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F O R E W O R D 

The Eighth Meeting of the IAEA International Working Group on 
Gas-Cooled Reactors was held in Vienna, Austria, from 30 January -
1 February, 1989. 

The Summary Report (Part I) contains the Minutes of the Meeting. 

The Summary Report (Part II) contains the papers which review the 
national programmes in the field of Gas-Cooled Reactors and other 
presentations at the Meeting. 
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HTR RESEARCH AND DEVELOPMENT IN AUSTRIA -
1987-1988 PROGRESS REPORT 

E. PROKSCH, W. NEUMANN 
Österreichisches Forschungszentrum Seibersdorf, 
Seibersdorf, Austria 

Abstract 

This report summarizes R & D work on 
- high-temperature reactor fuels, and 
- high-temperature structural materials, 
which was performed in Austria since the 7th meeting of the 
International Working Group on Gas-Cooled Reactors of the IAEA. 

1. General Status 

Despite the absence of a national programme in the field of GCRs 
there is some amount of R & D work going on in several selected 
areas related to high-temperature gas cooled reactors (HTRs). 
These areas are: 
- high-temperature reactor fuel, and 
- high-temperature structural materials. 

Earlier work on prestressed concrete pressure vessels has been 
discontinued. 

All the work is performed by: 
- Österreichisches Forschungszentrum Seibersdorf GmbH (Austrian 

Research Centre Seibersdorf Ltd) (ÖFZS) 
- Schoeller-Bleckmann AG (formerly Vereinigte Edelstahlwerke AG) 

This report summarizes the work performed since the 7th IWGGCR-
Meeting in Beckum, 29-30 October 1987 (1) 

2. High-Temperature Reactor Fuels 

In some selected areas, especially in the field of post-
irradiation examination and in core calculations, ÖFZS has 
accumulated a considerable know-how and reached a high degree of 
gualification. Therefore, ÖFZS still tries to maintain the small 
research team active in this field and contract work for customers 
outside Austria is continuing therefore. 

In the field of post-irradiation examination the work performed 
included the application of standard procedures (such as hot-
chlorine gas leaching, electrolytic disintegration of fuel balls, 
gamma spectrometry, massspectrometric burn-up determination, and 
others) to material irradiated elsewhere. In the field of quality 
control particle distribution measurements were made in unirradi
ated fuel balls. Hot-chlorine gas leaching was also applied to 
crushed unirradiated fuel balls, in order to obtain informations 
about coating integrities during geological fuel disposal. 

The experimental work was supplemented by theoretical core 
calculations, especially by spectral calculations taking proper 
account of the resonance absorption in mixed-enrichment loaded 
cores . 

Budget 

A total of 7 million Austrian Shillings each has been spent by 
ÖFZS in 1987 and 1988 partly compensated for by research contracts. 

3. High-Temperature Structural Materials 

In a project entitled "Long-term behaviour of pipes made of high-
temperature resistant alloys" creep rupture tests of six alloys 
(iron- and nickel based) were performed. The data were correlated 
with the results of microstructural examination by means of the 



electron microscopy. A feed-back of the results to the producer 
of cold-finished pipes of these materials should lead to an 
optimization of their long-term stability. Some of the alloys 
were exposed to a high temperature (750 to 950°C) and a highly 
corrosive atmosphere for more than 30 000 hours. The creep 
rupture strength, the elongation and the reduction of area were 
measured. From the great number of results one can conclude that 
the nickel based alloys, Alloy 617 and Hastelloy X, have the 
highest lifetime. In addition, the electron beam welded specimens 
which were also tested in the creep rupture test machines, showed 
a rather surprisingly high strength. The programme which was 
carried out in cooperation of the Austrian Research Centre with 
the Vereinigte Edelstahlwerke, was finished last spring. 

In a second project in this field the influence of variations in 
composition and microstructure on the creep properties were 
investigated. The role of the distribution and of the stability 
of carbides with respect to deformation mechanism were studied of 
several casts of the type alloy 800 H (X 10 NiCrAITi 32 20). 
Creep tests at 800"C were continued; in these tests the load is 
stepwise increased in order to evaluate a method which was 
developed for a better lifetime prediction using creep test 
results. 

Budget 

Amounts of about 3 (1987) and 1 million Austrian Shillings (1988) 
have been spent by ÖFZS on these programmes which were partly 
sponsored by the Forschungsförderungsfonds für die gewerbliche 
Wirtschaft. 

REFERENCE 

(1) E. PROKSCH, W. NEUHANN, K. FRITZ: 
HTR Research & Development in Austria -
Report. OEFZS-A-1058 (1987) 
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PROGRESS OF INDEPENDENT FEASD3ILITY STUDY FOR 
MODULAR HTGR DEMONSTRATION PLANT TO BE BUILT 
IN CHINA 

Jiachen HE 
Nuclear Power Department, 
China National Nuclear Corporation, 
Beijing, China 

1. Energy Problem in China 

Many regions In China are suffering from shortage of energy as a result 
of the rapid growth of the national economy, for example, the growth rate of 
national production in 1988 reached 11.2%. 

A great number of coal fired plants have been built in many industrial 
areas. However, the difficulties relating to the transportation of coal and 
environmental pollution have become more and more eerious. The construction 
of hydropower niants is limitted due to uneven grographic conditions and 
seasons. 

For these reasons China needs to develope nuclear power plants. 
Nowadays, it has been decided, that PWR will be the main reactor type in our 
country, but in some districts or under some conditions modular HTGR may have 
distinct advantages and become an attractive option. 

2. Potential Utility for Modular HTGR - Chongqing city 

Chongqing city is the biggest industrial city in South-West of China. 
The city is located on a hilly land in eastern Sichuan Province, and built 
along the hillside, known as "Mountain city". The population in this city is 
14,27 million and the average density of population is 20,000 persons/tan2. 

The capacity of power grid is more than 3000 MW, and 58» of electricity 
is produced by fossil fuel power plants, 42% produced by hydropower. The need 
for energy increases progressively by 4.51% every year. Coal is transported 
by railroad, and the transport ability of railroad can not be further 
increased in the near future. It is impossible to build a new railroad in 
this century. 

3. Plant Site and Boundary conditions 

Possible plant site is 30 kilometers far from Chongqing city on the east 
side of the city along the Yantze River, and the area, which can be used at 
the site, is up to 25 hectares. At this site, there is no huge fault zone, 
the regional geology is stable, the strongest seismic intensity is 6 degrees, 
the climate is warm, the amount of precipitation is plentiful. The water 
resources are rich, the traffic conditions are good, large equipment can be 



transported along the Yangtze River. This region is a chemical industry 
district, its population density is high, so the need of electricity is very 
urgent. After being analysed tentatively, the radiation influence to 
environment is considered safe. 

According to the energy plan of Chongqing municipality, a 250-300 MW 
nuclear power plant is expected to be built. Modular HTGR demonstration 
plant, twin reactors with one generator set is in consideration. 

Main technical parameters of the modular HTGR power plant are as follows 

Plant n o m i n a l power 200 MW 
Core chermal power 2x25В MW 
Power density of the core 4.2 MW/m 3 

Pressure of coolant 7 MPa 
Temperature of coolant: 

inlet of s/G 700°C 
outlet of S/G 253°C 

Parameters of fresh steam: 
temperature 530°C 
pressure 19.0 MPa 
flow rate 2x50.6 Kg/sec 

Turbine parameters: 
inlet pressure 18.0 MPa 
inlet temperature 525°C 
outlet power 2x107.8 MW 

4. Preliminary Result of Economic Analysis 

The economic analysis is very complicated. This result is just a rougn 
estimation under the conditions as follows: 

Importing all equipment of nuclear island and 10% equipment of . 
conventional island. 

Foreign currency interest rate 8%, return on loan duration 15 years. 

- The number of foreign engineers, who take part in the engineering 
management and site service is 45 man-years. 

Importing the fuel of the first core. 
Using Chinese fuel from first refuel. 

The results are as follows: 

a) Capital cost 
Foreign currency 432 M DM 
Chinese currency 400 M RMB 

b) Domestic share 64.4% 

c) Cost of electric generating fl.087 RMfl/KW-h 

d) Marginal price 0.220 RMB/KW-h 

e) The loan and interest, which have 
to be paid back each year 
Foreign currency 57.58 M DM 
Chinese currency 37.22 M RMB 

5. Conclusion 

1) The marginal price is high, we are seeking ways to reduce this price less 
than 0.2 RMB/KW-h. 

2) The most important issue is pay back the foreign currency. We try to 
find out suitable ways, acceptable by foreign vendors and Chinese utility. 

3) We will explore the co-operation mode, further with overseas 
organizations in technical, as well as financial aspects. 



PRESENT STATUS OF RESEARCH ON AND DEVELOPMENT 
OF HTGR TECHNIQUES IN THE PEOPLE'S REPUBLIC 
OF CHINA 

Yongjun ZHU 
Institute of Nuclear Energy Technology, 
Tsinghua University, 
Beijing, China 

I. Introduct ion 

C h i n a is a deve lop ing country rich in coal, petroleum and hydropawer r e S . j L i r i . e s . In t h e 

past ten years , energy production in China has had a large increase. B u t a l u n g with t h e 

d e v e l o p m e n t of economy, energy d e m a n d s increase even more rapidly. Many problems 

e x i s t in China's e n e r g y sy s t em, the main o n e s are: 

* T h e u n e v e n distr ibut ion of e n e r g y resources. About 60% of coal mine are located 

in North C h i n a - Innermongol ia and S h e n Xi Province. More than 70<7 of hydropower 

are concentrated in S o u t h - w e s t China . In the well developed and dense ly populated 

region - S o u t h e a s t sea shore - the energy resources are poor. 

* Long dis tance transportat ion of energy sources. Recently, about 5Ü'r of ra i lway 

capaci ty are used for coal transportat ion. Even so, a lot of coal are stored near t h e 

m i n i n g area. 

* Ser ious pol lut ion problems caused by burning coal. At present, the m a i n e n e r g y 

source consumed in C h i n a is coal. Direct burning of coal Icoal fired electric power 

s ta t ions , industr ia l boilers, central house h e a t i n g s tat ions and smal l stoves) in t h e 

urban area leads to ser ious env ironmenta l problems. 

C o n s i d e r i n g the large energy d e m a n d in the near future and long-term e n e r g y 

s trategy , C h i n a h a s a lready decided to deve lop nuclear power gradual ly . The first 

s e v e r a l nuc lear power s ta t ions are be ing and will be built in the South-eas t sea shure 

reg ion . T w o 9 0 0 MW P W R s (from France) and one 3 0 0 MW PWR (home made) are now 

under construction at D a y a B a y (Kwangton Province) and Qin S h a n (Zhej iang 

Province) . The succeed ing PWR power p lants are being planned. P W R nuclear power 

Station h a s been se lected for the b e g i n n i n g o f China's nuclear po\ver plan. 

(•'ur large scale ut i l izat ion of nuc lear power in the next century, the deve lopment uf 

advanced reactor type with good safety and economy performances and high u r a n i u m 

ut i l izat ion rate (uran ium resources in China is not rich enough) is s t ra teg ica l ly 

important . HTGR, due to its inherent safety characterist ics , h igh heat eff iciency, 

f lexible fuel sy s t em and wide application fields, is a prospective advanced reactor type. 

Research and deve lopment on HTGR have already been included in China's na t iona l 

technical deve lopment program and are go ing on smoothly . 

II. R e s e a r c h and Deve lopment on HTGR in China 

In C h i n a R&D on HTGR began in mid s e v e n t i e s . The Institute of Nuclear E n e r g y 

Techno logy (INET), T s i n g h u a Univers i ty , e n g a g e d in the design of a 100 MW (ti two 

region pebble bed thorium HTGR. In this connect ion, a ser ies of exper imental research 

w a s carried out which included the preparation of coated fuel particles , the 

characterizat ion of graphi te , the reprocessing of thorium conta in ing fuels, the load ing 

and unloading of spherical fuels , reinforced concrete vessel technique etc. S ince i 9 6 0 

the col laboration of I N E T with Kernforschungsanlage Jü l i ch (KFA), West G e r m a n y , 

h a s been es tabl i shed . T h e feas ibi l i ty of introducing modular HTGR technique intu 

C h i n a for heat supply in v iscous oil recovery and petrochemical processes have been 

s tudied . These act iv i t ies have been supported by related Chinese and German 

industr ia l companies . 

T h e present Chinese R&D program on HTGR includes the techniques for tue 

preparation of coated fuel particles and spheric fuel e l ements ; the deve lopment and 

characterizat ion of HTGR grade graphite and other meta l l i c , non-metal l ic material:,; 

h e l i u m techniques and ins ta l la t ions ; thor ium-uranium fuel cycle and reprocess ing 

techniques ; loading and un load ing technique for spherical Fuel e l ements and the 

d e v e l o p m e n t of computer program for des ign and safety ana lys i s of HTGR. T h e 

ins t i tu t ions which take part in t h i s program are I N E T , Beij ing Inst i tute of N u c l e a r 

E n g i n e e r i n g (BINE) , S o u t h - w e s t Center of Reactor Research ISWCR), S h a n g h a i 

Ins t i tute of Nuc lear Research (SINR) and others . 

In order to introduce and develop the modular HTGR technique in practise, I N E T , 

S i e m e n s - l n t e r a t o m G m b H (West Germany) and K F A Jül i ch are p lann ing to bui ld a 

10 MW HTGR module jo int ly in China . T h e m a i n object of this test module is to verify 

the characteris t ics of m o d u l a r H T G R on a real nuclear test facil ity. Reactor with i t s 

m a i n components (graphite core structure, s t eam generator, he l ium blower, fuel 
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l o a d i n g and u n l o a d i n g ins ta l la t ion etc.) w i l l be tes ted . Safety features of H T G R 

( n e g a t i v e temperature coefficient of react ivi ty , t emperature l imit under acc identa l 

condi t ions , b e h a v i o u r of fuel e l e m e n t s under h i g h temperatures etc.) wil l be observed 

a n d veri f ied. Dif ferent appl icat ions of HTGR wil l be tested: electricity generat ion; h e a t 

g e n e r a t i o n and ut i l i zat ion (1st s tage); h igh temperature technological heat supply (2nd 

s t a g e ) . 

T h e m a i n parameters of test H T G R module are as follows: 

m a x i m u m thermal power 20 MW 

average thermal power 10 MW 

primary H e pressure 3 0 bar 

secondary s t e a m pressure 35 bar 

h e l i u m temperature (cold/hot) 2 5 0 ° C 7 0 0 ° C 

s t e a m temperature 435°C 

core v o l u m n 5 M3 

M a i n data of the core: 

thermal power 

power dens i ty 

core d iameter 

core he ight (average) 

h e i g h t / d i a m e t e r ratio 

n u m b e r of fuel e l e m e n t 

h e a v y meta l content 

burn-up (average) 

t ime in core of fuel e l e m e n t 

load ing s c h e m e 

10 M W 

2 MW/M3 

190 cm 

1 7 6 cm 

0 .93 

2 7 , 0 0 0 

5 g/fuel e l e m e n t 

8 0 , 0 0 0 MWd/t 

1 0 7 8 E F P D (efficient full power day) 

OTTO (once through) 

Tes t m o d u l e HTGR (10 MW) will take 5 y e a r s for des ign , construction, ins ta l la t ion and 

c o m m i s s i o n i n g . W e be l i eve the success of th i s jo int effort wil l effect ively promote the 

d e v e l o p m e n t and ut i l izat ion of HTGR techn iques in China. 

China's R&D program on HTGR is a long- term plan. Internat ional cooperat ions are 

benef ic ia l for its accompl i shment . 

III. S tudy o n the appl icat ion of HTGR 

T h e object of th i s s tudy is inqu ir ing into the technical and economical feas ibi l i ty of 

H T G R appl icat ion in the electrici ty and h e a t supply in China. HTGR can not on ly 

improve the efficiency of e lectrici ty production (to about 40%) but a lso supply h i g h 

temperature technological ht at and vapor. T h e potential of HTGR m a r k e t i n g is large . 

In the progress of China's economy, petroleum supply will become more and more 

important and effective measures have to be t a k e n to increase the production of l iquid 

fuel and decrease the se l f -consuming oil in the petroleum industry . A m o n g these 

m e a s u r e s are: vapor injection thermal recovery of v i scous oil , tert iary oil recovery, 

production of oil from oil shale , l iquefact ion and gas i f icat ion of coal. Al l these m e a s u r e s 

c o n s u m e large a m o u n t of heat . If nuclear h e a t would be used ins tead of convent iona l 

hea t , large a m o u n t of fossile fuel could be s a v e d . HTGR can supply h e a t w i t h 

temperature up to about 950"C, it can m e e t the requirements for h e a t i n g in mos t 

technologica l processes. 

R e s u l t s of pre l iminary inves t igat ions show that in the near future, thermal recovery of 

v i scous oil , energy supply for petroleum ref in ing and electricity supply in specia l 

energy-def ic ient region m i g h t be a m o n g the first choice of HTGR appl icat ion in C h i n a . 

Present ly , feas ibi l i ty s tud ies on the fo l lowing three topics are carrying on: 

1. modular HTGR used for the v iscous oil recovery at the Shengl i Oil Field 

2 . HTGR thermal-electric power s tat ion used in a petrochemical factory 

3 . m odu lar HTGR electric power s ta t ion compat ib le with m e d i u m and s m a l l 

capacity electric network in special e n e r g y def ic ient regions. 

Internat iona l cooperation has played an important role in these s tudies . 



LES REACTEURS A GAZ EN FRANCE EN 1987 ET 1988 

D. BASTIEN 
Division d'étude et de développement des réacteurs, 
CE A, Institut de recherche technologique 

et de développement industriel, 
Gif-sur-Yvette, France 

- Fonctionnement -

1.1. - Le réacteur Chinon A3 qui était à l'arrêt depuis le mois de 
Mai 1984 pour la réparation des structures métalliques en sortie de 
coeur (opération ISIS) a redivergé le 1er Décembre 1987. La montée en 
puissance a été réalisée par paliers successifs durant lesquels une 
attention particulière a été portée sur les systèmes de détection de 
rupture de gaine. Aucune anomalie n'a cependant été détectée et la puis
sance nominale a été atteinte le 24 Décembre 1987 avec un minimum de 
défauts techniques après un arrêt aussi long de trois ans et demi. 

Après un fonctionnement satisfaisant de Б mois, le réacteur 
a de nouveau été arrêté, comme prévu, le 14 Mai pour contrôler la bonne 
tenue des réparations et entreprendre la seconde campagne de réparations 
qui s'est déroulée jusqu'en Novembre 1988. Des contrôles supplémentaires, 
indépendants de cette opération, demandés par les autorités de sûreté, 
ont conduit à maintenir le réacteur à l'arrêt. Il doit redémarrer au 
début du mois de Février 1989. 

1.2. - Les deux réacteurs de Saint-Laurent ont eu un fonctionnement 
satisfaisant durant les deux années considérées. Cependant, compte tenu 
de la part du nucléaire dans la production française d'électricité, 
les réacteurs, y compris les réacteurs à gaz, sont appelés à réaliser 
des baisses de charge pour s'adapter aux besoins du réseau. Il s'ensuit 
que les facteurs de charge'1' ne sont pas très élevés en 1987 mais un 
peu meilleurs en 1986. 

1.3. - La remarque précédente s'applique également a Bugey 1 qui a 
pourtant un très bon facteur de disponibilité. 

La corrosion de l'empilement de graphite de ce réacteur, due 
au niveau de puissance spécifique du combustible et de la pression du 

plus élevées que dans les autres, nécessite un suivi régulier. Celui-
ci est réalisé par des carottages annuels dont les résultats sont corrélés 
avec le calcul afin de pouvoir faire des prévisions de fonctionnement 
;jour l'avenir. Ce phénomène pourrait en effet limiter la durée de vie 
du réacteur. 

2 - Intervention -

La mise au point de l'opération ISIS sur Chinon A3 a conduit 
à un arrêt plus long que prévu initialement pour la 1 e r s tranche de 
travaux (3 ans et demi). Aujourd'hui les robots sont pleinement opération
nels et le délai de réparation d'une structure est maintenant de l'ordre 
d 'une semaine. Sur le plan technique il s'agit d'une réussite incontes
table dans un domaine d'intervention très difficile, et grâce à cette 
opération d'envergure, des progrès importants ont été faits en matière 
de robotique, notamment dans la conduite des robots. 

3 - Démantèlement -
Les réacteurs à gaz, développés en France dans les années 1960, 

se trouvent naturellement les premiers à être mis à l'arrêt définitif. 



Chinon Д1, premier réacteur de puissance d'EDF, arrêté en Avril 
1973, a été transformé en musée ouvert au public et constitue ainsi 
une vitrine du nucléaire français. 

Bien entendu cette solution n'est pas reproductible et pour 
Chinon A2, arrêté en Juin 1985, EOF a entamé un processus de démantèlement 
au niveau 2 qui devrait être réalisé en 4 ans. Après le retrait du combus
tible, achevé en Mai 1986, EDF a entrepris le démontage de toutes les 
parties classiques non utiles à l'installation, et des parties actives 
pouvant être regroupées dans un minimum de locaux actifs. 

La philosophie retenue consiste à démonter et découper les tuyaute
ries du circuit primaire (01,4 m - 1,6 m et 1,B m) pour constituer des 
conteneurs dans lesquels seront placés les matériels actifs démontés. 
Ces conteneurs seront stockés dans les bâtiments des générateurs de 
vapeur qui constitueront avec le bloc réacteur 5 zones actives confinées. 

D'autre part le risque incendie est supprimé par élimination 
de tous les matériaux inflammables (câbles électriques, fluides divers, 
etc...), un réseau électrique simple et adapté remplaçant le réseau 
existant. De même tous les matériels à fort risque de dissémination 
de contamination (filtres, appareils et circuits situés sous le niveau 
de la crue millénale) sont évacués. 

Les locaux annexes seront totalement libérés et ne nécessiteront 
plus de surveillance, tandis que les installations classiques (circuit 
eau-vapeur secondaire, groupes turbo-alternateurs et auxiliaires) ont 
déjà été totalement démantelées et évacuées après contrôle radiologique. 

Ces travaux sont réalisés sous la conduite d'une équipe de 20 
personnes,formée à partir de l'ancien personnel d'exploitation,connaissant 
donc parfaitement l'installation. 

Programme de déclassement -

En Mars 1988, EDF a établi un programme de mise à l'arrêt définitif 
des réacteurs UNGG qui conduira à arrêter Saint-Laurent Al en 1990, 
Saint-Laurent A2 en 1992, Chinon A3 et Bugey 1 en 1994. Cette décision 
a été prise à la suite d'une étude économique ayant mis en évidence 

la non compétitivité des ce: réacteurs vis-à-vis des réactours à eau 
sous pression. Ils auront alors accumulé respectivement 21 ans, 20 ans, 
27 ans et 22 ans de fonctionnement, alors qu'ils avaient été construits 
pour une durée de vie initiale de 20 ans. 

Combustible -

Au cours de ces deux dernières années, une rupture de gaine 
s'est produite sur un combustible à âme de graphite qui est le type 
de rjmbustible qui alimente les réacteurs de Chinon, de Saint-Laurent-des-
Eaux et de Vandellos. Pour 610 800 éléments chargés depuis l'origine*, 
le taux de rupture-- est de 1,5.10"^. 

Pour le combustible annulaire qui alimente le réacteur de Bugey 1, 
le taux de rupture est de 3,1.10 pour 95 500 éléments chargés. 

Programme de Recherche et Développement -

En ce qui concerne les réacteurs UNGG, il n'y a plus de RS D 
en cours mais seulement des études réalisées à la demande de l'exploitant, 
en général pour satisfaire aux exigences des autorités de sûreté. Les 
plus importantes dans un passé récent ont concerné la réévaluation de 
la sûreté du réacteur de Bugey 1 qui a eu lieu en 1988. En particulier, 
la démonstration de la tenue mécanique de l'empilement de graphite corrodé, 
avec prise en compte du séisme de référence, a nécessité un effort impor
tant. 

Dans le domaine des réacteurs à haute température la France 
continue de suivre l'évolution des techniques développées sur la scène 
internationale. En particulier l'intérêt du concept de réacteur modulaire 
sera évalué, tant sur le plan technique que sur le plan économique. 



HTR PROJECTS IN THE FEDERAL REPUBLIC OF GERMANY 

E. BALTHESEN 
Kemforschungsanlage Jülich GmbH, 
Jülich, Federal Republic of Germany 

AVR 
15 MWel pilot/research/test-reactor 

• Successful operation since 1967 

• Final reactor shut down end '88 due to coat-benefit 
consideration 

• Total electricity generation.- 1.670.325 MWh 

• Successful operation at 950 С gas outlet 
temperature since 1974 

• Coolant gas activity: 25 Ci 

• Availability demonstration in 1976: 92% 

• Continuous replacement of high enriched uranium/ 
thorium 'fuel by low enriched uranium fuel without thorium 

• Water ingress accident in 1978 without consequences 
for further operation 

• Successful performance of extensive research and test 
program in 1987/88, especially: 

- core physics 
- fission product release and plate out 
- fuel behaviour 
- dust behaviour 

• Loss of coolant simulation experiments successfully per
formed, safety features of small HTR (decay heat transfer 
models) confirmed 

• Post operation examination and decommissioning prepared, 
licensing procedure initiated 

THTR 300 
300 MWe! prototype/demonstration power plant 

Start of full power operation: 23.09.1986 

Extensive system- and component testing in the commiss'oning 
phase 

Surrender to the utility group H KG: 01.06.1987 

Operation license granted for 1,100 full power days 
Intermediate fuel storage capability to be provided after 
600 full power days 

Statue: 423 fpd achieved; electricity generation: 
2.85 million MWth; thermal efficiency: 40,2%; 
Easy operation in load following mode successfully 
demonstrated 

Malfunction of fuel reload system successfully repaired 
in 1987 

Fuel élément damages caused by extensive incore control 
rod testing during commissioning phase satisfactorily 
decreasing; 
No measurable fission product increase in primary coolant 

Hot gas duct insulation damage (failure of few insulation 
fixing bolts) detected by inspection end '88, 
Reactor restart depending on failure mechanism investi
gation, assessment of impacts on further operation and 
repair necessity 



Nuclear Process Heat (NPH) 
Since 1972 NPH-R&D concentrated on coal gasification 
Development status: 
steam gasification: semitechnical plant -2 t coal /h 

operation time 26 ,000 h 
hydro gasification: semitechnical plant -3t brown coal /h 

operation time 12,000 h 
pilot plant 10t brown coal /h 

operation time 8,000 h 
chemical heat pipe: EVA II /ADAM i l -plant 10 MWth 

operation time 13,000 h 

1987 General statement: 
Coal gasification with NPH 
- is technically feasible 
- shows only long term economic advantages 

1 9 8 7 / Investigation of different NPH applications 
1988 with near term advantages 

Favourable applications identified: 
- cogeneration of steam/heat and electricity 
- steam generation for enhanced oil recovery 
- heat supply to refineries 
- heat and electricity supply for A l -ox ide 

production 

Continuing activities: 
- material program 
- investigation of process and component 

designs for NPH-supp ly to identified process 
- studies to improve processes and components 

•or coal gasification 

FUEL CYCLE 

FUEL SUPPLY 
- Future HTR-projects will be based on low enriched uranium 

fuel without thorium (LEU) 
- Manufacturing process for spherical LEU fuel elements is 

developed and specified and demonstrated in near 
production scale 

- The high fuel quality achieved fulfills the specific 
requirements of the plant safety concepts 

- Series of generic irradiation tests completed, reference 
tests underway 

- Complete fission product retention demonstrated up to 
1600-1700 С 

FUEL DISPOSAL 
- No reprocessing envisaged 
- R&D program for intermediate dry storage 

with AVR and THTR fuel elements continuing 
- Final disposal in a salt mine will be demon

strated by application of techniques developed 
for heat generating medium-active waste 

- The combination of coated fuel particles and 
spherical fuel elements is perfect conditioning 
for intermediate/ long-term/ final storage 



HTR Modular Industry Reactors 
Design and R&D-work since 1979 for two concepts: 
- HTR-module by Siemens/lnteratom (slde-by-side 

configuration) 
- HTR 100 by HRB/ABB (in-line configuration) 
In 1988 decision by Siemens and ABB 
- to combine their HTR-activities and capacities 
- to concentrate industry reactor development on 

the side-byside concept only 
- to suspend in-line concept development work 
HTR-module development status 
- basic engineering and preliminary safety analysis 

report completed 
- detailed engineering started for reference concept 
- critical safety concept analysis work by licensing 

authorities (state Lower Saxonia) continued aiming 
at concept approval in '89; 
dominant passive safety features accepted 

- extensive R&D for safety analysis, component 
development and improvement to reduce prototype 
plant risks 

Investigation of process heat applications by opti
mization studies for combined nuclear heat supply -
industrial process systems 
international marketing efforts by various feasi
bility studies for HTR-module applications 

HTR 5 0 0 

German-Swiss joint project 
Preliminary design phase completed 
Order to ABB placed by German and Swiss 
utilities for first design phaso aiming at 
site - independent licenee 
Extensive R&D-work going on to reduce risks 
and f i rst -of - i ts -k ind costs 
Major Improvements compared to THTR 3 0 0 
- LEU-fuel 
- once through than out (OTTO) fuelling scheme 
- blower w i t h magnetic bearings 
- separate decay heat removal systems 
- conventional quality of secondary circuit 

components 
- vented confinement 
- preliminary specific electricity/steam generating 

costs comparable to standardized LWR 
- high safety quality relying on passive 

system behaviour 
- core -meiting excluded 
- emergency evacuation plans unnecessary 



STATUS OF THE HTTR PROJECT IN JAPAN 

K. SANOKAWA 
Department of Power Reactor Projects, 
Japan Atomic Energy Research Institute, 
Tokai-mura, Naka-gun, Ibaraki-ken, 
Japan 

1. Introduction 

In 1969 the Japan Atomic Energy Research Institute (JAERI) 
started the development of a very high-temperature gas-cooled 
reactor (VHTR) which can produce gas of nearly 1000"C at the 
outlet and research and development (R&D) on various subjects 
such as fuels, materials and components have been carried out. 
The social situation since the start of R&D for the VHTR has 
changed, and presently the demand of nuclear heat in Japan is not 
so strong. 

In June 1987, the Japanese Atonic Energy Commission issued 
the revision of the Long-Term Program for Development and 
Utilization of Nuclear Energy, recommending that Japan should 
proceed with the development of more advanced new technologies 
for the future, parallel to the existing nuclear systems. It 
also emphasizes that the HTGR is one of the most promising reac
tors with high efficiency and inherent safety, therefore it 
should be explored for the broader use of nuclear energy, not 
only for power production. Then the early construction of a 
High-Tenperature engineering Test Reactor (HTTR) by JAERI was 
proposed. 

Based on this program, JAERI has changed the "VHTR program" 
for "HTTR program" to establish the HTGR technology basis and 
upgrade them. 

The permission of the HTTR construction was made by the 
Science and Technology Agency (STA) in February 1989. 

2. Outline of HTTR 

The HTTR consists of a core of 30 MWt, a main cooling cir
cuit, an auxiliary cooling circuit and related systems. The 
reactor pressure vessel is 13«2 m high and 5.5 m in diameter and 
contains the core, graphite reflectors, core support structure 
and radial restraining devices. A major specification is listed 
in Table 1. The reactor building contains a containment vessel, 
sub-systems for cooling systems, ventilation and air conditioning 
systems, a reactor control room, a spent fuel storage pool, etc. 
as shown in Fig. 1. The reactor vessel is placed at almost the 
center of the reactor building. The containment vessel is rather 
amall and it has a big nozzle above the reactor vessel. The 
nozzle cover can be removed during refueling. 

The reactor core is graphite-moderated and cooled by helium 
gas, and prismatic fuel elements in the form of hexagonal blocks 
are used. The active core consists of 30 fuel columns and 7 
control rod columns, and each column of 2.9 m high has 5 blocks. 

Table 1 Main parameters of HTTR 

Reactor thermal output 

Reactor outlet coolant temperature 

Reactor inlet coolant temperature 

Fuel 

Fuel element type 

Direction of coolant f low 

Pressure vessel 

Number of main cooling loop 

Heat transmission 

Pr imary coolant pressure 

Containment type 

Plant lifetime 

30 M W 

8 5 0 " C / 9 5 0 ' C 

3 9 i ' C 

Low enriched UOj 

Prismatic block 

D o w n w a r d - f l o w 

Steel 

1 

IHX and PWC (parallel loaded) 

4 M P a 

Steel containment 

20 years 



Fig. 1 Bird's-eye view of the reactor building 

The active core of 2.3 ш in diameter is surrounded by 12 replace
able reflector columns, 9 reflector-zone control rod columns, and 
3 irradiation test columns. The permanent reflector surrounds 
the replaceable reflector, and consists of large polygonal 
graphite blocks fixed by restraining devices. Each hexagonal 
graphite block has three dowels on the top and three associated 
sockets at the bottom, and the blocks are fixed by the dowel 
sockets. This method has been proved sufficient against the 
earthquake required for the design. 

Reactivity control is provided by control rods which are 
individually supported by mechanisms located in stand-pipes 
connected to the hemispherical top head of the reactor vessel, 
and inserted into channels in the core and replaceable reflector 
region. The reactor shutdown under the high-temperature condi

tion is made by inserting 9 pairs of control rods into the 
reflector region firstly, while 7 pairs of control rods in the 
core region are added for the shutdown at low-temperature. Back
up shutdown capability is provided by inserting boron 
carbide/graphite pellets into separate holes in the control rod 
blocks. Refueling is accomplished by reactor shutdown and 
depressurized. 

The reactor core is cooled by helium gas of 395°C at the 
reactor inlet temperature which flows downward through the core. 
The maximum fuel temperature in the normal operational condition 
is approximately 1500°C. Reactivity power coefficient is largely 
negative and each reactivity temperature coefficient is also 
negative. Major nuclear and thermal-hydraulic characteristics 
are tabulated in Table 2. 

Table 2 Major nuclear and thermal-hydraulic parameters 

M o i n f p o c i f i c o t i o n 

T h e r m e ! p o w e r 30 M W 
Core d i a m e t e r 2.2 m 
Core h e i g h t 1.9 m 
A v e r a g e p o w e r dentitf 2.5 W / c m » 
Fuel l o a d i n g o f f - l o a d , 1 b o t c h 
N u c l e a r 

E x t e s t r e a c t i v i t y \l% J k 

U r a n i u m e n r i c h m e n t 3 ~ 1 0 w l # 

o v e r a g e CDOUt Ш% 

Fuel b u r n up ( a v e r a g e ) 22 C W d / t 

R o o c l i v i l y coeff ic ient 

Fuel t e m p e r a t u r e coeff icient - ( 4 . 6 t o 1 . 5 J X 1 0 - » 

M o d e r a t o r t e m p e r a t u r e coefficient ( - 1 7 . 1 t o 0 . 9 9 J X 1 0 - » Л к / к / " С 

P o w e r c o e f f i c i e n t - ( 2 . 4 to 4 . 0 ) X ) t > l ^ V / k / M W 

P r o m p t n e u t r o n Ш е l i m e 0 . 4 7 — 0 . 7 S m i 

t f f e c l i v e d e l a y e d n e u t r o n f r a c t i o n 0.00<7—o.ooss 
T h e r m a l - h y d r a u l i c 

T o t o l c o e l o n t f l o w 10.2 k g / f 

fnfef c o o l a n t t e m p e r a t u r e 3 9 5 ' C 

Outlet c o o l a n t l e m p e r o t u r e 9 5 0 " C ( m a x . ) 

P o w e r p e a k i n g f a c t o r 

R a d i o l 1.1 

A x i a l 1.7 

I f f e c f i v c core c o o l a n t f l a w r a t e t l % 

•Max. f u e l t e m p e r a t u r e 1 4 9 5 " C 



A fuel element assembly, 3& era across the distance between 
side surfaces and 58 cm in length, is made of fuel rods and a 
hexagonal graphite block. The fuel consists of TRISO coated 
particles of low enriched uranium oxide whose average enrichment 
is about 6 % and the kernel diameter is 600 urn. The particles 
are scattered in a graphite matrix and sintered to form fuel 
compacts which are contained in a sleeve to form a fuel rod. The 
fuel rods of З.Л си in diameter are contained within vertical 
holes of the graphite blocks. Helium gas flows through the gap 
between the vertical hole and the fuel rod to remove heat 
produced by fission and gamma heating. 

The associated fuel performance tests for domestic fuels 
have been conducted in the in-pile gas loop (0GL-1) and other 
out-of-pile facilities, and thermal-hydraulic tests have been 
performed in the Helium Engineering Demonstration Loop (HENDEL). 

The reactor cooling system is composed of a main cooling 
system (MCS), an auxiliary cooling system (ACS) and two reactor 
vessel cooling systems (VCSs). 

The MCS is separated into two lines outside the reactor 
vessel. The heated helium gas is cooled by a He/He intermediate 
heat exchanger (IHX) in one line or cooled directly by a pres
surized water cooler (PWC) in the other line. Heat is finally 
removed by an air cooler in both lines, although another PWC is 
necessary after the IHX in the first line. When the first line 
with heat transfer capacity of 10 MW is operated; the second line 
with heat transfer capacity of 30 MW is operated at 20 MW. 

The IHX is a heat exchanger of vertical helically-coiled 
counter flow type. Primary coolant flows on the shell side and 
secondary coolant in the tube. Materials for the cold pressure 
boundary and very high-temperature structures are 2 1/4Cr-1Mo 
steel and Hastelloy XR, respectively. The PWC is very similar to 
the IHX, which is a vertical U-tube type heat exchanger. Primary 
helium gas coolant flows outside the heat transfer tubes and 
pressurized water flows inside the tube. 

Thermal and fast neutron fluxes in the core and reflector 
regions as indicated in Fig. 2 are of the order of 10 I 7 n/m 2-s, 

and the temperatures are between Л00°С and 1100°C, depending on 
the axial and radial positions in the core. Irradiation tests of 
spherical fuels by using a basket are also planned, and capsules 
are intended for irradiation of small samples. 

C t n l t r c o l u m n teil r t ç j l o n 

Fig. 2 Cross sectional view of irradiation regions 

3. Present status of HTTR project 

Figure 3 shows a current schedule of the HTTR project. The 
final stage of detailed design has been started, and the con
struction was scheduled to begin early in 1990 and first 
criticality to be reached in FÏ 1995. 

The part of construction budget of HTTR for the site ar
rangement and manufacturing the reactor core support structure 
was approved in January by the Ministry of Finance. Consequently 
the safety review by the Government has already been started 
since February. 

By the request of the STA, the Reactor Safety Research 
Association has reviewed the safety evaluation guideline and 
started the work on the general design criteria, design code and 
guide for graphite and high-temperature structure of the HTTR. 
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Fig. 3 Schedule of HTTR program 

The related R&D has been almost finished to validate the design 
and safety of the HTTR and now been directed toward upgrading 
high-temperature technology. 

The HTTR is the sixth "graphite-raoderated and helium gas-
cooled reactor" in the world and is expected to be served as a 
test facility to establish basic technologies for advanced HTGRs 
and also to conduct innovative researches on high-temperature 
technologies. Demonstration of nuclear heat process utilization 
using the HTTR will be also planned as the international coopera
tive program in the future. 

HTGR DEVELOPMENT IN SWITZERLAND — 
PROGRESS REPORT 1988 

R. BROGLI 
Paul Scherrer Institute, 
V i l l i g e n , Swi tzer land 

General S ta tus 

Although the increased demand for e l e c t r i c a l energy in Switzerland amounts t o 

seme 2 , 5 to 3 % per y e a r , no p r o j e c t s for new nuclear power s t a t i o n s are 

s e r i o u s l y considered for the p r e s e n t . This i s mainly due to uncer ta in ty about 

the future of nuc lear energy in S w i t z e r l a n d , which w i l l be decided in 1992 

by publ i c v o t e . 

N e v e r t h e l e s s , both industry and the u t i l i t i e s are s t i l l i n t e r e s t e d in the 

development of the HTGR, with regard t o i t s a b i l i t y to meet future s a f e t y 

requirements for nuc lear generat ion of e l e c t r i c a l energy. 

Work in the f i e l d of HTGR development i s performed in Switzer land by 5 i n d u s t r i a l 

companies and by the Paul Scherrer I n s t i t u t e (PSI , formerly the Federal I n s t i t u t e 

o f Reactor Technology) , l inked toge ther in the IGNT (Swiss I n t e r e s t Group for the 

development o f Nuclear Technolog ies ) wit l i in the framework o f the German HTR-500 

p r o j e c t , the aim of which i s t o prepare a bid f o r a 550 Mwe HTGR paver s t a t i o n 

wi th in 4 to 5 y e a r s . 

An order for the f i r s t part of the planning phase of t h i s p lant has already been 

placed by German u t i l i t i e s . A group o f Swiss u t i l i t i e s has decided to p a r t i c i p a t e 

in the p r o j e c t . 

Another p r o j e c t which has been pursued in Switzer land in recent years i s the 

GHR ; a small pebble-bed HTGR for d i s t r i c t - h e a t i n g purposes . In 1988, work f o r t h i s 

p r o j e c t has been l i m i t e d for p o l i t i c a l reasons . 



The activities of the partners of the IGNT, performed mainly in the context of the 

HTR-500 project, are summarised below. 

Generic research (Paul Scherrer Institute) 

Due to the fact that project-related tasks had not such high priorities as in 

previous years, research and development for gas-cooled reactors at he PSI 

followed more generic and safety-oriented lines. 

Generic research has been done in the thermohydraulics, to investigate the fluid 

stability of down-flow evaporation under reduced mass flowrates, particularly 

for startup und shutdown conditions, and also in material science where fracture 

mechanics of nickel-base alloys of steel under stress and strain are carried out. 

In reactor physics a modular code system has been developed as a tool for layout, 

practical design and licensing of new gas-cooled reactor concepts. The validation 

of the code system is still in progress. 

Safety-oriented work was carried out in reactor physics and in material science. 

Gas/metal interaction (helium corrision) has been studied by varying the fracturai 

contents of air and water in the coolant gas stream. Furthermore, protecting layers 

to withstand fretting and wear are being tested under operating conditions. It is 

well known that water ingress into an HTR reactor core needs to be studied, as not 

enough reliable data for LEU-fuel are avaliable. Л new critical experiment in 

support of helium cooled, graphite moderated reactors using low-enriched uranium/ 

graphite high temperature fuel has been planned. International support and partners 

fot the execution and analysis of these experiments are being soughc. 

Investigations and experiments on prestressed concrete reactor pressure vessels 

(Bonnard & Gardel) 

As an intermediate step in proving the integrity of the PCRV under operating 

conditions the stresses and deformations have been calculated, based on a 

linear elastic materials model. 

Experiments to investigate the influence of hydro-thermal effects on the deformation 

of the PCRV had already begun in 1985. These experiments were continued in 1933 

with different concretes and at different temperature levels. 

Another experiment is being conductsd to determine the temperature and 

humidity distributions behind the liner, which are significant for the 

corrosion behaviour of the liner itself and the tubes for the prestressing 

cables. Other charateristics such as heat conductivity, heat capacity and 

diffusion coefficients for water, steam and air are also being measured. 

A large-scale experiment is in preparation on the behaviour of the cover 

for the steam-generator cavern in combination with the vessel structure 

under operating and failure conditions. 

Seismic Response of the Pebble Bed Core (Elektrowatt Engineering Services Ltd) 

The aim of this task is the development of numerical methods (i.e. computer 

codes) for calculating the seismic response of the core of a pebble bed reac

tor. These methods are intended to be used during the licensing process, for 

the proof of safe behaviour. 

This analytical task is complimented by the experimental programme on seismic 

response which HRB is conducting on its large vibrating table "Samson" at the 

Juelich nuclear research centre, with the aim of verifying the analytical model 

by means of the experimental results. 

A significant result was recently achieved with regard to the natural frequency 

of pebble bed configurations. The analytical prediction of the natural frequency 

based on a replacement of the pebble bed by an equivalent continous body employing 

a specially developed materials law, was in excellent agreement with the 

experimental values. 



Effect of the pebble bed load on the reflector and the core bottom 

(Motor Columbus Engineers Inc.) 

Тле aim of these tasks is to calculate the stress and deformations of the side 

reflector and of the core bottom induced by the weight of the pebble bed, by 

tne introduction of the control rods into the core and by thermal expansion. 

Work on these tasks is in the starting phase. The basic tools for the calculation 

have been prepared and the basic hardware and software have been made available. 

Certain engineering tasks such as preliminary analysis and structural improvements 

were carried out. 

Cooling Water Systems (Elektrowatt Engineering Services Ltd.) 

The aim of this task consists of an optimum layout and design of the main 

cooling system and of the cooling water systems for the decay heat removal 

circuits and for the reactor auxiliary circuits of the HTR-500. 

This task is being carried out in close cooperation with ABB-Mannheim, whereby 

an optimum combination of fulfilling the safety requirements, operational 

reliability and economics is being aimed at. 

Steam Generators (Sulzer Bros. Ltd) 

Development of the HTR-500 steam generator (SG) was continued. Emphases was 

placed on the expansion zone, the tube sheets and the feedwater throttling 

device. Design and analysis documents were prepared for the non-site-specific 

preliminary safety report. 

A critical design review of the SG for the US-DOE Modular HTGR project was 

performed. Areas of particular attention were materials, manufacturing and 

operational aspects. 

Results from the THTR SG operation were analysed. Good agreement between bundle 

measurements and predictions could be confirmed. 

A densely instrumented tuble bundle was built to investigate special low load 

and transient conditions of downward evaporating SGs. The associated test loop 

for this HEFF program is being assembled. 

Heat Exchangers (Sulzer Bros. Ltd ) 

Development of the HTR-500 heat exchanger (HX) for decay heat removal was 

continued. Two alternative designs have been proposed and analused. For the 

selected variant the appropriate documents are being prepared for the preliminary 

safety report. 

After satisfactory operation at 950°C, the 10 MW intermediate He/He-HX was 

removed from the KVK test loop. Review of the test data showed good agreement 

with analytical predictions. Development of a 170 MW unit for the German nuclear 

process heat programme is close to completion. 

PCRV Components (Sulzer Bros. Ltd) 

Work commenced for the HTR-500 penetration liners, with emphasis placed on the 

feedwater and steam penetrations. 

Contributions were made to a joint HTR-500 development task for a novel penetration 

closure design. Effort concentrated on the sealing device. 

Davelopment of a micro-processor based, bus-oriented control system 

for reactor protection of HTR-500 (ABB Asea Brown Boveri AG) 

The aim of the task is to develop a control system based on today's micro

processor technology with the use of a bus for multiplexed signal transfer. 

The hardware and software required for this function will be developed and 

the qualification performed. 



Functi_ons_to be performed 

For the reactor protection system the following functions are required : 

- signal conditioning 
- signal transmission 
- signal distribution 
- signal processing (validation, set points, etc.) 
- logic functions, voting 
- protection function, annunciation 
- self-supervision 

Up to now the very complex interlinking of process information was performed 

by hardwired equipment. The application of logic software and bus transmission 

is a larye step towards simpler structures, more information, more comfort and less 

volume of material. 

Applicable Codes & Standards 

The control system will be developed on the basis of the rules of the federal 

German Kerntechnischer Ausschuss (KTA). 

For software qualification regulations are being drafted, but only for trail 

use. The development will be baised mainly on 1EC Publication 880 as well as 

on studies and publications of the federal German Technischer Ueberwachungsverein 

(TUeV). 

The ? & D project has now reached completion of its first phase. This comprises 

the following tasks : 

Basic System Concept 

Concept for further activities of detailed engineering 

Qualification concept 

The reactor protection system sonsists of four redundant trains, physically 

separated. 

To permit signal traffic between distributed stations of sensor input and signal 

conditioning, signal processing and communication with other trains, each train 

is equipped with an independent bus. 

To prevent interaction, single stations of the- train and trains are mutually 

coupled to the bus by means of fibre optics. Thus signal information is 

available in each train. 

The protection signal is produced in each train, and protection initiation 

released by a fail-safe voter unit, dedicated to each redundancy of actuation. 

Further Activities 

The next steps will consist of detailed engineering work on the concepts 

outlined above with the goal of a licensing basis. 
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STATUS OF WORK ON GAS-COOLED REACTORS 
IN THE USSR 

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

Today the nuclear power (HP) is being developed primarily on 
the way of electricity production and in this field a significant 
success поз been achieved in a number of countries. 

With oil and gaa prices being continuously changed on the world 
market, HPPs have become economically competitive with the conven
tional power plants using the fossil fuel. 

Mastering cl nuclear energy sources has also been started for 
production of low-temperature heat on the basis of the nuclear dis
trict heating plants (1ШНР) and nuclear co-generation p lant3 

(KCGP). 
The expansion cf the field of nuclear power application for 

industrial and residential district heating and energy supply of 
oil- and gas-consuming industrial technologies is becoming ever core 
urgent. 

Since nuclear power is developing at a rapid pace especially 
Important becomes the problem of further improvement of nuclear 
and radiation sefety, and nuclear reactor operation reliability, and 
assurance of e reliable protection of the public and environment 
against the radioactive effect. 

This problem becor.es most acute in connection with the need 
of VS epplicaticn for industrial and district heating and process 
heat production which vail inevitably lead to siting the energy so
urces maximum closely to the consumer. In such large-scale 3? de
velopment the probability of sever accidents with a significant ra

dioactivity discharges must not exceed 1 0 " ' - 1 0 1/reactor year, 
which will require radical improvement of the existing nuclear sour
ces and increase in the reliability of their systems and equipment 

and also development of quite now engineering concepts and reactor 
technologies. 

The analysis of various nuclear reactor protection Demis shows 
that the most reliable are those which act according to the physical 
and other natural lav/з directly in reactor materials or core struc
tural components not requiring any external power supply / 1 / • 

These are first of all the so-called inherent reactor safety 
properties based on thermohydrauliç, nuclear, physical, chemical, 
and other parameters and reel structural characteristics of the re
actor unit. 

The passive protection means can also be considered reliable. 
Their operation does not require external power supply, so they always 
operable. 

The combination of the inherent properties and passive means of 
reactor shutdown and residual heat removal makes the nuclear source 
highly self-protective, I.e. In cose of the accident situation the 
effect on the environment is minimized without using the active pro
tection means and intervention of the operating personnel. 

To a significant degree these safety criteria are met by the 
high-temperature gas-coolod reactors (HTGR) whose core has no matal
lie structural materials and uses graphite and ceramic fuel as the 
main components and whose coolant is an inert gas, helium, which 
permits high temperatures to he obtained and a nuclear fuel to he 
effectively utilized. 

The high-temperature potential of these reactors will enable 
them to be used as a universal energy source for co-generating high-
temperature steam, and electricity and power supply of the distant 

http://becor.es


distributed consumers. The effectiveness of HTGR аз an energy sour
ce is determined by a high heat conversion efficiency, lower heat 
discharges to the environment, water economy in the case of use of 
dry cooling towers. 

A high level of HTGR safety can be reached on account of opti
mal use of the reactor self-protectivenesa, and primarily of its 
inherent safety properties. 

The above qualities in combination with low volume pcwer densi
ty, minimum reactivity margin for uurnup due to organizing conti
nuous refuelling, single-phase character and chemical inertia of 
the helium coolant provide a long "vitality" of the unit even in the 
accidents with complete loss of forced cooling and introduction of 
the excess reactivity. 

An important factor is that accidental processes in HTGR develop 
very slowly and, therefore the personnel has enough time for detec
ting the causes of the accidents and taking measures for their 
elimination. 

The main HTGR features are presented in Table I. 
In the USSR R and D works on a number of pilot plants of vari

ous capabilities are being carried out es well as investigations 
of most effective HTGR applications. 

The analysis of the heat energy market structure of some indus
trially developed countries has shown that in addition to the con
ventional high-power HPPs built recently, there is need for develop
ment of а пе№/ concept of a snail- and medium - pov/er nuclear energy 
source whose power utilization factor and high safety could meet 
the requirements of continuous productions. 

The VTR-M modular reactor with a unit power of 200-300 UN (th) 
is considered as such a low-power pilot unit / 1 , 2 / . 

TABLE I 
HTGR FEATURES 

SAFETY 
HIGH INHERENT SAFETÏ CHARACTERISTICS 
PASSIVE REMOVAL OF RESIDUAL HEAT 
HIGH RADIATION AND THERiiAL STABILITY OP FUEL 
IMPOSSIBILITY OF CORE MELTING 
CHEMICALLY INERT HELIUM COOLANT HAVING ПО PHASE 
TRANSITIONS 

HIGH TEMPERATURE 
POTENTIAL 

EFFECTIVE REPLACEMENT OF FOSSIL FUEL 
UNIVERSAL ENERGY SOURCE: 
INDUSTRIAL TECHNOLOGICAL PROCESSES 
LONG-DISTANCE ENERGY SUPPLY 
STEAM GENERATION AND RESIDENTIAL DISTRICT HEATING 
ELECTRICITY GENERATION 

ECOLOGY 
Н1111Ш№ HEAT IMPACT OF ET/IRONÎŒNT 
EFFECTIVE UTILIZATION OF NUCLEAR FUEL 
SAVING OF WATER RESOURCES WITH USE OF DHY TOWERS 
LOW RADIOACTIVE PRODUCT RELEASE IN PLANT OPERATION 
SHALL AMOUNTS OF RADIOACTIVE WASTES 

The power needed for large industrial complexes is reached by 
use of several (2 to 5) modular reactors of the ва№е type, which also 
permits to have the necessary thermal power reserve. 



Various designs of modular reactors which differ in the arran
gement (integrated or block) of the main equipment, direction of the 
helium flow, number of loops of the main reactor cooling system, 
presence of auxilliary cooling loops etc. have been considered. 

Fig.1 shows the lay-out diagram of the VTH-H modular reactor 
arranged integrally with the primary equipment in a single prestres-
sed vessel. The реЪЫе-bed-type core is located in the bottom part 
of the vessel. In the top part the steam generator and the control 
and safety rod drives are accomodated. Two gas blowers set cn 
extension pipes move the gas coolant upward. Two independent sy
stems of reactivity suppression are supposed to be used in the re
actor: the control rods set in the reflector channels and the gado
linium reactivity compensation system (GRCS). 

Tig.2 presents the block lay-out of the VTR-И modular reactor 
with the core and heat exchanging equipment accomodated in the 
separate steel vessels. The reactor plant has one main reactor co
oling circuit and one auxilliary cooling loop. The coolant is moved 
dovmward to the core. 

The main reactor cooling circuit comprises the mein circulator, 
the hic-h-temperature heat exchanger, and the steam generator. The 
plant is supposed to be mastered step-oy-stec: the first staçe -
attainment of a temperature of 750°C end production of superhected 
steam; the second stage - attainment of a temperature of 950 
and generation of high-temperature heat in the high-temperature heat 
exchanger and superheated steam in the steam generator. 

The auxillioxy loop power is about 3% of the rated one and is 
intended to cool the shut-down reactor. The control rods and absor
bing spheres accomodated in the reflector channels are oupposed to 
act аз the control and safety system. 

FIG. 1. VTR-265 reactor. 



FIG. 2. VTR-M reactor. 

Both versions of the modular reactor are provided with the sur
face coolers located in the concrete pit and intended for removal 
of the reactor residual heat under normal and accidental operation 

conditions. After this system has proved reliable and the vessel 
steel has been certified for multicycle loads, the auxilliary loop 
can be eliminated in subsequent commercial designs. 

The main characteristics of the two versions of the modular 
reactors are listed in Table 2. 

TABLE 2 

MAIN CHARACTERISTICS OP MODULAR PLAUTS WITH HICH-
TE11PERATURE REACTOR 

PARAMETER VTR-U 
IHTECRATED 
LAYOUT 

VTR-U 
BLOCK 
LAYOUT 

REACTOR THERIiAL POWER, Ш 
PRIMARY CIRCUIT PARAMETERS: 

PRESSURE КРа 
OUTLET HELIUK TEMPERATURE °C 

POWER DENSITY KY//ra3 . 
TYPE 0? FUEL ELEMENT, diam.,rai 
NUMBER 0? FUEL ELEMENTS 
IN THE CORE, pes 
FUEL ENRICHMENT, % 
AVERAGE, FUEL BURÎ.TJP HW/doy 
CORE LIFETIME, eff.days 
NUMBER OF COOLING LOOPS 
STEAM PARAMETERS: 

PRESSURE, ЦРа 
TEMPERATURE °C 
REACTOR VESSEL 

200-250 

6.0 
750 

4-5 

200 

5.0 

750(350) 

3 - 4 
SPHERICAL, 60 

2.5.105-3.0.105 

8.0-10.0 
6.5.Ю4 

500 

2 

13.0 
535 

8.0-10,0 

6 . 9.Ю 4 

600-900 

1 

17.0 

540 
STEEL 



The analysis of the main characteristics of both modular reac
tor versions was in favour of the VM-M modular reactor with the 
block arrangement. This version has been adopted for the further 
design development. 

The modular plants have the following features: 
- possibility of construction of a universal energy source 

for co-generation of process heat, steam and electricity; 
- a high degree of safety provided by the reactor inherent pro

perties; 
- reduction of the construction period and the possibility of 

continuous increase of the plant capability; 
- high standardization and commercial manufacturing of the 

nain and auxilliary equipment; 
- competitiveness relative to high-power МРРз and fossil-fue

lled plants, etc. 
Recently, the interest in the modular reactors has significan

tly grown not only in the developed countries but, in the opinion of 
the IAEA experts, this trend may also be a good stimulus for deve
loping nuclear power industry in small end developing countries. 

Along with development of the modular reactors in this country 
the works are.in progress on the VG-40D pilot energotechnologicnl 
installation (Fig.3) intended for co-generation of high-temperature 
heat, steam and electricity for large power-intense industries /3/. 

The main characteristics of the installation ere presented in 
Table 3. 

The VG-400 reactor has the integrated arrangement of the pri
mary equipment in the milticavity prestressed concrete vessel /4/. 

The pebble-bed core is installed in the central vessel cavity 
while the heat-exchange equipment (high-temperature heat exchangers, 
steam generators) are accomodated in its peripheral cavities. The 
once-through-then-out principle (OTTO) is realized in the core. 

FIG. 3. VG-400 reactor. 

1. P C R V 
2 . R E A C T O R C O R E 
3 . M A I N G A S B L O W E R 
4. S T E A M G E N E R A T O R 
5. I N T E R M E D I A T E H E A T E X C H A N G E R 
6. I O N I Z A T I O N C H A M B E R 
7. C O N T R O L R O D ( S I D E ) 
8. C O N T R O L R O D ( C E N T R A L ) 
9 . L O A D T U B E S 

10. B Y P A S S V A L V E 
11. D I S C H A R G E T U B E 

To ensure higher uniformity of the fuel element motion la tho 
core three discharge tubes are provided. 

The plant has an intermediate helium circuit which prevents 
the radioactive fission products from penetrating to the technologi-



TABLE 3 

MAIN CHARACTERISTICS OP VG-400 

THERMAL POWER 
HELIUM TEMPERATURE, 

OUTLET 
IHLET 

HELIUM PRESSURE, 
CORE DIMENSIONS D/H 
TYPE OP FUEL ELEIffilJT, 
DIAM., 
NUMBER OF FUEL ELEMENT 
IM SHE CORE, 
INITIAL FUEL EKRICHÜSJT 
POWER DENSITY 
AVERAGE FJEL 

BURIJUP 
CORE LIFETIME 
NUMBER OF COOLING LOOPS 
STEAM PARAMETERS 

PRESSURE 
TEMPERATURE 

REACTOR VESSEL 

MW 
°C 

MPa 
m 

pea 
% 
ЮТ/пг3 

SPHERICAL 

MW. day/ton 
eff.days 

MPa 
°c 

1 0 6 0 

950 
350 

5 

6.4/4.6 

60 

8 . 1 0 5 

6.5 
6 . 9 

70.000 

320 

17.5 

535 

PCRV 

cal circuit. The intermediate circuit increases the plant safety and 
reliability and permits the plant to be used for various energo-
technological productions. 

She VG-400 plant safety.is ensured by the inherent properties, 
structural factors, including the multibarrier system of radioacti
vity localization,use of the reactor containment four-loop emergency 
cooling system providing the reactor heat removal under all accidental 
conditions including the primary circuit depressurization. 

The schematic diagram of the plant is shown in Fig.4. 
Studies on expanding the nuclear energy application confirm great 

possibilities of HTGR capable of heat production over a wide tempera
ture range and having favourable nuclear and radiation safety charac
teristics. 

CHEUICAL PROMS 
III! LINfl 

TO DISCHARGING 
SYSTEM 

FIG. 4. Schematic diagram of the nuclear power process complex VG-400. 

At present the industrial and residential district heating mokes 
up a considerable fraction, more than 60%, of the total energy con
sumption in the fuel-energy balance of this country. 

Fig.5 / 1 / presents the approximate diagram of the temperature po
tential dependence of the thermal energy consumption in the national 
economy on the whole and, in particular, for the industry. It fol-



FIG. 5. Dependence of thermal power consumption on the temperature potential in the national 
economy ( 1 ) and industry (2). 

lows iron the diagram that about 50Я of the thermal energy Is consu
med at a temperature higher than 400-450°C and about 20?» in the tem
perature range 450 to 250°C, which can be realized by the HTGR heat. 

At the first stage HTCR are supposed to be used for industrial-
heating Î1CGP of enhanced safety. With use of the closed gas-turbine 
cycle the possibility crises to increase the effectiveness o f heat 
and power co-generation (by 20 to 25%). 

Since in such plants the temperature of the waste heat is suffi
ciently high, the dry cooling towers can be used there,which is 
especially important for districts with scarce water resources. 

Further, as the high-temperature reactor technology is mastered 
the HTGR-based nuclear energotechnological plants (NET?) Tri.ll be con
structed for heat end power supply of various technological processes 
methanol and anxionia production, oil extraction end recovery, pro
cess gaa end hydrogan production, synthetic fuel production fron 
coal etc. 

Налу of these processes will be aeoonplished on the basis of 
the methane stetva conversion technology currently used In the Indus 
try. Use of this technology in combination with HTGR will serve as 
the basis for construction of the first HETPa in the nearest fu
ture. 

Thus, HTGR provides the basis for designing effective energy 
sources of the new generation, assuring a high safety and capable 
of generating high-temperature heat. 
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THE UK GAS-COOLED REACTOR PROGRAMME — 
PROGRESS DURING 1988 

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

Abstract 

This paper summarises key developments during 1988 on the 26 Hagnox reactors 
and 14 AGRs now operating in the UK. Details are given of long-term safety 
reviews of the Berkeley and Bradwell Hagnox stations which resulted in a 
decision by CEGB to cease generation at Berkeley but to continue operation at 
Bradwell. The summary of operating experience with the AGRs concentrates on 
the completion of construction and successful commissioning of the second 
generation AGRs at Heysham 2 and Torness. An appended article by John Wilson, 
Deputy Director of the UKAEA's gas-cooled reactor RSD programme, gives details 
of the aims and achievements of the programme during 1988. 

Haqnox Reactors 

The Magnox stations operated by BNFL, CEGB and SSEB continued to run very well 
during 1988. In July, CEGB announced plans to cease generation at the 
Berkeley nuclear power station in Gloucestershire. The decision was made on 
economic grounds. The CEGB have stated that in their judgement all the 
remaining CEGB Hagnox stations will continue in operation for the present 
planned life of 30 years. Background information on decisions made by CEGB 
following long-term safety reviews of the Berkeley and Bradwell power stations 
is given below. 

Berkeley and Bradwell 

Berkeley nuclear power station in Gloucestershire, which first fed electricity 
into the national grid in June 1962, is to cease generation in 1989. This 
decision was made by the CEGB following a review of the value of its continued 
operation. Bradwell nuclear power station in Essex, which is of a similar 
oge, will continue to produce electricity. 

These decisions were reached after the publication in April 1988 of the 
assessment by the Nuclear Installations Inspectorate (N11) of the CEGB's long 
term safety review (LTSR) of Berkeley power station and after the N11 had 
asked for further work and assessments on Bradwell. An assessment of 
Bradwell's LTSR was published in 1987. The N11 concluded that reactor 
operations at both stations could continue for the time being subject to the 
satisfactory results of the regular test and inspection programmes. 

The Nil's requirements for licensing Berkeley to the end of its planned life 
in 1992, while technically feasible, were extensive. Even after these 
requirements had been met the station would still have operated only at 
restricted output. The work included improvements to the reactor secondary 
shut down system, the boiler emergency feed and fire protection systems, and 
the installation of an emergency reactor condition indication system. 

Berkeley already has operational handicaps. Since 1983 it has been necessary 
to shut its reactors down in order to refuel because the cost of installing a 
new pile cap fuel crane was uneconomic. One out of eight coolant gas circuits 
on each reactor is permanently closed and since 1983 pressure has been reduced 
by 10 per cent on both reactors. The effect of these restrictions had been to 
reduce output from 276 to 200 megawatts and limit the station's load factor. 
Berkeley has the highest operating costs of all the Magnox stations. The 
Nil's requirements taken together with the existing operating restrictions 
mean that it is no longer worth applying the time, money and technical 
resources needed to keep the station running for the small amount of 
electricity it would produce in the rest of its lifetime. Therefore, Reactor 
2 will shut down in October this year when it reaches its statutory inspection 
date, and Reactor 1 in March 1989 when it too is due to be shut down for overhaul. 

The decision to cease generation at Berkeley will release professional and 
technical expertise which can more effectively be used to improve the 
economics of the CEGB's other nuclear power stations. About half of the 532 
staff will continue working there for five years or so assisting in removing 
fuel from the reactors, waste management and essential maintenance. 

Although Berkeley is being shut down three years earlier than the CEGB had 
been planning, it has already run six years longer than the station builders 
first anticipated. It now seems likely that Berkeley will be the first 
commercial nuclear power station in the UK to be decommissioned. The CEGB is 
also considering a plan to turn it into a museum as the French are doing at 
Chinon. However, at Bradwell, which is a contemporary of Berkeley but of a 
different detailed design, the review came down in the station's favour 
because of the good operating conditions there, 

it operates at full declared output of 245 megawatts, 

both reactors operate at full coolant gas pressure, 

both reactors are refuelled on load without incurring costly shut downs 
every time fuel is changed, 

all circuits on both reactors are operating. 

Consequently, the improvements identified in July 1987 by the N11 to bring the 
station up to modem standards are economically justified. They also require 
little extra time for the reactors to be out of service. They include safety 
-!.ndies covering the pressure circuits and other factors, together with plant 
improvements such as modifications to increase earthquake resistance and the 
installation of gas circuit leak detection equipment. 



Some of this work has already been completed during the current shutdown of 
Reactor 1 and the Nil is expected shortly to issue a start-up certificate for 
this reactor. The remaining work, which will continue into 1989, includes 
improvements to shut down systems, fire protection, instrumentation and 
lifting equipment. 

In addition, the CEGB has demonstrated to the satisfaction of the N11 that the 
integrity of the reactor pressure vessels can be effectively monitored by the 
newly-installed leak detection equipment. The merits of operating Bradwell 
will be reviewed annually and will remain subject to the normal oversight and 
licensing of the N11. 

Advanced Gas-Cooled Reactors 

Although progress towards higher load factors at Dungeness B, Hartlepool and 
Heysham I has been disappointingly slow due to persistent engineering 
problems, the AGRs at Hinkley Point В and Hunterston В have continued to 
operate successfully and these stations regularly achieve load factors of 70 
per cent or better. The highlight of the year, however, has been the 
completion of construction and successful commissioning of the second 
generation AGRs at Heysham 2 and Torness. 

Site work for Heysham 2 and Torness, both featuring twin 660 megawatt AGRs, 
started in August 1980 and they were constructed close to estimated time and 
cose, being ready for fuel loading by the end of 1986. Approximately six 
months was lost during the early stages of commissioning to rectify a problem 
of control rod vibration. However, the subsequent stages of the commissioning 
programme at both stations have been extremely successful. Just 10 weeks 
after initial power raise the first reactors were brought up to full power. 
This achievement was nevertheless improved upon in December 1988 when CEGB 
claimed a record for the fastest run up to full power of a new commercial 
nuclear reactor. The second unit at Heysham 2 reached full output of 660 
megawatts in just 44 days. The second unit at Torness went critical at the 
end of last year and it is hoped to have it up to full power in February 1989. 

Both stations are expected to come in at close to original cost estimates. 
CEGB gives the total cost of the Heysham 2 station as 1.8 billion pounds 
(US $3.38 billion) at 1988 prices, only 5% more than originally planned. SSEB 
are reported to have claimed that total costs on the Torness project will be 
only 6% (in real terms) above 1980 estimates. 

There is also high expectation that the Heysham 2 and Torness reactors will 
produce significantly more power than the nameplate rating. They have a 
bigger core, 338 fuel channels compared with 308 in earlier designs. The 
first reactors at Heysham 2 and Torness are already licensed by the Nil to go 
to 682 megawatts, compared with the nominal rating of 660 megawatts. SSEB say 
the turbogenerators have plenty of capacity to go higher and believe they can 
present a case over the next 18-24 months to uprate the reactors to 720 
megawatts - 1440 megawatts gross from the station. The Chairman of SSEB 
believes it may even be possible to go as high as 745 megawatts on each 
reactor - a bonus of 170 megawatts for Torness. CEGB is also reported as 
seeing Heysham 2 in terms of uprated reactors. 

Other aspects of the UK gas-cooled reactor programme being carried out in 
support of the AGRs are dealt with in the appended article entitled "Advanced 
Uas-Cooled Reactor Research and Development" by John Wilson, Deputy Director 
of the UKAEA's gas-cooled reactor RfiD programme. The article appeared in the 
December 1988 issue of ATOM, the monthly magazine of the UKAEA. 



THE CEC ACTIVITIES ON GAS COOLED REACTORS 

C. VIVANTE 
Commission of the European Communities, 
Brussels 

No Community Gas Cooled Reactors research programme is performed 

within the Commission, although it keeps constantly itself informed, by 

an active participation on the different meetings which take place in 

the various countries and by granting a few study contracts on the subject. 

Regarding the AGRs,a first study contract has been awarded to the 

CEGB on the "Design and Safety Features of AGR Nuclear Power Stations". 

The report will givedesign safety criteria for one specific plant as well 

as some generic criteria.All safety related components and parts will be 

described in order to understand why specific solutions are chosen to 

meet postulated malfunctions or accidents. A fault analysis will be included 

and the analysis of a transient which may be the consequence of a fault 

on deterministic as well as probabilistic models. Consideration will also 

be given to methods on how to cope with severe accidents. Factors which 

may limit the safe operation of the plant will be evaluated on the basis 

of the experience gained in operating plants. 

In 1989, a second study contract is envisaged on Magnox nuclear power 

stations , the subject being similar to the one made for AGRs. 

As far as the HTRs are concerned the Commission has continued its 

investigation on the Market Potential of the High Temperature Reactors 

as Combined Heat and Power Plants. After the studies carried out in the 

FRG, France and Italy, now the same study is being carried by SENER for 

Spain. 

In this connection an informal group has been created with the partici

pation of representatives fron Interatom, KFA Jülich, Novatome, Politecnico 

di Milano and Sener, whose aim is to discuss the development of HTR as 

Combined Heat and Power Plants in the EEC. 

It is expected that after having analyzed the prospects of HTRs for 

co-generation in the different EEC Countries, to publish a single report. 
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