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FORE WORD 

This repor t  has been compiled by Gas-Cooled Reactor 
Associates a s  a  reference document. f o r  a1 1 U.S. Program 
Par t i c ipan t s .  I t  contains per t i  nent information on t h e  
s t a t u s ,  ob jec t ives ,  budgets,, major p ro jec t s  and faci  1  i t i e s ,  
a s  well a s  use r ,  i ndustr ial  and governmental organizati  ons 
i nvol ved i n  major  f  o r e i  gn gas-cool ed thermal r e a c t o r  
programs. 

This i s  t h e  second i s s u e  o f  t h i s  dgwment, t he  f i r s t  
was i s s u e d  i n  March 1 9 7 9 .  The fo rmat  has  been r e v i s e d  
t o  consol idate  material  according t o  country. These sec- 
t ions  a r e  followed by the  Foreign HTGR Program Index which 
serves  a s  a quick reference t o  some of the many acronyms 
associa ted w i t h  the  foreign HTGR programs. 



1. FEDERAL REPUBLIC OF GERMANY 



I. FEDERAL REPUBLIC OF GERMANY 

A. Program D e s c r i p t i o n  and Sta tus  

The HTGR Program i n  t h e  FRG i s  s i m i l a r  i n  many aspects t o  the  U.S. program, 
bo th  o r g a n i z a t i o n a l l y  and t e c h n i c a l l y .  Organ iza t i ona l l y  , both  programs have 
p a r t i c i p a t i o n  f rom u t i l  i t y l u s e r  groups, i n d u s t r y  and the  Government, bo th  are  
s u b s t a n t i a l l y  supported th rough government fund ing  and the  two programs have as 
t h e i r  long-range goal t he  u t i l i z a t i o n  o f  t h e  HTGR f o r  process hea t  and e l e c t r i -  
c i t y  product ion.  Both programs share a broad base o f  common technology which 
prov ides  i n c e n t i v e s  f o r  coopera t i  on and i nforrnat i  on exchanges between the  
t e c h n i c a l  areas. However, a p r i n c i p a l  t echn ica l  d i f f e r e n c e  1 i e s  i n  t h e  r e a c t o r  
core  design. The German design u t i l i z e s  a Pebble Bed concept having spher ica l  
f u e l  elements which a re  cont inuous ly  loaded and d i  scharged through t h e  core. 
The U.S. reference core design i s  based on a p r i s m a t i c  b lack  f u e l  element design 
t h a t  employs a pa tch  l oad ing  scheme i n  which on ly  a p o r t i o n  o f  t h e  core (nomin- 
a l l y  one- four th)  i s  re loaded on an annual bas is .  T h i s  d i f f e r e n c e  i n  core design 
does, however, p rov ide  a backup design f o r  each program, thus reducing the 
o v e r a l l  development r i s k  f o r  t h e  HTGR. 

A s  noted, t h e  long- term goal s t a t e d  f o r  t he  German HTGR Development Program 
i s  t h e  market i n t r o d u c t i o n  o f  t h e  system f o r  process heat  and e l e c t r i c i t y  
product ion.  The near-term goal, i s  t o  demonstrate t h a t  HTGR technology i s  
f e a s i b l e  f o r  bo th  a p p l i c a t i o n s  and t h a t  i t  can be economical ly appl ied.  The 
i n c e n t i v e s  f o r  t h e  FRG, Program are  der ived from the  general long-term energy 
supply s t ra tegy .  It i s  expected t h a t ,  as w i t h  t h e  Un i ted  States,  coa l  w i l l  have 
t o  be a m a j o r  c o n t r i b u t o r  t o  t h e  German ene rgy  s u p p l y  i n  t h e  f o r e s e e a b l e  
f u t u r e .  Th is  i s  because consi derabl e domestic resources e x i s t  i n  Germany 
i n  a d d i t i o n  t o  the  l a r g e  world-wide deposi ts .  It i s  t h e  German p o s i t i o n ,  
however, t h a t  there  are s u f f  i c i  en t  techni  Ca1, economical and e n v i  ronmental 
aspects 1 i k e l y  t o  have i nc reas ing  importance i n  t h e  f u t u r e  which necess i ta te  t h e  
devel opment o f  1 ow p o l  1 u t i o n  end-products by appropr ia te  convers ion technol o- 
g ies .  Due t o  ex tens ive  experience and the  advanced s ta tus  o f  t h e  convent ional  
g a s i f i c a t i o n  technol ogy of 1 i g n i t e  and hard coal , t h e  generat ion o f  s y n t h e t i c  
n a t u r a l  gas (SNG) and i n d u s t r i a l  gas by t h e  u t i l i z a t i o n  o f  heat  f rom HTGR's i s  
t h e  pr imary goal o f  t h e  HTGR process heat  program. 

The p o t e n t i a l  o f  t h e  HTGR f o r  e l e c t r i c i t y  p roduct ion  i s  a l s o  acknowledged 
as a Nat iona l  goal . The h i  gh cool an t  out1 e t  temperature of t h e  HTGR r e s u l t s  
i n  h igh  e f f i c i e n c y  and, there fore ,  a low waste heat  d ischarge t o  t h e  env i  ron- 
ment. Greater  s i t i n g  f l e x i b i l i t y  can be achieved i n  combinat ion w i t h  d ry  
coo l ing .  There i s  a cont inuous t rend,  p a r t i c u l a r l y  f rom t h e  FRG User 's  p o i n t  o f  
view, to have a d iverse  reac to r  system a v a i l a b l e  c o m p e t i t i v e  w i t h  LWR's i n  
Germany and, fur thermore,  t o  main ta i  n  compe t i t i on  n o t  o n l y  between reac to r  
i n d u s t r i e s  b u t  a l so  between r e a c t o r  systems. 

There i s  a need and s t rong j u s t i f i c a t i o n  w i t h i n  the  German HTGR Program t o  
develop a f o l l ow-on  c o n s t r u c t i o n  p r o j e c t  t o  t h e  THTR-300 p l a n t  which i s  expected 
t o  be completed i n  1983184. W i  t h  the  i nc reas ing  demands on non-oi 1 producing 
na t i ons  t o  f i n d  a1 t e r n a t e  energy sources, t h e r e  i s an added i n t e r e s t  i n  t h e  FRG 
i n  c o a l  l i q u e f a c t i o n  and g a s i f i c a t i o n .  The o b v i o u s  l i n k  between a h i g h -  
temperature nuclear  heat  source w i t h  these processes has a t t r a c t e d  t h e  i n t e r e s t  
o f  t h e  German Coal and Gas Boards, and the  e l e c t r i c  u t i l i t i e s ,  and these th ree  



grouDs have been con t rac ted  by t h e  government t o  conduct a s tudy t o  determine 
the  feasi b i l  i t y  o f  counl i n o  an HTGR s team/e lec t r i  c i  t y -p roduc i  ng p l  ant  w i t h  a 
coal  aasi f i c a t i o n  p l a n t  as a p o s s i b l e  n e a r - t e n  p r o j e c t .  Both t h e  HHT and PNP 
P r o j e c t s  a r e  c u r r e n t l y  viewed i n  the  FRG as l onger  term p r o j e c t s  r e q u i r i n g  
f u r t h e r  techno1 ogi  ca l  development be fore  a demonstrat ion p l  an t  o f  e i t h e r  desi gn 
can be b u i l t .  Th i s  near-term p r o j e c t  (which has y e t  t o  be named) i s  seen as a 
reasonable f i r s t - s t e p  toward the  eventual  goal o f  dep loy ing  the  HTGR as a source 
of  high-temperature process heat by l i n k i n g  the lower r i s k  HTGR-SC w i t h  a coal 
g a s i f i c a t i o n  p l  ant ,  and thereby concen t ra t i ng  e f f o r t s  on s o l v i n g  i n s t i t u t i o n a l  
problems associated w i t h  coup1 i n g  a nuc lear  energy source w i t h  a chemical 
process p l a n t .  This  p r o j e c t  a l s o  prov ides  i n c e n t i v e s  t o  t h e  German HTGR U t i l i t y  
Group, s ince  i t  f u r t h e r  advances t h e  HTGR technology which, i n  t h e i r  view, i s  a  
f u t u r e  source o f  safe and c lean e l e c t r i c  power. 

Budget 

From 1960 through 1979 t h e  FRG has i nves ted  approximate ly  2.57 b i l l i o n  DM 
i n  HTGR development. The budget breakdown f o r  t h e  Program du r ing  1979 i s  
approximately as fo l l ows :  

AVR Opera t i  on 10 M DM 

THTR Const ruc t ion  255 M DM 

Advanced systems f o r  e l e c t r i  c i t y  p r o d u c t i  on; 
i .e. HHT 

Ds$i qn work and R&D 75 M DM 

Advanced systems f o r  process heat  appl i cat ions ;  
. i . e .  PNP 

Reactor 'desi gn work and R&D .. 105 M DM 
Coal g a s i f i c a t i o n  ' 40 M DM 

Fuel r e c y c l e  15 M DM 

Exc lus i ve  o f  t h e  THTR, the  budget i s  supported p r i n c i p a l l y  by  t h e  BMFT 
and the  S t a t e  Government o f  North Rhine - Westphali a  (NRW), whose c o n t r i b u t i o n  
accounts f o r  approximate ly  90% o f  t h e  program funding. Other p a r t i c i p a n t s  
c o n t r i b u t e  10% towards t h e  program funding. Work a t  t he  n a t l  ona1 1 alut.atory, 
KFA, i s  supported a t  a l e v e l  o f  about l O O M  DM/year, o f  which t h e  BMFT con- 
t r i b u t e s  90% and NRW c o n t r i b u t e s  10%. 

B. Reactor Demonstrat ion P r o j e c t  

A f t e r  the  f i r s t  s~ l ccess fu l  and encouraging experience w i t h  t h e  small 
15 MWe research reac to r  (AVR), t h e  c o n s t r u c t i o n  o f  t h e  300 MWe demonstra- 
t i o n  p l a n t  (THTR) was s t a r t e d  i n  1972. The complet ion o f  t h i s  power p l a n t  
has been g iven f i r s t  p r i o r i t y  i n  t h e  German HTGR Program. Th i s  means t h a t  
t h e  main i n d u s t r i a l  and eng ineer ing  c a p a c i t i e s  a re  working f o r  t h e  THTR-300 
p r o j e c t  w h i l e  a l esse r ,  a l though s u b s t a n t i a l ,  e f f o r t  i s  c u r r e n t l y  being 
d i r e c t e d  toward the  more advanced f u t u r e  p r o j e c t s .  Both the  successful  
s t a r t  o f  ope ra t i  on and ope ra t i ng  experience o f  t h e  THTR-300 are considered 
as i n d i s p e n s a b l e  p r e r e q u i s i  t e s  f o r  commitment t o  a subsequent  p l a n t .  



For  the  THTR-300, a  c o n s t r u c t i o n  t ime  o f  61 months was expected i n  
1972-- the  p resen t l y  expected f i g u r e  i s  130 months. Approximately 80% 
o f  t h e  t o t a l  c o n s t r u c t i o n  - i s  now completed and the  m a j o r i t y  o f  t h e  p a r t i a l  
c o n s t r u c t i o n  permi ts  has been granted. Fo l l ow ing  a  comnissioni ng phase 
o f  approximately one year ,  hand-over o f  t h e  p l a n t  t o  t h e  u t i l i t y  i s  now 
s c h e d u l e d  f o r  1984. The main  c o n s t r u c t i o n  d e l a y s  have a r i s e n  due t o  
t h e  devel opment process of t h e  1  i c e n s i  ng procedures and c r i  t e r i  a  which 
changed s i g n i f i c a n t l y  from the  p o s i t i o n  i n  1972, when t h e  bas ic  design was 
completed and 1  icensed. 

C . Advanced Desi gn P r o j e c t s  

The German HTGR Program s t ra tegy  i s  now governed b y  t h e  quest ions 
o f  t h e  t i m i n g  f o r  a c o n s t r u c t i o n  p r o j e c t  a f t e r  complet ion o f  t h e  THTR 
and t h e  type o f  p l a n t  considered as feas ib le .  

There i s  general agreement between a1 1  t h e  German p a r t i e s  invo lved 
(Users, r e a c t o r  i n d u s t r y  and government) t h a t  a  successful  i n d u s t r i a l  
development and an economic a p p l i c a t i o n  o f  t h e  technology i n  t he  e lec-  
t r i c i t y  and p a r t i c u l a r l y  i n  t h e  h e a t  marke t ,  can  o n l y  be a c h i e v e d  on  
t h e  basis  o f  f u r t h e r  c o n s t r u c t i o n  and ope ra t i on  experience and n o t  w i t h  
long- term research and development programs. As mentioned above, i t  i s  t he  
German government's p o s i t i o n  t h a t  t h i s  requ i res  a  near- term dec i s ion  f o r  
a  subsequent c o n s t r u c t i  on p r o j e c t  most cons i s ten t  w i t h  development m a t u r i t y  
and f e a s i b i l i t y .  It i s  s ta ted  t h a t  t h i s  r a t i o n a l e  r e q u i r e s  t h e  s t a r t  o f  
c o n s t r u c t i o n  o f  t h e  nex t  HTGR p l a n t  approximate ly  one t o  two years a f t e r  
f u l l  power opera t ion  o f  t h e  THTR. 

The emphasis o f  t h e  FRG advanced HTGR design work u n t i l  , r e c e n t l y  has 
been on two P r o j e c t s  and these a re  descr.ibed b r i e f l y  below: 

a) HHT P r o j e c t  w h i c h  a ims a t  t h e  c o m b i n a t i o n  o f  t h e  HTGR w i t h  a  
d i r e c t  cyc le  helium-gas t u r b i n e .  Th is  system has been i n v e s t i g a t e d  
s ince 1972 i n  a  j o i n t  GermanISwiss Program. The m o t i v a t i o n  o f  t h i s  
advanced HTGR a p p l i c a t i o n  was der ived from t h e  expecta t ions  concerning 
h igh  plant.  e f f i c i e n c y ,  u t i l i z a t i o n  o f  d r y  c o o l i n g  towers and d i s t r i c t  
h e a t i n g  w i t h o u t  r e d u c t i o n  o f  e f f i c i e n c y .  I n  t h e  l a s t  two yearvs, 
d e t a i l e d  desi gn and o p t i m i z a t i  on s tud ies  concentrated on open problem 
areas o f  t h i s  concept. Several t echn ica l  design d e t a i l s  have been 
i d e n t i f i e d  which r e q u i r e  a d d i t i o n a l  design and research and development 
work;  some o f  i t  n o t  f o r e s e e n .  A l t h o u g h  some p rob lem a reas  w i t h  
respect  t o  t h e  pebble bed core have been i d e n t i f i e d ,  t h e  design has 
been determined t o  be fundamental l y  feasi b le .  

One o f  t h e  m a j o r  f i n d i n g s  o f  r e c e n t  FRG s t u d i e s  was t h a t  t h e  
necessary HHT P r o j e c t  development t a s k s  such as m a t e r i a l  s  t e s t i n g ,  gas 
t u r b i  ne demonstrati on, component development and t e s t i  ng, g raph i te  
q u a l i f i c a t i o n ,  design o p t i m i z a t i o n  and l i c e n s a b i l i t y  r e q u i r e  a  longer  
development t ime  than o r i g i n a l l y  p r o j e c t e d  and, there fore ,  w i l l  n o t  
a l l o w  a  d e c i s i o n  f o r  c o n s t r u c t i o n  b e f o r e  t h e  l a t e  1980 ' s .  As a 
r e s u l t ,  t h e  German government has concluded t h a t  t h e  HHT P r o j e c t ,  i n  
i t s  p r e s e n t  d e s i g n ,  i s  n o t  s u f f i c i e n t l y  m a t u r e  t o  be a  n e a r - t e r m  
successor t o  t h e  THTR Pro jec t .  



b )  PNP P r o j e c t  i s  t h e  design study f o r  t h e  a p p l i c a t i o n  o f  t h e  HTGR f o r  
process heat  qenerat ion as a  f i r s t  step aimed a t  t he  g a s i f i c a t i o n  o f  
i i g n i t e  and hard  coal  t o  produce s u b s t i t u t e  na tura l  gas. I n  1977 a  
program was launched t o  in t roduce t h e  technology on the  bas is  o f  a  500 
MWt  p ro to t ype  p l a n t  (PNP) w i t h  two g a s i f i c a t i o n  loops: one f o r  t he  
h y d r o g a s i f i c a t i o n  o f  l i g n i t e  i nc lud i  ng a  branch f o r  t h e  chemical heat  
p ipe  system, and the  o the r  f o r  combined s teamlhydrogas i f i ca t ion  o f  hard . . 

coal.  A p r e l  i m i  nary p r o j e c t  t ime schedul e  envi saged s t a r t  o f  construc-  
t i o n  i n  1985. The main t e c h n i c a l l y  i nnova t i ve  fea tures  o f  t h i s  system 
a re  t h e  increase o f  t h e  maximum r e a c t o r  gas temperature t o  950°C, the  
combinat ion o f  a  reac to r  w i t h  a  l a r g e  chemical p l a n t ,  and the  g a s i f i -  
c a t i o n  processes. 

I n  t h e  l a s t  two years  a  p re l im ina ry  reference design o f  the  pro to-  
type p l a n t  has been developed by the  FRG. From t h i s  design work 5 t 
was p o s s i b l e  t o  i d e n t i f y  the  open problem areas and main development 
tasks, t o  d e f i n e  t h e  boundary cond i t i ons  and requirements f o r  the  
component and rnateri a1 s  devel opment, and t o  de f  i ne safety-re1 evant 
quest ions on t h e  bas i s  o f  a  p re l im ina ry  p l a n t  concept. It i s  t he  
o p i n i o n  o f  t h e  BMFT t h a t  t h e  m a t e r i a l  q u a l i f i c a t i o n ,  deve lopment  
and t e s t i n g  o f  t he  heat-exchangi ng components, e l  i m i  na t i on  o f  tri t i um 
i n t h e  f i n a l  product,  1  i censabi 1  i t y  o f  t he  combi ned nuclear-chemical 
p l a n t ,  and successful  demonstrat ion o f  t h e  f e a s i b i l i t y  o f  t h e  steam 
g a s i f i c a t i o n  on a  p i l o t  p l a n t  sca le  are  the  most important  and t ime- 
consumi ng devel opment tasks. Based upon these p r e l  i m i  nary design 
e f f o r t s ,  t h e  BMFT has concluded t h a t  a  dec is ion  f o r  a  cons t ruc t i on  
s t a r t  cou ld  no t  be made before  t h e  end o f  t h e  1980's. Therefore t h e  
PNP Pro jec t ,  i n  i t s  present  design, i s  no t  c u r r e n t l y  viewed as an 
appropr i  a te  near-term THTR successor. 

D. Ma.ior Fac i  1  i ti es 

1. AVR 

The AVR i s  a  15 MWe HTGR steam c y c l e  demonstrat ion p l .ant  i n  Germany. 
It was b u i l t  by Brown-Boveri -Krupp Reaktobau GmbH and has been ope ra t i ng  
s ince  1967. I t s  purpose i s  t o  demonstrate t h e  f e a s i b i l i t y  o f  an HTGR 
w i t h  spher ica l  f u e l  e l  ements and h igh  o p e r a t i  ng temperatures. The oper- 
a t i  ng u t i l i t y  group i s  Arbei tsgemei nschaf t  Versuchsreaktor .(AVR) mbH. The 
f o l  l ow i  ng i s a  summary o f  ope ra t i ng  experience on t h e  AVR: 

a)  Average a v a i l a b i l i t y  over  t en  years  o f  78% w i t h  i t s  annual a v a i l -  
a b i l i t y  i n  1976 reaching 92%. 

b )  I n  1974, core o u t l e t  temperature was r a i s e d  f rom 850°C t o  950°C. 

c )  Over 1.5 m i l l i o n  spher ica l  f u e l  element movements have been made 
w i t h  several d i f f e r e n t  types o f  f u e l .  The.  01 des t  have reached 
burn-up values o f  180,000 MWD/t  heavy metal. 

d )  L o s s - o f - c o o l  a n t  f l o w  t e s t s  have been p e r f o r m e d  wh ich  i n c l u d e  
f a i l u r e  t o  i n s e r t  c o n t r o l  rods .  The r e a c t o r  s h u t  i t s e l f  down 
and remained s u b c r i t i c a l  f o r  24 hours. 



e) A steam-generator leak occur red  i n  May 1978 which dumped 24 tons 
o f  w a t e r  i n t o  t h e  P C R V  w h i l e  t h e  p l a n t  was s h u t  down. A f t e r  
t h e  remain ing water i s  removed, i t  i s  planned t o  d r y  the  system 
u s i n g  e v a c u a t i o n .  The p l  a n t  has been r e p a i r e d  and i s  now i n  
t h e  f i n a l  check-out phase p r i o r  t o  r e t u r n i n g  t o  normal operat ion. 

2. EVO (Oberhausen) 

Backaround 

The Oberhausen he l ium t u r b i n e  p l a n t  was p u t  i n t o  ope ra t i on  i n  1975 
and was, designed f o r  both the  commercial p roduct ion  o f  e l e c t r i c  power 
and heat f o r  d i s t r i c t  heat ing.  The o v e r a l l  system was designed f o r  nuclear  
se rv i ce ,  p a r t i c u l a r l y  t h e  s h a f t  sea l s  , and hel ium c lean ing  systems. The 
u n i t  i s  opera t ing ,  however, w i t h  a coke oven g a s - f i r e d  heater  r a t e d  a t  

' 160 M W t .  The e l e c t r i c  power r a t i n g  i s  50 MWe, t h e  d i s t r i c t  h e a t i n g  
o u t p u t  i s  53 MW, and the  waste hea t  i s  57 MW which leads  t o  an o v e r a l l  
e f f i c i e n c y  o f  64%. 

Operat ing Experience 

To date, 10,000 hours o f  ope ra t i ng  t ime have been achieved. A t  h i ghe r  
speeds, v i b r a t i o n  i n  t h e  r o t o r  s h a f t  has developed. It has been determined 
t h a t  t h e  v i b r a t i o n  i s  caused b y  gap e x c i t a t i o n  a t  t h e  b l a d e  t i p s  and 
i n  t h e  l a b y r i n t h  seal because o f  t h e  l ong  and narrow h igh  pressure sha f t .  . . 

The v i b r a t i o n  has 1 i m i  t e d  the  p l a n t  ope ra t i  on t o  70% o f  design. 

The r o t o r  i s  c u r r e n t l y  being replaced w i t h  a new design. When the  
rework i s  complete, t e s t  programs w i l l  be conducted on: 

a) Causes o f  r o t o r  v i b r a t i o n .  

b )  Mechanical v i b r a t i o n s  and sonic f i e l d s  i n  h o t  gas ducts. 

c )  I n s u l a t i o n  m a t e r i a l s  performance. 

d) Dynamic behavior  o f  t u r b i n e  a u x i l i a r y  systems. 

HHV (Hel ium C i r c u i t  T e s t  F a c i l i t y )  

Background 

The HHV f a c i l i t y  was designed as an i n t e g r a l  p a r t  o f  t h e  HHT Program. 
It was designed so t h a t  t e s t  r e s u l t s  cou ld  be ex t rapo la ted  f o r  use by 
t.he HHT P r o j e c t .  .The system was designed t o  i v e  he l ium mass f lows o f  9 about 200 kg/sec, a t  temperatures o f  approximate y 8503C ,and a pressure o f  
a t  1 e a s t  50 bar.  The order  f o r  t h e  p l a n t  was p laced by  KFA t o  BBC Mannheim 

. . i n  1972 and c o n s t r u c t i o n  was completed near t he  end o f  1976. The commis- 
s i o n i n g  phase' f o r  t h i s  f a c i l i t y  began i n  e a r l y  1977. 

Operat ing Experience 

Dur i  ng the  s t a r t - u p  per iod ,  several i n t e r r u p t i o n s  occurred caused 
b y  o i l  leakage. Due t o  improper hand l i ng  o f  t h e  o i l  c o o l i n g  system o f  



t h e  t u r b i n e  bear ings,  an o i l  ingress  o f  more than 1000 1  i n t o  the  c i r c u i t  
l e d  t o  contaminat ion o f  t h e  t o t a l  system i n c l u d i n g  i n s u l a t i o n  and valves. 
The system requ i red  ex tens ive  clean-up a f t e r  t h i s  s p i l l ,  and i n  t h e  sub- 
sequent check-out t e s t i n g  some hel ium gas leakages a t  connect ions and 
f l a n g e s  were d e t e c t e d ,  w h i c h  were p r o b a b l y  due t o  t h e  o i l  e f f e c t s  on 
t h e  gaskets. Weld sea l i ng  o f  t he  f langes was t h e r e f o r e  necessary and 
t h i s  task was accompl i shed i n  late-1979. Subsequent t r i a l  runs du r ing  
e a r l y  1980 have  g i v e n  i n d i c a t i o n s  o f  h e l i u m  and o i l  l e a k s  w i t h i n  t h e  
system which w i l l  r e q u i r e  f u r t h e r  c o r r e c t i v e  a c t i o n  be fore  the  HHV f a c i l i t y  
can be comnissioned. 

E. User / I  n d u s t r i a l  P a r t i c i ~ a n t s  

1. Users 

a. U t i l i t i e s  

The u t i l  i ti es 1  i s t e d  h e r e i n  w i  11 be members o f  t h e  p roposed  HTGR 
U t i l i t y  Users Group. There a re  p r i v a t e  and munic ipal  u t i l i t i e s  i n  t h e  
p r o j e c t  group, and are organized as shown i n  F igure  1. They a re  l i s t e d  
below: 

Preussiche E l e k t r i z i  t a t s  AG (PREAG) 

PREAG i s  t he  second l a r g e s t  u t i l i t y  i n  FRG. It i s  pr ivate ly-owned and 
l o c a t e d  i n  Hannover. I t  has assumed t h e  l ead .  i n  o r g a n i z i n g  t h e  HHT 
U t i l i t y  Group. I t s  ope ra t i ng  manager i s  H. Suchanek who i s  i n  charge 
o f  t he  opera t ions  o f  a l l  generat ing s t a t i o n s .  He has been t h e  leader  o f  
t h e  u t i l i t i e s  f o r  t h e  German HHT Program and has assumed t h e  leadersh ip  
r o l e  i n  fo rming t h e  U t i l i t y  Group. 

Rheinish-Westfal  i sches E l e k l  t r i z i  ta tswerk AG (RWE) 

Headquartered i n  Essen, RWE i s  Germany's l a r g e s t  u t i l i t y  w i t h  approximate ly  
50% o f  FRG's i n s t a l l e d  c a p a c i t y .  By t h e  f a c t  o f  i t s  s i z e ,  RWE has a  
major vo ice  i n  t h e  U t i l i t y  Group. 

Nordwestdeutsche Kra f twerke  AG (NWK) 

A p r i v a t e l y  owned u t i l i t y  h e a d q u a r t e r e d  i n  Hamburg. It i s  t h e  l e a d  
ope ra t i ng  u t i  1  i t y  f o r  t h e  HHV P r o j e c t .  

STEAG Ak t iengese l  1  s c h a f t  (STEAG ) 

P r i v a t e  e l e c t r i c i t y  generat ing company l o c a t e d  i n  Essen and a  subs id ia ry  
o f  Ruhrkohl e. 

Hamburgi she E l e k t r i z i  ta tswerke AG (HEW) 

Muni c i  pal u  ti 1  i t y  o f  Hamburg. 
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Neckarwerke E 1 ec t r i  zi tatsversoraunas AG ( N U )  

14uni cipal u t i l  i  ty of Essl ingen. 

Stadwerke Dussel dorf AG (SWD) 

Municipal u t i l i t y  of Dusseldorf, lead u t i l i t y  of a consortium of small 
muni ci pal u ti 1 i  t i  es holding approximately one-quarter of the shares of the 
u t i l i t y  group. 

b )  Process Heat Users 

Ruhrkohl e 

German coal company tha t  i s  a member of the PNP Users Group ( P P N P ) .  

Ruhroas 

German gas company tha t  i s  a member o f  the PNP Users Group ( P P N P ) .  

Rheini she Braunkohlenwerke AG ( R B W )  

This German coal company participated as  a member of the PNP Users Group 
. t o  provide t echn ica l  i npu t  i n t o  the  coal g a s i f i c a t i o n  port ion of t h e  

PNP techno1 ogy. 

2 .  Industry 

Brown-Boveri & Cie AG ( B B C - D )  

Brown-Boveri of Mannheim i s  a large European manufacturer o f  power gener- 
a t i o n  equipment such as t u r b i n e  gene ra to r s ,  t ransformers  and c i r c u i t  
breakers. I t  joined wi t h  General Atomic Company ( G A C  ) t o  form HRB i n which 
i  t holds 55% equity i  nterest .  

Hochtemperatur Reaktorbau GmbH ( H R B )  

H R B  i s  'owned by BBC-D (55%) and GAC (45%). I t  was formed t o  design and 
offer  HTGR's i n  Germany. H R B  i s  currently developing and designing the 
nuclear heat source for  the HHT Project. Besides being ttie leading indus- 
t r i a l  partner in the  HHT Program, i t  also i s  the NSS supplier f o r  the 
THTR-300 Project.  

Kraftwerkunion ( K W U )  

K W U  i s  the leading European LWR supplier,  and i s  owned by Siemans, which 
i s  one of the world's 1 eading manufacturers of heavy machi nery and consumer 
appl iances. KWU, through i t s  Erl angen off ices ,  has recently become more 
direct ly  involved in the HTR Program as a principal participant i n  t he  
on-goi ng near- term project study. 

Gesel 1 schaft  f u r  . Hochtemperaturreaktortechni .. k ( G H T )  

G H T  i s  a subsidiary of INTERATOM which i s  a wholly-owned subsidiary of ' . 

Kraftwerk Union (KWU). GHT was fomed specif ical ly  t o  market and produce 



the nuclear heat source for the PNP Project.  I t  i s  now a member of the 
Konsortium H T R  and the Development Partnership H T R  ( E G )  and will produce 
reactor internals  for  the HHT. 

Konsortium HTR 

This consortium was formed by the  combination of H R B  and GHT from the 
HHT and PNP Projects. I t  was t o  provide the engineering and design base 
for  the nuclear heat supplies for  both German HTR Programs. 

Nucl ear-C hemi e u n d  Metal 1 urgi e GmbH ( N U K E M )  

N U K E M  i s  a leading German nuclear fuel company and i s  a par t ic ipant '  of 
the HTGR Program. I t  owns 100% of HOBEG and i s  in turn owned by Degussa 
( 4 5 % )  , Reini sh-Westfal isches ( R W E )  (25%), R i  o Ti n t o  Zinc (la), and Metal- 
lgesel lchaft  (12%).  

Hochtemperaturreaktor-B rennel ement GmbH ( H O B E G )  

HOBEG i s  a subsidiary of N U K E M  ( s ee  above). I t  was formed by N U K E M  i  n 1972 
and holds GAC's 1 icense for  German HTGR fuel techno1 ogy. A t  present, i t  i s  
manufacturing fuel for  both the AVR and THTR reactors,  as well as doing 
research work for  new fuels production processes. HOBEG i s  100%-owned by 
N U K E M ,  b u t  GAC has an option t o  buy 49% equity. 

Bergbau Forschung GmbH ( B F )  

BF participated as one of the partners in  the PNP industr ia l  consortium. 
BF has been working on the design and  research for  the coal gasification 
porti on of the PNP plant ,  and a1 so operates a p i l o t  hydrogasification plant 
(WKV-I ) in Essen, Germany. 

F. Umbrel 1 a/Impl ementi ng Agreements 

B ackqround 

A1 though 1 imi ted coo eration has been under way i n  t he  f i e 1  d of the  Gas- P cooled Reactors since 19 7,  e f fo r t s  have been proceeding to develop the next 
level of Implementing Agreements and t o  provide proper management and the legal 
basis fo r  fur ther  cooperation. In November of 1979 the final wording for  the  
HTR Imp1 ementi ng Agreement was negotiated and i n i t i a l l e d  by representatives of 
the BMFT and DOE. Subsequent agreement w i t h .  the t e x t  was obtained from the 
Swiss BBW. 

Status  

A t  the present time (July 1980) the s t a tus  of the Implementing ~greement 
i s  as follows: 

The U.S., F R G  and Swiss met t o  review the national .Gas-Cooled Reactor 
programs i n  February 1980. I t  was agreed a t  t ha t  time that  cooperative act ivi-  
. t i e s  could not be planned beyond the U.S. FY 1980 because of uncertainties i n  



t he  U.S. programs' funding, b u t  t h a t  p rov i s ions  should b e '  made f o r  f u r t h e r  
cooperat ion beyond FY 1980, s ince  such coopera t ion  was i n  t h e  mutual i n t e r e s t  o f  
t h e  p a r t i e s .  The f o l l o w i n g  recommendations were developed f o r  t he  HTR Imple- 
menti ng Agreement: 

a )  ' Formal s ignature  shoul d be d e f e r r e d  u n t i l  t h e  U.S. Program i s  
b e t t e r  d e f i  ned. 

b )  On-going coopera t ion  w i l l  be conducted i n  a manner cons i s ten t  
w i t h  t h e  terms o f  t h e  Agreement. 

c )  F i  n a l  . s i g n a t u r e s  w i  11 n o t  r e q u i  r e  f u r t h e r  r e c o n s i d e r a t i o n  
o f  t h e  Agreement. 

Work under t h e  Umbrella Agreement had been c a r r i e d  o u t  through P r o j e c t  Work 
statements (PWS's) o f  which some 100 separate coopera t ive  tasks  had been i d e n t i -  
f i e d  i n  e leven d i f f e r e n t  t echn ica l  areas. An o b j e c t i v e  o f  t h e  Implementing 
Agreement i s  t o  consol i d a t e  these smal l  tasks  i n t o  b e t t e r  de f ined sub-programs, 
and a recommendation r e s u l t i n g  from the  February meeting was t o  condense t h e  
work which i s schedul ed t o  cont inue i n t o  two sub-programs: (a )  Fuel , Graphite, 
and F i s s i o n  Products, and ( b )  Spent Fuel Treatment. P lanning i n  t h e  sub-program 
areas o f  M a t e r i a l s ,  Process Heat Design and Reactor Ana lys is  shou ld  cont inue i n  
o rder  t o  f a c i l i t a t e  immediate coopera t ion  when t h e  Implementing Agreement i s  
signed. 





11. JAPAN 

A. Program D e s c r i p t i o n  and S t a t u s  

I n  September 1977, t h e  Atomic Energy Commission o f  Japan (AEC) re l eased  
a Long-Te'rm Atomic Energy Research, Development and U t i l  i z a t i  on Program f o r  
t h e  n e x t  t e n  y e a r s ,  w h i c h  emphas ized  t h e  i m p o r t a n c e  o f  t h e  d i r e c t  u s e  o f  
n u c l e a r  p r o c e s s  h e a t  and  t h e  need t o  d e v e l o p  t h e  m u l t i - p u r p o s e  V e r y  H i g h  
Temperature Gas-Cooled Reactor (VHTR) t o  make t h e  d i r e c t  use o f  process hea t  
poss ib l e .  The AEC Program se ts  o u t  t h e  f i r s t  stage f o r  t h e  development o f  
t h e  mu l t i - pu rpose  VHTR a s  an exper imenta l  r e a c t o r  t o  s t a r t  o p e r a t i o n  i n  t h e  
e a r l y  p a r t  o f  t h e  decade beg inn ing  f r om 1985. Th i s  would aim a t  about  1000°C 
temperature a t  t h e  r e a c t o r  o u t l e t  f o r  nuc lea r  energy t o  be  used f o r  steelmaking, 
hydrogen gas p roduc t i on ,  coa l  g a s i f i c a t i o n ,  e t c .  

The Japan Atomic Energy Research I n s t i t u t e  (JAERI) has l o n g  been aware 
of  t h e  need f o r  t h e  d i r e c t  use o f  nuc lea r  process heat ,  and has been engaged 
i n ' r e s e a r c h  and development o f  t h e  exper imenta l  VHTR s ince  1969. Nuc lea r  
process hea t  appl  i c a t i o n  techno logy  has a1 so developed i n  para1 l e l  w i t h  t h e  VHTR 
design. The resea rch  and development o f  n u c l e a r  s tee lmaking was adopted by  t h e  
Agency o f  I n d u s t r i a l  Science and Technology (AIST)  and t h e  M i n i s t r y  o f  I n t e r -  
n a t i o n a l  Trade and I n d u s t r y  (M IT I )  as a N a t i o n a l  Research and Development 
Program i n  1973. The nuc l  ear  process heat  appl i c a t i o n  s t u d i e s  f o r  s tee lmak ing  
a r e  be ing  c a r r i e d  o u t  by a consor t ium of t w e l v e  companies and a research  i n s t i -  
t u t e  which j o i n e d  t o g e t h e r  i n  1973 t o  fo rm an a s s o c i a t i o n  c a l l e d  Eng inee r i ng  
Research A s s o c i a t i o n  o f  Nuclear  Stee lmaking (ERANS). The VHTR P r o j e c t  be ing  
c a r r i e d  o u t  by JAERI and t h e  nuc lea r  process hea t  work p r o j e c t  be ing  performed 
by ERANS a r e  desc r i bed  i n  t h e  f o l l o w i n g  s e c t i o n s  on  Japan 's  HTGR P r o j e c t s .  

Budget 

The budget f o r  1980 was s e t  a t  $17M U;'S. D o l l a r s  and i s  d i r e c t e d  toward  
suppor t  o f  t h e  VHTR des ign  e f f o r t s  and f o r  t h e  con t i nued  suppor t  o f  t h e  research  
and development programs. The t o t a l  Japanese expend i tu res  t o  da te  f o r  t h e  VHTR 
Program and t h e  n u c l e a r  s tee lmak ing  process has been approx imate ly  $120 m i l l i o n  
U. S. 

R. Major  Pro.iects 

1. Desiqn S tudy  o f  E x ~ e r i m e n t a l  VHTR 

S tud ies  o n  t h e  des ign o f  t h e  exper imenta l  VHTR began i n  1969 and 
s i n c e  t h e n  t h e  main focus  has been on d e s i g n i n g  t h e  VHTR and t h e  a n a l y s i s  
o f  i t s  c h a r a c t e r i s t i c s .  The f i r s t  conceptual  des ign  was completed i n  1975 
and s i  nce . t ha t  t ime,  t.he des ign has been improved severa l  t imes. The VHTR 
i s a he1 ium-cool ed g raph i  te-moderated r e a c t o r  supp l y i ng  t h e  thermal  o u t p u t  
o f  50 M W t ,  and the  cnn l  ant  temperature a t  t h e  o u t l e t  o f  t h e  r e a c t o r  i s  
s p e c i f i e d  as 1000°C. The VHTR must be p r o v i d e d  w i t h  t h e  f u n c t i o n s  as 
f 01 1 ows: 

a )  F e a s i b i l i t y  t e s t  f o r  nuc lea r  process hea t  appl i c a t i o n s .  

b )  I r r a d i a t i o n  t e s t  f o r  development o f  f u e l  and m a t e r i a l  f o r  h igh-  
temperature use. 

c )  C o n f i r m a t i o n  t e s t  f o r  HTGR p l a n t  sa fe t y .  



The plant system of the experimental V H T R  concerns the design phil- 
osophy of how to transmit the reactor heat t o  process components or cooling 
apparatus. In th i s  design, the reactor with the ou t l e t  temperature of 
1003°C and i t s  cooling system were emphasized rather than the process 
components in t h i s  plant system. O u t p u t  power of 50 M W t  i s  considered as 
an appropriate s ize.  The reactor i s  provided with two systems of primary 
cool ing  c i  r c u i t .  Each of them i s  connected t o  t h e  secondary cool ing  
ci rcui t s  with an intermediate heat exchanger. The steam reformer will be 
placed in one of two secondary cooling c i r cu i t s .  Emphasis was placed on 
providing the increase of out1 e t  cool ant temperature. Fuel element design 
was directed t o  the use of prismatic graphite blocks of hexagonal cross- 
sec t ion  accommodating " t h e  hollow o r  annul a r  fuel  pin" sheathed i n  a 
graphite sleeve. The core i s  composed of a regular array of these graphite 
blocks, stacked ver t ica l ly .  

2.  FM-50 (Nuclear Steelmaking) 

Studies on nuclear steelmaking were f i r s t  undertaken in Japan by 
the  Iron and Steel Ins t i tu t e  of Japan in September 1968, and then taken 
over by the Agency of Industrial Science and Technology as a National 
Projec-t i n  July 1973. 

The conception of nuclear steelmaking connects a p i lo t  pl ant w i t h  
the  experimental VHTR w i t h  a thermal output of 50 MW now being developed 
by JAERI. In order t o  enhance safety,  the reactor process heat i s  t o  be 
t ransferred t o  a secondary helium gas loop through an intermediate heat 
exchanger. The primary helium gas emanating from the nuclear reactor i s  a t  
1000°C and 40 atmospheres of pressure, and i t  then returns to  the nuclear 
reactor a t  400°C. The secondary helium gas emanating through the inter-  
mediate heat exchanger i s  a t  925°C and 45 atmospheres of pressure, and then 
returns to  the intermediate heat exchanger a t  300°C. On the high-temper- 
a ture  s ide of the  secondary helium gas loop, the steam heater, the steam 
reformer and the reducing gas heater are arranged i n  para l le l ,  and the 
steam generator i s  arranged on the  low-temperature side.  The material of 
t h e  reducing gas i s  vacuum res idue  o i l  ( a s p h a l t ) ,  a byproduct of  o i l  
refining. After being cracked by steam, heated u p  t o  850°C by the reactor 
process heat,  the  residual o i l  i s  transformed in to  reducing gas, a compound 
composed principally of hydrogen and carbon monoxide, produced through the 
process of e i the r  steam reforming or pitch gasification. After being 
heated to 800°C by a reducing gas heater, reducing gas i s  blasted into 
t h e  s h a f t  furnace.  As exhaust gas from t h e  top  of t h e  s h a f t  furnace 
s t i l l  has reducing power, a closed system i s  adopted so as t o  use i t  i n  
c i rculat ion.  

In order t o  implement t h e  conception of a nuclear steelmaking p i lo t  
p l a n t ,  f i r s t - s t a g e  r e sea rch  and development has been going on i n  t h e  
following s ix tasks over a seven-year program which began in 1973: (1) 
H i  gh-Temperature Heat Exchanger; (2) Heat R e s i s t a n t  Supera l loys ;  ( 3 )  
H i  gh-Temperature Heat Insul a t i  ng Materi a1 s ;  (4)  Reducing Gas Production 
Unit; (5)  Reduced Iron Production System; and (6) Total System fo r  Nuclear 
Steelmaking. 



These s i x  t a s k s  make u p  t h e  p r i n c i p a l  research  and development 
elements i n  nuclear  s teelmaking,  which have been undertaken by ERANS 
and the National Research Ins t i tu t e  f o r  Metals, where more than 500 en- 
gineers and researchers are  engaged in the projects.  The conceptual design 
i s now proceeding for  . a  nuclear steelmaking p i lo t  pl ant system, FM-50, 
t o  be' connected t o  the experimental V H T R  of 50 M W t  being developed by 
JAERI. Based on the FM-50 configuration chosen a f t e r  studying b o t h  the 
material balance and the thermal balance, studies and assessments will be 
performed o n  the following points: (1)  plans f o r  arrangement of f a c i l i -  
t i e s ;  ( 2 )  layout; (3 )  u t i l i t y ;  and ( 4 )  performance of operation, safety and 
control by dynamic simul ation model s. In addition, designing and safety 
analyses of the instrumentation and control systems of the p i lo t  plant are 
going on. 

These s i x  design t a s k s ,  along with t h e  above descr ibed research  
and development e f fo r t ,  represent the f i r s t  phase of the nuclear s teel-  
making project and were completed t h i s  year. The second FM-50 project 
phase i s  now under way and i s  expected t o  1 ead t o  plant construction. I t  
i s  anticipated tha t  by about 1990 the nuclear steelmaking p i lo t  pl ant,  
FM-50, can be connected direct ly  with the experimental VHTR of 50 M W t  and 
begi n operati on. 

Descriptions of the Organization of ERANS and the Organization of 
the Japanese Nuclear Steelmaking Program are given in Figures 2 and 3, 
respectively. 

C .  Major VHTRFacilities 

1. HENDEL LoopTes tFac i l i t y  

The He1 i um Engineering Demonstrati on Loop ( H E N D E L  ) wi 11 begi n operati on 
i n 1981. I t  i s  a 1 arge-scale model tes t ing  facil  i t y  for  the demonstrative 
operation of high-temperature components such as the intermediate heat 
exchanger, high-temperature pi ping, emergency isolat ion valve and core 
suppor t  s t r u c t u r e  of t h e  experimental V H T R .  I t  wi 11 demonstrate the  
performance and i n t e g r i t y  of t h e  components of  t h e  experimental V.HTR 
from the standpoint of 1 icensi ng. 

Test conditions of HENDEL t e s t  sections should permit the extrapola- 
tion of HENDEL experiments t o  the  experimental V H T R  conditions on a 1 arge- 
scale and should, a t  the lowest possible cos ts ,  correspond to one channel 
and one block column model for  fuel stack t e s t s ,  three region core bottom 
model for  in-core structural t.wt.s, three seven-region mock-up f o r  in-core 
flow t e s t s ,  and 113-scal e high-temperature components f o r  heat removal 
t e s t s .  

The HENDEL loop consists of a parent loop section, an adapter section 
and various t e s t  sections. The parent 1 oop section . c i  rcul a tes  he1 ' u m  3 gas of the specified flow ra te  (0.4 and 4.0 kg/s ) ,  pressure (40 kg/c g) 
and purity. I t  consists of helium c i rcu la tors ,  heater,  cooler, mixing tank 
and f i  1 t e r ,  connected with he1 i urn purif icat ion,  he1 ium storage and cool ing 
water systems which are  designed for  the  respective purposes of puri fica- 
t ion,  storage and cool ing of primary helium gas. The adapter section heats 
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he l ium gas up t o  1000°C. I t  cons i s t s  o f  high-temperature heaters and 
coo lers .  The ope ra t i on  o f  t he  parent  p l u s  adapter sec t ions  w i l l  be s t a r t e d  
l a t e  . i n  1981 and t h e  t e s t  s e c t i o n  i n  1982-83. T e s t  r e s u l t s  o b t a i n e d  
w i l l  be used f o r  l i c e n s i n g  o f  experimental  VHTR and improvement o f  manu- 
f a c t u r j  ng, performance and design. 

D. I n d u s t r i a l  P a r t i c i p a n t s  i n  t he  VHTR Program 

The f o l l o w i n g  Japanese i n d u s t r i a l  o rgan iza t ions  have p a r t i c i p a t e d  w i t h  
JAERI s ince t h e  i n i t i a t i o n  o f  design 'work i n  1970. I n  add i t i on ,  many have 
conducted t h e i r  own HTGR research and development programs. A b r i e f  d e s c r i p t i o n  
of these R&D programs i s  g iven a f t e r  each p a r t i c i p a n t .  

F u j i  E l e c t r i c  Co., L td .  

F u j i  E l e c t r i c  Co., L td .  has been i n t e r e s t e d  i n  the gas-cooled r e a c t o r  
begi nn i  ng w i  t h  t he  U K '  s  Cal der-Hal 1  Magnox r e a c t o r  type. Th is  company's 
research and development work i ncludes methods development and mater i  a1 s  
s tud ies  o f  t h e  e f f e c t s  o f  t h e  environment o f  high-temperature metal and 
creep o f  tube metals a t  h igh  temperature. The mechanical and phys ica l  
p r o p e r t i e s  o f  g raph i te ,  and the  e f f e c t s  o f  co r ros ion  have been measured 
up t o  1200°C. 

H i  t a c h i  , Ltd.  

H i  t a c h i ,  L td.  has performed general research and development a c t i v i t i e s  
i n  support o f  t h e  VHTR. 

I s h i  kawajima-Harima, L td .  

I sh i kawa j ima-Har ima ,  L t d .  has done r e s e a r c h  and deve lopment  work f o r  
AIST through the  ERANS p r o j e c t  i n  t h e  f o l l o w i n g  areas: (1) Hydrogen 
permeation t e s t i n g ;  ( 2 )  Improvement o f  heat  t r a n s f e r  i n  heat  exchangers; 
( 3 )  Tes t i ng  o f  cha rac te r i  s t i c s  o f  high-temperature thermal -i n s u l a t i n g  
mater i  a1 s; ( 4 )  Devel opment o f  emergency shu t -o f f  va1 ves and bypass val  ves; 
(5) Development o f  He c i r c u l a t o r s ;  and ( 6 )  Experimental study on h e l i c a l  
c o i  1  heat  exchangers. 

Kawasaki Heavy I n d u s t r i e s ,  L td .  

Kawasaki Heavy I n d u s t r i e s ,  Ltd. has been conduct ing s t u d i  es i n  var ious  
f i e 1  ds of t h e  HTGR such as: be1 lows, ceramic c o a t i n g  thermal i n s u l a t i o n  
ma te r ia l s ,  adhesion p rope r t i es ,  and high-temperature metals i n c l u d i  ng 
we ld ing  techniques. Also, us ing  i t s  own t e s t  l oop  f a c i l i t i e s ,  va lves 
and heat  exchangers a re  being developed. . . 

. M i  t s u b i  sh i  Heavy I n d u s t r i e s ,  L td .  

M i  t s u b i  s h i  Heavy I n d u s t r i e s ,  Ltd.  has cons t ruc ted  i t s  own he1 ium 1 oop 
t e s t  f a c i  1  i t y  t o  per fo rm mate r ia l  s  t e s t s  and o t h e r  high-temperature tech- 
no log i ca l  t e s t s .  



Toshiba, L t d .  

Toshi ba, Ltd .  has performed general research and devel opment a c t i  v i  t i e s  
i n  support of the  JAERI VHTR Program. 





111. OTHER COUNTRIES 

A. Swi tzer l  and 

The Swiss Office of Science and Research (BBW, formerly AWF) through i t s  
Nuclear Research Ins t i tu t e  (EIR) has participated with Germany i n  the HHT 
Project since 1973. The Swiss must now re-evaluate the i r  role in  the Program as 
a resu l t  of the delay i n  the HHT Project and the current reassessment of the 
German HTGR Program direction. The Swiss had been strong supporters of the  HHT 
Project because of the Swiss industrial  i n t e r e s t  in both the gas turbine and 
dry-cooling technologies. The E I R  had contributed 15% of the total  project cost 
by funding the Swiss companies that  were performing work for  the HHT Projects, 
such as BBC-CH,  and Sulzer Brothers. The total  expenditures of the Swiss 
HHT-Partners from 1973 to  1980 amount t o  some 78 million sFr (approximately $50M 
U.S. 1. The budget fo r  1980 was 13.3 mil lion sFr. 

A brief description of a few of the industry participants and the i r  roles 
fol 1 ows : 

Bonnard and Gardel Consultina Enaineers. Ltd.  

Bonnard and Gardel i s  involved i n  PCRV design, tes t ing and analysis and 
i s  a s ignif icant  contributor to  the program i n  t h i s  area. Work a t  the 
present time i s  in  collaboration w i t h  H R B .  

Brown, Boveri & Ci-e AG of Baden ( B B C - C H I  

BBC-CH was responsible for  the design and construction of the turboma- 
chinery fo r  the HHT Project. 

Gebruder Sul zer  (Sul zer  Brothers o f  US nter thur)  

Sulzer Brothers L td .  participated as a member of the HHT industri a1 consor- 
t i u m .  I t  was t o  design and manufacture the recuperator and precooler for  
the  HHT.  

Sul zer-General Atomic Heat Exchangers L t d .  (SGX) 

This company i s  owned 50% by GAC and 50% by Sulzer Brothers L t d .  B o t h  
companies have licensed SGX t o  t h e i r  respective gas reactor heat exchanger 
technology. I t  i s  planned tha t  SGX will  become a major supplier of heat 
exchanger equipment. 

B .  France 

The French government decided t o  terminate the i r  participation i n  the 
HTGR Program during the 1.atter part  of 1979. A1 though the French remain inter-  
ested in  the HTGR technology, large cost overruns in other nuclear programs, 
pri nci pal ly the Superphenix e f f o r t ,  require the di scontinuation of t h e i r  e f fo r t s  
i n  the HTGR f i e ld .  The French, through t h e i r  Atomic Energy Commission ( C E A )  
had been part  of the Umbrella Agreement since 1977. They also had had an 
industr ia l  agreement with GAC and the French nuclear industry which would a1 low 
licensing of the GAC design for  fuel and NHS components in France. Through thfs 



exchange w i t h  GAC and l a t e r  under the Umbrella Agreement, extensive fuel and 
primary c i r c u i t  component tes t ing had been conducted by the CEA.  The French 
possess some of the best gas-reactor tes t ing f a c i l i t i e s  i n  the world, such as 
the Carmen flow loop, COMEDIE f iss ion product loop and Sp i t f i r e  fuel i r radiat ion 
t e s t  loop, and e f fo r t s  are  being made to  continue use of these f a c i l i t i e s .  
However, since the French have discontinued thei r HTGR Program, these e f fo r t s  
have been hampered because of t h e i r  previous association w i t h  the Program 
through the mu1 t i  -national Umbrel 1 a Agreement. 

C.  United Kingdom 

The United Kingdom has considerable experience w i t h  as-cool ed reactors. 
I t  has 26 Magnox reactors and five Advanced Gas Reactors 9 A G R ' s )  i n  operation 
w i t h  an additional ten A G R ' s  under construction or planned. The Brit ish were 
early pioneers in the f i e l d  of gas reactors and made s ignif icant  contribution to  
the HTGR devel opment, especi a1 ly i n the areas of fue l ,  core and gas t ransfer  
technology. The U.K.  ' s  Dragon reactor was one of the principal HTGR t e s t  
f a c i l i t i e s  until  i t s  decommissioning during the early 1970's. The British HTGR 
Program was discontinued in the mid-1970's principally as a r e su l t  of reduced 
forecasts for  future e lec t r ica l  energy demands. They have, however, continued 
w i t h  the AGR as  the mainstay of the i r  current nuclear reactor program. 

A brief description of the  Bri t ish Magnox and AGR's follows: 

Magnox 

Magnox reactors are the f i r s t  generation of gas-cooled reactors. The 
fue l  elements c o n s i s t  of na tura l .  uranium rods while t h e  fue l  element 
cladding i s  made of magnesium a1 loy (referred t o  as  Magnox). The CO 
coolant i s  heated from 250°C t o  360°C a t  30 bars. The heat generated i$ 
removed via forced c i  rcul ation steam generators. The most recent Magnox 
reactors have PCRV ' s.  

There are  36 Magnox systems now i n  operation throughout the world w i t h  a 
combined e lec t r ica l  ra t ing of 9100 Me and approximately 570 reactor years 
o f  operating experience (see Table 11, The mean avai lab i l i ty  fo r  a1 1 these 
reactors through 1975 was 60%. 

AGR (Advanced Gas-Cool ed Reactors ) 

The United Kingdom pioneered advances in the Magnox reactors to  develop 
the AGR. The most s ignif icant  change i s  a new fuel element. AGR fuel 
contai ns 1 ow-enri ched urani urn oxi de i n s t e e l  cl addi ng which a1 lows gas 
ou t l e t  temperatures of 650°C. In addition, the fuel. element burn-up rate  
i s  f ive  times the ra te  o f  Magnox reactors and the power density i s  three 
times as great. The AGR also has a graphite moderator, integrated steam 
generators w i t h i n  the PCRV, and core reloading under load which a r e  the 
same as Magnox. 

Under Br i ta in ' s  newly launched nuclear program,. two new AGR power s tat ions 
have been authorized. S t a r t  of construction of the two stat ions,  each with 
two 660 MWe reactors,  a t  Torness i n  Scotland and Heysham f n northwest 



Table 1 

Magnox and Advanced Gas-Cooled Reactors 

Fac i l i t y  
Numbe r of Net ~l e c t r i  cal Cornmerci a1 Operati on 
Reactors Rating i n  M W  Date 

Magnox Reactors 

Cal der Hal 1 
Chapel Cross 
Marcoule G2,G3 
Berkely 
Bradwell 
Lati na 
Hunterston A 
Chinon ? 
Trawsfynydd 
Hi nkley Point A 
Dungeness A 
Sizewell A 

, .  Tokai 1 
Chinon 3 
01 dbury 
St .  -Laurent-des-Eaux 1 
St.-Laurent-des-Eaux 2 
Wyl f a  
Bugey 1 
Vandell os 

AGR - 
W i  ndscal c 
Hi nkley Point B 
Hunterston B 
Dungeness B 
Hart1 epool 
Hey sham I 
Heysham I 1  
Torness 



England, i s  expected t o  begin i n  1981. These wi l l  then make a t o t a l  of 
f i f t e e n  A G R  r e a c t o r s  completed o r  under c o n s t r u c t i o n  f o r  a combined 
e l e c t r i c a l  r a t ing  of 8875 MWe ( s ee  Table 1). 

Mi s ce l l  aneous 

Belgium, the  USSR, and more recently China, .have some i n t e r e s t -  in the 
HTGR,  b u t  have not entered i n to  any formal agreements with o ther  coun- 
t r i  es .  

In addi t ion,  IAEA has recently organized an International  Worki ng Group 
on HTR (IWGHTR) which wi l l  provide technical  meetings and information 
exchange on HTGR's. Cu r r en t  member c o u n t r i e s  a r e  t h e  U.S., Germany, 
France, Switzerland, Japan, U . K . ,  Be1 giurn, I t a l y ,  Austr ia ,  Netherlands, 
Poland and the USSR. 



I V .  F O R E I G N  HTGR PROGRAM I N D E X  



I V .  FOREIGN HTGR PROGRAM INDEX 

ADAM Tes t  loop i n  Germany designed t o  t e s t  t he  f e a s i b i l i t y  o f  t r a n s p o r t i n g  
the energy o f  t h e  HTGR as l a t e n t  bound chemical energy. Th i s  process 

. i s  i n t e n d e d  t o  b e  used i n  t h e  h y d r o g a s i f i c a t i o n  p o r t i o n  o f  t h e  
PNP p l a n t .  

AGR Advanced Gas-Cooled R e a c t o r  - U n i t e d  K ingdom's  advanced d e s i g n  
gas reac tor .  There a re  f i f t e e n  completed, under cons t ruc t ion ,  o r  
planned. 

AIST Agency o f  I n d u s t r i a l  Science and Technology - P a r t  o f  t h e  Japanese 
M i  n i  s t r y  o f  I n t e r n a t i o n a l  Trade and I n d u s t r y  which funds t h e  Japanese 
FM-50 Nuclear Steelmaki ng P ro jec t .  

AVR Arbei tsgemeinschaf t  Versuchsreaktor, GmbH - the  name o f  t he  15 MWe 
demonstrat ion HTGR i n  FRG. Also the  u t i l i t y  group which cont rac ted  
f o r  t he  c o n s t r u c t i o n  o f  t he  AVR nuc lear  power s t a t i o n .  

AWF Swiss O f f i c e  o f  Science and Research - It was t h e  Swiss coun te rpa r t  
o f  DOE, now renamed Bundesamt f u r  B i ldung und Wissenschaft (see 
BBW) . 

BBC-CH Brown, Boveri  & C ie  AG o f  Baden - A Swiss pa r tne r  under t h e  HHT 
P r o j e c t  which was respons ib le  f o r  turbomachinery design. 

BBC-D Brown, Boveri  & C i e  AG ' o f  Mannheim - A German pa r tne r  under the  
HHT P r o j e c t  which was respons ib le  f o r  c o n s t r u c t i o n  and BOP engin- 
e e r i  ng /con t rac t i  ng. 

B F  Bergbauforschung GmbH - German i n d u s t r i a l  member o f  t h e  PNP P r o j e c t  
w o r k i n g  on t h e  m a t e r i a l s  program. I t  o p e r a t e s  t h e  W K V - I  p i l o t  
h y d r o g a s i f i c a t i o n  p l a n t  i n  Essen. 

B  MFT Bundes M i n i  s t e r i  a t  f u r  Forschung und Techno1 ogi  e  - Federal M i  n i  s t r y  
f o r  Research and Technology i n  tiermany. Equ iva len t  t o  U.S. DOE. 

BBW Bundesamt f u r  B i l  dung und W i  ssenschaft  - Swiss o f f i c e  o f  Science 
and Research. It i s  the  Swiss coun te rpa r t  o f  t h e  U.S. DOE (see 
AWF) . 

C CM Compagnie de Construct ions Mecaniques - Th is  company i s  a  French 
subs id ia ry  o f  Su lzer  Brothers. t h i s  company may be u t i l i z e d  by 
SGX t o  manufacture heat exchangers f o r  t h e  e a r l y  HTGR .Projects. 

CEA Commi s a r i  a t  a  L '  Energi e  Atomique - The French Atomic Energy Commi s- 
s ion,  

E dF E l e c t r i c i  t e  de France - The so le  French u t i l i t y  ( n a t i o n a l l y  owned). 

E G Entwick l  ungsgemei nscha f t  HTR - Th is  "Development Par tnersh ip"  i s 
the  R&D o rgan iza t i on  o f  t h e  German HTR Program formed by HRB, GHT, 
and KFA. 

'\, 
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EIR 

EKEM 

ERANS 

EVA 

EVO 

EVU 

GEWK 

GHT 

HBK 

HEW 

HHT 

HHV 

HKV 

HOBEG 

E i d g e n o s s i s c h e s  I n s t i t u t  f u r  R e a k t o r f o r s c h u n g  o f  Wuren l i ngen  - 
The Swiss na t i ona l  r e a c t o r  research l abo ra to ry  and i s  a p a r t i c i p a n t  
i n  t he  German HTGR Program. It i s  t h e  Swiss counterpar t  o f  KFA and 
ORNL. 

Elektromark, Kommunales E l e k t r i z i  ta tswerk Mar AG - Munic ipal  u t i l i t y  
1 ocated i n Hagen. 

Engi nee r i  ng Research Associ a t i o n  o f  Nuclear Steelmaki ng - An organi -  
z a t i o n  of Japanese companies doing R&D and p r o j e c t  management on the  
FM-50 P r o j e c t  i n  Japan. 

Th i s  KFA P r o j e c t  i s  designed t o  t e s t  t he  f e a s i b i l i t y  o f  a3hel ium 
heated steam reformer. The EVA I loop a t  KFA produces 200 m meth- 
ane/hour .  EVA I 1  i s  u n d e r  c o n s t r u c t i o n  w i t h  30 methane steam 
r e f o r m e r  tubes .  I t  w i l l  be a p a r t  o f  t h e  j o i n t  ADAM I I /EVA I 1  
f a c i l i t y .  

Energi e-Versorgungsanl age Oberhausen - A 50 MWe p l a n t  a t  Oberhausen, 
Germany, which i s  a f o s s i l  -heated he1 ium-dr iven c losed c y c l e  gas 
t u r b i n e  system. Also known as Oberhausen 11. 

Former u t i l i t y  group formed t o  p rov ide  techn ica l  guidance t o  t h e  HHT 
Program. 

Gas-Fl e k . t r i  z i  tatswerke-und Wasserwerke Kol n AG - Munic ipal  u t i l i t y  
o f  Koln. 

Gese l lschaf t  f u r  Hochtemperaturreaktor technik  mbH - A subs id ia ry  
o f  Kra f twerk  Union (KWU) and Interatom. I t has been the  NHS system 
designer  f o r  t h e  PNP P r o j e c t .  

Hocktemperaturreaktor Brennel ement K r e i  s1 a u f  - The High Temperature 
Reactor Fuel Cycle P r o j e c t  being headed by KFA. A1 1 German a c t i v l -  
t i e s  on t h e  HTR f u e l  c y c l e  a r e  coord ina ted  under HBK. 

Hamburgi she E l e k t r i z i  ta tswerke AG - ~ u n i c i p a l  u t i l i t y  o f  Hamburg. 

Hochtemperaturreactor mi t He1 i um Turb i  ne - The j o i  n t  German/Swi ss 
P r o j e c t  t o  design and b u i l d  a h i g h  temperature r e a c t o r  w i t h  a hel ium 
t u r b i n e  r a t e d  600 MWe. 

Hochtemperatur He1 i um Versuchsanl age - This h o t  he1 i um t e s t  1 oop 
i s  designed t o  t e s t  turbomachi nery components and design, h o t  duct 
mater i  a1 s and performance and auxi 1 i ary system designs. 

Hochtemperatur. Kernkraf twerk GmbH - U t i l  i t y  ope ra t i ng  group f o r  
t he  HTR-300. 

Hydrierende Kohlevergasung - The h y d r o g a s i f i c a t i  on o f  coal process. 

Hochtemperaturreaktor-Brennelment GmbH - A subs id i  ary o f  NUKEM. 
It has rece ived NUKEM's e x i  s t i n g  HTGR f u e l  p roduc t i on  f a c i  1 i t i e s ,  
personnel and technology and i s  supp ly ing  f u e l  f o r  AYR and THTR. 



HRB Hochtemperatur Reaktorbau GmbH w i t h  main o f f i c e s  i n  Mannheim - HRB 
has been the  i n d u s t r i a l  p a r t n e r  i n  t h e  HHT Program respons ib le  f o r  
t he  design o f  t he  nuclear heat supply system and i s  a l so  t h e  NSS 
s u p p l i e r  f o r  t h e  THTR Pro jec t .  It i s  55% owned by BBC-D and 45% 
owned by General Atomic. I t  has j o i n e d  w i t h  GHT t o  form t h e  "Konsor- 
t i u m  HTR." 

HRG Newly formed German U t i l i t y  o rgan iza t i on  composed o f  e i g h t  e l e c t r i c  
genera t ing  companies. Th is  o rgan iza t i on  i s  l e a d  by H. Suchanek o f  
PREAG, and r e p l a c e s  EVU as  t h e  U t i l i t y  o r g a n i z a t i o n  s u p p o r t i n g  
t h e  HTGR development i n  Germany (see s e c t i o n  1El.a). 

H TMP High Temperature Mater i  a1 s Program. 

I AW Isar-Amperwerke AG - Munic ipal  u t i l i t y  o f  Munich. 

J  AE R I  Japanese Atomic  Energy Research I n s t i t u t e  - I t  i s  t h e  Japanese 
coun te rpa r t  o f  KFA and ORNL. 

JANP Japan Assoc ia t ion  f o r  Nuclear Process Heat - A consort ium o f  e i g h t  
i n d u s t r i a l  companies i n  Japan headed by M i  t s u i  Co. It w i l l  promote 
and a c t  as a program manager f o r  t h e  Japanese VHTR process heat 
reac to r .  

JUPITER J u l i c h e r  P i l o t a n l a g e  zum Thorium Element Reprocessing - A p i l o t  , 

reprocessing p l a n t  scheduled t o  become "hot "  opera t iona l  i n  1985. It 
i s  designed t o  process spent AVR f u e l  elements w i t h  a throughput o f  2 

, 

k g  heavy metal lday.  

KFA Kernforschungsanl age J u l  i ch - The J u l  i c h  Nuclear Research Center 
i s Germany's na t i ona l  l abo ra to ry  f o r  nuc lea r - re la ted  research. It 
has been one o f  t he  HHT and PNP P r o j e c t  p a r t i c i p a n t s  and has a very 
s t rong i n f l u e n c e  on the  HTR Program. 

Konsor- Th i s  consor t ium i s  a combinat ion o f  t h e  HHT and PNP P r o j e c t s '  nuclear  
t i u m  HTR . heat  source system supp l ie rs :  HRB and GHT. It was formed t o  do the 

desiyr~ arid .ler~der* b,ids .for* ,the HHT and BNP P ro jec ts .  

MAGNOX F i r s t  type o f  gas-cooled reac tor .  See Magnox sect i 'on under Un i ted  
K i  ngdom. 

MITI  M i n i s t r y  o f  I n t e r n a t i o n a l  Trade and Indus t r y  - Department o f  the 
Japanese government which i s  f und i  ng the  FM-50 nuclear  steelmaki ng 
p r o j e c t .  

N FE Nukleare Fernenergie - A p r o j e c t  undertaken by KFA and RBW t o  show 
t h e  f e a s i b i l i t y  o f  a ' c h e m i c a l  h e a t p i  pe system f o r  t r a n s p o r t i n g  
the  energy o f  an HTR i n  t h e  form o f  l a t e n t  bound chemical energy. 
It i s  a l s o  c a l l e d  EVA 11. 

N RW Nordrhein ~ e s t f a l e n  - German s t a t e  government which i s  c o n t r i b u t i n g  
f i n a n c i n g  t o  t h e  THTR and PNP P r o j e c t s  t h r o u g h  t h e  M i n i s t r y  o f  
Economics (MWMV) due t o  i t s  l a r g e  coal  reserves and i n t e r e s t  i n  
coal  g a s i f i c a t i o n .  



NUKEM 

NW 

NWK 

PNP 

PPNP 

PREAG 

P TH 

RWE 

Nuclear-Chemie und M e t a l l u r g i e  GmbH o f  Wolfgang - Member o f  the  
HHT Pro jec t .  It i s  the  l ead ing  German nuc lear  f u e l  c y c l e  company and 
i t owns HOBEG. 

Neckarwerke E l  e c t r i z i  t a t s v e r s o r g u n g s  AG - M u n i c i p a l  u t i l  i ty  o f  
E s s l i  ngen. 

Nordwestdeutsche K r a f t w e r k  AG - NWK i s  a  u t i l i t y  member o f  HRG 
and has opera t ing  experience w i t h  several LWR1s. 

Prototypanlage Nucleare Prozesswarme - Prototype Nuclear Process 
Heat System P r o j e c t  supported by BMFT and the  S ta te  o f  North Rhine 
Wes tpha l i  a  (NRW) t o  p roduce  a  n u c l e a r  c o a l  g a s i f i c a t i o n  p l a n t .  

Pro jek tgese l  1  s c h a f t  Prototypanlage Nuclearer  Prozesswarme - The 
ope ra t i ng  company f o r  t h e  PNP p l a n t  formed by RBW and Ruhrkohle, 
two coal companies. 

Preussiche E l e c t r i z i t a t s  - AG - PREAG i s  t he  u t i l i t y  o rgan iza t i on  
t a k i n g  the  l e a d  among t h e  German u t i l i t i e s  i n  o rgan iz ing  HRG. 

P r o j e k t t r a g e r  HTR - The P r o j e c t  Of f i ce  o f  BMFT l o c a t e d  a t  KFA re- 
sponsib le f o r  mon i to r i ng  t h e  government fund i  ng and the  p r o j e c t  
progress. 

Rheinish-Westfal i sches E l e k t r i z i  ta tswerk AG - German u t i l i t y  member 
o f  HRG. The l a r g e s t  u t i l i t y  i n  FRG. 

SGX Sul zer-General Atomic Heat Exchangers L td .  - General Atomic has 
a  50% equ i t y  w i t h  Su lzer  Brothers,  t h e  Swiss heat  exchanger manu- 
f a c t u r e r .  

SHR Stadtwerke Dui sberg AG - Munici  pal  u t i l  i ty o f  Dui sberg. 

ST EAG STEAG Akt iengesel l s c h a f t  - P r i v a t e  e l e c t r i c i t y  generat ing company 
l oca ted  i n  Essen. 

Sul z e r  Sul z e r  Bro thers  o f  W i  n te r thu r ,  Sw i t ze r l and  - Swiss manufacturer 
o f  heat  exchangers and member o f  HHT i n d u s t r i a l  consortium. 

SWD Stadwerke Dussel d o r f  AG - Munic ipal  u t i  1  i ty o f  Dussel dor f .  

THTR-300 . A 300 MWe p ro to type  HTGR-SC p l a n t  w i t h  pebble bed core  being b u i l t  
i n  Germany by BBC, HRB and NUKEM under c o n t r a c t  t o  HKG. 

TWS Techn ische  Werke d e r  S t a d t  S t u t t g a r t  AG - M u n i c i p a l  u t i l i t y  o f  
S t u t t g a r t .  

. VEW German U t i l i t y .  THTR-300 i s  on VEW1s g r i d .  

WKV Wasserdampf Kohl evergasung - The steam g a s i f i c a t i o n  o f  coal process 
envisaged t o  be used i n  t h e  PNP p lan t .  




