
CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES 
TRIP REPORT 

SUBJECT: Third International Workshop on Long-Term Prediction of Corrosion Damage 
in Nuclear Waste Systems 
Project No. 20.06002.01.322; AI No. 06002.01.322.710 

DATEIPLACE: May 14-1 8, 2007, State College, Pennsylvania 

AUTHOR(S): 0. Pensado 

PERSONS PRESENT: A total of 28 experts in corrosion from international high-level waste 
programs attended the workshop. See Attachment A for a detailed list of participants. 

BACKGROUND AND PURPOSE OF MEETINGITRIP: 

In general, the purpose of the workshop was to bring together international scientists and 
engineers who are analyzing high-level nuclear waste disposal technologies, with the goal to 
promote scientific and technical exchanges on long-term behavior of metallic containment 
materials and engineered barrier systems. The workshop compared worldwide approaches 
developed for assessing long-term corrosion phenomena, including corrosion strategies for 
interim storage and geological disposal. 

The author presented a paper on stochastic corrosion models to support a performance 
assessment model of the potential Yucca Mountain engineered barrier system. 

SUMMARY OF PERTINENT POINTS: 

The majority of the international programs consider long-term disposal of radioactive waste in 
water-saturated host rock and anoxic conditions, with the exception of the United States. The 
container materials being considered in the various countries include stainless steel, carbon 
steel, and copper, under the premise that all of these materials are stable under reducing 
conditions. Therefore, the period after repository closure when transient oxidizing conditions 
persist is a concern because container materials may undergo degradation modes with 
accelerated corrosion rates. Over the long term, two main concerns are envisioned: (i) the 
effect on groundwater constituents (e.g., sulfur) on container materials and (ii) gas production 
due to corrosion processes causing pressure buildup and potentially damaging the host rock 
(offering fast pathways for radionuclide release). Research results to address those short- and 
long-term concerns were presented during the conference. With respect to the repository 
concept in the United States, various performance assessment models addressing corrosion 
issues are available to various parties. The models in general agree on the corrosion 
processes relevant to titanium alloy drip shields and Alloy 22 waste packages, but consider 
different degradation scenarios. In general, a need was expressed during the workshop for the 
development of predictive corrosion models, based on mechanistic understanding of physical 
and chemical processes. 
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SUMMARY OF ACTIVITIES: 

A summary of key presentations is provided in the order they were delivered at the conference. 

David Enos (Sandia National Laboratories) provided a research update of the Yucca Mountain 
program on corrosion. He reported the existence of elevated temperature brines stable well 
beyond 200 “C [392 OF] which are potentially capable of supporting aqueous corrosion 
reactions. Recent research has been aimed at addressing concerns expressed by the 
U.S. Nuclear Waste Technical Review Board on corrosion during the thermal pulse. Enos 
developed an elevated temperature chamber with precise relative humidity control to perform 
corrosion studies. Enos stated that elevated temperature corrosion data have not yet been 
obtained in his chamber. 

Damien Feron (Commissariat A L’Energie Atomique, France) provided a generic perspective of 
corrosion issues in nuclear waste disposal in the European programs. Environments for 
corrosion studies can be: (i) aerated (which could last decades), (ii) mixed period (of uncertain 
duration), or (iii) saturated and anoxic (millennia). Feron recognized the challenge of reliable 
prediction of container degradation rate and engineering barrier integrity over extended periods. 
Experimental and modeling programs should complement each other to assure the public that 
safe disposal can be achieved. Feron highlighted the need for developing semiempirical 
models and predictive models based on the mechanisms of corrosion phenomena while being 
constrained by the natural laws. Currently, archaeological artifacts are being studied to support 
the feasibility of long-term storage and to provide a database for testing and validating models. 
Predictive models are not yet available on evolution of the near-field environment, the “corrosion 
evolution path,” and long-term material aging. Archaeological artifacts may provide data to 
test models. 

Digby Macdonald (The Pennsylvania State University) provided a generic perspective on the 
role of passive films in high-level nuclear waste isolation. He explained that most passive films 
exist as meta-stable.phases, with stability dictated by kinetic balance. He presented an 
approach where the thickness of the passive film (indirectly determined from impedance data) 
can be used to judge the voltage range of passive dissolution. In the case of Alloy 22, 
Macdonald stated that transpassive dissolution is the result of change in the oxidation state of 
chromium-from +3 in the oxide film to +6 in solution. Using waste package temperature 
estimates from the Department of Energy Yucca Mountain program, Macdonald argued the 
impossibility for Alloy 22 to exhibit transpassive dissolution in repository settings. 

Naoki Taniguchi (Japan Atomic Energy Agency) presented corrosion rate measurements of 
copper in sodium sulfide solution in anaerobic conditions. A clear dependence of the corrosion 
rate (measured considering slow strain rate technique tests) on the sulfide concentration was 
noted. Using extrapolations to longer times, Taniguchi concluded that waste containers are 
expected to last at least 1,000 years, which is the required waste package lifetime in Japan. 
However, uncertainty in groundwater concentrations was acknowledged. 

Robert Gens provided an overview of European concepts for the engineered barrier system 
design with emphasis on metallic materials. The overview focused on programs in Germany, 
Belgium, Spain, Sweden, Finland, France, and the United Kingdom. The host rock types can be 
classified as granite, salt, and clay formations. The European Commission sponsored a 
state-of-the-art document on the Corrosion BEhaviour of Container MAterials (COBECOMA). 
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Gens summarized the main findings from this document. Most of the disposal programs in 
European countries are pursuing designs in which the primary waste container is surrounded by 
special materials to completely contain the waste for at least the period when temperatures in 
the disposal system are relatively high due to radioactive decay. The systems can be 
summarized as copper/bentonite, carbon steeVconcrete, and steeklay. The different solutions 
in the various countries depend on geologic site features and nature of the waste. Gens 
underlined the need to understand the effect of surrounding barriers (bentonite, concrete) in 
protecting metallic canisters and modifying chemical conditions. For example, in Belgium, a 
concept referred to as the “supercontainer” is being investigated: a metallic carbon steel 
canister is surrounded by concrete and enveloped by an external steel container. Concrete, in 
this case, is proposed as a chemical barrier (not as a migration barrier), because it is 
demonstrable that waters in contact with concrete become alkaline, under which carbon steel 
exhibits well-characterized corrosion rates. In the Belgium case, carbon steel is considered 
because of its known behavior in alkaline solutions, simplifying safety analyses. Relevant 
archaeological analogs to carbon steel are available. Also, carbon steel can be easily welded. 
However, the use of carbon steel is not definite. In Europe, Sweden’s high-level waste program 
is closest to a license application (likely in 2009). Other countries are further from submitting a 
license application. For example, in France, a license application may be submitted around 
201 5; decisions for a site are currently going on in Switzerland. The copper/bentonite system is 
considered in Sweden, Finland, and the United Kingdom. Due to the high malleability of copper, 
canisters can be fabricated with few welds. Bentonite buffer material is proposed to take the 
system to anoxic conditions and as a migration barrier (bentonite expands in contact with 
water). During the transient oxic period, pitting and sulfide-enhanced corrosion are possible. 
During the anoxic period, the main concern for copper is corrosion promoted by sulfide. Gens 
referred to the COBECOMA document for additional details and references. 

Dimitrij Zagidulin (University of Western Ontario) presented studies on crevice corrosion 
initiation in Alloy 22. He considered sodium chloride solutions in temperatures ranging from 
30 to 150 “C [86 to 302 OF]. Initiation of crevice corrosion was accomplished under 
galvanostatic control but only if forced currents exceeded 5 pA {applied to a crevice area of 
4 cm2 [0.62 in2]}. Repassivation was observed when the forced current was removed. Zagidulin 
conjectured that crevice corrosion is controlled by the cathodic reaction (oxygen reduction), 
which he stated may be a slow reaction. 

George Engelhardt (OLI Systems) presented a novel methodology in the form of distribution 
functions of pit depths based on a mechanistic model. Engelhard argued that his methodology 
can be used to study corrosion under limited electrolytes (e.g., Alloy 22 corrosion supported by 
deliquescent solutions). 

Tae Ahn (NRC) discussed an update on corrosion studies in the U.S. high-level waste program 
from a regulatory point of view. Ahn also provided an analysis based on literature review, 
simplified computations, and limited test data to assess loss of passivity scenarios and waste 
package damage due to crevice corrosion. 

Fraser King (Integrity Corrosion Consulting, Ltd.) discussed a performance assessment model 
referred to as Engineered Barrier System Corrosion Model (EBSCOM) for the Yucca Mountain 
repository system. Three different scenarios were addressed: nominal, igneous, and seismic. 
Considered degradation modes for Titanium Grade 7 drip shields include general corrosion and 
hydrogen-induced cracking and for Alloy 22 waste packages, general corrosion, crevice 
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corrosion, stress corrosion cracking, and microbial-induced corrosion. Two sources of water 
were addressed-deliquescent brines and seepage-and the model allows for variability in 
water chemistry. King stated that crevice corrosion of Alloy 22 is feasible in 1 percent of the 
water chemistries considered. On the other hand, stress corrosion cracking appears feasible in 
71 percent of the waters. For the nominal scenario, the dominant degradation mode is general 
corrosion and microbial-induced corrosion (modeled as enhanced general corrosion). Waste 
packages were computed to be breached in timeframes spanning from 200,000 to 
2 x l o 7  years. Fifteen percent of the waste packages were computed breached by I O 6  years. 
In the seismic scenario, roughly 50 additional waste packages were estimated breached due to 
dynamic impacts and stress corrosion cracking. In the igneous scenario, a few tens of waste 
packages were computed to contribute to groundwater releases. Based on the EBSCOM 
analysis, King concluded that the dominant degradation mode is general corrosion, with 
enhanced corrosion rates due to microbial action. The work by King was sponsored by the 
Electric Power Research Institute. 

Zack Qin (University of Western Ontario) discussed the EBSPA code developed by researchers 
at the University of Western Ontario to compute distribution failure functions of drip shields and 
waste packages in the Yucca Mountain repository system. Qin stated that if drip shields last for 
at least 6,000 years, the probability of waste package crevice corrosion is greatly diminished. 
Qin explained in detail the approach to evaluate hydrogen-induced cracking of titanium alloys 
and argued that modeling approaches are conservative. Experimental data revealed that 
hydrogen concentration is not uniform and that hydrogen absorption efficiency decreased 
with time. 

Bruno Kursten (SCKaCEN) provided details on the “supercontainer” design considered in 
Belgium. The supercontainer is the preferred option in Belgium for the disposal of radioactive 
waste in deep underground clay layers. The supercontainer consists of a 3-cm [I .18-in]-thick 
carbon steel overpack, surrounded by a concrete buffer, in turn encased in a 6-mm 
[0.24-in]-thick stainless steel envelope. The thickness of the concrete buffer (55-65 cm 
[21.7-25.6 in]} meets shielding requirements. The concrete buffer. is a chemical barrier; thus, 
under the predicted conditions within the supercontainer (alkaline waters), the carbon steel 
overpack is expected to undergo passive dissolution at low corrosion rates. 

Bo Rosborg (Royal Institute of Technology) provided a general update on the Swedish 
high-level waste program. The Swedish program philosophy considers materials occurring 
naturally on Earth. Thus, copper canisters embedded in bentonite clay are considered to isolate 
radioactive waste from the geosphere. Native copper has been preserved for several million 
years in environments similar to the repository near field. However, copper is known to exhibit 
inadequate corrosion resistance under oxic conditions. Rosborg presented onsite monitoring 
data of copper corrosion in an oxic environment (test initiated in 2001). Low corrosion rates 
have been measured, well below those determined from electrochemical methods. Uneven 
general corrosion on the copper coupons was observed without any pitting. The results lend 
credit to the use of copper as a container material in Sweden. 

Lawrence Johnson (National Cooperative for the Disposal of Radioactive Waste-Nagra) 
discussed a performance assessment for a repository in opalinus clay in Switzerland. The 
Swiss program considers carbon steel canisters surrounded by bentonite clay. There is 
evidence that microbial action could help to shorten the transition from oxic to anoxic conditions. 
After bentonite swelling, neither microbial activity nor migration of microbes is expected in the 
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bentonite buffer. It could take roughly 100 years for bentonite to achieve full water saturation. 
The oxidation of canister, steel rock supports, and minerals in the opalinus clay may also help 
with the consumption of trapped oxygen. Under anoxic conditions, carbon steel undergoes 
passive dissolution at corrosion rates that ensure long-lived waste packages. 

Osvaldo Pensado discussed an approach to estimate probabilities for the formation of water 
chemistries capable of supporting crevice corrosion or stress corrosion cracking at 
temperatures less than 110 "C [230 O F ] .  Probabilities of the order of a few to 10 percent for the 
formation of water chemistries conducive to crevice corrosion in Alloy 22 were estimated. On 
the other hand, for stress corrosion cracking, competing requirements (high corrosion potentials 
and enough bicarbonate concentrations) cause water chemistries capable of supporting stress 
corrosion cracking to be rarely established. The probabilistic approach is part of a performance 
assessment model for the Yucca Mountain system. 

IMPRESS IO NS/C ON C LU S IO N S : 

The workshop was an excellent forum to exchange information with researchers working in the 
corrosion field in international high-level waste programs in a collegial environment. The need 
for predictive models was underlined by various researchers; however, in the opinion of the 
author, the state of the art does not yet allow for an accurate prediction. Uncertainty in material 
states, near-field environment, and processes controlling corrosion make it difficult, if not 
impossible, to abandon empirical and semiempirical approaches combined with statistical and 
Monte Carlo methods. 

PROBLEMS ENCOUNTERED: 

None. 

PENDING ACTIONS: 

None. 

RECOMMENDATIONS: 

The next edition of this workshop will take place in Belgium in 2010. Participation is 
recommended to learn new information and to gain an understanding of corrosion processes in 
the international programs. The author will continue to check advances in corrosion 
prediction models. 

REFERENCES: 

None. 

ATTACHMENTS: 

List of Attendees. 
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