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InternaLonal	
  Thorium	
  Energy	
  
CommiNee	
  (iThEC)	
  

•  The	
  goal	
  of	
  iThEC	
  is	
  to	
  “Promote	
  innovaLon,	
  
more	
  specifically,	
  in	
  the	
  development	
  of	
  
thorium	
  nuclear	
  technologies”	
  
–  September	
  2012:	
  CreaBon	
  of	
  iThEC	
  in	
  Geneva	
  
Switzerland	
  

– October	
  2013:	
  OrganizaBon	
  of	
  the	
  ThEC13	
  conference	
  
at	
  CERN,	
  in	
  Geneva	
  Switzerland	
  

–  Spring	
  2015:	
  MoU	
  signed	
  with	
  IBeL	
  (industrial	
  
partner)	
  

– October	
  2015:	
  A	
  first	
  concrete	
  step	
  towards	
  the	
  
exploitaBon	
  of	
  thorium	
  –	
  couple	
  a	
  proton	
  accelerator	
  
to	
  a	
  subcriLcal	
  core	
  of	
  significant	
  power	
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Why	
  thorium	
  (232Th90)?	
  

•  “Thorium	
  is	
  a	
  sustainable	
  source	
  of	
  energy	
  on	
  
a	
  human	
  4me	
  scale”	
  

3	
  

Monazite	
  sample	
  containing	
  2	
  to	
  3%	
  of	
  thorium	
  
mixed	
  with	
  rare	
  earths	
  (from	
  the	
  Steenkamp-­‐
skraal	
  mine,	
  South	
  Africa	
  –	
  Trevor	
  Blench)	
  

Energy	
  intensity	
  
to	
  generate	
  1	
  GWe	
  during	
  one	
  year	
  
takes:	
  
–	
  2.5	
  million	
  tons	
  of	
  coal	
  (13t	
  of	
  Th)	
  
–	
  1	
  ton	
  of	
  thorium	
  in	
  an	
  Energy	
  
Amplifier	
  
In	
  view	
  of	
  the	
  dramaBc	
  effect	
  of	
  burning	
  
fossil	
  fuels	
  on	
  atmospheric	
  polluBon,	
  the	
  
much	
  be^er	
  energy	
  intensity	
  is	
  in	
  itself	
  a	
  
very	
  strong	
  incenLve	
  to	
  try	
  to	
  use	
  
thorium	
  

Carlo	
  Rubbia	
  



Destroying	
  nuclear	
  waste	
  with	
  232Th90	
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•  Thorium	
  minimizes	
  TRU	
  producBon,	
  as	
  it	
  is	
  7	
  neutron	
  captures	
  away	
  from	
  239Pu	
  
•  For	
  the	
  same	
  reason,	
  it	
  can	
  be	
  used	
  to	
  destroy	
  nuclear	
  waste	
  
•  With	
  efficient	
  recycling	
  and	
  fast	
  neutron	
  flux,	
  	
  

one	
  can	
  make	
  the	
  TRU	
  inventory	
  	
  
as	
  small	
  as	
  wanted	
  

Entry door to TRU production in uranium cycle"
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iThEC’s	
  interest	
  is	
  ADS	
  

•  A	
  parLcle	
  accelerator	
  to	
  provide	
  a	
  neutron	
  source	
  through	
  
spallaLon	
  (Pb,	
  Pb-­‐Bi,	
  U	
  targets)	
  

•  A	
  core	
  in	
  which	
  both	
  source	
  neutrons	
  and	
  fission	
  neutrons	
  are	
  at	
  
work	
  –	
  with	
  a	
  moderator	
  least	
  moderaLng	
  to	
  allow	
  for	
  a	
  fast	
  
neutron	
  spectrum	
  	
  

•  Combine	
  with	
  passive	
  processes	
  for	
  heat	
  removal	
  and	
  for	
  safety	
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Non	
  negligible	
  contribuBon	
  from	
  the	
  
high	
  energy	
  tail	
  (n,xn)	
  reacBons	
  on	
  Pb.	
  



ADS	
  	
  
•  The	
  accelerator	
  allows	
  to	
  breed	
  in	
  the	
  fast	
  neutron	
  region	
  where	
  breeding	
  is	
  not	
  

favourable	
  compare	
  to	
  Pu,	
  this	
  in	
  turn	
  allows	
  to	
  destroy	
  TRU	
  

•  An	
  ADS	
  can	
  fit	
  in	
  various	
  nuclear	
  scenarios:	
  
–  In	
  combinaBon	
  with	
  U-­‐Pu	
  fast	
  reactors	
  as	
  a	
  dedicated	
  burner	
  of	
  Minor	
  AcBnides	
  	
  
–  As	
  a	
  233U	
  breeder	
  burning	
  TRU	
  

•  In	
  addiBon,	
  the	
  accelerator	
  allows	
  to	
  modulate	
  the	
  power	
  	
  
(complementarity	
  with	
  fluctuaBng	
  renewable	
  energies)	
   6	
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•  Theory	
  of	
  subcriLcal	
  systems	
  well	
  known.	
  ProperBes	
  are	
  quite	
  different	
  from	
  
those	
  of	
  criBcal	
  systems	
  (C.	
  Rubbia,	
  CERN/AT/ET/Internal	
  Note	
  94-­‐036)	
  

•  MC	
  simulaBons	
  are	
  needed	
  for	
  quanBBve	
  properBes.	
  Neutron	
  flux	
  geometry	
  
important	
  to	
  determine	
  the	
  generated	
  power	
  distribuBon	
  and	
  the	
  uniformity	
  
of	
  fuel	
  burnup	
  

•  AnalyBcal	
  approach	
  interesBng	
  to	
  get	
  insight	
  into	
  the	
  physics.	
  The	
  basic	
  
equaBon	
  similar	
  to	
  that	
  of	
  a	
  criBcal	
  reactor,	
  but	
  with	
  an	
  external	
  neutron	
  
source	
  term	
  in	
  addiLon,	
  and	
  obtain	
  the	
  qualitaBve	
  properBes	
  of	
  the	
  system:	
  

	
  
	
  

Theory	
  of	
  subcriLcal	
  systems	
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Switching	
  off	
  the	
  neutron	
  source	
  not	
  
only	
  stops	
  the	
  main	
  power	
  generaBon,	
  
but	
  also	
  moves	
  the	
  system	
  further	
  away	
  
from	
  prompt	
  criBcality,	
  ks	
  to	
  keff.	
  	
  ThEC15/Oct.13.2015	
  



FEAT	
  and	
  TARC	
  experiments	
  at	
  CERN	
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3.62	
  t	
  of	
  natural	
  uranium	
  at	
  CERN	
  PS;	
  keff	
  ~	
  0.9	
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TransmutaLon	
  performance	
  of	
  ADS	
  
•  C.	
  Rubbia’s	
  EA	
  can	
  destroy	
  36	
  kg	
  of	
  TRU/TWth.h	
  	
  

(A	
  PWR	
  produces	
  14	
  kg	
  of	
  TRU/TWth.h)	
  

•  CalculaBons	
  of	
  specific	
  transmutaBon	
  rates	
  (Y.	
  Kadi)	
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The	
  PSI	
  Cyclotron	
  

ThEC15/Oct.13.2015	
   10	
  

1.3MW@0.59GeV,	
  94%	
  reliability	
  
	
   	
   	
   	
  Mike	
  Seidel	
  



SNS	
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Industrialized	
  ADS	
  

12	
  

Carlo	
  Rubbia	
  
Simplified	
  reprocessing	
  (U	
  &	
  Pu	
  by	
  fluorinaBon)	
  

Jacobs	
  
Engineering	
  
Group	
  Inc.	
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The	
  next	
  step	
  for	
  ADS	
  
•  Before	
  building	
  a	
  system	
  on	
  an	
  
industrial	
  scale,	
  it	
  is	
  necessary	
  
to	
  build	
  a	
  first	
  demonstrator	
  of	
  
significant	
  power	
  

•  Many	
  a^empts	
  in	
  the	
  past	
  
•  So	
  far	
  no	
  ADS	
  exceeded	
  1	
  kW	
  of	
  
thermal	
  power,	
  which	
  is	
  too	
  
small	
  to	
  learn	
  useful	
  lesson	
  in	
  
view	
  of	
  an	
  industrial	
  
exploitaBon	
  

•  The	
  minimum	
  power	
  requires	
  is	
  
1	
  MW	
  

ThEC15/Oct.13.2015	
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First	
  proposal	
  by	
  C.	
  Rubbia	
  et	
  al.,	
  
in	
  1999	
  
Ansaldo	
  engineering	
  design	
  	
  
for	
  the	
  Energy	
  Amplifier	
  	
  
DemonstraBon	
  Facility	
  	
  
EA	
  B0.00	
  1	
  200	
  (Jan.	
  1999)	
  

Forced	
  
convecBon	
  



ADS	
  demo	
  projects	
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Project Neutron Source Core Purpose 
FEAT 
(CERN) 

Proton (0.6 to 2.75 GeV) 
(~1010p/s) 

Thermal  
(≈ 1 W) Reactor physics of thermal subcritical system (k≈0.9) with spallation source - done  

TARC 
(CERN) 

Proton (0.6 to 2.75 GeV) 
(~1010p/s) 

Fast 
(≈ 1 W) Lead slowing down spectrometry and transmutation of LLFP - done  

MUSE  
(France) DT (~1010n/s) Fast  

(< 1 kW) Reactor physics of fast subcritical system - done  

YALINA 
(Belorus) DT (~1010n/s) Fast  

(< 1 kW) Reactor physics of thermal & fast subcritical system - done  

MEGAPIE 
(Switzerland) 

Proton (600 Me) 
+ Pb-Bi (1MW) 

----- Demonstration of 1MW target for short period - done  

TRADE  
(Italy) 

Proton (140 MeV) 
+ Ta (40 kW) 

Thermal 
(200 kW) Demonstration of ADS with thermal feedback - cancelled  

TEF-P 
(Japan) 

Proton (600 MeV) 
+ Pb-Bi (10W, ~1012n/s) 

Fast 
(< 1 kW) 

Coupling of fast subcritical system with spallation source including MA fuelled configuration - 
postponed 

SAD 
(Russia) 

Proton (660 MeV) 
+ Pb-Bi (1 kW) 

Fast 
(20 kW) Coupling of fast subcritical system with spallation source - cancelled  

TEF-T 
(Japan) 

Proton (600 MeV) 
+ Pb-Bi (200 kW) 

----- Dedicated facility for demonstration and accumulation of material data base for long term - 
postponed 

MYRRHA 
(Belgium) 

Proton (600 MeV) 
+ Pb-Bi (1.8 MW) 

Fast 
(60-100 MW) Experimental ADS – under design 

CADS 
(China) Protons (0.6 – 1.5 GeV) Fast (100–

>1000MW) Four phase project: 2011 – 2031 

U-ADS 
(Ukraine) Electrons 200 kW Uranium-­‐based	
  ADS	
  prototype	
  (KIPT)	
  	
  

ADS 
 (Russia) Protons (250-500 MeV) 1-5 MW Sidorkin et al., Using an existing facility at INR, Troitsk 



ADS	
  demonstrator:	
  MYRRHA	
  

15	
  

Hamid	
  Aït	
  Abderrahim	
  

The	
  most	
  natural	
  next	
  step	
  
Strong	
  support	
  from	
  the	
  Belgian	
  
government	
  
However:	
  
–	
  only	
  parBally	
  funded	
  
–	
  no	
  thorium	
  
–	
  will	
  not	
  remain	
  an	
  ADS,	
  	
  
will	
  turn	
  into	
  a	
  criBcal	
  reactor	
  

Hamid	
  Aït	
  Abderrahim	
  
SCK•CEN,	
  Boeretang	
  200,	
  2400	
  Mol,	
  Belgium	
  

MYRRHA	
  will	
  unfortunately	
  take	
  a	
  long	
  Bme	
  
ThEC15/Oct.13.2015	
  



What	
  could	
  be	
  done	
  today?	
  

16	
  

•  With	
  present	
  accelerators	
  and	
  neutrons	
  spallaBon	
  sources	
  (1	
  to	
  2	
  MW)	
  it	
  
is	
  possible	
  to	
  build	
  an	
  ADS	
  of	
  power	
  100	
  to	
  300	
  MW	
  

300MW	
  

1500MW	
  

100MW	
   200MW	
  

1	
  GeV	
  beam	
  

PThermal =
ks !G0
1" ks( )

PBeam

Rubbia	
  EA	
  



A	
  Proposal	
  at	
  Troitsk	
  
•  At	
  ThEC13	
  Stanislav	
  Sidorkin	
  presented	
  a	
  proposal	
  of	
  an	
  ADS	
  

demonstrator	
  at	
  Troitsk,	
  using	
  the	
  Moscow	
  Meson	
  Factory,	
  at	
  
the	
  InsBtute	
  for	
  Nuclear	
  Research	
  (INR)	
  

ThEC15/Oct.13.2015	
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iThEC	
  recognized	
  that	
  it	
  
could	
  be	
  a	
  realisBc	
  
possibility	
  of	
  having	
  a	
  first	
  
ADS	
  demonstrator	
  



iThEC	
  delegaLon	
  on	
  site	
  

ThEC15/Oct.13.2015	
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Photo	
  taken	
  at	
  the	
  entrance	
  of	
  the	
  Troitsk	
  Laboratory	
  (July	
  13,	
  2015):	
  From	
  lef	
  to	
  right:	
  
Valeri	
  Kalinin,	
  Frank	
  Gerigk,	
  Karel	
  Samec,	
  Yacine	
  Kadi,	
  Anatol	
  Rogov,	
  Stanislav	
  Sidorkin.	
  

EvaluaBon	
  of	
  the	
  potenBal	
  of	
  the	
  facility	
  



The	
  LINAC	
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The	
  LINAC	
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INR	
  Deputy	
  Director	
  Dr.	
  Alexander	
  Feschenko	
  
iThEC	
  mebers	
  Yacine	
  Kadi	
  and	
  Frank	
  Gerigk	
  



The	
  target	
  area	
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ADS	
  experimental	
  cell	
  

Pulsed	
  neutron	
  source	
  



EvaluaLon	
  of	
  the	
  Troitsk	
  Facility	
  
•  The	
  iThEC	
  delegaBon	
  with	
  experts	
  in	
  accelerator	
  and	
  	
  

reactor	
  technology,	
  in	
  nuclear	
  safety,	
  and	
  in	
  ADS	
  concluded	
  
that	
  an	
  ADS	
  at	
  Troitsk	
  can	
  fullfill	
  the	
  requirements	
  for	
  a	
  
useful	
  ADS	
  demonstrator	
  

•  The	
  facility	
  once	
  commissioned	
  would	
  be	
  used	
  for	
  studies	
  
in	
  material	
  sciences,	
  nuclear	
  physics,	
  nuclear	
  technologies,	
  
liquid-­‐metal	
  cooling,	
  fuel	
  composiBon	
  and	
  processing,	
  
instrumentaBon	
  and	
  control,	
  computer	
  simulaBon	
  
techniques.	
  	
  

•  In	
  its	
  meeBng	
  on	
  October	
  8,	
  iThEC	
  decided	
  to	
  proceed,	
  in	
  
collaboraBon	
  with	
  Troitsk	
  management,	
  	
  to	
  the	
  next	
  step	
  
which	
  is	
  a	
  detailed	
  feasibility	
  study,	
  in	
  parallel	
  with	
  the	
  
consBtuBon	
  of	
  a	
  collaboraBon,	
  on	
  the	
  CERN	
  experiment	
  
model.	
  

	
  
ThEC15/Oct.13.2015	
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ADS	
  demonstrator	
  

•  What	
  do	
  we	
  want	
  to	
  achieve	
  with	
  an	
  ADS	
  
demonstrator?:	
  
–  Demonstrate	
  ADS	
  at	
  a	
  substanBal	
  power	
  (at	
  least	
  1	
  MW	
  
thermal)	
  the	
  coupling	
  of	
  an	
  accelerator	
  with	
  a	
  subcriBcal	
  
core;	
  

–  Learn	
  how	
  to	
  operate	
  an	
  ADS	
  of	
  substanBal	
  power,	
  in	
  
parBcular	
  define	
  and	
  demonstrate	
  the	
  safety	
  features	
  for	
  a	
  
future	
  industrial	
  prototype;	
  

–  Prepare	
  the	
  design	
  of	
  a	
  prototype	
  of	
  an	
  energy	
  producing	
  
unit	
  of	
  industrial	
  power	
  (a	
  few	
  hundred	
  MW);	
  

–  Demonstrate	
  the	
  destrucBon	
  of	
  Minor	
  AcBnides.	
  

ThEC15/Oct.13.2015	
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The	
  Troitsk	
  accelerator	
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S.	
  Sidorkin@ThEC13	
  



The	
  Troitsk	
  infrastructure	
  
•  The	
  accelerator	
  exists	
  but	
  needs	
  to	
  be	
  refurbished	
  (250-­‐300	
  MeV	
  perhaps	
  

550	
  MeV,	
  25	
  to	
  75kW	
  of	
  average	
  beam	
  power	
  (a	
  few	
  MW	
  of	
  thermal	
  power)	
  
with	
  a	
  repeBBon	
  rate	
  of	
  100Hz	
  –	
  the	
  accelerator	
  upgrade	
  is	
  however	
  far	
  less	
  
costly	
  than	
  a	
  new	
  installaBon.	
  

•  It	
  is	
  only	
  a	
  lack	
  of	
  spare	
  parts,	
  mainly	
  klystrons	
  which	
  prevents	
  from	
  going	
  to	
  
the	
  nominal	
  parameters	
  (600	
  MeV;	
  500	
  µA)	
  

•  The	
  spallaLon	
  neutron	
  source	
  exists	
  (one	
  pulse	
  source	
  in	
  operaBon).	
  The	
  
neutron	
  source	
  could	
  be	
  opBmised	
  to	
  reflect	
  latest	
  developments	
  in	
  this	
  field	
  
(one	
  iThEC	
  member	
  parBcipated	
  in	
  MEGAPIE)	
  	
  

•  There	
  is	
  a	
  design	
  of	
  the	
  core	
  which	
  could	
  be	
  further	
  opBmized.	
  The	
  design	
  
and	
  construcBon	
  of	
  the	
  core	
  requires	
  collaboraBon	
  with	
  ROSATOM.	
  	
  

•  The	
  ancillaries	
  and	
  supporBng	
  equipment	
  at	
  Troitsk	
  would	
  be	
  submi^ed	
  to	
  a	
  
thorough	
  safety	
  review	
  and	
  –	
  where	
  needed	
  –	
  upgraded.	
  However	
  the	
  
presence	
  of	
  significant	
  amounts	
  of	
  nuclear	
  fuel,	
  may	
  imply	
  the	
  need	
  for	
  a	
  
new	
  containment	
  structure.	
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Troitsk	
  Project	
  parameters	
  
•  For	
  a	
  beam	
  power	
  of	
  24.8	
  kW	
  at	
  247	
  MeV	
  (G0	
  =	
  1.15)	
  

	
  
•  For	
  a	
  beam	
  power	
  of	
  50	
  kW	
  at	
  247	
  MeV	
  (G0	
  =	
  1.15)	
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k	
   0.95	
   0.96	
   0.97	
   0.98	
   0.99	
  

Gain	
   21.85	
   27.6	
   37.2	
   56.3	
   113.3	
  

Pthermal)	
  (MW)	
   0.542	
   0.684	
   0.922	
   1.396	
   2.81	
  

k	
   0.95	
   0.96	
   0.97	
   0.98	
   0.99	
  

Gain	
   21.85	
   27.6	
   37.2	
   56.3	
   113.3	
  

Pthermal	
  (MW)	
   1.09	
   1.38	
   1.86	
   2.81	
   5.66	
  

With	
  300	
  MeV	
  protons	
  and	
  an	
  intensity	
  be	
  50%	
  higher,	
  a	
  beam	
  power	
  of	
  50	
  
to	
  75	
  kW	
  should	
  be	
  possible,	
  even	
  if	
  not	
  available	
  iniBally.	
  
It	
  is	
  only	
  a	
  ma^er	
  of	
  investment	
  to	
  achieve	
  higher	
  beam	
  energy	
  and	
  power	
  

C.	
  Rubbia’s	
  EA	
  design	
  parameter	
  



What	
  can	
  be	
  done	
  at	
  Troitsk?	
  
•  Build	
  on	
  an	
  exisBng	
  facility	
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The	
  maximum	
  power	
  reached	
  will	
  depend	
  on	
  the	
  investment	
  in	
  the	
  
accelerator	
  refurbishment.	
  25	
  kW	
  is	
  sufficient	
  to	
  reach	
  1	
  MW.	
  

PThermal =
ks !G0
1" ks( )

PBeam

Ebeam	
  (Min)	
  
250MeV/c	
  

1	
  to	
  3	
  MW	
  



Physics	
  of	
  ADS	
  at	
  Troitsk	
  
•  Measuring	
  the	
  core	
  physical	
  properBes	
  will	
  be	
  the	
  first	
  

stage	
  –	
  the	
  fact	
  that	
  the	
  system	
  is	
  subcriBcal	
  will	
  simplify	
  
life:	
  	
  
–  Neutron	
  Spectrum	
  and	
  flux	
  density	
  mapping	
  
–  Neutron	
  source	
  dynamics,	
  k-­‐source,	
  keff,	
  etc.	
  (pulse	
  beam)	
  
–  Delayed	
  neutron	
  percentage	
  (beta	
  factor)	
  
–  Fuel	
  evoluBon	
  during	
  power	
  cycle	
  
–  Peak	
  pin	
  power	
  along	
  the	
  burn	
  cycle	
  
–  Cycles	
  to	
  equilibrium	
  with	
  Thorium	
  (Breeding	
  characterisBcs,	
  
fuel	
  doubling	
  Bme)	
  

–  ReacBvity	
  feedback	
  coefficients	
  due	
  to	
  geometric	
  effects	
  
–  CharacterisBcs	
  of	
  waste-­‐containing	
  fuel	
  pins	
  such	
  as	
  Doppler	
  
effect	
  

–  etc.	
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CONCLUSION	
  

•  The	
  Troitsk	
  project	
  would	
  be	
  the	
  first	
  ADS	
  of	
  
significant	
  power,	
  a	
  long	
  awaited	
  and	
  necessary	
  
step	
  in	
  view	
  of	
  the	
  design	
  of	
  an	
  industrial	
  system	
  

•  Its	
  power	
  1	
  to	
  3MW	
  (5MW?)	
  is	
  sufficient	
  to	
  fulfill	
  
the	
  iThEC	
  program	
  and	
  can	
  allow	
  many	
  more	
  
measurements	
  of	
  general	
  interest.	
  It	
  will	
  
consBtute	
  an	
  ADS	
  test	
  facility	
  

•  The	
  project	
  costs	
  5%	
  of	
  the	
  cost	
  of	
  MYRRHA	
  and	
  
can	
  be	
  achieved	
  in	
  5	
  year	
  

•  Collaborators	
  are	
  welcome	
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RESERVE	
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Physics	
  of	
  subcriLcal	
  systems	
  

31	
  

C.	
  Rubbia’s	
  EA	
  with	
  	
  
natural	
  convecBon	
  

•  SubcriBcal	
  systems	
  are	
  insensiBve	
  to	
  delayed	
  neutron	
  fracBon	
  (β);	
  safety	
  margin	
  (distance	
  
from	
  prompt	
  criBcality)	
  is	
  a	
  design	
  choice,	
  it	
  is	
  not	
  imposed	
  by	
  Nature!	
  

•  The	
  reacBvity	
  changes	
  only	
  very	
  slowly;	
  the	
  beam	
  can	
  be	
  switched	
  off	
  very	
  quickly,	
  reducing	
  
ks	
  to	
  keff.	
  It	
  is	
  possible	
  to	
  choose	
  a	
  higher	
  ks	
  in	
  order	
  to	
  reduce	
  the	
  load	
  on	
  the	
  accelerator	
  	
  
(Takahashi	
  at	
  BNL,	
  ks	
  =	
  0.99)	
  

Delayed	
  neutron	
  	
  
fracBon	
  

DeterminisBc	
  
control	
  

There	
  is	
  enough	
  Bme	
  
for	
  the	
  natural	
  
convecBon	
  to	
  adapt	
  
	
  
The	
  CERN	
  LHC	
  beam	
  
can	
  be	
  switched	
  off	
  in	
  
270µs,	
  the	
  CERN	
  SPS	
  in	
  
46	
  µs,	
  and	
  a	
  smaller	
  
accelerator	
  for	
  ADS,	
  
even	
  much	
  faster.	
  	
  

ComparaBve	
  response	
  to	
  reacBvity	
  inserBon	
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Other	
  ADS	
  concepts	
  	
  
•  Several	
  Molten	
  Salt	
  ADS	
  concepts	
  are	
  

being	
  studied:	
  Carlo	
  Rubbia,	
  Toshinobu	
  
Sasa	
  and	
  Laszlo	
  Sajo-­‐Bohus,	
  presented	
  	
  
such	
  possibiliBes	
  at	
  ThEC13.	
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Carlo	
  Rubbia	
  

Toshinobu	
  Sasa	
  

Pump

Molten-salt
Target

Reflector

Compact-Type
Heat Exchanger

Secondary 
Molten-salt 

Driving
Motor

Beam Duct

Inner
Reflector

1.5 GeV Proton

Molten-salt target/core system

jpr/CERN-­‐2014	
  

This	
  relaxes	
  the	
  constrains	
  on	
  the	
  faBgue	
  
induced	
  in	
  the	
  fuel	
  structure	
  by	
  the	
  
accelerator	
  trips	
  



CAPRA	
  CEA	
  France	
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iThEC’s	
  strategy	
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Yacine	
  Kadi,	
  Vladimir	
  E.	
  Fortov	
  (President	
  of	
  RAS),	
  	
  
Jean-­‐Pierre	
  Revol	
  (President	
  of	
  iThEC),	
  	
  
Boris	
  F.	
  Myasoedov	
  (In	
  charge	
  of	
  Thorium	
  at	
  RAS)	
  

EvaluaBon	
  of	
  the	
  Troitsk	
  facility	
  in	
  
Russia	
  (done)	
  
	
  
Discussions	
  with	
  partners	
  in	
  Russia:	
  
–	
  Troitsk	
  management	
  
–	
  Russian	
  Academy	
  of	
  Sciences	
  
–	
  ROSATOM	
  
	
  
MoU	
  signed	
  with	
  IBeL,	
  an	
  industrial	
  
partner,	
  with	
  internaBonal	
  
connecBons	
  
	
  
Decision	
  by	
  iThEC	
  last	
  week	
  to	
  start	
  a	
  
feasibility	
  study,	
  and	
  at	
  the	
  same	
  
Bme	
  form	
  an	
  internaBonal	
  
collaboraBon	
  



Fission	
  energy	
  from	
  232Th90	
  

35	
  

q  The	
  fact	
  that	
  most	
  of	
  the	
  thorium	
  is	
  used	
  through	
  breeding	
  gives	
  a	
  factor	
  140	
  gain	
  
compared	
  to	
  235U	
  in	
  PWRs	
  

q  Combining	
  with	
  the	
  factor	
  3	
  to	
  4	
  in	
  abundance,	
  gives	
  an	
  overall	
  factor	
  500	
  in	
  favour	
  of	
  
thorium,	
  when	
  compared	
  to	
  uranium	
  in	
  PWR	
  

Neutron	
  Capture	
  

Thorium	
  chain	
  Uranium	
  chain	
  

Factor	
  11!	
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Fission	
  energy	
  from	
  232Th90	
  
•  Breeding	
  potenLal:	
  For	
  most	
  of	
  the	
  neutron	
  spectrum	
  233U	
  is	
  be^er	
  

than	
  239Pu,	
  However,	
  not	
  for	
  fast	
  neutrons	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

•  As	
  thorium	
  has	
  a	
  higher	
  capture	
  cross	
  secBon	
  than	
  238U,	
  and	
  it	
  takes	
  much	
  longer	
  
to	
  breed	
  the	
  fuel	
  (233U)	
  because	
  of	
  the	
  long	
  half-­‐life	
  of	
  233Pa,	
  one	
  cannot	
  simply	
  
replace	
  238U	
  by	
  232Th	
  in	
  current	
  reactors.	
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ε	
  
=	
  
ν	
  
–	
  
2(
1+
α)
	
  

Br
ee
di
ng
	
  	
  

po
ss
ib
le
	
  

ε	
  =	
  Average	
  number	
  of	
  neutrons	
  in	
  excess	
  of	
  the	
  2	
  neutrons	
  needed	
  to	
  run	
  the	
  fission	
  chain	
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How	
  to	
  use	
  thorium	
  in	
  pracLce?	
  
•  Thorium	
  blankets	
  around	
  fast	
  criLcal	
  reactors	
  to	
  breed	
  233U:	
  the	
  Indian	
  approach,	
  

most	
  advanced,	
  complicated	
  but	
  it	
  should	
  work	
  
•  ConLnuously	
  circulaLng	
  fuel	
  to	
  always	
  have	
  fresh	
  fuel	
  in	
  the	
  core	
  	
  

Pebble	
  bed	
  or	
  molten	
  salt	
  	
  criBcal	
  reactors	
  (MSR)	
  

•  Provide	
  extra	
  neutrons	
  with	
  an	
  accelerator:	
  Accelerator-­‐Driven	
  Systems	
  (ADS)	
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Pebble-­‐bed	
  Reactor	
  scheme	
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Molten	
  Salt	
  Reactor	
  scheme	
  



Next	
  generaLon	
  of	
  cyclotrons	
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Separate	
  turn	
  Cyclotron	
  

H2
+ Cyclotron with reverse bend 

and multiple (3) injections, 1.6 MW 
at 800 MeV should bring the 
number of trips within the ADS 
requirement 
At the same time progress on core 
configuration should make it more 
tolerant to trips 
P. Mandrillon (AIMA )	
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  Ch.	
  Latge	
  (CEA)	
  France	
  @	
  ThEC13	
  	
  



TentaLve	
  schedule	
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