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Abstract 
 
Over the years a lot of investigations have been performed to choose suitable container 
materials and to characterize their long-term corrosion behaviour in contact with their 
potential disposal environments, i.e. salt, clay, and granite. Carbon steels, stainless steels, 
nickel-based alloys, titanium-based alloys, and copper have been widely investigated as 
potential container materials depending on the studied host rock formation. The results 
obtained in salt environments indicate that the passively corroding Ti99.8-Pd is the primary 
choice for the thin-walled corrosion-resistant concept, since its general corrosion rate is 
negligible and it is highly resistant to localized corrosion and stress corrosion cracking (SCC) 
in salt brines. The TStE 355 carbon steel is the first candidate for the corrosion-allowance 
concept because it is resistant to pitting corrosion and SCC and its general corrosion rates are 
sufficiently low to provide corrosion allowance acceptable for thick-walled containers. 
Stainless steels, Ni-based alloys, and Ti-based alloys are the most important candidate 
container materials in clay for the thin-walled concept, while carbon steel is considered the 
main choice for the thick-walled corrosion-allowance concept. Studies performed in granite 
seem to indicate that copper containers provide an excellent corrosion barrier with an 
estimated lifetime exceeding 100,000 years. The TStE 355 carbon steel is also a valid option 
for a thick-walled container concept in granite. In this paper, some relevant corrosion data of 
carbon steel and stainless steel in cementitious environments are given in addition because 
large amounts of concrete will be used as structural materials in most of the envisaged 
repository design concepts. This paper also provides recommendations for future studies. 
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1. Introduction 
 
Worldwide, the favoured approach for dealing with long-lived radioactive waste (HLW/spent 
fuel) is deep underground burial in stable geological formations, after a period of storage on 
the surface to allow gradual decay of both the temperature and radioactivity of the wastes. In 
geological disposal, the isolation of the waste is achieved by applying the multibarrier 
concept, which involves the use of several natural and engineered barriers to retard or prevent 
the transport of radionuclides into the biosphere. The metallic container constitutes one of the 
most important engineered barriers. The main threat to container integrity is corrosion 
through contact with groundwater or salt brines which may be present in the disposal area. 
 
Over the years, many investigations have been performed to select suitable container 
materials for the deep geological disposal of conditioned high level waste (HLW) and spent 
fuel (SF), and to characterise their corrosion behaviour. Through separate national HLW/SF 
management programmes, in which the European Commission (EC) has frequently 
participated within the framework of its R&D programme on Management and Storage of 
Radioactive Waste, a lot of scientific data and know-how has been gathered. The information 
derived from these programmes has recently been compiled in a state-of-the-art document [1]. 
The research programmes were performed in the framework of cost-shared contracts between 
the EC and research centres in various member states and mainly focused on assessing the 
long-term interactions of potential container materials with the corresponding disposal 
environments, (e.g. salt, clay or granite). 
 
The broad objective of the work described in this paper was to integrate the results of the 
separate national programmes into a state-of-the-art document on radioactive waste container 
corrosion and to define the areas where future research is required [1]. 
 
2. Results 
 
2.1 Salt environment 
 
The experiments have been performed at FZK (Karlsruhe, Germany), GNF.IUT (Berlin, 
Germany) and INASMET (San Sebastian, Spain) with FZK being the leading laboratory. 
 
The carbon steel TStE 355 is considered to be a promising material for the corrosion-
allowance container concept in a salt environment. It corrodes actively in brines based on 
MgCl2 and NaCl and therefore no significant localised corrosion or stress corrosion cracking 
(SCC) is expected. The general corrosion rates of TStE 355 in MgCl2-rich brine (70 µm.y-1 at 
90°C and 199 µm.y-1 at 170°C) are significantly higher than in NaCl-rich brine (5 µm.y-1 at 
90°C and 46 µm.y-1 at 170°C). The higher corrosivity of the MgCl2-rich brines in comparison 
to the NaCl-rich brine is attributed to the higher chloride concentration and to the presence of 
magnesium ions (Mg2+). It appears that the Mg2+-ions intrude into the ferrous hydroxide 
layers of Fe2+ and interfere with the normally expected conversion of Fe(OH)2 to Fe3O4 
(magnetite). It appears that the Fe(OH)2 corrosion layer does not protect the steel from 
corrosion. However, the measured general corrosion rates imply that the necessary corrosion 
allowances would be acceptable for thick-walled containers. Under the test conditions applied 
in a NaCl-rich brine environment, corrosion allowances of 1.5 mm (T=90°C) and 14 mm 
(T=170°C), respectively, are needed for containers with a service life of e.g. 300 years. The 
corresponding corrosion allowances in MgCl2-rich brine are 21 mm (T=90°C) and 60 mm 



 

(T=170°C). The results obtained in the brines showed that the carbon steel TStE 355 is 
resistant to pitting corrosion in the sense of an active-passive corrosion element [2,3]. 
 
The measured pH-values in the NaCl-rich brine and the MgCl2-rich brines was between 6-6.5 
and 4-4.5, respectively, at room temperature. However, these pH-values can be influenced and 
changed in the presence of soluble radiolytic products and salt impurities in the brines. In 
order to examine the influence of pH on the corrosion of carbon steel in these 2 brines, the 
pH-range in the NaCl-rich brine and the MgCl2-rich brines was varied between 1-10 and 3-7, 
respectively. The various pH-values were adjusted by addition of HCl or NaOH to the brines. 
The initial pH values of the NaCl-rich brine between 1 and 5, and of the MgCl2-rich brine 
between 3 and 7 did not significantly affect the corrosion rate of TStE 355 carbon steel at 
170°C, which is considered to be a realistic disposal temperature. This result was explained 
by the existence of a buffering capacity provided by reaction of the corrosion products with 
the brine constituents, as shown by the fact that after termination of the experiments, 
approximately the same pH value was measured in all brines, irrespective of their initial pH 
(within the above-mentioned pH-ranges). The experimental conditions (brine volume to 
specimen surface area ratio) were chosen as such that the H+ ions were not consumed due to 
the corrosion reactions. In the NaCl-rich brine, the corrosion rate of the steel decreased from 
about 50 µm.y-1 (pH=1) to 26 µm.y-1 (pH=10), as illustrated in Fig. 1. This observation may 
be explained by the formation of a very dense corrosion protection layer on the metal surface. 
  

 
 
 
 
 
 
 
 
 
 

Fig. 1. Influence of pH (in the range 1-10) on the integrated general corrosion rate of 
TStE 355 carbon steel in NaCl-rich brine at 170°C [3]. 

 
Chemical species such as B(OH)4

-, Fe3+, H2O2 and ClO- increase the corrosion rate of 
TStE 355 at 90°C in NaCl-rich brine from 5 µm.y-1 to 236 µm.y-1, and in the MgCl2-rich brine 
from 70 µm.y-1 to about 120 µm.y-1. However, at 170°C these chemical species (in 
concentrations of 10-1-10-3 mol/L) do not cause a significant increase in corrosion rate. 
Tungsten Inert Gas (TIG) and Electron Beam (EB) welding, both potential container closure 
techniques, reduced the corrosion resistance of the steel considerably in MgCl2-rich brine at 
150°C; the welded material suffered from severe local corrosion attack in the weld region and 
the heat affected zone. It may be possible to improve the corrosion resistance of the welded 
steel by applying a thermal stress relief treatment of the welds [2,3]. Investigations have 
shown that the stress relief treatment increased the resistance of the steel to localised 
corrosion and the thermal treated steel is resistant to pitting corrosion as does also the parent 
(unwelded) material [4]. 
 
Under harsh test conditions (very low strain rates), the TStE355 steel has shown a very slight 
sensitivity to SCC in NaCl-rich brine. Furthermore, it suffers a loss of ductility under these 

 



 

conditions. This behaviour is attributed to hydrogen embrittlement resulting from penetration 
of atomic hydrogen into the metal structure. However, both effects are significant only at very 
low strain rates, which are not expected in a real repository. The various welding procedures 
studied (electron beam welding, flux cored arc welding, plasma arc welding) did not affect the 
resistance of the steel to SCC in NaCl brine [2,3]. 
 
A γ-radiation field of 10 Gy/h did not influence the general corrosion rate of TStE 355 carbon 
steel in NaCl-rich brine at 150°C. However, in the MgCl2-rich ‘Q’ brine, the linear corrosion 
rate increased from about 47 µm.y-1 to 72 µm.y-1 when exposed to a γ-radiation field of 10 
Gy/h (Fig. 2). These results also showed a linear increase of the thickness reduction with 
exposure time [1]. 
 
The results obtained in salt brines for Ti99.8-Pd confirm previous findings that this passively 
corroding material is the prime candidate for the corrosion-resistant container concept in rock 
salt. This alloy exhibits an excellent resistance to general corrosion (< 1µm.y-1), pitting 
corrosion and stress corrosion cracking in the test brines up to 200°C. A γ-radiation field of 
10 Gy/h and radiolytic species such as H2O2 and ClO- do not accelerate the corrosion rate of 
this alloy [2,3]. 
 

 
 (a) (b) 

Fig. 2. Thickness reduction of the TStE 355 carbon steel at 150°C with and without γ-
radiation in the MgCl2-rich Q brine (a) and the NaCl-rich brine (b) [1]. 

 
In general, the corrosion rates of TStE 355 carbon steel obtained under realistic in situ 
conditions, at temperatures of 90°C and 180°C, were significantly lower (<0.1 µm.y-1) than 
the values observed in the laboratory immersion experiments (5-50 µm.y-1). This is attributed 
to the fact that in the in situ experiments only very small amounts of water/brine were present 
as a liquid corrosion medium, while in the laboratory experiments, large amounts of brine 
were used in order to simulate severe accidental conditions in the repository. Among the Ni-
base alloys, Hastelloy C-4 and C-22 exhibit the highest corrosion resistance in salt brines. 
However, under certain conditions in MgCl2-rich brines (T=200°C, γ-dose rate > 1 Gy/h; 
presence of H2S in the brines), pitting and crevice corrosion occur. The Ni-base alloys 
Inconel 625 and Incolloy 800, as well as the Ni-Cr steels 304L and 309S, and cast iron have 
been found to suffer from pitting and/or intergranular corrosion and therefore the possiblity of 
using containers made from these materials was not considered because they could fail due to 
localised corrosion [1]. 
 
 
 

  



 

 
2.2 Argillaceous environment 
 
In the various countries that are studying clay as a potential host rock formation for deep 
underground disposal of HLW/spent fuel, different approaches have been taken regarding the 
choice of container material: low-alloy or unalloyed steels (e.g. France) and the passive Fe-
Ni-Cr-Mo alloys (e.g. Belgium) constitute the two families of materials that are considered as 
the best candidate container material. Two of the main parameters that have contributed to 
this different approach are (i) the risk of localised corrosion (the salinities of the host rock 
formation considered in Belgium and France are <100 mg/L and 2,700-7,200 mg/L, 
respectively) and (ii) the risk of forming enhanced transport pathways for the radionuclides 
due to the production of hydrogen during anaerobic corrosion. The results that are presented 
in this paper originate from studies performed in Belgium. 
 
In situ corrosion experiments revealed that the corrosion rates of the candidate corrosion-
resistant materials (stainless steels, Ni-alloys, pure Ti and Ti99.8-Pd) were negligibly small 
(<0.1 µm.y-1). Carbon steel exhibited significant corrosion in direct contact with clay, and its 
general corrosion rate increased with increasing temperature from 1.8 µm.y-1 at 16°C to 
8.6 µm.y-1 at 170°C, as illustrated in Table 1. The general corrosion rate also diminished with 
exposure time from 7.7 µm.y-1 (1¾ year test duration) to 4.6 µm.y-1 (7 year test duration), at 
90°C. The carbon steel also exhibited severe signs of localised corrosion after interaction with 
Boom Clay: hemispherical pits up to 240 µm deep were detected after 2 years at 90°C. The 
rate of pit growth and the surface morphology were similar for 16°C and 90°C, but different 
for 170°C (the pits looked eroded, showing a succession of wider pits with abraded edges). 
The weld material of carbon steel was more susceptible to pitting corrosion than the parent 
material. This localised form of attack was even more pronounced in the presence of a 
radiation field (400 Gy/h): thickness reductions of ~2,000 µm in the heat-affected zone were 
observed after direct exposure to Boom Clay for 5 years at 80°C [5,6]. 
 
Table 1. General corrosion rate (vcorr), overall thickness reduction (Dcorr) and maximum pit 

depth (dmax) of carbon steel exposed to Boom Clay [1]. 

T 
[°C] 

Test duration 
[year] 

γ 
[Gy/h] 

vcorr 
[µm.y-1] 

Dcorr 
[µm] 

dmax 
[µm] 

 170 
 90 
 90 
 
 16 

 80 

 4¾ 
 1¾ 
 7 
 
 4¾ 

 5 

 0 
 0 
 0 
 
 0 

 400 

8.59 
7.68 
4.65 

 
1.81 

3.8 
20.3 

41.2 
17.4 
32.4 

 
8.7 

19.03 
101.5 

- 
240 (parent material) 
90 (parent material) 
130 (weld material) 
100-120 (parent material) 

150 (parent material) 
2,170 (weld material) 

 
Electrochemical experiments (potentiodynamic polarisation experiments) and immersion tests 
were performed to investigate the influence of various parameters (temperature, oxygen 
content, concentration of critical anions such as chloride, sulphate and thiosulphate) on the 
pitting susceptibility of different candidate corrosion-resistant materials (stainless steels, Ni-
alloys and Ti99.8-Pd). Ti99.8-Pd and the Ni-alloys Hastelloy C-4 and C-22 were resistant to 
pitting under all experimental conditions (Tmax = 140°C; [Cl-]max = 50,000 mg/L; 
[S2O3

2-]max = 200 mg/L). However, the Ni-alloys Hastelloy C-4 and C-22 were found to be 
susceptible to crevice corrosion under oxic conditions at 140°C containing more than 



 

20,000 mg/L chloride. Also, under some anoxic conditions, an alteration of the passive layer 
in the form of tarnishing was observed on the Ni-alloys Hastelloy C-4 and C-22. 
 
The pitting susceptibility of the stainless steels AISI 316L, AISI 316L hMo, AISI 316Ti and 
UHB 904L is rather similar. They did not suffer from pitting corrosion at chloride and 
thiosulphate levels in environments relevant to ‘normal underground repository conditions’ 
(<100 mg/L Cl-; ~17 mg/L S2O3

2-). In the event of increased chloride levels however, the 
danger of pitting does exist. For example, in a bentonitic backfill environment at 140°C and 
under oxic conditions (conditions that are representative for the initial aerobic period of 
disposal), AISI 316L hMo is expected to suffer from pitting only at chloride levels that are 
100 times higher (>10,000 mg/L Cl-) than under realistic conditions (ECORR > ENP) (Fig. 3). 
Even in this unlikely scenario, the initiation of pitting will be limited to the aerobic period, 
because under anoxic conditions at 90°C (conditions that are representive for the long-term 
anaerobic period), pits are unlikely to initiate on AISI 316L hMo stainless steel 
(ECORR << ENP) (Fig. 4). And moreover, the aerobic period is believed to be too short for the 
pits to propagate to such an extent as to pose a risk for the integrity of the container. Sulphate 
was found to have an inhibitive effect on the initiation of pitting: at higher sulphate 
concentrations more chloride was needed to initiate pitting. Thiosulphate additions had a 
slight influence only on the protection potential at thiosulphate levels of 200 mg/L. Pitting 
was more easily initiated with increasing temperature: for example, at 16°C, AISI 316L hMo 
type stainless steel only showed slight signs of pitting at very high chloride concentrations 
(> 10,000 mg/L), but increasing the temperature from 16°C to 140°C caused a drastic shift of 
ENP in the active direction to 266 mV (vs. SHE), which is below ECORR. The pit depth and pit 
density also increased with increasing temperature: raising the temperature from 90°C to 
140°C caused the pits to grow to greater depths by factors of about 10 and 20 for type 
UHB 904L stainless steel in aerated Boom claywater containing 1,000 mg/L and 10,000 mg/L 
chloride, respectively [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Influence of [Cl] on ENP and EPP of 

316L hMo stainless steel in bentonitic 
water containing 1,700 mg/L SO4

2- at 
140°C (oxic). The corrosion potential 
(ECORR) is indicated as a horizontal 
dotted line [7]. 

 
Fig. 4. Influence of [Cl] on ENP and EPP of 

316L hMo stainless steel in bentonitic 
water containing 1,700 mg/L SO4

2- at 
90°C (anoxic). The corrosion 
potential (ECORR) is indicated as a 
horizontal dotted line [7]. 



 

2.3 Granitic environment 
 
2.3.1  Studies relevant to the Spanish disposal concept 
 
The general corrosion rate of TStE 355 carbon steel diminished asymptotically with exposure 
time to approximately 6 and 14 µm.y-1 in granitic-bentonite water at 90°C and 120°C, 
respectively (Fig. 5). TStE 355 is resistant to pitting corrosion in granitic-bentonite water, but 
was found to be susceptible to non-uniform corrosion with maximum penetration depths up to 
100 µm (18 months exposure to 75°C) in a saturated bentonite media. On the other hand, at 
120°C, pits up to 280 µm deep were detected in the welds of welded TStE 355 carbon steel 
(granitic-bentonite water), whereas at 90°C no localised attack was observed [8]. In the 
granitic test environment (90°C), the parent and welded TStE 355 carbon steel appeared to be 
resistant to SCC at slow strain rates of 10-4-10-7 s-1. However, a loss of ductility occurred, 
especially at very slow strain rates, and this was attributed to “hydrogen embritlement”. In all 
cases, the fracture of welded specimens was located in the base metal [2,3]. 
 
For parent and welded AISI 316 stainless steel, neither SCC nor a loss of ductility were 
expected to occur during slow strain rate tests in argon or granitic water at 90°C. However, 
isolated pits near the fracture zone were observed at the slowest strain rate of 10-7 s-1 in 
granitic water (Fig. 6) [2]. 
 

 
 
 
 
 
 
2.3.2  Studies relevant to the Swedish and Finnish disposal concept 
 
This section reviews progress in the understanding of the corrosion of copper based on the 
findings and conclusions of studies carried out in Sweden, Finland and Canada [9]. 
 
The corrosion rate of copper, prior to emplacement of the canister in the repository, is 
expected to be negligible due to the relatively low canister temperature (<50°C), short 
duration of exposure, and low relative humidity. Corrosion due to the presence of a thin 
surface water film may occur during buffer saturation but, because the boreholes will be 
effectively sealed, the total amount of corrosion is limited by the amount of trapped O2 

 

0

10

20

30

40

50

0 2 4 6 8 10 12 14

Exposure time (months)

 S355 Granitic water 90ºC
 S355 Granitic water 120ºC

Corrosion rate (µm/year)

 

 
Granite 

Argon 

Pit 

 

Fig. 5. General corrosion rates for 
carbon steel TStE 355 exposed to 
granitic-bentonite water for 
12  months at 90 and 120°C [8]. 

Fig. 6. Macrographs of AISI 316L stainless 
steel tensile specimens tested in Ar and 
granitic-bentonite water at 90°C and a 
strain rate of 10-7 s-1 [2]. 



 

(equivalent to <300 µm wall penetration if evenly distributed over the canister surface). Any 
corrosion that does occur is expected to be uniform in nature with no localised attack [11]. 
 
After saturation of the repository, general corrosion is not expected to limit the canister 
lifetime because of the limited amount of oxidant available. Corrosion experiments under 
simulated repository conditions suggest that canisters will not undergo classical pitting, but 
rather a form of under-deposit corrosion will occur, in which there is no permanent separation 
of anodic and cathodic sites [10]. Mechanistic pitting studies indicate that an oxidant (either 
O2 or Cu(II)) is a pre-requisite for pit propagation. Since the near-field environment in the 
repository will evolve from initially oxidising to ultimately reducing, this implies that pitting 
will only be possible (if at all) during the early stages of the repository life. Thus, the 
environment within the repository will evolve to one in which only general corrosion will 
occur. Therefore, the difficult problem of predicting localised corrosion is simplified by the 
fact that predictions only have to be made for the early oxidising period. Given this evolution 
in localised corrosion behaviour with repository conditions, the most suitable pitting models 
are those that include the possibility of pit depth. Of the currently available models, only 
those based on a repassivation potential are capable of predicting when pitting may cease to 
be an active degradation mechanism in the repository. For analyses based on literature pit 
depth data (either the pitting factor or extreme-value approaches), it is implicitly assumed that 
pits propagate indefinitely. Predictions of pit depth based on these latter two approaches must 
be considered conservative [10]. 
 
Early in the evolution of the repository, conditions may be at their most conducive for SCC. 
Oxidant will be available in the form of trapped atmospheric O2 and/or Cu(II) produced by 
corrosion of the canister. Ammonia, and possibly acetate ions, will be present in the 
groundwater and, possibly as a result of human activity during construction, although it is 
highly unlikely that sufficient nitrite will be present to cause SCC. Furthermore, the beneficial 
effects of chloride ions, in terms of inhibiting SCC, will not be fully felt until the bentonite 
pore water has equilibrated with groundwater. As the available oxidant is consumed, as the 
pore water becomes more saline and as the buffer material saturates and restricts the transport 
of SCC agents from the groundwater to the canister surface, the probability of SCC will 
diminish considerably. Only the decrease in repository temperature with time will tend to 
render the canister more susceptible to SCC [10]. 
 
The effect of γ-radiation on the corrosion behaviour of the canister is considered to be 
negligible because of the self-shielding nature of the reference design (50 mm thick copper 
shell with 50 mm thick cast-iron insert) [10]. 
 
Table 2 reviews various predictions of the service life of copper canisters. The most detailed 
assessments of the lifetimes of copper canisters have been performed in Sweden, Finland and 
Canada. In both assessments, general corrosion and pitting are believed to be the processes 
most likely to result in corrosion of the canister. In a Swedish or Finnish repository, HS- (or, 
rather, H2O/H+ in the presence of HS-) is the most prevalent oxidant. In a Canadian 
repository, trapped O2 is the major oxidant. Different approaches have been used to assess the 
extent of general corrosion and pitting of copper. Both mass-balance and detailed kinetic 
modelling have been used to predict general corrosion. For pitting, empirical pitting factors 
and statistical analyses have been used. The predicted canister lifetimes exceed 106 years in 
both cases (despite differences in repository conditions and in approaches taken to make long-
term predictions) [10]. 
 



 

Table 2. Comparison of predictions of long-term corrosion behaviour and canister lifetime 
from various international programmes [10]. 

Country General 
Corrosion 

Localised 
Corrosion 

Microbially 
Influenced 
Corrosion 

Stress Corrosion 
Cracking 

Predicted 
lifetime 

 

Sweden/ 
Finland1 

0.05 mm in 106 yrs 
(realistic) 
4 mm in 106 yrs 
(conservative) 

0.05 mm in 106 yrs 
(realistic) 
18 mm in 106 yrs 
(conservative) 

- - >106 yrs 

Sweden/ 
Finland1 

0.35 mm in 106 yrs 0.35 mm in 106 yrs 
(realistic) 
1.4 mm in 106 yrs 
(conservative) 

SRB assumed to 
reduce SO4

2- to HS- 
maximum possible ni-
trite concentration be-
low threshold for SCC 

>106 yrs 

Sweden/ 
Finland1 

0.33 mm in 106 yrs 0.33 mm in 106 yrs 
(realistic) 
1.3 mm in 106 yrs 
(conservative) 

SRB assumed to 
reduce SO4

2- to HS- 
in tunnel and ground-
water only 

SCC does not occur 
based on threshold po-
tential and concentra-
tions of SCC agent, 
and because creep is 
faster than SCC 

>106 yrs 

Canada2 0.011 mm in 106 yrs 6 mm in 106 yrs limited impact: maxi-
mum additional wall 
loss of 1 mm in 106 
yrs 

SCC not included be-
cause of limited 
period of stress, 
absence of SCC 
agents, general lack of 
oxidant and inhibitive 
effects of Cl- 

>106 yrs 

Japan 9-13 mm in 10³ yrs, 
depending on repo-
sitory design 

18-26 mm in 103 
yrs based on pitting 
factor of 3 
2 mm in 103 yrs 
based on extreme-
value analysis 

SRB assumed to 
reduce SO4

2- to HS- 
maximum concentra-
tions of ammonia, 
nitrite and acetate less 
than threshold con-
centration 

none given 

1 reference canister  wall thickness of 50 mm. 
2 reference canister  wall thickness of 25 mm. 

 
2.4  Cementitious environment 
 
This paper also summarizes the current knowledge of the general and localised corrosion 
behaviour in cementitious environments because large amounts of concrete will be present in 
repositories as a structural material. The uniform corrosion rate of BS4360 carbon steel under 
aerated alkaline conditions are 0.08 µm.y-1 at 30°C and 1.6 µm.y-1 at 80°C. The current best 
estimates for the long-term anaerobic corrosion rate of carbon steel in alkaline media are of 
the order of <0.12 µm.y-1  and <1 µm.y-1 at 30°C and 80°C, respectively. Pitting corrosion of 
carbon steel containers in a deep repository is likely, but it may be limited by the supply of 
oxygen once the repository re-saturates, or by the availability of water prior to re-saturation. 
For a fully saturated backfill, the rate of oxygen diffusion would be too slow to support 
corrosion for more than a few years, during which time pits are expected to propagate only a 
few millimeters into the steel [1]. 
 
The uniform corrosion rates of stainless steel (304L, 316L) under aerobic and alkaline 
conditions are 0.03 µm.y-1 at 30°C and 0.5 µm.y-1 at 80°C. Anaerobic corrosion rates ranging 
from 0.1 µm.y-1 to 0.001 µm.y-1 have been estimated. 316L stainless steel was found to be 
resistant to pitting corrosion in a cementitious backfill up to 100,000 mg/L Cl- at room 



 

temperature or up to ~50,000 mg/L Cl- at 45°C or 70°C. The susceptibility of 304L and 316L 
stainless steel to SCC is strongly influenced by the synergistic effect of chloride and 
thiosulphate: the addition of 3,360 mg/L S2O3

2- to solutions containing 17,750 mg/L Cl- led to 
SCC of 316L and 304L stainless steel at 80°C [1]. 
 
3. Future R&D 
 
Various areas for which more in-depth R&D is required were identified and some are 
summarised below (the level of scientific knowledge already available and priority differ 
according to the type of candidate rock formation): 
• microbially influenced corrosion (MIC); 
• atmospheric corrosion (corrosion during interim storage); 
• effect of fabrication aspects and container design on corrosion; 
• long-term metallurgical modifications; 
• influence of radiation effects; 
• production of nitric acid (and its influence on the integrity of the container); 
• information from archeological analogues ; 
• modelling. 
 
4. Conclusions 
 
The alloy Ti99.8-Pd is the strongest candidate for the realization of a corrosion-resistant 
container as a long-term barrier in repositories located in rock salt. This alloy has excellent 
resistance to general corrosion, pitting corrosion and stress corrosion cracking up to 200°C. 
Carbon steels are the primary choice for the corrosion-allowance concept in salt environments 
because it is resistant to pitting corrosion and SCC and its general corrosion rates are 
sufficiently low to provide corrosion allowance acceptable for thick-walled containers. 
 
Stainless steels, Ni-based alloys, and Ti-based alloys are the most important candidate 
container materials for the thin-walled concept in clay, while carbon steel is considered the 
main choice for the thick-walled corrosion-allowance concept. 
 
Based on studies in a granitic underground environment, performed in Sweden, Finland and 
Canada, corrosion is not the limiting factor in determining the canister design wall thickness. 
Copper canister lifetimes exceed 100,000 years. Carbon steels are also a valid option for a 
thick-walled container concept in granite. 
 
In this paper, some relevant corrosion data for carbon steel and stainless steel in cementitious 
environments are given in addition because large amounts of concrete will be used as 
structural materials in most of the envisaged repository design concepts. This paper also 
provides recommendations for future studies. 
 
More detailed information can be found in reference [1]. 
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