necessary to minimize
mechanical damage to the product during cransportacion
lrradiation and storage, and desirable to ensure the wmaxi-
muz efficiency iz the use of the irradiator. TWhere the
food to be irradizted is subject to special standards for

hygiane or temperacura coatrol, the £facilisy mnust permlz

cozmpliance with these standards.

4. PRODUCT AMD INVENTORY CONTROL

4.1, The incoming product should be physically sep—
aratad from the outgoizg irradiaced products.

b.2. Whare appropriate, a visual colour change radiza—
tion ladicator should be affixed to each product pack for
ready identification of irradiated and non-irradiated prod-—

_ucts.

4.3, Records should be kept in the facility rTecord book
which show the nature and kind of the product bdbeing
treatad, its identifying wmarks if packed or, if not, the
shipping details, icts bulk density, the type of source or
electron machine, the dosimetry, the dosimeters used and
details of their calibration, and the date of treatment.

4.4, All™products shall be handled, before and after
irradiation, according to accepted good manufacturing prac—
tices taking iato account the particular requirements of
the technology of the process (3). Suitable facilizies for
refrigerated storage may be required.

(3) See Annex B to this Code.



ANNZY A

DOSIMETRY

1. The overall avarage absorbad dose

It can be assumed for the purpose of the decsrmination of
the wholesomeness of food treated with anm overall average
dose ¢f 10 kGy or less, that all radiation chemical effects
in that particular dose range are proportional to dose.

The overall average dose, D, is defined by the following
integral over the total volume of the goods

- 1
D + " fp (x, ¥y, 2) - d (x, y. 2) - 4V
whera
¥ = rche total mass of the treacted sample:
P = the local density at the point (x, ¥, 2)
¢ = rche local absorbed dose at the point (x, y, z)

dV = dx dy dz the infinitesizal volume element
which in real cases is represaentad by the
volume fractions.

The c¢verall average absorbed dose can Ye determined dir-
ectly for homogeneous products or for bulk goods of homo-
genecus bulk density by distributing an adequate number of
dose neters strategically and at random throughour the vol-
ume of the goods. 'From the dose distribution determined in
this manner an average can be calculated which is the over-
" all average absorbed dose.

If the shape of the dose discribution curve through the
product is well determined the positions of wminimuzm and
_maxioum dose are known. Measurements of the distribution
of dose in these two posicions in a series of sanmples of

the product “can be used to give an estimate of the overall

average dose. In some cases the mean value of the average
values of the minimum (Dmin) and maximum (Dmax) dose will
be a good estimate of the overall average dose.
i.e. in these cases
overall average dose oy Dmax + Dmin
2




=

2. " Effective and limizizg dose vzlues

Somz .effective treatment e.g. cthe eliminmation of har=ful
nmlcroorganisms, or a pacticular shelflife extension, or a
disinfescation requires a mininum absorbed dose. TFor ot
applications too high an absorbed dose may cause undesi:
able eifects or an lmpai"mer': of the quality of the product.

The design of the facility and the operational parameters
have to take inzo account miniaur and =maximuam dose values
requirad by the process. In some low dose applications it
will be possible wichin the terms of section 3 on Good Rad-
iation Processing Practice to 2llow a ratioc of maximum to
ninimum dose of greater than 3.

7ith regards to the maximun dose value under acceptable
wholesomeness considerationms and because of the statistical
distribucion of the dose a mass fractiorn of product of at
leasc 97.5 % should receive an absorbed dose of less than
15 kGy when the overall average dose is 10 kGy.

3. Routine Dosimertry

Yeasurements of the dose in a reference positiom can be
‘zads occasionally throughout the process. The assoclation
tetwszen cthe dose in the reference positiom and the overall
average docse mustC be known. These measuraments should be
usad to ensure the correct operation of the process. A
recognized and calibraced system of dosimetry should be
used.

A cduplé.te record of all dosinmerry measurements Irncludiag
czlibration must be kept.

4. Process ContTol

In the case of a continuous radiocnuclide facility iz will

be possible to wmake automatically a record of trans- .
portation speed or dwell time together with Indications of

source  aud product positioning. These measurements can be
used to provide a continuous contrel of the process in sup-
port of routine dosimetry measurements.

.
"

f
!

"y



In a ©batch  operatad radionuclide facilicy  automatic
recording of source exposure Iime can be made z2nd a2 record
of product zovenent and placemenz can be kept to provide a
control of the process in support of routine dosizmetry

measuzements.

In 2 machine facility a continuous record of beam parza—-
meters, e.g. voltage, current, scaa speed, scan widch,

pulse reperition and a record of ctransporcation speed.

through the beam can be used to provide a continucus con=—
trol of the process 1in supporz of routine dosimetry
measurements.



ANNEX 3

. EXAMPLES OF TECHNOLCGICAL CONDITICYS FOR THE
IRRADIATION OF SOME IMDIVIDUAL FOO0 ITZMS SPECIFICALLY
ELAMINED BY 1AL JOLn: £A0/1 .\/er caPERT CCHMMITTIEE

This information Zis taken from the Reports of the Joint
FAQ/IAZA/WHO Expert Committeses on Food Irradiation (WHO
Techanical Report Series, 604, 1977 and 659, 1981) and
illustractes the utility of the irradiation process, It
also describes the technological condizions for achieving

the purpose of the irradiation process safely and econoc—
ically.

1. CHICKXEN (Gallus domesticus)

1.1, Purposes of the Process
Tha purposes of irradiating chicken are:
(a) to prolong storzga life
and/or ,
(3) to reduce the number of certain pathogenic nmicro-
organisms, such as Saloonella from eviscerated chicken.

1.2. Specific Reguirements
'Ve*av- dose: for (a) and (b), up to 7 kGy

2. COCOA BEANS (Theobroma caczo)

2.1. Purposes of the Process

The purposes of irradiating cocoa beans are:

(a) to control insect infestation in storage

e:)) to raduce microbizl load of fermented beans with or

without heatc treatzent.

2.2, Specific Requirsments

2.2.1. Average dose: for (a) up to 1 kGy
. for (b) up to S kGCy

2.2.2. Préven:;on . of Egég:gﬁpa:iqg:' Cocoa beans whether
prepackaged or handled in bulk, should be storad as far as
possible, wunder such conditions as will prevent rein- ey

festation and microbial recontamination and spoilage.

K{l



3. DATZS (Pno=nflx dactylifera)
3.1. Purpose of the Process.
The purpose of irradiacing prepackaged dried dates is to
control insect infestation duriag storage.
3.2. Specific Requirements
) °
3.2.1. Average dose: up to L kGy
3.2.2. Prevention of Reinfestaticn: Prapackaged dried

— > —— — — —— — — —— - — o —— -

dates should be stored under such condicions as will pre-
vent reinfescation.

4, MANGOES (Mangifera indica)

4&.1. Purposes of the Process

The purposes of irradlating mangoes are:

(2) to contsol insect infestation

(%) to improve keeping quality by delaying ripening
(<) to reduce wmigrobial load by combining irradiation

and heat treatment.

4.2, Specific Requirements
Average dose: up co 1 kGy

5. ONIONS (Allium cepa)
S.1. Purpose of the Process

The purpose of irradiacing onions is to inhibitc sprouting
during stcorage.

5.2.. Specific Requirement
Average dose: up to Q.15 kGy

6. PAPAYA (Carica papaya L.)

6.1. Purpose of the Process

The purpose of irradiating papaya is to control insect

infestation and to Iimprove its keeping quality by delaying
ripening.

o=



6.2, Specific Requirements

6.2.1.  Average dosa: up to 1 kGy

6.2.2. Scurce of Radiation: Tae source of radiation

should be such as will provide adequatas penetrazion.

7. - POTATOES (Solanuz tuberosunm L.

7.1. Purvose of the Process
The purpose of irradiating potatoes 1is to inhibit sprouting
during storage.

7.2. Specific Requirement
Average dose: up to 0.l5 kGy

8. PULSES

8.1. Purpose of the Process
The purpose of irradiating pulses is to control insect in-
festation ia sterage. ‘

3.2. . Specific Requiregent

Average dose: wup to 1 kCy C .
9 RICE (Oryza speciass)

9.1. Purpose of the Process

The purpose of irradiatiag rice is to control insect in-—
.festation in storage.

9.2. Svecific Requirements

9.2.1.  Average io_s_e_:_ up to 1 kGy

9.2.2. Prevention of Reinfestation: Rice, whether pre—

~packaged "or handled in bulk, should be stored as far as .

‘possible, under such conditions as will prevent rein-
festation. : ) .



10. SPLCIS AND CONDIMINTS, DEHYDRATZD ONIONS, ONION
POWDER

10.1. Purposes of the Process
The purpeses of irradiating spices, condimeats, dehydrated
onions and onilon powder are:

{a) ) to control insect infestation

(b) to reduce microblal load

() to reduce the number of pathogenic microarganisms.
10.2. Specific Requirement

Average-dose: Ior (a) up to 1 kGy
for (b) and (ec) up to 10 k

1. STRAWBERRY (Fragaria species)
i1.1. Purpose of the Process

The purpose or 1irracliating rreash strawberries Is to pro7cnv
the storage 1llife by parctial eliminarcion of spoilage
erganisms-

1.2, Specific Requirement
Averzge dose: up to 3 KkGy

12. TELEQST FISH AND FISH PRODUCTS

12.1. Purposes of the Process
The purposes of irradiating teleost fish and fish products
are:

(3) to control insect infestation of dried fish during
storage and marketing

() to reduce wnicrobial load of the packaomi or un—
packaged fish and £ish products

() to reduce the number of certain pathogen c micro=-'

"b:ganisms.in packaged or unpackaged £ish and £ish products.

12.2. Specific Requirements ' Co.

12.2.1: Average dose: for (a) up to 1l kGy
for (b) and (c) up to 2.2 kGy



- 15 -
12.2.2. Temperature Requirscens: During 1irradiacion and
storage the fish and fish products referred to in (b} and
(c) should be kept at the ceaperature of melting ice.
13. WHEAT AMND GROUND WHEAT PRCDUCTS (Triticum species)
13.1. = Purpose of the Process

The purpose of irradiacing wheat and ground wheat products
is to contrel insect infestation in the stored product.

13.2. Specific Requiremeats

13.2.1. Average dose: up to 1 kGy

13.2.2. Prevention of Reinfestztion: These products, whe-—
ther prepackaged or nandied in bulk, should be scored as
far as possible under such conditions as will prevent rein-
festation.






Appendix 8

REPORT ON THE IAEA-RCA
WORKSHOP ON THE USE OF MICROPROCESSORS IN RESEARCH REACTOR UTILIZATION

BHABHA ATOMIC RESEARCH CENTRE
January 30 - February 17, 1984

The workshop was attended by nine participants from RCA countries:
Indonesia, the Republic of Korea, Malaysia, Philippines, Thailand, and Sri
Lanka, as well as one participant from the IAEA Laboratory at Seibersdorf.

The schedule of the workshop included:
- Two lectures every morning.
The topics dealt with can be classified into two categories:

a) Basics of microprocessors and microcomputers: Basic digital
electronics, computer organization, introduction to microprocessors,
memories, study of Intel 8085, single board microcomputers, ADC/DAC,
serial and parallel communications, interrupt systems, DMA communi-
cations, I/0 devices, bus structures, overview of different types
of microprocessors, machine/assembly language, higher level
languages and aids.

b) Application of microcomputers: In neutron/X-ray scattering, in
M&ssbauer, XRF and gamma ray spectroscopy; for energy dispersive
X-ray spectroscopy; in chemistry; in pulse height analysis and multi-
channel systems; for general nuclear application and personal computers.

- Practical experiments on six afternoons using 8085 kits. These experi-
ments consisted of:

Introduction to components, probes, measuring instruments; study of an
8085 kit; study of 1/0 lines controls, reading the switches; sequential
scanning; familiarization of a DAC; study of ADC; interfacing DAC and

ADC to the kit; generation of various wave forms, ramps, etc. for control;
software implementation.

- Demonstration experiments on other afternoons at the BARC Training
School. These experiments were:

Observation of bus activity of 8085 using logic state analyser; study
of 8253 timer chip; pulse height analysis using personal computer ZX-81;
pulse heights analysis using personal computer SINCLAIR and a nuclear
12 bit ADC; word processor on HCL system II; microdevelopment system;
use of arithmetic processors; x-y positioning by use of stopper motors
through a microprocessor kit.

- A display of 14 microprocessor -based instruments developed at BARC.
These instruments were: '

1k multichannel analyser (DAPS-80); automatic liquid scintillation counting
system; energy dispersive X-ray diffraction system; CPM/DBM system;
impedance plythismograph; area radiation monitoring system; Mdssbauer
spetrcometer I; radioimmunoassay counter; portal monitor; private automatic



branch exchange; M3ssbauer spectrometer II; master slave clock system;
LSI-11 based pulse height acquisition and processing system;

- experimental equipment using microsystema; triple axis neuiron
spectrometer with Sc-MF based control system; Mcasbauarsystem ,
using 8080 microprocessor; activation amel yais using E0E5 processor.

= a visit to Naticnal Scftwars Development Centre at Tata Inatitute
0f Fundamental Research and a visit to the Santacruz Elecsrcnica
Export Promotion Zone at Andheri, Bomtay.

The technical cmtent of the Workshop was designed to familiarise
the experimentalists with the baasica of Microprocessors, appraiss them
of the availability of warious asscc iated chips available and discuss
the logic of configuring them into a system. The emphasis was also to
help the participanta %o acquaint themselves with microprocesscr based
systemm to aid in on=lime conirol and automation of experiments, one-line
computation of various parameters and on=lina processing of data wherever
applicable .

The programme, with a tight schedule of lectures and practical
seasicus, found good response from the participants. They evinced
keen interest %o bepefit from the course by woiking on the kits during
late eveninzs and on Sundays at ike Training School Hostel where they
were all housad togethere Two kifs with instruction manuals, were made
available for this purposes About 25 technical books dealing with micro-
processors were ilso made availabls at the hostel for refsrence purposes.
Several lscturers and instructors used %o have discuesioue with the partie
cipan’ca in the asvenings at the Hostal.

A feed-back session was organised in the middle of the course to
elicit opiniona from the participantis as well as to0 judge the level of
comprehension of the more advanced aspascta. This helped in a slight
readjustment t0 aid more effsctive commmication. In particular, the
lectures dealing with applications weres oriented to give the method of
attack that the dssigners chose in designing a spscific microcomputer
%0 ault the spacifications and objectives of the user. Similarly, a
set of layouts were apecially prepared to show the details of inter-
eonnecting INTEL 8085 to other IC chips for I/oc operations etc.

The participants felf that if the kits along with instruction.
mnuals were given to them as part of Workshop material it would go
a long way in consolidating the technical aspects they learnt at the
Workshop. The cost of the kits along with mounted components and
Power supplies would come to about $9.500 for ten particirants. If
the IAEA provides financial support %o this extent the kits can be
sent to the participants from Bombay. Along with the course material,
& copy of an excellent book on microprocessors by A.P. Mathur was
glven %o each participant. A few participants bought some more books
availlable for furthering their studies. The participants also opined
that the course should have included fabrication of the kit itself as
then they would have learnt all aspects from the scratch. The organising



comnittee had discussed this aspect earlier but felt that fabrication
of the kits by the participants would haves involwved at least another
two weeka of practical work as then one would have had to provids
training even in aspects like soldering, preparation of layout and so
on. In the opinion of the organising committes such an exercise was
outside the scope of the Workshop.

About 40 sclentific and technical staff were involved in giving
the academic support to the Workshop, in terms of course organisers,
lecturers and instructors. Every practical course had each participant
assisted by an instructor and the overall supervision of two or three
course organisers. This high instructor-to-participant matio was very
necessary to ensure that each of the participant is guided through the
pPracticals taking into account the previous background and experiencs
of the participant. In the case of a few participants, who had prior
familiarity, a few exercises of an advanced nature were also set up to
give them the benefit of advanced expertise available at BARC,

The lecturers and insiructors wers drawn from about six Divisions
of BARC (Nuclear, Neutron, Electronics, Computer, Training and Analytical
Chemistry Divisions) and the Workshop was truly a multidisciplinary user—
oriented one. It is our undsrstanding that the aim and objectives of
the course were amply fulfilled and the participants felt adequately
satiafied at the high academic and technical level maintained throughout
the Workshopa - .






@ . Appendix 9
UNITED NATIONS DEVELOPMENT PROGRAMME
L3
INTERNATIONAL ATOMIC ENERGY AGENCY

OFFICE OF THE PROJECT CO — ORDINATOR
c/o. CAIR BATAN
JL. CINERE PASAR JUMAT

PO, BOX 2/KBY. LAMA TELEPHONE : 761607
JAKARTA SELATAN TELEX : 47113 IAEARCA 1A
INDONESIA CABLE : JUMATOM JKT.
RAS/79/061 _ 1984-03-09

Dear National Counterpart
National Co-ordinator
Training Course Director

| am enclosing herewith a Table of Project Work Plan for 1984, dated
February 84 (Attachment 1) and a Time Table for the preparation of an Interim
Report on Mid-Term Project Review (Attachment 2).

In this connection, | would like to take this opportunity to seek your
kind co-operation as follows.

Project Evaluation and Interim Report on Mid-term Project Review

The Agency has agreed to an early initiation of certain steps in the
process of Project Evaluation. One of the steps now being taken is, as you
have already been informed, the engagement of Mr. E.E. Fowler, the former CTA
and Project Director, to conduct Marketing Studies and make arrangements to
convene Executive Management Seminars. In this connection, Mr. Fowler will
maintain direct contact with you and keep me informed on the progress.

Concurrently, | am working jointly with the Senior Board of Advisors (SBA)
to prepare an Interim Report on Mid-term Project Review, of which a working
timetable is given in Attachment 2. As indicated in the Project Work Plan for
1984, | intend to finish drafting the Interim Report by August 1984 (ltem 8.1
of the Work Plan) and submit the draft to the SBA in September. The Interim
Report shall be then finalized in the Fifth Meeting of the SBA, planned for
December 1984 (lItem 12.1 of the Work Plan)

Enclosure
—al



This Interim Report on Mid-term Project Review is a very important
tool in the event that the Member States may wish to move for an extention
of the present Project beyond December 1986, or wish to initiate a new
project of the same nature but covering new areas of applications. In order
to keep up with our working time table for the preparation of this Interim
" Report, | would need the help of all Project National Counterparts/'
Co-ordinators (NCp) as indicated in para. 1 of the Time Table.

In this connection, | would need by mid-May 1984 comments and evaluation
from the NCps on the past performance in implementing the various Sub-Projects.
These comments should include, inter alia, factors (both from the Agency side
and the' Government side) which contribute to the progress of an individual
Sub-Project or act as constraints impeding it; how succesful a training
programme is in respect of the number of trained personnel, duration and
quality of the course, how well trained participants in a country can utilize
the knowledge gained and known impacts to industrial technology transfer;
known new industrial investments .in the areas covered by the Sub-Projects; etc.

If, for any reason, you are not able or not in-clined to make comments
on all the Sub-Projects, | should be grateful to have your view atleast on the
Sub=Project(s) or sub-area(s) that your Government serves as a host of the
related activities, e.g. hosting the respective training-demonstration or
providing experts for project development or for designing a pilot plant.

Plan for Regional Training and Certification of NDT Practices

This Plan was formally presented to the representatives of the RCA -
Governments at the RCA-12 Meeting held on 12 October 1983 in Vienna at the
Hofburg. At this meeting, it has been agreed that formal comments and advices
from the Governments on the proposed Plan shall be received by the Agency
not later than 15 April 1984,

On the Agency side, a follow~up action on the proposal was taken as
indicated in DDG Velez's letter RAS/79/061 of. 14 December 1983, which was
addressed to the respective Mission in Vienna of the RCA Member States and with
copies sent direct to the Project national counterparts. Following this action,
| have arranged to have a complete set of draft guidelines and text books on
NDT subjects (4 volumes) sent from Vienna direct to national counterpart insti-
tutions, and you should have received these materials by the end of January 1984.

In the event that you are not the one assigned to evaluate the proposal on
NDT Regional Training and Certification Scheme, | hope that the relevant
materials and our request to receive your Government's views and advices on the
subject matter by 15 April 1984 have already been passed on to a proper competent
body in your country.



In this connection, | would like to know through you how far the
evaluation of our proposal has proceeded. | should also be grateful if you
will give me the name and full address of the competent body that has been
designated to review our proposal and, if possible, a copy of your relevant
communications with this body which | may quote.

| still have in my office a few more sets of the draft guidelines and
training manuals on NDT. Please let me know if youw want another set, or want
it to be forwarded to any other competent body in your country.

| hope | am not asking too much from you.

With best personal regards, | look forward to hear from you again soon.

- Yours sincerely ,

&P fnsom samter .

Sobhak P. Kasemsanta
Project Co-ordinator
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10.

Annex SBA-III/9

INTERIM REPORT ON MID-TERM PROJECT REVIE%/Q[METABLE

Brief interim reports in the form of the final project evaluation
of each sub-project to be sent to Mr. Kasemsanta (SPK) by mid-May
1984 |

Responsibility - NCp's or SBA

SBA members to send separate comments to Mr. Kasemsanta re poten-
tial for programme extension, by mid-May 1984.
Responsibility - SBA

Distribution of collated reports to SBA by early June.
Responsibility - SPK

Discussion at Adelaide Board Meeting
‘ Responsibility - SBA

Amended reports for mid-term project review to be sent to

Mr. Kasemsanta by end of July
‘ Responsibility - NCp's, SBA

Mr. Kasemsanta to draft mid-term project review in collaboraticn
with Mr. Fowler (EEF)

Responsibility - SPK, EEF

Submit to Board by_end of September. ,
Responsibility = SPK

Comments to Mr. Kasemsanta by late October
Responsibility - SBA

Mid-term report to Board by mid-November
Responsibility - SPK

‘Discussion at December Board Meeting, presentation of report

to UNDP by end of year
Responsibility - SBA



Country:

Project Title:

Project No.:

UNITED NATICNS DEVELCOPMENT FROGRAMME

"PROJECT REVISION FORM

Asia and the Pacific

Support for Regional Co-operation in the Industrlal Application
of Isotopes and Radiation Technology
RAS/T9/061/1/01/18

The above project is esmended as indicated to reflect rephasings of
provisions in accordance with present plans for implementation.

The change to the project budget - UNDP input is as follows:

Previous UNDP input - Project budget RAS/T9/061/H 84,255,927

Revised UNDP input - Project budget RAS/T79/061/I $4,255,927

R. Helmke

UNDP input - increase/decrease -

Head, Programme Co-ordination Sectlon

Devartment of Technical Co-operation

Agreed on behalf of the Executing Agency Date

Approved on behalf of UNDP Date
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Appendix 10

1984 RCA Action Plan

(Estimated Costs)
1984 Total Costs

Project Title (Contracts, meetings, etc.)
UNDP Project on Industrial Applications of Isotopes 1)
and Radiation Technology $ 1,621,059
The Use of Induced Mutations for Improvement of Grain
Legume Production 60,000
Food Irradiation 90,0002)
Nuclear Techniques to Improve Domestic Buffalo Production 85,000
Sterilization of Biological Tissue Grafts 30,000
Health-related Environmental Research 4,000
Maintenance of Nuclear Instruments 60,000
Basic Science using Research Reactors 40,0003)
Isotope Applications in Hydrology and Sedimentology 25,000
Semi-dwarf Mutants for Rice Improvement 48,000
Imaging Procedures for Diagnosis of Liver Diseases 60,0004)
Improvement of Cancer Therapy . 230,0005)
Nuclear Techniques for Tropical Parasitic Diseases . 62,500
Development of Tc-99m Generator Systems 35,0006)
Working Group Meeting 4,000
TOTAL $ 2,454,559
1) The project on Industrial Applications of Isotopes and Radiation Technology

2)

3)

4)

5)

6)

is funded by UNDP at a level of US$448,500; by RCA Govermments at a level
of US$1,025,290; and by industries at a level of US$147,2609.

Not yet available. Under negotiation with RCA Governments.

To be funded out of the special contribution of US$50,000 by the Government
of India.

Most of the cost (US$50,000) will be borne by an expected contribution by
the Government of Japan. - '

Part of the cost (US$40,000) will be borne by an expected contribution by the
Government of Japan. This total includes two training courses (US$160,000)
funded by IAEA tehcnical cooperation funds.

Out of the special contribution of US$50,000 by the Government of India,
US$10,000 will be used to fund a training workshop.



i 1985 RCA Cost Projection

Project Title 1985 Total Cost (UsS$)

UNDP Project on Industrial Applications of

2)

3)
4)

3)

6)
n

Isotopes and Radiation Technology 1.316.1561)
The Use of Induced Mutation for Improvement of
Grain Legu@e Production 27,000
Food Ifrad%ation A 90,0002)
Nuclear Ieéhniqﬁes to Improve Domestic
Buffalo Production 73,000
Steriiization of Biological Tissue Grafts 41,000
Health—relgéed Environmental Research 55,000
Nuciear Instrument Maintenance 65,000
‘Basic Science using Research Reactors 27,0003)
Isotope Applications in Hydro}ogy and Sedimentology 12,000
Semi-dwarf Mutants for Rice Improvement 73,000
Improvement of Cancer Therépy 150,0004)
_Imaging Procedures for Diagnosis of Liver Diseases 210,000°)
Nuclear Techniques for Tropical Parasitic Diseases 87,3008}
Development of Tc-99m Generator Systems 100.0007)
Working Group Meeting ' 4,000
TOTAL . 2,331,056
1) The project is funded by UNDP at a level of $436,000; by RCA Govern-

ments at a level of US$734,327; and by industries at a level of
Us$145,829.

Cost expected to be covered by donor countries contributioms.
(Includes cost of one workshop - $50,000).

To be funded by the Indian Govermnment. .

Part of the cost will be borne by an expected contribution by the
Government of Japan. (Includes one training workshop - $80,000).
Part of the cost will be borne by an expected contribution by the
Government of Japan. Includes two training workshops (US*90 000 and
Us$60,000).

Includes one training course (U8$35,000).

Includes one training course (US3$60,000).



Appendix 11

SUMMARY OF PROPOSAL FOR RCA COORDIRATED RESEARCH PROGRAMME
ON IMAGING PROCEDURES FOR DIAGHOSIS OF '
‘ LIVER DISEASES

This proposal was developed in a Comsnltants' Meeting af IAZA
Headquarters on 5 - 6 March attended by Drs. T.A. Iinuma, K. Mamiya, and
Y. Tatemo from Japan, ur. R. HSfer from Vienna, and Drs. R.A. Dudley, M.
Nofal and A. Wegst from the TAEA.

1. Proposad title of programme

Coordinated Research Programme on the Quaantitative Evaluation of
Nuclear Medicina Imaging Procedures for the Diagnosis of Liver Diseases.

€<

2. Summary of nroposal

The programme will provide the framework between lnstwtutes in the
RCA countries for the quantitative evaluation of the reliability of
nuclear medicine imaging procedures for the diagnosis of liver dxsaases
. 2nd for imitiating improvements in these procedures.

3. Scientific background

At auclear medicine units in the RCA countries, patients with liver
disease consitute one of the largest groups referred for in-vivo
radionuclides investigations. The most common procedure carried out on
these patients is the imaging of phagocytic activity of the RES system in
the liver via labelled ‘colloidal particles., The most common objective of
this procedure is the detection aof space-occupying lesions in the liver,
as may result from primary hepatoma, pseudotumour, benign neoplasm,
metastasis, haemorrhage, abscess, cyst, infarct, subphrenic abscess, etec.

At present, radionuclide images of the liver are obtained by two
types of iastruments, rectilinear scznners and garma cameras. In
developed countries, scanners are no longer commonly used; in developing
countries, on the other hand, they remain the only imaging instrument
.available in many units. The optimal choice of imaging method is not the
same in all countries, but depends on local condltlons including type of
instrument, objectives, and local resources.

4, Objectives of the urogramme

The detailed objectives of the programme are: (1) to investigate the
current capability of laboratories to detect simulated lesioms in a
standardized liver phantom, as influenced by the performance of the
instrument and of the physician interpreting the images, (2) to imitiate
measures designed to improve the performance of the instrument and the
reliability of the observer, (3) to investigate the“current diagnostic
reliability of nuclear medicine imaging procedurss to detect
space—occupying lesions in the liver of patients. The overall objective
is to improve the diagnostic e:ﬁlcacy of radionuclide imaging in liver
disease. -

S. Participants

Leading nuclear medicine laboratories with experience in the “
investigation of liver disease in RCA countries will be 1nv1:ed ta
participate under Resaarch Coatracts or Agreements.
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6. Work plan and implications for the future i

The project will be initiated in 1984, and, subject to reevaluation
as it proceeds, is expected to be concluded in 1988.

Prior to imitiation of measurements in the project, all
participating laboratories will be requestad to collect informatior from
laboratories in their countries that perform liver imaging with ;
radionuclides. is will include factual data on the identity of all
such laboratories, the equipment available in each for imaging by
radionuclide or other means and the operational status of the
instruments, the radiopharmaceuticals employed, and the aumber of
patients routinely studied per year with their disease spectrum.

The first phase of the project will be a baseline investigation of
the current capabilities of the participating laboratories in performing
liver imaging and in interpreting images. The Agency will make available
to all laboratories a transmission phaatom simulating a liver with
multiple space cccupying lesions; participating laboratories will record
and interpret images of the phantom and report the results to the Agency
and Japanese co-ordinators, both of whom will then analyze the emsemble
of results. Japanese collaborating laboratories will concurrently
distribute to the participating laboratories sets of images from actual
livers and amalogues of the phantom for appraisal of observers
performance. The liver images, about 100 ir number, will be selected

rom those already available on Japanese patients having diverse liver
diseases and independent confirmation of their status as to space
occupying lesions; the phantom images, only a few in number, will be
prepared on modified versiomns of the foregoing phantom. The laboratories
will interpret these images and report their findings to the Japanese
collaborators for analysis using techniques already applied in Japan.

The second phase of the project, which in time will overlap the
first and. third phases, will stimulate improvements in the performance: of
participating laboratories to record and interpret images if such is
found desirable in the first phase. This will be accomplished in part by
guidance as to quality control of imaging instruments, and may be aided
by a training ‘course.

The details of the third phase of the study will be formulated in
the light of experience from the first 2 phases; in general it will test
performance in a more explicit clinical setting. Present expectations
are that a further set of liver images from actual patients with
independently confirmed status as to space occupying lesiomns will be
collected by the participating laboratories themselves. These will be
circulated as in the first phase for interpretatiomn "blind" by all
laboratories, and the Japanese collaborators will again analyze the
ensemble of reported interpretations in the light of the '"true'" status cf
each liver. This will lead to an assessment of the current ability of
participating laboratories to detect space occupying lesions of the liver
as found in typical cases from the Region. :

Progress in the project will be monitored and plans formulated at
co-ordination meetings convened approximately yearly. The first meeting
should preferably be held in conjunctioa with the Asian and Oceanian
Congress of Nuclear Medicine in Seoul, August 1984.



WORK PLAN

Tnitiative Date Meeting

fork

April-August, 1984

August 1984 : Specialists' meeting
' ' (Seoul) to design
study and make
detailed plans for
first phase.

September 1984 -
August 1985

August 1985 First coordination

Identification of partici=~
pating laboratories, collec-
tion of information on liver
imaging in respective.
countries.

Conduct first phase of study
on phantom and Japanese
liver images.

meeting tc review accom-

plishments, refine
further plans.

2
2

September 1985 -

Autumn 1986

Autumn 1986 Second coordination
meeting.

Autumn 1986 -~ Autumn

1987

Autumn 1987 Third coordination
meeting

1988 - Last coordination

‘ meeting.

Conduct training activities
to improve laboratory per-
formance. Start third phase
of project on collection and
interpretation of images
from participating countries
if found appropriate from
preceding experience..

Proceed with third phase and
further ;raining.

Completion of study

-



PROPOSED SCHEDULE FOR FIRST COORDINATION MEETING
(preferably Seoul, 22-24 August 1984)

First Day ' !

Registration

Welcome

Adoptiocn of agenda

Overview of project: Japanese and IAEA organizers i
Country reports om liver imaging: all participants

Second Day

Completion of country reports
Plans for liver pnancom. TAEA.
Purpose
Measurements and interpretatica
Analysis
Establishment of plans and schedule
Plans for Japanese liver images: Japanese organizers
Summary of completed Japanese project
Requirements for interpretation of images
Analysis
‘Establishment of plans and schedule
Third Day ‘ :
Discussion of methods to up-grade performance
Discussion of third phase
Formulation of questlons whose answers would be most useful to
understand and. improve status of liver imaging
Possibilities for collection of liver images
Possibilities for independently counfirming presence or zbsence
of space occupying lesions : '
Selection of cases
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~- . Appendix 12

Energy from Agricultural and Agroindustrial Residues
Through Use of Radiation and Industrial Microorganisms.

Scientific Background of the Project

Introduction:

It is being increasingly realized that with the present
accassible reserves of coal, gas and oil it will be impossible to
meet the world energy demand by the end of this century. Though
there is some disagreement on when the present reserve of fossil
fuels will decline, but there is no disagreement over the fact that
the decline is enevitable. In anticipation of this fact much
interest has developed recently in the search for alternative
sources of energy. Nuclear energy is obviously a potential alterna=-
tive to meet the energy need and develcpment of nuclear teschnology
is essential to exploit this potential source. On the other hand
biocenergy tachnologies are examples of softeenergy paths which can
go a long way in solving the broblem of energy, feed and food.
Application of nuclear technology in bioconversion strategies will
greatly improve the efficiency of the process.

Biomass resources:

Biomass in the form of cellulose, hemicellulose and lignin
provides a means of collecting and storing solar energy and hence
represents an important energy and material resource. It has been
estimated that about 7.3x1014 pounds of CO2 are fixed on the earth
per year and 6% of this end up as cellulose. Annually available
cellulose 1s little over double the present consumption of fbssil
fuels and the amount can be increased. Less than 1% of the sunlight
falling on this earth is utilized photosynthetically and there is
ample scope for increasing the efficiency. Residues from agricul-
tural and agroindustrial procasses represent a gocd sourca of
biomass (Appendix 1) and because of their present uneconcmic and
inefficient uses, there is gr=at scope for using them for the
development of alternative sources of energy and other useful
chemicals (Appendix 11l).



,? ’t\.‘

2.

201

Before using any biomass resource it is necessary to
convert it into a usable form such as gaseous (methane) or liquid
(ethanol) feed stock that fits into our chemical econcomy.

Steps For Energy Through Bioconversion

Any bioconversion strategy for energy from agricultural
residues has to undergo following stepss

1. Pretreatment

2. Enzyme production

3. Saccharification/hydrolysis
4, Fermentation to ethanol

Pratreatment:

All cellulosic materials (agricultural, agroindustrial,
urban refuse etc.) ares relatively hard to degrade because of their
crystallinity and association with other noncellulosic substanceas.
The objective of pretreatment is to make cellulosic bicmass more
amenable to degradation. Both physical and chemical pratreatment
methods are available. Physical pretreatments include size raduction

'by ball milling, use of gamma ray etc. and chemical pretreatments

2.2.
2.2.1.

involve use of acid, alkali, solvents etc., Which pretreatment

will be suiltable for a process dependson ‘the nature of the subgtrate,
efficiency and cost involved. Pratresatments contribute a major

cost factor to bioconversion of callulosic substancas. Henca pre-
treatment methods have to be optimized to get maximum efficiency
with minimum cost.

Enzyme production

Fungal and bacterial system:

Both fungal and bacterial systems have been exploited for
production of cellulase snzyme required for saccharification of
celluloses. At present Trichoderma is regarded as the best source
of enzymes, However, other fungal sources have been found to have
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great potential. Among bactarial system Cellulomonas, Pseudomonas
etc, are good organisms for degradation of cellulosics. There is
great poténtial for improvement of both fungal and bacterial
system through mutation and selectian.

Microbial cesll/enzyme immobilization:

Recent development in this field is the immobilization of
microbial cells for increased production of enzymes, The same
immobilization method is emploved for stability and thus increasing
activity of enzymes.

Pour methods of immobilization of microbial cells or
enzymes include covalent attachmen$ entrapment (including micro-
encapsulation), adsorption and crosslinking leading to insoluble
aggregates. Of the various procedures, entrapment within a
netwoerk of different gels. is the most widely used method. It has
been reported that T. reesei immobilized on Ceiite produces
good yield of callulase and better specific activity. Similarly
Be=glucosidase from Thermomospora immbbilized on Amberlite anion
and cation exchange resins resulted in better stabilization of
the system.

Saccharification/Hydrolysis

Batch and continuous hydrolysis:

Once a good source of enzyme is obtained, and the production
condition has been optimized, next stap is the development of
appropriate saccharification system. Enzyme/substrates mixing, PH,
temperature and other environmental conditicns have to be optimized.
Most saccharifying enzymes are sensitive to product inhibition so
that reaction slows down with the accumulation of fermentable
sugars. This necassiates proper reactor design to separate the
product foom the reaction mixture. Development of continuous
hydrolysis process requires development of proper systems for
enzyme substrate mixing and product recovery. Research in this line
is very essential for development of the system,
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Hydrolysis by immobilized enzymes:

This has been discussed in section 2.2.2.I1n saccharification,
immobilization may help in releiving feed back inhibition, because
of separation of product from the enzyme. '

Ethamol Permentation

Batch and continuous fermentation using yeast and bacteria:

Once fermentable sugars a:%xggﬁggned from cellulosic
substances, conversion ! to alcohol/tnrough fermentation using the
yeast Sacharomyces cerevisiae. Recent investigations have indicated
that bacterium Zymomonas mobilis can produce alcohol at faster and
higher rate than the yeast and needs to be evaluated for alcchol
production from cellulosic hydrolysaes , Alcohol fermentation can be
done in both batch and continucus way and process strategy depends
on various factors such as yield, ease of operaticn, product
recovery etc. Use of immobilized yeast cells have been reported to
give good yield of alcohol.

Simul taneocus saccharification and fermentation:

Since accumulation of sugars inhibit saccharification,
simul tanecus fermentation of the saccharified sugar would relieve
product inhibition. Inoculation of yeast under proper environmental
conditions in the hydrolysis reactor nmaintaining ascepsis c¢f the
procass can convert sugar into alcochol and simul taneocusly sacchari-
fication can take place. Improved yield of sugar and alcchol has
been reportad using simultanecus saccharification and fermentation.

Direct conversion of callulose to alecohol:

\ Scme microbial species have been reported to be able to
convert callulose into alcohol so that saccharification step can be
a#oided. These include Fusarium, Clostridium, Neurospora etc.
though the yield is not high. However, they represent a potential

biclogical converter to be explored for single step bioconversion of
callulosics to alcochol.
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Research Objectives

In the light of above back ground and scientific
information cited it is submittad that a Bioconversion programme for
to production of energy from agricultural and agroindustrial
residues be undertaken under RCA.

The objectives are:

(1) To assess potential of different locally procduced agricule-
tural and agroindustrial rescurces as raw matarials for conversion
to liquid fuel. Alternative uses' iteo be taken into account for
assessment of comparative benefit,

(i1) To develop an economic pretreatment method for bioconversion

of residues to alcohol fuelse.

Se
6e1s
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(i1i)To develop a good enzyme system for obtaining fermentable
sugars from residues and a good microbial system for conversion
to alcohol.

(iv) To optimize the conversicn prccess comparing different
stratsgies. .

Petailed Work Plan

Davelopment of pretreatment condition:

Development of an economic and efficient pretreatment
method will be attempted for selected agricultural and agroindus-
trial residues so that efficiency of bioconversion is significantly
enhancad, Both physical such as use of st=2am under pressure,
gamma ray etc. and chemical such as use of alkali, acid,sclvent
etc, and also a conbination of both the pretreatments will be
undertaken to find out optimum pretreatment conditione.

Development of high efficiency snzyme system:

Isclatien and selection of high cellulase yielding
mutants of microorganisms. a
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Both fungal and bacterial system will be explored. Mutation
and screening will be undertaken to improve cellulase yield. UV,
gamma ray and NMG will be used as mutagen. Both extracsllular and
introcellular enzyme preparation will be sought using fungal and/
or bacterial system., Recently developed selection techniques will De
used for isolating catabolite repression resistant and end product
inhibition resistant mutants. In addition proper environmental
conditions will be developed for maximum enzyme productivity.
Immobilization of microbial cells will be attempted in the 1light of
information cited in 2.2.2.

Development of saccharification gsystem for fermentable sugars

6e3.1. Batch hydrolysis optimization:

Selectad lignocallulosic substances after proper pretreatment
will be tested for release of fermentable sugars using the callulase
systeme. Hydrolysis condition will be optimized in terms of p
temperature, buffer systems etc. and compariscn will be made with
existing T. reesei system,

6e3e2. Continuous hydrolysis:

6.4

Attempts will be made for continuous hydrolysis to improve
sugar release by relieving feed back inhibition. Recent developments
in the hydrolysis reactor design such as use of semipermeable
membrance, countar current hydrolysis system etc. will be applied for
improving the system.

Development of ethancl fermentation system

6ed4ele Ethanol from fermentable sugars:

Fermentation of hydrolysed sugars of lignocellulosic substances
will be undertaken using appropriate microbial system. Ethanol
fermentation may involve use of the yeast, Saccharomyes cerevisiae
and/or the bacterium Zymomonas mobilis which have been recantly
reportad to give higher yield of alcohol compared to S. cerevisiae.
Fermentation condition will be optimized for efficient conversion

of sugar to alcchol.
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Simul taneous saccharification and farmention:

This will be attempted by including the yeast in the
hydrolysis reactor under proper environmental condition.

Direct fermentation of cellulosic residues to ethanol:

Attempts will be made to find out sultable microbial
system for direct conversion of cellulosics to athanol. Once a gocd
organism is obtained, improvement will be attempted using both
genetic and environmental manipulaion.

Conclusion:

Development of renewable resourcas technology for conversion
of agricultural wastes into useful products will be highly
beneficial particularly for developing countries. Proper: tachnelogy
for conversion of agricultural residues like bagasses, straw or saw
dust into fuel, feed or food involve ocptimization of different
steps in the process. Emphasis on different aspects mentiocned in
the work plan will vary and will be determined in the light of
various develocpments during the course of work. However, development
of the technology will need a coheresnt progress in differeht
aspects.,

Literature Citing Recent Developments:

1. Biomass refining Newslettar (Fuel from Biomass) No. 1, 1979;
No. 13, 1981,
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Saccharification. Biotech. lett. 3, 493=496,
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APPENDIX 1

SOME POTENTIAL AGRICULTURAL AND AGRC~INDUSTRIAL CELLULCSIC RESIDUES

Crop Bz-croducts

Rice Straw, wheat straw, maize stalk, Castor
stem, Tapioca st=m, banana stem, coconut stem,
Cotton stick, Corn cobs, bamboo dust.

Agro-industrial

Rice-milling industry Rice husk, rice bran

Sugar industry Bagasse, molasses, pressmud

Cotton gining industry Cotton linters, cotton seed hull, cotton gin
waste

Jute industry Jute sticks, jute mill waste

Saw mill industry Sawdust

Coconut industry Coconut husk, shell and pith



[LIGNOCELLULOSE[

CELLULOSE ~ HEMICELLULOSE LIGNIN

|

. ENZYME/ Acip/ HYDROLYSIS

. AcID ENZYME HYDROGENATION

. HYDROLYSIS HYDROLYSIS PYROLYSIS

|
|
!

v )

v
GLUCOSE XYLOSE FUEL OF HIGH

| HEATING VALUE,
| PHENOL, PHENOLIC

Y v

SCP SCP PLASTICS,

ETHANOL BUTANE 2,3-DIOL VANILLIN

CHEMICALS FURFURAL DEMETHYL SULFIDE
ANTIBIOTICS XyLiToL DIMETHYL SULFONIDE
FRUCTOSE ETHANOL METHYL MERCAPTAN
ENZYMES LIGNIN SULFONATES

APPENDIX 11 : SOME PRODUCTS DERIVABLE FROM LIGNCCELLULCSE



Appendix 13

BASIC SCIZNCE FOR ADVANCED REACTORS

C.V. SUNDARAM *

INTROOUCTICN

THE importance of basic science has been strikingly
illustrated in the case of the uranium fissicn reaction
discoverad in 1939, and the consequent developments in entirely
new fields of science and technology relating to the hamessing
of nuclear energy. The enormous impact that this one scienti-
fic discovery has made on the world scene is now part of modern
history. It is however interesting to recall that the discovery
of nuclear fiassion was in fact a consequence of the experiments
by Fermi and his collaborators in an attempt to build up elements
heavier than uranium by neutron bombardment of uranium., On the
other hand, had scientists deliberately set cutto increase the
energy output of fossil fired power stations or the yield of the
chemical explosives of the day, it is not likely that they would

have Deon working with uranium and neutrons,

~Ch account of the practical significance of the phenomena
of nuclear fission and the self-suatained chain reaction, there
has been no dearth of financial and other support to 2ll aspects
of its exploitation; atomic energy programmes have mede rapid
progress in many countries., However, even transcending the
practical application of tﬁe fission reaction far generation of
nuclear power, is the associated progress in pursly scientific

fields, Special mention may be made of the developments in neutron

* Director, Reactor Research Centre, Kalpakkem: 603 102 (TN)

Lecture presented at thes 6th IAEA RCA Working Group Meeting, RRC,
Kalpakkam, March 21, 1984



physics, the interaction of neutrons with matter leading to
understanding of the structurs of mattsr, radiation damage and
defect solid state, chemistry and metallurgy of new materials,
and applications of radio-isotopes and radiation in agriculture

and medicine.

Basic science has played an important role in the deve=
lopment of fissiﬁn reactor technology and will continue to play
such a role for advanced fission reactors likes the Fast Breeder
éeacto: (FBR). Physics has provided the nuclear data and the
basis for reactor concepts. Studies in chemistry, matesrizals
science and metallurgy have contributed to the desvelopment of
special reactor materials and an understanding of materials behaviour
in reactor environment, Biology has helped to set standards of
radiation safety. Engineering sciences have translated the reactor

concepts into reality.

Following ﬁhe successful demonstration and commercial
operation of thermal reactors, the stage is now being reached for
the establishment of Fast Breeder Reactors for sustaining nuclear
power prugrammes during the next century. Compared to a thermal
reactor system, a fast breeder reactor system improves the energy

utilisation of natural uranium by a factor of about 60,

2. THE REACTOR RESEARCH CENTRE FOR FAST BREEDER R & O

In order to efficiently utilise the nuclear reserves in
India snd to sustain a power gensration capacity in tune with the
needs for the 21st century, it is essential to develoﬁ fast breeder
reactors. The crucial step towards meeting this requirement was

taken in setting up the Reactor Research Centre (RRC) at Kalpaskkam,



in the early seventies, with the prime objective of indigenous
development of the sophisticated technology of plutonium-—fuelled
Liguid Metal cooled Fa;t Breeder Reactors {LMFBR). The challenge
of proving the engineering feasibility of the LMFBR under Indien
conditions was taken up by deciding to construct the 40 MWt Fast
Breecder Test Reactor (FBTR) which is now nearing completion at

RRC. Simulteneously, laboratories end facilities have been
established at RRC for Research & Development programmes in Reactor
Engineering and Sodium Technology; Physics and Instrumentation;
Metallurgy, Materials Ozvelopment, and Post=Irradiation Examina-

tion; Chemistry & Radiochemistry; Reprocessing & Safety Research.

Basically, an LMFBR has a core made up of small diameter
{ € 1 em) stainless steel pins, grouped into subass;mblies and
supported vertically on a grid plate in a reactor vessel contain-
.ing liquid sodium. The pins, containing the mixed Pu and U ceramic
fuel, ars arrenged in a tightly controlled geomestry with an inter-
pin spacing of only 1 to 2 mm, and are required from economic
considerations to withstand very high fast neutrcﬁ flux and fluence
levels (1015 to 1016 n/cm2 - saec; Al1023 n/cmz) and to generate
fission heat at high power densities of 300 to 500 k¥/l1. 'Primery’
sodium at temperatures of 350 to SSDOC is circulated by sodium
pumps at high velocity through the co:e(a few metres per second)
to extract the heat which is transferred through intermediate heat

exchangars to non-radiocactive 'secondary' sodium, which in tum

flows through sodium-heated steam generators to produce steam,

The choice of the LMFBR system to meet the energy requirementa

. of India in the future has far reaching implications on the relevent



R & D'efforts. In addition to the sophisticated engineering
development work reguired for the design and fabrication of the
reactor components, mect;anisms and instrumentation, it is clear
that thers has to be considerable basic research to ensure and
sustain the success of such a venture. Of particular importance

will b= research in :

a) Metallurgy and physics of fuel and structural materials,
and their behaviour under extreme conditions of stress,

temperaturs, fast neutron irradiation and sodium envircnment.

b) Fabrication and process metallurgy of mixed Pu and U ceramic
'fUEl.
c) Chemistry of the irradiated fuel and the sodium coclant,

and their interactions with stainless steel.

d) Process chemistry for the reprocessing of mixed oxide and
mixed carbide fusl with high concentration of plutonium,

fission products and trans-plutonium elements,

e) Reactor physics, dynamics and safety of sodium=cooled, mixed
Pu and U ceramic fuelled fast reactor core under normal and

abnormal conditions of operation.

-

While FBTR has been the focal point for the research activi-
ties at RRC in the past decade, the emphasis will progressively
shift to the 500 MWe Prototype Fast Breeder Regctcr (PFBR) ta be
designed and constructed over the next decade and half, The sequel
illustrates the importance and scope for basic research in this

context,.



J. FAST REACTOR PHYSICS

Reactor Physics studies are essential for:

- establishing the scientific feasibility of any reactor
concept;

- providing the information necessary for the engineering
design and the safety analysis of a reactor;

- providing the information necessary for the safe operation
of a reactor and following its properties as a function of
time,

Reactor physics calculations require a knowledge of the
eneryy variation of the neutron interaction cross-sections of many
isotopes to a depth of detail and accuracy not always available in
practice., Further, it is required to solve ths mathematically
-ccmplex neutron transpaort squation involving seven independent
variables, which is not always possible for realistic reactor
geometries. Hence the calculations need the support of measurements

on experimental facilities,

Fast reactor physics has played a very important role in
establishing the scientific feasibility of the breeder reactor. The
first generaticn metallic fuelled small sized fast reactors had a
hard spectrum with few neutrons in the rescnance cross-section
enargy range. Caiculatians for such reactors could be made using
a'universal’ multigroup set of constants. The early emphasis in
fast reactor physics studies was on the breeding ratie, feedback

reactivity coefficients and core dynamic stability. With the

shift to larger sized oxide fuelled reactors the rescnance energy



range assumed importance. This caused fast r=actor physics

to become very complicated with the need to consider the fission
and capture recction. resonances of plutct;ium, uranium and
structural materials as well as the scattzring rescnances of
sodium, and the interaction between them. The old idea of a
single, universal set of group constants for fast reactors uas
given up, and extensive, detailed computer programmes were
developed for preparing a set of group constants for each
particular reactor case taking into account the temperature
dependant self=-shielding effects of the energy and spatial fine

structures,

The fuel expansion coefficient in oxide fuelled reactors
is unreliable and the Doppler coefficient assumes importance. The
theory for the accurate calculation of this coefficient has been
developed over the years. Basic nuclear physics research is
involved in obtaining the resonance parameters for the unresolved
and resolved resonance regions for the fissile and fertile isctopes.
Extensive measurements of the Doppler worth of samples in critical
facilities has been mede and special theoretical methods developed

for the interpretation of the results,

The gther challenge in fast reactor physics is the under=
standing and calculation of the sodium void reactivity effect. The
thenretical and experimental investigation of this effect tummed
out to be difficult and refined methods of calculation had tso be
developed., A l;rge number ﬁf measurements in critical facilities

coupled with detailed numerical analysis have made the current



situation for the calculation of this effect somewhat satis-

factory, at least for the whole core void effect,

Contemparary effort in fast reactor physics has been
towards providing as accurate as possihle values for the design

and safety parameters of large commercial sized LMFBRs,

The work at RRC has been directed towards the generation
of a reliable fast reactor physics design capability. For the
development of such a capability, programmes have been organised

in the following three areas:

- nuclear data evaluation, testing and processing

- reactor theory and design

=~ analysis of experiments toc provide the feedback necessary
for the testing and calibration of the nuclear data and

the computational methods.

In the area of nuclear data, work is being pursued in the
preparation and processing of 'point' neutron cross-section data
end fission product data libraries. Numerical experimentaticn
is required to establish the efficiency énd abcuracy of altemate
processing procedures., Alsc of importance is the study of‘errors
in the basic data and the sensitivity of reactor integral parameters

to these uncertainties,

To perform the sophisticated calculations needsd to accurately
obtain the physics and safety parameters of an LMFBR requires a
comprehensive system of accurate and efficient computer codes based

on different theoretical approaches and approximations, e.g. diffusion



theory, transport theory, collisicn probability methods,

Monte Carlo, perturbation theory, etc. Continuous development
work is necessary to develop more efficient and accurate numerical
methods and approaches in order to be able to faithfully model

the actual core and shield geometries. This becomes especially
important for the efforts towards the design of PFBR on account

of the lack of critical facility,

To validate the calculational methods and to establish
the uncertainty toleresnces, it is necessary,to analyse on a
continuihg basis,experiments performed elsewhere. For PFER
shield>design validation, an experimental programme of neutron
attenuation and streaming measurements for variocus shield materials

and geometries is planned in the immediate future,

4, FUEL DEVELOPMENT FCR FAST BREEDER REACTOR

The Tirst e€xperimental Liquid metal cooled fast breeder
reactors had used metallic fuel. The bumm-up achievahle with
metallic fuels was however limited on account of dimensional
instability, fuel swelling and fuel eladding métallurgical inter—
action. Emphasis on high bumup (100,000 Mwd/tonne) and high
linear power (400 W/ om) capability fuels in liquid sodium
operating temperatures of interest (350 - SSDOC) necessitated
the development of improved fuels and clad materials, The choice
availahle in 1960s was the oxide fuel based on the rich experience
available in all aspects of fuel cycle with oxide fuzls in thermal
reactors. The choice of cladding material was modified AISI 316

(20 % cold worked) due toc its good sodium compatibility, suitable



mechanical properties and acceptable irradiation induced change
in physical and mechanical preperties. Research and development
on mixed oxide fuels have, over the years, resulted in optimum
specifications for mixed oxide fuels and cladding materials., The
advances in reprocessing of high bumup oxide fuel have closed
the fuel cycle effectively. Irradiation performance results
available on oxide fuels have shoun that failure rates in fast
breeder reactors are below 1 %, Mixed oxide fuels of present

day specifications can achieve bumup of 12 & far exceeding the
cptimum limit, Such a remarkable behaviour is attributad to the
absence of pellet clad interaction stresses which in the case of
thermal reactor fuels contribute to failure. Higher temperature
and enhanced creep in the fuel and the restraining influence of the
strong clad ars factors responsible for the low failure rates of

fuel pins in fast breeder reactaors,

Progress in the area of fuel development is important for
fast breeder reactor programmes, to develop advaenced fuels which
will provide an increased burnup capability, higher specific pouer
capability, lower fuel cycle cost and lower doubling time., Among
the more advanced fuels, mixed carbide fuels are the mgost promise
ing. Even tholgh nitride fuel has shown good irradiation performance,
the doubling time is likely to be higher for the nitride as compared
with carbide, It has been decided %o use. plutenium=rich carbide
fuel for the Fast Brezeder Test Reactor. Experience gained in FBTR
in various aspects of fuel cycle using carbide fuel would be valuahble

in defining the choice of fuel for PFBR.



Fabrication of Pu-rich carbide fuel (Pu 86,5, U 28,5, C 5.3 %)

Plutonium=rich mixed carbide fuel pellets with claose control
on purity, density, oxygen and nitrogen cecntent, and dimensional
accuracy are fabricated by carbothermic route, Fig.1 shous
the details of the flowsheet developed at Trombay. Ouring the
carbothemmic redu;ticn of the UD2 - Pu02 mechanical mixtures,
these actinide oxides react independently since the inter-diffusion
of UOZ - Puﬂz is too slow in the temperature renge 1400 = 1600°%¢
to allow any rapid formation of a (U, Pu)Oz solid solution, The
upper limits of carbothermic reduction temperaturs ars fixed in
such a way that no liquid phase formation takes place and plutonium
- wolatilisation is minimum. Studies m Trombay have revealed that
it is not possible to prepare relatively oxygen=free plutonium-rich
.mixed carbide fuel by a single step direct carbothermic reduction
of oxides without incurripg substantial plutonium wvolatilisation
losses. The fumace temperature and carbon monoxide partial pressure
during earbothemic reduction have been optimised Sy striking a
balance between the oxygen content in the carbide end product, the
plutonium losses by volatilisation and the reaction rate., The
meximum temperature for the synthesis of mixed carbide fuel is
accordingly res-tricted to 1500°C and 1TDU°C respectively for carbo-
thermic reductions in vecuum and in flowing argen. Thermodynamic
data for U-C-0, U-C-N-0, U-C- Pu~C-0, Pu-C-N=0 and Pu=C systems
have been used as guidelines to optimise fabrication parameters for

preparation af (Pu, U}C powders and pellets,

Basic science contributes in a major way to fuel development.

Phase diagrams, thermodynamics and kinetic data, surface rsactions



data, correlation of microstructures with physical and mechanical
properties, analytical technigues and modelling for fuel per-
formance are used extenéively to develop the fuel and close the
fuel cycle effectively on cost~-effective basis. Ffuzsl development
programme recuires generation of data (nuclear, thermodynamic,
physical, chemical, metallurgical, etc.,), developmznt of analytical
techniques and engineering experience with respect to the various

aspects of the fuel cycle,

Se METALLURGY AND MATERIALS SCIENCE

8561 Areas of basic ressarch for advanced resctors

The viability of any advanced reactor concept as a safe
and economical energy system depends on the choices of materials.
The materials must perfomm satisfactorily despite severs environe
mental conditions to which the various compenents are subjected.
Table I gives a comparison of these conditions for variocus reactor
systems. To ensure this high level of material performance acver
long periods one has to rely on short-term laboratory tasts and
techniques dealing on the one hand with materials development and
characterisation, and on the other uith evaluation and mcnitoring.
The latter is important starting from manufacturing process control,
product acceptance and assessment qf proper piant assembly, to
in-service inspection and continuous monitoring tc assure that
material components maintain the desired integrity during reactor

operation,

Te support such a programme, basic research activities fall

into three broad groups: {i) materials characterisation, (ii) non-



destructive svaluation (NDE)} and {iii} materials testing and

processing.

Basic research in materials characterisaticn has played
a8 very importent role in reactor development. An ovérall
perspective can be obtained from Table II , wherz scme of the
research areas are indicated in relation to the technological
applicaticns, The specific areas depend upon the reactor system
but broadly fall into the Folloging categories: (i) mechanical
bahaviour, (ii) radiation effects, and (iii) chemical and
corrosion behaviour. With increasing importance of safety and
environmental factors, most pressing problems of research are
associated with defommaticn and fracture of materials; the study
of tensile properties, creep and fatigue being the most relevant,
Though a fair understanding has been achieved in this area in
relating behaviour with stzucture, interdependemnce effects like
creep=fatigue interaction with the added influence of the environ-
ment need extensive research for the design of alloys for superior
and dependable performance. Ffracture mechanics has also now
develope¢ as an important area in basic research, though still
highly idealised for application to complex technological materials.
The main developments in . {racture mechanics have
been oriented towards attempts to characterise the elastic plastic
fracture toughness, correlation of fracture toughness parameters with
crack growth in creep, Tatigue and mixed loading conditions. An
important area is the life predictien or the determination of failure
conditions for complex structures, and simple toughness evaluation
tests for quality control. Another arsa which has nct attracted

thz kind of attention it deserves, is probabilistic fracturs mechanics,



since distribution in toughness values and interacting cracks

in a spectrum of load and temperature cycles are realities.

Radiation introduces an important parametar since due to
damage, one introduces additional defects which influence the
structure-sensitive mechanical properties, In many cases, irradia-
tion leads to phenomena. which are not encountered in normal thzrmo-
méchanical treatments, like irradiation enhanced creep, void
swelling, production of new phases, segregation and precipitation
effects, Also effects like heliuﬁ embrittlement in fast reactors
{and erosion in fusion reactors) are direct conseguences of
radiation damage, The study o%‘all these properties in radiation
environments has gained special significance and created the need
for understanding the basic radiation damage processes. Basic
research in these areas naturally requires good radiation scurces
such as material testing fast flux reactors and accelerators.

Table IZ” cutlines the scope of such facilities. As an example,
Table IV shows how basic research in void swelling has led to new
engineering materials (with low propensity to swelling) which are

finding applications in advenced fast reactar systems.

Another area of considerable concern where basic research
is important fo; advanced reactors is corrosion. 0Oue to tﬁe high
temperature gradients encountered and the‘non-aqueous mediums in
which the structures have to operate, mass transfer of selected
elements takes place. Structures most commonly affected are the

fuel cladding, reactor piping and heat exchanger surfaces. In

sodium~cooled fast reactor systems, where stainless steels are



usually employed as core structural materials, the mass transfer
characteristics in sodium of carbon end nitrogen are particularly
important since these influences the mechanical properties. Self-
welding between contacting metal surfaces in sodium, cavitation
damége, compatibility of sodium with mixed oxide and carbide

fuel materials and sodium effects on shielding and neutron absorbers,
brazing alloy and bearing materials ars some of the other important
areas. Laboratory research programmes to study diffusicn in =
;evere temperature gradient, carbon and Cr diffusion in Fe-Ni-Cr
alloys and grain boundary penetration by alkali oxides have alse
made valuable contributions. Aqueocus corrosion due to high tempera—
ture oxidation in steam affects the integrity of steam generator
tubes. Steam generstors and fuel cladding in water cooled reactors
are susceptible to significant pitting crevice attack. Condenser,
steam generator and turbines are subjected to ercsion-;orrosion
damage. Stress corrosicn and hydrogen embrittlement effects

occur in turbines, steam generators, condensers and nuclear compe-

nents like pressure tubes in water reactor systems.

The scope for NDE in materials reseérch.includes the
traditional methods of detection and analysis of flaus using ultra=-
sonic, electro;agnetic and radiography techniques and non-traditicnal
techniques like acoustic emission and laser holography. High
priority has to be placed on basic research to improve the understand-
ing of the interaction of the probing energy radiation with different
charecteristics of defects,like the developments in signal process-

ing and imaging technigues. There is also need to develop better



- 15 0

NDE techniques for ceramics and brittle materials,

Ancther area of high priority is the development of
surface sensitive chemical and phase analysis instzumentation,
since corrosion, embrittlement, chemical segregation, coating
degradation, concrete curing and sealing are some of the often
encountered problems in reactor systems, These require quanti-
tative chemical é‘sd phase information about the surface,
the bulk material and the effect of chemical gradients t.hmugh

layers, Available non-destructive techniques are still inadequate

for.such analysis.

0f all the methods of materials processing, welding is
one of the most widely used in advanced reactor systems; yet
from a fundamental point of view, it remains one,of the least
understood. Thersfore, welding and weld micmstruétures of
austenite stainless steels have been a subject of considerable
study. Depending on the composition, the 300 series alloys
solidify either as primary ferrite or austenite. When one E.on-
siders the eutectic trough in the temary diagram, Cr rich side
of the eutectic liguid solidifies as primary dendrite. The
solidification process is associated with non-uniform compositicn
in the microsc;pic scale, This has a far reaching effect in the
subsequent elevated temperature treatment (such as high tempera-
ture application, pcst weld treatment, etc), and leads to possi-
bilities of fomation of stable phases like the sigma, chi, u and
other carbides, often with deleterious consequence. It was re=-

cognised early in the welding of stainless steel that some amount of



retained ferrite is beneficial espscially in preventing

the tendency to hot cracking., The exact mechanism by which
thi$ is achieved is still an unresclved subjecé. One expla~
nation offered is the scavenging acticn of the ferrite phase
for the deleterious elements like P. Anather is the retention
of these elements in favourable locations as e.g. grain edges
rather than grain faces by alterstion of the interfacial
energies., Hence, for engineering use, an accspted level of
ferrite was specifiesd and successful welds were achiesved, On
the other hand, thermal instability of the ferrite phase and
the associated solute segregation effects lead to problems

of embrittlement, and degradation due to corrosion, thus plac-
ing an upper limit on allowable ferrite in practice. In this
context, a need was felt for an zbsolute method of estimating
ferrite in the weld so that technologically feasible methods
could be standardised by comparison. A systematic study of the
electrochemical nature of the austenite, ferrite and other
pﬁases in the stainless steesl was undertaken which led to a
guantitative estimation method comprising of an electroéhemical '

and chemical separation procedure.

Based-on the sxperience gained in using conventional
welding methods, two gther areas of advanced joining technigues
require development, One is the joining of heavier secticns,
perhaps using methods like electron beam welding, The second
involves joining of difficult-to-weld materials like ceramics,

refractory materials and composites.



5,2 Typical Examples from Metallurgical Investigations

In the previous section, areas of basic research relevant
to reactor systems have been indicated. In this section, some
typical examples will be given from various fields, covering

the scope of activities discusssd earlier,

Irradiation Effects

Nickel=based alloys are possible structural materials
in fast reactors, Two alloys, PE 16 and Nimonic 90, strengthened
by precipitation reactioﬁs, have goodswelling cheracteristics.
These alloys are however susceptable to He embrittlement due to
the high Ni concentrations, Thermomechanical treatments have
been developed for PE 16 to produce uniform distribution aof gland
fine equiaxed TiC precipitates., It is expected that such a
distribution of the carbide phase would improve the pgst-irradiation
ductility due to trapping of He by carbides., Fig. 2 shows the |
effect of irradiation on precipitates in Nimonic 90 when the
precipitates have been broken, The irradiation was done 'using
low energy He ions (100 KeV) to a dose of 3 x 1017 He / cmz. Such
low energy beams are unsuitable for producing samples for mechanical
testing., Simulation studies cen however be carried out by implant-
ing He at higher energies ( ~v 35 MeV) uniformly in 200 um thick
samples that are suitable for machanical testing. Such metallurgical
investigations have been initiated in recent years, and can be
very effectively employed to study effects like He frapping by carbides

in stainless steels, Irrasdiation creep data can be obtained from



both reactors and cyclotrons and compared. Metallurgical
investigations of this nature are of recent crigin and would
prove extremely useful for screening and testing of materials.
Simulation of void swelling has proved extremgly successful in
alloy screening and detailed theoretical models have led ts the
understanding of the differences between reactor data and simula-
tion data obtained from HVEM and accelerator studies., Such
simulation studies are now extended to more complex situations of
swelling where applied stress end irradiation creep occur simul=-
taneously. Alloying elements in stainless steels have proved

to be one of thg important ways of controlling swelling., Another
important metallurgical parameter is the ductility and impact
toughness under irradiation. The nil ductility transition tempera-
ture NOTT of any material should remain nearly AUO C below the
operating temperature of.the companent. The variation of NOTT
with irradiation dose and methods of overcoming the delsterious

consequences is an important area of study (Fizg.3).

Structure - Property Correlation

The importance of structure-property correlation will be
illustrated by using one structural entity, viz. grain boundaxry.
A large volumé of basic research has gone in describing the grain
boundaries from which follow many of their pfoperties like maobility,
diffusion behaviour, etc. The change in tensile ductility as a
function of grain size csn be clearly linked to the famous Hall-Petch
relation, The influence extends to high tempergtures where creep

is a dominant phenomeron, A recent creep study in 316 SS recognises



the fact that a relatively lower teﬁperature g.b contribu-

tion to creep strength is significant, At higher temperatures,
this contribution was absent. Detailed substructural studies
were used to explain the difference in behaviour. Such an
understanding helped in choosing the right thermomechanicsl

treatment for the clad tubes from among various possibilities.

Another effect of grain boundaries is in governing the
corrosion behaviour. For example, heat treatment in the
?ange of 500-550" renders most stainless steels 'sensitized’
with Cr rich carbides forming at the grain boundaries, This is
usually associated with a depletion of Cr in the adjoining
region and renders the material susceptible to a localised corro-
sion attack. A phenomenon such as this places severe restriction on

the fabrication methods and acceptable conditions of use of materials.

In a recent study at RRC, it has been shown that grain
boundaries pla& an active role in determining the low cycle fatigue
strength aof stainless stéels. Similar to tensile strength, lower-
ing of grain size increases fatigue strength. Every effort is

being made to understand the underlying mechanisms in this case,

There are other structural entities that have strong
influence on properties,(e.g. dislocation and dislocation sub-
structure, second phase particle;) and continued research is on
to explain the interplay of structure and properties as comprehensi-
vely as possible, An example worth menticning in this regazd is
a recent study on the crevice corrosion attack on stainless steel
where the influence of various microstructural variables including

texture were examined in detail.
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6o CHEMISTRY, RADIQCHEMISTRY AND FUEL REPROCESSING

6o1 Fuel Chemistry

Studies on the chemistry of fuels are aimed at working
out specifications for a fuel eslement which has high power
rating and can withstand high bum-up with minimum fuel-clad

chemical interactions.

Thermodynamic parameters and phase relationships in
fuel materials have to be studied in great detail to specify
fuel composition. The fuel behaviour is complicated by the
presence of fission products which are formed during irradiation
of the fuel. New compounds are formmed which affect the fuel clad
interaction and can give problems during dissoluticn. In the
case of carbides, the fission products pase additional problems
in that there is a lot of uncertainties in the fraction of carbon
thet will be tied up by fissicn products., 3ecause of this, the
initial C/M ratioc of the fuel is specified based cn assumptions
of chemical states of fission products, The oxygen and nitrogen
impurities in carbide fuels also affect the fuel behaviour and,
thergfore, understanding the effect of these impurities is eésential

to arrive at gpecification limits,

Thus, a good deal of thermodynamic information has to be
generated to understand and predict the behaviour of fuel during
irradiation, This is true, particularly, in the case of advanced
fuels whers very little information is available., Even for mixed

oxides, many gaps are still to be filled.



Under the influence of temperature gradient,elements
constituting the fuel and fission products redistribute., Both
solid state as well as ;apaur phase transport processes are
responsible for migration. Data on vapour pressures, diffusicn
parameteré and thermodynamic quantities are necessary to develop
a suitable model for predicting the extent of redistribution.

The model has to be calibrated against experimental data, first

from cut-of-pile studies and later from post-irradiation examina=
tion., Such studies on chemical transport will bhelp in assessing
the extent nf plutonium segregation in the centre, the pcssibility

of fuel=-clad chemical interactions, etec,

The most important factors deciding the linear power
rating are ti‘aarmal conductivity and melting point of the fuel.
Thermal conductivity data have to be generated as a functicn of
plutonium ccncentration, impurity levels, stoichiometry, porosity and

burmup.

The above studies concern the chemical behaviour of the fuel
under normal operating conditions. However, to predict the behaviour
in accident situations, some of the studies have to be extended to
very high temperatures., The futurs programme in chemistry thus

includes development of models as well as the experimental facilities

required for such studies,

§.2 Coolant Chemistry

Chemistry of the sodium cocolant is another important area
of research in our fast reactor development programme. The aspects

of sodium chemistry that need detailed investigation are : i) behavicur
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and chemical state of impurities in sodium, (ii} chemical
interaction between sodium and clad as well as scdium and fuel,

and (iii) trensport of radionuclides in sodium circuits,

txihi.la pure sodium is an excellent coclant, impurities
present in sodium even in ppm levsls can affect reactor life
and ope:aticmai safety. A thorough understanding of the behaviocur
of impurities is thus essential. Chemical characterization of
the coclant should be carried out before charging and during
reactor operation, This necessitates development of methods
for accura;k-e chemical analysis of the coolant as well as continuous
monitoring. The monitors for impurities such as carbon, oxygen
and hydrogen have been develaoped in this laboratory and are being
tested in sodium loops. These monitors will help in detecting
air, 0il and steam leaks into sodium circuits. Studies with carbon
meter will further help m establishing the kinetics and the species
responsible for carburization and decarburizaticn phenomena in

sodium -stainless steel systems.

In the primary sodium cj.rcuit, radionuclides arising from
activated structural meterials and failed fuel pins are transported
to different regicns affecting the operational safety. Monitoring
of these nuclides will help in detecting fuel pin failures. An
understanding of the basic processes involved in radionuclide

transport will be of use in devising meens of minimising it.

Cperation of the reactor with a failed fuel pin neceasitates
a clear understanding of the interaction between fuel and coolant.

Interaction between clad and omolant in thm presence of diasol\)ed



impuzities, especially oxygen and carbon, is a problem unique
to fast reactors and can result in the formation of compounds
such as NeCrDz. Basic thermodynamic data necessarzy for
understanding fuel-coolant and clad-coolant interactions ares
being generated. Studies on compounds such as Naéroz and N03004
have been taken up. The data on such compounds will help us
arrive at threshold oxygen concentraticn in sodium for the

interactions,

6.3 Fuel Reprocessing

For the success of the breeder reactor system using
advenced fuel, it is vital to sstablish schemes to reprocess
fuel and blanket with high efficiency and short cycle time and
thus close the fuel cycle. Fuels discharged from these reactors
have characteristics different from those of thermal reactors
mainly because of their high Pu content, high bumup level and
chemical composition. Hence, dirsct application of the popular
pursx process, used Tor reprocessing of fuel from thermal reactors
adopting chemical processes such as direct dissolution of fuel
in nitric acid and solvent extraction processes with 30% TBP for
recovery and purification of Pu and U, meets with severs constraints.
Thus RD studg.es have been initiated in several areas of process

chemistry related to FBR fuel repmrocessing.

Sodium associated with the fuel can lead to an explosive
reaction and a process to deactivate sodium with argon, steam
mixture is being studied. Mixed carbide fuels of Pu and U,

particularly with high Pu content, have not so far been reprocessed
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even on a pilot plant scale. Direct dissolution of this

fuel in nitric acid yields brown orgenic species, mastly oxalic
and meletic acid. These organic species have to be destroyed

to prevent severe emulsification and lo#s of heavy metals

because of complexing with these acids during solvent éktraction.
Electrolytic oxidation of these =scids during soclvent extracticn
appears to be promising. Pyrohydrolysis of carbide to their
oxide with argon, steam mixture at 700 to 750°C and dirsct
oxidation of carbide to their oxides are also in an expe#imental
stage as alternate processes, Radioactive iodine axisting as
different chemical species in the off gas streams have to be
contained end prevented from relesase to the environment, This
has necessitated study of processes such as scrubbing using
mercuric nitrate or concentrated nitric acid, absorpticn on mole-
culesr sieves and silver impregnated solid absorbants. High Py
content warrants studies in the sclvent extraction process using
TBP. Thase include collection of relevant data related to solvent
extraction equilibrium in U=Pu nitric acid=-TBP system, study of
phenomena of formation of Pu-rich third-phase (than can impair
the stability of operation} and to choose a process condition to
avoid them, _ High Pu content needs processes like eslecirolytic
reduction of Pu alternmate to the current processes using chemical
reductants such as ferrous sulphamate and urenium nitrate for

separation of U and Pu to avoid high salt content,

High fission product content in the process solution poses
a threat of radiation damage to the solvent during solvent

extraction lesding to its degradation to harmful products which



compiex Pu and lead to its loss. Efficient technigues

to wash these degradation products of the soclvents are also
being developed. In additicn, search for aliernate solvents
that have betier radiation resistance and less probability for
formation of Pu rich third phase is being pursued. Soclvents
such as trihexyl phosphate, dismine, hold promise for the future,.
Use of chemical poisons such as salts of gadolinium and boren

is to be studied for use as scluhle poison to avoid conditions
of nuclear criticality in aress where protecticn cennoct te

of fered by eversafe geometry or concsntration.

Nen-aqueous methods of reprocessing fuels are attractive
‘fram the point of view of reducing the number of process steps,
avoiding the problem of radiation damage to solvent, possibility
of reduction of fuel cycle time, and reduction in waste wolume.
Some of the processes are being pursued as future alternatives to

the present modified purex process,

Te PHYSICS OF LMFBR SAFETY

The safety of a fast reactor is ensured at three different

levels:

a) the design and construction of an inherently safe

system;

b) incorporation of diverse and redundant protection systems

to act in the event of off-normal events;

c)} design and construction of the reactor vessel eand
containment building such that a hypothetical accident,
occuring in spite of the first and second level safety

measures, causes no hazard to the public or environment,
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Considerable physics effurt is required in designing
an inherently stable reacicr end in. estimating the severity
of hypothetical accidents. The dynamic stability of a fast
reactor core is govemed by the prompt neutron lifetime, the
delayed neutron parameters and reactivity feedback coefficients
associated with the Doppler effect and expansion of sodium
and structural materials. Accurate evaluation of these dynamics
parameters is important and depends on the basic nuclear and
themmal data as well as realistic heat traﬁsfer modalling of

the core subassemblies and structures,

The =arly fast rzactors were small end it/was possible
to build strong enough vessels and containment buildings to
withstand all postulated accidents and contain the reactivity.
For the larger reactors, it is important to re-assess this questicn
and study the accident sequence in detail. This requires investi-
gation of the precise nature and sequence of the various phenomena

. . s . / 3
occurring in the reactor during an accident \Flg.4).

It is convenient to consider the accident sequence in three
different phases - pre-disassembly, disassembly and mechanical

work = as the physical phenomena invelved are different.

The pre-disassembly phase invclvzes the study of core
neutron kinetic, mechanical and thermal behavicur upto the point
of loss of subassembly geometry. Pheoomena needed to be ccnsidered
are hydraulic transients, sodium boiling, fuel pin failure mechanies,
effects of fissicn gas release on pin coclihg, fuel washcut after

cled failure, clad and fuel motion under meltdoun conditicns, etc.



Study of the details of the basic heat transfer between
molten fuel and coolant and the phenomenon ef vapour explosions

is an important area of research.

In the disassembly phase, the fuel attains very high
temperatures and fuel vapour pressure buildup czuses the core
to disrupt, with physical movement of the fuel from high pressure
to lower pressuzé regions. Equations of state of core matedals
for a wide range of temperaturs are required and the complete
aata in this respect ars not availasble. Studies cn transient
vapour buildup during adiabatic heating of fuel are alsc important.

In the last phase of the accident, the core disruption
leads to mechanical damage of the reactor vessel and‘nther
structures, Investigations in shock-structure intersctions is

of importance in this context,

At RRC, considerable emphasis has been placed cn basic
theoretical and experimental studies in all the phenomena of
importance to understanding the course and effects of core dis~

assembly accidents.

8¢ CONCLUSIONS

A survey of the areas of basic scientific research in
the development of LMFBR technology has been presented above
with particular reference to the programmes of the Reactor Research
Centre, While it is too early to fully assess the fallout and
spin-offs to be obtained from this research, it is clear that
there will be considerable and clear-cut developments in the

physics, chemistry and metallurgy of special LMFBR materials and



in the physics and safety of fast reactor cores. Ths
research, especially ip areas of neutron intersctions, blanket
neutronics, behaviour of materials under intense irradiation,
liquid metal chemisfry, metallurgy of steels and other alloys,
etc., will be of relevence for the fusion reactor system of

the future,
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SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENTS







SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - AUSTRALIA

This is the seventh year in which Australia
has actively participated in the RCA. At the present
time, the contribution to the project on "On-
stream Analysis and Control of Mineral Concentrators”
constitutes Australia's total direct financial
contribution to the RCA. This contribution is a
significant one, amounting to $A655,000 over a five
year period. Apart from its support for the Isotope
Hydrology project, Australia has been actively involved
in other RCA projects through the provision of experts
and facilities and in hosting meetings and courses.
Australia will consider carefully and sympathetically further
requests for assistance in kind.

However in assessing any requests for
further commitments to specific projects, account must be
taken of the current review of Australia's aid program
being undertaken by the Australian Government. In this
context, it is noted that the documentation for this
meeting refers to Australia's interest in Phase II of
the Regional Project on Food Irradiation and expresses
the hope that a decision might be advised at this meeting.
Unfortunately that has not proved possible. Australia
remains interested in participation in the Project.,
however, believes that it possesses the necessary expertise
and facilities to make a substantial contribution and has
the matter under active consideration at present.






SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - BANGLADESH

Bangladesh has been actively participating in most of
the RCA projects including UNDP Industrial Project since
their inception with the aim to increase Regional Co-operatiog
in the peaceful applicatinn of Nuclear Science and Technology.
Bangladesh had the previlage to host the 5th RCA WOrkihg Group
Meeting in Dhaka. It is a pleasure for us to be participating
in this 6th RCA Working Group Meeting, which is being held in

our neighbouring country, India.

The current status of Bangladesh activities in some of

the RCA projects are summarised below:-

1. FOOD TRRADIATION

At the out set, I wounld like to announce with pleasu;e
that Bangladesh in Dec,1983, on the recommendation of a National
expert Committee formed for this purpose by the Bangladesh
Standard Institute(BDSI), officially adcpted General’Standard
for Irradiated Foods and the Codé of Practice for Operation of
‘Irradiation Facilities as was recommendaed by the Codex
Alimentarius Commission to the Member States. The latest
revised version is now being incorporated in the final draft
of the BDSI.

In Food Irradiation, 2 projects namely,"Pilot Scale
Studies on the Irradiation of Bangladesh Onions"” and "Time-

temperature tolerance and packaging studies of irradiated



dried fish" are being carried out at the Institute of Food
and Radiation Biology, while a 3rd project has been started

in this Institute on the "Insect disinfestation of pulses,
oil=seeds and tobacco leaves Ef irradiation". In case of‘
onions, bulk irradiation and storage trial in the harvesting
season of 1981-82 and 1982«83 were undertaken to evaluate
ideal storage conditions of irradiated(SO-?O Gray) onions for
one season storage. Effective inhibition of sprouting by
radiation was achievéd. Storage of irradiated onions at
ambient conditions (22-32°c and 70-90% R.H.) while spread on
elevated platforﬁs and in net bags with adequate ventillation
and air flow system, has been found to be suitable in minimizing
storage losses, Radiation preservation has been observed tech-

nically feasible and economically adaptable.

In dried fish, it was established that irradiated dried
fish (upto 1.0 kGy) could be stored at ambient temperature
(30:200) in Bangladesh provided that the moisture content is
below 15%. In search of suitable packaging materials available
in Bangladesh to check re-infestation of the product,detailed
insect penetration studies of different packaging materials
were made, With the exception of polypropyline lined with kraft
paper(PPK) all packaging materials checked the re-infestation
of insects. This experiment was partly conducted in the storage
house of the traders. Similar results both in the laboratory and
in the commercial storage were obtained., Organoleptic evaluation

was also made. All the consumers were willing to buy the irradiated

dried fish if available in the market. The unirradiated sample



(control) was totally unacceptable and had to be discarded.

Plywood boxes proved an alternate to carton boxes for export.

Semi~commercial studies for storage and transportation
in Carton boxes and plywood boxes will be repeated in the
following season.

After the legal clearance of irradiated food by the
Govt.,, we plan in coming years to conduct open marketing and
consumers acceptance studies of onions, dried fish and other
irradiated foods on semi-commercial scale.,

During December 1982, a National Seminar on Food Preser-
vation bf Radiation was held in Dhaka. Besides local speakers,

3 experts from IAEA and India participated in the seminar which
was largely attended by local traders, private entrepreneurs,and
public media. Subsequently in Sept. 1983 a team for RPFI visited
Dhaka to assess the commercial potential of food irradiation in
Bangladesh, After all these motivational activities, the responses
in commercial circles have been so encouraging that at least 3/4
Groups of Industries are now interested to set up Commercial
irradiators in various parts in Bangladesh. BAEC is already
negotiating with one of them to float a Joint Venture Company
nfor the establishment of a purely commercial multipurpose‘
Irradiator near Dhaka.

We are glso happy to announce that under its Technical
Assistance programme of 1984, IAEA has kindly offered to supply
from USSR a multipurpose Demonstration Irradiator to Bangladesh
which we propose.fo locate at the Atomic Eﬁergy Research Establi-
shment at Savar. A two-man tecam of IAEA Staff member is now in

Dhaka to finalize the design specificafions and draft agreement



for consideration of Bangladesh Govt. When materialized, we
shall be glad to offer these facilities for the use of RCA
member states i;-the frame work of a RCA Regional Centre for
Food Irradiation as was proposed in the last (5th) RCA Working

Group Meeting in Dhaka, on agreed terms and conditions.

2, RADIATION STERILIZATION OF MEDICAL PRODUCTS

Both R&D and promotional activities on radiation steri-
lization of local medical products progressed satisfactorily
during the year with more and newer t&pes of medical products
enlisting for radiation sterilization services at BAEC gamma
facility. These new products included delivery kits,pharmaceu-

tical containers, re-useable plastic petridishes, etc.

The IAEA expert's report on Radiation Sterilization of
Pharmaceuticals in Bangladesh was made available to Bangladesh
government last year, Following the recommendation of the
expert, government has taken necessary steps for sstting up a
pilot scale irradiator for sterilization of medical supplies
in the country. Meanwhile, a Code of Practice for Sterilization
of Medical Products has been drafted which is now under circu-

lation for opinion of the interested quarters.

3+« NUCLEAR MEDICINE

In Bangladesh, the nuclear medicine activities are
increasing gradually in Six Nuclear Medicine Centres in
different parts of the country, in collaboration with the

Health Services for diagnosis and treatment of diseases by
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nuclear medicine techniques. Following programmes are being

undertaken under the RCA programme :-—

a) Bangladesh organized a national workshop on * Quality
Control in Nuclear Medicine Instrimentation” in collaboration
with the IAEA which was held in the Institute of Nuclear
Medicine from 14-17 November,1983. There were 20 participants
consisting of the physicians, physicists and electronic perso-
nnels who attended the workshop. Several quality control
equipment are available in the country and more are being

procured,

b) Bangladesh has recently entered into the coordinated
research programme on "Nuclear Medicine Techniques in Tropical
and Parasitic Diseases" and the Institute of Nuclear Médicine
has taken up the research contract with the TAEA from Sept.1983
on "radioimmunomatric method for determination of antibody in

malaria and filariasis".

c) Institute of Nuclear Medicine has been undertaking
research work in collaboration with the TIAEA and WHO since its
inception in 1981 for evaluation of liver in patients suffering
from cirrhosis, haepatisis and malignant diseases., Iodine
deficiency is a common disease in Bangladesh and the works

are under way in all the Nuclear Medicine Centres and the
Institute of Nuclear Medicine, The Institute of Nuclear Medicine
has also been setting up a central RIA laboratory for determina-
tion of thyroid hormones and to work as a national standard

laboratory.



8
(1)
(o)

!

d) Future programme in Nuclear Medicine:

i) Improvement of cancer therapy:

As proposed in the last RCA meeting in Dhaka,
Bangladesh Atomic Energy Commission is planning to
set-up a Centre for improvement of cancer therapy by

modern teletherapy and LINAC.

ii) Nuclear Cardiology:

Institute of Nuclear Medicine, in collaboration
with the Institute of Cardio-vascular Diseases, has been
planning to establish a nuclear medicine unit for inves-
tigation of heart patients. The assistance from the RCA
is requested im the form of supplying a gamma camera
suitable for dynamic studies of heart. Possible sourcs

of assistance from JIACA[RCA may be explored,

4, HEALTH RELATED ENVIRONMENTAL RESEARCH

Bangladesh Atomic Energy Commission has been participating
in the RCA project on heslth related environmental research since
1977. The Atomic Energy Centre, Dhaka has developed the relevant
methods using PIXE and XRi. In some cases, the non-nuclear method
of Atomic Absorption Spectro-photometry(AAS) has been used for the
confirmation of analytical data., The achievements to=date may be
summarised as follows:-

- Systematic analytical procedures for trace element
analysis in biological matérialsISuch as hair, blood, nail,
serum, urine, plant materials, gtc. and environmental samples

like so0il have been developed, using the method of PIXE.
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- Analytical methods (PIXE and XRF) for trace element
analysis in liquids including water and motor oil have been
developede.

- A method of internal beam PIXE for air-particulate

analysis after size fractionation is now under development.

In future we plan to work in the following aspects of

health-related environmental problems:

- The study of the relationship between the body burden
of heavy élements and the environmental and occupational factors.
- Systematic analysis of aerosols in terms of their size
fraction using cascade impractor techniques and PIXE for multi-
element characterisation,
- To study the level of nutritional and toxic elements
in commonly consumed food items in Bangladesh.

- To study the level of Cd and Se in surface water,

In experimental developments, we are progressing in
installing a PDP-T?/O& computer system for on-line PIXE and
XRF data analysis. Further development should include the proton
microbeam generatidn and the development of PIXE induced XRF
method for multielement analysis, The development of Rutherford
backscattering method for light element analysis in aerésol is

already in progress.

5. NON=-DESTRUCTIVE TESTING(NDT) -

Bangladesh Atomic Energy Commission has been providing
NDT services to different industries and related organizations

of the country such as o0il refinery, power stations, chemical
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and pharmaceutical industries, fertilizer factories etc. and

to some private firms. At present the services are limited to
industrial radiography and ultrasonic thickness gauging. It is
planned to develop neutron radiography after the installation

of the research reactor at the AERE, Savar.

A 3=~week Training Course on NDT practices was conducted
from 5 June,1983 where the relevant industries in the country

sent their participants,

6. HYDROLOGY AND SEDIMENTOLOGY

An IAEA expert visited Bangladesh for one month for
organizing a prograhme on the study of sand and silt movement
at Chittagong and Chalna harbours by radioactive tracer technique.
A programme has been drawn-—up for this study and the IAEA has
been requested to provide necessary technical assistance under

the 1984 programme.,

7+ RADIATION PROCESSING

Following the UNDP Industrial Project, a research programme
on Radiation Vulcanization of Rubber Latex has been taken up at
the Institute of Nuclear Science and Technology, AERE, Savar.

Some 12,000 seedlings of rubber plants have been planted in an
area of 5 acres of land at the AERE, Savar. Cne scientist of this
project went to Indonesia to participate in the natural rubber
vulcanization pilot plant under the RCA/UNDP project. The group
plans to manufacture gloves, latex thread, foam, rubberised coier,

condoms, catheters, baloons, teats, soothers, bathing caps,



!
3
O
[

]

football bladders, adhesives, carpet backings, castings etc,

;t a pilot plant scale and make the marketing studies in order

to see the feasibility of making these industries in Bangladesh.
Some work on.the radiation induced fibre=board plastic

composite formation has already been carried out. The effect

of dose rate on the amount of polymethyl methacrylate in

hardboard and partex has been determined experimentally, At

1 Mrad radiation dose the polymerisation was found to be 30%

complete,

8 .NUCLEAR INSTRUMENTS MAINTENANCE

A number of laboratories have beea selected for pilot
laboratory studies under this programme and notable achievements
have been made in recording voltage, temperature and relative
humidity, and inatallation of drop out relays in some of the
sophisticated medical equipment., Very recently,preventive main-
tenance pianning has been introduced in this project as an
introductory parameter, before going into details with the
computerized maintenance planning. The National Project Supervisor
has already given a seminar on computarized maintenance planning.
Mr, Peter Ambro, an IAEA Expert, visited Bangladesh atomic Energy
Commission from January 29 = February 7, 1984. During his stay
he helped to implement the BASIC program for the computerized
maintenance planning in the Apple IT plus microprncessor computer
at the Institute of Electronips and Materials Science,AERE,Savar.

The Electronics laboratory of the AEC, Dhaka is ragularly
conducting training seminars both for the maintenance people and

the instrument users and operators. The last 3-week course on
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"Nuclear Instrumentation and Maintenance" for the Technicians
and operators started on July 24,1983 and attended by 21 parti-
cipant;. The programme of "Train the Trainers" under this
project has been found to be fruiﬁful and we suggest that more

such courses may be organized by the Agency.

9. DEVELOPMENT OF SEMI~-DWARF MUTANTS FOR RICE IMPROVEMENT

Some progress has already been made in the evaluation of
semi-dwarf mutants in cross-breeding and providing alternate
gene sources for semi-dwarfness with different plant architecture
and in different genetic background. In this regard, agronomic
evaluation, cytological and genetic studies and cross breeding
studies have been pefformed in two mutants of IR8 and 4 mutants
of a local variety of rice "Nizersail", Some mutants were found
to be earliér muturing by 1 to 3 weeks compared to the mother
variety. Two of the four mutants showed increased yield over the
mother variety, Except one mutant, other three were found to

contain higher protein.

10, IMPROVEMENT OF GRAIN LEGUME PRODUCTION

Research on the improvement of mungbean, black gram and
chick-pea has been continued at the Institute of Nuclear Agricul-
ture with regard to yield, plant architecture cooking quality,
uniform maturity, nitrogen fixation, pest and disease resistance
etc, In some cases, the studies have already been continued to

the M3 generation with positive results,
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I1.

NEW PROPIOSALS

Re-utilization of Agricultural and Agro-industrial residues
through Nuclear Technology.

Cellulosic and liqnocellulosic residues of agricultural
and agfoindustrial residues are potential renewable resources
which can be converted to enefgy and other essential
commodities.

Following the consideration of this proposal to include
in RCA programme in last Working Group Meeting in Dhaka, we
have started some works in this field. Present work centers
around a) development of a good microbial system for enzymatic
degradation of cellulosic wastes like bagasse, straw,sawdust,
jutestick, newsﬁaper wastes etc, to fermentable sugars. Once
fermentable sugars are obtained these could be converted to
alcohol or other liquid fuels and other important chemicals
by using appropriate microbial systems. b) development of an
economic pretreatment method making lignocellulosic substances
amenable to enzymatic hydrolysis. fhysical, éhemical and
combination treatments are being assessed.

The project has been submitted to the IAEA for

consideration to include under RCA programme.

Tissue Bank

At the Institute of Food and Raidation Biology,
Bangladesh Atomic Energy Commission we are trying to develop
a Tissue Bank with an aim of radiation sterilization and
preservation of various human tissues like hones, cartilages,

skin, dura mater, tympanic and embryonic membranes etc.needed

for human surgery.There has been very encouraging response



from the doctors here who deal with tissue grafting.Professor
G.0e Phillips, an expert on medical steriiization and Dr.R.N.
Mukherjee of TAEA visited our Institute last year. They also
met some of the surgeons at Dhaka who will be the actual &nd-
users of such tissues and grafts. In his report, Professor
Phillips has strongly advocated for the development of such
facilities in our country. In this connection a project has
already been submitted to IAZXA which is under active considera-
tion. It is proposed that this project should be included

under RCA programme for the benefit of the regional countries.



SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - INDIA

India is particul arly happy that the 6th RCA Working
Group is being held at the Reactor Research Centre at Kalpakkam.
The visit of delegations from the RCA member states to this Centre
will, it is hoped, lead to an enlargement of the scope and range
of India's involvement in coordinated research programmes under the
RCA.

India has emphasized the use of RCA programmes as vehicles
for manpower training by member states, sharing facilities and
expertise available in the region on a multilateral basis. During the
meeting participants would see that India has had the benefit of
building up the infrastructure in various advanced and sophisticated
aspects of nuclear technology as a consequence of embarking oﬁ a
large power reactor ﬁrogramme and a fast reactor.programme. These
represent the first and second stages of our long—~term strategy in
atomic energy. At the Reactor Research Centre and at the Madras Atomic
Power Station a broad range of experience and expertise exists in
power reactor and fast reactor design, construction and commissioning,
in fuel and waste management and in health related radiation safety

and envirommental control.

India would be willing to examine the possibilities of
sharing its experience with member states through RCA programmes.,
Since the 5th Working Group held at Dhaka, India has

conducted a highly successful 3-week Workshop on the Use of Microprocessors



in Research Reactor Utilization at the Bhabha Atomic Research

Centre at Bomdbxy from January 30 to Feb., 17, 1984, Ten parficipants
from six member states and a representative 6f the Agency from the
Seibersdoxrf Laboratory atternded the Workshop. The intensive Course
was intended for research scientists usiag radiations from reactors
and was also attended by engineers connected #ith research reactor
operatién. The Course was aimed at giving them actual experience in
designing and constructing systems based on microprocessors an& was
extremely useful., Many reqﬁests for follow up and bilateral and
multilateral contacts have resulted from the interaction among

participants.

In view of the success of this Workshop at this Working
Group meeting India would like to propose a two to three week Workshop
devoted wholly to one of the topics dealt with at the previous Workshop,
viz. Neutron Activation Analysis. This Course will deal with the finer
details of the techniqugs, using modern equipment and methods, as
adapted to real applications in materiél sciences, forensic science,
environmental sciences, geochemical and biomedical investigations. It
is owr hope that the response of the memberstates to this Course will
be as enthusiastic. The expenditure on this Workshop, like the previous

Workshops would be met out of the special contributions by India.

India has also continued its involvement in the training
course on nuclear electronics. A Course was held at BARC during
September 1933 at which ten participants from seven countries were
present,

India hopes, in view of the success of these Workshops
that the Agency will consider ways of augmenting India's efforts with

its own contributions in the form of equipment and travel funds as
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formulated by tﬁe course organisers.

As a consequence of the discussion at the Dhaka meeting and
subsequently at the time of the General Conference in Vienna, the
Azency has expressed an interest in reviving coordinated research in
neutron scattering.“India has extended an invitation to the Agency
to hold a Consultants' Meeting in this conmection in Bombay during
December, 1984. In this context, India would like to offer time for
experiments with neutron beam facilities under the RCA,

One of the major RCA activities is the Regional Industrial
Project on Radioisotope Application, funded jointly by UNDP and the
governments of the region. . India is playing a leading role in several sub-
projects including Tracer Technology, Radiation Sterilisation and Non-
Destructive Testing. Training and Demonstration programmes organised
under the project are found to be generally useful and will help
technology transfer in the region. India welcomes these activities and will
continue to support them and play an acti&e role through participation
and provision of expertise. However, India would like to advise some
caution in the matter of market surveys in the'region for nucleonic
instruments and radiation equipmment as well as to assess the scope for
technology transfer. In éur view this will not only divert scarce
scientific manpower and other resourées but could lead to misleading
and inaccurate results because such studies are premature at this stage
before all projects have reached a demonstration stage.

In the area of medical programmes, India attaches great
importance to training activities in cancer treatment such as remote
after-loading technique in uterine cancers. At the same time, we support

coordinated research programmes in combinational techniques in cancer

"~ therapy.



In the area of crop improvement, India will continue to
support coordinated research programmes aimed at raising grain legum®
production and evaluation of mutant stocks. However, it must be
recognised that these techniques have a gestation period of about a
decade and interest has to be maintained for such a period. India
also suggests a coordinated research programme in the area of nitrogen
fixation by the grain legume crops.

In conclusion,'we wish to reemphasise that India attaches
great importance to RCA sponsored coordinated research both in
training manpower and in evolving viable, large scale national efforts
in areas of economic importance like apolication of radiation and
radioisotopes in medicine, industry and agriculture and in newer
areas like nuclear power. Of overriding importance is to sustain public
and governmental interest in nuclear science and technology and to
highlight the need for a commonality of approach in the region because

of the similarity of conditions and problems.



SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - INDONESIA

Mr. Chairman, Distinguished Delegates, Ladies and Gentlemen.

It is indeed a pleasure for me to be able to be here with you to

day, to attend the 6th RCA working group meeting in Madras India. It is
also my great honour to be given the opportunity to say a few words in
this occation on behalf of the Indonesian Government.

Indonesia as one of the member states of the RCA, is fully aware
to the advanﬁages of RCA, mainly in the development of nuclear science
and technology, where the goal of this project is transfer of technoiogy
to regional industries having important economic and social benefits,
Therefore Indonesia will always participate and support all the coope~

rative research project,

Regarding RCA/UNDP Industrial Isotopes and Radiation Project,
it is the honour for the Government of lndonésia that for the sub pro-
ject of Radiation Processing, Indonesia had been appointed for placement
of the rubber latex pilot plant and electron beam pilot plan for surface
coating of wood product.
The rubber latex pilot plan with 215.000 Curies of C060 has been in
operation since Novembér 1983 and officially opened by the President of
Indonesia at 8th December 1983, it coincided with 25th years of anniver-

sary of National Atomic Energy of Indonesia or BATAN.

First Training and Demonstration on Radiation of Vulcanization of Rubber
Latex is still underway unti! the end of March. Six participant from
other countries take part in this training, those are from Bangladesh,

India, Pakistan, Malaysia, Sri Lanka and Thailand and of course alsc



some staffs from Centre for the Application of Isotopes and Radiation,
where this pilot plant is located.

Concerning electron beam pilot plant, the building is still under
construction and it will be réady before the equipment come from Japan.
Mean while 3 persons have been sent to Japan to study and being trained

to utilize this machine.

Radiation processing activities

Activities in the field of radiation processing conducted in

Indonesia are classified into 4 groups.

1. Radiation pasteurization and sterilization of medical products and

devices.

Products routinely sterilized by irradiation using a minimum
absorbed dose of 25 kGy are : pharmaceuticals and its raw materials
such.as tetracycline HCI ointment in Al-tubes, framycetine in medicated
dressing, tetracycline powder, glucose powder and several items of
hormon powder, several kinds of dressing, contai&ers, petridishes and
eye droppers.

Products routinely pasteurized by irradiation are : talcum powder,
amylum, dried herbal medicines and several kinds of cosmetics.

Demand for irradiation services seems to be increasing by the times.

2, Food Irradiation.
The purpose of the study was toc extend the storage life, and
to improve the hygiene conditions of important food commodities using

radiation disinfestation, radurization or radicidation techniques.



Among the food items studied were: rice, wheat flour, dried fish, frozen
shrimps and froglegs, whole and ground spices, fresh fruits, and animal
feeds. Some of the experiments have been scaled up to evaluate the
technological and economic feasibility of the irradiation process.
Activities conducted during the last few years were directed toc immediate
practical application of this technology in the country.

Attempsvto get clearance of irradiated food for human consumption from

the national health authorities was done by organizing a national seminar
on food preservation by irradiation in Jakarta, last year. The seminar was
jointly organized by the National Atomic Energy Agency, Directorate General

for Food and Drug Control of the Departmént of Health and the IAEA.

3. Sludge irradiation
The possible use of irradiation to eliminate bacteria in sludges

inteded for fertilizer or animal feeds is now under investigation.

This study is supported by the |AEA as a research contract.

4, Latex irradiation

The prospect of latex irradiation is very promissing. Although it
is still in promotion and marketing studies it is predicted that more
than 500 tons/month of irradiation latex will be readily consumed by
industries associated with rubber.latex material. This figure is optimis~-

tically will increase due to the developmernt of some industries.

In the other sub projects of the RCA/UNDP industrial !sotopes and
Radiation Project, Indonesia was participating in the training and
demonstration course that have been conducted, like training in NDT,
Tracer Technology, Nucleonic Control System and Radiation Sterilization

of Medical Product.



Activity in Non Destructive Technique

”*

National Atomic Energy Of Indonesia or B A T A N conducted radio-
graphy courses for NDT level | ( operator ) and NOT level i1 { radiogra -
pher ) based upon ASNT standard since 1978. The participant of these cour-
ses came from either Government Institution or private NDT companies.
Certificate eventually were given to the participants who pass the exami-
nation. Up to now there have been 253 persons of NDT level | and 146 per-
sons of NDT level LI, however these numbers are still below the demand.
To step up <capability in NDT inspection, it is considered necessary to
conduct the course for NDT level 111, It is proposed that 'AEA through
this project may give assistance by providing experts/lecturer. At pres:
ent there are about 20 NDT private companies in Indonesia work mainly in

radiographic inspection.

Regional Cooperative Project.

Indonesia participate in most of the Regicnal Cooperative Project
under the RCA programme. Nineteen research contracts had been implemented by

some Institutes in Indonesia.

Application for new research contract for several topics have been

.

forwarded to I|AEA and now just waiting for the approval.

Thank you.



SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - JAPAN

1. Since its participation in August 1978, the
Government of Japan has attached great interest in
cooperative activities of the RCA and has contributed
greatly in both the technical and financial aspects of
those activities. It is, therefore, our great pleasure
and pride to often hear words of praise given to the

RCA activities by ‘many countries.

2. The Japanese RCA cooperation is based on the policy
of technical cooperation with aims at "human resources
development"” of the member states of the RCA, which we
have repeatedly emphasized on many occasions such as

the RCA General Conferences and the RCA Working Group
Meetings.

3. The Government of Japan shifted financial
contribution from the Food Irradiation Project to the
new project of Medical and Biological Application. With
regard to a cooperation in kind to the second phase of
the Food Irradition Project, however, we will stand ready
to give our maximum consideration to its possibility when
a specific request is made by the IAEA or by participating
countries. The Government of Japan will continue to

make as much effort as possible to support the RCA/

UNDP Industrial Projects and the new Medical and
Biological Application Project, especially in the field

of Nuclear Medicine and Cancer Therapy.

|
.



4. This year, after this meeting, the Government of
Japan intends to initiate necessary measures to sponsor
in kind or host the following programs with close
cooperation and support of various organizations concerned
in Japan.
(1) Study Meeting on Nuclear Medicine and Related
Subjects sponsored by JICA, August
(2) Second RCA/UNDP Workshop on Nucleonic Control
Systems for Steel Industry, this autumn
(3) Third Training Seminar on Nucleonic
Instrumentation Engineering, this autumn
(4) Regional Training Course for Medical Technologists
in Radiotherapy, October to November
4, In spite of the serious budgetary constraints with
call for a 0.1% cut in the Government's general expenditure
for the fiscal year 1984, the Government of Japan, in
:ecognition of the importance of the RCA activities,
intends to make a financial contribution for this year,
subject to approval by the Diet, up to US$381,320, a figure
representing a 27.1% increase over last year. In addition
certain in kind contributions are considered. The Govern-
ment of Japan hopes that its financial contribution will
be utilized in effective manner and that the IAEA makes

further efforts for curtailment of its expenditure.



SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - REPUBLIC OF
‘ KOREA

The Republic of Korea, as a member state of RCA, will participate
ard support invariably all the ccoperative projects, eSpecially the
RCA/UNDP Industrial Project. The Republic of Karea believes that the
RCA is cne important means of accamplishing intra-regional cooperation

and technology transfer of the peaceful uses of atamic energy.

Regarding the RCA/UNDP Irdustrial Project, it is the Republic of
Korea's pleasure to support the second training-deamonstration workshop
on radiation sterilization of medical supplies which is scheduled for
two weeks in October this year at the Korea Advanced Energy Research
Institute followed by the course at the Bhabha Atcamic ‘Research Center

of India.

My Goverrment would also like to call your kind attention to the
fact that the RCA research coordination meeting on food irradiation as
well as the 4th regional project meeting for food irradiation will be held

at KAERT during April 9 to 13 of this year.

Concerning the new project on the medical ard biological applications
of nuclear techniques, we would like to express our welcane for the Agerncy's
approval ard hope to play an important role in implementing this regional
project. We propose, however, to effect the equal achievement using less
furds by utilizing existing multiple centers which are already installed

at sane of the facilities instead of only utilizing single centers.



In this connection, we hope same of the medicﬁal equipment such as a medical
cyclotron with 50 MeV and two 22 MeV medical microtrons could be used for
the demonstration treining purpose of this new project. This medical equip-
ment will be available fram October of this year upon campletion of a new
Cancer Research Hospital of KAERI. The newly constructed Cancer Research
Hospital will have 500 beds and will be equipped with latest medical instru-

ments.

We would like to reiterate that the ph ase two food irradiation project
be exterded additional years so as to gear up the cammercialization of this
technique in the Region. In the Republic of Karea, a cammercial focd
irradiation plant is plamned in the near future, ard in this connection

technical assistance ard cocperation under the umbrella of the RCA is needed.

Regarding the research reactor utilization project which actually
began this year with the training course at the BARC, we hope this project
being carried out will successfully give more profound knowledge on reactor

technolcegy for the member states.

The Goverrment of the Republic of Karea would like to thank the Goverrment
of India for hosting this 6th Working Group Meeting of the RCA and we are
looking forward to holding the 8th such meeting in Seoul in 1986 as previously

agreed during the 12th RCA Representatives Meeting in Vienna in October, 1983.

Thank you.



SIXTH RCA WORKING GROUP MEETING

COUNTRY STATEMENT - MALAYSIA

1. RCA is now caming to the middle of the third cconsecutive 5 years
(1982-1986) pericd of its regional cooperative programmes. Within this
period many research projects have been carried ocut same of which have
been campleted while others are still going on. At the same time new
programmes emerge such as medical and biological application of nuclear
techniques, basic science research using research reactors and energy
from agricultural and agroindustrial residues through the use of
radiation together with industrial microorganisms. At present, Malaysia
is involved in practically all of RCA programmes.

Daresﬁc | Bufféié Pfoduction inrprovanent

2. This project was started in Octcber 1979 and terminated in
September 1983. Radioimmuncassay techniques for the measurement of
plasma concentrations of progestercne and luteinizing hormone were
developed in order to study postpartum ovarian function in suckled
buffalo. The studies have shown that temporary removal of the calf
induced anovulatory cestrus which could ke overceme by pretreatment with
a progesterone intravaginal coil. However, poor body condition appears
to exert an adverse effect on ovarian cyclicity. As a result, further
study on the rule of nutrition on post partum reproduction in the buffalo
is necessary. This study will be carried ocut under the phase II programme.

'Iéotope Apfnliéétions to Hydrélogy and Sch.mentology

3. This programme started in April 1980 and will continue until
1985/1986. There are several ongoing projects under this programme

viz:



1. Environmental isotope investigations in the Kelantan Basin
and the Kedah/Perlis area - to study the mechanisms of
recharge of jroundwater system, origin of recharge and
dating of groundwater.

ii, Application of environmental Cs-137 to sediment redistribution
in the Lui River Catchment Area and Sediment accumulaticn in
Air Ttam Reservoir on Penang Island.

4, Malaysia is very grateful to IAEA and the Government of Australia
for their assistance in making this programme a success. It is also
hoped that a project review meeting on isotope hydrology and sedimentology
will be resumed probably in 1985. -

Maintenance of Nuclear Instrument

5.  This programme has been carried out since December 1979 and will
continue until Oct. 1984, The programme includes environmental recording,
development of power-conditicning system, work procedures for maintenance
management, development of camputer-based maintenance system and tral.rung
In future, further work will be carried out;

i. on the planning and implementation of envircnmental
conditioning and the monitoring of the effects of the
implemented measures.

ii. to develop and implement further camputerized maintenance
plans. ‘

iii. to conduct training on nuclear instrments, maintenance

and microprocesser techniques.

A Regional Train-the-Trainers Workshop will be held at the Nuclear
Energy Unit, Prime Minister's Department, PUSPATI Camplexs, Bangi, in
October this year.

Food Irradiation

6. A study on the effect of gamma irradiation on volatile compounds
in pepper, sensory qualities and the control of pest infestation which
started in 1981 was completed in January 1984. The results on transpor-
tation study which was conducted between Malaysia and Japan have been



received fram Japan recently. The final analysis of the results and
the final report will be presented at the RPFI meeting in Seoul,
Korea, in April this year.

Health Related to Environmental Research

7. The project on scalp hair as a monitor for ccmunity exposure
to the environmment was conducted on two population groups living in
different regions of Malaysia., The concentratins of Co, Fe, As, Cr
and Hg were shown to be different between ruralgand urban areas. The
project which was started in November 1980 will be terminated in
March 1984.

8. A new projéct on the analysis of trace elements in food staff
such as rice, fish, meat and vegetables will be carried out as part
of the Food Contamination Anélysis Programme organised by the Health
Authority of Malaysia.,

Improvement of Gramlegume Production

9. Two projects being carried out under this programme in

Malaysia namely Soirbean Mutation Breeding and Rice Mutation Breeding.
Soybean Mutation Breeding is part of the Joint Malaysia Soybean

Breeding Project involving 5 Institutions in Malaysia. The Regicnal
Coordinated Programme on Mutation Breeding was to have been terminated
by the end of 1983. However Malaysia strongly hopes that this programme
to be continued. The soybean project is still an on going project and
the yield trials of the advanced-generation (MS5S) mutant in actual farming
situation is yet to be tested.

Medical and Biological Application of Nuclear Techniques

10. A project on the evaluation of interferon-radiotherapy ccmbina-
tion in the treatment of Nasopharyngeal Carcinama is being carried out
since March 1983 by the Institute of Radiotherapy, Oncology and Nuclear
Medicine, General Hospital, Kuala Lumpur,



11. Malaysia is honored to have been chosen to host a Regicnal
Training Workshop on Brachytherapy of the Uterus Cancer using Manual

and Remote After Loading Techniques which will be scheduled to be

held in November/December 1984. The workshop will be jointly organised
by the National University of Malaysia (UKM) and the Institute of Radio—-
therapy, General Hospital.

12. The Medical Faculty of the National University of Malaysia has
submitted a project proposal on the use of Radicactive Iodine (I-131
and I-125) in the diagnosis and treatment of Thyroid, Liver and Adrenal
diseases. It is very much hoped that the programme will be implemented
as planned,

13. At present, a project on the Diagnosis of Plasmedium Falciparum
infection using solid-phase radiocimmunoassay is carried out by the

Medical Faculty of the University of Malaya. This project has been going
on for almost 2 years starting in July 1982 under IAEA research contract.
It is hope that this project will be included as part of the above regicnal
coordinated programme.

14. The work on the development of 99Mo—99m’1‘c colum type generator
based on zirconium molybdate GEL using TRIGA MARK II research reactor
will be carried out at the Nuclear Energy Unit (UIN) in April 1984,

RCA/MNDP Industrial Project

15. Malaysia has been actively participating in the training programme
on industrial projects, Several perscnnel ffdn the paper, steel and
mineral industries have been attending the training - demonstration in
nucleonic control system., The training courses for our NDT personnel

are considered to be invaluable. Malaysia is in the process of develcoping
a NDT certification scheme. '

16. The maintenance of nuclear instrument is going to play an
important part in the development of nuclear technology in this country.
Industrial project on nucleonic instrument maintenance is part of the
maintenance of nuclear instruments programme frcm which the experience



gained will help to increase the efficiency, reliability and quality
of work in all aspects of maintenance.

17, Malaysia is also actively participating in the industrial project
on radiation processing. Two series of accelerated test-evaluaticn
programmes for radiation vulcanization of natural rubber latex were
undertaken in 1983 in collaboration with TRCRE (Japan), CAIR (Indcnesia)
and RRI (Sri Lanka).
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COUNTRY STATEMENT FROM THAILAND

Mr. Chairman, Prof. Zifferero, Dr. Kobayashi, distinguish delegates, and

local participating members.

Government of Thailand has been participating in RCA since its
early stage of formulation and its implementation stage. The Atomic Energy
Commission (AEC) of Thailand, through the Office of Atomic Energy for Peace
(OAEP) as its functioning arm, has made constant effort to co-operate, to

participate, and to contribute to all the RCA activities.

The current research and development in nuclear 5cienée and
technology related to RCA activities are Commercialization of Food Irradiation,
Nuclear Technigques to Improve Domestic Buffalo Production, Utilization of
Research Reactor, and Industrial Application of Radioisotopes. Govermment
of Thailand also supports all the Co-ordinated Research Project putforth

by the Agency.

Commercialization of Food Irradiation

Various government agencies and private firms has shown interests
in setting up a-commercial plant for food irradiation service. The present
concentration is on irradiation of frozen seafood, onions and potatoes.
Upon request, the Agency has agreed to assist by sending expert to review
the feasibility study. It is expected that certain decision will be made

by the end of this year (1984).

Nuclear Technique to Improve Domestic Buffalo Production

The Co-ordinated Research Project under RCA has proved to be useful
to buffalo production in Thailand. As a result, the Government of Thailand
areconvinced of the usefulness of nuclear technique and puts it under the

fifth five-year national development plan (1982-1986).



Utilization of Research Reactor

OAEP has long been interested in effective utilization of research
reactor since its first research reactor was commissioned in 1962. Currently,
the present research reactor, TRIGA MARK III, is being upgraded to accom-
modate the expanded isotope production capacities. However, the utilization
of research reactor in other research and development areas are also being‘

carried on.

Industrial Application of Radiocisotopes

Currently, the activities under the UNDP Regional Industrial
Project have given awareness of usefulness of radioisotopes applications
among industrialists. Two nucleonic control systems have been installed
in paper mills since the first training demonstration workshop in 1982.

Three more systems are being finalized for smaller capacity paper mills.

A Thai Society of Non-Destructive Testing (TSNDT) has been recently

set up to act as national body for training and certification in NDT.

A commercial plant on sterilization of medical supplies has been
commissioned on: March 13, 1984. The management of the plant has also shown

interest in the sterilization of Biological Tissue Grafts.

The above mentioned activities have illustrated the progress and
the impacts of the RCA activities in Thailand. With beeter planned
objectives, and more support from the Agency, the RCA will prove to be one

of the most beneficial programmes to its member states.



