Comments to Karnland and Birgerssons memorandum regarding the Swedish
National Council for Nuclear Waste seminar ”Mechanisms of Copper Corrosion in
Agqueous Environments”

By Peter Szakalos and Olle Grinder, Royal Institute of Technology, Stockholm 2010-07-05

Karnland and Birgersson have made questionable comments regarding our presentation at the
National Council for Nuclear Waste seminar ”Mechanisms of Copper Corrosion in Agqueous
Environments” (16" of November 2009).

Firstly we find it odd that Karnland and Birgersson claim that we had eighty five (85) PowerPoint
slides in our presentation at the seminar. This is remarkable since we had only twenty four (24)
slides in our public presentation. Of the unpublished extra material, in total 61 slides, only a few
were shown during the afternoon discussion. Despite this fact, all 85 slides seem, most
unfortunately, represent the background material for Karnland and Birgersson’s memorandum.

In response to Karnland and Birgersson we want to discuss and clarify some important issues
regarding the scientific basis of our presentation — a presentation that is supported by facts from
published scientific material.

Of some 30 years research, the LOT-project is the only one that has semblance to a full-scale test
in a repository environment and for which results have been published. Even here some crucial
parameters are still lacking such as mechanical load, salt concentration due to water evaporation,
irradiation and radiolysis of water. The project is performed with groundwater in the Aspé hard
rock laboratory, approximately 450 m down in the Swedish bedrock. However, the results
obtained in the project so far have not been according to SKB AB’s expectations, especially
regarding copper corrosion:

- No copper was found on the expected smectite exchange sites in the bentonite clay*
(From Abstract in Appendix 6)

- Instead, a large amount of copper corrosion products* was found to precipitate on the
huge surface area created by the bentonite particles thus indicating severe corrosion? (see
page 5). According to our judgement the maximum corrosion rate on the heated central
copper tube could at least be 10 um/year during the five year exposure (discussed below).

It is stated in Ref. 1 (Appendix 6, page 9) regarding copper detected in the bentonite at different
distances from the central copper tube in the LOT-project: "First of all a surprisingly high content
of Cu was found even within the 1% cm indicating that a) Cu corrosion occurred and b) led to
penetration of Cu into the bentonite. Even the 50 mg/kg which were observed in the 40 mm
sample” likely result from Cu migration.”

It must, therefore, be concluded that the copper canister and the bentonite clay are not
independent “barriers” since they both interact by a simultaneous degradation process, i.e. by
dissolution-precipitation copper corrosion  (page 5).



In a situation with a limited amount of water or low flow rates of water (irrespective whether the
conditions are oxic or anoxic), such as in a repository environment, it is thermodynamically
expected that a solid corrosion product will be formed also on the copper surface. This was
confirmed by Rosborg within the LOT-project® and by King in laboratory studies *.

Karnland and Birgersson, on the other hand, calculated the copper corrosion rate in the
memorandum only based on the copper detected in the bentonite, omitting the corrosion products
on the copper surface, which is obviously wrong. By comparing the weight loss measurement of
the copper coupons and the measured amount of copper in the bentonite, it is clear that a
significant part of the copper corrosion product is formed on the copper surface **, as expected.

Thus the maximum copper corrosion rate could easily be higher than 10 um/year at the heated
part of the central copper tube in the LOT project as mentioned above. In fact, King reported
much higher copper corrosion rates than 10 um/year in his laboratory study in bentonite/
groundwater. After two years, the corrosion rate stabilises at as high levels as 20 um/year in the
temperature range 50-100°C *. Furthermore, it was concluded in the same study that “O,-
transport was not rate-limiting” and that a significant part of the copper detected in the bentonite
was a result of corrosion by a dissolution—precipitation process.

It was believed some 20 years ago that dissolved oxygen in bentonite pore water in a deep
repository would be consumed very slowly, i.e. over several years. However, it has been found in
more recent years that oxygen is consumed within days or first weeks of exposure >®. For
instance, in Ref. 5, SKB report TR-01-05 (the REX project) entitled “O,-depletion in granitic
media” it is stated in the abstract regarding the studies in the Aspo hard rock laboratory: “The
results from the in-situ experiments were confirmed by those of the replica experiment performed
in the CEA laboratory in France. Both were concordant in showing time scale for O, uptake in
the order of days.” In Ref. 7 it is shown (Fig. 2) that oxygen is consumed within six days
irrespective bentonite/water temperature. The same behaviour is observed in a POSIVA study in
bentonite/saltwater, see Ref. 8, pages 12-13. In another SKB project, “Mini Can” it is stated on
page 48, Ref. 9, that “anoxic condition existed in the boreholes” nevertheless the measured
copper corrosion rates was again several pm/year, as shown in Figure 6-33.

An important conclusion from the above is that copper corrosion by dissolution-precipitation in a
deep repository environment is mainly an anoxic process following the rapid oxygen
consumption with formation of anoxic corrosion products such as CuS, (Cu,Fe)S and Cu,0 and
complex copper chloride hydroxides, as detected in the LOT-project -2,

A more important scientific fact is that copper corrosion rates are always reported to be in the
um/year range irrespective of copper quality or oxic/anoxic condition *°. Thus SKB's safety
analysis underestimates the copper corrosion rate by a factor of between 1000-10.000 times, as
pointed out in our presentation at the seminar.
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