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IntroducHon	
  

•  Within	
  a	
  century	
  or	
  hopefully	
  sooner,	
  humankind	
  
will	
  have	
  to	
  move	
  from	
  an	
  economy	
  enDrely	
  
based	
  on	
  fossil	
  fuels	
  to	
  a	
  fossil	
  fuel	
  free	
  economy:	
  
– Fossil	
  fuel	
  reserves	
  are	
  finite	
  	
  
– The	
  impact	
  of	
  fossil	
  fuel	
  burning	
  on	
  the	
  environment	
  
is	
  becoming	
  unbearable	
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Reserves	
  /	
  ProducHon	
  rate	
  
Oil:	
  53	
  years	
  
Gas:	
  56	
  years	
  
Coal:	
  110	
  years	
  

If	
  people	
  in	
  developing	
  countries	
  are	
  allowed	
  to	
  live	
  as	
  well	
  as	
  people	
  do	
  in	
  Europe	
  today,	
  by	
  
end	
  of	
  21st	
  century,	
  the	
  world	
  power	
  consumpDon	
  will	
  have	
  to	
  increase	
  by	
  a	
  factor	
  3	
  or	
  more.	
  

Renewables	
  
Nuclear	
  

Hydro	
  
Fossil	
  

2.1%	
  
4.4%	
  

6.7%	
  

The	
  world	
  today	
  behaves	
  as	
  a	
  15	
  TW	
  engine	
  	
  
(2kW/capita)	
  +	
  2%/year	
  

87%	
  

Finite	
  fossil	
  resources	
  

Hans	
  Rosling:	
  mailto:hVp://www.gapminder.org/videos/dont-­‐panic-­‐the-­‐facts-­‐about-­‐populaDon/	
  



Burning	
  fossil	
  fuel	
  Hll	
  the	
  end?	
  
•  Global	
  warming	
  Atmospheric	
  CO2	
  level	
  higher	
  than	
  ever	
  in	
  the	
  last	
  million	
  years,	
  

increasing	
  faster	
  than	
  ever	
  before	
  (IPCC,	
  March	
  2014	
  >	
  2˚C	
  more	
  likely	
  than	
  ≤	
  2˚C	
  at	
  end	
  of	
  
century)	
  

•  Air	
  polluHon	
  	
  
–  WHO:	
  in	
  2012	
  around	
  7	
  million	
  people	
  died	
  -­‐	
  1	
  in	
  8	
  of	
  total	
  global	
  deaths	
  –	
  as	
  a	
  result	
  

of	
  air	
  polluDon	
  exposure	
  
–  Burning	
  coal	
  cost	
  Europe	
  alone	
  42.8	
  billion	
  Euros	
  in	
  annual	
  health	
  care	
  expenses	
  	
  

(2013	
  report	
  by	
  the	
  Health	
  and	
  Environment	
  Alliance)	
  	
  
–  The	
  ambient	
  air	
  polluDon	
  caused	
  the	
  premature	
  deaths	
  of	
  >	
  400,000	
  Chinese	
  in	
  2013	
  

	
  
	
  

•  The	
  current	
  tendency	
  is	
  sHll	
  to	
  increase	
  usage	
  of	
  fossil	
  fuel:	
  what	
  is	
  the	
  way	
  out?	
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InnovaHon	
  
•  InnovaDon	
  requires	
  both	
  fundamental	
  research	
  and	
  systemaDc	
  R&D	
  
•  There	
  is	
  in	
  principle	
  no	
  lack	
  of	
  funding	
  (only	
  perhaps	
  a	
  lack	
  of	
  vision)	
  
•  According	
  to	
  Bloomberg	
  New	
  Energy	
  Finance,	
  between	
  2005	
  and	
  2013	
  Europe	
  

spent	
  €600	
  billion	
  on	
  renewable	
  energies	
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Other	
  potenDal	
  sources	
  of	
  
energy	
  obviously	
  do	
  not	
  
receive	
  such	
  colossal	
  
investments	
  

MYRRHA	
  ~	
  1	
  billion	
  €,	
  	
  
only	
  parDally	
  funded	
  	
  	
  



iThEC	
  

•  InnovaDon	
  is	
  precisely	
  what	
  iThEC	
  is	
  about	
  	
  
“Promote	
  innovaHon,	
  more	
  specifically,	
  in	
  the	
  
development	
  of	
  thorium	
  	
  technologies”	
  
–  September	
  2012:	
  creaDon	
  of	
  iThEC	
  in	
  Geneva	
  
Switzerland	
  

– October	
  2013:	
  OrganizaDon	
  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	
  
exploitaDon	
  of	
  thorium	
  –	
  see	
  later	
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ThEC13	
  at	
  CERN	
  
•  iThEC	
  organized	
  ThEC13	
  	
  

–  hVp://indico.cern.ch/event/thec13	
  (slides	
  &	
  videos)	
  
•  The	
  main	
  world	
  actors	
  were	
  all	
  represented	
  (32	
  countries)	
  	
  
•  ThEC15	
  well	
  on	
  the	
  way	
  to	
  another	
  great	
  success!	
  

7	
  *President	
  of	
  FoundaDon	
  for	
  the	
  Economy	
  and	
  sustainable	
  Development	
  of	
  the	
  Regions	
  of	
  Europe	
  

CERN	
  DG	
   Claude	
  Haegi	
  (President	
  of	
  FEDRE)*	
  
Hans	
  Blix	
  (ex	
  DG	
  of	
  IAEA)	
  

Pascal	
  Couchepin	
  (ex	
  Swiss	
  President)	
  
Carlo	
  Rubbia	
  (Nobel	
  Prize	
  1984)	
  



The	
  next	
  publicaHon	
  on	
  thorium	
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NOT	
  T
HE	
  FIN

AL	
  CO
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Why	
  thorium	
  (232Th90)?	
  

•  “Thorium	
  is	
  a	
  sustainable	
  source	
  of	
  energy	
  on	
  
a	
  human	
  4me	
  scale”	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
  Carlo	
  Rubbia	
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Monazite	
  sample	
  containing	
  2	
  to	
  3%	
  of	
  thorium	
  
mixed	
  with	
  rare	
  earths	
  (from	
  the	
  Steenkamp-­‐
skraal	
  mine,	
  South	
  Africa	
  –	
  Trevor	
  Blench)	
  

Uranium	
  may	
  also	
  be	
  used	
  in	
  breeding	
  mode,	
  	
  
however:	
  
–	
  4	
  Dmes	
  smaller	
  supply	
  
–	
  much	
  more	
  waste	
  producDon	
  
–	
  much	
  more	
  proliferaDng	
  
–	
  much	
  more	
  dangerous	
  if	
  with	
  sodium-­‐cooled	
  
fast	
  breeders	
  	
  



Fission	
  energy	
  from	
  232Th90	
  

10	
  

Neutron	
  Capture	
  

Thorium	
  chain	
  ThEC15/Oct.13.2015	
  

q  Thorium	
  is	
  ferHle,	
  not	
  fissile,	
  so	
  it	
  can	
  ONLY	
  be	
  used	
  in	
  breeding	
  mode,	
  by	
  producing	
  233U,	
  
which	
  is	
  fissile	
  	
  

q  The	
  fact	
  that	
  most	
  of	
  the	
  thorium	
  is	
  used	
  gives	
  a	
  factor	
  140	
  gain	
  compared	
  to	
  235U	
  in	
  PWRs	
  	
  
(with	
  the	
  factor	
  3	
  to	
  4	
  in	
  abundance,	
  overall	
  factor	
  500)	
  



Fission	
  energy	
  from	
  232Th90	
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q  Thorium	
  is	
  ferHle,	
  not	
  fissile,	
  so	
  it	
  can	
  ONLY	
  be	
  used	
  in	
  breeding	
  mode,	
  by	
  producing	
  233U,	
  
which	
  is	
  fissile	
  	
  

q  The	
  fact	
  that	
  most	
  of	
  the	
  thorium	
  is	
  used	
  gives	
  a	
  factor	
  140	
  gain	
  compared	
  to	
  235U	
  in	
  PWRs	
  	
  
(with	
  the	
  factor	
  3	
  to	
  4	
  in	
  abundance,	
  overall	
  factor	
  500)	
  

Neutron	
  Capture	
  

Thorium	
  chain	
  Uranium	
  chain	
  

Factor	
  11!	
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Destroying	
  nuclear	
  waste	
  with	
  232Th90	
  

12	
  

•  Thorium	
  minimizes	
  nuclear	
  waste	
  producDon,	
  as	
  it	
  is	
  7	
  neutron	
  captures	
  away	
  from	
  
239Pu	
  

•  For	
  the	
  same	
  reason,	
  it	
  an	
  be	
  used	
  to	
  destroy	
  nuclear	
  waste	
  

•  With	
  efficient	
  recycling	
  and	
  a	
  fast	
  neutron	
  flux,	
  one	
  can	
  make	
  the	
  
TRU	
  inventory	
  as	
  small	
  as	
  wanted	
  

Entry door to nuclear waste production"
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Fission	
  energy	
  from	
  232Th90	
  
•  Breeding	
  potenHal:	
  For	
  most	
  of	
  the	
  neutron	
  spectrum	
  233U	
  is	
  beVer	
  

than	
  239Pu,	
  However,	
  not	
  for	
  fast	
  neutrons	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

•  As	
  thorium	
  has	
  a	
  higher	
  capture	
  cross	
  secDon	
  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	
  pracHce?	
  
•  Thorium	
  blankets	
  around	
  fast	
  criHcal	
  reactors	
  to	
  breed	
  233U:	
  the	
  Indian	
  approach,	
  

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

Pebble	
  bed	
  or	
  molten	
  salt	
  	
  criDcal	
  reactors	
  (MSR)	
  

•  Provide	
  extra	
  neutrons	
  with	
  an	
  accelerator:	
  Accelerator-­‐Driven	
  Systems	
  (ADS)	
  

14	
  

Pebble-­‐bed	
  Reactor	
  scheme	
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Molten	
  Salt	
  Reactor	
  scheme	
  



ADS:	
  iThEC’s	
  choice	
  
•  A	
  parDcle	
  accelerator	
  to	
  provide	
  a	
  neutron	
  source	
  

through	
  spallaHon	
  (Pb,	
  Pb-­‐Bi,	
  U	
  targets)	
  
•  A	
  core	
  in	
  which	
  both	
  source	
  neutrons	
  and	
  fission	
  

neutrons	
  are	
  at	
  work	
  –	
  with	
  a	
  moderator	
  least	
  
moderaHng	
  to	
  allow	
  for	
  a	
  fast	
  neutron	
  spectrum	
  	
  

•  Combine	
  with	
  passive	
  processes	
  for	
  heat	
  removal	
  
and	
  for	
  safety	
  	
  

•  Mostly	
  rearranging	
  exisHng	
  technologies	
  
•  Can	
  fit	
  in	
  various	
  scenarios:	
  

–  In	
  combinaDon	
  with	
  U-­‐Pu	
  fast	
  reactors	
  as	
  	
  
a	
  dedicated	
  burner	
  of	
  Minor	
  AcDnides	
  

–  As	
  a	
  233U	
  breeder	
  burning	
  TRU	
  

15	
  

1E-6

1E-5

1E-4

1E-3

1E-2

1E-1

1E+0

1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8

N
eu

tro
n 

So
ur

ce
 S

pe
ct

ru
m

 (a
rb

itr
ar

y 
un

its
)

Energy (eV)

Fission Source
Spallation SourceFission	
   SpallaDon	
  

–	
  In	
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Non	
  negligible	
  contribuDon	
  from	
  the	
  high	
  energy	
  
tail	
  (n,xn)	
  reacDons	
  on	
  Pb.	
  



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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The	
  PSI	
  Cyclotron	
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1.3MW@0.59GeV,	
  94%	
  reliability	
  
	
   	
   	
   	
  Mike	
  Seidel	
  



Next	
  generaHon	
  of	
  cyclotrons	
  

ThEC15/Oct.13.2015	
   18	
  

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	
  	
  



SNS	
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Industrialized	
  ADS	
  

21	
  

Carlo	
  Rubbia	
  
Simplified	
  reprocessing	
  (U	
  &	
  Pu	
  by	
  fluorinaDon)	
  

Jacobs	
  
Engineering	
  
Group	
  Inc.	
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ADS	
  demo	
  projects	
  

22	
  

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 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 Using an existing facility at Troitsk 



What	
  can	
  be	
  done	
  today?	
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Rubbia	
  EA	
  

•  Today	
  an	
  energy	
  unit	
  of	
  100	
  to	
  200	
  MW	
  can	
  be	
  built	
  with	
  
exisDng	
  elements	
  

Ebeam	
  
1GeV/c	
  

Ebeam	
  
250MeV/c	
  

PThermal =
ks !G0
1" ks( )

PBeam



The	
  Troitsk	
  ADS	
  demonstrator	
  
•  A	
  demonstrator	
  of	
  significant	
  power	
  is	
  a	
  necessary	
  step	
  
•  Strategy:	
  Building	
  on	
  an	
  exisHng	
  facility	
  at	
  Troitsk	
  

–  The	
  accelerator	
  exists	
  but	
  needs	
  to	
  be	
  refurbished	
  (250-­‐300	
  
MeV	
  perhaps	
  550	
  MeV,	
  25	
  to	
  75kW	
  of	
  beam	
  power	
  (a	
  few	
  
MW	
  of	
  thermal	
  power)	
  

–  The	
  spallaDon	
  source	
  exists	
  (pulse	
  source	
  in	
  operaDon)	
  
–  There	
  is	
  a	
  design	
  of	
  the	
  core	
  which	
  needs	
  to	
  be	
  opDmized	
  

•  A	
  cost	
  esDmate	
  puts	
  the	
  project	
  at	
  5%	
  of	
  the	
  cost	
  of	
  
MYRRHA	
  

•  The	
  project	
  can	
  be	
  completed	
  in	
  5	
  years	
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The	
  LINAC	
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The	
  target	
  area	
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ADS	
  experimental	
  cell	
  

Pulsed	
  neutron	
  source	
  



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)	
  

EvaluaDon	
  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	
  internaDonal	
  
connecDons	
  
	
  
Decision	
  by	
  iThEC	
  last	
  week	
  to	
  start	
  a	
  
feasibility	
  study,	
  and	
  at	
  the	
  same	
  
Dme	
  form	
  an	
  internaDonal	
  
collaboraDon	
  



CONCLUSION	
  
•  Thorium	
  should	
  play	
  a	
  major	
  role	
  in	
  future	
  energy	
  

producHon	
  because	
  it	
  is	
  a	
  sustainable	
  energy	
  source	
  on	
  a	
  
human	
  Dme	
  scale	
  

•  ADS	
  with	
  a	
  fast	
  neutron	
  flux	
  is	
  a	
  most	
  efficient	
  way	
  of	
  using	
  
thorium	
  that	
  can	
  complement	
  other	
  nuclear	
  scenarios	
  

•  With	
  exisDng	
  accelerator	
  and	
  neutron	
  spallaDon	
  source	
  
technologies,	
  it	
  is	
  already	
  possible	
  to	
  build	
  modular	
  energy	
  
sources	
  of	
  order	
  100	
  to	
  200	
  MW	
  

•  iThEC	
  has	
  decided	
  to	
  invest	
  in	
  a	
  feasibility	
  study	
  for	
  Troitsk:	
  	
  
a	
  first	
  demonstrator	
  of	
  significant	
  thermal	
  power,	
  faster	
  and	
  
cheaper	
  than	
  current	
  projects	
  	
  

•  The	
  community	
  is	
  welcome	
  to	
  join	
  a	
  collaboraDon	
  that	
  
should	
  be	
  put	
  together	
  in	
  the	
  next	
  months	
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RESERVE	
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A	
  fossil	
  fuel	
  free	
  economy?	
  
•  Achieving	
  a	
  fossil	
  fuel	
  free	
  economy	
  is	
  a	
  tremendous	
  
challenge,	
  the	
  first	
  global	
  challenge	
  for	
  humankind.	
  	
  

•  SoluHons	
  can	
  only	
  come	
  from	
  innovaHon.	
  	
  
•  Nowadays,	
  countries	
  such	
  as	
  China	
  and	
  India	
  seem	
  to	
  
have	
  a	
  beVer	
  understanding	
  of	
  the	
  global	
  situaDon	
  
than	
  the	
  western	
  world	
  –	
  	
  they	
  are	
  more	
  acDve	
  
developing	
  new	
  ways	
  to	
  exploit	
  nuclear	
  energy.	
  

•  InnovaDon	
  implies	
  vigorous	
  and	
  systemaDc	
  R&D	
  in	
  the	
  
energy	
  domain,	
  without	
  prejudice,	
  and	
  thorium	
  
represents	
  clearly	
  one	
  of	
  the	
  most	
  promising	
  new	
  
opHons.	
  It	
  requires	
  appropriate	
  funding.	
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•  Theory	
  of	
  subcriHcal	
  systems	
  well	
  known.	
  ProperDes	
  are	
  quite	
  different	
  from	
  
those	
  of	
  criDcal	
  systems	
  (C.	
  Rubbia,	
  CERN/AT/ET/Internal	
  Note	
  94-­‐036)	
  

•  MC	
  simulaDons	
  are	
  needed	
  for	
  quanDDve	
  properDes.	
  Neutron	
  flux	
  geometry	
  
important	
  to	
  determine	
  the	
  generated	
  power	
  distribuDon	
  and	
  the	
  uniformity	
  
of	
  fuel	
  burnup	
  

•  AnalyDcal	
  approach	
  interesDng	
  to	
  get	
  insight	
  into	
  the	
  physics.	
  The	
  basic	
  
equaDon	
  similar	
  to	
  that	
  of	
  a	
  criDcal	
  reactor,	
  but	
  with	
  an	
  external	
  neutron	
  
source	
  term	
  in	
  addiHon,	
  and	
  obtain	
  the	
  qualitaDve	
  properDes	
  of	
  the	
  system:	
  

	
  
	
  

Theory	
  of	
  subcriHcal	
  systems	
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Switching	
  off	
  the	
  neutron	
  source	
  not	
  
only	
  stops	
  the	
  main	
  power	
  generaDon,	
  
but	
  also	
  moves	
  the	
  system	
  further	
  away	
  
from	
  prompt	
  criDcality,	
  ks	
  to	
  keff.	
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Physics	
  of	
  subcriHcal	
  systems	
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C.	
  Rubbia’s	
  EA	
  with	
  	
  
natural	
  convecDon	
  

•  SubcriDcal	
  systems	
  are	
  insensiDve	
  to	
  delayed	
  neutron	
  fracDon	
  (β);	
  safety	
  margin	
  (distance	
  
from	
  prompt	
  criDcality)	
  is	
  a	
  design	
  choice,	
  it	
  is	
  not	
  imposed	
  by	
  Nature!	
  

•  The	
  reacDvity	
  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	
  	
  
fracDon	
  

DeterminisDc	
  
control	
  

There	
  is	
  enough	
  Dme	
  
for	
  the	
  natural	
  
convecDon	
  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.	
  	
  

ComparaDve	
  response	
  to	
  reacDvity	
  inserDon	
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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	
  possibiliDes	
  at	
  ThEC13.	
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This	
  relaxes	
  the	
  constrains	
  on	
  the	
  faDgue	
  
induced	
  in	
  the	
  fuel	
  structure	
  by	
  the	
  
accelerator	
  trips	
  



ADS	
  demonstrator	
  

•  The	
  next	
  step	
  for	
  ADS	
  must	
  be	
  a	
  demonstrator	
  of	
  
significant	
  power	
  (≥	
  1	
  MW	
  minimum	
  to	
  study	
  the	
  
behaviour	
  of	
  an	
  industrial	
  system).	
  	
  

•  What	
  must	
  be	
  achieved	
  with	
  a	
  system	
  of	
  a	
  few	
  MW:	
  
–  Demonstrate	
  ADS	
  at	
  a	
  substanDal	
  power	
  (≥	
  1	
  MW	
  thermal)	
  the	
  

coupling	
  of	
  an	
  accelerator	
  with	
  a	
  subcriDcal	
  core;	
  
–  Learn	
  how	
  to	
  operate	
  an	
  ADS	
  of	
  substanDal	
  power,	
  in	
  parDcular	
  

define	
  and	
  demonstrate	
  the	
  safety	
  features	
  for	
  a	
  future	
  industrial	
  
prototype;	
  

–  Demonstrate	
  the	
  destrucDon	
  of	
  Minor	
  AcDnides;	
  
–  Prepare	
  the	
  design	
  of	
  a	
  prototype	
  of	
  an	
  energy	
  producing	
  unit	
  of	
  

industrial	
  power	
  (	
  a	
  few	
  hundred	
  MW).	
  

•  All	
  this	
  can	
  be	
  achieved	
  with	
  the	
  Troitsk	
  project	
  
presented	
  by	
  Stanislav	
  Sidorkin	
  at	
  ThEC13	
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First	
  proposal	
  by	
  C.	
  Rubbia	
  et	
  al.,	
  
in	
  1999	
  
Ansaldo	
  engineering	
  design	
  	
  
for	
  the	
  Energy	
  Amplifier	
  	
  
DemonstraDon	
  Facility	
  	
  
EA	
  B0.00	
  1	
  200	
  (Jan.	
  1999)	
  

Forced	
  
convecDon	
  ThEC15/Oct.13.2015	
  

This	
  the	
  project	
  that	
  iThEC	
  decided	
  to	
  support	
  	
  



TransmutaHon	
  performance	
  of	
  ADS	
  
•  C.	
  Rubbia’s	
  EA	
  can	
  destroy	
  36	
  kg	
  of	
  TRU/TWth.h	
  	
  

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

•  CalculaDons	
  of	
  specific	
  transmutaDon	
  rates	
  (Y.	
  Kadi)	
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