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The Belgian SAFIR-2 concept foresees the geological disposal of conditioned high- level 
radioactive waste in stainless steel containers and overpacks placed in a concrete gallery 
backfilled with Boom clay or a bentonite-type backfill. In addition to earlier in situ 
experiments, we used a laboratory approach to investigate the corrosion properties of 
selected stainless steels in Boom clay and bentonite environments. In the SAFIR-2 concept, 
AISI 316L hMo is the main candidate overpack material. As an alternative, we also 
investigated the higher alloyed stainless steel UHB 904L. Our study focused on localised 
corrosion and in particular pitting. We used cyclic potentiodynamic polarisation 
measurements to determine the pit nucleation potential ENP and the protection potential EPP. 
The evolution of the corrosion potential with time was determined by monitoring the open 
circuit potential in synthetic claywater over extended periods.  
 
In this paper we present and discuss some results from our laboratory programme, focusing 
on long-term interactions between the stainless steel overpack and the backfill materials. We 
describe in particular the influence of chloride and thiosulphate ions on the pitting corrosion 
behaviour. The results show that, under geochemical conditions typical for geological 
disposal, i.e. [Cl-] ˜ 30 mg/L for a Boom clay backfill and [Cl-] ˜  90 mg/L for a bentonite 
backfill, neither AISI 316L hMo nor UHB 904L is expected to present pitting problems. An 
important factor in the long-term prediction of the corrosion behaviour however, is the 
robustness of the model for the evolution of the geochemistry of the backfill. Indeed, at 
chloride levels higher than 1000 mg/L, we predict pitting corrosion for AISI 316L hMo. 
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1 Introduction                                                                                                                                                               
 
In Belgium, the Boom Clay formation is investigated as a potential host rock for the 
geological disposal of vitrified high- level radioactive waste (HLW).  The Belgian concept for 
the disposal site architecture has been evolving from the 1970's up to now. In this paper, we 
consider the SAFIR II concept [1], which consists of a horizontal network of concrete 
galleries at mid-height (about 230 metres deep) in the Boom Clay layer. Figure 1 shows a 
schematic representation of the cross-section of a disposal gallery (with an indication of the 
different engineered barriers) in the SAFIR II architecture [1]. A long metallic tube (the 
disposal tube) is placed in the centre of the disposal gallery. The space between the disposal 
tube and the concrete lining of the gallery is backfilled with either Boom clay or a bentonite-
type material. Each of the  0.43 m outer diameter metallic vessels (the canisters) containing 
vitrifified HLW, is placed in a sealed metallic container (the overpack) with a wall thickness 
of 0.02 to 0.03 m. The overpacks are then pushed inside the disposal tube by means of 
teleoperated robots.  
 

 
 

Figure 1.  Cross-section of a disposal gallery in the SAFIR II concept [1]. 
 
The purpose of the overpack is to prevent water contacting the HLW canisters and the 
vitrified waste during the thermal phase of the repository. Therefore, the overpack should 
have a lifetime of at least 500 years. The material considered for the construction of the 
overpack is stainless steel AISI 316L hMo [1,2]. The main failure mechanism of the 
overpack is expected to be localised corrosion. At SCK•CEN, we initiated, complementary to 
the former in situ investigations [3-5], a laboratory experimental programme to investigate 
aspects of the localised corrosion of AISI 316L hMo and the higher-alloyed UHB 904L as an 
alternative overpack material, focussing on pitting corrosion [6-9].  
 
 
2 Predicting the long-term corrosion behaviour 
 
The main goal of the corrosion programme is to select an overpack material that will 
maintain its integrity during the thermal phase of the disposal. The susceptibility to pitting 



depends strongly on the alloy composition and on the chemistry of the backfill material. Not 
only are clay-based backfill materials heterogeneous in nature, but under the influence of a 
thermal and radiation field, as emitted by the HLW, the composition and temperature of the 
interphase overpack/backfill will evolve in time. This evolutionary path of the 
overpack/backfill interphase (composition, temperature, pH,…) will determine the extent of 
localised corrosion. Therefore, to predict the corrosion behaviour, a twofold approach is 
necessary, combining geochemical modelling to yield the evolutionary path, and 
electrochemical experiments to provide information on the corrosion behaviour of overpack 
materials as a function of electrolyte composition and temperature.  
 
Our laboratory approach consists of two electrochemical techniques: 
 

• Cyclic Potentiodynamic Polarisation (CPP) measurements were performed to obtain 
the characteristic potentials ENP (pit nucleation potential or breakdown potential) and 
EPP (protection potential or repassivation potential). ENP is defined as the potential 
above which pits nucleate and develop; EPP is the potential below which no pitting 
occurs and above which pits already nucleated can grow. 

• Long-term experiments monitoring the evolution of the corrosion potential ECORR as a 
function of time, in media representative for the underground near- field repository 
conditions. 

 
The susceptibility of the overpack to pitting depends on the relative values of the critical 
potentials and the corrosion potential: 
 

• If ECORR is more noble than ENP, the metallic overpack is expected to pit immediately. 
• If ECORR is close to ENP, pitting can occur if the oxidising power of the electrolyte 

increases or at sites with a higher potential on the overpack surface (e.g. MnS 
inclusions). 

• If ECORR is significantly lower than EPP, the metallic overpack is highly unlikely to pit. 
 
A geochemical model for the evolution of the backfill will provide the probability that a 
certain concentration of for example chloride will be reached during the disposal, and hence 
the probability of exceeding ENP or EPP. The acceptable risk for corrosion will depend on 
national regulation concerning HLW disposal.    
 
 
 
2 Experimental details 
 
2.1 Electrochemical equipment 
 
We performed CPP-experiments at 16, 90, and 140°C respectively. The latter temperature is 
the temperature of the overpack at the onset of the thermal phase (but prior to the actual 
disposal, because an interim storage period resulting in a maximum overpack surface 
temperature of 100°C will be applied), while 16°C is the temperature of the surrounding 
Boom Clay formation, i.e. the temperature of the overpack at the end of the thermal phase. 
The additional temperature of 90°C provides intermediate data points. The experiments at 16 
and 90°C were carried out in a double-walled glass corrosion cell. The lid was watertight and 
permitted the introduction of the working electrode, the Pt counter electrode, and the 



Ag/AgCl reference electrode. The potentiostat was an EG&G PAR Model 273A. The 
experiments at 140°C were performed in an autoclave manufactured at the Cormet Oy 
company (Finland). The scan rate for all experiments was 1 mV/s. Each data point in the 
graphs shown in this paper represents the average of at least three experiments. 
 
 
2.2 Materials and electrolytes 
 
As candidate overpack materials, we investigated stainless steels AISI 316L hMo and UHB 
904L. Stainless steel discs were stud-welded to a conducting rod and subsequently embedded 
in an epoxy resin to produce crevice-free working electrodes. The manufacturing procedure 
of the working electrodes is described into more detail elsewhere [2]. 
 
For the formulation of the electrolytes, we departed from the mean chemical composition of 
in situ interstitial Boom clay water. Boom clay porewater contains a.o. approximately 27 
mg/L Cl-, 0.2 mg/L SO4

2-, 3.6 mg/L F-, 828 mg/L HCO3
-, 408 mg/L Na, 5 mg/L Si, 0.9 mg/L 

Fe, etc [7]. During the initial aerobic phase of disposal, the overpack will be in contact with 
partially or completely oxidised clay water. Oxidation of pyrite (present in Boom clay) yields 
high sulphate levels, up to 5 400 mg/L in completely oxidised clay water. In addition, 
thiosulphate can be present as an intermediate in the oxidation of pyrite to sulphate. Mean 
levels  up to 17 mg/L S2O3

2- have been measured [8], but locally higher concentrations may 
be encountered. To accommodate spatial and temporal variations in composition, we used 
various synthetic clay waters with chloride concentrations in the range 27 - 10 000 mg/L Cl-, 
0.2 - 5 400 mg/L S2O4

2-, and 2 - 200 mg/L S2O3
2-.  

 
 
 
3 Results and discussion 
 
The long-term pitting corrosion behaviour of stainless steels can be predicted by assessing 
the values of the critical pitting potentials with regard to the corrosion potential. Figure 2 
shows the evolution of ECORR in different clay water solutions over a period of seven days. 
Synthetic oxidised clay water (SOC) simulates a clay water containing 1 000 mg/L Cl- and 
216 mg SO4

2-. ECORR was determined at both 90°C under aerobic conditions (representing the 
conditions at the initial phase of the geological disposal) and at 30°C under anaerobic 
conditions. Synthetic interstitial clay water (SCW) simulates non-oxidised clay water. For 
this solution, the evolution of ECORR was monitored at 30°C under anaerobic conditions. This 
experimented yielded values for ECORR of approximately 320 mV (vs. SHE) for an oxidised 
clay water under aerobic conditions at 90°C (short-term) and of approximately -10 mV (vs. 
SHE) for a non-oxidised clay water under anaerobic conditions at 30°C (long-term). We will 
use these values as a first approach of the actual corrosion potential in the discussion of the 
cyclic potentiodynamic polarisation measurements. For an accurate interpretation of the 
electrochemical results and a long-term prediction of the corrosion behaviour, it is imperative 
that in situ measurements of the corrosion potential of the candidate overpack materials in the 
Boom Clay formation be made.  
 
 
 
 



3.1 Influence of chloride ions  
 
The influence of halide ions on the corrosion behaviour of stainless steel is well-known. 
There exists a linear relationship between the pitting potential and the concentration of the 
aggressive ion, e.g. chloride ion [12]: 
 
 Enp = A – B log[Cl-]        (1) 
 
This implies that there is a critical chloride concentration above which the value of the pitting 
potential is lower than the value of the corrosion potential. Above this critical chloride 
concentration, pitting corrosion will take place in the short term. To exclude pitting 
corrosion, geochemical models should be able to predict that this chloride concentration will 
not be reached. A more robust approach consists in using the protection potential for the 
long-term predic tion of the pitting potential, as proposed by A. Pourbaix [13]. 
 

 
Figure 2. The evolution of ECORR as a function of time for type 316L hMo stainless steel in (i) 
synthetic oxidised clay water ( SOC) containing 1000 mg/L Cl- and 216 mg/L SO4

2- under 
aerobic conditions (90°C), (ii) SOC containing 1000 mg/L Cl- and 216 mg/L SO4

2- under 
anaerobic conditions (30°C), and (iii) synthetic clay water ( SCW) containing 27 mg/L Cl- 

and 0.2 mg/L SO4
2- under anaerobic conditions (30°C). 

 
 
Figure 3 shows a schematic representation of a CPP curve and the way the critical potentials 
are measured. The assessment of the pitting potential (ENP) is rather straightforward: it is 
associated with the onset of pitting and therefore characterised by a sudden and strong 
increase in current density. The protection potent ial was determined in two different ways: 
either as the potential at which the backward curve crosses the forward curve (EPP1) or as the 
potential at which the current crosses the y-axis (EPP2). In the following CPP curves we will 
show both values of the protection potential.  
 



Figures 4 and 5 show the critical potentials as a function of chloride concentration for AISI 
316L hMo and UHB 904L respectively, in synthetic oxidised clay water containing 216 
mg/L SO4

2- at 90°C under aerobic conditions. This solution simulates the initial phase of 
disposal. On the graphs, the corrosion potential (320 mV vs. SHE) is indicated as a dashed 
line for comparison with the critical pitting potentials.  
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Figure 3. Schematic representation of a 
typical cyclic potentiodynamic polarisation 
curve, with indication of the characteristic 
potentials:ENP,EPP1 and EPP2. 

Figure 4. Influence of Cl- concentration 
on ENP, EPP1, and EPP2 of type 316L hMo 
stainless steel in SOC containing 
216 mg/L SO4

2- at 90°C (aerobic 
condition). 
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Figure 5. Influence of Cl- concentration on 
ENP, EPP1, and EPP2 of type  UHB 904L 
stainless steel in SOC containing 216 mg/L 
SO4

2- at 90°C (aerobic condition). 
 

Figure 6. Influence of Cl- concentration 
on ENP, EPP1, and EPP2 of type 
316L hMo stainless steel in SCW 
containing 0.2 mg/L SO4

2- at 90°C 
(anaerobic condition). 

 



At chloride concentrations up to at least 1 000 mg/L, the values of ENP stays well above ECORR 
for both AISI 316L hMo and UHB 904L. At 10 000 mg/L however,  ENP is approximately 
equal to the corrosion potential. Also, the protection potential is more active than the 
corrosion potential for AISI 316L hMo at all chloride concentrations (Figure 4), while for 
UHB 904L, EPP is more noble than ECORR at chloride levels of 100 mg/L (Figure 5). UHB 
904L is more resistant to pitting than AISI 316L hMo at chloride concentrations up to 1 000 
mg/L. At 10 000 mg/L Cl-, the pitting resistance of the two stainless steels is comparable. 
From Figure 5 it is further apparent that EPP is active with respect to ECORR concentrations in 
the vicinity of 1000 mg/L and above. Under these circumstances therefore, any damage to the 
passive layer will not repassivate and will lead to corrosion. Also, when using the 
conservative approach of using EPP as a long-term approach for ENP this indicates long-term 
corrosion problems when using the candidate overpack materials at elevated chloride levels. 
In anaerobic conditions the results are different. Figure 6 shows the results of CPP 
measurements with AISI 316L hMo in synthetic clay water containing 0.2 mg/L SO4

2- at 
90°C. This represents anaerobic conditions during the thermal phase. Here, we don't predict 
any long-term corrosion problems up to chloride concentrations of 10 000 mg/L as for these 
concentrations both ENP and EPP values stay well above ECORR. 
 
 
3.2 Influence of thiosulphate 
 
Another concern with regard to pitting corrosion is the presence of thiosulphate ions in the 
interstitial Boom clay water as the result of a partial oxidation of pyrite. To investigate the 
influence of thiosulphate, we employed clay water solutions containing 1 000 mg/L Cl-, 
216  mg/L SO4

2-, and varying levels of thiosulphate. Figure 7 shows the evolution of the 
characteristic pitting potentials as a function of thiosulphate concentration in the range 0 -200 
mg/L. The influence on ENP is not very pronounced, while EPP is more drastically decreased in 
the presence of thiosulphate.  
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Figure 7.  Influence of thiosulphate on ENP (n) and ECORR (+)  for AISI 316L hMo stainless steel 

in synthetic oxidised clay water containing 1 000 mg/L Cl- and 216 mg/L SO4
2-.  
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Figure 8. Influence of thiosulphate concentration on pit depth and pit density for  

AISI 316L hMo and UHB 904L in synthetic oxidised Boom clay water solutions containing 
1000 mg/L Cl- and 216 mg SO4

2- at 90°C (aerobic conditions).  
 
After the CPP measurements, we subjected the samples to optical microscopy to determine 
pit density and maximum pit depth. Figure 8 shows the effect of thiosulphate on pit density 
and maximum pit depth for AISI 316L hMo and UHB 904L. Thiosulphate has a pronounced 
influence on the pit depth and pit density when 20 mg/L or more thiosulphate is added: for 
AISI 316L hMo, the pit density increases five- to six-fold when thiosulphate is added in the 
range 20-200 mg/L (in comparison with the clay water solution without thiosulphate). In the 
case of UHB 904L, adding 20 to 200 mg/L approximately triples the pit density. The 
maximum pit depth increases with a factor 10 for UHB 904L and with a factor two for UHB 
904L. From the results it is also clear that the influence of thiosulphate is negligible up to 
concentrations of 20 mg/L. During the CERBERUS project we measured thiosulphate 
concentrations up to 17 mg/L [11], which is close to the value of 20 mg/L. Clearly, a robust 
geochemical model should predict the evolution of thiosulphate concentration in the Boom 
clay during geological disposal. A more conservative approach consists in eliminating 
thiosulphate from the backfill by oxidising the pyrite prior to geological disposal in a 
controlled manner, which would definitely resolve the thiosulphate problem.  
 
 
4 Conclusions  
 
In this paper we presented a selection of results from the Belgian research programme on the 
corrosion of container materials for the geological disposal of high- level radioactive waste. 
The approach to the prediction of pitting corrosion is based on electrochemical experiments 
and models for the evolution of the geochemistry of the backfill. These models should 
predict the composition, pH, temperature, etc. of the backfill as a function of time after 
closure of the disposal galleries. To accommodate changes in the concentration of critical 
anions, e.g. chloride and thiosulphate, due to spatial and temporal variations, we designed a 
broad experimental matrix. From our results it seems that UHB 904L is slightly more 
corrosion resistant than AISI 316L hMo at chloride concentrations up to 1000 mg/L Cl-. At 



higher concentrations, the pitting corrosion resistance of both alloys is similar. We also 
investigated the influence of thiosulphate anions on the pit depth and pit density. UHB 904L 
is more sensitive to thiosulphate-enhanced pitting (both in terms of pit density and maximum 
pit depth) than AISI 316L hMo. For both alloys, the influence of thiosulphate becomes 
important at thiosulphate concentrations of 20 mg/L. To predict the long-term corrosion 
behaviour of the overpack, it is imperative to have a robust model for the evolution of the 
backfill. 
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