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6.1 DEVELOPMENT OF CONTAINER FAILURE MODELS

N.C. Garisto
Atomic Energy of Canada Limited

Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada

In order to produce a complete performance assessment for our (Canadian)
waste vault some prediction of container failure times is required. Of
course, a reasonable prediction of container failure times requires data
based on an extensive experimental program designed to understand the
corrosion performance of the container and to measure its corrosion rate.
Since this is a time-consuming process, modeling inevitably starts when the
required data is limited. However, we can still test the effects of
various possible failure scenarios on the rest of our vault model, i.e., on
our prediction of the rate of release of nuclides to the environment. For
instance, we can compare the consequences of the two scenarios:

(i) all containers fail at the same time;

(ii) containers fail with a smeared distribution.

When we make this comparison, we find that the maximum release rate is
lower for the smeared failure scenario than for the single-failure-time
scenario. However, the decrease in maximum release rate is not
significantly lower. Consequently, a distribution of failure times in this
fashion is insufficient to achieve acceptable release rates. This is one
example of how you can assume an input to your model and use it to assess
whether specific failure scenarios are reasonable or not.

For the two materials considered in the Canadian program, titanium and
copper, we have data on the frequency of failures due to manufacturing
defects undetected before emplacement. We also have an estimate (from L.
Crosthwaite) on the expected size of such defects.

By calculating the time it takes for water from a saturated buffer to enter
the container through this small defect, we obtained a delay time of
thousands of years. From such calculations, we could show that the
consequences of such small defects (< 1 cm ) in terms of the dose to man
are acceptable. Such an assessment of performance is acceptable in Canada
since, in contrast to the United States, we do not have specific
performance criteria for our container. The criteria are specified for the
whole vault system. Hence, it is acceptable to show that unavoidable
problems such as defects in a small number of containers do not affect the
overall performance significantly.

From the modelers point of view, it is not clear where we should start with
either titanium or copper. On the basis of the presentations at this
workshop, I would say that titanium appears to be a good material, provided
crevice corrosion is not extensive. It is up to the experimentalist to
justify that there is very little crevice corrosion and hydrogen
embrittlement occurring before repassivation of the crevice occurs. Once



- 256 -

repassivation occurs, corrosion will be uniform and very slow. The
critical question is how extensive will crevice corrosion and hydrogen
embrittlement be before repassivation.
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We are of the opinion that only crevice corrosion is
significant. Our experiments show that if the crevice is
active enough to propagate for a substantial period of
time, then hydrogen entry will occur at the crevice site.
However, the rate of crevice corrosion will be fast enough
to make the rate of hydrogen embrittlement irrelevant.

With regard to copper, there appears to be some confusion
as to what the corrosion mechanism is. If the model claims
mass transport of oxidizing species to the container
surface is rate-controlling, then it is not a conservative
model if radiolysis products are neglected. This appears
to be the model adopted in Sweden. The Canadian model,
presented above by King, assumes that transport of the
corrosion product away from the corroding surface is rate-
controlling. One problem I anticipate with this model is
the fact that the container will be surrounded by an inch
of sand. Transport of copper through this layer will be
much faster than through the surrounding buffer and this
will exert a detrimental effect on the container
performance.

I don't think the amount of copper you will get in that
inch-thick layer of sand will be significant.

The mass transport of copper through the sand will be much
faster than through the buffer.

Yes, but all that does is move the constant concentration
boundary from the container surface to the sand/buffer
interface. While this new boundary condition is being
established the corrosion rate will be higher, but not for
very long.

My major concern with a mass-transport-based model is that
in such a model the performance of the container depends on
the performance of the buffer. If the buffer fails (e.g.,
cracks), then the corrosion rate of the container will
increase substantially.

You can take that situation into account by using a range
of diffusion (or transport) coefficients. If water is
transported through a crack, in the buffer, then transport
will be through the solution, and the diffusion (transport)
coefficient will be a maximum.

Yes, I agree that that kind of approach is possible.
However, such an approach weakens the multibarrier
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approach, since one barrier is used to overcome the
problems of another.

Another problem from the modeling point of view is to decide which data on
corrosion rates should be used in order to maintain a conservative
approach. As an example, we can consider the crevice corrosion results of
Westerman on titanium Grade-12, discussed above. Should we consider these
results when attempting to model crevice corrosion? If we do not consider
them, what grounds do we have to rule them out? Similarly with copper.
Lam (Ontario Hydro) showed results indicating that pitting was occurring on
copper. Despite these results, the general opinion seemed to be that
pitting of copper was extremely unlikely. Do we just ignore such results
or do we have to explain them and justify why we are excluding them from
our model?
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I think it is a dangerous, if not impossible, task to
attempt explanations for everyone else's data. You are on
much firmer ground if you construct your model and make
predictions on the basis of your own data. Once you start
trying to explain other peoples' results, there is no end
to the process. You would have to attempt an explanation
for every stray piece of information in the literature.

Perhaps the only way to deal with such data is to define
the conditions governing your vault very specifically.
Also, you must know the parameters which govern your
container's performance and the range over which they can
vary. This range of variation must include the fringe
possibilities which make it conservative. Then, if you can
show that the other person's data are outside this range,
you are justified in ignoring it. If you cannot exclude
the data in this manner, then you must consider it.


