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1 . I N T R O D U C T I O N 

-4-.-1- - Scope 

The main scope of the development and experimental v e r i f i c a t i o n 
of a new type of Prestressed Concrete Pressure Vessel (PCPV) 
was a s ign i f i can t gain in operational safety and, as a conse
quence, a v a i l a b i l i t y . An analysis of possible disturbances and 
down-times of conventional PCPY's shows two ways to improve the 
operational safety: 
a) to make the working conditions of the l i n e r , the most essen

t i a l component , sa fer , thus decreasing the probab i l i t y of 
a leak; 

b) to Improve the p o s s i b i l i t i e s for Inspection» leak detection 
and repa i r , thus reducing shut-down times. 

The Austrian PCPV offers a solution to these requirements. 

! 

1.2 Main Features of tho Austrian PCPV D, ï\ U 

Ihe main charac te r is t ic * Of the new vessel concept, developped 
and tested in Aust r ia , are: 

Elast ic hot l i n e r , accessible for inspection and repa i r ; 
Adjustable wall temperature, Matching the respective opera* 
t ing conditions of HTR'» opt imal ly , 

. . . Leak l i m i t a t i o n and detect ion, control led leak evacuation* 

By optimization of the working conditions of the H n e r , espe
c i a l l y by balanced 11 ner* and concrete temperatures, the proba
b i l i t y of leaks Is reduced d r a s t i c a l l y according to scope а ) г 

Scope b) 1s achieved by the access ib i l i ty of the hot l iner and 
by the leak l i m i t a t i o n and 1«spect1on system, Ins ta l led In the 
thermal bar r ie r s i tuated between the hot l i ne r and the struc
tura l concrete. 

1.3 General Real izat ion 

F ig . 1 shows a schematic s impl i f ied cross section of the vessel 
w a l l , The thermal b a r r i e r , made of Heat resistant concrete, Is 
located between the e las t ic hot Uner and the cooling l i n e r , 
which Is pr imari ly a leak b a r r i e r . The Ut is f 1s anchored 1n the 
thermal bar r ie r to prevent b«ckHne, since I t undergoes only 
e las t ic compression, 

In conventional PCPV's a eooTing system located between l i n e r 
and vessel w a l l , controls the temperature of the structural 
concrete. This iystem protects the concrete" from high tempera
tures . In the Austrian vessel a s imi lar syftem, d is t r ibuted 
over the vessel w a l l , not only protects Ш eonerete but also 
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a l l o w s o p t i m a l b a l a n c i n g o f c o n c r e t e a n d Mnar t e m p e r a t u r e . 
W i t h t h i s s y s t e m t h e c o n c r e t e t e m p e r a t u r e c « n be a d j u s t e d i n 
b o t h d i r e c t i o n s by c o o l i n g o r h e a t i n g . 

F i g . 2 i l l u s t r a t e s two d i f f e r e n t s y s t e m s o f l e a k l i m i t a t i o n 
o r / and e v a c u a t i o n . The s y s t e m as a p p l i e d w i t h TH T R 3 0 0 1n 
S c h m e h a u s e n , l i m i t s l e a k s t o a v o l u m e somewhat g r e a t e r t h a n 
t h e o v e r a l y v e s s e l . I n t h e A u s t r i a n c o n c e p t a s t e e l b a r r i e r 
( c o o l i n g l i n e r ) b e t w e e n I n s u l a t i n g and s t r u c t u r a l c o n c r e t e 
l i m i t s l e a k s t o t h e v o l u m e o f t h e I n s u l a t i n g c o n c r e t e . 

The a d v a n t a g e s o f t h e A u s t r i a n s y s t e m a r e : 

P o s s i b i l i t y t o l o c a t e l e a k s ; 
E a r l i e r d e t e c t i o n o f l e i . k s ; 
S m a l l c o n t a m i n a t e d v o l u m e ; 
A c c e s s i b l e o u t e r s u r f a c e o f v e s s e l ; 
C l e a r s e p a r a t i o n o f t h e r m a l b a r r i e r f r o m t h e 
p r e s t r e s s e d c o n c r e t e * t h u s no c r a c k p r o p a g a t i o n 
f r o m t h e one t o t h e o t h e r - no p r e s s u r i r e d c r a c k s ; 
No u n c o n t r o l l e d m o i s t u r e m i g r a t i o n b e t w e e n h i g h 
( i n s u l a t i n g ) and l o w t e m p e r a t u r e c o n c r e t e . 

The e x p e r i m e n t a l v e r i f i c a t i o n o f t h e v e s s e l c o n c e p t and t h e 
t e s t i n g o f t h e f i r s t l a r g e s c a l e p r o t o t y p e v e s s e l a r e f a r 
a d v a n c e d . R e s u l t s a r e p r e s e n t e d i n two s e p a r a t e c o n t r i b u t i o n s 
t o t h i s M e e t i n g [ 3 , Q . 

2 . H T R A P P L I С A T I 0 N S 

By t h e b e t t e r t e m p e r a t u r e c o n t r o l and t h e h i g h s t r e n g t h m a r -
t e n s i t i c l i n e r QiJ t h i s v e s s e l can o p t i m a l l y be a d a p t e d t o t h e 
d i f f e r e n t s t e a d y s t a t e and t r a n s i e n t w o r k i n g c o n d i t i o n s o f 
H T R ' s . I n a s e r i e s o f f e a s i b i l i t y s t u d i e s and i n v e s t i g a t i o n s 
t h e a d v a n t a g e s o f t h e v e s s e l w e r e d e m o n s t r a d e d f o r G a s - C o o l e d 
R e a c t o r s . A d e t a i l e d r e f e r e n c e d e s i g n f o r a 1500 MWe PWR v e s s e l 
showed i t s a p p l i c a b i l i t y f o r w a t e r r e a c t o r s as w e l l С б 1 3 . 

2.1 HTR - К V e s s e l 

A f e a s i b i l i t y s t u d y o f a m u l t i c a v l t y PCPV f o r a d o u b l e - c i r c u i t 
HTR ( i n d i r e c t c i r c u i t ) w i t h s t e a m g e n e r a t o r s I n t h e v e s s e l w a l l 
was b a s e d on t h e f o l l o w i n g o p e r a t i n g c o n d i t i o n s ) 

Uner temperature 
Steady state 300"C 
emergence 350"C 

Helium pressure 50 bar 
Main transients 

star t -up 17 h 
shut-down 24 h 
scram 26 rain 

F i g . 3 shows S c h e m a t i c a l l y t h e o p e r a t i n g c o n d i t i o n s o f l i n e r 
and c o n c r e t e , I t can be s e e n , t h a t b o t h f o r s t e a d y s t a t e and 
e m e r g e n c y t e m p e r a t u r e t h e U n e r s t r e s s e s r e m a i n b e l o w t h e y i e l d 
s t r e s s , I n o r d e r t o m a i n t a i n t h e l i n e r i n t h e e l a s t i c c o m p r e s 
s i o n r a n g e a c o n c r e t e t e m p e r a t u r e o f 1 4 0 0 С 1s r e q u i r e d . 

F i g . 4 shows a c r o s s S e c t i o n o f t h i s v e s s e l , 

2 . 2 GCFR V e s s e l 

F o r t h e m u l t l c a d t y v e s s e l o f a G a s - C o o l e d F a s t R e a c t o r (GCFR) 
a s i m i l a r s t u d y was c a r r i e d o u t . The d e s i g n c o n d i t i o n s w e r e i 

L i n e r t e m p e r a t u r e 
s t e a d y s t a t e 2 4 5 e C 
e m e r g e n c y 2 7 5 " C 

H e l i u m p r e s s u r e 
o p e r a t i o n 
des 1gn 

120 b a r 
138 ba.r 



Main transients 
s tar t -up 12 h 
shut-down 12 h 
scram 10 sec 

At a maximum vessel wall temperature of 95°C, the compressive 
stresses in the l ine r w i l l stay below the y ie ld s t ress . 

A f e a s i b i l i t y study for the same conditions and a single 
cavity design is under work. 

2.3 PNP Vessel 

For the High Temperature Process Heat Reactor (Prototypanlage 
Nukleare Prozeßwärme, PNP) the working conditions are 

Helium temperature 
ou t l e t 960°C 
i n l e t 300-C 

Helium pressure 40 bar 

These are the same temperature conditions as for the Austrian 
Prototyp Vessel in Seibersdorf. For th is vessel in the las t 
years extensive theoret ica l and experimental experience has 
been accumulated. The coordinated appl icat ion of th is experience 
for PNP would meet the idea of a common vessel concept for the 
d i f f e r e n t HTR's. Furthermore, experimental v e r i f i c a t i o n with 
an ex is t ing prototype is possible without delay, 

2.4 HHT Vessel 

As far as decided, the lay-out conditions of the mul t icav i ty 
PCPV for the single ( d i r e c t ) c i r c u i t HHT Demonstration Plant 
with integrated gas turb ine , are the fo l lowing) 

Liner temperature 
steady state 110° - 150eC 
emergency ( lay out) 200" - 250°C 

Gas pressure 70 bar 

These conditions seem.to be Ideal for a f u l l seale,.demonstra
t ion of a PCPV with hot l i n e r . F ig . 5 shows these temperature 
conditions and the resul t ing l i n e r stresses, these stresses 
being a function of the d i f fernce between l i n e r and concrete 
wall temperature. 
For a f e r r i t l c l i n e r and a medium concrete temperature of 50°C 
the Hner undergoes compressive stresses far in excess of i t s 
y i e l d s t ress . P l a s t i f i c a t i o n and subsequent tension in the 
l i n e r are the consequences. In order to avoid p l a s t i f i c a t i o n a 
concrete temperature of I20°C, for l i n e r lay out temperature 
of 200°C, and of 170°C for Hner lay out temperature of 250°C 
respect ively would be required. 

With a high strength martensit ic H n e r , as used in the Austrian 
PCPV, s i g n i f i c a n t l y lower concrete temperatures keep the l i n e r 
far below the e l a s t i c l i m i t . This solution achieves Idea l ly 
the scope of our work, i . e . s ign i f icant Increase of opera
t ional safe ty . 



3. CO N С L U S I О N 

Beyond s impl ic i ty and economy of design and construction of 
a PCPV, i t s operational safety becomes predominantly Important, 
as demonstrated by the demand of German U t i l i t i e s for an i n * 
spectable and repairable l i n e r . The Austrian PCPV with Hot 
Elast ic Liner and Adjustable Wall Temperature 1s meant as a 
contr ibution to operational sa fe ty . 

This 1s the f i r s t vessel with e l a s t i c hot H e e r v e r i f i e d 
experimental ly. I t s a p p l i c a b i l i t y to various HTR's has been 
studied and demonstrated. With th is vessel we o f fe r a common 
concept for the Gas-Cooled Reactors now in d i f f e r e n t design 
stages. 
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