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I nt roduct i on
Gñffi leratñ'n is being given to reconstruct the
high temperatur€ gas-cooled pebble-bed reactor AVR
for  the appl icat ion as a source of  nuclear  process
heat. The reactor started in 1967 with a maximum
gas out let  temPerature of  750oC. In i t ia l ly  i t  rvas
planned to operate the reactor for l0 years. After
8 years, it was decided to increase the maxinum
gai outlet tenperature to 950oC to prove the
possib i l i ty  of  generat ing gas t i lPeratures which
are relevant for nuclear process heat. Except for
an interrrption of about I year, the reactor was
successfully operated unti l now with a naxinum
temperature of 950oC.
I t  is  a basic  requi rement  for  a cont inuat ion of
the research and development work with the AVR,
that after about 16 years of operation, the main
components of the reactor are in good condition so
that they could be used for a further operation.
One of the very important components is the inner
graphi te ref lector .  In  the AVR, the upper s ide and
the top reflectors were most exposed to fast neu-
trons and to the highest temperatures. By the end
of 1984, the maximgqr flugnces in the upper side re-
f lector  H?s 5 X 1gZI . r -Z EDN at  about  650oC and
1.2 x 10¿r cm-¿ EDN at tenperatures at about
tooooc. (r)
To prove the integrity of the graphite reflector,
it was decided to carry out a visual inspection of
the upper reactor core.
Descr ipt ion of  the equipment  for  v isual  inspect ion

( f ig .  1) :  A camera,  especia l ly  developed for  th is
puróose, was led through the central bharge tube'
Becáuse of the small diameter (61 nrn) and the
small radius of the tube curvature (200 rm), the
size of the camera had to be decreased to 155 rm
in length and 35 nm in d iameter .  The fu l l  length
of the way, on wtrich the camera had to be moved
through the tube into the core, was about 30 m
(fig. l). At the periphery of the r€actor core,
there are 4 more charge tubes which were used for
the in t roduct ion of  4 spot- l ights ( f ig .  2) .  Ihe
movements of the camera and of the spot-l ights
were re¡ptely controlled. During inspection, the
soherical fuel elements had not to be removed from
the core. By shutdown, the temperature was de-
creased to 50'C; the dose rate, nrtrigh the equlp-
m e n t  h a d  t o  w i t h s t a n d ,  w a s  1 . 7  x  1 0 r  r a d ' h - r .  ( 2 )
Ref lector  graphi te
For the inner side and top reflector of the AVR,

the needle coke graphite ARS/MT produced by the
Sigr i  E lekt rographi t  Company was used.  Par ts  of
the s ide ref lector  and the graphi te tubes for  the
control rods were extruded. The segments for the
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1. Schemat ic  i l lust rat ion of  the centra l
charge tube (2)

2 .  Schemat i c  i l l us t ra t i on  o f  t he  v i sua l  i n -
sPec t i on  (2 )
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top reflector (f ig. 3) were stamped. The proper-
ties of the ARS/MT are comparable to those of the
Brit ish PGA graphite which was manufactured by
using the sarne ray mater ia ls  (shel l  coke and p i tch
binder). A few samples of ARS/A}iT were irradiated
in the ORAG0I{ reactor, in the High Flux Reactor in
Petten and in the Dounreay Fast Reactor in the
frame of  the THTR Associat ion dur ing the s ix t ies.
Pre-production material was examined before and
af ter  i r radiat ion in  the General  Electr ic  Test
Reac to r  i n  Va l l ec i t os /Ca l .  ( 3 )
The i r radiat ion induced d i  m e n s i  o  n a I
c h a n g e s are in a range where the graphite
is  densi f ied due to the decrease in the d imensions.
In spite of a rel ati ve hi 9h ani sotropy ( aL I an-Z) ,
the d lmensional  changes take an comparat ive ly  iso-
tropic course in the fluence and irradiation tem-
perature range investigated. The densification yas
accompanied by an increase of  Y o u n g '  s
m o d u l u s  a n d  s t r e n g t h .
In the fluence region which the reflector has seen
during the operation of the reactor, the c o e f
f  i c i e n t  o f  l i n e a r  t h e r n a l
e x p a n s  i  o n ,  C T E ,  i n c r e a s e d a t  l o i
f luence and then s igni f icant ly  decreased wi th dose,
a wel l -known behaviour  of  polycrysta l l ine graphi te
under fast  neutron i r radiat ion.  Also t  h  e r  -
m a  I  c o n d u é t  i  v  i  t y  m e a s u r e d  a t  r o o m
temperature decreased in the way known.
Resul ts  of  v isual  inspect ion
ffivR was photographi-
cal ly documented by the Hochtenperatur-Reaktorbau
Cornpany (HRB) before the reactor operation started.
By means of the camera, every block and segment
were in tensively  considered several  t imes.  Specia l
features, for example fracture of an edge or pecu-
l iar  macro pore s ize d is t r ibut ions,  r ¡h ich had been
photographed before reactor operation could be
ident i f ied again and shapes as wel l  as s izes were
compared wi th the pre- i r radiat ion values.  The top

and upper side ref' lectors appeared unchanged. 0nly
the spaces between the segnents of the top reflec-
tor  which had a width of  2 nm in the or ig inal  s tate
appeared c'losed inmediately at the core side. Thef
inspection. revea'led that the closures had a very f.
small depth so that is can be assumed that the ¿is-
appearance of  the spaces were due to f i l t ing wi th
graphi te powder.  A fur ther  possib i t i ty  is  the move-
ment of the segments due to thermal exDansion and
their changes under reactor operation. The segments
Here not f ixed, but they were put on the side re-
f lector  (see f ig .  2)  so that  a very smal l  move¡ent
i n  t he  rad ia l  d i r ec t i on  was  poss ib le .
The essent ia l  resul ts  of  the v isual  inspect ion are
that  in  spi te of  several  shutdowns dur ing 16 years
of operation, no cracks or fractures weré observed
to have occurred.  This- is  in  agreement  wi th the
resul ts  obta ined f rom the i r radiat ion of  sma' l l
samp les  ( f i g .  a )  as  we l ' l  as  o f  s t ress  ca l cu la t i ons
performed by HRB (4) and KFA (5).
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Fig.  3.  Hor izonta l  sect ional  v iew of  the
graphi te top ref lector  (4)
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Fi9.  4.  Dimensional  changes of  ARS/AMT
needle coke graphi te wi th AVR
conditions by the end of 1984
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