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Stainless steel 
canister

Carbon steel 
overpack

HLW geological storage

Geological disposal concept of 
HLW in France (ANDRA 2005)

Water under-saturation may last for thousands of years due to venting and 
hydrogen production. 
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What methodology?
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Water Sorption on Borosilicate Glasses
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Water Sorption on Borosilicate Glasses
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Solid analysis
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Solid analysis
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Solid analysis
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SON68 glass hydration - SEM

SON68 glass hydrated at 125�rC, RH 95% during 593�rC
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SON68 glass hydration - TEM
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Hydration at high temperature
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Hydration at low temperature (CSD -B; 90�•C)

Oxides

Pritine

glass

92 % RH, 90°C, 

365 d

SiO2 63.56 67.9

Al 2O3 10.74 12.76

Na2O 12.30 6.76

Cr2O3 0.31 0.28

CaO 3.80 1.48

Fe2O3 3.20 3.89

P2O5 0.41 0.69

NiO 0.34 0.45

ZrO2 3.19 2.98

La2O3 0.20 0.12

Ce2O3 1.23 1.34

Nd2O3 0.71 0.85

RuO2 0.01 0.08

Total 100 100
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CSD-B glass hydration
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CSD-B and SON68 glasses 
hydration
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90�•C, 95 % HR, 1 an 

1 µm1 µm

Epaisseur de la couche hydratée : 

IMN : 1,5 � m

Japon : 1,6 � m

Verre Sain

Verre Hydraté

Verre Hydraté

Verre Sain

Verre Hydraté

Verre Sain

Front 
d’hydratation
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90�•C, 92% HR, 1 an 

Epaisseur de la couche hydratée : 

IMN (Nantes) : 680 nm

Japon : 710 nm

Verre Hydraté

Verre Sain

Verre Sain

Verre Hydraté

Front 
d’hydratation

Pas de porosité 
importante dans 
la partie hydratée 
comparé au verre 
sain
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90�•C, 95 % HR, 1 mois

Epaisseur de la couche hydratée : 

200 nm

Pas de porosité 
importante dans 
la partie hydratée
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Peaks Vibration mode Center %

Pristine After hydration
(35 days)

After hydration
(356 days)

1 BO-binding 1427-1430 9.2 11.3 12.1

2 Q3
1060-1072 10.2 10.8 12.7

3 Q2
952-963 17.6 9.94 3.3

4 Q1
916-917 1.1 1.3 1.9

5 Q0
875 0.4

6 Si–O 
stretching 

779-791 1.6 2.38 14.3

7 Danburite 
B2O7-Si2O7

690 3.7 0 0

8 Si-O-Si 
stretching

485 2.5 2.95 2.4

9 O—(Al, Si)—
O bending

475-477 43.4 47.4 29.9

10 Ca-O 
polyhedra

316-320 10.6 8.22 0.05

11 P-O bending
Ru-Ru Bending

280 0 0 24.1

Pristine

After 35 days

After 365 days

6���	
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Apatite 
Ca5(PO4)3(OH,Cl,F)

Calcite
Ca(CO3)
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90�•C, 95% HR, 35 days

Présence de calcite et d’apatite en faible quantité

Les modes à 282 cm -l, 712 

cm -1, 1085 cm -l, et 1434 cm -l

sont associés à la vibration 

des ions carbonate CO 3
2-

P-O des PO 4
3-
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Conclusions
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Autres applications pertinentes pour le 
stockage
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