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Reference Belgian design for UOX 
irradiated fuel
Supercontainer design

Buffer

Filler

Overpack

Overpack insert

SNFA Canister

Envelope

Concrete lid
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Boundary conditions
Cementitious environment (high pH) and H2 production
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YCWCa
140 mM NaOH

0.7 mM Ca(OH)2
330 mM KOH

ECW
16 mM NaOH

13 mM Ca(OH)2
0.22 mM KOH

OCW
3.7 mM NaOH

0.73 mM Ca(OH)2

103 104 105

Estimation of the gas source term for spent fuel, 

vitrified high-level waste, compacted waste and 

MOSAIK waste, SCK•CEN-ER-162

(Best estimate source term: corrosion rate of 0.1 

µm/y for carbon steel and 0.01 µm/y stainless steel)

1.6 bar H2

1.25·10-3 mol.L-1 H2 

0.3 bar H2

2.3·10-4 mol.L-1 H2 
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Experimental planning

Phase I: Fast release of radionuclides

Phase II: Matrix dissolution

Phase I Phase II

SF-ALE 1 0 5 21 82 271 586 733 762 908 1093 1273 1643

Wash. 40 bar 4 bar 40 bar

Phase I Phase II

SF-ALE 2 0 5 30 100 200 300 305 380 530 670 850 1030 1210 1400

Wash. 40 bar Wash 40 bar

➢ After 5 days: renewal of the leaching solution and gas atmosphere

➢ Rinsing of liners with 1M HNO3, contact time 7 days

Feb 2023

Sept. 2018 March 2023

Liners & SF holders:
2018 – 2023: SF-ALE 1: Titanium
2023 – 2026(...): SF-ALE 2: PEEK
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Spent Fuel characteristics

2 eq. pellets

Reactor name Tihange 1, Belgium

Reactor type PWR

Initial fuel enrichment (235U) 4.25%

Fabrication Standard

Duration of irradiation (d) 997

Cooling time (y) 12

Number of cycles 2

Average burn-up (MWd.kg-1) 50.5

Local burn-up (MWd.kg-1) 54.6

Average Linear Power Density (W.cm-1) 321

FGRpuncturing 14.1%

MOX 
50, 52 , 29 GWd.tHM

-1

PWR Gösgen (Switzerland)
50.4 GWd.tHM

-1, 260 W.cm-1

FGRpuncturing: 8.3%

PWR Biblis-A (Germany)
46.9 GWd.tHM

-1, 210 W.cm-1

FGRpuncturing: 2.0%
 (...)
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Experimental conditions

‡ Exp.
Atmosphere

(40 bar)
Mol(H2).L

-1 Leaching solution

SF-ALE 1

1.6H 4% H2 / Ar 1.25·10-3 YCWCa

0.3H 0.75% H2 / Ar 2.4·10-4 YCWCa

0.3H – Bic 4% H2 / Ar 2.4·10-4 Bicarbonate

SF-ALE 2

0.3H – a
0.75% H2 / Ar 2.4·10-4

YCWCa
0.3H – b

Ar – a
Ar --

Ar – b

‡  ‘1.6H’ and ‘0.3H’ is the hydrogen partial pressure

Mol.L-1 [Na] [Ca] [K] [Al] [Si] [CO3
2-] [Cl] pH

YCWCa 1.4·10-1 * 3.8·10-4 3.7·10-1 6.0·10-4 3.0·10-5 3.0·10-4 13.7

Bicarbonate 2.0·10-2 1.1·10-3 1.9·10-2 7.4 – 8.2

* Initial calculation: [Ca]= 7.0·10-4 mol.L-1
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Radionuclides released

1.6H 0.3H Ar

• Influence of the hydrogen

• Reproducibility of the experiments
o SF-ALE 2 experiments

o SF-ALE 1 & 2: 0.3H experiments

• To be compared with phase solubilities
o e.g. UO2(am, hyd)=10-8.5±1 mol.L-1 

September 10, 2025 EURAD-2 Annual Event n°1
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Fraction of the inventory released

𝐹𝐼𝐴𝑃 𝑖, 𝑡 =
𝑛𝑖,𝑎𝑞 𝑡

𝑛𝑖,𝑡𝑜𝑡
× 100

Fraction of the Inventory in the Aqueous Phase 

ni,aq(t): measured moles of (i) released in solution at time (t)

ni,tot: total moles of (i) in the fuel sample 
• Calculation of the isotopic inventory (e.g. Serpent 2)
• Radiochemical determination 

Limitations:
• Very low concentration/activity in solution ( < measurable value)
• Difficult to measure radionuclides
• Spent fuel sample (size, shape,...)

1.6H 0.3H Ar

CumFIAP = FIAPpreleaching + FIAPPhase I + ...
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Accessible Fraction of the Inventory (AFI) = IRF(Phase I)

AFI (%) 1.6H 0.3H 0.3H - Bic Ar 0.3H 

Duration (d) 733 301

129I 11.9 ± 5.0 13.0 ± 5.4 13.8 ± 4.6 12.8 ± 5.3 13.3 ± 5.4 13.1 ± 5.4 18.5 ± 7.6

137Cs 2.8 ± 1.0 2.9± 0.9 2.6± 0.7 3.5± 0.9 3.4± 0.8 3.0± 0.7 3.4± 0.9

90Sr (6.0 ± 2.1) · 10-3 (3.9 ± 1.3) · 10-3 (4.6 ± 1.4) · 10-2 (2.0 ± 2.0) · 10-3 (3.1 ± 2.4) · 10-3 (5.7 ± 2.6) · 10-3 (5.9 ± 2.9) · 10-3

99Tc (4.5 ± 1.7) · 10-3 (1.9 ± 0.7) · 10-2 (6.7 ± 2.3) · 10-2 (1.0 ± 0.2) · 10-2 (4.2 ± 3.2) · 10-2 (4.6 ± 4.8) · 10-2 (5.9 ± 5.1) · 10-2

FGR

14.1%

≈

<60%

AFI is an estimation of the fraction of radionuclide (i) that is not 

incorporated in the UO2 matrix, based on the release in solution 

measured in the leach tests
𝑨𝑭𝑰 𝒊, 𝒕 = 𝑪𝒖𝒎𝑭𝑰𝑨𝑷 𝒊, 𝒕 − 𝑪𝒖𝒎𝑭𝑰𝑨𝑷 𝑼, 𝒕

Fraction sorbed should be included in the calculation: underestimation of the AFI values
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Conclusions and way forward

Long term leaching experiments of UOX fuel using autoclaves to investigate the release of 
the fission gases and a selection of fission products. The experiments are performed in 
duplicate to increase the confidence in the results.

➢ Good reproducibility of the experiments in similar conditions, even if some differences appeared 
likely attributed to the SNF samples themselves

➢ Provide relevant information when disseminate the results: (Spent) Nuclear Fuel properties

➢ Representativeness of the experimental conditions – WP17 CSFD

➢ Need for improvement of the analytical methods (e.g. DTM)

➢ Modelling approach (high pH, complex system): potential collaboration task 6 with WP18-DITUSC

September 10, 2025 EURAD-2 Annual Event n°1
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Thanks to...

… and to you for your attention

Pieter
Schroeders

Ben
Gielen

Gerry
Cools 

Thierry Mennecart

 thierry.mennecart@sckcen.be
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This study was carried out in the framework of a public-public cooperation between SCK CEN and ONDRAF/NIRAS.

This cooperation concerns scientific research and technical-scientific support for the safe management of radioactive waste on short-, middle- and long-term, 
including training and education on this subject.

With this partnership, ONDRAF/NIRAS and SCK CEN want to strengthen and consolidate their collaboration within strategic research domains of the Belgian 
national programme for radioactive waste management. In this way, a robust framework is created with a view on increased efficiency and long-term continuity of 

knowledge and expertise within the Belgian programme.

Copyright © SCK CEN - 2020

All property rights and copyright are reserved.

This presentation contains data, information and formats for dedicated use only and may not 
be communicated, copied, reproduced, distributed or cited without the explicit written 

permission of SCK CEN.
If this explicit written permission has been obtained, please reference the author, followed by 

‘by courtesy of SCK CEN’.

Any infringement to this rule is illegal and entitles to claim damages from the infringer, without 
prejudice to any other right in case of granting a patent or registration in the field of intellectual 

property.

SCK CEN
Belgian Nuclear Research Centre

Studiecentrum voor Kernenergie
Centre d'Etude de l'Energie Nucléaire

Foundation of Public Utility
Stichting van Openbaar Nut 
Fondation d'Utilité Publique 

Registered Office:
Avenue Herrmann-Debrouxlaan 40 - 1160 BRUSSELS - Belgium

Research Centres:
Boeretang 200 - 2400 MOL - Belgium

Chemin du Cyclotron 6 - 1348 Ottignies-Louvain-la-Neuve - Belgium
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