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FOREWORD

The Fourteenth Annual Meeting of the IAEA International Working
Group on Fast Reactors was held at the IAEA Headquarters, Vienna, Austria
from 31 March to 3 April 1981.
The Summary Report (Part I) contains the Minutes of the Meeting and
Appendices.
The Summary Report (Part II) contains the papers which review the
national programme in the field of LMFBRs and other presentations at the
Meeting.
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SUMMARY REPORT

INTRODUCTION
The Fourteenth Annual Meeting of the IAEA-IWGFR was held in
accordance with the recommendations of the previous Annual Group Meeting,
at the Vienna International Centre, Vienna from 31 March to 3 April 1981.
All Member States of the group were represented at the meeting: France,
the Federal Republic of Germany, India, Italy, Japan, the Union of Soviet
Socialist Republics, the United Kingdom and the United States of America.
The meeting was also attended by representatives from the Commission of
European Communities, the Nuclear Energy Agency of the Organisation for
Economic Co-operation and Development, the International Atomic Energy
Agency and observers from Switzerland . The meeting was opened by
Prof. I. Zheludev, Deputy Director General of the IAEA Department of
Technical Operations and was presided over by Dr. R. D. Smith,
United Kingdom.
The List of Participants is attached to the Summary Report
(Appendix 1). The final Agenda and Time Schedule of the meeting are given
in Appendix 2.

1.

Review of IWGFR Activities
a.
Approval of the Minutes of the Thirteenth IWGFR Meeting
(item la)
The Chairman suggested the approval of the Minutes of the
Thirteenth Annual IWGFR Meeting. It was so agreed.
b.
Report by the Scientific Secretary regarding Activities of the
Group (Item lb)
The Review of the IWGFR activities for the period since the
Thirteenth Annual Meeting of the IWGFR was distributed in advance
amongst the members of the Group and the Scientific Secretary
mentioned only the changes which took place during the time after the
distribution of the Review. The final version of the Review is given
in Appendix 3.

2.

Consideration of Future Method of Operation of the IWGFR
(Item 2)

A discussion took place on the "Working Paper on the Operation of
International Working Groups" prepared by the Division of Nuclear Power
and distributed to the Members in advance.
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The members of the working group agreed that the Working Paper could
be used as a basis for the future method of operation for IWGFR. However,
it should be considered as a general guide and differences between the
practice of operation of the IWGFR and operation of other working groups
described in their Terms of References should be taken into account.
The
following points of difference were identified:
a)

Identification of Current and Potential Future Key Issues

The key issues on more general topics (such as proper time for
fast reactor introduction, public acceptance, licensing problems)
could be discussed at special meetings. These subjects would be
chosen in the normal way at the IWGFR annual meetings. It was
recommended that each national delegation should include the current
status of general key issues in the country (such as political
problems, public acceptance and so on) into annual reports on
national programmes.
b)

Coordinated Research Programmes

It was agreed that the IWGFR has not undertaken very much on
this item in the past, but the IWGFR could consider such activities
in the future. The appropriate fields for this activity have not yet
been identified.
c)

Specialists' Meetings

It was confirmed that the total number of experts participating
in specialists' meetings should not normally exceed the number (three
for each country) pointed out in the Annexes to Terms of Reference of
the IWGFR. The working language normally is English, but if the host
country can provide interpretative services at its own expense, it is
desirable to have interpretation for participants who need it.
d)

Seminars for Developing Countries

IAEA should take an initiative in organizing such seminars
and
IWGFR members could be asked to help in providing speakers
forthese
seminars.
e)

Publication of Specialists' Meeting Reports

The group recommended that the IAEA should print and distribute
to the Members and Participants the SM reports as internal reports
only in accordance with recommendations made at the 13th Annual
Meeting. Only evaluated summaries, conclusions and recommendations
of the meeting as well as national position papers should be printed
to minimize cost of reproducing. The group recommended that the
summary reports of specialists' meetings should not normally be
entered into INIS.* However, they are available to any IAEA member
*Submitting summary reports of specialists' meetings organized
by the IWGs into INIS could assure, in accordance with IAEA's
objectives, a wider distribution of the results of these meetings.
So it would be appreciated by the Agency if the members of the IWGFR
could reconsider at its next meeting the recommendation that the
reports should not normally be entered into INIS.
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country upon request. The chairman of the specialists' meeting
should be encouraged to prepare jointly with the IWGFR Scientific
Secretary a suitable article based on the results of the meeting for
publication in an international technical journal. He should consult
the participants represented at the meeting before publication of the
article.
f)

Publication of the IWGFR Meeting Reports

It was recommended that printing and distribution only through
Members of the IWGFR Annual Meeting report should be continued as an
internal report without entering INIS. It was agreed that copies of
the national programme reports should be distributed to the Members
with the minimum delay.
The members agreed that a summary of the discussions on the
national presentations rather than a verbatim report would be
sufficient.

The IAEA suggested that this summary could be distributed
together with the presentations themselves. The members thought this
might result in undesirable delay in the distribution of the
presentations. It was agreed that for this year they should still be
distributed separately. If it could be shown that the delay would be
small the system should be changed in future.

Well evaluated reviews of the status of fast reactors in the
world based on the national programme reports should be prepared
periodically by the IAEA with the help of the members of the IWGFR
and should be published as a Technical Report for broad
distribution. It was recommended that if the members of the IWGFR
have any suggestions concerning topics suitable for publication in
Technical Report Series, they would write to the Secretary with
copies to each member.
g)
Participation of Experts from Countries which are not Members
of the IWGFR in Specialists' Meetings of the IWGFR
For the purpose of encouraging fruitful discussions Annex I of
the Terms of Reference limits the number of participants to an IWGFR
Specialists' Meeting so that a small but effective group can be
convened on a particular subject. The Members of the Working Group
agreed that the participation of experts from countries which are not
members of the IWGFR would be helpful only if these experts are
specialists actively working in the relevant field and can contribute to
the technical discussions. Consequently, it was recommended that if a
request for participation of such experts is received the Scientific
Secretary should seek the opinion of all members about the status of such
experts. The Director General, after considering any opinions received,
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and after taking into account the views of the meeting organisers, would
then decide whether to invite such experts to the Specialists! Meeting.*

h)
Participation of Observers from Countries that do not have
Major Fast Reactor Programmes in IWGFR Annual Meetings
The IWGFR believes that if it is to provide the Director
General with well balanced advice on problems of fast reactors its
membership needs to be limited (as in its Terms of Reference) to
Member States having major programmes in the field of fast reactors.
The IWGFR proposes that a major programme is normally
understood as being at least the construction or operation of an
experimental fast reactor of tens of megawatt power.
The IWGFR recognises that other Member States may be involved
in fast reactor work while not constructing an experimental reactor.
The IWGFR recommends that if such States request, they should be
permitted to be represented at the annual meetings of the IWGFR by
observers, one from each State. In any case the total number of
observers must be limited to a manageable number.
The IWGFR proposes that observers should normally take no
active part in the annual meetings, unless specifically invited to do
so by the Chairman; and that each observer should provide a brief
statement of the progress of fast reactor work in his country.
This proposal is not intended to change the present status or
participation of the representatives of OECD and CEC.
(i)
The Members of the IWGFR were requested to ask the Members of
the IAEA Board of Governors from their countries to support the
activity of IWGFR including publication of IWGFR reports.

*This proposed departure from the normal procedures for the
organization of Agency meetings was later reviewed by the Agency. The
Agency notes some difficulties with the formulation as given above, among
which are the added burden of correspondence on the Secretariat and on the
Members, for which there may be insufficient time. However, the stated
purpose can be met efficiently by consulting a responsible leading expert
in the field, i.e., the host Chairman. The Agency recommends therefore
the following formulation in keeping with the spirit of the proposal:
If the Agency receives a request for participation in Specialists'
Meeting of the IWGFR from a country which is not a member of. the Group the
Scientific Secretary of the IWGFR should seek the opinion of the Chairman
of the Specialists' Meeting and of its organizers in the host country as
to whether the nominated expert is a specialist known to be actively
working in the relevant field and can contribute to the technical
discussions. The Scientific Secretary of the IWGFR will inform the
members of the IWGFR in due time about the decision of the Agency
concerning such a request.
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3.

Consideration of Conferences on Fast Reactors
a)
Conference on Fast Reactor Fuel Cycles, United Kingdom,
9-12 November 1981 (Item 3a)
Dr. R. D. Smith of the United Kingdom reported that the
preparations for the conference are going well. It is expected that
more than 50 reports will be presented at the conference. The
members of the IWGFR were invited to suggest names for nominations of
Session Chairmen.
b)
International Topical Meeting on Liquid Metal Fast Breeder
Reactor Safety and Related Design and Operational Aspects, Lyon,
France, 19^-23 July 1982 (Item 3 b )
Justification and Call for Papers for the meeting were
distributed during the IWGFR Meeting by Mr. Vautrey. The meeting is
under preparation. It is jointly sponsored by the European Nuclear
Society and the American Nuclear Society and has been strongly
supported by the IWGFR members. The meeting will include a broad
coverage of fast reactor safety topics with special emphasis on
safety related design and operational aspects.
c)
IAEA Symposium on Design, Construction and Operating Experience
of LMFBR Power Plants (Item 3c)
Taking into account the expected date of start-up of
Super-Phenix, it was recommended that this symposium should be held
late in 1984.
Mr. Vautrey has suggested that France could be chosen as the
host country for this symposium.
d)
Third International Conference on Liquid Metal Technology,
Oxford, United Kingdom, April 1984 (Item 3d)
This meeting will follow the Second Conference on the same
subject in Richland, Washington, USA, 21-24 April 1980. The members
endorsed the conference and will help in the organization of the
conference.
e)
IAEA Meetings which may be of Interest to IWGFR Members
(Item 3e)
A list of the meetings is given in Appendix 4 and their
justifications or preliminary programmes are given in Appendix 5.
Mr. J. B. Dee of the IAEA distributed amongst the participants
a press release on the International Conference on Three Decades of
Nuclear Power scheduled for holding in Vienna on 13-17 September
1982. It is expected that one topic of this conference will be
devoted to a review of experience so far gained in advanced types of
nuclear power reactors specially fast breeder reactors. When plans
for the Conference have become more definitive, the Agency will
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inform the IWGFR concerning the possibilities for participation. It
was agreed by the IWGFR Members that the papers on the development of
fast breeders to be presented at this conference would not overlap
with other conferences on fast reactors.
It was proposed by Dr. E. Khodarev, the USSR representative to
the IWGFR, that the IAEA may consider the possibility of organizing
an IAEA Symposium on "Choice and Justification of the Design
Solutions and Basic Parameters of Large LMFBRs". The topic was
proposed as a response to the IWGFR Scientific Secretary's letter to
Members of the Working Group requesting a topic of a general and wide
interest. The IWGFR Members considered the proposal. It was agreed
that the scope of the conference should be concentrated on the items
touched upon during the 1977 BNES Conference on Optimisation of
Sodium Cooled Fast Breeder Reactors but it was noted by some of the
members that the proposed symposium could overlap to some extent with
the IAEA Symposium on Design, Construction and Operating Experience
of LMFBR Power Plants recommended for the fall 1984. Therefore, it
would be preferable to organise the symposium on "Choice and
Justification of the Design Solutions and Basic Parameters of Large
LMFBRs" in 1985. It was agreed to discuss the date and location for
the proposed symposium at the next Annual Meeting of the IWGFR.
Mr. Dee also reported on the status of preparatory work for the
IAEA/IWGGCR Meeting on Gas Cooled Fast Reactors to be held in Minsk
on 12-16 October 1981.
f)
Coordination of the Schedule for the Major Fast Reactor
Meetings and other Major International Meetings having a Predominant
Fast Reactor Interest (Item 3f)
List of meetings on nuclear energy (not sponsored by the IAEA)
which could be of interest to the IWGFR members is given in
Appendix 6 .
It was noted that some overlapping is possible between the
Conference on Nuclear Fuel Cycle to be held in Brussels, Belgium in
April 1982 and the Conference on Fast Reactor Fuel Cycles to be held
in UK in November 1981, which was endorsed by the IWGFR.
4.
Consideration of the Major Recommendations of some of the IWGFR
Specialists' Meetings for which the Support of the IWGFR is Requested
(Item 4)
The Scientific Secretary of the IWGFR reported to the members some of
the recommendations and proposals for topics for the IWGFR specialists'
meetings, which were made by the participants of the following meetings:
a)

Specialists' Meeting on Sodium Flow Measurements in Large LMFBR
Pipes, Bensberg, Federal Republic of Germany, 4-6 February 1980

b)

Specialists' Meeting on In-Service Inspection and Monitoring of
LMFBRs, Bensberg, Federal Republic of Germany, 20-22 May 1980

c)

Specialists' Meeting on Demonstration of Structural Integrity
under Normal and Faulted Conditions, Chester, the
United
Kingdom, 3-5 June 1980.
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It was agreed to prepare a separate list of topics which were
recommended by the participants of the specialists' meetings. The
possibilities of including topics from this list into the list of topics
for consideration and voting will be discussed periodically.
No steps to implement the recommendation of SM on In-Service
Inspection in Bensberg on cooperative development of an optimum ultrasonic
couplant were proposed.
Proposal of the SM on Sodium Flow Measurements in Large Pipes to
organize coordinated research programme on this topics was not supported
by the members of the IWGFR, because no country was ready to take an
initiative in organizing this research programme.

5.

Consideration of a Schedule for Specialists' Meetings in 1981-1982:
a)
Specialists' Meeting on Fuel Failure Detection and Location in
F B R s , Karlsruhe, FRG, 11-14 May 1981 (item 5a)
Dr. Marth of the Federal Republic of Germany informed the
members of the IWGFR that preparation of the meeting was progressing
well. It is expected that 27 participants from 8 countries and 2
international organizations will attend the meeting. The preliminary
programme of the meeting was distributed in November 1980 and the
final agenda of the meeting will be available when the abstracts of
presentations are received.

b)
Specialists' Meeting on Design Features Affecting Dynamic
Behaviour of Fast Reactor Cores, Rome, Italy, 2-5 June 1981 (Item 5b)
Dr. Bruzzi of Italy reported to the members of the working
group that the new dates of the meeting are now 2-5 June 1981. The,
revised programme of the meeting was prepared on the basis of
comments of the IWGFR Members and was distributed in March 1981.
c)
Specialists' Meeting on Sodium Boiling Noise Detection,
Chester, UK, 9-11 June 1981 (Item 5c)
The meeting is under preparation. Detailed information on
meeting arrangements, including the provisional programme was
distributed by Dr. Smith during the 14th IWGFR Meeting. It was
agreed by the members of the working group that the preparation and
presentation by the Meeting Chairman or his representative of some
summary paper on the meeting results to the SMORN III (Specialists'
Meeting on Reactor Noise-IIl) could be useful. Dr. Smith hopes to
discuss this question with the Meeting Chairman, Dr. Burton.
d)
Specialists' Meeting on Compatibility Problems between Sodium
and Concrete (Item 5d)
It was recommended that this topic should be reconsidered next
year for the list of proposed topics for the IWGFR Specialists'
Meetings. •
■•
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e)
Suggestions of the IWGFR on other Specialists' Meetings
(Item 5e)
A new list of proposed topics for specialists' meetings was
discussed and agreed at the meeting. It is given in Appendix 7.
Justifications for these topics can be found in Appendix 8.
As a result of the discussion on the list of topics for
Specialists' Meetings, it was recommended that the IAEA should
sponsor the following meetings in 1982 in addition to the meetings
which were endorsed above:
1)
Theoretical and Experimental Work on Steam Generator
Safety with Particular Reference to Leak Development and
Detection
Dr. Marth will discuss with Dr. Bruzzi the date and
location of this meeting which is planned for early 1982.
could be held either in Italy or the Netherlands.

It

2)

Sodium Fires: Design and Testing

May

It was recommended that this meeting be held in the USA in
1982 in Richland, Washington.

3)

Advance in Structural Analysis for LMFBR Applications

France was indicated as the host country for this
meeting. Autumn 1982 might be a proper time for holding
meeting.
4)

the

Sodium Stratification was chosen as a reserve topic.

It was agreed that not more than three topics recommended by one
country would be included in the list of topics for specialists'
meetings. If one of the topics is chosen, the country that recommended
this topic may submit a new one. In addition a country may change the
topics it recommends, though no change should be made within the two
months before the Annual Meeting of the IWGFR.

. Presentations and Discussions on National Programmes on Fast Breeder
Reactors (Item 6)
6

The national programmes of all the Member States were presented and
discussed. They will be issued as Part II of the Summary Report. The
summary of the discussion on national presentations is given in Appendix
10.

7.
Recommendation of the IWGFR regarding a Request of Switzerland
concerning Participation in the IWGFR (Item 7)
In the light of the discussion on the future method of operation of
the IWGFR (see Item 2h) the IWGFR recommended to the Director General to
invite Switzerland to send an observer to the next meeting of the IWGFR.
14

8.
T h e D a t e and P l a c e of the F i f t e e n t h A n n u a l M e e t i n g of the I W G F R
( I t e m 8)

The USSR Representative offered to organize the Fifteenth Annual
Meeting of the IWGFR in Obninsk, USSR with a visit to the BN-600 or BN-350
site. The proposal was welcomed by the IWGFR though some difficulties
were foreseen by the IAEA as a result of increasing travel expenses. The
suggestion that the meeting should be held in English as the working
language was agreed to be a possibility if this proved to be essential to
reduce the cost. It was also suggested that it would be preferable to
hold the meeting at the BN-600 site rather than at Obninsk. A suitable
date of the meeting would be 30 March-2 April 1982. Dr. Khodarev agreed
to discuss these points with the IAEA. When final conditions have been
developed the Members of the IWGFR would be asked for their approval of
the proposal.
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Appendix 1

List of Participants at the 14th Annual Meeting of the IWGFR
FRANCE
L. Vautrey

Commissariat a l'Energie Atomique
CEN de Saclay
B.P. No. 2
91190 Gif-sur-Yvette

GERMANY, FEDERAL REPUBLIC OF
W. Marth

Kernforschungszentrum Karlsruhe
Projekt Schneller Brueter
Postfach 3640
D-7500 Karlsruhe

S. Paranjpe

Reactor Research Centre
Kalpakkam-603 102
Chingleput District
Tamil Nadu

L. Bruzzi

CNEN Fast Reactor Programme
V i a A r c o v e g g i o 56/23
1-40129 B o l o g n a

Y. Matsuno

Experimental Fast Reactor Division
O - a r a i E n g i n e e r i n g C e n ter, PNC
4002 N a r i t a m a c h i , O - a r a i
Higashi Ibaragi-gun
Ibaragi-ken
J a p a n 311-13

S. Bandou

Project Planning and Management
Division, PNC
Sankaido Building, 1-9-13 Akasaka
Minato-ku, Tokyo
Japan 107

INDIA

ITALY

JAPAN

UNION OF SOVIET
SOCIALIST REPUBLICS
E. Khodarev

Institute of Physics and
Power Engineering
Obninsk, Kaluzhskaja Region
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UNITED KINGDOM
R. D. Smith

United Kingdom Atomic Energy Authority
(Northern Division)
Fast Reactor Development Directorate
Risley, Warrington, WA3 6AT

G. A. Welch

Technical Secretariat
UK Atomic Energy Authority
Risley, Warrington WA35 6AT

UNITED STATES OF
AMERICA
K. Horton

US Department of Energy
Mail Stop B-107/GTN
Washington, D.C. 20545

COMMISSION OF THE
EUROPEAN COMMUNITIES
W. Balz

Commission of the European Communities
Office DG III/E-2
200, Rue de la Loi
B-1049 Brussels
Belgium

ORGANIZATION FOR ECONOMIC
CO-OPERATION & DEVELOPMENT
M. Stephens

Nuclear Safety Division
OECD Nuclear Energy Agency
38, boulevard Suchet
F-75016 Paris
France

OBSERVERS
SWITZERLAND
W. Seifritz

Division de la physique des reacteurs
Institut federal de recherches en
matiere de reacteurs
CH-5303 Wiirenlingen

P. Wydler

Division de la physique des reacteurs
Institut f£cleral de recherches en
matilre de reacteurs
CH-5303 Wurenlingen

I. S. Zheludev

DDG-TO

H. J. Laue

DIR-TONP

J. B. Dee

Head, ANPT Section-TONP

V. Efimenko

Scientific Secretary of the IWGFR.

IAEA
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Appendix II
AGEHDA OF THE 14th MEETING OF THE
INTERNATIONAL WORKING GROUP ON FAST REACTORS

Review of IWGFR Activities:
a.

Approval of the Minutes of the Thirteenth IWGFR Meeting.

b.

Report b y the Scientific Secretary regarding activities
of the Group.

Consideration of future method of operation of the IWGFR.
Consideration of Conferences on Fast Reactors:
a.

International Conference on Breeder Reactors as a World
Energy Resource and the Breeder Fuel Cycle, United Kingdom,
9-12 November 1981.

b.

International Conference on the Safety of Fast Breeder Reactors,
France, Summer 1982.

c.

IAEA Symposium on Design, Construction and Operating Experience
of LMFBR Power Plants, 1984*

d.

Third International Conference on Liquid Metal Technology,
United Kingdom, 1984.

e.

IAEA Meetings which may be of interest to IWGFR members.

f.

Coordination of the schedule for the major fast reactor
meetings and other major international meetings having
a predominant fast reactor interest.

Consideration of the major recommendations of some of the IWGFR
specialists' meetings for which the support of the IWGFR is
requested.
Consideration of a schedule for specialists* meetings in 1981-1982:
a.

S M on Fael Failure Detection and Location in FBR, Karlsruhe,
FRG, 11-14 May I 98I.

b.

SM on Design Features Affecting Dynamic Behaviour of Fast
Reactor Cores, Rome, Italy, 26-29 May I 98I.

c.

S M on Sodium Boiling Noise Detection, Chester, UK, 9 - H June 1981.

d.

SM on Compatibility Problems between Sodium and Concrete.

e.

Suggestions of the IWGFR on other specialists' meetings and
their justifications.

Presentations and discussions on national programmes on fast breeder
reactors.
Recommendation of the IWGFR regarding a request of Switzerland
concerning participation in the IWGFR.
The date and place of the Fifteenth Annual Meeting of the IWGFR.

TIMS SCHEDULE OF THE 14TH MEETING OF THE
INTERNATIONAL WORKING GROUP ON FAST REACTORS

31 March 1981
9:30 a.m.

- Opening of the meeting
- DiBCussion and approval of the
time schedule of the meeting

- Approval of the Agenda and
discussion of the Agenda items
a.m.

- Break

11:00

-

11:20

- 12:30 p.m.

12:30

-

2:00

2:00

-

3:30 p .m.

- Session

3:30 -

3:50 p.m.

- Break

3:50 -

5:00

p.m.

- Session

7:00

p.m.

- Dinner

11:20

p.m.

- Session
- Lunch

1 - 3 April 1981
- Morning Sessions
9 : 0 0 - 12:00 noon
- Afternoon Sessions
2 : 0 0 - 5:00 p.m.
- Breaks at 10:30 a.m. and 3:30 p.m.
- Lunch at 12:00 - 2:00 p.m.
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Appendix III

Review of the IWGFR Activities for the Period since the
Thirteenth Meeting of the Group
Various activities of the International Atomic Energy Agency within
the framework of the International Working Group on Fast Reactors have
"been carried out based on IWGFR recommendations made at the Thirteenth
Meeting of the working group.
I.

Specialists' Meetings

Since the last Group Meeting two Specialists' Meetings were held
and three Specialists' Meetings are under preparation.
a)

The Specialists' Meeting on In-service Inspection and Monitoring
of LMFBRs 11 was held in Bensberg, Federal Republic of Germany on
20-22 May I98O. I would like to bring to the attention of the
IWGFR members some of the recommendations and conclusions of the
meeting:
1)

It was recognized that in-service inspection may demonstrate
the need for repairs. The recommendation was made that the
IWGFR initiate a forum for the discussion of FBR repair
activities, with particular emphasis on the requalification
aspects.

2)

The discussion indicated that major methods are besoming
more standardized in various countries and that most countries
use the ultrasonic method for volumetric testing. It was
suggested that cooperative development of an optimum ultra
sonic couplant be undertaken.

3)

The specialists' meeting was regarded by the participants
as very timely and led to a valuable exchange on various
aspects of in-service surveillance and periodic examinations
of LMFBR systems. It was recommended that a further meeting
be held in approximately four years' time.

Following the first item a topic on "Repair of LMFBR Components"
was added to the "List of Proposed Topics for the IWGFR Special
ists' Meetings". We would like to hear the IWGFR proposals on
the reeommended items 2 and 3 .

b)

The Specialists' Meeting on "Demonstration of Structural Integ
rity under Normal and Faulted Conditions" was held at Chester,
United Kingdom on 3-5 June 1980.
l)

The participants agreed that structural integrity testing
must proceed on two broad fronts. Firstly, parametric
investigations must be continued considering features such
as environment ageing, residual stress, irradiation and
strain rate. Secondly, large scale tests on specimens
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approximating fast reactor component in size, loading,
fabrication technique, environment and construction
must also "be continued. Delegates acknowledged the
expense, complexity of interpretation, large numbers
of parameters involved and large numbers of results
required. In order to tackle these problems intern-n
ational collaboration must be expanded.

2)

Future work should aim to quantify the probability of
failure of- any structure. Although it is uncertain as
to when and to what extent probabilistic techniques can
be used, there is a need to collect all relevant field
data. Possibilities for a synthesis between determinis
tic and probabalistic approaches should be studied.

3)

The preparation of codes and standards should continue
on a broad international basis.

We believe that these recommendations could be taken into
account while considering the future activity on safetyrelated design criteria.
c)

The Specialists' Meeting on Fuel Failure Detection and Location
in Fast Breeder Reactors is under preparation. The IAEA has
accepted the invitation of the Authorities of the Federal
Republic of Germany to hold this meeting in Karlsruhe on
11-14 May 1981 . The nominations of 27 participants from eight
countries and two international organizations were received
by the Agency by the end of March.

d)

The Specialists' Meeting on Design Features Affecting Dynamic
Behaviour of Fast Reactor Cores is under preparation. The IAEA
has received an official confirmation from the Italian Govern
ment agreeing to host this meeting. However, we were informed
by organizers of the meeting that owing to organization problems
the date of this meeting should be deferred to 2-5 June I98I.
We expect that details of arrangement of this meeting including
the exact dates will be distributed by Dr. Bruzzi during the
IWGFR Meeting.

e)

The Specialists' Meeting on Sodium Boiling Noise Detection
is under preparation. The IAEA has accepted the invitation of
the U K Authorities to hold a meeting on this topic from
9-11 June I98 I at Chester, England. Some countries have already
submitted to the Agency names of proposed participants. It
would be appreciated if the members of IWGFR could consider
possibilities of presenting some summary paper of this meeting
outlining the state-of-the-art in sodium boiling noise detection
to the SMORN-III (Specialists’Meeting on Reactor Noise-Ill)
sponsored by NEACRP and to be held in Tokyo, Japan on
26-30 October I98 I.
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II.

Symposia and Conferences

Since the last (Thirteenth) Group Meeting, one international
conference, which was endorsed by the IWGFR, was held and two large
international conferences are under preparation and will be held in

1981- 1982 :

1)

Second International Conference on Liquid Metal Technology
in Energy Production, Richland, Washington, 21-24 April I98O.

2)

International Conference on Breeder Reactors as a World Energy
Resource and the Breeder Fuel Cycle, London, United Kingdom,
9-12 November I98 I

3)

International Conference on the Safety of Fast Breeder Reactors,
Lyons, France, Summer 1982

We hope that Mr. Vautrey will distribute the draft of the agenda of
the conference on the Safety of Fast Breeder Reactors and will also in
form the members of IWGFR on the exact dates for holding the conference.

IAEA Symposium on Design. Construction and Operating Experience of LMFBR
Power Plant s , 1984
At the 13th Group Meeting the members of IWGFR expressed a strong
support for this symposium and a strong interest in participating in its
organization. However the question of location of symposium was deferred
until the 14th Meeting of the working group.

III. Publications
1.

,2.

With regard to the Summary Reports of the Specialists' Meetings, the
following were reproduced and distributed by the Agency amongst the
IWGFR members and the participatns of the corresponding meetings:
a)

IWGFR/ 32 . The Summary Report of the SM on
Systems (distributed in May I98O).

Bellows for Sodium

b)

IWGFR/33. The Summary Report of the SM on Carbon in Sodium
(distributed in June I98O ) .

c)

IWGFR/ 3 5 . The Summary Report of the SM on In-service Inspection
and Monitoring of LMFBRs (distributed in December 1980 ).

d)

IWGFR/ 36 . The Summary Report of the SM on
Demonstration of
Structural Integrity under Normal and Faulted Conditions,
(distributed in March 1981).

The Summary Report of the Thirteenth Meeting of the IWGFR consists
of three parts:
a)

IWGFR/34-1* Part I - Minutes of the Meeting (distributed in
October 1980)

b)

IWGFR/34-2. Part II - Reviews of National Programmes
(distributed in November I98 O)
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c)

IWCiFR/ 34-3. Part III - Discussions on Reviews of the National
Programmes. It will he reproduced as soon as comments of
all members of IWGFR are available.

3.

Proceedings of the Aix-en-Provence Symposium on Past Reactor Physics
were published by the IAEA in I98O.

IV.

Preparation of other Documents in the Framework of the IWGFR
Activity

A new version of LMFBR Plant Parameters was proposed to be prepared
and published as a priced document. Mr. Matsumoto, free of charge expert
of Japan, has prepared proposals for extension of this compendium. The
table of contents including new items proposed will be distributed for
your comments.
V.

Review Articles on LMFBR Recommended for Publication

The following review articles recommended by the IWGFR were published
in the Atomic Energy Review in I98O:
1.

Dynamic Simulation of LMFBR Systems by A. K. Agrawal and
M. Khatib-Rahbar, Vol. l 8 ,No. 2, June 1980 .

2.

LMFBR Instrumentation by G. Hughes, Vol 18,No. 3, September

1980
3.

.

Sodium/water Reactions in Steam Generators of Liquid Metal
Past Breeder Reactors by M. Hori, Vol. 18, No. 3> September

1980

.

Two articles will be published in Atomic Energy Review in the near
future:
1.

Problems of Past Reactor Physics Related to Breeding by
V. V. Orlov, et. al., Vol. 18, No. 4» March I98 I.

2.

Sodium Removal and Decontamination of LMPBR Components for
Maintenance by J. M. Lutton, R. P, Colburn, F. Welch, Vol. 18,
No. 4, March I98 I.

Manuscripts for four review articles, topics of which were recom
mended by the IWGPR, have not been submitted in time:
1.

Materials for LMPBR Steam Generators by J. M. Schinkel

2.

Fuel-Cladding Chemical Interactions by M. G. Adamson

3.

Equation of State of Materials of Relevance to the Analysis
of Hypothetical Fast Breeder Reactor Accidents by P. E. Potter

4.

Core Design and Analysis of Large LMFBR Heterogeneous Reactors
by B. Sicard

It is expected that these review articles will not be published in
Atomic Energy Review, because the Agency plans to discontinue its public
ation.
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Appendix IV

LIST OF MEETINGS ON ATOMIC ENERGY (SPONSORED BY THE IAEA)
WHICH MAY BE OF INTEREST TO THE IWGFR MEMBERS

1981
PARIS, France
International Symposium on Quality Assurance
for Nuclear Power Plants

1.

11-15 May

2.

22-26 June

**NASHVILLE, Tennessee, USA
International Symposium on Health Impacts of
Different Sources of Energy

3.

27-31 July

*KNOXVILLE, Tennessee, USA
International Symposium on Migration in the
Terrestrial Environment of Long-Lived
Radionuclides from the Nuclear Fuel Cycle

4.

19-23 October

***MADRID, Spain
International Symposium on the Application of
the Dose Limitation System in Nuclear Fuel
Cycle Facilities and other Radiation Practices

1982

1.

1982

VIENNA, Austria
International Symposium on Conditioning of
Radioactive Waste for Storage and Disposal

2.

1982

VIENNA, Austria
International Symposium on the Water Chemistry
and Corrosion Problems of Nuclear Reactor
Systems and Components

3.

1982

GERMANY, FEDERAL REPUBLIC OF
International Symposium on Nuclear Power Plant
Control and Instrumentation

4.

1982

VIENNA, Austria
International Symposium on Recent Advances in
Nuclear Materials Safeguards

* Organized jointly by IAEA and NEA
** Organized jointly by IAEA, WHO and UNEP
*** Organized jointly by IAEA, WHO, NEA and ICRP
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Appendix V

JUSTIFICATIONS OR PRELIMINARY PROGRAMMES
OF SOME OF THE AGENCY'S MEETINGS

1.

INTERNATIONAL SYMPOSIUM ON QUALITY ASSURANCE FOR NUCLEAR POWER
PLANTS, PARIS, France, 11-15 May 1981
Quality assurance requirements in IAEA Member States, their similar
ities and differences
The establishment of quality assurance programme levels in respect
of specified items and services
The role of independent inspections (outside line management) in
verification activities
Cost-effectiveness of quality assurance in design, manufacture,
construction and operation of nuclear power plants
The manpower requirement for quality assurance during various phases
of a nuclear power project
Qualification, certification and training of quality assurance
personnel for nuclear power projects
Specific aspects of the implementation of quality assurance in
nuclear power projects in developing countries

2.

INTERNATIONAL SYMPOSIUM ON HEALTH IMPACTS OF DIFFERENT SOURCES OF
ENERGY (Jointly organised with the World Health Organization and
the United Nations Environment Programme)
NASHVILLE, Tennessee, USA, 22-26 June I98I
epidemiology studies and parameters for evaluation of health
impacts from energy production and use: accidents, disease/cancer/
genetic effects/life expectancy/respiratory disease/man-days lost
in occupational and public health groups
critical review of interrelationships of various health, demographic,
socio-economic, environmental, and energy data necessary for risk
estimate and assessment of health effects from various energy cycles
including direct analysis of data and definition of future efforts
needed to improve methods
critical review of environmental transport and transformation of
pollutants from energy sources through various pathways needed to
estimate dose to persons
validation of evidence linking particular agents from, the energy
cycles with "biomedical damage, including data comparing various
effects
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description and application of methods for quantitation and
comparison of health risks
risk analysis studies comparing different energy sources examples of completed studies on occupationally exposed persons
and the general public - local, regional, and global: from complete
fuel cycles including construction, mining, transportation, plant
operation, waste disposal, decommissioning, etc.
new risk assessment designs for comparison of the health effects
of different energy sources, n e w designs which better incorporate
and take advantage of data, scientific resources and analysis
methods available

3.

INTERNATIONAL SYMPOSIUM ON MIGRATION IN THE TERRESTRIAL ENVIRONMENT
OP LONG-LIVED RADIONUCLIDES PROM THE NUCLEAR FUEL CYCLE
(Jointly organised with the Nuclear Energy Agency, Organisation
for Economic Co-operation and Development)
KNOXVILLE, Tennessee, USA, 27-31 July 1981
A.

Physico-chemical behaviour and movement (sorption-desorption,
precipitation and dissolution)
Ground water and related aquifers
Vadose water
Inland waterways

B.

Biological uptake and transfer
Uptake by terrestrial organisms
Uptake by aquatic organisms (fresh water)
Transfer in food chains (soil-plant-animal transfer, etc.)

C.

Ecological studies
Distribution (sediments, fauna, flora)
Biological invasion of burial sites
Identification of exposure pathways

D.

Control of migration
Chemical barriers
Influence of ground water regime

E.

Analog-elements studies

P.

Models on transport of radionuclides in the terrestrial
environment
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4.

INTERNATIONAL SYMPOSIUM ON THE APPLICATION OP THE DOSE LIMITATION
SYSTEM IN NUCLEAR FUEL CYCLE FACILITIES AND OTHER RADIATION PRACTICES
(Jointly organised with the World Health Organization; the Nuclear
Energy Agency, Organisation for Economic Co-operation and Development;
and the International Commission on Radiological Protection)
MADRID, Spain, 19-23 October I98 I
The application of the dose limitation system to workers in
the
nuclear fuel cycle for power production, including waste treatment,
waste disposal, and decommissioning of
facilities
The application of the dose limitation system to members of
the
public who may be irradiated due to the release of radioactive
material to the environment, e.g., atmospheric, hydrological or
geological releases
The application of the dose limitation system to workers and the
public in activities other than those associated with nuclear
power production, e.g., industrial radiography, research insti
tutes, research reactors, production of radioisotopes and consumer
products
The application of the dose limitation system to patients requiring
diagnostic or therapeutic procedures involving ionizing radiation,
as well as to workers in the field of medical applications of
radiation
The application of the dose limitation system to the transportation
of radioactive materials
The application of the dose limitation system in abnormal situations,
including the incorporation of the recommendations in existing
emergency schemes, and their application to the recovery operations
The application of the recommendations to activities involving
either high natural background or to operations and practices which
enhance natural background radiation
The application of the recommendations to recovery operations.

Within the above broad topics, papers are invited on:
The design requirements for complying with the dose limitation
system
Operational requirements associated with the dose limitation
system
Modifications which are required to be made to existing design
of installations, apparatus or practices in order to comply with
the n e w recommendations
Monitoring requirements
Regulatory implications and requirements
The papers should stress the practical application of the new
system and not review past or present practices which still follow
the old recommendations.
28

Appendix Via

LIST OF MEETINGS ON ATOMIC ENERGY (NON-SPONSORED B Y THE IAEA)
WHICH MAY BE OF INTEREST TO THE IWGFR MEMBERS

1981

* Page

1.

16-17 Feb

TOKYO, Japan
National Symposium on ATOMIC ENERGY

22

2.

22-26 Feb

CHICAGO, Illinois, USA
Symposium on MATERIALS PERFORMANCE
IN OPERATING NUCLEAR REACTORS

23

3.

22-26 Feb

TUCSON, Arizona, USA
WASTE MANAGEMENT 81

23

4.

15-18 Mar

LOS ANGELES, California, USA
FUEL CYCLE Conference 81

27

5.

24-26 Mar

DUESSELDORF, F. R. Germany
Annual Meeting on NUCLEAR TECHNOLOGY 81

30

6.

24-26 Mar

KARLSRUHE, F. R. Germany
International Seminar on MATERIAL
BEHAVIOUR AND PHYSICAL CHEMISTRY
IN LIQUID METAL SYSTEMS

30

7.

29 Mar-3 Apr

CANNES, France
5th International Conference on
FRACTURE

31

8.

1-2 Apr

LONDON, U K
Conference on ENVIRONMENTAL IMPACT
OF NUCLEAR POWER

32

9.

7-8 Apr

ESSEN, F. R. Germany
Meeting on the NUCLEAR POWER PLANT
AND THE ENVIRONMENT

33

10.

12-15 Apr

N E W ORLEANS, Louisiana, USA
Workshop on REACTOR LICENSING
AND SAFETY

35

11.

27-29 Apr

GATLINBURG, Tennessee, USA
4th Symposium on TRAINING OF NUCLEAR
FACILITY PERSONNEL

36 '

12.

27-29 Apr

MUNICH, F. R. Germany
International Topical Meeting on
ADVANCES IN MATHEMATICAL METHODS ‘
FOR
SOLUTION OF NUCLEAR ENGINEERING
PROBLEMS

37
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m i.

* Page

13.

19-20 May

WASHINGTON, D. C., USA
NUCLEAR POWER Assembly

40

14.

25-27 May

LINDAU, F. R. Germany
4th International Conference on
NONDESTRUCTIVE EVALUATION IN THE
NUCLEAR INDUSTRY

41

15.

2-5 Jun

KARLSRUHE, F. R. Germany
Discussion Meeting on CHARACTERIZATION
AND QUALITY CONTROL OF NUCLEAR FUELS

43

16.

7-12 Jun

MIAMI BEACH, Florida, USA
Annual National Meeting of the
AMERICAN NUCLEAR SOCIETY (Nuclear
Power Exhibit, 7-10 Jun)

43

17.

21-26 Jun

DENVER, Colorado, USA
Combined PRESSURE VESSELS AND PIPING,
NUCLEAR ENGINEERING MATERIALS, AND
SOLAR Conference

47

18.

30 Jun-2 Jul

OXFORD, UK
7th THERMODYNAMICS AND FLUID
MECHANISMS Convention

50

19.

2-6 Aug

SUN VALLEY, Idaho, USA
Topical Meeting on REACTOR SAFETY
ASPECTS OF FUEL BEHAVIOUR

54

20.

17-21 A u g

PARIS, France
6th International Conference on
STRUCTURAL MECHANICS IN REACTOR
TECHNOLOGY

56

21.

2«*4 Sep

LONDON, UK
6th International Symposium on
URANIUM SUPPLY AND DEMA.ND AND RELATED
TECHNICAL AND POLICY ISSUES

60

22.

21-23 Oct

SAN FRANCISCO, California, USA
NUCLEAR POWER SYSTEMS Symposium

67

23.

26-30 Oct

TOKYO, Japan
Specialists' Meeting on REACTOR NOISE:
SMORN III

68

24.

9-12 Nov

** LONDON, UK
Conference on FAST REACTOR FUEL CYCLES

69

25 . 29 Nov-4 Dec

SAN FRANCISCO, California, USA
Joint Meeting of the AMERICAN NUCLEAR
SOCIETY and the ATOMIC INDUSTRIAL FORUM

30

70

1

26-30 Apr

BRUSSELS, Belgium
Conference on the NUCLEAR FUEL CYCLE

73

2

4-6 May

AACHEN, F. R. Germany
International Colloquium on WELDING
IN THE NUCLEAR INDUSTRY

73

3

4-6 May

MANNHEIM, F. R. Germany
Annual Meeting on NUCLEAR TECHNOLOGY

73

4

11-12 May

WASHINGTON, D.C., USA
NUCLEAR POWER Assembly

73

5

19-23 July

6

*

**

Jun-Jul

** LYONS, France
International Conference on FAST
REACTOR SAFETY
SCOTTSDALE, Arizona, USA
11th International Symposium on the
EFFECTS OF RADIATION ON STRUCTURAL
MATERIALS

74

76

Detailed information may be found in "Meetings on Atomic Energy",
Vol. 13, No. 1, January 1981, IAEA, on indicated pages
Endorsed by the IWGFR

Appendix V I b

LIST OF MEETINGS ON ATOMIC ENERGY (NON-SPONSORED BY THE IAEA)
WHICH COULD B E OF INTEREST TO THE IWGFR AND FOR WHICH THE
SUPPORT OF THE IWGFR IS INVITED

1.

November, 1981

** UNITED KINGDOM
International Conference on Breeder
Reactors as a World Energy Resouroe
and the Breeder Fuel Cycle

2.

Summer, 1982

LYONS, France
International Conference on the
Safety of Fast Breeder Reactors

3.

April I 984

OXFORD, England, UK
Third International Meeting on
Liquid Metal Technology
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A p p endix V II

List of Proposed Topics
for the IWGFR Specialists' Meetings

No

Title

Country

1

Design for Strong Motion Earthquakes

India,

2

Fuel-Coolant Interactions

India

3

Thermodynamics of Advanced Fast
Reactor Fuel

India

4

Theoretical and Experimental Work on
Steam Generator Safety with Particular
Reference to Large Leaks

Italy

5

Thermohydraulic Studies and Out-of-Pile
Experiments on Nominal and Distorted
Fuel Element Bundles

Italy

6

Methods and Tools to Detect Thermal
Noise in Fast Reactors

Italy

7

Sodium Boiling under Decay Heat Conditions

Japan

8

Thermal Insulation and Preheating
for Sodium System

Japan

9

Maintenance and Repair of LMFBR
Steam Generator

Japan

10

Properties of Structural Materials
Including Environmental Effects

11

Fast Reactor Absorber Materials

12

Equation of State of Materials
of Relevance to the Analysis of
Hypothetical Fast Breeder Reactor
Accidents

UK

13

Sodium Fires, Design and Testing

US

14

Experience with Water-Side Corrosion
of Steam Generator Tubing

US

15

Fast Reactors used as Actinide Burners

33

UK
UK & USSR

FRG

Ferritic Steel and Nickel Alloys for
Fuel Cladding and Wrapper Tube
(Fast Reactor Cladding and Core
Structural Materials)

FRG & USSR

Sodium-Water Reaction and Development
of Leak Detection

FRG

Thermal Stratification in Sodium

France

Advance in Structural Analysis for
LMFBR Applications

France

Appendix V I I I

JUSTIFICATIONS OF PROPOSED
IWGFR SPECIALISTS' MEETINGS

1.

Design for Strong Motion Earthquakes
Possible subjects are:
1.

Ground Motion
- Seismic input characteristics; shape and magnitude of
spectra
- Attenuation with depth
- Probablistic procedures in the selection of SSE and OBE

2.

Soi1-Structure Interaction (SSI)
- Need for non-linear SSI
- Need for 3-D SSI
- Embeddment effects

3.

Design Criteria and Verification
- Criteria and basis for dynamic decoupling of piping
and equipment
- Load combinations and factored loads
- Demonstration of functional adequacy by analysis
- Criteria and basis for core components
- Raceways (cable tray, electrical conduit)

4.

Analysis Methods
- Multi-design spectra input for piping and component
analyses
- Determining equipment spectra directly from ground and
building spectra
- Analysis for gaps/non-linear effects for core, piping,
vessel components and supports
- Modelling techniques for non-linear effects due to
concrete cracking, complex (non-circular) buildings,
load paths, etc.

5.

Design Guidelines and Simplified Methods
- Pipe hanger/snubber locations; effect of spring rates;
alternate designs for small piping
- Anchor support stiffness requirements
- Procedure/guidance on combination of model and spatial
components at load and stress levels for specific cases
- 2-D vs. 3-D; advantages and guidelines/justifications
- Simplified methods for soil-structure interaction, quasilinear analyses for gap effects
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Testing Programmes
- Realistic damping factors for st ructures/piping/equipment
- Seismic monitoring instrumentation and procedures
- Guidelines for testing to demonstrate meeting functional
requirements
2.

Fuel-Coolant Interactions

Fuel-coolant interactions have "been the subject of various
theoretical and experimental investigations on account of the theore
tical possibility of a very significant fraction of the heat liberated
in a nuclear incident manifesting itself as mechanical work and thereby
affecting the integrity of the primary containment system. It is felt
desirable that a consensus be arrived at amongst the experts from
different countries on this vital subject which is linked up with
licensibility and acceptability of the fast breeder reactors. In this
sense, the subject is not only of interest to IWGPR members but also
to other members of IAEA, who have some interest in the fast reactors.
3.

Thermodynamics of Advanced Fast Reactor Fuel

Utility of fast breeder reactors will increase if they could
produce adequate fissionable material part of which could be diverted
to thermal reactors which would be more suited for specialised appli
cations like high temperature process heat. Thermodynamics of advanoed
fuels like carbides or nitrides holds a key to the success or otherwise
of these advanced fuels and it is felt desirable that this subject is
looked into by experts after pooling their knowledge and judgements.
4.

Theoretical and Experimental Work on Steam Generator Safety,
with Particular Reference to Large Leaks

A meeting on the subject "Steam Generator Safety" has been held
at Bensberg, FRG in 1976. A further Specialists' Meeting on this
matter would permit a very valuable and interesting exchange of know
ledge on the several studies and experiments at present under way in
the various countries, in which fast reactors are developed. The
results of studies and experiments of consequences of large leaks in
the steam generators are of paramount importance for a safe and reli
able design of this component.

5.

Thermohydraulio Studies and Out-of-Pile Experiments on Nominal
and Distorted Fuel Element Bundles
The thermal hydraulics of non-nominal conditions need
calculation methods and experimental support. As a first step
these problems must be treated by sub—channel analysis. Codes
dealing with local effects and their experimental supports are
expected to be presented. The attention will be concentrated
on testing of distorted geometry for all flow regions.
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6.

Methods and Tools to Detect Thermal Noise in Fast Reactors

Temperature noise analysis is a potential means of detecting
local blockages and related faults in fast reactor sub-assemblies.
It has an important early warning capability being able in principle
to indicate the early stages of the sub-assembly incident and thus
permitting shutdown systems to operate before boiling and significant
damage or escalation occurs.
The meeting should consider the following aspects:i.

Experimental data from rig including the sensitivity of the
technique and the influence of sub-assembly geometric factors.

ii.

Data from operating reactors notably on background noise level,
band-widths and variability.

iii. Theoretical development on the generation of temperature noise
in the turbulent fields of the sub-assembly coolant stream and
the effect of thermal conductivity on dissipation processes
and the optimisation of sub-assembly design to enhance signal
characteristics, e.g. turbulence promoters.

7.

iv.

Instrumentation response time.

v.

Data analysis technique to increase sensitivity and/or level
of information on fault characteristics.

Sodium Boiling under Decay Heat Conditions

Knowledge of characteristics of sodium boiling leading to dry out
and subsequent failure of fuel pins is essential for evaluating fuel
pin behaviour under certain important accidental conditions, such as
those of loss of structural integrity of primary system.
This meeting should concentrate on reviewing state of the art of
predicting sodium boiling phenomena in a fuel pin bundle voider decay
heat conditions immediately after reactor scram, based on the experimental
results so far accumulated at various laboratories.

8.

Thermal Insulation and Preheating for Sodium System

Because of high melting point of coolant sodium well above room
temperature, it is a characteristic feature of FBR to be necessarily
equipped with preheaters as well as thermal insulators. Improvement
of properties of thermal insulators and of reliability of preheating
system will contribute to the economization of FBR plants.
Discussion at this meeting should include:
-

Selection of insulators and preheating methods
Optimization of heating rate
Accuracy of temperature control
Methods of temperature control of preheating system
Comparison of predicted and measured temperature
Experiences with sodium loops and reactors
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9«

Maintenance and Repair of LMFBR Steam Generator

Sodium water reaction due to tube failure is a major concern of
LMFBR steam generator, since it .utilizes single thin wall tube as a
barrier between the secondary sodium circuit and the high pressure
water/steam circuit.
If such a failure takes place, restart of the plant would be
greatly affected b y the effectiveness of prompt inspection and repair
of the failed steam generator.
Several sodium water reaction incidents have been reported in
the past and useful experiences of repair and maintenance of LMFBR
steam generators seem to be accumulated in various countries.
Discussion of the meeting should be devoted mainly to:
-

10.

In-service inspection of tube bundle
Identification and inspection of failed tubes
Repairing of failed tubes
Cleaning of failed steam generator
Restarting conditions for failed steam generator based on the
experiences gained.

Properties of -Structural Materials including Environmental Effects

To provide a forum for exchange of infornation on the bahaviour of
structural materials in fast breeder reactors with special emphasis on
the effects of sodium and irradiation environments on mechanical proper
ties. The main emphasis would be on austenitic materials at high tempe
ratures, but ferritic steel for components in the secondary circuits could
be considered also. The objective of guaranteeing the performance of
structural steel components for the lifetime of a reactor is of increasing
interest and.concern throughout the world.
The meeting would in effect be a continuation of the Specialists'
Meeting held at Bergisch Gladbach, FRG, 17-21 October 1977* The subject
matters would include:
Mechanical Properties of Materials in Air
Fracture Mechanics Studies
Effect of Environment (irradiation, Na) on Materials Properties
Relationship of Materials Properties and Design Methods with
Emphasis on Materials Behaviour Aspects
If it meets with approval the U K would be prepared to host this
meeting in 1982 or 1983, probably at Risley.
11.

Fast Reactor Absorber Materials

Changes in the physical and mechanical properties of candidate
fast reactor absorber materials as a function of b u m - u p due to neutron
irradiation are a well recognised phenomena. Gas release and interaction
of absorber materials with cladding tubes due to swelling of the absorbers
and due to general corrosion and grain boundary attack are also important
in determining the design and performance of absorber pins. The main
purpose of the meeting would be to assess the experience of absorber pin
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behaviour which has been obtained since the last IWCJFR meeting on this
topic in 1973 and to consider the impact of this experience on absorber
pin design. Mechanisms covering the absorber material properties and
behaviour should be covered as well as the actual absorber pin behaviour.
12.

Equation of State of Materials of Relevance to the Analysis of
Hypothetical Past Breeder Reactor Accidents

A specialists' meeting on this topic was held at Harwell, UK on
19-27 June 1978. The participants of the meeting recommended that a
similar meeting be held in not less than two to three years. Such a
meeting would review progress on the thermodynamic properties of
appropriate materials.
13

Sodium Fires, Design and Testing

A recent specialists' meeting on this topic was held in Cadarache,
France on 20-24 November 1978* The participants recommended to hold
a future meeting on the subject topic in four years time. "Sodium
concrete" interaction and protective clothing were not discussed
specifically at the Cadarache meeting and the participants agreed
that these topics should be included in the programme of the next
meeting.
14.

Experience with Water-Side Corrosion of Steam Generator Tubing

The aim of such a meeting should be discussions on stability of
the magnetite layer on the steam/water side of steam generators at
start-up and load cycling; extrapolation of corrosion rates to long
term operation etc.

15.

Fast Reactors used as Actinide Burners

The higher actinides contribute substantially to the hazard
potential of H A W from thermal and fast reactors. On the other hand
they still have an energy content that could be utilized. Once it
can be shown that the separation of the actinides from reactor-HAW
is technically feasible, this separation is of interest from the
environmental point of view. The separated actinides can then be
fissioned - or become transmitted to fissionable nuclei - in reactors
and in this way will be transformed to fission products of much shorter
half-lives, in average.
The main points to be discussed will be:
- Status of Nuclear Data Basis to calculate actinide burners
- Feasibility of actinide separation for HAW
- Concepts for burning the actinides
(LWRs, LMFBRs, specialized reactors)
- Fuel elements
- Environmental aspects of actinides burning
- Economic aspects of actinides burning
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16.

Perritic Steel and Nickel Alloys for Fuel Cladding and
Wrapper Tube

There is a great interest to increase the fuel burn-up so as
to reduce the fuel cycle cost of fast reactors. Presently the limit
of the b u m - u p is imposed by the damage dose of the steel and not
b y the fuel itself. This dose induces steel swelling and creep. If
steels with moderate swelling and creep were used for fuel cladding
and assembly wrapper tube, the burn-up could be largely increased.
Ferritic steel and nickel alloys are considered for the purpose. One
must investigate their impact on the core neutronics (critical mass,
breeding gain, ...) and on the design of the fuel pin and of the fuel
assembly including the thermal and mechanical calculations and the
design criteria.
Economic evaluations on the gain of using such steels or alloys
must also be performed taking into account the fuel balance, the
additional cost of improved structural material and the increased
burn-up.
17.

Sodium/Water Reaction and Development of Leak Detection

Steam generators form a sensitive point in the development of
particularly the sodium cooled fast breeder reactor.
This sensitivity follows from the thermohydraulic behaviour and
the chemical reaction of the main process media sodium and water and
the rapid growth of a leak due to the interaction of the reaction
products and the material of the wall that separates the media in
the steam generator.
Once a leak has developed a fast detection is necessary followed
b y fast action in order to prevent the growth of the original defect
thus minimizing the damage to the steam generator in order to reduce
the outage time of the reactor installation.
From this follows that a proper understanding of different aspects
of leak detection and sodium/water reactions is a prerequisite of
successful development of the liquid metal cooled fast breeder reactor.
Since in many countries research concerning this subject is being
carried out a report on national developmental efforts is most useful
and advantageous to all involved.
Main aspects are concerned with:
- leak detection techniques and experience of small, intermediate
and large size leaks,
- data on occurrence of leaks in half products (like tubes) and
ways to eliminate them,
- wastage of materials for steam generator design,
- wastage of neighbouring tubes.
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18. Thermal Stratification in Sodium
Because of Temperature differences existing in the sodium of the
main vessel, the secondary circuits and the large components of a LMFBR,
thermal stratification may occur under nominal operating conditions or
during different types of flow and temperature transients.
Consequences of such stratifications are additional mechanical
stresses which have to he taken into account by the designers. The
meeting should concentrate on the basic nature of stratifications in
liquid metals: examples of stratification, criteria of existence,
description by computer codes.
19. Advance in Structural Analysis for LMFBR Applications
Object: There are many problems in the design of LMFBR power plants.
This prompted a large effort, all over the world, in research and
development. Great progress has been achieved in recent years. A few
problems remain and diverging opinions are emitted. It is felt that
an International specialists' meeting on the state-of-the-art in
Structural Analysis for LMFBR applications would be an asset for the
designers and an exchange on the general trends in research and deve
lopment would promote the latest theoretical and experimental results
in the conception of LMFBRs.
The aim of the meeting is to appraise the state-of-the-art about
analysis and design of the structures of LMFBR. Emphasis will be made
on Structural Mechanics and Analysis Methods. It is not intended to
consider studies only related to materials properties.
The main points of interest could be written as follows:
- Generic needs in analysis of LMFBR mechanical structures
- Codes and Design Rules
- Conditions (time-temperature) where creep effects must be
considered
- Effect of geometrical tolerances on structural behaviour
- Elastic follow-up
- Ratchetting
- Analysis of piping systems
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Appendix IX

W orking Paper on the Operation of International W o r k i n g Groups (IWGs)
w i t h i n the Division of Nuclear Power

1)

Objectives of IWGs
(a)

To assist the Agency in carrying out activities in a c c o r d a n c e
w i t h its Statute and programme and to provide its M e m b e r States
w i t h information and recommendations o n technical and economic
aspects in the relevant subject areas.

(b)

To promote an exchange of information o n national programmes,
n e w developments and experience, to identify and revi e w problems
of importance and to stimulate co-operation, development and
practical application in the relevant subject areas.

2)

Funct i o n s of IWGs
IWGs should consider the following functions:
(a)

Exchange of information on national programmes

(b)

Identification of current and potential future key issues, such
as reliability and safety issues, licensing problems, economics,
current and future prospects and definition of plans of action.
W h i l e the key issues should be fundamental to the d e velopment of

a programme of activities, this should not be limited to only those
Issues.

The types of activities which are generally used in A g e n c y

programmes and would be applicable to IWGs generally fall w i t h i n two
categories:
(c)

General information exchange which can either be of a m u l t i l a teral
nat u r e

in meetings (Symposia, Specialists' Meetings) or directed

w i t h an information dissemination function (guidebooks, m o n o 
graphs, training seminars and courses).
(d)

Co-ordination of research and development programmes, e.g.
through Co-ordinated Research Programmes, or - excepti o n a l l y of joint undertakings.
Each IWG should propose a programme of such act i v i t i e s w h i c h
could be incorporated into the A g e ncy's programme.
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T h e IWGs (standing Technical Committees) are p r o v i d e d b y the
D irec t o r General w i t h terms of reference c o v e r i n g the groups' a c t i v i 
ties.

Recommendations for revisions considered a d v isable m a y b e r e 

p o rted to the Director General.

3)

Tools of IWGs
T he A g e n c y provides a Scientific Secretary for p l a n n i n g and c o 

ordinating all activities in the framework of the IWG.
The Scientific Secretary keeps in contact w i t h IWG-members, e s p e c i 
ally the IWG-Chairman, and sends them periodically (at least ev e r y

half a

year) information letters with brief descriptions of the status of all
activities recommended by the IWG, such as

-

Status of meetings with i n the framework of

or related to the IWG

-

Status of the preparation of guidebooks or

specialized r e p o r t s

w i t h i n the IWG's framework
**

Conclusions and recommendations of m e e t i n g s that h a v e a l r e a d y
b e e n held but have not yet been published

-

Status of co-ordinated research p r o grammes

and projects.

In ca r rying out their functions, IWGs can m a k e use of the f o l l o w i ng
tools:
(a)

IWG Meetings
In these periodical meetings o v e r v i e w discussions are h e l d and
future activities are planned.
n o m i n a t e d by

The m e m bers (and alternates) are

their Governments.

Th e i r m a i n functions have been to r e v i e w national d e v e l o p m e n t
programmes, to discuss key issues as defined by the group, to r e c ommend
technical meetings (Symposia, Specialists' Meetings) and to a r r a n g e
for preparation of publications onspecial subjects.

(b)

Specialists' Meetings
Specialists' Meetings can be convened in order

to d i s c u s s

specific topics which are too narrow for a larger meeting.
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D u r i n g a S p e c i a l i s t s ’Meeting it is the p r a c t i c e to r e v i e w
the "state of art" under specific topics in a critical manner, to
m a k e conclusions on the value of existing i n formation and data and
to recommend further work that may be n e c essary to improve u n d e r 
standing or obtain additional data.
T h e total number of participants should not n o r m a l l y exceed fifty.
T h e w o r k i n g language is English.

Symposia, Conferences
The IWG can recommend to the A g e n c y to o r g anize Symposia or
Conferences.
jects,

While a Conference covers a w i d e range of related s u b 

a Symposium

deals with a more specialized subject.

All

A g e n c y M e m b e r States are invited to designate participants and to
submit scientific contributions.
Proposals for Symposia and Conferences of all IWGs w i l l be
selected by Agency internal procedures n o r m a l l y two years in advance.

Seminars for Developing Countries
T h e m a i n objectives of a Seminar for deve l o p i n g countries are
to provide senior technical staff and specialists from authorities,
utilities, design and manufacturing o r ganizations w i t h an o v e r v i e w
of the international status of a given subject in the area of n u c lear
technology and to present to them most up- t o - d a t e i n formation on the
practical experience and their evaluation.
The participants of a Seminar will have the oppor t u n i t y to
present their experiences and problems and to discuss the r e l e v a n ce
of requirements and methods under the aspects

of pra c t i c a l experience.

Co-ordinated Research Programme
W h e r e it is deemed desirable that several institutes c o - o p e r a t e
in furthering research in a given field, Co-ord i n a t e d R e s e a r c h P r o 
grammes represent an effective means to b r i n g together rese a r c h e r s
in b o t h developing and advanced countries.

The programme should have

a w e l l defined research topic on w h i c h an a p propriate n u m b e r of
i nstitutes a r e invited to collaborate.

The A g e n c y itself, in c o l l a 

b o r a t i o n with the IWG, plays a strong role in defining the p r o g r amme

of w o r k w h e n the project is supported b y R e s e a r c h Contracts ( t h o u g h
this is less true in the case of Resea r c h Agreements) and is e q u a l l y
a c tive in ensuring that all research efforts under the p r o g r a m m e are
p rop e r l y co-ordinated.

Towards this end, R e s e a r c h C o - o r d i n a t i o n

M e e t i n g s are usually held at regular intervals and the m a j o r r e s u l t s
publish e d in the form of interim or final reports.

(f)

B esides these tools the IWGs can propose additional a c t ivities for
inclusi o n in the Agency's programme.

4)

Publications
W i d e availability of IWG results is in the interest of all A g e n c y

M e mber States and fully consistent w i t h the Agen c y Obj e c t i v e .

The

follow-

w i n g general guidelines should be considered:

(a)

International Nuclear Information Syst e m (INIS)
T h e Scientific Secretary has the resp o n s i b i l i t y that all s i g n i 
ficant technical reports produced w i t h i n the f r a mework of the IWG
are entered into INIS, and their copies are produced in the f o r m of
microfiches.

(Compared with normal p r i n t i n g the cost is v e r y small, the

report becomes permanently available and can be quoted as a r e f e r e n c e
publication).
(b)

Reports of IWG Meetings
Continued printing of IWG minutes as a condensed report is s t rongly
recommended because the minutes are m u c h used by the m e m b e r s in their
h o m e countries as a basis for planning and supporting a c t i v i t i e s s p o n 
sored by the IWG.

They are not technical reports and should not be

listed in INIS.
T h e papers

presented

on national programmes, w h i c h should not

be presented orally in their full text at the meeting, are o f t e n e x 
cellent and useful summaries. These reports are to be d i s t r i b u t e d to
me m b e r s during the meeting or soon after by the Scientific S e c r e t a r y
w ho should also be able to provide extra b a c k copies.

Each IWG should

m a k e a clear recommendation whether and h o w they should be m a d e m o r e
genera l l y available.
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A s ummary of any significant information given in the d i s c u s s i o n s
of current and potential key issues or of the national
either be included in the minutes or issued separately.

reports m a y
If issued s ep

arately it should be considered for inclusion in INIS.

(c)

Reports of Specialists' Meetings
A summary report of each S p e c i a l i s t s 1 M e e t i n g should be prepared.
The Me e t i n g Chairman, with the assistance of the Scientific Secretary,
could wri t e a detailed summary review including the major c o n c l u s i o ns
and recommendations and offer it

for publication in a relevant i n t e r 

nation a l l y known scientific journal.

As an alternative, the host

organization of the meeting may arrange for publi c a t i o n of the p r o c e e d 
ings of a Spec i a l i s t s ’Meeting including the papers presented.
O n the exceptional occasion of a Specialists' Meet i n g on a topic
($t
of general interest, prepration of a w e l l - w r i t t e n and edited document
should be considered.

<d)

Technical Reports
Besides the common teports

the A g e n c y provides its T e c hnical

Reports Series wh i c h are well-written

priced documents for d i s t r i b u t i o n

to all Agency Member States.
The IWG may suggest to prepare a report in this Jeries in case of
-

the exceptional occasion of a Specialists' M e e ting on a topic of
general interest;

- • essential progress on national projects and programmes and ma j or
issues reviewed at the IWG meeting including evaluated s u m maries
of the main results of all Specialists' Meetings held over some
period

of time.

Consultants for writing this type of

report in c o - o p e r a t i o n w ith

the Scientific Secretary should be proposed by the IWG.
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Appendix X

S u m m a r y of the D i s c u s s i o n s o n N a t i o n a l P r e s e n t a t i o n s

1.

Summary of the Discussion on Mr. Vautrey's Presentation

1
There was no real leak of radioactive sodium from the primary system of
RAPSODIE. Only some aerosol was detected. This aerosol leak is sporadic
and intermittent. Within the framework of current operation of RAPSODIE
the leak is not apparent. French specialists hope to continue operating
RAPSODIE for a long time but at the power level of about 23 MWt.
2. The role of RAPSODIE as an irradiation tool is continued. Because of
the lower power there is a limitation on the speed in which you can obtain
certain results. The impact of this reduction on the programme was
examined and it was noted that about 70% of the programme remains valid.
PHENIX is taking over some programme parts to a certain extent. At the
present time the operation of PHENIX at high power and at as regular a
manner as possible is emphasized. The load factor and the availability
achieved show that PHENIX is a tool which works very well despite the
incident in the intermediate heat exchangers a few years ago. PHENIX is an
essential tool for fuel irradiation; it is used basically for overall
irradiation of complete assemblies. The operation of the reactor is not
set as a function of experimental needs or requirements. However, it is
believed that at some future date PHENIX could be converted a little bit
more into an experimental tool.
3. Outside of the site of PHENIX the radiation doses are practically
zero. The gaseous releases are at the lowest level which can be measured
and no other effluents or sources of radiation are detected.
4. The reprocessing plant for SUPER-PHENIX reactors could be built close
to the Super Phenix II reactors near Marcoule. The capacity of this plant
could be adapted for reprocessing of fuel from four units. However, this
is not absolutely fixed; no final decision has been taken.
5.

PHENIX has been operating at a power of 255 or even 260 MW electrical.

6. When the leaks occurred in the intermediate heat exchangers of PHENIX,
the first exchanger was repaired on the spot and a complete detailed
examination was intended to be done for everything that occurred. This
exchanger had many thermocouples so that one could analyze the phenomenon
better. After 6 months of operation of this exchanger the best way of
modifying the other exchangers was studied in a precise manner and they
were then all modified in an improved identical manner. This year the
first exchanger, which was a subject of more or less provisional repairs
was replaced by one which was identical to the others.
7. The cladding steels of pins that were loaded into PHENIX were not
always the same. The cladding steels have been developed and changed.
Some types of steel have been introduced in experimental assemblies.
8. The upper limit of burn-up for standard driver assemblies which is
authorized now is 85,000 MW days/ton. It has been increased gradually and
progressively in small stages. This authorized figure was established
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taking into account deformations of pins and hexagonal tubes as well as the
risk of cladding failure. The limit of burn-up rate for experimental
assemblies is higher and has gone beyond the figure of 100 000 MW
days/ton. The value of the standard driver charge is hoped to be increased
gradually to 100 000 M W days/ton. But this objective for this type of fuel
will be achieved with different steels which are being developed from day
to day.
9. Normally the traces of friction between the pin cladding and the
adjacent spiral wire were not observed in PHENIX. Some marks on the
surface of the cladding were observed however in JOYO.
10. It is not clear now that the steam generators for SUPER PHENIX II would
be the same as ones for SUPER PHENIX I. The alternative solutions are
studied now, in particular for straight tube steam generators. The
priority continues to be one for SUPER PHENIX I type, but if there are any
problems with SUPER PHENIX I steam generators other alternatives would be
used.
11. An alternative of the upper roof with air cooling is being developed
for SUPER PHENIX II instead of water cooling in SUPER PHENIX I.
12. At the present stage the doubling time is not a criterion of concern to
the French specialists because initially the fast reactors will get their
fuel from light water reactors. In PHENIX the calculated breeding gain was
0.13.and the experimentally determined figure for breeding gain is 0.16.
13. There is a molten fuel recuperator in SUPER PHENIX I. This is an
internal device inside the main vessel and the intention is to give this
part an additional safety function.
I I . Summary of the Discussion on
1.
is

Dr. Marth's Presentation

The SIMMER code is not fully verified, it is being verified, so now it
not used at present in the licensing daily procedure.

2.
German specialists have applied for permission to operate SNR-300 with
1% of all fuel pins
defected and hope to obtain the licence. However, the
intention is not to work with 1% of defected pins. If a failed fuel
element is found it will be located as soon as possible and exchanged.
3.
The experiments on the fuel-coolant interaction that were carried out
inthe Federal Republic of Germany gave low efficiency values for
converting the heat into mechanical effects (1%).
4. It was learned in the Federal Republic of Germany that delayed neutron
detection is a very reliable method for detection of fuel failures.
However, this signal from the failure is not proportional to the size of
the hole.
III.

Summary of the Discussion on Mr. Paranjpe's Presentation

1. In India each pump which is intended to be used in the fast reactor is
tested in a water loop. After the completion of tests the pump is taken out
of the loop, cleaned, dried and kept in a nitrogen environment. Great care
is taken in using very pure water.
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T he c o n t r o l rod d r i v i n g m e c h a n i s m s h a v e some b e l l o w s and the c l e a n i n g
of t h e s e c o m p o n e n t s a f t e r t e s t i n g t h e m in s o d i u m i n v o l v e s a c e r t a i n amou n t
of r i s k for the b e l l o w s to be damaged.
Ther e f o r e , t h e s e b e l l o w s s h ould be
r e p l a c e d by f r e s h bellows.
H o w e v e r , b e c a u s e of e x p e n s e of this p r o c e d u r e
I n d i a n s p e c i a l i s t s inte n d to test only one m e c h a n i s m in sodium. T h i s w i l l
be p e r m i t t e d in I n d i a b e c a u s e the c o n t r o l rod d r i v i n g m e c h a n i s m s of F B T R
h a v e the s a m e d e s i g n as m e c h a n i s m s of R APSODIE.
The d e s i g n has a l r e a d y
b e e n proved, and the o b j e c t i v e of tests of t h e s e m e c h a n i s m s is to c o n f i r m
that the s mall v a r i a t i o n s a r i s i n g d u r i n g m a n u f a c t u r e a r e w i t h i n an
a c c e p t a b l e range.

2.

I n d i a n s p e c i a l i s t s i n t e n d to put into o p e r a t i o n a fast b r e e d e r r e a c t o r
w i t h a p o w e r of 500 M w ( e l e c t r i c a l ) a r ound 1995. This p o w e r of 500 Mw(e)
w i l l r e m a i n s t a n d a r d in I n d i a for some time.
T h e y do not p l a n to c o n s t r u c t
fast r e a c t o r s w i t h p o w e r 1000-1500 Mw(e) u n t i l a bout 2015, and c o n s i d e r the
f i r s t 500 M w r e a c t o r as a h e a d of the series.
It is p l a n n e d t h a t it w i l l
be a p o o l type r e a c t o r w i t h four loops. N o t h i n g is p l a n n e d b e t w e e n F B T R
and the 500 M w reactor.

3.

T h e r e is p r a c t i c a l l y no p u b l i c o p p o s i t i o n to the n u c l e a r e n e r g y
p r o g r a m m e in India.
The a v a i l a b i l i t y of n u c l e a r p o w e r s t a t i o n s is h i g h e r
t h a n the a v a i l a b i l i t y of any o t h e r type of c o n v e n t i o n a l stations.
Economic
p a r a m e t e r s of n u c l e a r p o w e r s t a t i o n s are b e t t e r than those of c o n v e n t i o n a l
s tat i o n s , so p u b l i c o p i n i o n is v e r y m u c h in f a vour of n u c l e a r energy.
Also
the g o v e r n m e n t h a s b e e n p r e s s i n g the D e p a r t m e n t of A t o m i c E n e r g y to
i n c r e a s e the size of the n u c l e a r programme.

4.

T h e r e is n o l i c e n s i n g b o d y or an a u t h o r i t y o u t s i d e of the D e p a r t m e n t of
A t o m i c E n e r g y in India.
S i n c e all the n u c l e a r p o w e r s t a t i o n s in the
c o u n t r y a r e o wned by the g o v e r n m e n t and o p e r a t e d by the g o v e r n m e n t t h e r e is
no c o n f l i c t as c o u l d a rise in c o u n t r i e s w h e r e the n u c l e a r p o w e r s t a t i o n s
ar e o w n e d a n d o p e r a t e d by p r i v a t e util i t i e s .
The safety committee has been
c r e a t e d i n s i d e the D e p a r t m e n t of A t o m i c E n e r g y

5.

I n d i a n s p e c i a l i s t s are m a k i n g the fuel for F B T R w i t h the same
s p e c i f i c a t i o n s as t hose of R A P S O D I E fuel.
At first this fuel w i l l be u s e d
at m o d e r a t e linear p o w e r and then it will be u s e d at h i g h e r ratings.
The
s a f e t y c o m m i t t e e has a u t h o r i z e d initial o p e r a t i o n at the 300 W / c m of l i n e a r
power, i n s p i t e of the fact that in R A P S O D I E the fuel is r u n n i n g at 440 W/cm.

6.
I n d i a n s p e c i a l i s t s r e c o g n i z e that a u r a n i u m - t h o r i u m c y c l e h a s a l o nger
d o u b l i n g time in fast r e a c t o r s in c o m p a r i s o n w i t h p l u t o n i u m cycles.
T h e r e f o r e , the s e c o n d s t a g e of n u c l e a r p r o g r a m m e in I n d i a w i l l h e a v i l y r e l y
on the p l u t o n i u m - u r a n i u m cycle.
T h o r i u m w i l l be u s e d as a b l a n k e t for the
F B T R o n the first s tage for two reasons.
O n e is to m i n i m i z e the p u r c h a s e
of e n r i c h e d u r a n i u m b y g e n e r a t i n g some U233 to r e p lace the U235 b u r n e d and
a n o t h e r is to get some e x p e r i e n c e o n f a b r i c a t i o n of thorium, its
i r r a d i a t i o n a n d r e processing.

7. Some evaluations of alternative concepts such as gas-cooled fast
reactors have been carried out in India and it has been decided that the
sodium-cooled fast breeder reactor with a power 500 Mw remains the first
option in the development of fast reactors in the country.
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I V . Summary of the Discussion on Dr. Bruzzi's Presentation
1.

CNEN's expenditures for PEC were about $ 55

Million in 1980.

2.
The PGV-1 is a prototype of a straight tube generator; this concept is
being developed in Italy as a back-up for the reference solution for the
SUPER PHENIX II reactor.
V.

S u m m a r y of t h e D i s c u s s i o n o n Mr. M a t s u n o 1s P r e s e n t a t i o n

1. It was agreed by the participants of the IWGFR meeting that it
difficult to find and locate fuel failures in a large fast breeder
by using the tag gas method.

is very
reactor

2. Different types of flow meters and thermometers are now being tested in
JOYO. The testing will be completed at the end of 1981. The effective
time constant for the thermocouples tested is 0.1 sec.
3. The fabrication of fuel elements for MONJU has already started.
spent fuel of JOYO has been reprocessed.

No

4. It was recognized by the Members of the IWGFR that in addition to well
known advantages of heterogeneous cores there are also some engineering
disadvantages. No countries except the United States and Japan are
considering the possibilities of using heterogeneous cores in the near
future.
5. A design work is being carried out in the PNC for the large loop type
fast reactor, but also pool type reactors are considered in the federation
of the utilities. The decision whether to employ loop or pool type is
expected to be made in three years.
6.

Th e d i f f e r e n c e b e t w e e n M a r k I core and M a r k II core is that a
s u b a s s e m b l y of the M a r k I c o r e h a s 91 p i n s a n d a s u b a s s e m b l y of the M a r k II
c o r e h a s 127 t h i n n e r pins, so the p o w e r d e n s i t y is i n c r e a s e d in the M a r k II
core.

V I . Summary of the Discussion on Dr. Khodarev1s Presentation
1. The BN-800 is considered in the USSR as a reactor which is further
developed at the present stage than BN-1600. The same basic design as that
of BN-600 will be used for BN-800 with few modifications. The design study
of the BN-1600 is also carried out including economic considerations.
2. There are 72 modules in the steam generator of the BN-600 and Soviet
specialists do not intend to reduce the number of modules in the steam
generator of the BN-800.
3. All liquid metal fast reactors, being developed in the USSR now, are
pool type reactors. It is difficult to say which concept is better but no
work on sodium cooled loop type reactors is being carried out at the
present time.
4. Electromagnetic pumps used in experimental reactors were operated with
very high reliability and oil contamination of the circuit never occurred.
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A pump of 500 cubic meter per hour was put in BOR- 6O almost 5 years ago and
it operates very reliably. However, electromagnetic pumps are more
expensive and they are not used for power reactors.
5. According to assessment of Soviet specialists the reliability of the
power plant does not depend strongly on the number of turbines. For the
BN-600 three turbines were chosen because they were available. Only one
turbine with a power of 800 MW is intended to be used for BN-800, and two
such turbines will be used for BN-1600.
VII.

Summary of the Discussion on Dr. Smith's Presentation

1. United Kingdom specialists have no plans to build replacement for steam
generators of the PFR.
2. The flasks for transportation of fuel subassemblies of CDFR will be
transported on public railways or roads. The flasks are very strong and
massive, so in addition to their function of carrying the fuel they can be
used as a protection against any terrorist action. It is proposed to use
sodium to fill the sealed inner canisters containing the subassemblies.
3. There will be some shielding material in the CDFR subassemblies to
reduce the flux which emerges from the top of the subassembly on to the
above core structure but of course there will also be neutron shielding in
the reactor roof. The PFR subassemblies have no deliberate shielding
material built in the top of the subassembly.
4. The fuel from PFR can be put into the internal fuel store which has a
limited number of positions. It can be left in there and then removed from
the store while the reactor is in operation, when it has decayed to a low
enough level for handling.
For the CDFR the intention is not to have an internal store. The fuel
comes straight from the’core after a period of cooling into the external
sodium fuel store and decays in there to a low level. It can then be
transported in a flask.
5. The PFR is an authority owned reactor and as in the case in India it is
a matter of convincing the authority's internal safety committee that the
situation is satisfactory. When the CDFR is built it will be operated by
the CEGB and inspected by the Nil and there will be some requirement for
periodic inspection.
6. A lot of attention has been paid to the question of periodic in-service
inspection of fast reactor components. Where it is possible arrangements
for in-service inspection are being made. Arrangements will be made to get
access down into the spaces at the core level and below by removing pumps.
This leaves access holes which will enable instruments to be put down for
making inspections of the major structures after many years of operation.
Inspectability is one of the most difficult points of design and it is
continuing to receive attention.
7. At the present time the fast response thermocouples in CDFR are
directly immersed in the primary sodium. The problem is they have to be
made removable and replaceable. Thermocouple "ropes" made by twisting
together six or seven thermocouples are being developed in the United
Kingdom so as to make it possible to replace thermocouples in the reactor
by exchanging faulty ropes with fresh ones.
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8 . The helical annular linear induction pumps are relatively small pumps
which will be used,for example,for the alternative shutdown system. They
are not intended to be used as major circulating pumps.
9. There is a reprocessing plant at the PFR site so any transport problems
for PFR fuel are avoided. The preliminary design of a transport flask for
CFR fuel has been done, and the flask will enable short cooled fuel to be
transported safely from the reactor to the reprocessing plant by rail and
road.
10. There are two sets of control rods in the CDFR which are completely
independent and also different. One set of control rods is of conventional
design. The rods are held out by a magnet. The alternative shutdown rods
are raised by mechanisms operating above the core but are held up by sodium
pressure from special pumps fed in from beneath the core. It is unlikely
that any common mode mechanism could cause both to fail.
VIII.

Summary of the Discussion on Mr. Horton's Presentation

1. It is not yet clear when licensing procedures for the CRBRP will be
reinitiated. The current estimate for completion of this reactor is 1990.
It is planned to have a heterogeneous core for the reactor.
2. The steam cycle conditions of the large plant Conceptual Design Study
are provided in the Executive Summary of the Final Report document CDS
400-2, which is available upon request.
3. There is a tendency for the size of the calculated accident (energy
release), which should be contained by containment, to be decreasing.
IX.

Summary of the Discussion on Dr. Seifritz' Presentation

1. The present capacity for the fabrication of uranium-plutonium carbide
fuels in Switzerland is a half kilogram fuel per week. That means about 75
gram of plutonium per week.
2. About 40 men including physicists, engineers, skilled workers are
involved in the activity on fast reactors in Switzerland.
3. The Swiss specialists believe that the handling procedure for the
sphere packed fuel is much simpler.
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Appendix XI
LIST OF MEETINGS SPONSORED BY THE IWGFR
1.

Consultants* Meeting on Fast Reactor Problems (March

2.

The First Meeting of the IWGFR (March 1968, Vienna)

3.

SM on Sodium-Water Reactions (November 1968 , ANL, USA)

4.

The Second Annual Meeting of the IWGFR (March 1969» Vienna)

5«

International Conference on Fast Reactor Irradiation Testing
(April 1969» Dounreay, UK)

6.

1 9 & 7 »Vienna)

International Conference on Physics of Fast Reactor Operation and Design
(June 1969? London, UK)

7.

SM on Plutonium Alpha (June-July 1969> Winfrith, UK)

8.

S M on Core Instrumentation for Sodium-Cooled Fast Reactors (October 1969»
Karlsruhe, F R G )

9.

The Third Annual Meeting of the IWGFR (March 1970) Cadarache, France)

10.

SM on Sodium Vapour Control (March 1970, Cadarache, France)

11.

IAEA Symposium on Sodium-Cooled Fast Reactor Engineering (March 1970? Monaco)

12.

S M on Failure Cladding Detection (October 1970, Cadarache, France)

13.

S M on Fast Reactor Spectrum Measurements and their Interpretation
(November 1970, ANL, USA)

14.

SM on Operational Safety of Sodium Circuits (March 1971, Risley, UK)

15.

The Fourth Annual Meeting of the IWGFR (May

16.

SM on Sodium-Water Reactions (May 1971 1 Melekess, USSR)

1971? Vienna)

17.

Fourth Geneva Conference on Peaceful Uses of Atomic Energy (September 1971,
Geneva, Switzerland)

18.

SM on Fission and Corrosion Products Behaviour in Primary Systems of LMFBRs
(September 1971, Bensberg, FRG)

19.

The Fifth Annual Meeting of the IWGFR (19-21 April 1972, Vienna)

20.

SM on Handling and Transportation of EMFBR Spent Fuel Elements (April 1972,
Rome, Italy)

21.

S M on Sodium Fires (Sodium Combustion and its Extinguishment - Techniques
and Technology), (May 1972, Richland, USA)

22.

Conference on Engineering of Fast Reactors for Safe and Reliable Operation
(9-13 October 1972, Karlsruhe, FRG)

23.

SM on Sodium Impurity Measurements and Control (14-17 November 1972»
Cadarache, France)

24.

SM on Decontamination of Plant Components from Sodium and Radioactivity
(9-12 April 1973i Dounreay, UK)

25 .

The Sixth Annual Meeting of the IWGFR ( 9 - H May 1973, Vienna)

26.

SM on Development and Application of Absorber Materials for Fast Reactors
(4-8 June 1973, Dimitrovgrad, USSR)

27.

IAEA Symposium on Fuel and Fuel Elements for Fast Reactors
(2-6 July 1 9 7 3 1 Brussels, Belgium)

28.

Symposium on Physics of Fast Reactors (16-23 October 1973* Tokyo, Japan)
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29.

IAEA Panel on Hot-Channel Factor Calculations (22-24 November 1973,
Karlsruhe, F R G )

30.

Conference on Fast Reactor Power Stations (11-14 March 1974, London,UK)

31.

The Seventh Annual Meeting of the IWGFR (18-20 March 1974, Winfrith,UK)

32.

S M on Handling of the Design for and Mitigation of Thermal Transients in
LMFBR Plants (17-21 June 1974» Canoga Park, USA)

33.

SM on Operating Experience and Design Criteria of Sodium Valves
(23-27 September 1974, Richland, USA)

34.

IAEA Study Group on Steam Generators for LMFBRs (14-17 October 1974,
Bensberg, FRG)

35*

The Eighth Annual Meeting of the IWGFR (15-18 April 1975* Vienna)

36 .

SM on the Reliability of Decay Heat Removal Systems for Fast Reactors
(28 April-1 May 1975, Harwell, UK)

37.

SM on Fuel Failure Mechanisms (12-16 May 1975, Seattle, Washington, USA)

38 .

S M on Fission and Corrosion Product Behaviour in Primary Circuits of LMFBRs
(8-11 September 1975» Dimitrovgrad, USSR)

39*

IAEA-IWG-NPPCI-FR SM on Core & Primary Circuit Instrumentation of LMFBRs
(27-29 January 1976, Risley, UK)

40.

SM on In-Service Inspection and Monitoring of LMFBRs (9-12 March 1976,
Bensberg, FRG)

41.

The Ninth Annual Meeting of the IWGFR (30 March-2 April 1976, Vienna)

42.

S M on Cavitation in Sodium and Studies of Analogy with Water as Compared
to Sodium (12-16 April 1976, Cadarache, France)

43.

S M on Hi^i Temperature Structural Design Technology (27-30 April 1976,
Champion, Pa, USA)

44.

S M on Aerosol Formation, Vapour Deposits and Sodium Vapour Trapping
(13-17 December 1976, Cadarache, France)

45*

S M on Fuel and Cladding Interaction (21-25 February 1977, Tokyo, Japan)

46 .

The Tenth Annual Meeting of the IWGFR (29 March-1 April 1977, Vienna)

47.

S M on the Role of Fission Products in Whole Core Accidents
(27 June-1 July 1977, Harwell, UK)

48 .

S M on LMFBR Flow Induced Vibrations (20-23 September 1977, Argonne,
Illinois, USA)

49*

SM on Properties of Primary Circuit Structural Materials including
Environmental Effects (17-21 October 1977, Bergisch Gladbach, FRG)

50.

S M on Sodium Removal and Decontamination (14-16 February 1978, Richland,
Washington, USA)

51.

Symposium on Design, Construction and Operating Experience of Demonstration
LMFBRs (10-14 April 1978, Bologna, Italy)

52.

The Eleventh Annual Meeting of the IWGFR (17-20 April 1978, Bologna, Italy)

53*

S M on Leak Detection and Location in LMFBR Steam Generators (6-9 June 1978,
Dimitrovgrad, USSR)

54*

S M on Equation of State of Materials of Relevance to the Analysis of
Hypothetical Fast Breeder Reactor Accidents (19-23 June 1978, Harwell, UK)

55*

SM on Sodium Fires and Prevention (20-24 November 1978, Cadarache, France)
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56.

SM on Thermodynamics of Past Breeder Reactor Fuel Sub-Assemblies under
Nominal and Non-nominal Operating Conditions (5—7 February 1979»
Karlsruhe, FRG)

57.

The Twelfth Annual Meeting of the IWGFR (27-30 March 1979» Vienna)

58 .

S M on Theoretical Modelling of LMFBR Fuel Pin Behaviour (28 May-1 June 1979»
Font enay-aux-Roses, France)

59.

Symposium on Fast Reactor Physics (24-28 September 1979» Aix-en-Provence,
France)

60.

S M on Bellows for Sodium Systems (5-9 November 1979» Tokyo, Japan)

61.

SM on Carbon in Sodium (27-30 November 1 9 7 9 t Harwell, UK)

62.

The Thirteenth Annual Meeting of the IWGFR (9-11 April 1980, Vienna)

63 .

SM on In-service Inspection and Monitoring of LMFBRs (Bergisch Gladbach,
FRG, 20-23 M a y I 98O)

64 .

S M on Demonstration of Structural Integrity under Normal and Faulted
Conditions (Chester, UK, 3-5 June I 98O)

65 .

The Fourteenth Annual Meeting of the IWGPR (Vienna, 31 March-3 April 1981)
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Appendix XII

LIST OP MEETINGS RECOMMENDED BY THE IWGFR TO BE HELD
IN THE PERIOD AFTER THE 14th ANNUAL GROUP MEETING
(FROM APRIL 1981 THROUGH 1982)

1.

SM on Fuel Failure Detection and Location (Karlsruhe, FRG, 11-14 May 1981 )

2.

SM on
Core Design Features Affecting Dynamic Behaviour of Fast Reactor
Cores (Rome, Italy, 2-5 June 1981)

3.

SM on

4.

Fifteenth Meeting of the IWGFR (Obninsk, USSR, 30 March-2 April 1982)

5.

S M on
Theoretical and Experimental Work on Steam Generator Safety
with Particular Reference to Leak Development and Detection,
(Netherlands, 1982 )

6.

S M on

7.

S M on
Advance in Structural Analysis for LMFBR Applications.
(France, Autumn 1982 ).

Boiling Noise Detection (Risley, UK, 9 - H June 1981)

Sodium Fires, Design and Testing (Richland, USA, May 1982 )
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Appendix XIII
INTERNATIONAL WORKING GROUP ON PAST REACTORS
LIST OF MEMBERS. ALTERNATES A N D REPRESENTATIVES

MEMBERS

A L T E R N A T E S

FRANCE
Mr. L. Vautrey
Commissariat h. l'Energie Atomique
CEN de Saolay
B. P. No. 2
91190 Gif-sur-Yvette
GERMANY. FEDERAL REPUBLIC OF
Dipl. Ing. M. Kempken
Bundesministerium fur Forschung
u n d Technologie
Heinemannstrasse 2
Postfach 20 07 06
D-5300 Bonn 2

Dr. W. Marth
Kernforschungszentrum Karlsruhe
Projekt Schneller Briiter
Postfach 3640
D-7500 Karlsruhe

INDIA
Dr. S. R. F&ranjpe
Reactor Research Centre
Kalpakkam-603 102
Chingleput District
Tamil Nadu
ITALY
Prof. F. Pierantoni
CNEN Fast Reactor Programme
Via Arcoveggio 56/23
I-40129 Bologna

Dr. L. Bruzzi
CNEN Fast Reactor Programme
Via Arcoveggio 56/23
1-40129 Bologna

Mr. Yoshiaki Matsuno
Assistant Manager
Experimental Past Reactor Division
O-arai Engineering Center, PNC
4002 Naritamachi, O-arai
Higashi Ibaragi-gun
Ibaragi-ken
Japan 311-13

Mr. Shigeru Bandou
Senior Staff
Project Planning and Management
Division, PNC
Sankaido Building, 1-9-13 Akasaka
Minato-ku, Tokyo
Japan 107

JAPAN
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USSR
Dr. N. V. Krasnojarov
Scientific Research Institute
on Atomic Reactors
Uljanovskaja Region
Dimitrovgrad 433510

Dr. E. I. Inyutin
Institute of Physics & Power
Engineering
Obninsk, Kaluzskaja Region

Dr. R. D. Smith
Past Reactor Development
Directorate
Unite d Kingdom Atomic Energy
AuthorityNorthern Division
Risley, Warrington, WA3 6AT

Dr. G. A. Welch
Technical Secretariat
U K Atomic Energy Authority
Risley, Warrington, WA35 6AT

Dr. J. A. Leary
US Department of Energy
Mail Stop B-107/GTN
Washington, D.C. 20545

Dr. Sol Rosen
US Department of Energy
Mail Stop B-107/GTN
Washington, D.C. 20545

UK

USA

R E P R E S E N T A T I V E S
OECD
D. W. Haussermann
Head, Nuclear Development Division
OECD Nuclear Energy Agency
38, boulevard Suchet
F-75016 Paris
France

Dr. Jacques Royen
Nuclear Development Division
OECD Nuclear Energy Agency
38, boulevard Suchet
F-75016 Paris
France

Dr. W. E. Balz
Commission of the European Communities
Office DG III/E-2
200, rue de la Loi
B—1040 Brussels
Belgium
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