
Fusion and Radiation Issues
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D + T → 4He (3.5MeV) + n (14.1MeV)

T (t1/2 = 12.3 yr) → 3He + e- (5.7 keV)+  𝑒

6Li + n → 4He (2.05MeV) + T (2.73MeV) 
7Li + n → 4He + T + n - 2.47 MeV

 Internal tritium doses are hazardous, but
 Short biological half-life : ~ 10 days

In addition to biological shielding, 
reactor material activation requires

 Radiation shielding
 Remote handling
 Earlier recyclable reactor design

 Tritium cycle is internally closed
 Total tritium inventory: ~ a few kg



Radiation Safety and Environmental Issues for Fusion
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 Tritium cycle is internally closed
 Total tritium inventory: ~ a few kg

Considerations for radiation safety and licensing
 Postulated accident scenarios
 Environmental radiation releases during operation
 Occupational radiation exposure
 Radioactive waste Safety functions

 Confinement of radioactive material
 Limitation of exposure to ionizing radiation

Bell
EFDA–JET–CP(02)05/23

JET: 30g (tritium recycling plant), 20g (torus), 10g (cryo-pumps) 
ITER: 450g (VV or fuel cycle sub-systems), 330g (PFC), 120g (cryo-pumps)

ITER 3kg



Reactor Material Activation : Tungsten
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Global Decay Heat In ITER 
at End of Life (fluence 0.5 MWa/m2 )

Decay Heat and Activities

Radiological source terms are (1) tritium, (2) tokamak dust, (3) activated corrosion products (ACPs).

ITER PDD 2001



Reactor Material Activation : Structural Materials
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Specific Activities of the Transmutation Products 
in the Structural Steel  SS 316 L(N)-IG 
at the Plasma-side Surface

Key elements: Fe-55, Co-60, Ni-63, Ni-59
Mn-54, Mo-93, Nb-93m, Nb-91, Nb-94 

ITER PDD 2001



Reduced Activation Ferritic-Martensitic (RAFM) Steel Development
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Advanced Reduced-Activation Alloy (ARAA) : KAERI
Ti-RAFM : KIMM



RAFM Steel Manufacturability: Effect on Waste

6



7

A comparison of total radiotoxicity of PWR, Fusion, and GEN-IV reactors. Radioactivity from coal-fired 
plant ashes are included too. All results are normalized to a 1000 MWe power electricity production.

Fusion Reactor Model 
Structure / Breeder
1 V alloy Li2O 
2 RAFM Li-Pb
3 RAFM Li4SiO4 
4 SiC/SiC Li-Pb
5 RAFM Li-Pb
6 SiC/SiC Li4SiO4

Zucchettia et. al, FED(2018)

Comparison of Long-lived Radioactive Wastes
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Radiation Shielding

Fast neutron fluence to coils      <  1019 /cm2

Nuclear heating in Nb3Sn coils <   2   mW/cm3

Dose to coil insulator                 <  1011     rad

Copper stabilizer 

displacements per atom             <  6x10-3 dpa

(El-Guebaly FST 2008)

Shielding Requirements – ARIES CS
Radiation Limits, 40 full-power years Protect magnet coils

superconductor

copper stabilizer

insulation

 Reduce activation

 Protect people

 Neutrons and gammas 

attenuation ~ 10-7

 WC  is used for both neutrons and gammas  
 ARIES CS: double-wall vacuum vessel 
(RAFM steel structure, borated steel filler, and water)
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Shutdown Dose Rate (SDDR) in ITER
Case #1 Case #2 Case #3

Case #0 + VV belt:

• B4C

• 6 cm thickness

Case #1 + Port Duct out:

• B4C

• 5 cm thickness

Case #2 + Port Duct in:

• Tungsten

• 3 cm thickness

EP#11 MC simulation
with ITER C-Lite
neutronic model
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ITER Remote Handling
Tesini, 2010
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ITER Remote Handling
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ITER Remote Handling Processes
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ITER Remote Handling Classifications
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ITER Remote Handling Equipment
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ITER Remote Handling Equipment
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ITER Divertor Remote Handling Equipment
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ITER Divertor Remote Handling Equipment



18

ITER NB Remote Handling System
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ITER In-Vessel Remote Handling Requirements
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ITER Multi-Purpose Deployer (MPD) Operation Concept
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DEMO Remote Handling

 Much heavier components (blanket segments 70-90 tonnes)
 High radiation environment
 Much stricter containment control
 Higher reliability/availability - lower turn-around time


