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Assessment of Chemical Evolution of ILW and HLW Disposal Cells

Bentonite or Concrete

Steel

For HLW

vitrified HLW

Clay and granitic host rock
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Assessment of Chemical Evolution of ILW and HLW Disposal Cells
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VITRIFIED HLW
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Separation of metallic parts from spent fuel assemblies

Extraction of uranium from dissolved spent fuel

Extraction of plutonium from dissolved spent fuel

Other actinides than Pu & U 
mixed with fission products

Immobilized in glass



VITRIFIED HLW
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• Only one waste processor in EU: France (past UK, Russian not yet known)
• CSD-V: Colis Standard de Déchets - Vitrifiés

• standardized waste characteristics with guaranteed properties
• uniform waste package



VITRIFIED HLW
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VITRIFIED HLW IN DISPOSAL CELLS
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vitrified HLW steel bentonite concrete mortar

granite poorly indurated clay indurated clay



THERMAL EFFECT BENTONITE
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• NaNet (EURATOM FP5) available from natural-analogues.com
• Transformation of montmorillonite into illite, if sufficient supply of potassium

• Isle of Skye in Scotland

• Col du Perthus in France (Lodève, Herault)

• Busachi in Sardinie

• Kinnekulle in Sweden



THERMAL EFFECT BENTONITE
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• Clay and granitic pore waters are deficient in potassium

• Concrete pore water may not be deficient in potassium

Parameter Unit Belgian Dutch French Swiss

(reference)

Swiss

(sea case)
Temperature ºC 16 26 25 25 25
pH -log(H+) 8.5 6.9 7.28 7.203 7.009
pe -log(e-) -4.7 -2.8 -2.64 -2.781 -2.563
pCO2 log(bar) -2.62 -1.5 -1.96 -2.2 -2.5
Na+ mmol/kg 15.6 460.9 32.1 164.4 527.5
K+ mmol/kg 0.2 9.8 7.10 2.604 1.77
Ca2+ mmol/kg 0.05 13.2 15.0 12.51 49.71
Mg2+ mmol/kg 0.06 56.1 14.2 9.625 37.55
Sr2+ mmol/kg 1.12 0.2106 0.422
Fe2+ mmol/kg 0.003 0.0000031 0.332 0.0524 0.246
Al3+ mmol/kg 0.000024 0.000033 0.00000695
SiO2 (aq) mmol/kg 0.1 0.3 0.0940 0.1779 0.172
Cl- mmol/kg 0.7 541.0 30.1 160.0 662.0
SO4

2- mmol/kg 0.02 28.4 33.9 24.72 21.06
HCO3

- mmol/kg 14.4 7.2 2.78 2.043 0.631

Modelled clay pore water EURAD ACED SOTA  

Parameter Unit Czech

(600 m)

Czech

(1000 m)

Spanish Swedish

(512 m)

Finnish

(446.0-558.5 m)
Temperature ºC 25 25 30 11.35 11
pH -log(H+) 8.2 9.4 7.9 7.2 7.9
pe -log(e-) +4.00 +4.00 -2.907 -2.54 -4.33
Na+ mmol/kg 0.865 3.81 4.350 89 122
K+ mmol/kg 0.0537 0.0179 0.05371 0.9 0.35
Ca2+ mmol/kg 0.864 0.0324 0.1522 23 41.2
Mg2+ mmol/kg 0.342 0.00412 0.1604 9.3 2.35
Sr2+ mmol/kg 0.171
Fe2+ mmol/kg 0.00179 0.00179 0.8953 0.033 0.00013
Al3+ mmol/kg 0.00371 0.00371 0.002
SiO2 (aq) mmol/kg 0.520 0.481 0.3761 0.072
Cl- mmol/kg 0.0931 0.528 0.3949 153 214
SO4

2- mmol/kg 0.219 0.109 0.01561 5.2 0.114
HCO3

- mmol/kg 2.77 2.68 5.048 2.2

granitic pore water

NAWG-17 Workshop Neeft et al., 2022 & 2019



ALTERATION OF  CONCRETE INTERFACING CLAY OR GRANITIC HOST ROCK
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Savage, 1998

(Savage and Benbow, 2007; Bamforth et al., 2012). 

(POSIVA, 2012)Length in ‘plume’ may be less than 1 metre after 25.000 years 



INTERFACES WITH STEEL
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VITRIFIED HLW + STEEL (CANISTER & OVERPACK)
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Max guaranteed 
6600 137Cs (137mBa)

Buffer
Dunarobbe forest

Trees protected against 
microbial degradation

If specified, European programmes have a larger cooling period of 60 years



INTERFACES WITH STEEL
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steel-binder: 350 years oldsteel-soil: several hundred years old
but less focus on clay minerals in soils



INTERFACES WITH STEEL

9 May 2023 NAWG-17 Workshop Neeft et al., 2022 15

Tap water Concrete pore waterClay pore waterTap water

3Fe + 4H2O → Fe3O4 + 4 H2

Fe (s) + H2O → Fe2+ (aq) + 2OH- (aq) + H2 (g)

due to insufficient dissipation OH-, magnetite formation 



VITRIFIED HLW
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from Lutz and Ewing (Havlova et al., 2007) (Milodowski et al., 
2015

Gin et al., 2013

Alteration rates of basaltic glass, the natural analogue for a borosilicate waste form, 
have estimated to be 0.1 µm per 1000 years in silicon saturated environments (Lutze 
et al., 1987). 

Of course some glass is interfacing steel but interfacing area negligible compared to 
the bulk 



CONCLUSION

• In ACED, representative disposal cells are studied

• Representativeness of the characteristics of disposal cells (pore water, radiation, 
thickness overpack) allows assessing the exclusion of processes

• Radiation enhanced steel corrosion is not a relevant process in the chemical evolution of 
European representative disposal cells with vitrified HLW

• Natural and archeological analogues are used to identify the relevant processes for the 
chemical evolution of disposal cells

• The ‘old’ is good!

9 May 2023 NAWG-17 workshop 17



ANY QUESTIONS?

Thank you for attention

9 May 2023 References used in this presentation are in the next slides 18
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