
. .~. ,. 

SIXTH RCA WORKING ':GR9UP MEETING 

LIST OF ,CONTENTS 

" ,SuIT\II1ary Report 

"Ag~n~a 

Appendix 1 - List of 'PartiC,ipants 

~p'p'e~dl.x 2 - We lcom~ng ,Addr~ss, Shri C. V. Sundaram 

A,~l'e,rtdi,x 3, - OpenIng Rema~k~,;, Professor M. Zifferero 

Appendix 4 - Ina~gurall\dd;ress! Dr. ;,R. Ramanna 

Vo,t.e of Thanks, M.r~,:p.V. ,Gopinath 

'Appendix 6 - Status Repo'tt'of Cooperative Research Projects 1983/84 

Appendix 7 - Codex Genet'al Standard fot'Irradiated Foods 
". ": 

"';' Appendix 8 - Report oil 'the ~Workshop on the' Use of Microprocessors 
in Research Reactor·Utilization 

Appendix 9 - Progr~?s,of the RCA/UNDP Industrial Project 

Appendix 10- 1984 RCA Action Plan and 1985 Cost Projection 

Appendix 11- ,Summary of a Proposal for an RCA Coordinated Research Programme 
on Imaging P,rocedures for DiagnQ~ is of Liver Diseases 

, "Appendix'12-Energy front,Agr;icultural and Agroindustrial Residues 
'through the.,Use of Radiation and Industrial Microorganisms 

. Appe,ndix 13, - ,Basic 'Science for Advanced Reactors 

Appendix 14 -. CO,untry Statements 

internet
스티커 노트



:.r 

· t..i.i.! t a.r; :;b.ri.': . , :j~t..;i.";'£.q IJ.:;,x 
io j!!~Jn:7'lJ"q~;::; ~~r:.:f Y(' .h~:d:E:'or: 

~gv13sjne2e~qe~ !0 be~~ejjs aaw 
".1,;;,l]:.g.EL:.:. t.t.' !:.H:Jrlt)~:1j.i. '-" 2.jn.Bqldij~.$g 

:= ;~!. tl::-"l2:{!~J ~r~.j (!..J. ":'':!~.r:'!:!~ :J;~~~ .t~.a~~ 

-:.lJ.r.!~~:":. .:.e~:..r,.u·· l:''::!.r':'LEinj ~:.ti . 

'\"j.--;,. 

. :'" 
" 

:!~:.; :ii.TUtitJ 
.::: "l~(r:>' !'1 



SIXTH WORKING GROUP MEETING 
OF RCA MEKBER STATES 

Kalpakkam, ~ndia 

Karch 20-23, 1984 

SUMHARY REPORT 

The 6th Working Group Keeting of Kember 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 Kadras, India, Karch 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 Kember States. A list of 
participants is attached .as Appendix 1. 

Kr. 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. Ziffel!'ero pointed out that !ABA is 
putting ever increasing emphasis 00 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. H. 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 Keeting. 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 Kember states and 
re-emphasized the need for greater co-operation among RCA count~ies. 
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. In this context, he suggested that a team 
of scientists drawn from various Kember states might form a research 
group and.work on specific projects in designated laboratories in Kember 
states under guidance for durations of six months or more. 

The provisional schedule of the meeting was circulated and 
accepted. 
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AGENDA ITEM I 

Progress of RCA Research Projects 

A status report of co-operative research project's: fbe. the years 
1983-84 was presented by Dr. M. Kobayashi, RCA co":()rc1~·~ator.'of, IAU. 
report is attached as Appendix 6. 

The representatives of Member states generally expressed " 
sati sfaction wi th the progress made in the vari'ous' ,t-esearch proj ect~"~ 
The discussions regarding individual research projects are summatiz'ed 
below: ~'\.'ii! .' "l.:;i;-':" "., • " ,,"" '":~,~,,~£~..! 

a~l f. '~:~L' ?, ~h'-:-' .' ~: i&;.J..\ t)ii:~ 

1. 

The 

In view of the good prog:-ess achieve~ ~~1f~'rf~;ry!.?,,~h~s ,~,p;~ojee~.t it 
was agreed to extend the duration of the p1"1)gramme-unf'll-r986;' 

2. Food Irradiation Phase I 

The participants expressed the visw tliit~fdl.~Ost countries the food 
irradiation programme had reached' a stage;~"'he't$ it ~'8.n. be transferred on 
a pilot-plant or industrial scale for specifi'c :.co~cldi ties. Copies of 
the revised version of the Recommended Codex International General 
standard for Irradiated Foods were made available by the lAEA Secretariat 
to serve as guidelines in formulati.ng nation~~standa·rds (Appendix 7). 

,.".~,:~ .. ~ . 

3. Nuclear technigues. to. improve domestic buffalo.production Phase I 
....~"":- ,.~~ ..... .,;. . ,,'.. .~ 

, " ••..• , ~ __ • .o;-","', '~' .... ';"'" t" '-.• ~ f~. "~/" ~. '. ; v •. ' :'~~'$. :"~ 

While. generally ap~reciating. the pr~~~~~s~~~,~8;~,e; .~~ 1~'~~i. e~~'~?~~1~~ the 
representatives from India and Thailand dEfS'~"r~jf·tli~f ~s.p~~,~~l:<;.; :,!'. "ft, •• 
accomplishment should be highlighted. ~ oS"',' t,iL., 2.; ... ;,;."'.~~ - .. ~ A. '" .... 

, .z:. "l'~ G«: Stt! .. ~;: ·~J.i :t ~.i.t:.: l"J~' i1 0 ~\ 

4" Radiation. sterilization practices for. medic!;l.~~lRties/;,i:J" 
~: ... :.,~.~;..,;..;;..r.;._"~ _ ..• " ....... -.: 

The project was completed in 1983 wi th the c~mp.i"lationof a code of 
practice. The Indian re-presentative requested that'''c'opies of the 
recommended code of practice prepared previously by the Agency and 
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, '''it 'was 
phased out by the end of March 1984. 
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6~ Maintenance of nuclear instruments 

Conunents made by participants Included the following: a) IAEA 
should consider establishing a "spare parts" bank to provide urgent 
supply of sp~re pa~~s of nuclear instruments to Member states; b) it was 
felt th~t~uff,i~ient 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 th~ field of 
maintenance of l~du,strial nucleonic control. systems are important and 
~)10U,ttl be given adequate attention; d) the Deputy Director General, 
De'parbUent of Res'earch and Isotopes, IAEA, informed the participants that 
the Agency is considering.to conduct, at its laboratory at Seibersdorf 

:1'iL:iiiH~yi!~~~~~.,;qp,.l,!tY~B.09-ftf?l of all nu~lear instrume. nts to be supplied 
1 __ ':., ' :er .. ~tne-~Age'ney:irt:'b1!hi'ri:-cal co-operatlon programme. 

jj 7~D~toi~sf~~~ei~n~i~u;i~~ research reactors 
• .:: .. ~_ ~'~ • 'fo ""..... ..~, uJ..;.t .. ~ .,', 

A report on the !AU-RCA Workshop on the use of microprocessors in 
research reactor utilization, held in early 1984 at the Bhabha Atomic 
Research centre,:t.pdla,",~"" presented by the Indian representative. The 
report is attach~4 as"Appe'ndix 8. The members appreciated the useful 
programme of the' cours,a and felt that similar workshops should be held in 
future. The use of personal eomputers in analysing scientific d.ata might 
also be included in the future programmes. 

8. Isotope applicatiol('in hydrology and sedimentology 
" .• ~ p.r..:;: ~t'..l 

The Australl;:an·~·rlllpresentative expressed the view that the countries 
pa,rticipatin& in. this Rr,ogr~e have reached a stage where further cash 
c:oJitifi;)u~i:~~,,~~-~, ttii~~~:PrI~~F;~e will not be needed. Hence, he informed 
that future 'Ailstral~an 'contributions to this programme may be "in kind" 
contributions. The representative of Malaysia agreed with this view. 

. .~ ., 
9 • Othert ,jon:.:cfii'nr1ii~o lee t s 
~, <".: ~.~. ~. ., J ;" : , .... : (;. , 

The 'parti:c"~p&nts' approved the progress reports on the ongoing 

- '1' 

progranunes 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 prepared by 
the lARA secretariat. . 

AGENDA ITEM II 

Progress of th~ RCA/UNDP Industrial Project 

A sununary of progress achieved was presented by the RCA 
Co-ordinator. The Japanese representative reported on Jap.anese 
eo-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. SobhakKasemsanta, was 
able to attend the 6th 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 contrQl:·r';;';~ 
systems in the steel industry (India and Japan) ~ He. made two.; fur.t.h8G~' 
observations: Regarding the annual budget, it' was.;~ ~~.: said, imp~r't~'~ 
that the national counterparts be consulted befoJ:~ leY,: maj.?t;:;i chanQIo4n 
individual sub-proj ects are made. He suggested pr;D.,t:.~ed,~~g;t wi th.~atl.:~j~n 
regarding market survey studies for radiation equipment and nucleonlc.: 
systems. While some of the sub-projects are at a miJ.ture stagg, e.g .. i 
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 placee 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, "~as /c~~~~zed 
out. The representative of Bangladesh emphasized the neea'for" 'a:n'~.'-~.-
intensive train-the-trainers programme.. The IAKA represen~tativ~" .. r';'~: 
suggested that national agencies should take care in the selec1:ion"o£-' 
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 thetrainingJ 
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 
reconunended 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 Projection for 1985 

The 1984 RCA action plan and 1985 cost projection were presented by 
the IARA secretariat. (Appendix 10). The total budget for RCA projects 
in 1984 is U8$2,454,559. Of this amount, the budget for research 
projects amounts to U8$833,500 and that for the UNDP industrial projects 
to U8$1,621,059. The representatives expressed their great appreciation 
of the IARA'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 
te;Hi-eS'pond to such priorities. The DDG-RI, IAEA, clarified that, within 
::tb.::::'~total allocation limit, re-allocation to different projects is 

,,1.pas.lble': and 'can"'~ 'done to meet the wishes of RCA Working Group 
f:ftlitiitbers 1" 'It: w8.1s~agr'eed that a system for the evaluation of the projects 

aIlcf'ifor establishtng priorities should be established. The achievements 
in the projects should also be highlighted in such evaluations. 

:t.~~ (' 

AGENDA ITEM IV 

Basic 8cience 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 
lCalpakkam Centre and highlighted some of the important areas of basic 
research necessary for advanced reacto~s. 

Hedical.'>'and "'l!iological Applications of Nuclear Techniques. (Revised) 

After reviewing Japanese cooperation in RCA, incltiding JICAts 
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 lAEA consultants' meeting, to initiate a progr~e 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 
IABA. 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 Se.oul from 27-31 August, 1984. 

AGENDA ITEM VI 

Nuclear Techniques to Improve Domestic Buffalo Production Phase II 

In view of the good progress achieved in Phase Iof 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 lAEA should 
consider this aspect at the time of awarding the contracts. 

AGENDA ITEM VII 

Future Programmes and New Proposals 

1. Food 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 progr~e 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. Ener~v from Agricultural and Agro-Industrial Residues 
through the Use of Radiation and Industrial Micro-organisms 

~~: After a brief introduction by the IAKA secretariat, the Bangladesh 
~I~epresentative presented the project proposal. (Appendix 12). The 
A.DOG-RI, IAKA, 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 IAEA as a coordinated 
research progr~e. 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 prog.ramme 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 progr~e 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 contrib~tion 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 progranunes. The representatives 
of Malaysia, Bangladesh and the DOG-RI, IAEA, fully supported this 
proposal since it would be beneficial in the utilization of research 
reactors. The proposal was accepted. 

AGENDA ITEK VIII 

Country Statements by RCA Representatives 

The country statements presented by the representatives are 
attached as Appendix 14. 
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Appendix 2 

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 Heeting of the Working Group of the Regional Cooperative 
Agreement ~RCA) of IAEA. 

This is the 6th Heeting of the RCA Working Group since its 
formation in 1979, t~e earlier meetings having been held in Tokyo, 
Hanila, Jakarta, Kuala Lumpur and Dhaka. 

The Department of Atomic Energy, India, has always greatly valued 
international cooper.ation in the peaceful utilization of atomic energy 
for development. It has shown keen interest in the deliberations of lARA 
and actively participated in the lAEA projects calling for international 
collaboration. During the 5th RCA Working Group Heeting 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 lAEA 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 lARA and Hr. 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 lARA 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 Or. 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.K. 
Iyengar, Director, BARe, 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 noti-ced 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 Kaurizio 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 Kember States, observers from 
Asian and Pacific countries, ladies and gentlemen. 

It is a great honour and pleasure to address the 6th Working 
Group Keeting of RCA Kember 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 o·f RCA acti vi ties is requlrlng more and more 
coordination work. For this reason, as announced at the 12th Keeting of 
Representatives of RCA Kember 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, Hr. Sueo Machi. 
I would like to take this opportunity to convey to Kr. 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 
Hr. Masatoshi Kobaya-shi, whose long experience in nuclear science and 
technology transfer will be of great benefit to our progranunes. 

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 amou~t, 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. In 
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 bas 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 "".rhe use of 
microprocessors in research reactor utilization" was held at the Bhabha 
Atomic Research centre. 30 January - 11 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. 
Tbe 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 
vUlcanization of natural rubber latex was completed in Jakarta in 
September 1983, and a nucleonic·control system for the steel industry was 
installed at the Sokaro 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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INAUGURAL ADDRESS 

Dr. R. Ramanna 
Chairman 

Atomic Energy Commission, India 

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

To the words of welcome extended by Mr. Sundar~, 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 Kalpakk~, 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 allover 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 conunon 
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 Kember" 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 sal'. 
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 primarill' 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 !!We to 
100,000 !!We by the end of the century. To achieve this, a target of 
10,000 HWe of nuclear power has been se1:. 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 t.o cooperative aspects of these, questions also in the years to 
come. 

We have to re-assess the role of atomic energy in t.he 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 playa 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 ~ not entering into any controversy here, but I ~ 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 !!We, 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 ~o 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 ~re 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 !!We 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 to 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, IABA, and Dr. Kobayashi, 
RCA Coordinator, for being present today. As Shri C.V. Sundar~ 
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 H.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 

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 NOT 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 IAU 
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 1S t 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 Kission, the food 
irradiation technology in most RPFI countries has reached the stage 
where it can be transferred to industries. The Kission 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 BIOLOGICAL TISSUE GRAFTS 

The coordinated research programme on "Radiation 
sterilization practices for medical supplie's 1 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 lAEA/WHO Seminar on Tissue Banking, to be held in Manila, 
7-11 Kay 1984, the details of the new coordinated research programme 
will be drafted and submitted to lARA for consideration. 

HEALTH-RELATED ENVIRONMENTAL RESEARCH 

The 3rd and final research coordination meeting was held at 
the National University of Kalaysia, 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 in1185. To improve the 
analytical capabilities of laboratories in RCA countries, a training 
course is planned for 1985. 

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 lARA 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 UNDPlndustrial Project, so that the hydrology 
programme will be implemented with reduced funding by lARA 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 agronomie 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 progranune 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 bas 
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 contracts. 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 malal."ia or filariasis, and all the 
institutes involved are expected to complete the assay of the 
specimens by September 1984. 

DEVELOPMENT OF 99m-TcGENERATOR 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 Ko-99 produced in low power 
research r.eactors. 

Letters were sent to all Kember 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 resea.rch 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 

CODEX GENE'?_li. ST.:Ur!J.~.RD FOR T??...l.DIATED ~OODS (*) 
( \~ 0 r 1 d -'\ol ide S 1: a n C. a :-;i ) 

1. SCOPE 
This standard applies to foods processed by irradiation. 
It does not: apply to foods eAposed co doses imp'arted by 
ceasu=ing ins:ru~ents used for inspection pu=poses. 

2. GENERA.L REQUrR!~N':'S FOP.. 7HE PROCZS S 

2.1. Radiation Sources 
The follo~o1ing cy-pes of ionizing radiation may be used: 
(a) Ga=:a rays from the radionuclides 60Co or 137Cs· 
(b) X-rays generated from machine sources opera~ed at or 

beloT,.l a.n energy level of 5 H~V. 
(c) Electrons genera:ed trom machine sources operated at or 

belo~l an energy level of 10 NeV. 

2.2. Absorbed Dose 
T~e ove:-all average dose absorbed by a food subjected to 
=~diation processing should not exceed 10 kGy (1) (2). 

2.3. Facilities and Control of ~he Process 

2.3.1.. Radiation trea!:rn.ent of foods shall be earned out 
in facilities licensed and reg1scerad for dlis purpose by 
the cocpetent national authority. 

2.3.2. The facili:.ies shall be designed to ::teet the re­
quirements of safet:y, eff icacy and good hygieniC pracr:ices 
of food processing. 

2.3.3. The facilicies shall be staffed by adequate~ t=ai-
n~d and coopetent personnel. 

2.3.4. Control of the process iolithin. the facility s~l 
include the keeping of adequate records inc~uding quan­

-titative do~imet=y. 

(*) Revised version of the Reco~:ended International Gen­
eral Standard for Irradiated Foods (CAC/RS 106-1979). 

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

. ......... ~. 
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2.3.5. P-:-e::::ises and records shall be open to inspec::'on 
by appropriace nacional authorities. 

2 .. 3.6. Con ::-01 should be carried out: in accordanc.e .,i th 
the Recommended International Code of Prac.tice for the 
Operation of P..adiacion Fa.cilities used for che Treat:.menc of 
Foods (CAe/Rep 19-1979, Rev. 1). 

3. HYG!ENE OF EP.AD!ATE'D FOeD S 

3el. The food should cocply ~ith the provisions of the 
Racor:n::ended International Code of Practice - General Prin­
ciples of Food Hygiene (Ref. No. CAe/Rep 1-1969, Rev. 1, 
1979) and, vhere ap propria te, ~ th che Recom::ended Int er­
national Code of Hygienic Practice of the Codex A1i!:len­
tarius relative to a particular food .. 

3 .. 2. Any relevant national pub-lie health requi:"ecenc 
2.£f~cti~g mic:::'obiologic.al safety and nut:::-itional adequacy 
applicable in the country in ~hich the food is sold should 
:,e 0 b~ erved .. 

4 • TECHNOLOGICAL REQ{]!?.EME~""'!'S 

4.1. Conditions for I=racliation 
!he i:radiation of food is justified only yhen ic fulfils a 
tech.nological need or ~here it serves a food hygiene pur­
pos~ (3) and should not oe used as a subs:::itut:e for good 
:anufac~uring practices. 

4.2- Food Quality and Packaging Requirecents 
!he doses applied shall. be c:o=mensu=ac:e ~i::h the techno­
logical and public health purposes to be achieved and shall 
be in accordance T,.1i th good radiat:ion processing prac::ice. 
!oods to be irradiated and their pac.~gi:lg materials shall 
be of sui"t.able quality, acc.e~table hygienic condi tion and 
appropriate -for this purpose and shall be handled, before 
a~d after ir~ad1ation, according to good manufacturi~g 

practic.es caking int.o account: the particular requ1remen:s 
of the technology of the process. 

(3) See note on page 4. 
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5.1 RE-IR.?...A.DIATION 

5.1. Except: for foods T,.,·it:h lov coiscu:-e conten: 
(cereals) pulses, dehydrated foods and. o:her such co..:'!­
oodities) ir=adia:ed for the pu=?ose 0: controlling insec= 
rein.:escation, foods irradiac:ed in accordance ~i th secti.ons 
2 and 4 of this standard shall not be re-irradiated. 

5.2. ". For the purpose of this s::andard food is not con­
sidered as having been re-irraciiated vhen: (a) the food 
prepa:'ed f=oc. :taterial s ~hi en have been i=-:-adia ted a t lou 
dose 1 evels e. g. a bout 1 kGy) is irradia t:ed f or ana ther 
technological pUr'?0se; (b) the food, containing less than 5 
% of irradiated ing~ediene, is ir~adiated, or when (c) the 
fuli dose of ionizing radia::ion required to achieve the 
~esired ef=ect is applied : 0 :he food in more than one 
instalment as part of processi~g for a specific techno­
logical purpose. 

5 .. 3. '!'he cumula ti ve overall average dose absorbed 
shou.ld tlo: exceed 10 kGy as a resul: of re-ir:-adia.::ion .. 

6. LABE!.L!~iG 

6.1. Inventory Con:~ol 
Fo= ir~aa~ated foods, ~he:her prepackaged or noc~ the 

.relevar.: shipping docu:ents shall give appropriate infor.:a­
t:.ion to identify the registered facility ~hich has ir1:"aci­
iated the food, the date(s) of treatwent: and lot ident:i.-
fication. . 

.~ .... 

-6.2. Pre?ackaged foods intended for direct consuc?cion 
'!he labelling of - prepackaged i==adiat.ed roods shall be in 
accordance \Ii tn th e t:elevan: provisions of the Code:<: Gen­
eral S:anda=d for the Labelling of P~epackaged' Foods (4). 

6.3. Foods in bulk containers 
The declarat:iou of the face or irradiation shall be made . 
clear on the re~evant shipping documen:s. 

(4) See note on page 4. 

-" 
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dose 
Code 
used 

4 

For tileasurecent: a.nd calculatioc. of overall average 
absorbed see Annex A of t:he Reco~~end=d Incernat:ional 
6 f Pra c : ice for th e 0 per at: io n 0 f Rae i at 10n Fa c i 1 i tie s 
for rreac~ent 0: Foods (CAe/Rep 19-1979, Rev. 1). 

(2) The vho1esomeness of food s, ir1:adiatad so as to have 
absorbed an overall average dose of U,? co 1Q kGy, is not: 
impaired. In :his context the term "wholesotnf,!!ness·· refers 
to safety for consutlption of irradiated foods from the 
toxicological point of vie~. !he irradiat:ion of foods up 
to an overall average dose of 10 kGy introduces no s~ecial 

nutritional or t:icrobiological problems (i.fuolesomeness of 
Irradiated Foods, Report of a Join~ FAO/ I.AEA/WHO Expert: 
Committ:ee, !ec:.l-tnical Report Series 659) ~mO, Geneva, 1981). 

(3) The u tili::y of the ir-:adiation process has been 
demonstrated for a nU:lber of food ite:s listed in Annex B 
to the Recot:IQ.ended Ince:nacional Code of Practice for the 
Ope=ation of Radiaeion Facilities used for the T~eaCwen~ of 
Foods. 

(4) 'Under revision by the Codex Coc:itt:ee on Food 
Ulcelling. 



5 CAC/RC? 19-1979 (Rev. 1) 

TH=: O?Et\.!..TION OF I~?,-~:r:Xr:ON F.';'C!::.!::,r:::s GS::D FO?. TH=: 
'IRE';;' T~~{! OF E"OCOS (~) 

1. INmODuC!rON 
!his code refers to :he opera:ian of irradiation facilicies 
based on the use of either a radionuclide source ( 60 Co or 

"·13 lCs) or X.-rays a"nd elec.trons generated "from aac.hioe 
s"urc~·s. The irradiation facility may be of t~o designs, 
either ··concinuous·· or ··batch'· cype. Con:=ol of :he food 
irradiation process in all cy?es of facili:y involves the 
use of accepted cethods af ceasuring the absorbed radiation 
dose and of the monicoring of the physical pa:oaceters of 
the ?rocess. The operation of chese facilities for the 
irradiation of food must comply ~i:h the Codex recom­
men~ations on food hygiene. 

2. IRRADIATION PL-~~!S 

2.1. Para~eters 

For all types of facility the doses abso::,~ed by the product. 
d.epend on the radiation pa=amet: er, c.he dwell" t:ime or the 
transportation speed of ~he produc:, and. the bulk. densit:y 

".of the material to be irradia.ted. Sou:-c.e-produc t geome t:r;..) 
e5pecially distance of che produce from the source and mea­
SU1:'e.s co increase the efficiency of raciiat:ion u1:ili~t:1on) 

"'TNill influence the absorbed dose and the homog!!neit:y of 
dose distribution. 

~.l.l. Radionuclide sources 
Rac10nuclides used for food irradiat:ion emit: phot:ons of 
c.~aracteristic energies. !he stac:ecent: of the source 

·"material completely detercines the penetration of the etnit:.­
-ted radiation. The source activity 1s :leasured in 
Bacquc!"rel CBq) a~c! should be stated by the supp~ying organ-
.i.sation." '!he actual 'activity of the source (as yell as any 
return or replenishcent of radionuclide ~aeeria~) shall be 
-recorded. '!'he recorded acti ~J'ity should tak.e int:o account: . 
the natural decay rate" of the source and should" be 

(*) Revised version 0 f the Recocmended Interna t:1onal Code 
of Prac:t.ice for the Operation of Radia"e:iotl Fac:::.i..~ities used 
for the Treat~ent of Foods (CAC/RC? 19-1979). 
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accor:panied by a record of the dace of ceasu:-eoen: or 
recalcula t:ion. Radionuc:lide irracia to:-5 . t."ill usually have 
a veIL separa.ted and shielded de?ository for the source 
elements a.nd a treatcent area r,.;hich can be entered when the 
source is in the safe position. There should be a positive 
indication of the correct: operat:ional and of che correct: 

"safe posiCion of the. sou.rce vhich should' be interloc.ked 
Yi~~ the produce movement~ system. 

2.1.2. 2-'.a c..1-tine sources 
A beam of elec:ro~s generated by a sui:able accelerator, or 
after being converted co X-rays, can be used. The pene­
tration of the radiation is governed by :he energy of :he 
elec e:on s. Average beam pot.1er shall be adequately 
recorded. There should be a posit:ive indica.cion of the 
correct setting of all mac..."ine parameters Yhich should be 
interlocked vith the product: mO·"eoenc syst:ec. Usually a 
beam scan!ler or a scat:eri:lg deVice (e .. g. che conver~i ng 
targe:) is incorporated in a machine source t:o obcain an 
eve~ dis:ribution of the radia:ion over the su=face of the 
pro~uct. The product movement, the ~idt:h and spee~ of the 
scan and' the beam pulse frequency (if applica.ble) should be 
adjust·~d to ensure a uniform surface dose. 

2.2. Dosimetry and Process Control 
ePrior to the 1rraciial:ion of any foodstuff cert:ain dosimetry 
. t:teasurecent:s (1) should be made, yhic:.h de!:onstrace thar:: the 

process will satisfy the regulatory requirements. Various 
·:ec.~niques for do'simet1:y per:inent to rad:ionuclide and 
machine sourclas are available for 'aleasuriog absorbed dose 
in (l quantitative :::lanner (2). ~c 

-Dosicecry commissioning ceasurements should, be made fo~ 

'ea c."'- neW' food, 1rradia cion proc.ess. and \:henever modifica­
~t:.ions are made co source streng1:h or type and" to the source 
product geomet:ry. 

Rou:ine dosimeery should be Qade during operation and 
records kept of such measurement. !n addition, .regular 
measurements of facility parameters gove~1ng the process~ 

(1) See Annex A to this Code. -::>~ 
(2) Detailed in the Manual of Food Irradiation Dos1~etry, 
IAEA, Vienna, 1977, Technical Rapor: Series No. 178. 

-' 
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such as t=anspo'!:":at::on speed, d~ell ::'me., source e}:posu:-e. 
ci~e, =achine bea= para=e:ers, can ~e. =ade ci~=ing :he raci­
licyoperation. ':he records of ~hese ceasurc:::en:s can be 
used as Su?po~ting evidence that the process sacis:ies the 
regulato~J requi=e~ents. 

"3 ~ GOOD MDrA:-!O~l PROC::SS!~;G PP,-~CTIC:: 
Facility design should ac;::ecpc Co op:i~al.i=e the dose uni-
fOr::lity ratio, to ensure a?propt'ia.:e dose rates and, w-here 
necessary, to per:it. t.emperature control du=i~g ir~adiation 

(e..g. for the treat:ent of f:-ozen food) a:ld also conerol of 
the atmosphere. I~ is also often necessar-J' to minimize 
::lechanical damage to the product during c:!"anspo:'tacion 
irradiation and storage) and c!esirable to e.nsure the maxi­
tlU:l efficie.ncy in the use of the irradiato=. ~.fuere the 
food to be ir-.:adiated is subject to specia.l standards for 
hygiane or te::peracu:e con tro 1, en e facili:y WlUS t per.:d t: 
co~pliance with these s~a~dards. 

4. PRODGC!' .!2·1D I1'.rv::~;:ORY co~nor. 

4.1. The incoming p!:'od.uct: should be physi.cally sep-
ar~~ad f=o~ the oucgoicg i:=adia;ed produces. 

4.2. Where appropriate, a visual colou::- chang.e rac:ia­
t:ion !.nc!icat:or should be affixed Co ea ch ?t"oduc t p'lck for 
~eady ident~fication or irradiated and non-irrad~ated prod­
uces. 

4.3-.. Reco:'ds should be kept in the fac.:!.lit:~t record book 
'vhich shou the nature and kind or the produc: being 
treated, its identifying marks if packed or, if not, the 
shipping details, its bulk. density, the type of source or 
elec.t:ron machine, c:he dosiinetry, the dosiI:1eters used a:ld 
ftetails of their calibration, and the date of treac~en~ • 

. 4.4. All···produc'Cs shall be handled, before and after 
irradiation, accorciing Co accepted good t:anufac.t:ur.ing prac­
t:ices taking into account the part:ic:ular requi.rements of 
the technology of the process (3). Suitable fac~~~cies for 
refrigerated storage may be required. 

(3) See Anaex B co this Code. 
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Dosr~T?.Y 

The overall average a~sorbed dose 

It ca.n be assuoed for che purpose of the decerminat:ion of 
,the ~holesoQec.ess of food treated "..1i th an overall a.verage 
dose of 10 kGy or less, that all radiation chemica~ effects 
in that pa~icular dose range are proport~onal to dose. 

The overall average dose, 0, is defined by che follo~ing 
inte;ral over the total volume of the goods 

-15' 

\.Thera 

If 
p 
ci 
dV 

+ ~ f p (x, y, z) • d ex, y. z) • dV 
M 

= the tota.l mass of the treated sample, 
=- the local densi:y at the point (x)' y, 
= the local absorbed dose at the point: 

z) 
(x, 

= dx d)~ dz the i:tfinitesi~l V'oltCe el.ecent: 
vhich in real cases is represented by the 
V'oluQe frac:ions. 

y~ %) 

The cve::.-all averagt! a bsorbed dose can oe dete!'!!Iined di.r­
e:ct~y f,or homogeneous products or for bulk goods of hOGlo­
geneeus bulk densicy by dis-:ributing a.n adequate number of 
dose meters strategically and, at random through.out:' the vol­
ume of the goods. 'From the dose dis~ribut1on detercined in 
this manner an average can be calculated ~hich is the over-

. ~li average absorbed dose. 

If the shape of the dose distribution cu,:,.re through the 
product is 'eJell deter:tined the positions of ;:ninil::tu::: and 
maxitlu:t dose are knot.m. Measurements of the dis tributi.on 
of dose in these t).70 pOSitions in a serles of samples of 
the pr'oduct: "'can be used to give an estimate of the overa~~ 
average dose. In some cases che tile.an value of the a1>.,.erage 
values of ~he minimu~ (Dmin) and ~~i~u~ (OCax) dose ~i~l 
be a good estiwate of the overall average dose. 
i.e. in these cases 

overall average dose ~ "D:lax + Dcin . ~,j". 
2 
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2. Effec:ive and li~i:i=g dose values 

Soma .effective treacment: e.g .. the elimination of har=£ul. 
tl1c:-oorganisi:1s, or a pa::ticular shelfli£a ex!:.ension~ or a 
disinfestation requires a ~ini~uc aoso=bed dose. For o:her 
applications too high an absorbed dose may cause undes ir­
able effects or an i=pairment of the quality of the product. 

The design of the facility and the operational pa::-acete::-s 
have to take into account: tnini::lu~ and =zaxicum dose values 
required by :he proces s. In some 10fJ dose Clpplicat:ions it: 
l:ill be possible 1',.1ichin the terms of section 3 on Good Rad­
iation P't'ocessiIlg Practice to alloy a ra1:10 of max.i=lu:u to 
~inimum dose of greater than 3. 

t-1ith regards to the maxit!lu:l dose va.lue under acceptable 
vholesomeness considerations and because of the statistical 
distribucion of the dose a mass f-:-actioc af p-roduct of at 
least 97 .. 5 % should receive an absorbed dose of less chan 
15 kGy when the overall average dose is 10 kGy. 

3 .. Routine Dosi~etry 

Measurements of the dose in a reference posl.t:iotl can be 
~'i:laG a oc.casionally throu ghout the proces s. T.'1e assoc:ia tion 
.l:;~tw~en the dose. in the reference position and the overall 
av~::age dose must: be kno\vn. These measurements should be 
used to ensure th~ correct opera tion of the process. A 
recognized and calibrated system of. dosi:etry should. be 
used. 

A cOt:lplete record of all dosi:letry measurement:s incJ.udi:lg 
calibration cust be kept. 

4. Process Control 

In the case of a continuous radionuclide facility i.e 1',.1111 
be possible to cake automatically a record of t=ans-. 
portation speed or dwell ti:le together ~ith illdications of· 
source' and 'product positioning. These measurelllent:s can be 
used to provide a continuous control of the process in sup-
port: of routine dos!.me cry measurecent s. .-~ :; . 

. -
". 
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In a batch operated radionuclici~ facilic)'" auta=ac:ic 
r~cbrding of sou:ce exposure :i~e can be =ade and a record 
of produc.t ;::overnent and plac.eaen:. ca.n be kepc co provide a 
control oaf the process in suppo=~ of rout.ine dosi:er:ry 
measu!:ements. 

In a machine fac.ility a continuous record of beam pa=a­
meters, e .. g .. volcase, current:, scan speed,. scan ~ic.::h~ 
pulse repetition and a record ~f transpor:a~ion speed. 
through the beam can be used to ~roV'ide a continuous con­
trol of the process in sup?or~ of routine dosi~et:=-f 

measuremen:s. 

," 

-_ .... 
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EXA.)'{PLES OF !EC~"'NOLCGICAL CQ~;DrrrO~;s !='OR THE 
IRR!.DIATION 0: SO:-rS INDIVIDU . .!..L FOOD IT::~~S SPECIFICALLY 

EXAl'!IN'ED BY TF-E j OIl':! ?" AO/ lAEAI wHO :C:XPSR! CCX~ITT'EE 
$ 

!his information !.s. taken from the Reports of the Joint 
FAO/IJ.'zA/tmo Expert Cocmittees on Food Irradiation (w:!O 
Tec.lotni'ca1 Repor-: Series, 604, 1977 and 659, 1981) and 
illusct'a&:es t:he u t:ili ty of che irradiation process. It: 
also describes tbe technological condi:ions for achieving 
the pu:-pose of the irradiation process safely and econoc­
icall, • 

1. CHIC:<EN (Gallus domesticus) 

1.1. Purposes of the Process 
Tha purposes o~ i=-=adiacing chicken are: 
(a) to prolong storage life 

and/or 
C~) to reduce the nuwber of certain pathoge:lic. tlicro-
orga~!~s, such as Sa1~onella f=o: eviscerated c~~cken. 

1.2. Specific Requirece~t:s 
1~"'!:..ra~!:.. do~e..:... for (a) and (b), up to 7 k.Gy 

2. COCOA BEANS (7heobroma cacao) 

2.1. Purposes of the Process 
The purposes of irradiacing cocoa beans are: 
(a) to con:rol insect infes:acion in stqrage 
(b) to reduce cicrobial load of fermented beans Yith or 

y1 dlOUC: hea 1: t-reat::zent:. 

2.2.1. 

Soecific Require~ents 

Av.::,rag.=. io:..e,;. for (a) up to 1 kGy 
for (b) up to 5 kGy 

2.2.2.' Prevention of Reinfestat:ion: Cocoa beans llhether 
prepackaged-or handled in-bulk, -should be stored as far as 
possible, under such conditions as yill prevent: rein- .:,:-~"-

festation and microbial recontaminacion and spoilage. 

# .' • 
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3. DATES (?hoen:':-: dac ty 1 if e:-a) 

3.1. ?urpose ot the Process. 
The purpose of i,;:-raciacing prepackaged dried dates is to 
control insect in£es~ation duri~g storage. 

3.2. Specific Requirecenes 

3.2.1. 

3e2.2. Prevention of Reinfestation: Prepackaged dried 
dates should be stored under- such cOndit:ions as ~ill pre­
vent reiniescation. 

4. ~~NGOES (Mangiiera indica) 

4.1. Purposes of t:he Process 
!he purposes or irradiacing ~angoes are: 
(~) to control insect infes~ation 
(b) to ieprove keeping quality by delaying ripening 
(c) to reduce cicrobial load by combining irradiation 

and heat treatment. 

4.2. . Specific Requi!"ements 
A·;~rag::.. do~e..:.. up co 1 k.Gy 

5. O~:!ONS (A1liut:1 ce pa) 

5.1. .Purpose of the Process 
rne purpose of i:--radiac1ng onions is to inbibic sproutinG 
during st:.orage. . 

.5.2... Soecific Re~uiremen~ 
Av.!:.rag.! .:!,o!,e-=. up Co 0.15 kGy 

6. P~~AYA (Carica ?apaya ~ 

6.1. Ptit"1'ose of the Process 
The purpose ot irradiacing papaya is :0 control insect 
infestation and to improve its - keeping qualicy by delay! ng 
ripening. 

.'.~ 
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6.2. Specific Requireoencs 

6.2.f. 

6.2.2. Source of Radiation: 'rhe sou:-ce of radiation 
should be-such as will provide adequate penecra~ion.. 

7 • PorA TOES (Solanu:il tuberosuQ !:.:...) 

7~1. Purpose of the P~ocess 
The purpose of irradiating potacoes is ~o inhibic sprouting 
during storage. 

7.2. Soecific Requirement 
!:.,v:=.r~g::.. do~e.:.. up Co 0.15 kGy 

8. PULSES 

Bel. Pu:-pose of the Process 
The purpose of irrad.iacing pulses is :0 control insect: in­
fes:a:ion in storage. 

8.2. SpecifiC Require~ent 
A"'J:-..r=..g:! ;!.o~e-=- up to 1 key 

9,,, ~ (Oryza species) 

9.1. Purpose of the Process 
The pu:-pose of lrradiae1:lg rice is to con~rol insect: in­

.fescation in stor~ge. 

9'.2. Soecific Require~ents 

9.2.2. Pl:'evention of Re1nfestation: 
packaged or ~ndled in -bulk,- ShOUld 
possible, under such conditions as 
f estat1on •. 

Rice, .. he ther pre­
be stored as far as . 
Yil.l prevent: rein-
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10. SP!C-'::S AliD Cm{DI:S)iTS, :rE:-rYD?A7'?:,!) O~;Ta~{S, onro1-{ 
po::mER 

10.1. Purposes of the P~ocess 
The purposes of irradia:ing spices) condiments, dehydrated 
onions and onion powder are: 
(a) to concrol insect infestation 
(b) to reduce microbial load 
(c) to reduce the number of pathogenic microorganisms. 

10.2. Specific Requirewent 
!v.!rag~·'!!,o~e..:.. for (a) up co 1 kGy 

for (b) and (c) up to 10 kGy. 

11. S'!'RA~~BE:RRY (Fra~a.:"1a species) 

11.1. Purpose of the Process 
The purpose or ~r~a~la:ing treso stra~berries is to prolong 
the storage life by par-::ial eliminat:ion of spoilage 
o:,ganisms~ 

11.20 Specific Requirecen~ 
~~!:..ragf! ~o~e..:.. up to 3 k.Gy 

12. TELEOst FISH A~~ FISH PRODUCTS 

12.1. Purposes of the P~ocess 
The,purposes of ir~adiating teleos-:: fish and fish produces 
-a r.e: 
. (a.) to cont::rol insect infestation of dried fish during 
s~oraga and oarketing 
(b) to reduce aicrobial load of the pac.T,,:aged or un-
pa~<age~ fish and fish products 
(c) to reduce the number of cer~ain pathogenic micro-' 

·organisms. in packaged or unpackaged fish and fish products. 

Specif~c Requirements 

12.2.1. ~verag.::. ~o.!el. fot' (a) up to 1 kG)" 
for (b) and (c) up co 2.2 kGy 
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12.2.2 - Te.cne:-a ::~=e ~equ!r-=-~!:.:t~: Du=:!. ng 1::-racia~ion and 
. sco:.-a·;e ~he-'£ish -and fish pt'cduc::s :-eferred to in (b) and 

(c) should be kept a:: ~he ce~pe=acu=e of ce1:ing ice. 

13. WHEAT AtID GROUND \';:-{'EA r PRODUCTS (Tri t:icum speci es ) 

13.1. . Purpose of the Process 
The ptl.rpose of irradiacing ~heat and ground Yheat products 
is co control insec: infestat:ion in the sto=~d product. 

13.2. Specific Requiremen:s 

13.2.2. Prevention of Reinfesta:ion: These products> ~he­
th~r prepackaged or handled in- bull, should be scored as 
far as possible under su~h conditions as yill prevenc re~n­

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/O 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 
Mossbauer, 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 I/O 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; Mossbauer 
spetrcometer I; radioimmunoassay counter; portal monitor; private automatic 
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branch exchange; Mossbauer spectrometer II; master slave clock system; 
LSI-ll based pulse height acquisition and processing system; 

- experimental equipment using merosY's tema; triple axis neutl"On 
spectrometer wi th 80-1.1P based control system; MOB8bauar.-~~~fte1'!1 
us1ng 8080 microprocessor; activation am1.1sis using 8085 ,proe~aaor. 

- a neit to NatiOIlal Sottware Development Centre at ,Tata Inatitu1;. 
of Fundamental Research and a visit to tne Santacruz !lec~rcnica 
Export Promot1on Zone at Andheri, Bombay_ 

The technical c cntent ot the' Worksbop was designed to familiarise 
the experinentaliats with the basics at Microprocessors, appraise them 
ot the availability ot various assoc 1ated chips available and discuss 
the log 10 ot c on:t:1guring them into a ays tam_ The emphasis was also to 
help the participants to acquaint themselves with microproceaaor based 
qstea to aid in on-11m control and 8utoma:tion ot experiments, on-lin .. 
computation of various parameters at don-line p:rocessing ot data merever 
applicable • 

The programme, with a tight schedule ot lectures and praotical 
sessions, tound good response trom the pt.rt1cipanta. '.rheY' evinced 
keen interest to benefit from the course b1 wo IkiIlg on the kits during 
late eveni:cgs and on Sundays at the ~rain1ng School Hostel where the1 
were all hOU89d togetbel.". Two kits with 1Dstmct1on uanuala, were mde 
available tor this purpose. About 25 technical books -dealing with micro­
processors were alao made available at the hoatel tor reterenoo purposes. 
Seftral lecturers and instruotors used to have diacU8sions wi"th the parti­
cipants in the evelli12gs a" the Hostel. 

A teed-back session was organised in the' m1ddl. at th e course ~o 
e11e1" opinions trom the partic1panta as well as to judge the level of 
comprehension ot the more advanced uPtcta. , ~hia helped in a sligh; 
readjustment to aid more ettee't1 va coD1DllD1ca't:1011. In' particular, the 
lectures dealing w1~ applicatioD8 were oriented tog1 .. the method ot 
attack 'that the dssigners chooS. 1n deaigniDg a 81'*21: 10 1I1crocomputer 
",0 8u1~ 'the sPJcU1cat1oDS and objective·. ,of the user. Sim11ar~ t a 
•• t ot l.qouta were apeciall1' prepared to show the details at inter­
cOIlDecting INTEL SOS5 to other IO chips tor I/o opere. tiona etc. 

~e participants telt that it the ki ta along with instruction, 
.nuals were given to them as part of Workshop _terial it would go 
• long W8'1 in cOQSolidat1l:Jg the technical aspects the, learnt- at 'the 
w.orkahop. !he cost ot the kits alODg with mounted components am 
power supplies would come to about $9.500 tor ten partic 1pants. It 
the WA provides t1ml%1cial support to this extent the kits can be 
.eDt to the participants from Bomba;y'. Along with the course uaterial, 
a coP7 at an. excellent book on microprocessors bJ .A..P. Mathur was 
given to each participant. A tew par1;1c1pants bough t some more books 
available tor furthering their stud.iee. !he participants alfJO opined 
that the course should have included fabrication ~ the kit 1tseU as 
then theT would have lea~nt all aspects trom the' scratch. '!he orgaDieiDg 
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committee had discussed tn1s aspect earlier but felt that fabrication 
ot the kite bt the participants would have involved at least another 
two weeks ot practical work as then one would have had to provide 
tra1n11lg even in aspects like soldering, prepara"ion o:! layOut and so 
on. In the op1n1on ot the organising committee such an exercise was 
outside the scope ot 'the Workshop. 

About 40 scientl:f'ic and technical staft were inyol1ed in g iviDg 
the academic support to the Workshop, in terms ot ccnrse organisers, 
lecturers and instructors. EveI'1' practical course had each participant 
assisted b;r an instructor and the overall auper'lision at two or three 
course organ1sers. This high 1nstructor-'to-participant rat10 was vert 
necessal"1 to ensure that each at the participant is guided thrOlgh the 
practicala takiDg into account the previous background. and experience 
ot the participan't. In the case of a tew participants, who had prior 
tam11iaritl t a tew exercises at an advanced nature were also set up to 
give thea the benefit ot advanced expertise available at BAm. 

'lbe lecturers and instractors were drawn trom a bout 8ix Divisions 
~ l3.t\BJ (Nuclear, Neutron, Electronios t ComPllter, Tra1n1ng aol Anall''tlcal 
Chem1at17 J;)iv1s1ons) 8Qd. 'the Workshop was truq a mult1d1acipl1Dar.r user-· 
oriented one. I't 18 our UDaer&tand1llg that" the at. and objectives ot . 
the course .ere ampq tul:t'1lled and tbe par$1ci}8n". felt adequatelJ 
aa-c1at1ed a~'ih. high academic and. techa.1cal level. _intained throUflhou" 
'the Workahop~ 
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~ Appendix 9 

UNITED NATIONS DEVELOPMENT PROGRAMME 
i£.) 
V 

INTERNATIONAL ATOMIC ENERGY AGENCY 

RAS/79/061 

OFFICE OF THE PROJECT CO - OROmA TOR 
c/o. CAJR BATAN 

JL: CINERE PASAR JUMAT 
PO. BOX 21KBY. LAMA 

JAKARTA SELATAN 
INDONESIA 

Dear National Counterpart 
National Co-ordinator 
Training Course Director 

TELEPHONE: 761607 
TELEX 47113 IAEARCA IA 
CABLE JUMATOM JKT. 

1984-03-09 

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

A. 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 eTA 
and Project Director, to conduct Marketing Studies and make arrangements to 
c.onvene Executive Management Seminars. In this connection, Mr. Fowler will 
maintain direct contact with you and keep me informed on the progress. 

Concurrently, I 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, I intend to finish drafting the Interim Report by August 1984 (Item 8.1 
of the Work Plan) and submit the draft to the SBA in September. The Interim 
Report shall be then final ized in the Fifth Meeting of the SBA:r planned for 
December 1984 (Item 12.1 of the Work Plan). 

Enclosure 
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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 extent ion 
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 wi th ou r worki ng time tab 1 e for the preparat i on of th is Inter im 
Report, I would need the help of all Project National Counterparts/ 
Co-ordinators (NCp) as indicated in para. 1 of the Time Table" 

In this connection, I would need by mid-May 1984 comments and evaluation 
from the NCps on the past performance in implementing the various Sub-Projectse 
These comments should include, inter al ia, 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 i"t; 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 an~ 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, I 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. 

B. Plan for Regional Training and Certification of NOT 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 shaTI 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 DOG Velez's letter RAS/79/061 of. 14 December 198'3, which was 
addressed to the respective Mission in Vienna of the "RCA Member States and wi.th 
copies sent direct to the Project national counterparts. Following this action, 
I have arranged to have a complete set of draft guide1 ines and text books on 
NOT 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 
NOT Regional Training and Certification Scheme, I 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. 
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In this connection, I would 1 ike to know through you how far the 
evaluation of our proposal has proceeded. I 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 I may quote. 

I still have in my office a few more sets of the draft guidel ines and 
training manuals on NOT. Please let me know if yo~ want another set, or want 
it to be forwarded to any other competent "body in your country. 

I hop~ I am not asking too much from you. 

With best personal regards l I look forwanj to hear from you again soon. 

Yours sincere 1 y ~ 

Sobhak P. Kasemsanta 
Project Co-ordinator 





JA
N

U
A

RY
 

1
.1

 
S

u
b

-P
ro

j.
 

4
.c

 
F

ir
st

 T
ra

in
in

g
-D

em
o

. 
O

SA
C 

H
in

er
al

 
C

o
n

ce
n

tr
. 

2n
d 

P
a
rt

, 
G

ro
up

 
B

 
P

h
il

ip
p

in
e
s 

8 
Ja

n
-3

l 
M

ar
ch

 

1
.2

 
M

ar
ke

t 
S

tu
d

ie
s 

an
d 

P
la

n
n

in
g

 
o

f 
E

x
ec

u
ti

v
e 

M
an

ag
em

en
t 

S
em

in
ar

 
(J

an
-D

ec
.8

4
) 

1
.3

 
E

x
p

er
t 

-
T

ra
ce

r 
T

ec
h

n
o

lo
g

y
. 

1 
w

ee
k 

S
in

g
ap

o
re

 

FE
BR

U
A

RY
 

. W
OR

K 
PL

A
N

 
UN

DP
 

RE
G

IO
N

A
L 

IN
D

U
ST

R
IA

L 
PR

O
JE

C
T 

19
84

 
-
..

-
-

M
AR

Ci
l 

3
.1

 
S

u
b

-P
ro

je
ct

 
1 

1
st

 T
ra

in
in

g
-D

em
o

n
st

r.
 

T
ra

ce
r 

T
ec

h
n

.i
n

 I
n

d
u

st
ry

 
B

om
ba

y 
1

-2
3

 M
ar

ch
 

S
in

g
ap

o
re

 
2

4
-3

0
 M

ar
ch

 

3
.2

 
E

x
p

er
t 

-
T

ra
ce

r 
T

ec
h

n
o

lo
g

y
. 

2 
w

ee
ks

 
S

in
g

ap
o

re
 

3
.3

 
S

u
b

-P
ro

je
ct

 4
.a

 
3

rd
 T

ra
in

in
g

-D
em

o
. 

N
u

cl
.C

o
n

tr
o

l 
S

ys
te

m
s 

fo
r 

P
ap

er
 M
a
n
u
f
a
c
t
~
r
e
 

B
an

P
on

8.
 

T
h

ai
la

n
d

 
12

-2
5 

M
ar

ch
; 

Ja
p

an
 

2
6

-)
0

 M
ar

ch
 

3
.4

 T
ra

in
in

g
 

(2
) 

O
p

er
at

io
n

s 
an

d 
H

ai
n

te
n

. 
o

f 
ED

 
M

ac
hi

ne
, 

K
yo

to
 

Ja
p

an
 

(4
 

w
ee

ks
) 

3
.5

 
E

v
al

u
at

io
n

 
Q

u
es

ti
o

n
n

ai
re

 
to

 
a
ll

 
p

a
rt

ic
ip

a
n

ts
 

an
d 

tr
a
in

in
g

 c
o

u
rs

es
 

A
PR

IL
 

4
.1

 
S

u
b

-P
ro

je
ct

 
3

.a
 

S
ec

on
d 

In
-R

es
id

en
t 

T
ra

in
in

g
 R

ad
ia

ti
o

n
 

V
u

lc
an

iz
at

io
n

 o
f 

N
at

u
ra

l 
R

ub
be

r 
L

at
ex

 
I 

A
p

ri
l 

-
3

0
 
S

ep
t.

 
Ja

k
a
rt

a
 

4
.2

 
S

ta
rt

 
D

es
k 

E
v

al
u

at
io

n
 R

ev
ie

w
 

(D
ER

) 
o

f 
S

u
b

-P
ro

je
ct

 
4

.a
 

HA
Y 

5
.1

 
S

u
b

-P
ro

je
ct

 
2 

7
th

 
ND

T 
E

x
p

er
t 

'
~
o
r
k
i
n
g
 

G
ro

up
 

M
ee

ti
n

g
. 

B
an

gk
ok

 
2

2
-2

5
 M

ay
 

5
.2

 A
n

al
y

si
s 

o
f 

E
v

al
u

at
io

n
 o

f 
T

ra
in

in
g

 C
o

u
rs

es
 

DE
R 

o
f 

S
u

b
-P

ro
je

ct
 4

.a
 

co
m

p
le

te
d

 

A
p

ri
 1

 1
98

4 

JU
N

E 

6
.1

 
4

th
 

SB
A

 
M

ee
ti

n
g

 
A

d
el

ai
d

e,
 

A
u

st
ra

li
a
 

18
-2

1 
Ju

n
e 

6
.2

 
S

u
b

-P
ro

je
ct

 4
.c

 
E

x
ec

u
ti

v
e 

M
an

ag
em

en
t 

S
em

in
ar

 
-

M
in

er
al

s 
P

ro
ce

ss
in

g
, 

B
ag

u
io

, 
P

h
il

ip
p

in
e
s 

1
1

-1
2

 
Ju

n
e 



1
. 

1 
R

eq
u 

i r
em

en
t :

 
.A

lI
st

ca
li

an
 A

rr
an

g
e­

m
~
n
t
s
 

an
d 

C
o

n
tr

ib
. 

to
 

P
ro

je
c
t 

l'
 

1
.2

·R
cq

u
ir

em
en

t:
 

'f
a
ta

l 
19

84
 

C
o

st
 

(P
la

n
n

f!
d

):
 

U
5$

70
,8

75
 

R
A

S
/B

/0
08

 

1
. J

 
R

e(
,u

ir
em

en
t:

 
Is

su
an

ce
 
o

f 
0

)
 

S
p

ec
ia

l 
S

er
v

.A
g

re
em

. 
C

o
st

: 
U

S
$1

.5
30

 
R

A
S/

8/
O

O
a 

PC
 

T
ra

v
el

 
PC

 
T

ra
v

el
 

3
.1

 
R

eq
u 

ir
em

en
t :

 
Is

su
an

ce
 

o
f 

(1
2

) 
T

ra
in

in
g

 A
gr

ee
m

en
ts

 
C

o
st

: 
U

S$
 

3
5

,0
0

0
 

R
A

S
/8

/0
0B

 

3
.2

 
R

eq
u

ir
em

en
t:

 
ls

su
an

c~
 

o
f 

(2
) 

T
ra

in
in

g
 A

gr
ee

m
en

ts
 

C
o

st
: 

U
s$

 
7

.5
0

0
 

R
A

S
/8

/0
08

 

3
.3

 
R

eq
u

ir
em

en
t 

Is
su

an
ce

 
o

f 
(1

2
) 

T
ra

in
in

g
 A

gr
ee

m
en

ts
 

C
o

st
: 

U
S$

35
,O

O
O

 
R

A
S/

8/
O

O
a 

U
S$

 
1

0
.0

0
0

 
Ja

p
an

 C
a
n

tr
i b

. 

3
.4

 
R

eq
u 

i r
em

en
t 

; 
Is

su
an

ce
 
o

f 
(2

) 
T

ra
in

in
g

 A
g

re
em

en
ts

 
2m

/m
; 

C
o

st
: 

U
S

$1
.0

00
 

Ja
p

an
 C

a
n

tr
ib

. 

4
.1

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 

o
f 

(8
) 

T
ra

in
in

g
 A

B
re

em
en

ts
 

C
o

st
; 

U
S$

 
5

3
,0

0
0

 
R

A
S

/8
/0

08
 

Is
su

an
ce

 
o

f 
(4

) 
L

ec
tu

re
 

A
gr

ee
m

en
ts

 
C

o
st

: 
U

S$
12

,O
O

O
 

Ja
p

an
 C

an
t r

ib
. 

.. 

I
'
 

PC
 

T
ra

v
el

 

5
.1

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 

o
f 

(6
) 

S
p

e
c
ia

l 
S

er
v

ic
e 

A
gr

ee
m

en
ts

 
C

o
st

: 
U

s$
 

ll
!O

O
O

 
Ja

p
an

 C
a
n

tr
ib

. 

PC
 

'f
r:

av
el

 

b
el

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 
o

f 
(5

) 
S

p
e
c
ia

l 
S

er
v

ic
e 

A
gr

ee
m

en
ts

 
C

o
st

: 
U

:;$
 

8
,0

0
0

 
R

A
S

/8
/0

0B
 

6
.2

 R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 o
f 

(1
) 

S
p

e
c
ia

l 
S

er
v

ic
e 

A
g

re
em

en
ts

 
C

o
st

; 
U

S$
 

2
0

,0
0

0
 

R
A

S
/8

/0
0B

 



JU
LY

 

7.
1 

S
u

b
-P

ro
j.

 
3

.a
(2

) 
EI

lH
 

W
oo

d 
p

il
o

t 
F

a
c
il

it
y

 E
B

M
/W

oo
d 

T
es

t 
O

p
er

at
io

n
s 

an
d 

O
os

im
el

lt
ry

. 
Ja

k
a
rt

a
 

(R
e
f.

P
il

o
t 

P
la

n
t 

W
or

k 
S

ch
ed

u
le

) 
O

ne
 

E
x

p
er

t 
W

oo
d 

lI
an

d
li

n
g

 
M

ac
hi

ne
 

(5
 

w
ee

kd
 

fr
om

 
m

id
-J

u
ly

) 
Ol

h~
 

E
x

p
er

t 
D

os
im

et
ry

 
(5

 
w

ee
ks

 
fr

om
 

m
id

 
A

ug
.)

 
P

re
-O

p
er

at
io

n
 
te

st
in

g
 

an
d 

C
om

m
is

si
on

in
g 

(t
.S

 
m

/"
,)

 

AU
GU

ST
 

8
.1

 
P

re
p

a
ra

ti
o

n
 o

f 
D

ra
ft

 
R

ep
o

rt
 

on
 

M
i
d
-
t
e
~
n
 

P
ro

je
c
t 

R
ev

ie
w

 

W
OR

K 
PL

A
N

 
UN

DP
 

RE
G

IO
N

A
L 

IN
D

U
ST

R
IA

L 
PR

O
JE

C
T 

19
84

 

SE
PT

EM
BE

R 

9
.1

 
S

u
b

-P
ro

je
ct

 
3

.b
 

2n
d 

T
ra

in
in

g
-D

em
o

n
st

r.
 

R
ad

ia
ti

o
n

 S
te

ri
li

z
e
 

o
f 

M
ed

ic
al

 
P

ro
d

u
ct

s 
B

om
ba

y 
1

0
-2

2
 

S
ep

te
m

b
er

 
S
e
o
u
~
 

23
-2

9 
S

ep
t.

 

9
.2

 
S

u
b

-P
ro

je
ct

 
4

.a
 

E
x

ec
u

ti
v

e 
M

an
ag

em
en

t 
S

em
in

ar
 

-
P

ap
er

' 
In

d
. 

B
an

gk
ok

 
2

7
-2

8
 
S

e
p

t.
 

9
.3

 
S

u
b

-P
ro

je
ct

 
5 

T
ra

in
in

g
 

S
em

in
ar

 
In

d
. 

N
u

cl
eo

n
ic

 
In

st
ru

m
en

t.
 

E
n

g
in

ee
ri

n
g

, 
T

ok
yo

 
1

0
-2

8
 

S
ep

te
m

be
r 

9
.4

 
S

u
b

-P
ro

je
ct

 
3

.a
 

T
h

ir
d

 T
ec

h
n

ic
al

 
R

ev
ie

w
 

M
ee

ti
n

g
 o

n 
R

ad
.P

ro
c.

 
Ja

k
a
rt

a
 

(5
 

d
ay

s)
 

9
.5

 
S

u
b

-P
ro

je
ct

 
3

.a
 

(2
) 

EB
M

/H
oo

d 
C

om
m

is
si

on
in

g 
o

f 
p

il
o

t 
F

a
c
il

it
y

 
fo

r 
R

ad
.C

u
ri

n
g

 
o

f 
W

oo
d 

S
u

rf
ac

e 
C

o
at

in
g

s,
 

Ja
k

a
rt

a
 

O
CT

O
BE

R 

1
0
~
1
 

S
u

b
-P

ro
je

ct
 

2 
3

rd
 

(S
IN

G
) 

T
ra

in
in

g
 

C
o

u
rs

e 
A

dv
an

ce
d 

NO
T 

P
ra

c
ti

c
e
, 

S
in

g
ap

o
re

 
1

-1
9

 O
ct

o
b

er
 

1
0

.2
 S

u
b

-P
ro

je
ct

 
3

.a
 

EB
M

/W
oo

d,
 

F
ir

st
 

In
­

R
es

id
en

t 
T

ra
in

in
g

 
R

ad
ia

ti
o

n
 C

u
ri

n
g

 o
f 

W
oo

d 
S

u
rf

ac
e 

C
o

at
in

g
s 

Ja
k

a
rt

a
 

I 
O

ct
 .

19
84

 
to

 
30

 
M

ar
ch

 
19

85
 

1
0

.3
 S

u
b

-P
ro

je
ct

 
4

.b
 

2n
d 

T
ra

in
in

g
 

D
em

o.
 

N
u

cl
eo

n
ic

 
C

o
n

tr
o

l 
S

ys
te

m
s 

in
 S

te
e
l 

In
d

. 
B

ok
ar

o,
 

lr
id

ia
 

9
-2

3
 O

ct
. 

T
ok

yo
 

24
-3

1 
O

ct
o

b
er

 

NO
VE

M
BE

R 

1
1

.1
 

P
re

p
a
ra

ti
o

n
 o

f 
In

te
ri

m
 R

ep
o

rt
 

on
 

M
id

-t
en

n
 P

ro
je

c 
t 

R
ev

ie
w

 

1
1

.2
 
F

u
ll

 
S

ca
le

 
T

ri
p

a
rt

it
e
 

R
ev

ie
w

 
Ja

k
a
rt

a
 

A
p

ri
l 

19
84

 

D
EC

EM
8E

R 

1
2

.1
 

5
th

 S
8A

 
M

ee
ti

ng
 

3 
d

ay
s 

1
2

.2
 

S
u

b
-P

ro
je

ct
 

4
.b

 
E

x
ec

u
ti

v
e 

M
an

ag
em

en
t 

~
e
m
i
n
a
r
 

-
S

te
e
l 

In
d

. 
B

ok
ar

o.
 

In
d 

ia
 

5
-6

 
D

ec
em

be
r 



" 

7
.1

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 

o
f 

(a
) 

S
p

ec
. 

S
er

v
ic

e 
A

gr
ee

m
en

ts
 

(2
) 

C
O

tl
t:

 
U

S$
 

4
,0

0
0

 
Ja

p
an

 C
o

n
tr

ib
u

ti
o

n
 

(h
) 

S
er

v
ic

es
 

C
o

n
tr

a
c
t 

fo
r 

P
re

-o
p

e
ra

ti
o

n
 

If
!s

ti
,n

g
s,

 
e
tc

. 
C

o
s
t:

 
us

t 
LO

.O
O

O
 

Ja
p

an
 C

o
n

tr
ib

u
ti

o
n

 

PC
 

T
ra

v
el

 

9
.1

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 
o

f 
(1

2
) 

T
ra

in
in

g
 

A
gr

ee
m

en
ts

 
C

o
st

; 
U

S$
 

3
5

.0
0

0
 

R
A

S
/8

/0
08

 

9
.2

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 
o

f 
(1

) 
S

p
e
c
ia

l 
S

er
v

ic
e 

A
gr

ee
m

. 
C

o
st

: 
U

S$
20

,O
O

O
 

R
A

S
/8

/0
08

 

9
.3

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 
o

f 
(1

5
) 

T
ra

in
in

g
 A

g
re

em
en

ts
 

C
o

st
; 

U
S

$5
2.

00
0 

Ja
p

an
 C

o
n

tr
ib

u
ti

o
n

 

9
.4

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 

o
f 

(1
4

) 
S

p
e
c
ia

l 
S

er
v

ic
e 

A
gr

ee
m

. 
C

o
st

; 
U

S$
 
2
3
.
0
~
0
 

Ja
p

an
 C

o
n

tr
ib

u
ti

o
n

 

9
.5

 
R

eq
u

ir
em

en
t:

 
Is

su
an

ce
 

o
f 

(2
) 

S
p

ec
. 

S
er

v
ic

e 
A

gr
ee

m
en

ts
 

C
o

st
: 

U
S$

 
3

,9
0

0
 

Ja
p

an
 C

o
n

tr
ib

u
ti

o
n

 

PC
 

T
ra

v
el

 

1
0

.1
 

R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 
o

f 
(1

0
) 

T
ra

in
in

g
 A

gr
ee

m
en

ts
 

C
o
s
t
~
 

U
S$

 
3

5
.0

0
0

 
R

A
S

/8
/0

08
 

U
S$

 
1

2
.0

0
0

 E
qu

ip
m

en
t 

" 
p

ro
v

is
io

n
s,

 
R

A
S

/8
/0

08
 

U
S$

 
5

,0
0

0
 J

ap
an

 C
o
n
t
r
~
 

1
0

.2
 

R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 0
 f

 
(5

) 
T

ra
in

in
g

 A
gr

ee
m

en
ts

 
C

o
st

: 
U

S$
 

3
0

,0
0

0
 

R
A

S
/8

/0
0B

 
.. 

U
S

$1
2.

00
0 

Ja
p

an
 C

o
n

tr
. 

1
0

.3
 

R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 
o

f 
(1

2
) 

T
ra

in
in

g
 A

gr
ee

m
en

t s
 '.

 ,
 .

 
C

o
st

: 
U

S$
 

3
5

,0
0

0
 

R
A

S
/8

/0
08

 
U

S
$1

0.
00

0 
Ja

p
an

 C
o

n
tr

. 

1
1

.2
 

R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 
o

f 
(4

) 
S

p
e
c
ia

l 
S

er
v

ic
e 

A
gr

ee
m

en
ts

 
C
o
s
t
~
 

U
S$

 
1

0
,0

0
0

 
R

A
S

/8
/0

0B
 

.-
.-

".
 

PC
 

T
ra

v
el

 

1
2

.1
 

R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 o
f 

l5
) 

S
p

e
c
ia

l 
S

er
v

ic
e 

A
g

re
em

en
ts

 
C

o
st

: 
U

S$
 

8
,0

0
0

 
R

A
S/

B
/O

O
B

 

1
2

.2
 

R
eq

u
ir

em
en

t:
 

Is
su

an
ce

 
o

f 
(7

) 
S

p
e
c
ia

l 
S

er
v

ic
e 

A
gr

ee
m

en
ts

 
C

o
st

: 
U

S$
 

2U
&

00
0 

R
A

S
/B

/0
08

 



'\ 

Annex SBA-III/9 

INTERIM REPORT ON MID-TERM PROJECT REVIEW~TIMETABLE 

1. 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 - NCpls or SBA 

2. SBA members to send separate comments to Mr. Kasemsanta re poten­

tial for programme extension, by mid-May 1984. 

R~sponsibility - SBA 

3. Distribution of co1lated reports to SBA by early June. 

Responsibility - SPK 

4. Discussion at AdeJaide Board Meeting 

Responsibility - SBA 

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

Mr. Kasemsanta by end of July 

Responsibility - NCp·s, SBA 

6. Mr. Kasemsanta to draft mid-term project review in collaboration 

with Mr. Fowler (EEF) 

Responsibility - SPK, EEF 

7. Submit ~o Board by end of September. 

Responsibility - SPK 

8. Comments to Mr. Kasemsanta by late October 

Responsibility - SBA 

9. Mid-term report to Board by mid-November 

Responsibility - SPK 

10. 'Oiscussion at December Board Meeting, pre~entation of report 

to UNOP by end of year 
Responsibility - ~8A 



.' 

UNITED NATIONS DEVELOPMENT 'PROGRAMME 

~~CT REVISION FORM 

Country: Asia and the Pacific 
Project Title: 

Project No:: 

Support for Regional Co-operation in the Industrial Application 
of Isotopes and Radiation Technology 
RAS/79/o61/I/Ol/18 

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

The change to the project budget - UNOP input is asfollovs: 

Previous UNDP input - Project budget RAS/79/o61/H 

Revised UNDP input Project budget RAS/79/o61/1 

UNDP input - increase/decrease 

R. He.l:nke 
Head, Programme Co-ordination Section 
De'Oartment of Technical Co-oneration 
Agreed on behalf of the Executing Agency 

Approved on behalf of UNDP 

$4,255,927 

$4,255,927 

Date 

Date 
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Appendix 10 

1984 RCA Action Plan 

(Estimated Costs) 

Project Title 
1984 Total Costs 

(Contracts, meetings, etc.) 

UNDP Project on Industrial Applications of Isotopes 
and Radiation Technology 

The Use of Induced Mutations for Improvement of Grain 
Legume Production 

Food Irradiation 

Nuclear Techniques to Improve Domestic Buffalo Production 

Sterilization of Biological Tissue Grafts 

Health-related Environmental Research 

Maintenance of Nuclear Instruments 

Basic Science using Research Reactors 

Isotope Applications in Hydrology and Sedimentology 

Semi-dwarf Mutants for Rice Improvement 

Imaging Procedures for Diagnosis of Liver Diseases 

Improvement of Cancer Therapy 

Nuclear Techniques for Tropical Parasitic Diseases 

Development of Tc-99m Generator Systems 

Working Group Meeting 

TOTAL 

$ 1,621,0591 ) 

60,000 

90,0002) 

85,000 

30,000 

4,000 

60,000 

40,0003 ) 

25,000 

48,000 

60,0004 ) 

230,0005 ) 

62,500 

35,0006 ) 

4,000 

1) The project on Industrial Applica~ionsof Isotopes and Radiation Technology 
is funded by UNDP at a level of US$448,SOO; by RCA Governments at a level 
of US$1,025,290; and by industries at a level of US$147,269. 

2) Not yet available. Under negotiation with RCA Governments. 

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

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

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

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



1985 RCA Cost Projection 

Project Title 

UNDP Project on Industrial Applications of 
Isotopes and Radiation Technology 

The Use of Induced Mutation for Improvement of 
Grain· Legume Production 

, 
! 

Food Irrad~ation 
i 
J • 

Nuclear Technlques to Improve Domestic 
Buffalo Production 

I 

I 

Sterilizat~on of Biological Tissue Grafts 

Health-related Environmental Research 

Nuclear Instrument Maintenance 

Basic Science using Research Reactors 

1985 Total Cost (U3$) 

1,316,1561 ) 

. 27,000 

90,0002 ) 

73,000 

41,000 

55,.000 

65.000 

27 .. 0003 ) 

Isotope Applications in Hydrology and Sedimentology 12,000 

Semi-dwarf Mutants for Rice Improvement 73,000 

Improvement of Cancer Therapy 150.0004) 

. __ !maging Procedures for Diagnosis of Liver Diseases 210,0005 ) 

Nuclear Techniques for Tropical Parasitic Diseases 87.9006 ) 

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 U3$734,327; and by industries at a level of 
US$145,829. 

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

3) To be funded by the Indian Government. 
4) Part of the cost will be borne by an expected contribution by the 

Government of Japan. (Includes one training workshop -$80,000) .. 
5) Part of the cost will be borne by 'an expected contribution by the 

Government of Japan. Includes two training works~ops (US$90,OOO and 
US$60,OOO). 

6) Includes one training course (US$35,OOO). 
1) Includes one training course (US$60,OOO). 



Appendix 11 

Sth"1HALU' OF PROPO SAL FOR RCA COORDINATED RESEARCH. Pll0G~J.lHE 

ON !HAGING PROCEDURES FOR DIAGNOSIS OF 
LIVER DISEb.SES 

This pro posal was developed in a ,Consnl1=?-.nt.s.' Meeti!1~ C!~ __ r~A 
Heanqv;trters on 5 - 6 Harch attended by Drs. T.A. Iinuma, K. Ham~ya, and 
y-; Taten~ tro~ Ja.pan-, ur·. R. Hofer froG Vienna, and Drs. R.A. Dudley) 11. 
No fa land A. ~';e gs t from. the IAEA. 

1. Proposed title of or.ogramme 

Coordinated Research Programme on the Qt1antitat:i~le Ev'aluation of 
Nuclear Medicine Imaging Procedures for the Diagnosis of Liver Diseases. 

2. Summ.arJ 0 f proposal 

The programme vlill provide the fram~~!~r~. betvleen institutes in the 
gcA countries for the quantitative evaluatiou of the reliability of 
nuclear medicine i~aging procedures for the diagnosis of liver diseases, 
and for' iUl.tl.ating l.mprovements in these procedures .• 

1. Scientific background 

At nuclear medicine units in the RCA countries, patients with liver 
disease consitute one of the largest groups referred for in-qivo 
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 laberled'colloidal particles. 'the most common objective of 
this procedure is the detection of space-occupying lesions in the liver, 
as may result from primary hepatoma, pseudotumour, benign ne?plasm, 
meta.stasis, haemorrhage, abscess, cyst, infarct, subphrenic abscess, etc. 

At: present, radionuclide images of the liver are obtained by two 
types of instruments, rectilinear scanners and gamma cameras. In 
developed countries, scanners are no longer commonly used; in developing 
countrie s, on the 0 ther hand, they remain the only imaging ins trument 

.available in many units. The optimal choice of imaging method is not the 
sai:1e in all countries, but depends on local condition3 including type of 
instrument, objectives, and local resources. 

4. Objectives of the orogramme 

The detailed objectives of the programme are: ·(1) to investigate the. 
current caoability of labora.tories to detect simulated lesions in a 
standardized liver phantom, as influenced by the performance of the 
instrument and of the physician interpreting the images, (2) to initiate 
measures designed to imp=ove the. performance of the instrulnent and the 
reliability of the observer, (3) to investigate the';~current diagnostic 
reliability of nuclear medicine imaging procedures to detect 
space-occupying lesions in the liver of patients. !he overall objective 
is to improve the diagnostic efficacy of radionuclide imaging in liver 
disease. 

5. Particioants 

Leading nuclear medicine labor'ataries with experience in the 
investiga":ion of liver disease in RCA countries will be invited to 
participate under ReSearch Contr;:tcts or Agreeme.nts. 
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6. Work plan and implications for the future· 

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

Prior to initiation of measurements in the project, all 
participating laboratories will be requested to collect informatior. from 
la.boratories in their countries that: perform 1i',er imaging with 
radionuclides. This will include factual data on the identity of all 
such laboratories, the equipmene available in each for imaging by 
radionuclide or other means and the operational status of the 
instruments, the radiopharmaceuticals employed, and the number of 
patients routinely studied per year with their disease spectrum. 

The first pha'se of the project wili be a baseline investigation of 
the current capabilities of the participating laboratories in performing 
liver imaging and in interpr.eting images. The Agency \o1ill make available 
to all laboratories' a trans'mission phantom simulating a liver with 
multiple space occupying lesions; participating laboratories will rt:!cord 
and interpret images of the phantom and report the results to the Agency 
and .Japanese co-ordinators, both of whom '{iill then analyze the ensemble 
of results. Japanese collabora.ting laboratories will concurrently 
distribute to the participating laboratories sets of images from actual 
livers and analogues of the phantom for appraisal of observers 
performance. The liver images, about 100 in number, will be selected 
from those already available on Japanese patients having diverse liver 
diseases and independent confirmation of their status as to ~pace 
occupying lesions; the phan.tom image s J only a few in number ,. will be 
prepared C'n modified versions 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 racord and inte:-pret images if such is 
found desirable in the first phase. This will be accomplished in part by 
guidance as to quality c'ontrol of imaging instruments, and may be aided 
by a training ·course. 

The details of the third phase of the study 1iTill 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 t.;ith 
independently confirmed status as to space occupying lesions will be 
collected by the par~icipating laboratories themselves. These will be 
circ'ulated as in the first phase for interpretation IIblindn by all 
laboratories, and the Jap3.nese collaborators will again an.:llyze the 
ensemble of reported interpretations in the light of the "true" statu3 cf 
each liver. This will lead to an assessment of the current ability of 
participating Ittboratories 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 conjunction wit:h the Asia.n &nd Oceanian 
Congress of Nuclear Medicine in Seoul, August i984. 
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Apri1-Au~~st, 1984 

August 1984 

September 1984 
August:. 1985 

August: 1985 

September 1985 
Autumn 1986 

Autumn 1986 

Autumn 1986 - Autumn 
1987 

Autumn 1987 

1988 

WORK PLAN 

Meeting 

Speci~listsr meeting 
(Seoul) to design 
study' and m.ake 
detailed plans for 
first phase •. 

First coordination 
meeting to review accom­
plishments, refine 
further plans •. 

.. ' 

Second coordination 
meeting. 

Third coordination 
meeting 

Last coordination 
meeting. 

\.[ork 

Identification of part~c~­
pacing laboratories, collec­
tion of info~ation on liver 
im~ging in respective­
countries. 

Conduct first phase of study 
on- phantom and Japanes e 
liver images e-

Conduct training activities 
to improve la:.boratory 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 training • 

. -' 

Completion of study 
.... ... 



PROPO SED SCHEDULE FOR FIRST COORDINATION MEETING 
(prefer<lbly Seoul, 22-24 August 1984") 

First Day 

Registration 
t';elcome 
Adoption of agenda 
Overview of project: Japanese and 
Coun~ry reports on liver imaging: 

Second Day 

Completion of country reports 
Plans for liver phantom: IAEA 

Purpose 

I.AEA organizers 
all participants 

Me~surements and interpretatic~ 
Analysis 
Es=ablishment of plans and schedule 

Plans for Japanese liver images: Japanese organizers 
Summary of completed Japanese project 
Requirements for interpretation of ~ages 
Analysis 
·Establishment of plans and schedule 

Third Day. . •.. 

Discuss-ion of methods to up-grade performance 
Discussion of third phase : 

I 
I· 

Formulation of questions· ~lhose anSlt1erS ~oiould be most useful to 
understand and.impt'ove status of liver imaging 

Possibilities for collection of liver images 
possibilities for independently confirming presence or absence 

of space occupying lesions 
Selection of cases 

....... 
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P*,oendix 12 

~nergy from Aaricultural and Aqroindustrial Residues 

Through Use· of Radiation and Industrial Microorganisms. 

1. Scientific Background of the P~oject 

1.1. Introduction: 

It is being increasingly realized that with the prl!!sent 

accessible 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 
~~e decline is enevitable. In anticipation of this fact much 
interest has developed recently 1n the search for alternative 
sources of energy. Nuclear energy is obviously a potential alterna­
tive to meet the energy need and development of nuclear technology 

is essential to exploit this potential source. On the other hand 
bioenergy technologies are examples of soft-energy paths which can 

go a long way in solving the problem of energy, feed and food. 

Application of nuclear technology in oioconversion strategies will 
greatly improve the efficiency of the process. 

'1.2. 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 7.3X~014 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 fossil 

fuels and the amount can be increased. Less than 1% of the sunlight 
falling on this earth is utilized photosynthetically and therl!! is 

ample scope for increasing the efficiency. Residues from agricul­
tural and agroindustrial processes represent a good source of 
biomass (Appendix 1) and because of their present uneconomic and 

inefficient uses·, there is great scope for using them for the 
development of alternative sources of energy and' other useful 
chemicals (Appendix 11). 
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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 fit$ into our chemical economy. 

2. steps For Energy Through Bioconversion 

Any bioeonversion strategy for energy fro. agricultural 
res1dues has to undergo following steps. 

1. Pretreatment 
2. !nzyme production 
3. Saccharification/hydrolysis 

4. Fel:'mentation to ethanol 

2.1. Pretreatment: 

2.2. 

All cellulosic materials (agricultural, agroindustrial t 

urban refuse etc.) are relatively hard to degrade because of their 

crystallinity and association with other noneellulosic substances. 
The objective of pretreatment is to lIIake eellulos.i.c: biomass more 
amenacle to degradation. Soth physical and chemical pretreatment 

methods are available. Physical pretreatments include size reduction 
by ball milling, usa of gamma ray etc. and chemical pretreatments 
involve use of acid, alkali, solvents etc. Which pretreatment 
will be suitable for a process dependSon the nature of the substrat~, 
efficiency and cost involved. ,Pretreatments contribute a major 
cost factor to bioconversion of cellulosic sUbstances. Hence pre­
treatment methods have to be optimiz~ to get maximum efficiency 
with minimum cost. 

Enzyme production 

2.2.1. Fungal and bacterial svstem: 

Both fungal and oacterial systems have been exploi ted for 
prodaction of cellulase enzyme required for caccnarif1cation of 
celluloses. At present Trichoderma is regarded as the best source 
of enzy.es. However, other fungal sources have been found to have 
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great potential. Among bacterial system Callulomonas, Pseudomonas 
etc. are good organi~ms for degradation of cellulosics. There 1s 

great potential for improvement of both fungal and bacterial 

system through mutation and select1aa. 

2.2.2. Microbial cell/enzyme immobilization: 

3. 

Recent development in this field is the immobilization of 
microbial cell.s for increased production of enzymes. The same 
immohilization method is employed for stability and thus increasing 

activity of enzymes. 

Pour methods of immobilization of ~icrobial cells or 

enzymes include covalent attachmen; entrapraent (including micro­

encapsulation), adsorption and crosslinking leading to insoluble 
aggregates. Of the various procedures, entrapment within a 

netvcrk of di.fferent gela.. is the most widely used method. It: has 
been reported that ~. reese! immobilized on Calite produces 
good yield of oellulase and better specific activity. Similarly 
B-9lucosidase from Thermomospora 1mmocilized on Amberlite anion 

and cation exchange resins resulted in better stabilization of 
the system. 

Saccharification/Hydrolysis 

3.1. Batch and continuous hydrolysis: 

Once a good source of enzyme is obtained, and the production 
condition has been optimized, next step is the development of 
appropriate saccharification system. Snzyme/substrate mixing, pH, 

temperature and other environmental conditions have to be optimized. 
Most saccharifying enzymes are sensitive to product inhibition so 
that reaction slows down with the accumulation of fermentable 
sugars. This necessiates proper reactor design to separate the 
product fDom the reaction m1xt~re. Development of ccntinuous 

hydrolysis process requires development of proper systems ror 
enzyme substrate mixing and product recovery. Research in this line 
is very essential for development of the system. 
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3.2. Hydrolysis by immobilized enzymes: 

4. 

4.1. 

This has been discussed in section 2.2~n saccharification, 
immobilization may help in rele1ving feed back inhibition, because 
of separation of product from the enzyme. 

~tha.ol Fermentation 

Batch and continuous fermentation using yeast and bacteria: 

Once fermentable sugars are obtained from cellulosic 
occurs 

substances, conversion .: to alcohol/through fermentation using the 
yeast Sacharomyces cerevisiae. Recent investigations have indicated 
that bacterium Zymo.onas mObilis can produce alcohol at faster and 
higher rate than the yeast and needs to be evalaated for alcohol 
production from celluloSic hydrolysaes.. Alcohol fermentation can be 
done in both batch and continuous way and process strategy depends 
on various factors such as yield, e··ase of operation, product 
recovery etc. Use of immobilized yeast cells have been reported to 
give good yield Qf alcohol. 

'4.2. Simultaneous saccharification and f'ermentat:1on: 

Since accumulation of sugars inhibit saccharificatio~, 
simultaneous fermentation of the saccharified sugar would relieve 
product inhibition. Inoculation of yeast under proper environmental 
conditions in the hydrolysiS reac:tos: Jlaintaining ascepsi.s Qf the 
process can convert sugar into alcohol and simultaneously sacchari­
fication can take place. Improved yield of sugar and alcohol has 
ceen reported using simultaneous saccharification and fermentation. 

4.3. Direct conversion of cellulose to alcohol: 

Some microbial species have been reported to be able to 
convert cellulose into alcohol so that saccharification step can be 
avoided. These include Fusarium, Clostridium, Neurosoora etc. 
though the yield is not high. However, they represent a potential 

biological converter to be explored for single step bioconversion of 
cellulosics to alcohol. 
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5. Research Objectives 

In the light of aCove bac~ ground and scientific 
information cited it is submitted that a 8ioconversion programme for 

to production of energy from agricultural and agroindustrial 

residues ce undertaken under RCA. 

The objectives are: 

(1) To assess potential of different locally produced agricul­

tural and agroindustrial resources as raw materials for conversion 
to liquid fuel. Alternative us.sa~fo be taken into account for 

assessment of comparative benefit. 

(ii) To develop an economic pretreatment method for bioconversion 

of residues to alcohol fuels. 

(1ii)To develop a good enzyme system for obtaining fermentable 
sugars froID residues and a good microbial system for conversion 

to alcohol. 

elv) To optimize the conversion process comparing different 

strategies. 

6. Detailed Work Plan 

6.1. ~v.loDment of pretreatment condition: 

Development of an economic and efficient pretreatment 

method will De attempted for selected agricultural and agroindus­
trial residues so that efficiency of bioconversion is significantly 
enhanced. Both physical such .8 use of steam under pressure, 

gamma ra.y etc. and chemical such as use of alkali, acid,solvent 
etc. and also a conbination of both the pretrea~~ents will be 

undertaken to find out optimum pretreatment condition. 

6.2. Development of high efficiency enzyme system: 

Isolation and selection of high cellul"ase yielding 
mutants of microorganisms. 
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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. extracellular and 
introcellular enzyme preparation will be sought using fungal andl 
or bacterial system. Recently developed selection t.echniques will be 
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 calls will be attempted in the light of 
information cited in 2.2.2. 

:' ..... ')6.3. Development of saccharification system for fermentable sugars 

( '~~ 

\" .... JI/ 

6.3.1. Batch hydrolysis optimization: 

Selected lignocellulosic substances after proper pretreatment 
will be tested for release of fermentable sugars using t.~e cellulase 
system. Hydrolysis condition will be oPtimized in terms of pH 
temperature, buffer systems etc. and comparison will be made with 
existing .I. reesei system. 

6.3.2. 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 
membranee, counter current hydrolysis system etc. will be applied for 
improving the system. 

Developmen't of ethanol fermentation svstem 

6.4.1. Ethanol from fermentable sugars: 

Fermentation of hydrolysed sugars of l.ignocellulosiC: substances 
will be undertaken using appropriate microbial system. ~thanol 
fermentation may involve use oft:he yeast, Saccharomyes cerevisiae 
and/or the bacterium Zymomonas mobilis which have been recently 

reported co give higher yield of alcohol compared to ~. cerevisiae. 
Fermentation condition will be optimized for efficient conversion 
of sugar to alcohol. 
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6.4.2. Simultaneous saccharification and fermention: 

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

6.4.3. Direct fermentation of cellulosic residues to ethanol: 

Attempts will be made to find out suitable microbial 
system for direct conversion of cellulosics to ethanol. Once a good 
organism is obtained, improvement will be attempted using both 

genetic and environmental ~anipulaion. 

7. Conclusion: 

8. 

Development of renewable resources technology for conversion 
of agricultural wastes into useful products will be highly 
beneficial particularly for developing countries. Proper~ technology 
for conversion of agricultural residues like bagasses', straw or saw 

dust into fuel, feed or food involve optimi:ation Qf different 
steps in the process. Emphasis on different aspects Mentioned in 
the work plan will vary and will ce determined in the light of 
various developments during "the course of work. However, development 
of the technology will need a coherent progress in different 
aspects. 
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APPENDIX 1 

SOME POTENTIAL AGRICULTURAL AND AGRQ-INOUSTRIAL CELLULOSIC RESIDUES 

Crop 

Aqro-1ndustr1al 

Rice-milling industry 

Sugar industry 

Cotton gining industry 

Ju te indus try 

Saw mill industry 

Coconut industry 

By-oroduct:s 

Rice Straw, wheat straw, maize- stalk, Castor 
ste., Tapioca stem, banana stem, coconut stem, 
Cotton stick, Corn cobs,oameoo dust. 

Rice husk, rice bran 

Bagasse, molasses, pressmud 

Cotton linters, cotton seed hull, cotton gin 
waste 

Jute sticks, jute mill waste 

Sawdust 

Coconu t husk, shell and pi th 
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CELLULOSE 

I 
I 

ENZYME/ 
! ACID 
i HYDROLYS IS 
i 
I 

I 
t 

GLUCOSE 

! 
i 
'f 
SCP 
ETHANOL 
CHEMICALS 
ANTIBIOTICS 
FRUCTOSE 
ENZYMES 

I LIGNOCELLULOSE I 

I 
HEJ'1 I CELLULOSE 

ACID/ 
ENZYME 
HYDROLYSIS 

XYLOSE 

1 

) 

LIGNIN 

\ 
! HYDROLYS I S 
jHYDROGENATION 
PYROLYSIS 

FUEL OF HIGH 
HEATING VALUE.I 

PHENOL.I PHENOLI C 

sCP PLASTICS~ 

BUTANE ,2J3-DIOL VANILLIN 
FURFURAL DEMETHYL SULFIDE 
XYLITOL 
ETHANOL 

DIMETHYL SULFONIDE 
METHYL MERCAPTAN 
LIGNIN SULFONATES 

APPENDIX 11: SOME PRODUCTS DERIVABLe FROM LIGNOCELLULOSE 



Appendix 13 

BASIC SCI8iCE FOR AOVA~CED REACTORS 

C.v. SUNDARAM .. 

IN rROOUeT! CN 

THE importance of basic science has been strikingly 

illustrated in the case of the uranium fission reaction 

discovered in 1939, and the consequent developments in entirely 

netll fields of science and technology relating to the hamessing 

of nuclear energy. The enor.mcus impact that this one scienti-

fic discovery has made on the world scene is now part of modern 

histo~. It is however interesting to recall that the discovery 

of nuclear fission was in fact a consequence of ths experiments 

by Fe~i and his collaborators in an attempt to build up elements 

heavier then uranium by neutron bombardment of uranium. On the 

other hand, had scientists deliberately set outto 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 ~Je'!1n working with uranium and neutrons. 

en account of the practical significance of the phenomena 

of nuclear fiss~on and the self-suatained ~hain reaction, there 

has been no dearth of financial and other support to all aspects 

of its exploitation; atomic energy plDgrammes have made rapid 

pmgress in many countries. However, even transcending the 

practical application of the fission reaction for generation of 

nuclear power, is the associated progress in purely scientific 

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

* Director, Reactor Research Centre, Kalpakkam: 60J 102 (TN) 

Lecture presented at ths 6th IAEA RCA Working GrOup Meeting, RRC, 
Kalpakkam, MaJ:'Ch 21 , 1984 
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physics, the interaction of neutrons with matter leading to 

understanding of the structure of m8tt~r, radiation damage snd 

defect solid state, chemistry and metallurgy of nE!l.ll materials. 

and applications of radio-isotopes and radiation in agriculture 

and medicine. 

Basic science has played an important role in the deve­

lopment of fission reactor technology and will continue to play 

such a role for advanced fission reactors liy.~ the Fast Breeder 

Reactor (F8R). Physics has provided the nuclear data and the 

basis for reactor concepts. Studies in chemistry, materials 

science and metallurgy have contributed to the development of 

special reactor m"aterials 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 the successful demonstration and commercial 

operation of thezmal reactors, the stage is now being reached for 

the establishment of Fast Breeder Reactors for sustaining nuclear 

power p rogranunes during the next centuIY. Compared to a thermal 

reactor system, a fast breeder reactor system improves the energy 

utilisation af natural uranium by a fector of about 60. 

2. THE REACTOR RESEARCH CENTRE FOR FAST 8REEDER R &. 0 

In order to efficiently utilise the nuclear reserves in 

India and to sustain a power generation capacity in tune with the 

needs for the 21st centu~, it is essential to develop fast breeder 

reactors. The crucial step towards meeting this requiremen twas 

taken in setting up the Reactor Research Centre (RRC) at Kalpakkam, 
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in the eaiLy seventies, with the prime objective of indigenous 

development of the sophisticated technology of plutonium-fuelled 

Liquid Metal cooled Fast Breeder Reactors (LMFBR). The challenge 

of proving the engineering feasibility of the LMFSR under Indian 

conditions was taken up by deciding to construct the 40 Mwt Fast 

Breeder Test Reactor (FBTR) ~hich is now nearing completion at 

RRC. Simultaneously, laboratories and facilities have been 

established at RRC for Research &. Development programmes in Reactor 

Engineering and ~odium Technology; P~sics and Instrumentation; 

Metallurgy, Materials O~velop~~t, and Post-Irradiation Examina-

ticn; Chemistzy &. Radiochemistry; Reprocessing &. Safety Research. 

8asically, an LMF8R has a core made up of small diameter 

( < 1 cm) stainless steel pins, grouped into subassemblies and 

supported vertically on a grid plate in a reactor vessel ccntain-

ing liquid sodium. The pins, containing the mixed Pu and U ceramic 

fuel, are arranged in a tightly controlled geometry with an inter-

pin spacing of only 1 to 2 mm, and are required from economic 

considerations to withstand very high fast neutren flux and fluence 

15 16 2 23 2 
levels (10 to 1 a n/cm - sec i ,...J 10 n/cm) and to genera te 

fission heat at high power densities of 300 to 500 !d.:1/1. • Primary t 

sodium-at temperatures of 350 to 550°C is circulated by sodium 

pumps at high velocity through the core(s few metres per second) 

to extract the heat which is transferred through intermediate heat 

exchangers to non-radioective 'seccnda~' sodium, which in turn 

flows through sodium-heated steam generators to produce steam. 

The choice of the LMF8R system to meet the energy requirements 

of India in the future has far reaching implications on the relevant 

- .-- ~---' . 
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R & 0 efforts. In addition to the sophisticated engineering 

development work required for the design and fabrication of the 

reactor components, mechanisms and instrumentation, it is clear 

that there has to be considerable basic research to ensure a~d 

sustain the success of such a venture. Of particular importance 

will be research in 

a} Metallurgy and physics of fuel and structural materia~s, 

and their behaviour under extreme conditions of stress, 

temperature, fast neutron irradiation and sodium enviror'1rnent. 

b) Fabrication and process metallurgy of mixed Pu and U ceramic 

·fuel. 

c) Chemist.ry of the irradiated fuel and the sodium coolan t, 

and their interactions. with stainless steel. 

d) Process chemistry for the reprocessing of mixed oxide znd 

mixed carbide fuel with high concentration of plutonium, 

fission products and trans-plutonium elements. 

e) Reactor physics, dynamics and safety of sodium-cooled, mixed 

Pu and ~ ceramic fuelled fast reactor core under normal and 

al:r1ormal conditions of operaticn. 

While F8TR has been the focal point for the research activi­

ties at RRC in the past decade, the emphasis ~ill progressively 

shift to the 500 MWe Prototype Fast Breeder Reactor (PFBR) to be 

designed and constzucted over the next decade and half. The sequel 

illustrates the importance and scope for basicreseareh in this 

context. 
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J • FAST REACTOR PHYSICS 

Reactor Physics studies are essential for: 

establishing the scientific feasibility of any reactor 

concept; 

p.roviding the inforrration necessary for the engineering 

design and the safety analysis of a reactor; 

providing the informetion 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 accurecy not always 8'.,Isilable in 

practice. Further, it is required to selve the mathematically 

complex neut.ron transport equation involving seven independent 

variables, Ulhic~ 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 generation metallic fuelled small sized fast reactors had a 

hard spectzum with few neutrons in the resonance cross-section 

energy range. Calculations fo r such reactors could be made using 

a 'universel' mul tig%Oup set of con stants. The early emphasis in 

fast reactor physics studies was on the breeding rati~ feedback 

reactivity coefficients and core dynamic stability. With the 

shift to larger sized oxide fuelled reactors the resonance energy 
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range assumed iw~ortance. This caused fast reactor physics 

to become very complicated with the need to consider the fission 

and capture reaction. resonances of plutonium, uranium and 

structural materials as well as the scottering resona'lces of 

sodium, and the interaction between them. The old idea of a 

single, universa~ set of group constants for fast reactors was 

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 

st.Nctures. 

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 nucleer physics research i~ 

involved in obtaining the resonance parameters for the unresolved 

and resolved resonance regions for the fissUe and fertile isotopes. 

Extensive measurements of the Doppler worth of samples in critical 

facilities has been made and special theoretical methods developed 

for the interpretation of the results. 

The ot her challenge in fast reactor physics is the under­

standing and calculation of the sodium void reactiv i ty effect. The 

theoretical. and experimen tal investigation of this effect turned 

out to be difficul t and refined methods of calculation had to be 

developed. A large number of measurements in critical facilities 

coupled with detailed numerical analysis have made the current 
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situation for the calculation of this effect somewhat satis_ 

facto~, at least for the whole core void effect. 

Contemporary effort in fast reactor physics has been 

towards prcviding as accurate as possible values for the design 

and safety parameters of large commercial sized LMF8Rs. 

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, pzogrammes have been organised 

in the following three areas: 

nuclear data evaluation, testing and processing 

reactor theory and design 

analysis of experiments to provide the feedbacx 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- neutren cross-section data 

and fission product data libraries. Numerical experimen taticn 

is required to establish the efficiency and accuracy of a1 temate 

pICcessing procedures. Also of importance is the study of errors 

in the basic 9ata and the sensitivity of reactor integral parameters 

to these uncertainties. 

To perform the sophisticated calc~lations needed to accurately 

obtain the phy sics and safety parameters of an LMF'8R requires a 

comprehensive system of accurate and efficient computer codes based 

on different theoretical approaches and approximations, e.g. diffusion 
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theozy, transport thecr,y. collision 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 PF8R on account 

of the lack of critical facility. 

To validate the calculational methods and to establish 

the uncertainty tolerances, it is necessar,y,to analyse on a 

continuing basis,experiments performed elsewhere. For PF8R 

shield design validat.ion, an experima"l tal programme of neutron 

attenuation and streaming lDeasuremen ts fo r various shield materials 

and geometries .is planned in the immediate futureo 

4. FUEL DEVELOPMEN T FOR F' AST BREEDER REACTOR 

The first experimental Liquid I'n~tal cooled fast breeder 

reactors had used metallic fuale The burn-up achievable with 

metallic fuels was however limited on account of dimensional 

instability, fuel swelling and fuel cladding metallurgical inter­

action. Emphasis on high buJ:nup (100,000 MWd/tonne) and high 

linear po~er (400 WI em) capability fuels in liquid sodium 

operating temperatures of interest (350 - 550
Q

C) necessitated 

the development af improved fuels and clad materials. Thechoice 

available in 19605 was the oxide fuel based on the rich experience 

available in all aspects of fuel cycle with oxide fuals in thermal 

reactors. The choice of cladding material was modified AISI J16 

(20 % cold worked) due to its good sodium compatibility, suitable 
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mechanical properties and acceptable irradiation induced change 

in physical and mechanical praperties. 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 bUInup oxide fuel have closed 

the fuel cycle effectively. Irradiation performance results 

available on oxide fuels have shob61 that failure rates in fast 

breeder .reactors are below 1 %. Mixed oxide fuels of presen t 

day specifications can achieve burnup of 12 ~ far exceeding the 

optimum limit. Such a remarkable behaviour is attributed to the 

absence of pellet clad interaction stresses which in the case of 

thermal reactor fuels contribute to failure. Higher temperature 

and enhS'1ced creep in the fuel and the restraining influence of the. 

strong clad are factors responsible for the low failure rates of 

fuel pins in fast breeder reactors. 

P regress in the area of fuel development is important for 

fast breeder reactor programmes, to develop advanced fuels which 

will pr,avide an increased burnup capability, higher specific power 

capability, lower fuel cycle cost and lower doubling time. Among 

.the more advanced fuels, mixed carbide fuels are the most premis-

ing. Even though nitride fuel has shc\&6'l good irradiation performance, 

the doubling time is likely to be higher for the nitride as compared 

with carbide. It has been decided to use plutonium-rich carbide 

fuel for the Fast Breeder Test Reactor. Experience gained in F8TR 

in various aspects of fuel cycle using carbide fuel Ulould be valuable 

in defining the choice of fuel for PF8R. 
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Fabrication of Pu-rich carbide fuel (Pu 66.5, U 28.5, C 5.0 ~) 

Plutonium-rich mixed carbide fuel pellets with clcsecontrol 

on purity, density, oxygen and nitrogen content, and dimensional 

accuracy are fabricated by carbothermic route. Fig. 1 shows 

the details of the flowsheet developed at Trombay. During the 

carbathermic reducticn of the UC2 - PuC2 mechanical mixtures, 

these actinide oxides react independently since the inter-ciiffusion 

o~ U02 - Pu02 is too slow in the temperature range 1400 - 1600
0

C 

to allow any rapid formation of' a (U, Pu) 02 solid solution. The 

upper limits of carbothermic reduction temperature are fixed in 

such a way that no liquid phase formation takes place and plutonium 

wlatilisation is minilWm. Studies in Trombay have revealed that 

it is not possible to prepare relatively oxygen-free plutonium-rich 

mixed carbide fuel by 8 single step direct carbothermic reduction 

of oxides without incurring substantial plutonium volatilisation 

losses. The fu~ace temperature and carbon monoxide partial pressure 

during carbothezmic reduction have been optimised by striking a 

balance between the oxygen con ten t in the carbide end p reduct, the 

plutonium losses by vQlat~ation and the reaction rate. The 

maxiIWm temperature for the synthesis of mixed carbide fuel is 

Q 0 
accordingly restricted to 1500 C and 1700 C respectively for carbo-

the.rmic reductions in .vacuum and in flowing argon. Thermodynamic 

data for U-C-Q, U-C-N-O, U-C- Pu-C-O, Pu-C-N-C and Pu-C systems 

have been used as guidelines to optimise fabrication parameters for 

preparation of (Pu, U)C powders and pellets. 

Sasic science contribJtes in a maj Qr way to fuel development. 

Phase diagrams, thermodynamics and kinetic data, surface reactions 
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data, correlation of microstructures ~ith physical and mechanical 

properties, analytical techniques and modelling for fuel per­

formance are used extensively to develop the fuel and close the 

fuel cycle effectively on cost-effective basis. Fuel development 

programme requires generation of data (nuclear, thermodynamic, 

physical, chemical, metallurgical, etc.,), development of analytical 

tecmiques and engineering experience with respect to the various 

aspects of the fuel cycle. 

50 METALLURGY PN 0 MATERIALS SCI EN CE 

50 1 Areas of basic research for advanced reactors 

The viability of any advanced reactor concep.t as a safe 

and economical energy system depends on the choice of materials. 

The materials must perform satisfactorily despite severs environ­

mental conditions to which the various components are subjected. 

Table I gives a comparison of these conditions for various reactor 

systems. To ensure this high level of material performance over 

long periods one has to rely on short-term laboratozy tasts and. 

tecmiques dealing on the one hand ~ith materials developmen t and 

characterisation, and en the other with evaluation and mcnitoring. 

The latter is important starting from manufacturing precess control, 

product acceptance and assessment of proper plant assembly, to 

in-service inspection and con tinuous monitoring to assure that 

material components maintain the desired integrity during reactor 

operation. 

To support such a programme, basic research activities fall 

into three broad groups: (i) materia~ characterisation, (ii) non-
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destructive evaluation (NOE) and (iii) materials testing and 

precessing. 

Basic research in materials characterisation has played 

a very important role in reactor development. An overall 

perspective C8n be obtained from Table II , wher~ some of the 

research areas are indicated in relation to the technological 

applications. The specific areas depend upon the reactor system 

but broadly fall into the following categories: (i) mechanical 

behaviour, (ii) radiation effects, and (iii) chemical and 

corrosion behaviour. With increasing importance Of safety ~d 

environmental factors, most pressing problems of research are 

associated with defo~ation and fracture of materials; lhe 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 structure, interdependence effects like 

creep-fatigue interaction lzfith the added influence of the environ­

ment need extensive research for the design of alloys for superior 

and dependable performance. Fracture mechanics has also now 

developed as an important area in basic research, though still 

highly idealised fer application to complex technological materials. 

The main devel~pments in fracture mechanics have 

been oriented towards attempts to characterise the elastic plastic 

fracture toughness, correlation of fracture toughness parameters with 

crack growth in creep, fatigue and mixed loading conditions. An 

important area is the life prediction or the determination of failure 

condi tiona for complex st:ruc tures, and simple toughness evaluation 

tests for quality control. Another area which has not attracted 

the kind of attS1tion it deserves, is probabilistic fracture mechanics, 
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since distribution in toughness values and interacting cracks 

in a spectru~ of load and temperature cycles are realities. 

Radiation introduces an important parameter since due to 

damage, one introduces additional defects which iJ1fluence the 

structure-sensitive mechanical properties. In many cases, irradia­

tion leads to phenomena. which are not encountered in normal thermo­

mechanical treatments, like irradiation enhanced creep, void 

swelling, production of ne~ phases, segregation and precipitation 

effects. AisQ effects like helium embrittlement in fast reactors 

(and erosion in "fusion reactors) are direct consequences of 

radiation damage. The study of all these properties in radiation 

envizonments has gained special significance and created the need 

for understanding the basic radiation damage processes. Basic 

research in these areas naturally requires good radiation sources 

such as material- testing fast flux reactors and accelerators. 

Table I =:: au Uines the scope of such faelli ties. As an example, 

Table IV shows how basie research in void swelling has led to new 

engineer:.ing materials (with low propensity to swelling) which are 

finding applications in advanced fast reactor systems. 

Another area of considerable concern where basic research 

is importsn t for advanced reac tors is cor :rosion. Due to the high 

temperature gradients encountered and the non-aqueous mediums in 

which the structures have to operate, mass transfer of selected 

elements takes place. st:ructures most commonly effected are the 

fuel cladding, reactor piping and heat exchanger surfaces. In 

sodium-cooled fast re~ctor systems, where stainless steels are 
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usually employed as core structural materials? the mass transfer 

characteristics in sodium of carbon and nitrogen are particularly 

important since these influence the mechanical properties. Self­

welding between contacting metal surfaces in sodium,cavitation 

damage, compatibility of sodium with mixed oxide and carbide 

fuel materials and sodium effects on shielding and neutron absorbers: 

brazing alley and bearing materials are some of the other importan t 

areas. Laboratory research programmes to study diffusion in a 

severe temperature gradient, carbon and er diffusion in Fe-Ni-Cr 

alloys and grain boundary penetration by alkali oxides have also 

made valuable contributions. Aqueous corrosion due to high tempera­

ture oxidation in steam affects the integrity of steam generator 

tubes. Ste~ generators and fuel cladding in water cooled reactors 

are susceptible to significant pittinS crevice attack. Condenser, 

steam generator and turbines are subjected to erosion-corrosion 

damage. stress corrosion and hydrogen embrittlement effects 

occur in turbines, steam generators, condensers and nuclear compo­

nents like pressure tubes in water reactor systems. 

The scope for NDE in materials research includes the 

traditional methods of detection and analysis of flaws using ultra­

sonic, electromagnetic and radiography techniques and non-traditional 

techniques like acoustic emission and laser holography. High 

priority has to be placed en basic research to improve the understand­

ing of the interaction of the probing energy radiation talith different 

characteristics of defectsJlike ,the developments in signal process-

ing and imaging teem iques. There is also need to dev~lop better 
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NDE techniques for ceramics and brittle materials. 

Another area of high priority is the development of 

surface sensitive chemical and phase analysis instrumentation, 

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 a"\d phase information about the surface t 

the bulk material and the effect of chemical gradients through 

layers. Available non-destructive techniques are still inadequate 

for,such analysis. 

af all the methods of materials precessing, 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. Therefore, welding and weld microstructures 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 con­

siders the eutectjj: trough in th,e texnery diagram, Cr rich side 

of the eutectic liquid solidifies as primary ~endrite. The 

solidification process is associated with non-uniform composition 

in the microscopic scale. This has a far reaching effe ct in the 

subsequent elevated temperature' treatmen t (such as high tempera­

tUre application, pes t weld treatmen t, etc), and leads to possi­

bili ties of fa D'Aation of stable phases like the sigma, chi, }J- and 

other carbides, often with deleterious consequence. It was re­

cognised early in the welding af stainless steel that some amount of 
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retained ferrite is beneficial especially in preventing 

the tendency to hot cracking. The exact mechanism by ~hich 

r 

this is achieved is still an unresolved subject. One expla-

nation offered is the scavenging action of the ferrite phase 

for the deleterious elements like P. Another is the retention 

of these elements in favourable locations as e.g. grain edges 

rather than grain faces by alteration of the interfacial 

energies. Hence, for engineering use, an accepted level of 

~ ferrite was specified and successful welds ~ere achieved. On 

the other hand, thermal instability of the ferrite phase and 

the associated solute segregation effects lead to problern=s 

of embrittlement, and degradation due to cor~sicn, thus plac-

ing an upper limit on allowable ferrite in practice. In this 

context, a need was felt for an absolute method of estimating 

ferrite in the weld so that tect-nologically feasible methods 

could be standardised by compariaon. A systematic study of the 

electrochemical nature of the austen~te, ferrite and other 

phases in the stainless steel was undertaken which led to a 

quantitative estimation method comprising of an electrochemical 

and chemical separation procedure. 

Based~on the experience gained in using conventional 

welding methods, two other areas of advanced joining techniques 

require development. ('ne is the joining of heavier sections, 

perhaps using methods like electron beam ~elding. The second 

~volves joining of difficult-to-weld materials like ceramics, 

refractoIY materials and composites. 



- 17 -

5.2 Typical Examples from Metallurgical Investigations 

In the previous ~ection, 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 discussed earlier. 

Irradiation Effects 

Nickel-based alloys are possible structural materials 

in fast reactors. Two alleys, PE 16 and Nimonic 90, strengthened 

by precipitation reactions, have good swelling characteristics. 

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 distrit1ltion of 'I' and 

fine equiaxed TiC precipitates. It is expected that such a 

distrituticn of the carbide phase tdould imp rove the post-irradiation 

due tili ty due to trapping of He by carbides. Fig. 2 sho~s the 

affect 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 J x 10
11 

He / cm
2

• Such 

lo~ energy beams are unsuitable for producing samples for mechanical 

testing. Simulation studies can however be carried out ~ implant-

ing He at higher energies ( ,..., 35 MeV) unifoI."mly in 200 )JJA thick 

samples that are sui table for mechanical testing. Such metallurgical 

investigations have been initiated in recent years, and can be 

very effectively employed to study effects ltlce He trapping by carbides 

in stainless steels. Irradiation creep data can be obtained frem 
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both reactors and cyclotrons and compared. Metallurgical 

investigations of this nature are of recent origin and would 

p.rove extremely useful for screening and testing of materials. 

Simulation of void swelling has pl:'Oved extremely successful in 

allay screening and detailed theoretical, models have led to the 

understanding of the differences between reactor data and simula-

ticn data obtained from HVEM and accelerator studies. Such 

simulation studies are now extended to more complex situations of 

swelling where applied stress and irradiation creep occur simul-

tanscusly. Alloying elements in stainless steels have proved 

to be one of the important ways of controlling swelling. Another 

impo.rtant metallurgical parameter is the ductility a1d impact 

tougmess under irradiation. The nil ductility transition tempera­

o 
tUre NOTT of any material should remain nearly 40 C below the 

operating temperature of the component. The variation of NOTT 

with irradiation dose and methods of overcoming ,the deleterious 

consequences is an important area of stud~ ( ~. 3' ~ ~g. ). 

Stxucture - Property Correlation 

The importance of structure-property correlation will be 

illustrated by using one structural entity, viz. grain boundary. 

A large volume of basic research has gone in describing the grain 

boundaries from which follow mS'lY of their properties like mobility t 

diffusion behaviour, etc. The change in tensile ductility as a 

function of grain size can be clearly linked to- the famous Hall-Petch 

relation. The influence extends to high temperatures where creep 

is a dominant phenomeron. A recent creep study in J16 SS recognises 
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t.he fact that a relatively lOUJer temperature g. b contribu-

tion to creep strength is significant. At higher temperatures, 

this contribution UJ8S absent. Detailed substructural studies 

were used to explain the difference in behaviour. Such an 

understanding helped in choosing the right thermomechanice~ 

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 
, 0 

range of 500-650 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-

sicn 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 play an active role in deter-mining the low cycle fatigue 

strength cf stainless steels. Similar to tensile strength, lower-

ing of grain size increases fatigue strength. Every effort 15 

being made to understand the underlying mechanisms in this case. 

There are other structural entities that have strong 

influence on properties, (e.g. disloc8,tion 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 Ulorth mentioning in this re~ard is 

a recEnt study on the crevice corrosion attack on stainless'steel 

tUhere the influa1ce of various microstructural variables including 

texture were examined in detail. 
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6. CHEMISTRY! RADIOCHEr-1I5TRY .AND FUEL REPROCESSING 

6.1 fuel ChemistIY 

Studies on the chemistr,y of fuels are aimed at werking 

out specifications for a fuel element which has high power 

rating and can withstand high bum-up ..,ith 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 fissial pxcducts which are formed during irradiation 

of the fuel. New compounds are formed which affect the fuel clad 

interaction and can give problems during dissoluticn. In the 

case of carbides, the fission products pose additional problems 

in that there is a lot of uncertainties in the fraction of carbon 

that will be tied up by fission products. 8ecau se of this, the 

initial elM ratia of the fuel is specified based en assumptions 

of chemical states of fission products. The oxygen and nitrogen 

impurities in carbide fuels also affect the fuel behaviour and, 

therefore, understanding the effect of these impurities is essential 

to arrive at =pecificatia1 limits. 

Thus, a goed 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 where very litUe information is available. Even for mi >eed 

oxides, many gaps are still to be filled. 
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Under the influence of temperature gradient,elements 

constituting the fuel and fission products redistribute. 80th 

solid state as well as vapour phase transport processes are 

responsible for migration. Data on vapour pressures, diffusicn 

parameters and thermodynamic quanti ties are necesssI"j to develop 

a suitable model for predicting the extent of redistril::ution. 

The model has to be calibrated against experimental data, fizst 

from cut-of-pUe studies and later frem pest-irradiation examina­

tion. Such studies on chemical trcnsj:Ort will help in assessing 

the extent of plutonium segregation in the centre, the possibility 

of fuel-clad chemical interactions, etc. 

The most important factors deciding the linear power 

rating are thermal cenductivi ty and melting point of the fuel. 

Thermal conductiv ity data have to be generated as a function of 

plutonium concentration, impurity levels, stoichiometzy, porosity and 

bu.mup. 

The above studies concern the chemical behaviour of the fuel 

under ncr.nal operating conditions. However, to predict the behaviour 

in accident situations, seme of the studies have to be extended to 

ver,y high temperatures. The future programme in chemistry thus 

includes development of models as well as the experimen tal facilities 

required for such studies. 

6.2 Coolant Chemistr( 

Chemistry of the sodium coolant is another important area 

of research in our fast reactor development programme. The aspects 

of sodium chemist4Y that need detailed investigation are : i) behaviour 
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and chemical state of impurities in sodium, (ii) chemical 

interaction between sodium and clad as well as sodium and fuel, 

and (iii) transport of radionuclides in sodium circuits. 

I.tIhlle pure sodium is an excellent coolant, impuri ties 

present in sodium even in ppm levsls can affect reactor life 

and operational safety. A thorough understanding of the behaviour 

of impurities is tl'lJs essential. Chemical characterization of 

the coolant should be carried out before charging and during 

reactor operation. This necessi tstes development of methods 

for accurate chemical malysis of the coolant as well as continuous 

monitoring. The monitors for impurities such as carbon, oxygen 

ead hydrogen have been developed in this laboratory and are being 

tested in sodium loops. These monitors will help in detecting 

air, oll and steam leaks into sodium cil.'CUits. Studies with carbon 

meter will further help in establishing the kinetics and the species 

responsible for carburizaticn and decarburizaticn phenomena in 

sodiu~ -stainless steel systems. 

In the primsr,y sodium circuit, radionuclides arising from 

activated structural materials and failed fuel pins are transported 

to different regions affecting the operational safety. Monitoring 

of these nuclidl=s will help in detecting fuel pin failures.- M 

understanding of the basic processes involved in radionuclide 

transport wiJ.]. be of use in devising means of minimising it. 

-
Operation of the reactor with a failed fuel pin necessitates 

a clear understanding of the interaction between fuel and coolant. 

Interaction between clad and c:colant i.~ thlt presence of dissolved 
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impu~itie., especially oxygen and carbon, is a problem unique 

to fast reactors and can result in the formation of compounds 

such as N aCrO • 
2 

easic thermodynamic data necessaxy for 

understanding fuel-coolant and clad-coolant interactions are 

being generated. Studies on compounds such 8S Nafr0
2 

and NaJU04 

have been taken up. The data on such compounds will help us 

arrive at threshold oxygen concentration in sodium for the 

interactions. 

6.3 Fuel Reorocessing 

For the success of the breeder reactor system using 

advanced fuel, it is vital to establish seneces 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 the-se of thermal reactors 

mainly because of their high ?u content, high buInup level and 

chemical composition. Hence, direct application of the popular 

purex process, used for reprocessing of fuel from thermal reactors 

adopting chemical processes such as direct dissolution of fuel 

in nitric acid end solvent extrac tion processes lJli th JO% TEP for 

recover,y and purification of Pu and U, meets with severe constraints. 

Thus R&D studies have been jJ,i tiated in several areas of proc~ss 

chemistry related to FBR fuel reprocessing. 

Sodium associated with the fuel can lead to an explosive 

reaction and a process to deactivate sodium lIIi th 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 e Direct dissolution of this 

fuel in nitric acid yields bzown organic species, mostly oxalic 

and meletic acid. These organic species have to be destroyed 

to prevent severe emulsification and loss of heavy metals 

because of complexing with these acids during solvent extraction. 

Electrolytic oxidation of these acids during sc.lvent extraction 

appears to be promising. Pyrohydrolysis of carbide to th9ir 

oxide with argon, steam mixture at 700 to 750°C and direct 

- oxidation of carbide to their oxides are also in an experimental 

stage as alternate precesses. Radioactive iodine existing as 

different chemical species in the orf gas streams have to be 

ccntained and prevented from release to the environment. This 

has necessltated study of processes such as sczoubblng using 

mercuric nitrate or ccncentrated nitric acid, absorp ticn on mole­

cular sieves and silver impregnated solid absorbants. High Pu 

content warrants studies in the solvent extraction process using 

T8P. These include collection of relevant data related to solvent 

extraction equilibrium in U-Pu nitric acid-TBP system, study of 

phenomena of fo rmatia1 of Pu-ri.ch thixd-p hase (than can impair 

the stability of operation} and to choose a process condi ticn to 

avoid them. _ High Pu content needs processes like electrolytic 

reduction of ?u alte%nste to the current processes using chemical 

reductants such as ferrous sulphamate and uranium 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 leading to its degradation to harmful products which 
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complex Pu and lead to its loss. Efficient techniques 

to wash these degradation products of the solvents are also 

being developed. In additicn, search for alternate solvents 

that have better radiation resistance and less probability for 

formation of Pu rich third phase is being pursued. Solvents 

such as trihexyl phosphate, diamine, hoJ.d promise f:lr the future. 

Use of chemical poisons such as salts of gadolinium and boron 

is to be studied for use as soluble poison to avoid conditions 

of nuclear criticality in areas where protection cannot be 

offered by eversafe geometry or concentration. 

Ncn-aqueous methods of reprocessing fuels are attractive 

from 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 wlume. 

Some of the processes are being pursued as future alternatives to 

the p res en t medif ied purex process. 

7. PHYSICS OF LMFBR SAFETY 

levels, 

The safety of a fast reactor is ensured at three different 

a) tile design and constnaction of an inheren tly safe 

system; 

b) incorporation of diverse and redundant protection systems 

to act in the event of off-normal events; 

cl design and can stmctian of the reactor vessel end 

containment building such that a hypothetical accident, 

occuring in spite of the first and seccn.d level safety 

measures, causes no hazard to the public or environment. 
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I:cnsiderable physics effort is required in designing 

an inherently stable reactor. end in estimating the severity 

of hypothetical accidents. The dynamic stability of a fast 

reacto:rcore is goveIned by the prompt neutX'Cn lifetime, the 

delayed neutron parameters and reactivi ty 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 

thermal data as well as realistic heat transfer modelling of 

the core subassemblies and structures. 

The eaxiy fast reactors were small end it was possible 

to build strong enough vessels and containment buildings to 

withstand all postul.ated accidents and contain the reactivity. 

For the larger reactors, it ~s important to re-assess this question 

and stuqy the accident sequence in detaile This requires investi­

gation of the precise nature and sequence of the various phenomena 

occurring in the reactor during an acciden t (F ig . 4) • 

It is convenient to consider the accident sequence in three 

different phases pre-disassembly, disassembly and mechanical 

!&Iork - as the physical phenomena involved are different. 

The pre-disassembly phase involves the study of core 

neutron kinetic, mechanical and thermal behaviour upto the point 

of loss of subassembly geometry. Pheoomena needed to be considered 

are hydraul.ic transients, sodium boiling, fuel pin failure mechanics, 

effects of fission gas release on pin cooling, fuel washout after 

clad failure, clad and fuel motion under meltdownconciticns, etc. 
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Study of the details of the basic heat transfer between 

molten fuel and coolant and the phenomenon of vapour explosions 

is an important area of research. 

In the disassembly phase, the fuel attains very high 

temperatures and fuel vapour pressure buildup causes the core 

to disrupt, with physical movement of the fuel from high pressure 

to lower pressum regions. Equations of state of core mate.:ci.als 

for a wide range of temperature are required and the complete 

data in this respect are not available. Studies on transient 

vapour tuildup during adiabatic heating of fuel are also important. 

In the last phase of the accident, the core disruption 

leeds to mechanical damage of the reactor vessel and other 

structures. Investigations in shock-structure interactions is 

of importance in this context. 

At RRC, considerable emphasis has been placed en basic 

theoretical and experimental stUdies in all the phenomena of 

importance to understanding the course and effects of core dis­

assembly accidents. 

8. CCNCLU5lCNS 

A survey of the areas of basic scientific research in 

the developma"1t of LMF8R 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 

sp:in-offs to be obtained frem this research, it is clear that 

there ",ill be con siderable and clear-cut developments in the 

physics, chemistry and metallurgy of special Lf1F8R materials and 



in the physics and safety of fast reactor cores. Tr~ 

research, especially in areas of neut:on interactions, blanket 

neutronics, behaviour of materials under intense irradiation, 

liquid metal cnemistr.y, metallurgy of steels and. other alloys, 

etc., will be of relevance for the fusion reactor system of 

the future. 
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Appendix 14 

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 SA65S,QOO over a five 
year period. Apart from its support for the Isotope 
HydroLogy project, AustraLia has been active Ly 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 ~egionaL 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-operation 

in the peaceful application of Nuclear Science and Technology. 

Bangladesh h~d the previlage to host the 5th RCA \vorking 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 IRHADIATION 

At the out set, I wO'lld like to announce wi th pleasure 

that Bangladesh in Dec,198J, on the recommendation of a National 

expert Committee formed for this purpose.by the Bangladesh 

Standard Institute(BDSI), officially adcptt'!d General'standard 

for Irradiated Foods and the Code of Practice for Operation of 

Irradiation Facilities as was recommended by the Codex 

Alimentarius Commission to the Member states. The latest 

revised version is now being incorporated in the final draft 

o:f the BDSI. 

In Food Irradiation, 2 projects namely,»Pilot Scale 

Studies on the Irradi.ation of: Bangladesh Onions" and "Time­

temperature tolerance and packaGing studies of irradiated 
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dri.ed :fish" are be-ing" c"arrTe-d "out at tHe Insti tute of' Food 

and Radiation Biology, while a Jrd project has been started 

in this Institute on the "Insect disinfestation of pulses, 

oi~-seeds and tobacco leaves by 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(50-70 Gray) onions for 

one season storage. Effective inhibition of sprouting by 

radiation was achieved. storage of irradiated onions at 

ambient conditions (22-32 o
C and 70-90~~ R.H.) while spread on 

elevated platforms 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 

f"ish (upto 1.0 kGY) could be stored at ambient temperature 

(30:2oC) ill Bangladesh provided that the moisture content is 

below 15~." In search of suitable p~ckaging materials available 

in Bangladesh to check re-in£~station of the product,detailed 

insect penetration studies of di£fer~nt 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 r~sults ~oth in the laboratory and 

in the commercial storage were obtained. Organoleptic evaluation 

was also made. All the conS1Ders were willing to buy the irradiated 

dried fish if available in the market. The unirradiated sample 
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(control) was totalLy unacceptable and had. to be discarded. 

PIYlvood boxes proved an al terna te to carton boxes for export. 

Semi-commercial studies £or storage and transportation 

in Carton boxes and plywood boxes will be repeated. in the 

£ollowing 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 £oods on semi-commercial scale. 

During December 1982, a National Seminar on Food Preser­

vation by Radiation was held in Dhaka. Besides local speakers, 

J experts ~rom IAEA and India participated in the seminar which 

was largely attended by local tr~ders, private entrepreneure,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 50 encouraging that at least 3/4 

Groups of Industries are now interested to set up Commercial 

irradiator~ in various parts in Bangladesh. BAEe is already 

neeotiating with one of them to float a Joint Ventur~ Company 

for the establishment of a purely commercial multipurpose 

Irradiator near Dhaka. 

We are also happy to announce that under its Technical 

Assistance programme of 1984, IAEA has kindly offered to supply 

rrom USSR a multipurpose Demonstration Irradiator to Bangladesh 

which ~e propose to locate at the Atomic Energy Research Bstabli­

shment at Savar. A two-man toarn of IAEA Staf~ member is now in 

Dhaka to £inalize the design specifications and drart agreement 
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f'or consideration of' Bangladesh Govt. When materialized, we 

shall be glad to of'f'er these racilities for the use of' RCA 

member states in the ~rame 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 ~mDICAL PRODUCTS 

Both R&D and promotional activities on radiation steri­

lization o~ local medical products progressed satisf'actorily 

during the year with more and newer types of' medical products 

enlisting ~or radiation sterilization services at BAEC gamma 

:facility. These new products included delivery kits,pharmaceu­

tical containers, re-useable plastic petr~dishes, etc. 

The IAEA expert's report on Radiation Sterilization of' 

Pharmaceuticals in Bangladesh was made available to BangJadesh 

government last year. Following the recommendation of' the 

expert, government has taken necessary steps f'or s~tting up a 

pilot scale irradiator for sterilization of' medical supplies 

in the country. Meanwhile, a Corle of' Practice for Sterilization 

of' Medical Products has been drafted which is now under circu­

lation f'or opinion of the interested quarters. 

J. NUCLEAR rvfEDTCINE 

In·Banglade~h, the nuclear medicine activities are 

increasing gradually in Six Nuclear Medicine Centres in 

di£ferent parts o~ the country, in collaboration with the 

Health Services ~or diagnosis and tr~atment of diseases by 
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nuclear medicine techn~ques. Following programmes are being 

undertaken und~r the RCA programme:-

a) Bangladesh organized a na tional workshop on 't Quali ty 

Control in Nuclear Medicine Instrumentation" 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 att~nded the workshop. Several quality control 

equipm~nt 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 Hedicine 

has taken up the research contract with the IAEA f'rom Sept.1983 

on t'radioimmunomatric method f'or determination of antibody in 

malaria and f'ilariasis". 

c) Institute of Nuclear Medicine has b~en undertaking 

research work in collaboration wi~h the IAEA and WHO since its 

inception in 1981 f'or evaluation o~ liver in patients suff'ering 

from Cirrhosis, haepatisis and malignant diseases. Iodine 

def'iciency is a common disease in Bangladesh and the works 

are under way in all the Nuclear Hedicine Centres and the 

Institute of' Nuclear Medicine. The Institute of Nuclear Medicine 

has also been setting up a central UIA laboratory for determina­

tion of thyroid hormones and to work asa national standard 

laboratory. 
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d) Future programme in Nuclear Medicine: 

i) Improvement o~ cancer therapy: 

As proposed in the last RCA me~ting in Dhaka, 

Bangladesh Atomic Energy Commission is planning to 

set-up a Centre for improvement o~ cancer therapy by 

modern telethe.rapy and LI~AC. 

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 ~or inves­

tigation o~ heart patients. The assistance ~rom the RCA 

is requested in the ~orm o~ supplying a gamma camera 

suitable ~or dynamic studies o~ heart. Possible source 

o~ assistance ~rom JIACA!RCA may be explored. 

4. HEALTH RELATED ENVIRONM'ENTAL RESEARCH 

Bangladesh Atomic Energy Commission has b~en participating 

in the RCA project on health related environmental research since 

1977. The Atomic Energy Centr~, Dhaka has developed the relevant 

methods using PIXE and XRF. In some cases, the non-nuclear method 

o~ Atomic Absorption Spectro-photometrY(AAS) has been used ~or the 

con£irmation o~ analytical data. The achievements to-date may be 

summarised as £ollows:-

- Systematic analytical procedure~ £or trace element 

analysis in biological materials ~uch as hair, blood, nail, 

serum, urine, plant materials, etc. and environmental samples 

like soil have been dev~loped, using the method o£ FIXE. 
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- Analytical methods (PIXE and XRF) for trace element 

analysis in liquids including water and motor oil have been 

developed. 

- 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 elements 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-ll/o4 computer system for on-line PIXE and 

XRF data analysis. Further development should include the proton 

microbeam generation and the development of" PIa induced XnF 

method f'or multielement analys.is. The development of'Rutherf'ord 

backscattering method for light element analy~is in aerosol is 

already in progress. 

5. ~ON-DESTRUCTIVE TESTING(NDT) 

Bangladesh Atomic Energy Commission has been providing 

NDT services to different industries and related organizations 

of the country such as oil ref'inery, 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 J-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 progr~mme 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 nad:f.ation Vulcanization of Rubber Latex has been taken up at 

the Institute of' Nuclear Science and Technology, AERE, Savar. 

Some 12,000 seedling's of rubber plants have been planted in an 

area of 5 acres of land at the AERE, Savar. One scientist of this 

project went to Indonesia to participate in th~ natural rubber 

vulcanization pilot plant under the RCA/~~DP project. The ~roup 

plans to manufacture gloves, latex thread, foam, rubberised coier, 

condoms, catheters, baloons, teats, soothers, bathing caps, 
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football bladders, adhesives, carpet hackings, castings etc. 

at a pilot plant scale and make the marketing stlldie~ in order 

to see the feasibi.lity of making these industries in Bangladesh. 

Some work on th~ radiation induced fibre-boarrl plastic 

composite formation has already been carried out. The eff'ect 

of dose rate on the amount of polymethyl methacrylate in 

hardboard and partex has b~en determined experimentally. At 

1 Mrad radiation dose the polymerisation was found to be 80% 

complete. 

8.NUCLEAR INSTRUMENTS HAINTENAHCE 

A number of' laboratories have be~a selected for pilot 

laboratory studies under this progr~mme and notable achievements 

have been made in recording voltage, temperature and relative 

humidity, and installation of drop out relays in some of the 

sophisticated medical equipment. V~ry rece.ntly t p~"eventive main­

tenance planning has b~en intrnduced in this project as an 

introductory parameter, before going into details with the 

computeriz~d maintenance planning. The National Project Supervisor 

has already given a seminar on computari;ed 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 II plus microprocessor computer 

at the Institute of Electronics and Materials Science,AERE,Savar. 

The Electronics laboratory of the AEC, Dhaka is r~gularly 

conducting training seminars both for the maintenance people and 

th~ instrument· users and operators. The last J-week course on 
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"Nuclear Instrum~ntation and Maintenance" for the Technicians 

and operators started on July 24,1983 and attended by 21 parti­

cipants. The programme of' "Train the Trainers" under thi~ 

project has b~en found to be f'ruitf'ul and we sugg~st that more 

such courses may be organized by the Agency. 

9. DEVELOPHENT OF SENI-D1iARF ~·1UTANTS FOR RICE IMPROVEHENT 

Some progress has already been made in the evaluation of' 

semi-dwarf' mutants in cross-bre~ding and providing alternate 

gene sources f'or semi-dwarfness with dif't'erent plant architecture 

and in different genetic hackground. In thi~ regard, agronomic 

evaluation, cytological and genetic studies and cross breeding 

studies have been pefformed in ~wo muta?ts of IRS and 4 mutants 

of' a local variety of' rice "Nizersail". Some mutants were found 

to be earlier muturing by 1 to 3 weeks compared to the mother 

variety. Two of' the f'our mutants showed increasen yield over the 

mother variety~ Except one mutant, other three were found to 

contain higher protein. 

10. IMPROVENENl' OF GHAIN LEG'L'"ME PRODUCTION 

Research on the improvement of mungbean, black gram and 

chick-pea has been continued at the Institute of Nuclear Affricul­

ture with regard to yield, plant architecture cooking quality, 

uni~orm maturity, nitrog~n ~ixatinn, pest and disease resistance 

etc. In some cases, the studi~s hav~ already b~en continued to 

the M
J 

gen~ration \t/ith positive results. 
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NEW PROPOSALS 

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

Cellulosic and liqnocellulosic residues of agricultural 

and agroindustrial residues are potential renewable resources 

which can be converted to energy 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, newspaper wastes etc. to fermentable sugars. Once 

fermentable sugars are obtained these could be converted to 

alcohol or other liquid fuels and other important chemicnls 

by using appropriate microbial systems. b) development of' an 

economic pretreatment method making lignocellulosic substances 

amenable to enzymatic hydrolysis. Physical, chemical and 

combination.treatments are being assessed. 

The project has been submitted to the IAEA f'or 

consideration to include under RCA programme. 

At the Institute of Food and Raidation Biology, 

Bangladesh Atomic Energy Commission we are trying to develop 

a Tissue Bank ·,,,ith an aim of radiation sterilization and 

preservation of various human tissues like bones, cartilages, 

skin, dura mater, tympanic a~d embryonic membranes etc.needed 

for human surgery.There has be~n very encouragin~ re5ponse 
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from the doctors h~re who deal with tissue grafting.Professor 

G.O. Phillips, an expert on medical sterilization and Dr.R.N. 

Mukherje~ of IAEA visited our Institute last year. They also 

!1lf'lt some of' the surgeons at Dhaka who will be the actual -end­

users of such tissues and grafts. In hi!! report, Prof'essor 

Phillips has strongly advocated .for the development of such 

facilities in our country. In this connection a project has 

already been ~ubrnitted to IAEA which is under active considera­

tion. It is proposed that this project should be included 

under RCA programme for the benef'it 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 fS involvement in coordinated research programmes 'under the 

RCA. 

India has emphasized the use of RCA programmes as vehicles 

for manpower training b.y member states, sharing facilities and 

expertise available in the region on a multilateral basis. During the 

meetiqg participants would see that India has had the benefit of 

buildiqg up the infrastructure in various advanced and sophisticated 

aspects of nuclear technology as a consequence of embarking on a 

large power reactor programme 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 Madr~s4tomic 

~wer 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 environmental control. 

India would be w~lling to examine the possibilities of 

sharing its experience with member states through RCA programnes. 

Since the 5th Working GrouP. he Id a t Dhaka, India has 

conducted a highly successful 3-week Workshop on the Use of Microprocessors 
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in Research Reactor Utilization at the Bhahha Atomie Research 

Centre at l3om~ from January 30 to Feb. 17, 1984. Tetl participants 

from six member states and. a representative ot: the ftgency from tile 

Seibersdorf Laboratory attended the Workshop. The intensive Course 

• was intended for research scientists using radiations from reactors 

and was also attended by engineers connected with researoh reactor 

operation. The Course was aimed at giving them aotual. experience in 

designing and constructing systems based on mioroprocessors and was 

extremely useful. Many req uests for follow up and bilateral and 

multilateral contacts have resulted from the interaction among 

participantse 

In view of the success of this Workshop at this \1orking 

Group meeting India would like to propose a two to three week Workshop 

devoted wholly to one of the topiCS dealt wi th at the previous ~Aforkshop" 

viz. Neutron Activation Analysis. This Course. will deal with the finer 

details of the techn1ques~ usitg modern equipment and methods, as 

adapted to real applioations in material sciences, forensic science, 

environmental sciences, geochemical and biomedical investigations. It 

is our hope that the response of the memberstates to this Courge will 

be as enthusiastic. The expenditure on th~s Workshop, like the previous 

Workshops would be met out of the special oontri butions by India. 

India has also continued its involvement in the training 

course on nuclear electronics. A Course was held at BARe during 

September 1983 at \'hioh ten participants from seven countries were 

present. 

India hopes, in view of the success of these Workshops 

that the }gene), will consider ways of augmenting India ts efforts wi th 

its own oontributions in the form of equipment and tr~vel fun:is ::i.S 
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formulated by the oourse organisers. 

As a oonsequence of the discussion at the Dhaka meeting and 

subseq uently at the time of the General Conference in Vienna, the 

Agenoy has expressed an interest in reviving coordinated research in 

neutron scattering. India has extended an invi ta tion to the Agency 

to hold a Consultants t Meeting in this connecti~l'1: in lbmbay during 

December, 1984. In this context, India would like to offer time for 

experiments with neutron beam facilities under the RCA. 

One o£ the major RCA activities is the Regional Industrial 

P.roject on Radioisotope Application, funded jointly by UNDP and the 

governments of the region. ' India is playing a leading role in several sub­

projects includi~ 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 r~ion. India welcomes these activities and will 

continue to support them and play an active role through part ic ip:1 tion 

and provision of expertise. However, India would like to advise some 

caution in the matter of market surveys in the r~ion for nucleonic 

instruments and radiation equipment as well as to assess the scope for 

technology transfer. In our view this will not only divert sc~e 

scientific manpower and other resources but could lead to misleading 

and inaccurate results because such studies are premature at this stage 

before all projects have reached a demonstration s~e. 

In the area of medical ~ammes, 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. 
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In the area of orop improvement, India will continue to 

support coordinated. research programmes aimed. at raising grain legtm! 

production and evaluation ot mutant stocks. However, it must be 

recognised that these techniques have a gestation ~riod of about a 

decade and interest has to be maintained for such a period. India 

also suggests a coordinated research progr~e in the area of nitrogen 

fixation by the grain legume c:rops. 

In conclusion, we wish to reemphasise that Ir.d.ia 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 apnlication of radiation and 

radioisotopes in medicine, industry and agriculture and in newer 

areas like nuclear power. or overriding importance is to sustain public 

and governmental interest in nuclear science and technology and to 

highlight the need. for a oommonality 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 advantages of RCA, mainly in the development of nuclear science 

and technology, where the goal of this project is transfer of technology 

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 Indonesia that for the sub pro-

ject of Radiation Processing, Indonesia ha~ 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 Co
60 

has been in 

operation since November 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 until 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 also 
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some staffs from Centre for the Application of Isotopes and Radiation, 

where this pilot plant is located. 

Concerning electron beam pi tot plant, the building is still under 

construction and it will be ready 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 Hel ointment in Al-tubes, framycetine in medicated 

dressing, tetracycline powder, glucose powder and several items of 

harmon powder, several kinds of dressing, containers, 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 to extend the storage life, and 

to improve the hygiene conditions of important food commodities using 

radiation disinfestation, radurization or radicidation t~chniques. 
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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 feasibil ity of the irradiation process. 

Activities conducted during the last few years were directed to immediate 

practical application of this technology in the country. 

Attemps to 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 Department of Health and the IAEA. 

3. Sludge irradiation 

The possible use of irradiation to el iminate bacteria in sludge 

inteded for fertilizer or animal feeds is now under investigation. 

This study is supported by the IAEA 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 wi 11 be readily consumed by 

industries associated with rubber latex material. This figure is optimfs­

tical1y will increa~e due to the development of some industries. 

In the other sub projects of the RCA/UNOP Industrial Isotopes and 

Radiation Project, Indonesia was participating ~n the training and 

demonstration course that have been conducted, like training in NOT, 

Tracer Technology, Nucleonic Control System and Radiation Sterilization 

of Medical Product. 
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Activity in Non Destructive Technique 

National Atomic Energy Of Indonesia or BAT A N conducted radio­

graphy courses for NOT level I ( operator) and NOT level I I ( radiogra -

pher ) based upon ASNT standard since 1978. The participant of these cour­

ses came from either Government Institution or private NOT companies. 

Certificate eventually were given to the participants who pass the exami­

nation. Up to now there have been 253 persons of NOT level I and 146 per­

sons of NOT level LI) however these numbers are sti 11 below the demand. 

To step up capability in NOT inspection, it is considered necessary to 

conduct the course for NOT level I I I. It is proposed that IAEA through 

this project may give assistance by providing experts/lecturer. At pres· 

ent there are about 20 NOT private companies in Indonesia work mainly in 

radiographic inspection. 

Regional Cooperative Project. 

Indonesia participate in most of the ~egional Coooerative 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 IAEA 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 ~ear 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 Bio~ogical Application. With 

regard to a cooperation in kind to the second phase of 

the Food ~radition 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 RCAI 

UNDP Industrial Projects and the new Medical and 

Biological Application Project, especially in the field 

of Nuclear Medicine and Cancer Therapy. 

4. 
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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 

recognition of the importance of the RCA activities, 

intends to make a financial contribution for this year, 

subject to approval by the Diet, up to U~$381,320, a figure 

representing a 27.1% increase over last year. In addition 

certain in kind contributioroare 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 

an:i support invariably all the cooperative projects, especially the 

RCA/UNDP In:lustrial Project. The Republic of Korea l:elieves that the 

RCA is one :important means of accanplishing intra-regional cooperation 

and technolcgy transfer of the peaceful uses of atonic energy. 

Regarding the RCA/UNDp Inlustrial Project, it is the Republic of 

Korea I s pleasure to support the secon:1 train.:i.n3'-de:nonstration WJrkshop 

on radiation sterilization of me:iical supplies which is scheduled for 

tw:> ~eks in Octol::er this year at the Korea Adva.n:ed Energy Research 

Institute follow:rl by the course at the Bhabha Atonic :.Research Center 

of Irrlia. 

My Governnent ~d also like to call your ki..r.d attention to the 

fact that the RCA research coordination meet:ing on fced irradiation as 

well as the 4th regional project meeting for foed irradiation will l:e held 

at I<AERI dur:i.rtJ April 9 to 13 of this year. 

Concerning the neN project on the medical am biolcgical applications 

of nuclear techniques, we would like to express our welcane for the Agen:y IS 

approval ani hope to play an important role in :implementing this re:;ional 

project. We propose, however, to effect the equal achievement using less 

fun::1s by utilizing existing multiple centers which are already installed 

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



In this connection, we hope sane of the medical equipnent such as a medical 

cyclotron with 50 MeV ani tv.o 22 MeV medical microtrons coqld l:e use::1 for 

the danonstration training purpose of this new project. This medical equip­

ment will l:e available fran Cctol:er of this year upon ccmpletion of a new 

CaIx:er Research Hospital of KAERI. The newly constructEd Cancer Research 

Hospital will have 500 beds ar.d will te EqUippe:i with latest me:1ical instru-

ments. 

We would like to reiterate that the ph ase t~ foed irradiation project 

re exten:ie:1 additional years so as to gear up the ccmnercialization of this 

technique jn the Region. In the Republic of Korea, a carmercial foed 

irradiation plant is plannerl in the near future, an:1 in this connection 

technical assistance an:1 cooperation ~er the unbrella of the RCA is neede:i. 

Regard.i.n3' the research reactor utilization project which actually 

began this year with the training course at the :BAR:, we hope this project 

1:eing carrie:1 out will successfully give rrore profound knowle:1ge on reactor 

technolcqy for the rnem1:er states. 

The Governnent of the Republic of Korea muld like to thank the Goverrment 

of IIrlia for hosting this 6th Working Group Meeting of the RCA arrl we are 

looking forward to hcldi.rq the 8th such meeting in Seoul in 1986 as previously 

agree::1 during the 12th RCA Representatives Meeting in Vienna in October, 1983. 

Thank you. 



SIXTH RCA WORKING GROUP MEETING 

COUNTRY STATEMENT - MALAYSIA 

1. RCA. is nt:M caning to the middle of t..~e t..'1i.rd consecutive 5 years 

(1982-1986) pericd of its regional cooperative programnes. Within this 

r:ericd many research projects have 1::een carried out sane of which have 

been canpleted while others are still going on. At t..l1e sa'11e tirr..e new 

programmes emerge such as medical and biological application of nuclear 

techniques, basic science research using research reactors and energy 

fran agricultural and agroindustrial residues through the use of 

radiation together with industrial microorganisms. At present, Halaysia 

is involved in practically all of RCA programnes. 

I:cmsstic Buffalo Production Improvem:mt 

2.. This project was started in 0ct01:er 1979 and te...~ted in 

September 1 983. Radioirrmunoassay techniques for the measurement of 

plasma concentrations of progesterone and luteinizing honrone were 

developed in order to study postpartum ovarian function in suckled 

buffalo. '!he studies have shewn that temt:orary rerroval of t..~e calf 

induced anovulatory oestrus which could be overccme by pretreatment with 

a progesterone intravaginal coil. However, P?Or bcdy condition appears 

to exert an adverse effect on ovarian cyclicity. As a result, further 

study on the rule of nutrition on pJst partum reprcx:iuction in the buffalo 

is necessary. '!his study will be carried out under the phase II programne. 

Isotope Applications to Hydrolcgy and Sedimentology 

3. This programre started in April 1 980 and will continue until 

1985/1986. There are several ongoing projects under this programne 

viz: 
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i. EnviroI".rnental isotope investigations in the Kelantan Basin 

and the Kedah/Perlis area - to study the mechanisms of 

recharge ofjroundwater 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 accumulation in 

Air ltam Reservoir on Penang Island .. 

4. Malaysia is vert grateful to IAEA and the Government of Australia 

for their assistance in making this prograrrm:: a success. It is also 

hoped that a project review meeting on isotope hydrology and sedimentolcgy 

will be resumed probably in 1985. 

~1aintenance of Nuclear Instrume.T'l.t 

5.. This programne has been carried out since Cecember 1979 and will 

continue until Get. 1984. '!he prograrrme includes environmental recording 1 

developnent of p:»rer-conditioning system, work procedures for maintenance 

management, developnent of canputer-based maintenance system and training. 

In future, further work will be carried out; 

i. on the planning and implementation of environmental 

conditioning and the rronitoring of the effects of the 

implemented measures. 

ii. to develop and .implement further caITputerized maintenance 

plans. 

iii. to conduct training on nuclear instrumerlts, maintenance 

and rnicroprocesser techniques. 

A Regional Train-the-Trainers Workshop will be held at the Nuclear 

Energy' Unit 1 Prime Hillister's Department, PUSPATI Conplexs, Bangi, in 

October this year. 

Food Irradiation 

6. A study on the effect of gamna irradiation on volatile COI'r!I?Ounds 

in pepper, sensory qualities and the control of pest infestation which 

started in 1981 was aJIt'lpleted in January 1984. The results on transpor­

tation study which was conducted between Malaysia and Japan have been 
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received fran Japan recently. 'lli.e final analysis of the results and 

the final ret=Ort-will 1::€ presented at the RPFI meeting in Seoul, 

Korea, in April this year. 

Health Relat....od to Environmental Research 

7. The project on scalp hair as a ITOnitor for corrmunity e..'(fXJsure 

to the environment was conducted on ~NO population groups living in 

different regions of !v1.alaysia" The concentratins of Co, Fe, As, Cr 

and Hg w"ere shown to be different between rural and urban areas. The 

project which was started in Noveml:::er 1980 will be teDninated in 

March 1984, 

8. A neN project on the analysis of trace elements in fco:1 staff 
., 

such as rice, fish, meat and vegetables will be carried out as pa..~ 

of the Food Conta'1ti.nation Analysis Prograrrme organised by t.~e Health 

Authority of Nalaysiao 

Improvement of Grain Legume Production 

9. 1';<10 proj ects being carried out under this prograrrrr..e in 

Malaysia namely Soybean Mutation Breeding and Rice Mutation Breeding. 

Soybean Mutation Breeding is' part of the Joint Halaysia Soybean 

Breeding Project involving 5 Institutions in Malaysia. 'lli.e Regional 

Coordinated Progranme on Mutation Breeding was to have bee..T"l teDninated 

by the end of 1983. However Halaysia strongly hopes that t.~s prograrrme 

to be continued. The soybean project is still an on going project and 

the yield trials of the advanced-generation (filS) mutant in actual fanning 

situation is yet to be tested. 

Medical and Biological Application of Nuclear Techniques 

1 o. A proj ect on the evaluation of interferon-radiot.'1erapy canbina­

tion in the treatment of Nasopharyngeal Carcinana is being carried out 

since !-1arch 1 983 by the Institute of Radiotherapy, Oncology and Nuclear 

Medicine, General Hospital, Kuala Lumpur 0 
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11 .. Malaysia is honored to have been chosen to host a Regional 

Training Workshop on Brachytherapy of the uterus Cancer using Manual 

and Re.TtOte After Loading Techniques which will be scheduled to 1:e 

held in Novernk:er /December 1984. The v-orkshop will· be jointly organised 

by t..~e National University of Malaysia (UKM) and the Institute of Radio­

t."'erapy, General Hospital. 

12., The Medical Faculty of the National University of Malaysia has 

su1:mitted a project prq::osal on the use of Radioactive Iodine (I-131 

and 1-125) in the diagnosis and treatment of Thyroid, Liver and Adrenal 

diseases. It is very much hoped that the prograrcme will 1:e imple..mented 

as planned~ 

13. At present, a project on the Diagnosis of Plasmcdiurn Falciparum 

infection using solid-phase radioimnunoassay is carried out by the 

tI.edical Faculty of the University of Malaya. This project has been going 

on for alnnst 2 years starting in July 1982 under IAEA research contract. 

·It is hot;:e that this project will be included as part of the a.l:ove regional 

coordinated progranme 0 

14.. The v-ork on the developne.nt of 99t1:J-99m.rc cqlurnn t"ype generator 

based on zirconitml rrolyl:date GEL using TRIGA MARK II research reactor 

will be carried out at the Nuclear Energy Unit (u"W) in April 1984. 

RCA/ONDP Industrial Project 

15. Malaysia has 1:een actively participating in the training programme 

on industrial projects., Several personnel fran the paper, steel and 

mineral industries have been attending the training - derconstration in 

nucleonic control syste."TI" The training courses for our NOT personnel 

are considered to be invaluable., Malaysia is in the process of developing 

a NOT certification scheme. 

1 6 • The maintenance of nUClear instrument is going to play an 

.i.rrp:)rtant part in the developnent of nuclear technology in this country .. 

Industrial project on nucleonic instrument maintenance is part of the 

maintenance of nuclear instruments progranme fran which the experience 
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gained will help to increase ~~e efficiency, reliability and quality 

of ~rk in all aspects of maintenance. 

17. Malaysia "is also actively p~-ticipatL~g in the industrial project 

on radiation processing.' 'I\vo- series of accelerated test-evaluation 

progra.nmas for radiation vulcanization of natural rub1::er latex were 

undertaken in 1983 in collaboration t.vith TRCRE (Japan) I CAIR (Indonesia) 

and RRI (Sri Lanka) . 
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IAEA REGIONAL CO-OPERATIVE AGREEMENT 

6th WOru(ING GROUP MEETING 

MARCR 20 - 23, 1984 

COUNTRY STATEMENT FROM TP'AILAr-..ro 

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 science and 

technology related to RCA activities are Co~ercialization of Fbod Irradiation, 

Nuclear Techniques to Improve Domestic Buffalo Production, Utilization of 

Research Rea<?tor, and II?-dustrial Application of Radioisotopes. Government 

of Thailand ~lso 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 

arecon~incedof 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 

c~rried on .. 

Industrial Application of Radioisotopes 

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 (TSIIDT) 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 .. 


