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SUMMARY REPORT 

1. Introduction 

The seventh meeting of the International Working Group on Gas-Cooled 
Reactors (IWGGCR) was held on the invitation of the Federal Republic of 
Germany in Beckum, which is close to the site of the THTR-300, on the 
29-30 October 1987. The meeting was attended by the Member States of the 
Group: Austria, France, the Federal Republic of Germany, Japan, Poland, 
Switzerland, USSR, the United Kingdom of Great Britain and Northern 
Ireland, the United States of America, by representatives from the 
Commission of the European Communities (CEC) and Organization for 
Economic Co-operation and Development (OECD) and by observers from China 
and Israel. 

The list of participants is given in Appendix I. The Agenda of the 
meeting is attached as Appendix II. 

2. Introduction of IWGCCR Members and Observers 

Mr. Kupitz informed the IWGGCR about changes in its membership. 

CHINA 

FRANCE 

ISRAEL 

UK 

Mr. Zhang was nominated as observer for this meeting. 

Mr. Bastien was nominated as new member of the IWGGCR. 
Mr. Greneche was nominated as participant for this meeting. 

Mr. Einav was nominated as observer for this meeting. 

Mr. Askew was nominated as new member of the IWGGCR. 
Mr. Prince (not participating) was nominated as new 
alternate of the IWGGCR. 

USA Mr. Millunzi was nominated as new member of the IWGGCR. 

OECD Mr. Horiuchi was nominated as representative of the OECD for 
this meeting. 

3. Adoption of the Agenda 

The Agenda was adopted. Agenda item 10 Other Business» Mr. Kupitz 
will report about the Agency's plans to prepare a report on nuclear 
process steam applications. Mr. Balthesen informed the IWGGCR that HRB 
had kindly agreed to provide the group with detailed information on the 
commissioning of the THTR 300. 



4. Status of National GCR Programmes 

This IWGGCR meeting was again convened on the occasion of tne 

international Conference on the HTGR, organized by Vereinigung der 
Grosskraftwerksbetreiber (VGB) in Dortmund, 27-28 October 1987. At this 
Conference the international status of HTGR programmes was reviewed and 
discussed. Since most IWGGCR participants had attended this Conference, 
only short summaries of papers presented at the Conference and additional 
information about the status of GCR programmes had been planned for 
presentation at the IWGGCR meeting. Since papers presented at the 
Conference will be published by the VGB, the IWGGCR report will contain 
results of discussions and recommendations made at the 7th IWGGCR meeting 
and include short descriptions of the GCR programme status in Member 
Countries. 

5. Review of Recommendations Made at Recent Specialists' Meetings 

Since the last IWGGCR meeting in 1985 the Agency has organized 4 
meetings (3 Specialists' Meetings and 1 TCM) with GCR coverage. These 
are: 

a) Specialists' Meeting on "Fission Product Release and Transport in 
Gas-Cooled Reactors", Berkeley, UK, 22-25 October 1985. 

The meeting was hosted by the CEGB in their Berkeley Nuclear 
Laboratories. The meeting was attended by 40 participants from 7 
countries and the CEC presenting 26 papers. The technical part of the 
meeting was subdivided into three sessions: 

Operational Experience ада Laboratory Research 
Activity Release 
Behaviour of Released Activity. 

At the end of the meeting a round table discussion was organized to 
draw conclusions of the meeting and to come up with recommendations for 
future activities. 
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Conclusions 

I) General 

1. Progress has been made in modelling fission product transport in 
gas-cooled reactors since the last IAEA specialists' meeting, which 
was held in Jülich, Federal Republic of Germany, in December 1980. 

2. While progress has been made during the past five years, there are 
still some uncertainties in certain aspects of fission product 
transport in GCRs. 

3. Successful prediction of observed fission product behaviour in 
operating reactors is the most dramatic demonstration of the 
validity of transport models and codes. However, reactor results 
are typically too integral and the operating conditions too 
ill-defined to validate all aspects of the transport models. 
Moreover, no reactor data are available, nor should be expected to 
become available, for the hypothetical accidents (e.g., permanent 
loss of forced circulation) that typically must be considered during 
reactor licensing. 

4. Such specialists' meeting, when properly planned and conducted, can 
yield tangible benefits. The obvious value of the CEGB work on 
aerosol transport in AGRs to the HTR programs is clear evidence of 
the benefits of bringing AGR and HTR specialists together in such 
forums. 

II) Fission Product Release from Fuel Elements 

1. There is still uncertainty regarding the dominant failure mechanisms 
for HTR fuel under core heatup conditions. 

2. There are also uncertainties regarding the fission product transport 
in core materials. Key variables appear to be the transport of 
fission metals in SiC coatings, the transport of fission gases in 
pyrocarbon coatings, and the transport of fission metals in the fuel 
element matrix (spherical fuel) and graphite (prismatic fuel). 
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III) Fission Product Transport in Primary Circuit 

1. There is not yet a consensus among the specialists regarding the 
physical phenomena that control fission product transport and 
deposition in the primary coolant circuit. It is also not clear 
whether or not the fission product chemistry and plateout mechanisms 
are the same in AGRs and HTRs. 

2. Aerosols, or "Dust", may play a major role in the plateout and 
reentrainment of condensible fission products in the primary circuit 
of GCRs. 

3. The CEGB work on aerosol transport, which was reported at the 
subject meeting, is an important contribution to the literature, but 
additional work on the role of "Dust" in fission product transport 
is urgently needed. A model of fission product liftoff, suitable 
for reactor design and safety analysis, needs to be developed and 
validated. 

Recommendations for Future Activities (as provided by the session 
chairman) 

I. A specialists' meeting on fission product deposition/reentrainment, 
with emphasis on the role of dust, should be held in about two years. 

II. Other possible topics for future specialists' meetings include 

A. HTR fuel performance and fission product release under core 
heatup conditions. 

B. Fission product transport in fuel element matrix/graphite (this 
would be a follow up to a colloquium held in Berlin in 1983). 

C. Transport of fission gases in core materials. 

D. Relationship between As-manufactured fuel attributes and 
inservice fuel performance. 

E. Occupational exposure limits for GCRs. 
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III. Under the auspices of the IWGGCR/ a series of benchmark problems 
should be prepared and analyzed by the various GCR programmes to 
compare the fission product transport models used to predict the 
following: 

A. Fission gas release from fuel elements during normal operation 
and during core heatup transients. 

B. Fission metal release from fuel elements. 

C. Plateout distributions in primary coolant circuit. 

D. Tritium mass balance in primary/secondary coolant circuit. 

IV. Again under the auspices of the IWGGCR, a forum should be developed 
to facilitate the interaction of GCR fission product transport 
specialists in the off years between specialists' meetings. 

The IWGGCR reviewed these recommendations and felt that a 
Specialists' Meeting on Fuel Performance under Accident Conditions 
should be discussed together with other proposals for meetings under 
Agenda item No. 8. 

b) Specialists' Meeting on "Graphite Component Structural Design", 
Tokai-mura, Japan, 8-11 September 1986 

The meeting was hosted by the JAERI at its Tokai Research 
Establishment. The purpose of the meeting was to provide an 
international forum to compare and discuss the state of the art of the 
development and experience with graphite components for gas-cooled 
reactors. The meeting was attended by 60 participants from 5 countries 
presenting 32 papers. 

The meeting was subdivided into 5 technical sessions: 

- Design Criteria 
- Stress and Strain Analysis 

Material Component Tests 
- Inspection and Sureillance of Graphite Components 
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At the end of the meeting a round table discussion was organized in 
order to summarize main results from the meeting and to recommend future 
activities. 

Conclusions 

During the round table discussion several key topics in graphite 
development and design were extensively discussed. It was concluded that 
behaviour of graphite under different mechanical loads is understood, but 
the methodology for the prediction of graphite behaviour is not 
necessarily the same in the different institutions represented at the 
Specialists' Meeting. A more detailed comparison of the methodology was 
considered to be a useful next step. 

It was generally felt that graphite behaviour under mechanical loads 
together with irradiation effects need more investigation to get a better 
understanding of life limiting factors. 

The question of whether currently available graphite would meet the 
requirements of components for GCRs to be built today was discussed and 
the following statements made. In the UK, which has the most experience 
with construction and operation of GCRs, graphite is fully meeting the 
requirements of AGR components. Only if the burn-up of AGRs was to be 
increased the fuel sleeves would have to be improved. In the U.S., the 
available Graphite H 451, which was proven to have a low oxidation rate 
and an adequate strength was reported to be considered an appropriate 
graphite for an eventual next HTGR plant. In the Federal Republic of 
Germany three types of graphite (ASR1RS, ASR1RG, V483T) that are used for 
HTGR components (fuel, reflector and core support posts) were reported to 
have good quality and to be fully licensible. Further investigations 
should be made in order to enlarge the available data for graphite under 
irradiation. In Japan, several candidate graphites have been 
characterized and more data would be needed to predict behaviour under 
very severe conditions (i.e. under high temperature exposure, under air 
conditions, etc.). In the USSR, three different graphite types are being 
investigated (CRP2, NPG and RPG) for utilization in the planned HTGR 
plants. 
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Recommendations 

The participants recommended to the Agency to consider joining the 
yearly Carbon Conference with a special session on nuclear aspects of 
graphite behaviour, which is not now adequately included in the scope of 
the Carbon Conference. In addition, it was felt that another 
Specialists' Meeting should be organized by the Agency in 3 or 4 years 
time. The scope of the next meeting should review fracture mechanics, 
creep, and bring together representatives from design teams and research 
teams should also be invited to the proposed Agency's special session on 
the occasion of the Carbon Conference. 

The IWGGCR felt that the organization of an yearly review of nuclear 
aspects of graphite behaviour on the occasion of the Carbon Conference 
would be too ambitious and out of scope of the IWGGCR. The IWGGCR agreed 
to review the proposal for another Specialists' Meeting on Graphite at 
their 8th meeting in 1989. 

c) Technical Committee on "Gas-Cooled Reactors and Their Applications", 
Jülich, Federal Republic of Germany, 20-23 October 1986 

The meeting was hosted by the Nuclear Research Centre Jülich and 
cosponsored by the Commission of the European Communities. The purpose 
of the meeting was to review and discuss the current status and recent 
progress made in the technology and design of gas-cooled reactors and 
their applications for electricity generation, process steam and process 
heat production. The meeting was attended by more than 200 participants 
from 25 countries and international organizations presenting 34 papers. 

The technical part of the meeting was subdivided into 7 sessions: 

A. Overview on the Status of Gas-Cooled Reactors and their Prospects 
B. Experience with Gas-Cooled Reactors 
C. Description of Current GCR Plant Designs 
D. Safety Aspects 
E. Gas-Cooled Reactor Applications 
F. Gas-Cooled Reactor Technology 
G. User's Perspectives on Gas-Cooled Reactors 
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At the end of the meeting a round table discussion was organized in 
order to summarize the meeting and to make recommendations for future 
activities. 

Conclusions 

Gas-Cooled Reactors have been under development for more than three 
decades. Today there are more than 40 gas-cooled reactors in operation 
or in the commissioning phase in seven Agency Member States of the IAEA. 
Most of them are CC^-Cooled Magnox Reactors and Advanced Gas-Cooled 
Reactors (AGRs) for electricity generation, having accumulated about 800 
reactor years of operation. The Helium-Cooled High Temperature 
Gas-Cooled Reactors (HTGRs) are also for electricity generation, however, 
the long term development goal for the HTGR is in most countries the 
production and application of process steam and process heat for chemical 
industries, coal conversion processes, nuclear steelmaking, etc. 
Currently there are also gas-cooled reactors of small sizes under design 
with reduced complexity, passive safety mechanisms and a high potential 
for modular design and shop fabrication. These reactors are not only 
appropriate for application in highly industrialized countries but also 
in countries with less developed industrial infrastructure. 

During the meeting the technology of gas-cooled reactors was 
presented and discussed together with their different applications. 
Particular emphasis was given to a review of their safety features, and 
the perspectives of users on this reactor line. 

The meeting concluded that gas-cooled reactors have reached a very 
high level of maturity. In the UK the AGRs, in particular the 
Hinkley/Hunterston design, have proven to be economic and safe 
electricity producers. The successful operation of High Temperature 
Gas-Cooled Reactors in the USA and the Federal Republic of Germany and 
the commissioning of the THTR-300 have proven that this technology is 
available for electricity generation and process steam production. The 
advantages of the system, i.e., high safety, high temperature potential 
and diverse applications, environmental acceptability and fuel saving 
have been confirmed by the operation of prototype and demonstration 
plants. GCRs are a unique tool for power and steam production, a tool 
which is based on the margins of safety inherent in the design concept 
rather than on engineered safeguards, a feature which is of increasing 
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interest in Agency Member States. Because of their specific properties, 
GCRs are expected to have very good international market chances in 
particular in the medium sized and small power range. 

To Technical Committee Meetings all interested Agency Member States 
are invited and this meeting provided the opportunity to also inform 
those countries about GCR technology, which are not represented in the 
IWGGCR. Mr. Kupitz reported that after this meeting the Agency has 
received several inquiries about GCRs. A detailed report will be 
presented under Agenda item No. 7. 

d) Specialists* Meeting on "Technology of Steam Generators for 
Gas-Cooled Reactors", Winterthur, Switzerland, 9-12 March 1987 

The meeting took place in Winterthur, Switzerland, from 9-12 March 
1987 and was hosted by Sulzer Brothers Ltd., Winterthur, Switzerland. 47 
participants from France, the Federal Republic of Germany, Israel, Japan, 
Spain, Switzerland, the USSR, UK, USA and IAEA attended the meeting 
presenting 26 papers. 

The meeting was organized as a follow-up of the Specialists' Meeting 
on Heat Exchanging Components, held in Düsseldorf in April 1984. The 
purpose of this meeting is to provide an opportunity to review and 
discuss the state-of-the-art and recent progress made in the 
development, design and fabrication of steam generators in gas-cooled 
reactors, their lay-out, testing, and operational performance to identify 
areas in which additional research and development are needed. 

The technical part of the meeting was subdivided into 4 sessions: 

A. Operating Experience 

B. Steam Generators for Next Step on Gas-Cooled Reactors 
C. Materials Development and Corrosion Problems 
D. Thermohydraulics 

The participants expressed the opinion that continued emphasis on 
the comparison of operating data with predictions remain important. In 
addition, continuing development of multi-dimensional analysis methods 
and tools will help to improve the designer's understanding. Comparison 
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and verification of various computer codes for thermo-hydraulic analysis 
could be an important area for future IAEA specialists' activities. 

The IWGGCR took note of these recommendations and felt that the CRP 
on Design Codes for GCR Components should be completed before another one 
could be started. 

6. Status of Co-ordinated Research Programme on High Temperature 
Structural Design Codes 

Mr. Kupitz reported about the status of this CRP, which earlier had 
been titled "CRP on Design Codes for GCR Components". Currently Japan, 
Federal Republic of Germany, Switzerland and USSR have joint the CRP. 
Participation of France, UK and USA is still under discussion. The next 
Research Co-ordination Meeting is planned for February 1988 in Vienna. 

7. IAEA Activities with Possible HTGR Coverage 

Mr. Kupitz informed the IWGGCR that the Agency as a result of its 
information dissemination had received several inquiries about HTGRs from 
developing countries. These are: 

a) China 

In response to the request from the Permanent Mission of China to 
the IAEA, the Agency's Division of Nuclear Power has organized this 
meeting in co-operation with the Division of Technical Assistance and 
Co-operation in order to discuss different options for the introduction 
of HRGR technology in China, to review models for joint venture concepts 
and to present available international experience from similar cases. 
The meeting was attended by participants from China, Spain, Turkey, 
Yugoslavia, UNIDO and IAEA. 

The meeting concluded that there are very favourable conditionas for 
the introduction of HTGR technology in China. The need of China for 
electricity supply to remotely located areas and for high quality process 
steam in the oil and petrochemical industry indicate the possible future 
role of HTGRs for a first demonstration plant, for which China could 
provide substantial domestic participation utilizing existing technology, 
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such as secondary circuit components, buildings, etc. In addition 
Chinese institutions have been involved since 1973 in HTGR relevant R/D 
and design work which will facilitated future HTGR technology transfer 
from a vendor country. 

Although small HTGR utilize existing technology there is an obvious 
need for an HTGR demonstration plant in the power range of about 
100-250 MWe. 

For such a demonstration plant China would be willing to offer a 
stite and to participate in its development and construction. Further 
more China would also provide financial contributions if there is 
sufficient financial support from foreign vendors, governments or other 
sources. 

Different models for HTGR joint venture concepts between vendors and 
Chinese institutions have been presented and discussed. 

For the project initiation the group had recommended to Chinat 

To perform an extensive market survey for small HTGRs (for 
electricity and steam production) 

To do a feasibility study for the introduction of HTGRs in China 

together with the definition of an accompanying HTGR programme 

To assess local industries for demestic participation. 

These activities should be done in close co-operation with the IAEA. 

The group recommended to the IAEA to summarize in a report the 

different applications for nuclear process steam. 

b) Turkey 

Turkey has asked the Agency to provide during a national Seminar 
information on status of HTGR technology and the suitability of HTGR 
plants for Turkey. The seminar was held for November 1987 and is 
expected to be attended by about 100 participants from Turkey government, 
research centres, utilities, universities and licensing authorities. 
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с) Republic of Korea 

Korea is planning to start a feasibility study on the introduction 
of advanced reactors into Korea. The HTGR is one candidate among other 
advanced reactor types. 

Mr. Kupitz also informed the IWGGCR that the Agency is planning to 
define the terminology of expressions like passive safety, inherent 
safety, engineered safety, etc. These expressions are widely used but 
there is an obvious lack of common understanding. Work will be performed 
in the framework of the Agency's International Working Group on Advanced 
Technologies for Water Cooled Reactors, for which.Mr. Kupitz is also the 
Scientific Secretary. The IWGGCR requested to be kept informed about 
this work and also expressed its interest in establishing agreed upon 
definitions that are applicable to all reactor lines. 

8. Plans for Meetings in 1988/89 

After detailed discussion the IWGGCR recommended to convene the 
following meetings: 

a) Specialists' Meeting on High Temperature Metallic Materials for GCRs 
(June or October 1988) 

Poland and the Federal Republic of Germany expressed their interest 
in hosting this meeting. Mr. Obryk has a preference for a summer school 
on HTGRs, which he is planning to organize in Crakow and for which he is 
seeking Agency's support. 

b) Technical Committee on Design Requirements, Operation and 
Maintenance of GCRs 

USA expressed its interest in hosting this meeting on the occasion 
of the next GCRA Conference in San Diego in September 1988. 

c) Specialists' Meeting on Seismic Behaviour of GCR Components (late 
1989) 

France expressed its interest in hosting this meeting. Mr. Bastien 
expressed his preference for this meeting. 
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d) Technical Committee on GCR Size Evaluation 
(Including questions of Component Reliability, Safety, Economics, 
etc. ) 

USSR expressed interest in hosting this aeeting in early 1989. 
Final title and detailed scope will be discussed between USSR and IAEA. 
The IWGGCR will be informed. 

e) Specialists* Meeting on GCR Fuel Performance under Accident 
Conditions (late 1989) 

Hosting country: open 

f) 8th IWGGCR Meeting 

The next IWGGCR Meeting was proposed to take place in 1989 either in 
Vienna with simultaneous translation or in Moscow on occasion of 1989 
TCM. Final date will be established by correspondence. 

9. Updating of Technical Report TR 235 

Mr. Kupitz reported that there is a considerable delay in the 
preparation of this report since some contributions were still missing, 
in order to avoid that submissions for the report, which were sent 
earlier, become out dated all contributors were asked to review and - if 
necessary - update their parts and send any comments by end of December 
1987 to the Agency. 

10. Other Business 

a) Preparation of a Technical Report on Nuclear Process Steam 
Applications 

Preparation of this report was proposed during an expert meeting the 
Agency had organized on the request of China (see agenda item 7). The 
report will contain the description of the technological status of 
nuclear steam sources and applications and provide a review of major 
studies performed by various Member States (outline Attachment III). The 
IWGGCR endorsed the preparation of this report and agreed to make 
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available to the Agency material suitable for inclusion in the planned 
report. 

b) Presentation of Experience Made During the Commissioning of the 
THTR-300 

Mr. Weicht from HRB gave a very detailed presentation about the 
experience made with the THTR-300 during the commissioning phase. Full 
power output was reached on 23 September 1986. Continuing heat operations 
were completed in May 1987 and the plant was turned over to the operator 
on 1 June 1987. The plant has had an excellent operating record since 
June with physics and thermodynamic data differing only marginally from 
the calculated design values and major components such as the steam 
generators and gas circulators running virtually without problems. Some 
mechanical problems have been experienced with the finding equipment. 
The problem centers on the reduced pebble discharge rate aa power is 
increased, most noticeable above 40% power. A solution will be 
implemented during next shutdown period. 
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Appendix П 

AGENDA 

1) Opening 

2) Introduction of IWGGCR Members and Observers 

3) Adoption of the Agenda 

4) Status of National GCR Programmes 

5) Review of Recommendations made at recent Specialists' Meetings 

6) Status of Co-ordinated Research Programme on High Temperature 
Structural Design Codes 

7) IAEA Activities with possible HTGR Coverage 

8) Plans for Meetings in 1988/89 
a) Specialists' Meetings in 1988 
b) Specialists' Meetings in 1989 
c) Technical Committee in 1988 
d) 8th IWGGCR Meeting in 1989 

9) Updating of the Technical Report TR 235 

10) Other Business 
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Appendix III 

TECHNICAL REPORT ON TECHNICAL AND ECONOMIC ASPECTS 
OF NUCLEAR PROCESS STEAM APPLICATION 

DRAFT OUTLINE 

1) Introduction: Survey on energy (steam and electricity) consumption 
and energy resources, need for nuclear energy. 

2) Review of industries with high process steam consumption and their 
steam and electricity requirements. 

3) Results from major studies сл application of nuclear process steam 
(e.g. from Canada, China, Federal Republic of Germany, Indonesia, 
USA). 

4) Technological status of nuclear heat sources (steam requirements to 
nuclear heat sources, cogenerations aspects, overview on reactor 
designs, size optimization, advantages and disadvantages versus 
conventional steam sources). 

5) Review of strategies and models for nuclear project financing 
through substitution of fossil generated steam by nuclear generated 
steam and new nuclear process steam application projects in 
developing countries (e.g. financial aspects, contractual and 
institutional arrangements, pay-off time versus price of fossil 
fuel). 



Appendix IV 

LIST OF MEETINGS HELD OR PLANNED IN THE FRAMEWORK OF THE IWGGCR 

LIST OF 
SPECIALISTS' MEETINGS HELD OR PLANNED IN THE FRAMEWORK OF 
THE INTERNATIONAL WORKING GROUP ON GAS-COOLED REACTORS 

Specialists' Meeting Host Country 

on Vessel Concepts for Gas-cooled Reactors, 
23-25 October 1978 

Switzerland 

on Mechanical Behaviour of Graphite for 
High Temperature Reactors, 
11-13 June 1979 

France 

on Process Heat Applications Technology, 
27-29 November 1979 

Fed. Republic of Germany 

on Gas-cooled Reactor Safety and Licensing 
Aspects, 1-3 September 1980 

Switzerland 

on Coolant Chemistry, Plate-out and 
Decontamination of Gas-cooled Reactors, 
2-4 December 1980 

Fed. Republic of Germany 

on High Temperature Metallic Materials 
for Application in Gas-cooled Reactors, 
4-6 May 1981 

Austria 

on GCR Core and High Temperature 
Instrumentation, 15-17 June 1982 

UK 

on HTR Seismic Design Problems and Solutions, 
30 August - 1 September 1982 

USA 

on GCR Fuel Development and Spent Fuel 
Treatment, USSR, 18-21 Oct. 1983 

USSR 

on Heat Exchanging Components of Gas-
Cooled Reactors, 16-19 April 1984 

on Design, Criteria and Experience with 
Prestressed Reactor Pressure Vessels with 
Gas-Cooled Reactors, 4-7 December 1984 

Fed. Republic of Germany 

Switzerland 

Specialists' Meeting on Fission Product 
Release and Transport, 22-25 October 1985 

UK 

Specialists' Meeting on GCR Safety and 
Accident Analysis, 13-15 May 1985 

USA 

Specialists' Meeting on Graphit Component 
Structural Design, 8-11 September 1986 

Japan 

Specialists' Meeting on Steam Generator 
Technology, 9-12 March 1987 

Switzerland 
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Specialists' Meeting on Coolant Circulator USA 
and Blower Technology, 30 November -
2 December 1987 

Specialists' Meeting on Metallic Materials for 
Process Heat Application 

proposed date» June or October 1988 
countries interested in hosting* Federal Republic of Germany, Poland 

Specialists' Meeting on Seismic Behaviour 
of GCR Components 

proposed date* late 1989 
country interested in hosting: France 

Specialists* Meeting on GCR Fuel Performance 
under Accident Conditions 

proposed date* 1990 
location* open 

LIST OF TCMS HELD OR PLANNED WITH GAS-COOLED REACTOR COVERAGE 

TCM on Gas-Cooled Reactors, 12-16 October 1981 USSR 

TCM and Workshop on Nuclear Heat 
Applications, 5-9 December 1983 Poland 

TCM on Gas-Cooled Reactors and their Federal Republic of 
Applications, 20-23 October 1986 Germany 

TCM on Design Requirements, Operation and 
Maintenance of GCRs 

proposed date* September 1988 
country interested in hosting* USA 

TCM on GCR Size Evaluation 

proposed date* early 1989 
country interested in hosting* USSR 
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Appendix V 

JANUARY 1988 

Members Alternates 

AUSTRIA Mr. E. Proksch 
Head, Dept. of Chemistry 
Oesterr. Forschungszentrum 
Seibersdorf GesmbH. 
Lenaugasse 10 
1082 Wien 
Tel. (0043-222) 54-80-0 or 2000 
Telex 014353 FZS A 

BELGIUM Mr. J. Planquart 
С.E.N./S.С.К. Mol 
Boeretang 200 
B-2400 Mol 
Telex 31922 ATCMOL В 
Tel. 0032/14/316871 

311801 

Mr. R. van den Damme 
Electronucleaire S.A. 
Rue de la Pépinière 41 
B-1000 Bruxelles 

FRANCE Mr. D. Bastien 
CEA/CEN de Saclay 
DEDR 
B.P. No. 2 
F-91191 Gif-sur-Yvette 
Telex 604641F ENERGAT SACLAY 
Tel. (1) 69 08.31.12 

FEDERAL REPUBLIC 
OF GERMANY Mr. H. Pohl 

Bundesministerium fuer 
Forschung und Technologie 
P.O.Box 200706 
D-5300 Bonn 2 
Telex 885674 BMFT D 
Telefax 593105 
Tel. 0228/59-34i7 

Mr. E.' Baithesen 
Kernforschungsanlage 

Juelich GesmbH 
Projekttraegerschaft HTR 
Postfach 1913 
D-5170 Juelich 
Telex 833556 KFA D 
Tel. 06-02461/61-5504 

ITALY Mr. S. Sabbadini 
Servizio Applicazioni 

Nucleari Special! 
deIIa Divisione Studi 
Affari Economici Qella 

Direzione Centrale 
Relazioni Esterne del 
CNEN 

Viale Regina Margherita 125 
1-00198 Rome 
Telex 610183 ENEA I 
Tel. 6-85-28 
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JAPAN Mr. К. Sanokawa 
Director 
Department of Power Reactor 

Projects 
Japan Atomic Energy Research 

Institute (JAERI) 
Tokai Research Establishment 
Tokai-mura 
Ibaraki-ken, 319-11 
Telex JAERI J24596 
Tel. 0292-82-5416 

POLAND Mr. E. Obryk 
Institute of Nuclear Physics 
ul. Radzikowskiego 152 
31-342 Krakow 
Telex 0322461 IFJ PL 
Tel. 370222 ext. 280 

SWEDEN Nomination of New Member under discussion 

SWITZERLAND Mr. G. Sarlos 
Schweizerische Interessen
gemeinschaft für die 
Entwicklung nuklearer 

Technologien (IGNT) 
CH-5303 Wuerenlingen 
Telex 53714 EIR CH 
Tel. 056/992742 

Mr. W. Helbling 
Schweizerische Interessen
gemeinschaft für die 
Entwicklung nuklearer 

Technologien (IGNT) 
CH-5303 Wuerenlingen 
Telex 53714 EIR CH 
Tel. 056/992740 

USSR Mr. V.N. Grebennik 
I.V. Kurchatov Institute 

of Atomic Energy 
42 Ulitsa Kurchatova 
P.O.Box 3402 
123182 Moscow 
Telex 411888 MEZON SU (STATE COMMITTEE 
ON THE UTILIZATION OP ATOMIC ENERGY) 
Tel. (095) 1965158 

UK Mr. J.R. Askew 
UKAEA Risley 
Warrington/ WA3 6AT 
Telex 629301 ATOMRY G 
Tel. 0925 31244 

Mr. N. Prince 
Central Technical Services 

Room E408A 
UKAEA Risley 
Warrington 
Cheshire WA3 6AT 
Telex 629301 ATOMRY G 
Tel. 0925 31244 X2800 
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USA Mr. A.C. Millunzi 
Director, 
High Temperature 

Gas-Cooled Reactor 
Development 

US Department of Energy 
Mail Stop-B-107/GTN 
Washington, D.C. 20545 
Tel. 900-1-301353-3405 
Tlx 710-828 0475 

Mr. C.E. Weber 
Office of Int. Programs 
Office of Nuclear Energy 
US Department of Energy 
Mail Stop-B-107/GTN 
Washington, D.C. 20545 
Tel. 900-1-301353 
Tlx 710-828 0475 

REPRESENTATIVES 

CEC Mr. C. Vivante 
Commission of the 

European Communities 
200, rue de la Loi 
B-1049 Brussels 
Belgium 
Telex 21877 COMEU В 
Tel. 02 2351111 

Mr. H.J. Nordwall 
Commission of the 

European Communities 
200, rue de la Loi 
B-1049 Brussels 
Belgium 
Telex 21877 COMEU В 
Tel. 02 2351111 

OECD Mr. W. Haeussermann 
Head, Nuclear Safety Div. 
OECD Nuclear Energy Agency 
38, boulevard Suchet 
F-75016 Paris 
France 
Telex 630668 OCDE 
Tel. 524 82-00 

SCIENTIFIC SECRETARY 

Mr. J. Kupitz 
Scientific Secretary 
of the International Working Group on 

Gas-Cooled Reactors 
IAEA, P.O.Box 100, 
A-140O Vienna 
Austria 
Telex 1-12645 
Tel. 2360-2814 (through-dialing) 
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Appendix VI 

DESCRIPTION OF NATIONAL GCR PROGRAMMES* 

Detailed Programme descriptions of the Federal Republic of Germany and 
USA are included in the proceedings of the VGB Conference, Dortmund, 
27/28 October 1987. 



HTR RESEARCH AND DEVELOPMENT IN AUSTRIA — 
1986-1987 PROGRESS REPORT 

E. PROKSCH, W. NEUMANN, K. FRITZ 
Österreichisches Forschungszentrum 

Seibersdorf GmbH, 
Seibersdorf, Austria 

1. General Status 

In Austria there was never a definitive plan to construct or 
build a gas-cooled reactor. Morever, since 1979 it is prohibi
ted by law to operate nuclear reactors for the purpose of elec
tricity production. Therefore, there has never been arid there 
is still no national programme in the field of GCRs. 

Nevertheless, initiated by Austria's participation into the 
former OECD Dragon Project, a considerable amount of R S D 
work has been performed and is still going on in several selected 
areas related to high-temperature gas cooled reactors (HTRs). 
These areas are: 

- high-temperature reactor fuel, 
- high-temperature structural materials, 
- high-temperature helium test rig/prestressed concrete pressure 

vessel. 

This work is performed by: 

- Österreichisches Forschungszentrum Seibersdorf Ges.m.b.H. 
(Austrian Research Centre Seibersdorf Ltd) (ÖFZS) 

- Vereinigte Edelstahlwerke AG (VEW) 

This report summarizes the work performed since the 6th IWGGCR-
Meeting in Hamm, 23 to 24 September 1985 (1). 

2. High-Temperature Reactor Fuels 

During the course of more than 25 years of R s D in the field of 
HTR fuels, ÖFZS has reached a high degree of qualification in 
some selected areas, especially in the field of post-irradiation 
examination. Despite the unsatisfactory situation of nuclear 
energy in Austria, ÖFZS tries to maintain the small research 
team active in this field as well as the know-how accumulated. 
Contract work for customers outside Austria, as well as additio
nal self-supported R & D work, in continuing therefore. 

No activities can be reported with respect to the development of 
equipment for physical quality control. 

In the post-irradiation examination field work continued for 
contractors in the FRG. It included the application of routine 
methods such as electrolytic désintégration of fuel balls, hot-
chlorine gas leaching of fuel balls or of particle and graphite 
batches, gamma-spectrometric measurements of particle or graphite 
fractions, mass-spectrometric measurements of U, Pu and Nd, 
burn-up calculations, and others ( 2 ) . Progress has been made also 
in further improving the methods available. 

An evaluation of CO measurements made in U 0 2 fuel irradiated for 
long times (650 to 770 days) showed that the results are in 
agreement with an empirical formula derived earlier from 
measurements at < 550 days. All the results accumulated over 
many years with respect to CO formation in (Th,U)0 2 particles (3) 
and in U 0 2 particles containing oxygen getters (4) have been 
summarized and evaluated. CO formation in (Th,U)0 2 particles -
contrary to what was found earlier for U 0 2 - follows the expecta 
tions from thermodynamic considerations. Sic and uranium 
carbides turned out to be the best oxygen scavengers in U 0 2 fuel. 

Budget 

A total of 8 (7) million Austrian Shillings has been spent by 
ÖFZS in 1985 (1986). This is only partially compensated for by 
research contracts. 



3. High-Temperature Structural Materials 

The long term creep rupture tests and the characterisation of 
the microstructure of six high temperature resistant alloys were 
continued. Aim of the programme is the optimization of the long 
term stability of cold finished pipes made of these alloys by 
Vereinigte Edelstahlwerke. 

The specimens were exposed to a high temperature 750 to 950*C 
and a high corrosive gase mixture. For few samples the maximum 
exposure time up till now is about 33000 hours. Elongation were 
periodically measured and the fractured specimen were characteri
zed with respect to their plastic deformation and fracture 
surface. The creep and rupture tests results showed a high 
ductility and high life-time of the Alloy 617 and Hastelloy X, 
both Nickel based alloys. 

Investigation of influence of variations in composition 
and microstructure on creep properties 

Out of seven experimental casts of the type alloy 800H 
(X10 NiCrAITi 32 20) a composition has been identified, which 
yields improved creep strength up to 950*C maintaining the 
desired ductility ( 5 ) . The production parameters which influence 
the creep behaviour have been identified and cold-deformation 
plus preageing increases the creep resistance. The role of the 
distribution and of the stability of carbides with respect to 
deformation mechanism has been described. An evaluation method 
of creep data has been developed to establish strain rate 
equations and the corresponding limits of applicability. 

Budget 

Amounts of about AS 5 mio (1985 J and AS 3 mio (1986) have been 
spent on these programmes, which were partly sponsered by the 
Forschungsförderungsfonds der gewerblichen Hirtschaft. 

4. High-Teraperature Helium Test Rig/Prestressed Concrete 
Pressure Vessel 

More than 10 years of experimental work concerning prestressed 
concrete pressure vessels including a 3-years full load (300*C, 
100 bar) testing of a large scale (4 m dia, 12 m high) prototype, 
resulted in the well known Austrian hot liner vessel concept 
which is characterised by (6) 

- operational behaviour as good as (or better than) a steel 
vessel combined with 

- safety features of a concrete vessel. 

This has been realized by assigning individual duties to those 
members of the structure suited best to these duties, i.e. 

- the linear to give the tightness (at elevated temperature) 
remaining under elastic compressive load under all operating 
conditions 

- the concrete to transfer inner pressure loads to the bearing 
component and to isolate them from the liner temperature 

- the tendons as the bearing components, subjected to uniaxial 
stresses only which can be surveyed on-line and re-prestressed. 

The results of the Austrian development are (7) 

- a variety of possible materials for the components 

- design methods for the individual parts on the basis of their 
counterplay 

- measuring methods to control the static and dynamic behaviour 
of the vessel on-line 

- long-term projections enabling an adaption of the vessel to 
the operating history and to future requirements with the aim 
of an economy in operational procedures and a life-time 
extension . 



Progressing from the original vessel for a nuclear reactor 
further applications of the Austrian concept to other nuclear 
and non-nuclear vessels have been studied including detailed 
designs, design concepts, feasibility studies and economic 
analyses . In particular a vessel for the steam gasification of 
coal in a fluidized bed with nuclear heat from a HTR and a 
reactor vessel for the hydro-desulfurization of crude oil and 
mineral oil products have been investigated; in both cases the 
prestressed concrete pressure vessel offers advantages in 
operation, safety and cost (8) 

Budget 

Amounts of about 1 million Austrian Shillings each have been 
spent in 1985 and 1986. 
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HTGR TECHNOLOGY AND ITS INDUSTRIAL 
APPLICATIONS IN INET, CHINA 

Yingzhong LU, Dazhong WANG, Daxin ZHONG, 
Zuying GAO, Zenya QING 
Institute of Nuclear Energy Technology (INET), 
Tsinghua University, 
Beijing, China 

Design Studies of HTGR 

Several design HTGR studies have been performed in INET since the 
mid-seventies. In the first phase beginning in 1973, a target for 
construction of a 100 MWt HTGR thorium thermal breeder was set and a HTGR core 
with tholrum pebble-bed was designed. A conceptual design and more detailed 
calculations have been made. This conceptual design was characterized by its 
compactness (high specific power), high conversion ratio (approaching 1.0 in 
such a small reactor) and operability (inherently stable, on load refueling 
property, etc.) and it was designed for working on thorium fuel cycle. In 
order to increase specific power and breeding ratio, a two-zone core blanket 
design was chosen. The blanket elements contain only thorium with a very 
small amount of bred Pa and Ü 2 3 3 . The core itself is zoned also to flatten 
the thermal flux, and the hot spot is eliminated by special arrangement of 
helium flow in the central region /1/. A series of experiments on reactor 
physics, thermodynamics, materials, fuels and core structure, etc. were 
carried out in parallel. The main parameters of this experimental HTGR 
breeder are listed in Table 1. However, due to various reasons the 
construction of this reactor was postponed indefinitly, but many of the above 
R and D work has been continued in INET. 

In the second phase, a new project on application of HTGRs for nuclear 
process steam production for heavy oil recovery and chemical industry is now 
being carried out. The selected HTGR design for this project is the modular 
type pebble-bed reactor with the power of 200-500 MWt. Such a design is 
characterized by its inherent safety feature which relies on natural laws (the 
decay heat generated within the core can be passively removed by means of 
conduction, radiation and natural convection to surrounding passive media 
without a significant release of fission products from the coated oarticle 
fuel) to guarantee the maximum fuel temperature not exceeding 1600 с under 
total loss of coolant accident, below which the coated particles will keep 
their integrity. One of the drawbacks of such modular HTR approach in the 
limitation of core size (i.e. core diameter) and hence the unit power, which 
results in higher specific investment. A modification to the original German 
design was made by a INET visiting scholar in KFA Jülich. The new design 
concept almost double the thermal output of its original value (i.e. form 250 
to 500 MWt for a single "module") without sacrificing the inherent safety 
features and hence improved the economy /2/. The essential idea of the 
modified design is the adoption of a zoned core with a non-fueled central 
column of graphite balls and six graphite-noses. Since the inner core with 
diameter of 1.2M has no fuel, the hot point moves outward and the maximum fuel 

Table 1. The Hain Parameters of the HTGR Breeder 

Electric Power (Mtf) 25 
Thermal Power (MWt) 100 
Fuel Loading (kg U-233) 39.4 

In core (kg U-233) 20.0 
In blanket (kg U-233) 19.4 

Breeder Ratio 1.035 
Engineering Loss 0.014 
Fuel Specific Power (kw/kg U) 2.52xlo3 
Core Specific Power (MW/мЗ) 12.8 
First Fuel Loading (Kg Ü-235) 30.0 
Conversion Ratio 0.73 
Th Loading (ton th) 34.14 
core Diameter/Height (И) 2.4/1.66 
Helium Pressure (kp/cm2) 40 
Helium Temp. Out/In (°C) 700/250 
Max. Center Temp, of Fuel Ball (°c) 1193 
Steam Pressure (kp/cm2) 45 
Steam Temp. (°c) 450 

Table 2. The Main Parameters of Typical Module HTGR 

Type HTR-Module /7/ Module-500 / 2 / 
,f|., (modification) 

Thermal Power (MWt) 200 500 
Core Diameter (M) 3.0 5.2 
Core Height (M) 9.40 9.6 
Mean power Density (MW/M3) 3.0 2.45 
Fuel Element Diameter (cm) 6.0 6.0 
Heavy Metal content (g/ball) 7.0 7.0 
Enrichment U-235 (%) 7.9 6.2 
Burn-up (MW/TU) 80000 66500 
Residence time of fuel element (d) lOOO 1023 
Helium Pressure (bar) 60 50 
Outlet/Inlet Temp. (°C) 700/250 700/250 
Steam Pressure (bar) 190 180 
Steam Temp. (°C) 530 538 
Feed Water Temp. (°C) 170 130 
No. of s.G. 1 4 
Pressure Vessel Type steel Vessel PCRV 
Outside Diameter (m) 5.9 20/16 
Height (m) 25.0 24/35 



element temperature after the hypothetic loss of all coolant will never be 
higher than the safety margin of 1600°C/ (the calculated value is 1553°C, the 
temperature transient after LOCA). The colder helium from the non-fueled 
central column of graphite balls is directed to the central hole of lower grid 
plate and by-passes the steam Generator and flows to the inlets of helium 
circulators. Prestressed concrete vessel has been chosen due to larger core 
diameter design value (5.2M Vs, 3.5M) instead of the steel vessel in the 
original modular HTR design. The main design parameters of this reactor are 
listed in Table 2. 

Other two design concepts of modular pebble-bed reactor had been carried 
out jointly with KFA Jülich. One is HTR-Module-334 with a thermal power of 
334 MWt and multiple run-through fueling. Another is the HTR-OTTO-200 with 
200 MWt and once-through fueling. Three or five such reactors can be combined 
in the modular way to provide the power of 1000 MWt as heat sources for heavy 
oil recovery or petro-chemical industry application /3/. 

The Research and Development Work on HTGR in INET 

The INET engaged seriously in R and D work on HTGR since 1973. A lot of 
experiments and developmental work have been carried out, and the major 
progress will be summarized in this section. 

1. The prestressed concrete reactor vessel (PCRV) design and model test 

A series of computer programmes for the structure analysis have been 
developed and a series experimental studies were carried out in parallel with 
the theoretical approach. Among which the most important ones are as followsi 

lilO PCRV model test, 
- PCRV top plate model test, 
- Friction loss in prestressed cable, 

Development of lubricant for prestressed cable, 
- Local stress in heavy duty prestressing system, etc. 

A 1x10 model was set up in 1975 to verify the design criteria and 
methodology as well as to explore the construction technologies. It was in 
fact the first and the only actually built PCRV in china up to now and lot of 
experiences were obtained. The experiments both under normal pressure 
conditions (40кр/сщ2) and blow-up test were carried out. The experimental 
results coincide quite well with calculated curves. The cracks appeared at 
79kp/cm 2, or 144% of the estimated value, and the vessel blow-up at 
229kp/cm^f or 208% of the estimated value. It is therefore confirmed the 
adequacy of the design methodology and the safety of such a vessel /4/. 

2. The 1»10 all-graphite core structure model seismic test 

In order to check the stability of the all-graphite two-zone core under 
seismic conditions, a 1«10 graphite core model was built and every piece of 
the graphite structure in this model was fabricated to withstand the seismic 
vibrations, both horizontal and vertical, simulated corresponding to magnitude 
8 in Richter scale. The test result indicated that the design was considered 
to be able to withstand most severe seismic conditions anticipated at the site 
(near a fault to the north of Beijing). 

3. The fuel element circulation test system and Its components experiments 

The fuel element circulation test system was set up and a series of 
experiments were carried out to trace the behaviour of the movement of 
individual spherical fuel elements inside and outside the core, and to test 
the operation reliability of relevant components in this system. A full-scale 
pneumatic lift system was set up to measure the actual velocity along the 
pipeline and to verify the effectiveness of the damping system. The errosion 
of graphite balls was also measured to identify the tolerable limit of the 
number of recirculations of the balls and the possible dust level in the 
coolant loop. 

4. Test of the control rod and its drive 

A It2 and a ltl pebble-bed core model were built to measure the inserting 
forces on the control rod and the influences of many factors, e.g., the depth 
of insertion, the flow pattern of the bed, the velocity of rod insertion, the 
shape of the rod, the density and friction factor of the spheres, and the flow 
of the cooling gas. The design data have been gathered in these experiments. 
A special designed split-rotor canned motor capable of working operation 
condition (under 200°C) was designed, fabricated and tested. 

5. The steam generator experiments 

A large test loop of 7 MWt input was set up to study the stability of the 
parallel flow in the helical type once-through steam generator under partial 
load condition. Another test is to study the vibration characteristics of the 
helical tube bundle configuration under different operation conditions. 

G. Helium circulator technologies 

A helium circulator was designed and key technologies were studied. The 
sealing of the rotating shaft was a critical issue and a series of experiments 
were carried out. The oil lubricated bearing was chosen for its maturity and 
the working conditions were designed in the following wayi working pressure 
40kp/cm 2, pressure of sealing oil 42kp/cm 2, temperature at sealing 80°C ( 

diameter of shaft at sealing 112mm, leakage rate lOcmVhr and lifetime of 
sealing 10,000hr. The typical result of the leakage Vs. time was obtained and 
a conclusion was drawn that such a sealing could fulfill the design criteria, 

7. Static sealing test 

A thin silver or nickel ring against shallowly teethed sealing surface of 
flanges was tested under room temperature, 250°, 200-450° and 400-600°C 
respectively. The diameter of the sealing was 90mm and the thickness of the 
metal ring was 0.25mm. It was found that the leakage will be less than 1x10-9 
torr-l/sec at 1 kp/cm 2 pressure under 450°C which could meet the design 
criterion. 

8. Fuel and material developments /5/ 

The nuclear graphite of ordinary density had been manufactured in large 
scale long before INET got involved in HTGR development, and it provided a 
sound basis to start R and D work in this new area. In order to provide high 



density, impermeable graphite of HTR application, several impregnating 
processes (both with liquid and gas) were successfully tested. 

The coated particle fuel is the heart of HTGR technology. Considerable 
efforts had been made in this area by INET since mid-seventies. Both kernel 
preparation and coating technologies were developed and several kinds of fuel 
kernels had been studied, i.e. the UO2/TI1O2 ceramic microsphere and the 
VO2/VC/C particle obtained form carbonization of uranium saturated ion 
exchange resin. The oxides kernels were made by external gelation process. 
The kernels ranging from 200-800u have been prepared with a deviation in 
diameter around 5%. In the coating technology, both porous and impermeable 
layers form acetylene and propene respectively could be made. However, due to 
the lack of irradiation facilities, the particle produced have not yet been 
tested in reactor. The parameters of the coatings are listed in Table 3. 

Table 3. Parameters of Coated Particle 

Diameter of Kernel (u) 200 
Thickness of Buffer Layer (u) 85 
Thickness of High Density Layer (u) 65 

3 
Density of Buffer Layer (g/cm ) 1.0 
Density of High Density Layer (g/cm ) 1.85 
Elleptic Ratio +10 
Denviation of Outer Diameter +10 
OPTAB • 1.05 

Study of HTR Application on Heavy oil Recovery 

From a medium and long-term point of view the enhanced oil recovery will 
be increasingly important in future petroleum extraction, Insplte of the 
temporary drop of world crude oil price. The recovery of heavy oil, tar sand 
and the like will increase substantially the world petroleum age since the 
total measured reserves of these non-coventional resources are even larger 
than those of the light oil varieties. The same situation may turn out In PRC 
too, but at present the quoted figure of the heavy oil resources constitutes 
about one-sixth of total Chinese petroleum reserve. For example, Shengli Oil 
Field in the east of China has rich heavy oil resources, which are deep and 
have high viscosity, so that for the recovery of such resources large amounts 
of steam with high temperature and pressure are required. Therefore, Shengli 
Oil Field is interesting in the application of the modular HTR plant for the 
generation of injection steam and electricity for heavy oil recovery. 
According to a primary analysis, a modular HTR's station with total power of 
1000 HWt is suited for this special case. The oil production would be around 
1.5 to 2.0 Hio tons per year. 

The modular HTR's cogeneration plant with 1000 MWt can supply the 
injection steam of 1045 tons/hour at 160 bar and 390°C which is enough to 
produce 1.5 Hio tons heavy crude oil per year. Meanwhile, it can generate 110 

MW of electric power and low temperature steam for water treatment. The total 
thermal efficiency is about 96%. The main data of such a nuclear steam system 
are listed In Table 4. 

Table 4. The Hain Data of HTR Nuclear Steam System for Heavy Oil Recovery 

Oil Production 
Total Thermal Power 
Number of Modular HTR 

Supply Injection Steam 
at pressure 
at temperature 

Thermal Power for Injection 
steam 

Electric Power 
Steam for Water Treatment 

at pressure 
at temperature 

Thermal Power for Water Treatment 
Total Thermal Efficiency 

(mio tons/a) 
(MWt) 

(tons/h) 
(bar) 
C C ) 

(HWt) 
(HW) 
(tons/h) 
(bar) 
C"C) 
(HWt) 
(%) 

1.5 
1000 

4x250HWt 
or 2x500MWt 
1045 
160 
390 

850 
111 
«6 
2.5 

225 
38 
96 

Using the HTR nuclear steam system instead of the oil fired steam 
generators can annually save approximately 0.66 Mio tons oil. It should be 
much more important for the national economy. Furthermore, the study of the 
possibilities for upgrading the produced heavy oil with nuclear process heat 
form the HTR is considered, which should give additional benefit for the Heavy 
oil Field /3/ /6/. 
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THE GAS-GRAPHITE REACTORS IN FRANCE, 
1985-1986 

D. BASTIEN 
Commissariat à l'énergie atomique, 
Centre d'études nucléaires de Saclay, 
Gif-sur-Yvette, France 

The number of gas graphite reactors now in operation in France 
has dropped to four, after the decomraissionings of the Chinon A2 (1B0 
MWe) reactor in June 1985, and of the Monts d'Arrée one in July of the 
same year. These two reactors have been finally shutdown at the end of 
their foreseen lifetimes, for economical reasons. 

The Monts d'Arrée reactor, cooled by carbon dioxide, and moderated 
by heavy water, was a prototype reactor which had no continuation in France. 

The Chinon A2 reactor, of the natural uranium graphite/gas type 
(UNGG), has been operated during twenty years with an outstanding regularity, 
in particular during the last two years where it has cumulated 796 days 
of operation without any incidental shutdown. Its load f a c t o r ^ , cumulated 
since start-up, has amounted to 74 %. 

Corrosion of metallic structures located at the core outlet of 
Chinon A3, caused by hot carbon dioxide, has led to shutdown this reactor 
for repair, in May 1984. 

This action has required the development of several robots, in 
order to : 

- make three dimensional laser telemetric measurements of the array of 
deformed structures, thus allowing the adaptation of a scale one mock-
up of one third of the reactor upper plenum, along the reactor building, 

- train for repair jobs on mock-ups (such as cleaning, stud welding, positio
ning of repair parts), 

- implement the whole repair sequence on the reactor. 

(1) net production output 

net electrical power x tine 

Fifteen structures have been repaired in such a way, requiring 
the installation of some 205 repair parts, thus ensuring the containment 
of the damaged structures, and a supporting function which was no longer 
insured by those. 

The reactor is to start up again at the end of October. 

The problems caused by wastage in the steam generators of both 
units of St-Laurent-des-Eaux have been reduced, thanks apparently to the 
morpholine conditioning of water. As a result of this, only six leaks 
occurred in the last two years. 

The fuel behaviour is very satisfying since the clad failure 
rate is 1,4 x 10"^ for the 563 000 graphite core fuel elements loaded 

_5 
in the reactors, and 3,3 x 10 for the 90 000 annular fuel elements loaded 
in the Bugey 1 reactor. 

REACTOR TYPE 

Noainal 
power 
(HUs) 

Oate of 
criticality 

1985 
output 

(6Uh) 

1985 
load 

factor 
( X ) 

1986 
output 

(6Ш1) 

1986 
load 

factor 
( X ) 

Cuaulatad 
load 

factor 
( X ) 

CHINON A2 UNGG 160 03/1965 711 91 _ _ 74 
CHINOH A3 • 360 10/1967 0 0 0 0 40 

ST-LAURENT Al • 390 03/1969 1 832 54 2 069 61 63 
ST-LAURENT A2 • 450 08/1971 2 191 56 2 437 62 56 

8UGEÏ 1 • 540 04/1972 2 781 59 1 560 33 60 

HONTS O'ARREE E L 70 07/1967 239 67 - - 56 

In the field of high temperature reactors, France has no specific 
R Ç D programme any more, but continues to pay attention to the work carried 
out throughout the world, considering that this reactor type brings advanta
ges, in particular for heating purposes. load factor 



STATUS OF HTTR DEVELOPMENT IN JAPAN 

K. SANOKAWA 
Japan Atomic Energy Research Institute, 
Tokai-mura, Naka-gun, Ibaraki-ken, 
Japan 

In June ,1987, the Japanese Atomic Energy Commission 
(JAEC) issued a long-term program for development and 
utilization of nuclear energy. This long-term program 
emphasized that Japan should proceed to develop more 
advanced reactor technologies, in parallel to upgrading of 
existing nuclear reactors; and a gas-cooled reactor is, in 
this sense, very promising because of its high thermal 
efficiency and inherent safety. 

Consequently a high-temperature engineering test 
reactor (HTTR) is recommended to be constructed in order to 
promote innovative basic research on high-temperature 
engineering as well as advanced HTGR technology. 

Based on the above decision of JAEC, considerable 
efforts by Japan Atomic Energy Research Institute (JAERI) 
have been devoted to establish a detailed design of the 
HTTR in order to prepare for the construction permit next 
year. The related R&D is still continuing to obtain backup 
data to validate the design and safety of the HTTR. 

Reactor design 
The reactor is of a graphite-moderated and He cooling 

loop connected to the intermediate heat exchanger and 
pressurized water coolers, and consists of a pressure 
vessel of 13.2m in height and 5.3m in diameter, a core, 
graphite reflectors and radial restraining devices. The 

core is composed of hexagonal graphite blocks, with each 
block having 31 or 33 prismatic fuel elements. The active 
core consists of 30 fuel columns and 7 control columns 
with each column composed of 5 blocks. The active core is 
2.3m in diameter and 2.9m in height, being surrounded by 

replaceable reflector blocks. Bach reflector column 
consists of hexagonal graphite blocks, and is surrounded by 
polygonal graphite blocks. 

The following are related R&D works carried out so 
far. 

Reactor physics 
Experiments using the VHTRC (Very High Temperature 

Reactor Critical Assembly) are continuing. Control rod 
worth measurements were made and compared with the 
calcuration. The measured values agree well with 
analytical values within the accuracy of 5%. 

Fuel 
Irradiation experiment for about 200 days reveal that 

fuel compacts are found to retain integrity at a maximum 
temperature of 1750°C. As for research concerning 
accidents, the post irradiation experiment (PIE) on 
irradiated fuels indicates that a clear relationship exists 
between failure fraction of coated particles and energy 
deposition in the particles. 

PyC, Sic and ZrC layers have been studied in order to 
develop more advanced fuels. The PIE on ZrC-coated 
particles is currently under way. 

Metallic materials 
Creep test on Hastelloy-XR in JAERI type В He gas in 

the temperature range from aodb to 1000°C shows that 
Hastelloy-XR is remained intact after about 30000 hours of 
loading. 

Corrosion tests on Hastelloy-X and -XR have shown that 
the latter to be superior to the former in JAERI type В He 
gas. Excellent characteristics of Hastelloy-XR is 
attributed to improved stability of its oxide films. 

Experiments on 2.1/4Cr-lMo are still being continued. 
Data obtained include fracture toughness for evaluating 
irradiation embrittlement, degradation caused by thermal 



and stress aging. Low cycle fatigue tests are also under 
way in air, vacuum and JAERI type В He gas. 

Graphite materials 
Effects of high-temperature irradiation on dimensional 

stability and physical properties on pre-oxidized and 
virgin specimens have been made on IG-110 graphite. The 
shrinkage rates of IG-110 graphite have been found to be 
minimized when it is irradiated at about 850°C. 

Tests and experiments are also being continued to 
obtain sufficient mechanical data that are essential for 
the design and safety analysis of graphite components. 

HENDEL 
A test facility for large-scale high-temperature 

components of the HTTR, HENDEL, has been operated 
satisfactorily. The operating time totals nearly 9000 
hours. The fluid-dynamic test of a control rod was 
performed in the fuel stack test section of the HENDEL. 

JAERI is now making preparations for constructing the 
HTTR, such as site survey and preliminary safety review for 
licensing. He hope that the HTTR will serve also as an 
international test bed to explore innovative technologies 
in the field of high-temperature study. 

STATUS OF DEVELOPMENT OF GAS-COOLED REACTORS 
IN SWITZERLAND, 1987 

W. HELBLING, G. SARLOS 
Schweizerische Interessengemeinschaft 

für die Entwicklung nuklearer Technologien (IGNT), 
Würenlingen, Switzerland 

In Switzerland work is beeing performed for the development of gas-cooled 
reactors in two areas. Dne of these is the participation of partners of the 
IGNT (Swiss Interest £roup for the development of Nuclear Technologies) in 
the development of the HTR in Germany. These partners have been active in 
the field of gas-cooled reactors for a long time , e.g. with deliveries of 

components and participation in the DRAGON and HHT projects. 

After the HHT Project had been discontinued, it was decided that German-Swiss 
cooperation should be continued in the framework of the planning phase of the 
HTR-500 project. 

The industrial partners of the IGNT will be concerned with the development 
of the heat-exchangers (steam-generators and after-heat coolers), of the cooling 
system and of the control system. Furthermore, they will contribute to the 
development of the prestressed concrete pressure vessel (analysis and tests) 
and in the analysis of core structures. 

The EIR (Federal Institute for Reactor Research) is involved in physics 
investigations and in material technology. 

The total cost of the Swiss contribution in the planning phase of the HTR-500 
project will amount to some 48 million Swiss francs (about 32 million dollars) 
of which about 13 million francs worth of work will be performed by EIR. 
The Swiss government will contribute some 15 million francs. 

The status of the work is as follows : The detailed working programs are 
etablished, the contracts have been signed and the money is available. However, 



the industrial partners have not yet startet their work, with a few exeptions, 
due to the delay in ordering the planning phase of the HTR-500 project by the 
German utilities. 

The work of EIR is going on continously . 

Another effort in Switzerland is directed to the development of a small 
heating reactor, in the power range of 10 to 50 J"IW, for district heating. 

In recent years three concepts have been investigated in parallel, under 
the direction of the Swiss authorities. Two of these are LWRs and one 
is an HTR pebble-bed reactor. These concepts have been evaluated in the 
course of this summer by several groups of experts . It is likely that their 
recommendation will be to abandon one of the LWR concepts and to continue 
the development of the two remaining designs, with emphasis on the HTR variant. 

The next phase will consists of more detailed engineering and safety studies, 
as well as an investigation of such questions as structures^ location, financing 
and licensability in view of the possible construction of a pilot plant in the 
near future. 

STATUS OF WORK ON GAS-COOLED REACTORS 
IN THE USSR 

V.N. GREBENNIK 
I.V. Kurchatov Institute of Atomic Energy, 
Moscow, Union of Soviet Socialist Republics 

After more tha:i 30 years of its development the nuclear energy (NE) has 
kept a noticeable place in the world power production, having demonstrated, in 
the whole, high reliability and safety for the public and environment. 

With oil and gas prices being continuously changed on the world market, 
HPPs have become competitive with the conventional power plants. 

At the same time the recent serious accidents have shown that the world 
NE development entails a real danger which may be of international character 
/1/. 

Further NE development requires ensuring a reliable protection of the 
public, operating personnel and environment against the radioactive effect. 
This problem becomes most acute in connection with the need of expanding the 
regions of NE application for industrial and district heating and process heat 
production, which will lead inevitably to siting the energy sources maximum 
closely to the consumer. In such large-scale HE development the probability 
of severe accidents with a significant radioactivity release must not exceed 
10 -^ - 10~ 6 1/reactor year, which will require radical improvement of the 
existing nuclear sources and increase in the reliability of their system and 
equipment and development of quite new reactor concepts and reactor 
technologies. 

To a significant degree safety criteria are met by the high-temperature 
gas-cooled reactors (HTGR) whose core has no metallic structural materials and 
uses graphite and ceramic fuel as the main components, and whose coolant is an 
inert gas, helium. These HTGR features permit high temperatures to be 
obtained and the nuclear fuel to be effectively used. 

In the USSR R and D work on a number of pilot plants of various power 
ratings are being carried out as well as investigations for HTGR applications. 

The analysis of the heat energy markets in several industrialized 
countries has shown that in addition to the conventional high-power Nps 
created recently, there is the need for development of a new concept of a 
small-and medium-power energy source having power utilization coefficients and 
high safety which could meet the requirements of continuous processes. 

The VTR-M modular reactor with a unit power of 200-300 MW(th) is 
considered as such a low-power pilot unit /2,3/. 

The power needed for large industrial complexes is reached by use of 
several (2-5) one-type modular reactors, which also permit to have the 
necessary thermal power reserve. 



At present various modular reactor designs which differ in the 
arrangement (integrated or block) of the main equipment, direction of the 
helium flow, number of loops of the main reactor cooling system, presence of 
auxiliary cooling loops, etc. are being developed. 

In the USSR the following concepts for small HTGRs are being investigated! 

The first variant is the modular reactor VTR-265 (265 MWth) with 
integrated arrangement of the primary equipment in a single prestressed 
vessel. The pebble-bed type core is located in the bottom part of the 
vessel. In the top part the steam generator and control rod drives are 
accommodated. Two gas blowers sets on the extension pipes move the gas 
coolant upward. Two independent systems of reactivity suppresion are 
supposed to be used in the reactori control rod sets in the reflector 
channels and the gadolinium reactivity compensation system (GRCS). 

The second HTGR is the modular reactor VTR-250 (250 MWth) with the core 
and heat exchanging equipment accommodated in separate vessels. The 
plant scheme with one main reactor cooling circuit and two auxiliary 
cooling loops is being tested. The coolant is moved downward by the main 
gas blower set on the steam generator. The control rods and absorbing 
spheres inserted into the reflector channels act as the control and 
safety system. 

Recently the interest in the modular reactors has grown significantly not 
only in industrialized countries but, in the opinion of IAEA specialists, this 
trend may also be a good stimulus for development of nuclear energy in small 
and developing countries. 

The works are in progress on the pilot energotechnological installation 
VG-400 intended for co-generation of heat, steam and electricity for large 
power-consuming industries /4/. 

The VG-400 reactor has an integrated arrangement of the primary equipment 
in a multicavity prestressed concrete reactor vessel /5/. 

The pebble-bed core is installed in the center of the vessel, the heat 
exchange equipment (high-temperature heat exchangers, steam generators) are 
accommodated in its peripheral cavities. 

Three discharge tubes are provided in the core for uniform motion of the 
fuel elements. 

The plant has the intermediate helium circuit which prevents the 
radioactive fission products from penetrating to the technological circuit. 
The intermediate circuit increases the safety and reliability of the plants 
and permits them to be used for various technological processes. 

The plant safety is ensured by inherent properties, structural factors 
including the multibarrier system of radioactivity localization, leak-tight 
reactor containment, four-loop emergency cooling system providing removal of 
the reactor heat under all accidental conditions including the primary circuit 
depressurization. 

Use of IITGR as an effective high-safety energy source of new generation, 
will become an important factor in energy supply of the national economy and 
saving resources of gas and oil fuel. 
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THE UK GAS-COOLED REACTOR PROGRAMME — 
OUTLINE OF PROGRESS OVER THE PAST 
TWO YEARS 

J.R. ASKEW 
United Kingdom Atomic Energy Authority, 
Risley, Warrington, 
United Kingdom 

Hagnox Reactors 

All 26 Magnox reactors have been operating continuously generating 
electricity apart from statutory inspection outages. These comprise the 8 
original 50 MW(e) reactors at Ca Idee Hall and Chapelcross, and the 18 larger 
reactors at 9 other stations. Some of these large Magnox stations have now 
been operating for 20 years, which has invoked a mandatory reappraisal of 
safety requirements and operational procedures, plus a reassessment of plant 
lifetime, and to embody the findings in a new safety case submission for 
continuing operation. These safety cases have already been cleared for a few 
stations and others are in preparation in anticipation of the 20-year deadline. 

First Generation Advanced Gas-Cooled Reactors 

All 10 reactors of the first 5 Advanced Gas-Cooled Reactor (AGR) stations 
are now operating. These were built to 3 different designsi Hinkley 
B/Hunterston Bi Dungeness В with a larger, squatter core and lower coolant 
pressurei Hartlepool/Heysham I with helically-shaped boilers installed in 
vertical pods in the walls of the pre-stressed concrete pressure vessel. 

Hinkley В and Hunterston В have been operating at high load factors and 
availability for many years, despite a recently-introduced output penalty of 
25-30 MW because of carbon deposition on fuel pins in the quadrant linked to 
the coolant treatment plant. This deposition is the result of experiments to 
determine the coolant deposition boundary, by progressively increasing the 
quantity of additives to the coolant (CO and CH,j) that are introduced to 
protect the graphite moderator from radiolytic oxidation. The catalyst for 
deposition is thought to be nickel carbonyl which is formed at relatively low 
temperatures in the coolant treatment plant. Studies to resolve the issue are 
in hand with the aim of progressively uprating the reactors until they are 
once more at the generation design output of 660 MW(e). The reactors at 
Hinkley and Hunterston are refuelled on-load at 30% electrical power with work 
at an advanced stage to raise this initially to 50% and ultimately 70-80% 
power. 

Many more problems were encountered during the commissioning of reactors 
at the other 3 stations. These were mainly confined to boilers and ancillary 
plant, although certain features of the fuel assemblies (notably components of 
the coolant flow gags) had to be modified. These reactors are progressively 
being worked up to full power but the consensus is that they are unlikely to 
match the performance of those at Hinkley в and Hunterston в. Refuelling at 
Dungeness B, Hartlepool and Heysham I is still off-load but, based on a great 
deal of data acquisition, safety cases are presently being prepared to 
introduce on-load refuelling. 

Second Generation Advanced Gas-cboled Reactors 

Two further AGR stations have been built at Heysham II and Torness to an 
improved design based on the Hinkley/Hunterston stations, which had emerged as 
the preferred design. The essential differences to the first generation 
reactors are a larger core (14 more fuel channels), much improved man access, 
higher safety standards including secondary and tertiary reactor shutdown 
systems and increases provision against seismic loadings. These stations were 
constructed virtually to time and with only a modest cost overrun and by the 
end of 1986 were ready for fuel loading. At that time, however, it was 
discovered that the control rods were suffering some vibrational damage which 
necessitated a modification to the design, based on an intensive programme of 
studies which concluded testing on major rig facilities. This programme was 
successfully concluded and fuel has now been loaded into the first reactors at 
both Heysham xi and Torness, with the latter having attained criticality in 
September 1987. power-raising is planned for the end of 1987. 

Fuel Designs 

The original AGR stage 1 fuel design had an irradiation target of 18 
GWd/t.U (equivalent to a mean dwell time in the core of 5 years). This has 
already been achieved on a large scale in the Hinkley В and Hunterston В 
reactors, with some fuel approaching 21 GWd/t.U. Apart from some fuel pin 
failures in the earliest versions of this design back in the late 1970s due to 
inadequate end cap features, there has been only one suspected pin failure 
(not conclusively confirmed) in a charge of some 90,000 pins. 

An improved Stage 2 fuel has been developed over recent years which is 
more robust and is enriched to achieve 24 GWd/t.U by utilising a gadolinia 
burnable neutron poison to reduce reactivity (and hence fuel rating) during 
the initial period in the reactor core. The increased robustness has been 
achieved by using a single thick graphite sleeve on the fuel element (as 
opposed to the 2 thinner sleeves on the Stage 1 fuel) which is better able to 
withstand any buffeting as a result of the high coolant gas velocities 
encountered during charge and discharge. Pilot irradiations at Hinkley and 
Hunterston gave sufficient confidence for this fuel to be loaded as the 
initial charge at Heysham II and Torness. The manufacture of Stage 1 fuel has 
now ceased and from mid-1988 the first generation stations will be refuelled 
with the Stage 2 fuel, although it will need to be modified in order to load 
it into the Dungeness в reactors because of the narrower fuel channels in the 
core. 

A still further advanced fuel, styled the Stage 3 design, is being worked 
up which should be capable of attaining 27 GWd/t.U and possessing a number of 
potential improvements to fuel element components and materials including the 
fuel pin cladding and end caps. 

Future Plans for Gas-cooled Reactors 

There are no plans to build further gas-cooled reactors in the UK, but 
the nuclear industry has agreed to maintain the design and construction 
capability until at least 1990. There is, however, some continuing interest 
in small даз-cooled reactors and the UKAEA is conducting modest-scale 
assessment of modular AGRs, small HTRs and gas-cooled fast reactors. 



THE CEC ACTIVITIES ON GAS-COOLED REACTORS 

C. VIVANTE 
Commission of the European Communities, 
Brussels 

The CEC has no programme on Gas Cooled Reactors, since a number of 
years. However, CEC is closely following the HTR programmes which are 
carried out throughout the world and has granted in the past year some 
study contracts dealing with the Market Potential of HTR modular reac
tors as a heat source К high temperature processes in the EEC countries, 
the safety aspects of modular high temperature gas cooled reactors etc.. 

The Commission is also closely interested on the operation of the 
THTR 300 since it has granted HKG the status of Joint Entreprise. 

Within the frame of the SMIRT Conference, the Commission has also 
been one of the organisers of the 1st International Seminar on Small 
and Medium Sized Nuclear Reactors which dealt largely with the HTRS . 


