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Comments of the Swedish Society for Nature Conservation (SSNC) and the NGO Office for Nuclear 
Waste Review (MKG) addressed to the Land and Environment Court, Nacka District Court and the 
Swedish Radiation Safety Authority concerning applications relating to a final repository for 
nuclear fuel waste (the Nuclear Fuel Repository case)  

The Land and Environment Court, Nacka District Court (‘the Court’ in the following) has invited1 SNF 
and MKG (‘the organizations’ in the following) to comment on Svensk Kärnbränslehantering AB’s (‘the 
applicant’ in the following) Supplementary Comments V and response on issues2. The Court has also 
asked3 the organizations to respond to questions from the Court regarding the future handling of the case. 

In accordance with the provisions of the Act on Nuclear Activities, the organizations also have formal 
consultative status vis-à-vis the Swedish Radiation Safety Authority (‘SSM’ in the following) with regard 
to the planning and construction of a final repository for nuclear fuel waste and a combined facility for 
intermediate storage and encapsulation of the fuel waste (known as ‘Clink’). The present comments 
complement the organizations’ earlier opinion on issues submitted to the Court with regard to the 
applications submitted in accordance with the Act on Nuclear Activities. 

The applicant’s comments set out in case document 425 give no cause for amendment of the 
organizations’ standpoint. The organizations’ demands stand, unchanged.  

In the organizations’ assessment, neither the contents of the application nor the Supplementary Comments 
V, nor the two together, provide a sufficient basis for a ruling in the case. The organizations’ demands (cf. 
case document 335), as set out in an annex to the organizations’ comments of 26 June 2015 (case 
document), thus stand, with the exception of sections 3.5, 8.1 and 12.5.1, which are to be deleted, and 
sections 7.2.4, 7.2.5 and 7.2.6 which are to be expanded to include demands set out in Annex 1 to the 
present document. 

The organizations would like SSM to respond to the Court regarding the views set out in Sections 4 and 5 
below. 

 
1 Document 443, of 22 November 2016, in case M 1333-11. 
2 Document 425, of 17 October 2016, in case M 1333-11. 
3 Document 444, of 23 October 2016, in case M 1333-11. 
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1. Responses to questions concerning the applications and the need to examine the 
various activities in Forsmark together  

The organizations wish, first of all, to respond to the questions the Court posed in case document 
444. The questions concern the nature of the relationships between the Nuclear Fuel Repository 
case, the Species Protection case (M 4617-13), the SFR case (M 7062-14) and the Harbor case (M 
6009-16), and, secondly, the reasons why these cases should be examined jointly. 

1.1 The ways in which SKB’s applications are interrelated  

As the organizations see it, SKB’s applications and the cases relating to them are linked in three 
ways: geographically, environmentally and operationally. The geographical relationship is 
obvious. All the applications and cases relate, to some extent or entirely, to activities immediately 
adjacent to the nuclear power installations in Forsmark. 

As a consequence, the activities for which permission is being sought in the repository case, the 
species protection case and the SFR case, in both establishment and operational phases, have 
environmental impacts on the same protected areas and bodies of water in the form of, for 
example, noise, emissions and effluents, physical impact and vibrations, and ionizing radiation. In 
other words, all of the above-mentioned cases are interrelated in terms of their environmental 
impact. 

1.2 The importance of considering the cases in a coordinated manner in a joint hearing 

First of all, the organizations wish to point out that supplementary information on several vital aspects of 
the SFR case has yet to be presented, and the Court has yet to publish its finding in the case. It is therefore 
difficult to argue definitively that the SFR case must be integrated with consideration of the other cases. 
The reasons for considering the other cases in a common context –  i.e., the cumulative effects of the 
activities’ radiological impacts, effects on protected environments and species and hydrological aspects – 
do, however, apply equally to the SFR case. 

1.2.1 Thorough adjudication of exemption from the injunctions of the Protection of Species Ordinance 

With regard to the need for the Court to integrate hearing of the Species Protection case with hearing of 
the Nuclear Fuel Waste Storage case, the organizations refer to the appeal filed in protest of the decision 
to grant an exemption, cf. case document 8 in the Species Protection case. The reasons given for 
integrating the hearing of the cases were the following: 

The County Administration granted exemption from the injunctions set forth in the Protection of Species 
Ordinance on the grounds of an “incontestibly overriding public interest”, cf. Section 14 c of the 
ordinance. Exemption may, however, be granted only if (1) there is no viable alternative to the proposed 
activity, and (2) granting the exemption poses no threat to the maintenance of a favorable conservation 
status for one or more species.  

In the organizations’ assessment, the County Administration’s argumentation does not meet a key 
requirement of EU jurisprudence regarding dispensations of this kind, namely, a sufficient and carefully 
evaluated determination that no alternative courses of action are available. The County Administration 
has not taken alternative locations or alternative technical solutions for the final repository into 
consideration before making their decision. 
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The issues of alternative localization and technical solutions do not easily fit into the context of species 
preservation. They are in focus in the application to build a final repository for nuclear fuel waste, as 
required in Ch. 2 of the Environmental Code. Nonetheless, the exemption granted in the Species 
Protection case requires consideration of alternative locations and technical solutions.  Precedent for this 
determination is offered in the 2013 ‘Bunge decision’ (NJA 2013 s. 613), in which the Court stated: “a 
division/segmentation of the proceedings may /.../ not be introduced in such a manner, or have such 
consequences, as to hinder a thorough hearing of the case”. In short, the organizations cannot see how the 
issue of an exemption from the injunctions set out in the Protection of Species Ordinance in the Species 
Protection case can be properly evaluated without the Court’s hearing the species protection and fuel 
waste repository cases in conjunction. 

1.2.2 Coordinated evaluation of impacts on Natura 2000 areas 

The organizations would like to stress that the Court must evaluate the combined impact of the activities 
for which permits are being sought on Natura 2000 areas. In the Bunge case, the Swedish Supreme Court 
characterized the requirements of European Court case law, as follows: 

“The national authority has to take account of the cumulative effects that various plans and projects 
may have on the objective of preserving the Natura 2000 area, and shall be confident that they will not 
result in any long-term detriment to the area. All aspects of the plans and projects shall be identified 
with the help of the best possible scientific information and expertise. A hearing may not be said to 
comply with the demands of the Habitats Directive if it is faulty or its evaluations and conclusions are 
less than comprehensive, exact and conclusive.”4 

The organizations are convinced that a joint hearing of the above-mentioned cases has a greater potential 
to comply with the high standards set for hearing of cases involving the Species and Habitat Directive. 

1.2.3 A coordinated assessment of the risks of release of radioactive substances 

Nuclear activities in and around Forsmark will increase markedly as a result of the creation of a final 
repository for nuclear fuel waste and a new intermediate repository for low- and medium-level 
radioactive waste. In addition, there will be a major increase in the transport of nuclear fuel waste 
and other radioactive waste in the harbor. All these activities imply risks of releases of ionizing 
radiation, which may impact on human health and the environment. No matter whether the 
applications for these various activities are considered together or separately, all the hazards they 
present and the cumulative damage these hazards may result in have to be taken into consideration. 

1.2.4 Transports and consequential activities 

The Court has asked whether there are links between the applications relating to activities in the harbor, 
land transports, sea transports and the handling of tailings, and which other consequential activities in the 
sense of the Environmental Code, ch. 16 para 7, shall be included. 

The activities in the harbor are direct consequences of the other activities for which permits are being 
sought. Consideration of the transports that arise from activity relating to the nuclear waste repository and 
SFR would likely benefit from being discussed in concert with proposed activities in the harbor (case M 
6009-16). In the cases at hand the transports may be regulated in conditions attached to the permits, 
inasmuch as the applicant is one and the same in all cases. The applicant has both practical and legal 
authority over all the activities. For example, the conditions for nuclear activities should specify that 
transports take place via the harbor.  In the case of activities in the harbor, conditions should specify a 

 
4 NJA 2013 s. 613 p. 12 
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total tonnage or number of discharges and loadings that is commensurate with the needs arising out of the 
nuclear activities. 

1.3 Summary 

The organizations recommend that the applications relating to the nuclear fuel waste repository and 
species preservation should be heard in concert, and that both should be heard in the main proceedings. 
The organizations leave the question of integrating the process of the other cases to the discretion of the 
Court. It is the organizations’ conviction, however, that a coordinated hearing of the applications in a 
common context would facilitate a comprehensive assessment of the combined impacts and consequences 
of the activities for which permits are being sought. As for the cumulative impact on Natura 2000 areas, 
the organizations feel that the statements of the Supreme Court with regard to the Bunge decision clearly 
speak for an integration of more than merely the two cases relating to the nuclear fuel waste repository 
and species preservation. 

2. The need to consider radiation safety issues in the examination of the application 
against the requirements in the Environmental Code 

The organizations have previously urged the Court to examine radiation safety aspects of the case. The 
organizations repeat that demand. Issues of radiation safety are central to the case at hand, and it is the 
organizations’ conviction that the Court must hear these aspects of the nuclear fuel repository case in 
order to ensure that the case be properly investigated, which, in turn, the Court needs in order to make a 
well-founded decision in the case. There are no formal reasons to keep the Court from hearing, evaluating 
and, possibly, imposing conditions regarding radiation safety aspects of the case. 

In view of the substantial extent of the case, radiation safety issues should be included in the public 
process that an examination in relation to the Environmental Code represents, both in order to secure an 
adequate basis for decision-making and to permit formal consultative bodies and interested parties to 
express their views on these issues – an opportunity that is not afforded to the same extent in SSM’s 
procedures. The duty to explore the issues is more salient in this kind of case, where the public interest 
weighs heavily.5  

In the Bunge case, the Supreme Court further specified that hearing of a case may not be divided up in 
such a way that the hearing of the case is made difficult. The organizations take the statement of the 
Supreme Court to indicate a greater emphasis on the thoroughness of investigations relating to decisions 
on permissibility.  

 
5 “The stronger the public interest, the greater the authority’s responsibility to investigate.”  SOU 1964:27, p. 299.  

See also the comments on the Environmental Code, ch. 22, para. 11 and the background documents to the 
Environmental Code concerning procedural guidance and the investigative duties of the court (Government Bill 
1997/98:45 pt. 2, p 246). 
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It is important for the Court to have full access to all documentation of pertinence to the case, and 
for alternative methods and localizations to be investigated in order for the Court to be able to 
evaluate issues concerning use of the best possible and available technology. Crucial parts of the 
case shall not be lifted over to other examinations in ways that make an allround evaluation more 
difficult. It is therefore a matter of some gravity that SKB maintains that some radiation safety 
aspects shall be examined solely against the requirements set out in the Act on Nuclear Activities. 
The organizations take this opportunity to once again emphasize that examination of the 
applications against the Act on Nuclear Activities and the Environmental Code shall be carried 
out parallel and in a coordinated manner (Government Bill 1997:98/90, p 271). 

3. Comments on SSM’s handling of the issue 

In the course of the examination the organization has had occasion to point out that SSM has failed to 
conduct its hearing in the light of the Environmental Code and the Act on Nuclear Activities in a 
coordinated and parallel manner. Given SSM’s procedure, issues relating to long-term radiation safety, 
such as the function of man-made barriers in the system (copper canisters and clay buffers), may very 
well remain unexamined until after the Government’s decision in the matter. 

When the Court asked SSM if the case needed any additional information prior to notification, SSM 
responded in June 2015 (case document 327) that the application was sufficiently complete to allow a 
judgment as to the safety of the system. In June 2016, in SSM’s initial comments (case document 406), 
SSM’s assessment had changed. SSM now repeated that the applicant would likely be able to meet the set 
criteria of safety and radiation protection in the creation and operation of the final nuclear waste 
repository, the encapsulation installation and Clab, and long-term safety, as well. On the condition, 
however, that the applicant resolved the problems that SSM had identified in its review and took due 
account of the improvements SSM suggested. These problems and needs for improvement constitute, in 
the organization’s assessment, serious flaws that indicate that the application requires further research. 

The organizations do not perceive that the documentation used by SSM supports the conclusion that the 
applicant can meet the set criteria of radiation safety. The most significant gap concerns issues relating to 
the integrity of the copper canister. 

SSM’s documentation does not support the assertion that the applicant can fulfil the requirements 
regarding radiation safety. On page 5 of comments dated 29 June 2016 (case document 406), SSM states 
that the authority has “identified a need for improvements in SKB’s reporting to the authority in the 
continued stepwise review with regard to the durability of the final repository’s technical barriers, in 
particular, gradual creep deformation of the copper canister and certain corrosion processes that can affect 
the copper canister.” 

Further, SSM writes in its review report on long-term safety (case document 411, page 5): 
 
”In advance of SSM’s review of future steps in the approval process following a decision to grant 
permission, SKB needs to develop its basis for decision on the following points: 

• scenarios that address remaining uncertainties and their consequences with regard to gradual 
creep deformation of the copper canister and certain processes that can affect the copper 
canister, such as, for example, pitting and stress corrosion 

• scientific studies to improve experimental and theoretical understanding of the above 
processes 

• explain how these scenarios and scientific studies have been taken into account in order to 
optimize the design of, and specifications for components in the final repository’s system of 
barriers.” 
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The organizations find these questions to be of such gravity that SSM cannot possibly evaluate the 
application and the conclusions SKB draws concerning the environmental impacts the final repository 
will have. Thus, there is no basis for determining that the applicant will be able to satisfy the criteria the 
authority has set out with regard to long-term radiation safety. 

The organizations have identified several more issues relating copper corrosion, about which SSM points 
to a need for more information in the above-cited review report. In addition to pitting and stress corrosion, 
SSM finds a need for a better understanding of the sauna effect (which the organizations describe in 
greater detail in section 4.3  “New findings relating to the sauna effect”, below); a better understanding of 
how radiation influences corrosion processes; and a better understanding of the extent to which hydrogen 
produced by corrosion processes may make the copper canister brittle.  

The organizations also note that SSM, in the foreword of a newly published report on stress corrosion6, 
writes: 

The results obtained in this study show that more research is needed in order to exclude SCC [stress 
corrosion cracking] as a potential threat to long term safety of the planned repository for final storage 
of spent nuclear fuel. If SCC cracking of copper can occur in repository environments, margins with 
respect to radioactive release for the 50 mm of copper canister thickness need to be analysed 
thoroughly. 

Furthermore, more research is needed for use of the concept with a SCC threshold value for tensile 
stress and sulphide concentration applied in this work and how these thresholds are related to 
repository conditions with respect to:  

• the long exposure times and very low deformation rates of copper from the combined action 
of buffer material resaturation and copper creep rate need to be considered,  

• the influence of experimental conditions like strain rate, chemical composition of the 
groundwater and temperature on SCC in copper need to be clarified,  

• sulphide produced from microbial activity adjacent to the canister surface and how this may 
influence the sulphide concentration.  

Additionally, the crack-like defects that were visible for copper specimens exposed to sulphide 
concentrations of 1·10-4 M requires more work in order to understand its origin. Another interesting 
research area would be to investigate if ingress of hydrogen into the copper material occurs during 
corrosion of mechanically loaded copper in the sulphide rich environment. 

In section 4.1 “Copper corrosion processes in oxygen-free atmospheres” (below) the organizations 
discuss ongoing copper corrosion processes in various oxygen-free experiments with copper and clay; the 
findings in these experiments raise doubts about the fundamental theoretical assumptions concerning 
copper corrosion set out in the applicant’s application. Inasmuch as SSM uses the applicant’s model in 
their analysis of the application, the authority’s assertions regarding the functional viability of the copper 
canister need to be revised from the ground up. 

In section 4.3 “New research findings regarding the sauna effect” (below) the organizations demonstrate 
that the sauna effect may very possibly cause extensive corrosion of the copper canisters within a time 
frame of some hundred years. SSM has not given this potentiality sufficient attention in their analysis of 
the long-term radiation safety of the final fuel waste repository. 

In sum, the organizations conclude that SSM as yet lacks sufficient data to make any determination as to 
the long-term safety of the proposed final repository. 

 
6 SSM Report 2017-02, Becker & Öijerholm,” Slow strain rate testing of copper in sulphide rich chloride containing 

deoxygenated water at 90 °C”, January 2017, 
https://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Avfall-transport-fysiskt- 
skydd/2017/SSM-Rapport-2017-02.pdf. 
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4. New findings relating to the integrity of the copper canister  

4.1 Copper corrosion processes in oxygen-free atmospheres 

The organizations have repeatedly urged that the applicant report how long it takes for the oxygen in the 
final repository to be fully consumed after the repository is sealed7. The applicant has not responded to 
the request.   

The knowledge is important because without it one cannot make an accurate estimate of how much 
oxygen-induced corrosion can occur in the repository before the oxygen is depleted. Even if some oxygen 
remains for a long time, the issue is, relatively speaking, hardly crucial. The sum of the corrosion due to 
oxygen in the repository will remain insignificant relative to the thickness of the copper canister shells. 
Once the oxygen has been depleted, oxygen-induced corrosion of the canisters will essentially cease. 

The most important benefit of knowing the rate of oxygen-depletion after the repository has been sealed 
is that it allows us to correctly and in a scientific manner interpret the results of experiments with clay and 
copper in environments approximating that of the final repository. Should it be found that copper 
continues to corrode at a relatively high rate even after the oxygen has been consumed, it would mean that 
the applicant’s theoretical models for the corrosion processes are wrong. 

In a supporting document to the safety analysis, SR-Site (SKB TR-11-01, case document 12) the 
applicant has stated that it can take anywhere between 10 and 300 years for the final repository to become 
oxygen-free8. In the same section, however, the applicant claims that there is both theoretical and 
experimental support for the idea that oxygen will be depleted quickly in clay. This latter statement does 
not mean that the applicant concludes that oxygen will be depleted so quickly that oxygen-induced 
corrosion will be negligible. Instead, calculations are presented that indicate that even if oxygen remains 
trapped in the repository atmosphere up to 100 years, the oxygen-induced corrosion will remain slight, 
relative to the thickness of the copper canister. Thus, the applicant draws no firm conclusion, but leaves 
the issue up in the air. 

Furthermore, the applicant has published experimental results that indicate the oxygen is depleted rather 
quickly. The MiniCan experiment, conducted in the applicant’s Äspö laboratory, found that the oxygen in 
the experimental packages was consumed after only a month or so9. These findings have not had any 
influence on the applicant’s conclusions on the subject, however.  

In earlier comments the organizations have pointed to a number of experiments involving copper and clay 
undertaken by the applicant to study how copper behaves in a repository-like atmosphere10. Without 
exception, the results indicate rather high rates of copper corrosion. The applicant theorizes that the 
corrosion must be due to oxygen that has been trapped in the experimental atmosphere for the duration of 

 
7 For a summary of requests concerning the issue of oxygen depletion in the repository, filed during 

the review of the application’s completeness, see section 7.2.2 (pages 94-96) of the annex containing 
specific requests for supplementary data in the organizations’ comments to the Court of 26 June 
2015 (case document 336). The applicant has yet to respond to the questions posed. Why it is 
important to know how long it takes for oxygen to be depleted in the sealed repository is discussed 
on page 10 of the organizations’ comments of 31 May 2016 (case document 401). 

8 See section 3.5.4, p. 103, fourth paragraph in SKB Report TR-10-46. “Fuel and canister process report for the 
safety assessment SR-Site”, Svenk Kärnbränslehantering AB, December 2010. 
http://www.skb.se/upload/publications/pdf/TR-10-46.pdf  

9 See section 6.3, pages 48-54, in Smart & Rance: SKB Report  TR-09-20. “Miniature canister corrosion experiment 
– Results of operations to May 2008”, Svensk Kärnbränslehantering AB, July 2009. 

10 See, for example, section 3.1, pages 7-11, in the organizations’ initial opinions to the Court on issues of 31 May 
2016 (case document 401). 



 
 
 
 
 

 
 

8(19) 
 
 

the experiment. If this is not the case, there must be other corrosion processes, caused by other agents, 
than those considered in the radiation safety analysis, on which the application is based. The 
organizations find that there is already empirical evidence showing that oxygen is depleted after only 
about a month, so that the atmospheres in the experiments, which span between one and eight years, have 
been oxygen-free the greater part of their duration. Thus, the relatively high degree of corrosion noted 
cannot have been caused by ‘fugitive’ oxygen in the chambers; it must have other causes. 
The organizations therefore conclude that one of the key theoretical underpinnings of the applicant’s 
application, namely, the assumptions concerning copper corrosion, is flawed. 

In the following, the organizations summarize recent findings that invalidate the assumption that a final 
repository that involves water or clay can contain oxygen longer than roughly one month after it has been 
sealed. The same applies to all the experiments conducted with copper and clay in a repository-like 
environment. In other words, in all of the experiments in which copper corrosion has been observed after 
the first few weeks of the experiment, copper corrosion has occurred that should not possibly occur in an 
oxygen-free atmosphere – – according to the theoretical assumptions on which the safety analysis is 
based. A particularly significant example is the surprisingly high degree of copper corrosion found in the 
five-year-old S2 package in the applicant’s LOT project in the Äspö laboratory. The corrosion cannot 
have been caused by fugitive oxygen, as the applicant claims. The same goes for the copper corrosion 
found in the applicant’s eight-year series of experiments, known as the ‘Prototype Repository’. Neither 
can the corrosion found there be oxygen-induced. 

4.1.1 The FE experimentet  

The source of the new insights is a recent large-scale experiment carried out by NAGRA, the Swiss 
organization for nuclear fuel waste storage. The Full-Scale Emplacement Experiment (FE) was carried 
out in a subterranean laboratory at Mont Terri, Switzerland11. In the experiment three long steel canisters 
equipped with warming devices were placed in a horizontal position in a tunnel. The tunnel was 
subsequently filled with bentonite clay. The purpose of the experiment was to see how the canisters 
performed in clay over an extended period of time. The tunnel, over 40 meters long, was sealed with a 
cement plug. In contrast to the experiments conducted by the applicant in the Äspö laboratory, the Swiss 
measured the oxygen content of the clay after the tunnel had been sealed by means of six sensors planted 
in the tunnel. The oxygen values noted are presented in the figure on the following page. The findings 
indicate that the oxygen has been consumed after only a few weeks. This, despite the extremely large 
volume of clay involved. 

 
11 The experiment and some preliminary findings were presented at the DOPAS [Full Scale Demonstration of Plugs 

and Seals] conference, held 26 May 2016 in Turku, Finland. See http://www.mkg.se/uploads/Full-Scale-
Emplacement_(FE)_Experiment_Presentation_DOPAS_Conference_Finland_160526.pdf The figure is on page 20 
of the presentation. A report of the experiment is to be published in 2017. 
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As the organizations see it, if oxygen is consumed in deposited clay in the volumes found in the FE 
Experiment, one can only conlude that oxygen is depleted very quickly in the applicant’s experiments 
with copper and clay, as well. The same is most likely true of the laboratory experiments with copper and 
clay, as well. This means that if corrosion is found to take place after longer than a few weeks, a month at 
the latest, the cause of the corrosion is not oxygen, but some other agent.  

In the light of these findings, the organizations find it imperative that the regulatory agencies give this 
question some serious attention. If the extensive corrosion noted in the LOT experiment and the Prototype 
Repository is not caused by trapped oxygen, there has to be one or more other copper corrosion processes 
at play in the repository environment. The applicant has not taken this possibility into account in its safety 
analysis for the final repository. In order to make a true assessment of radiation safety, it would, for 
example, be of value to explore whether, and to what extent, water molecules react with the copper 
surface12. 

4.1.2 The need for SSM to update the knowledge base that guides its examination in re copper corrosion 

SSM discusses the length of time before the repository becomes oxygen-free in Part 2 of its report on 
long-term safety (case document 411)13. SSM’s treatment of the issue in this report is largely based on the 
assumption that oxygen is extant in the final repository quite a long time after the repository has been 
sealed. At the same time, the authority writes: 

SSM finds that SKB needs to make a more extensive analysis of the time intervals during which 
canister surfaces may be exposed to an oxidizing atmosphere. This might be done by conducting an 

 
12 The organizations refer to the many comments on this issue that have been raised in the course of the 

consultations before the submission of the application, in the review of the completeness of  the application, and 
the review on issues concerning copper corrosion caused by water in an oxygen-free repository environment. This 
type of corrosion process has been both theoretically and empirically verified; it can cause copper corrosion in the 
repository environment after all oxygen has been consumed. 

13 See pp 315f and pp 319f in case document 411. 
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integrated analysis of the links between canister corrosion and other oxygen-consuming chemical and 
biological processes, as well as transport processes in refilled access tunnels and deposition holes. 

SSM further states: 
Not enough information has been provided to permit accurate predictions as to how long oxidizing 
conditions persist adjacent to the canister surface, or to produce a probability distribution as to the 
extent of damage due to corrosion. Furthermore, SSM finds that SKB has not considered the extent to 
which pitting of copper can take place under oxidizing conditions. SKB needs, in future steps of its 
program, to conduct verifying measures of oxygen consumption in presumptive candidate materials. 
SKB needs to evaluate oxygen consumption in a demonstration tunnel and develop acceptance criteria 
for refill materials with regard to their oxygen consumption. It is, if necessary, possible to affect 
oxygen consumption so as to ensure that corrosion damage is not too extensive. 

SSM takes the issue of oxygen consumption in the repository environment seriously to some extent, but 
seems not to have fully absorbed the fact that oxygen is radically reduced quite soon after the repository 
has been sealed. If fugitive oxygen remains in air pockets in the deposition holes it will be consumed 
when it comes in contact with clay and water and, consequently, will not reach the copper canister 
surface. SSM’s entire analysis on this issue needs to be reworked, but above all, SSM needs to understand 
that the extensive copper corrosion that has been observed in various experiments with copper and clay is 
not caused by oxygen, as the applicant asserts, but has to be the result of some other corrosion process 
that the applicant has failed to take account of in its safety analysis for the final repository. 

In the course of the examination of the application the organizations have repeatedly tried to point out to 
SSM that the applicant’s conception of the copper corrosion processes at play in the final repository is not 
correct. The last major effort in this regard took place in Spring 2015, and is recounted in Annexes 1 and 
2 to a document (case document 336) containing demands, additional to the demands for specified 
complements to the application set out in the organizations’ comments of 29 June 2015 (case document 
335). Annex 2 comments on SSM’s project to quality assure the applicant’s copper corrosion research. 
An entire section of an email communication to SSM 19 February 2015 from MKG is devoted to 
explaining that the copper corrosion identified in various corrosion experiments has occurred, for the 
most part, in oxygen-free environments. 

MKG later followed up the issue of the time frame in which oxygen is consumed in the experiments in an 
email to SSM, dated 19 October 2015. The final report of SSM’s examination of the quality of the 
applicant’s copper corrosion research clearly reveals that Timothy Hicks, whom SSM engaged to perform 
the evaluation, took his point of departure in the applicant’s assertion that all the copper corrosion that 
occurred in the various experiments was oxygen-induced. MKG pointed out that this assumption was 
incorrect, and that the quality evaluation could therefore not be considered adequate. At the end of the 
email MKG addressed two questions to SSM: 

“1. Does SSM14 believe that the copper corrosion noted in the LOT A2 experiment is oxic and can be 
explained in the way that SKB claims in its reports, a claim that Hicks has adopted in his report? 

2. Does SSM reject the view that oxygen in the various packages in the Äspö experiments is relatively 
quickly consumed by bacteria, which means that the atmoshpere surrounding the packages thereafter, 
after a relatively short period (several months at the most in most cases) is anoxic? 

If the answer to either of these questions is ‘Yes’, MKG would appreciate an explanation of the 
reasoning behind that answer.” 

The email is included in Annex 2 of this document. SSM has yet to answer the questions. 

 
14 Due to a misprint, the email message reads “Does SKB...”. It is clear from the context, however, that it should 

read “Does SSM ...”. 
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The organizations consider it important that SSM reveal and explain their opinion on how quickly the 
final repository may be expected to be oxygen-free, and how this affects their interpretation of the copper 
corrosion processes that have occurred in various experiments. 

The organizations also wish to point out that since it is entirely possible that oxides and hydroxides may 
be formed on the copper surface quite a long time if water reacts with the surface, SSM’s analysis of 
several other corrosion processes that are affected by the presence of oxides – such as local corrosion 
(crevice corrosion, pitting, the sauna effect, radiation-induced corrosion) – also need to be reassessed. 
This means that the portions of the analysis in SSM’s report on long-term safety (case document 411) that 
relate to the integrity of the canister, which form the basis for the authority’s opinions to the Court of 29 
June 2016, need to be revised so as to take account of the fact that oxygen-free conditions develop early 
on in the repository, but, oxides and hydroxides nonetheless develop on the copper surface. 

4.2 New opportunities to learn more about copper corrosion in oxygen-free environments  

The organizations continually monitor ongoing research of relevance to copper corrosion in an oxygen-
free repository environment. Knowing that all experiments with copper and clay have noted oxygen-
induced corrosion processes for several weeks up to one month makes it possible to re-evaluate findings 
from numerous older experiments. But, it is equally important to apply this insight when evaluating the 
findings of ongoing experiments.  

In the following the organizations present some experiments that afford new opportunities to improve our 
understanding of oxygen-free copper corrosion. It is especially important that SSM take advantage of 
these opportunities for new learning and, where necessary, take measures to assure the quality of their 
evaluation of the research and development aspects of the repository project. 

4.2.1 The Swiss FEBEX Experiment  

NAGRA, the Swiss organization charged to develop that country’s final repository for nuclear fuel waste, 
has led a program of experiments conducted in a subterranean laboratory at Grimsel, Switzerland.15 
Pieces of copper have been stored in clay for eighteen years in a repository-like environment. The pieces 
are currently being examined to see how they have been affected by corrosion.  

The program, known as FEBEX, mainly involved heated steel canisters embedded in clay in a tunnel. The 
experiments commenced in the mid-1990s; the steel canisters began to be heated in 1997. The program 
was completed in 2015. 

Email correspondence between MKG and the project director for FEBEX is presented in Appendix 3. The 
copper is being analyzed by Tecnalia, a firm based in Spain. The findings are then to be evaluated by a 
team at the University of Bern in Switzerland. A draft of the report is expected to be available during the 
latter half of 2017.  

Inasmuch as the experimental atmosphere is known to have been oxygen-free during the entire storage 
period, the experiment offers a good opportunity to find out how much copper corrosion has occurred 
after eighteen years in an oxygen-free environment. It is important for the results of the experiment to be 
quality assured so that they can be reviewed and published in a scholarly manner, particularly since the 
applicant is one of the organizations participating in the project.  

 
15 See https://www.grimsel.com/gts-projects/febexe/febexe-introduction for a description of the program. 
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4.2.2 The MiniCan experiment 

In late 2015 the applicant retrieved two more experimental packages in the MiniCan experiment, 
conducted at the applicant’s Äspö laboratory, adjacent to the nuclear station at Oskarshamn, Sweden. The 
atmosphere surrounding the packages has been oxygen-free since about one month after they were 
deposited in 2006.  

The applicant writes in the research progress report Fud-2016 (p 129)16: 
Two more experimental packages in the MiniCan experiment at the Äspö laboratory were retrieved in 
Fall 2015. Analysis of the packages will continue through 2016. As in the case of the previously 
retrieved package no. 3, the focus of the analysis will rest on stress corrosion in the canister material 
and deformation and cracks in the copper. 

Even though SKB is confident that extant knowledge of the mechanisms of stress corrosion is largely 
sufficient for the analysis of safety after sealing, efforts will be made to estimate the consequences of 
possible stress corrosion. 

The experimental packages contain several pieces of copper that have been stored in an oxygen-free 
environment for nine years. The packages contain clay of different degrees of compaction, except for one 
package that contains only groundwater. Interesting as the issue of stress corrosion, mentioned above, 
may be, ascertaining the degree of corrosion that has occurred in the oxygen-free environment is more 
important. SSM’s quality assessment of the experiment notes that the packages opened are packages 4 
and 517. That means that the objects of analysis are one package with compacted clay and one containing 
only groundwater, which should provide the most relevant data regarding rates of copper corrosion in 
oxygen-free environments. In the case of package 3, reported in 2012, there was a considerable presence 
of sulphides in the environment, which made it difficult to interpret the corrosion noted. Hopefully, this 
will not be the case in the present cases. At the same time, analysis of the products of corrosion can afford 
clear evidence as to whether or not oxygen-free corrosion of the copper may have been caused by the 
presence of water molecules. The measures of the package contents taken to date suggest that 
considerable copper corrosion has taken place, despite the absence of oxygen18. 

The analysis of the packages retrieved should be complete by now, and the analysis ready for publication, 
but the applicant has yet to release them to the public. The organizations urge the applicant to do so as 
soon as possible. Furthermore, the applicant should make sure that the findings of the analyses are 
quality-assured so that all the information that can be gleaned from the experiment relating to how copper 
behaves in a repository-like environment can be made public. 

4.2.3 The LOT experiments 

In the review of the completeness of the application against the requirements of the Environmental Code 
the organizations demanded that the applicant retrieve and analyze package S2 in the LOT experiment 
that the applicant has conducted at the Äspö laboratory at the Oskarshamn nuclear station19. The issue 

 
16 Fud-program 2016. Program for Research, Development and Demonstration of methods for handling and final 

storage of nuclear fuel waste, September 2016, http://www.skb.se/publikation/2484681/Fud%202016.pdf.  
17 See SSM Report 2015:29, Technical Note 80,  Hicks: “Quality Assurance in SKB’s Copper Corrosion 

Experiments”. Swedish Radiation Safety Authority. July 2015  
https://www.stralsakerhetsmyndigheten.se/publikationer/rapporter/avfall--transport--fysiskt-skydd/2015/201529/. 

18 SKB Report P-14-19. Smart et al. “Miniature Canister (MiniCan) Corrosion Experiment, Progess Report 5 for 
2008-2013”. Svensk Kärnbränslehantering AB, October 2015 http://www.skb.com/publication/2482103/P-14-
19.pdf  

19 See section 7.2.9., pp 122-129, in the annex to the opinion dated 26 June 2015 (case document 336), where the 
organizations set out further demands for complementary material. 
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was also raised in separate comments addressed to the court 14 December  2015 (case document 344, 
page 3). 

In the research update, Fud-2016 (page 175), the applicant writes20:  
The purpose of the ongoing LOT experiment at the Äspö laboratory is to identify and quantify 
mineralogical changes in the bentonite as a result of exposure to repository-like conditions. In addition, 
related processes in the bentonite having to do with copper corrosion, the diffusion of cations, and the 
survival and activity of bacteria will also be studied. The aim is to retrieve and analyze another LOT 
package during the current Fud period. 

The organizations wish to point out that LOT package S2 was originally intended to be retrieved and 
analyzed as soon as the analysis of LOT A2 had been completed. LOT A2 was retrieved in early 2006, 
but the analysis was not reported until late 2009, in part because the applicant had difficulty explaining 
the unexpectedly high rate of copper corrosion found in the material. Since then, the applicant has not 
shown any interest in retrieving the next package, namely LOT S2. In the organizations’ view, this 
disinterest suggests that the package, which has now been in an oxygen-free environment for 17 years, 
may well display extensive corrosion — which would be clear evidence that copper is not an appropriate 
material for the canister casing. 

The organizations urge SSM to instruct the applicant to retrieve the LOT S2 package forthwith and to 
ensure that the findings are quality assured so that all the knowledge that the experiment has to offer in 
the way of improving understanding of the behavior of copper in a repository environment can be made 
public.  

4.2.4 Results from Finland 

It has been brought to the organizations’ attention that experiments with copper and clay were conducted 
in Finland in the 1980s and 1990s. The findings of those experiments are reported in: 

Aaltonen, P: “Corrosion of pure OFHC-copper in simulated repository conditions - Part 2”. 
Report YJT-90-07 Voimayhtiöiden Ydinjätetoimikunta (Nuclear Waste Commission of 
Finnish Power Companies), 199021 

Aaltonen, P & Varis, P: “Long term corrosion tests of OFHC-coppers in simulated 
repository conditions. Final report”. Report YJT-93-05 Voimayhtiöiden 
Ydinjätetoimikunta (Nuclear Waste Commission of Finnish Power Companies), 199322 

It is difficult to interpret the findings of the studies, probably because they were conducted without 
sufficient awareness of the key factors at play that needed to be measured. The experiments are similar to 
those carried out at BGR (see section 4.2.5). The organizations have urged that the applicant conduct 
experiments of this kind, as well23. 

 
20 Fud-program 2016: Program for research, development and demonstration of methods for the handling and final 

storage of nuclear fuel waste, September 2016, http://www.skb.se/publikation/2484681/Fud%202016.pdf . 
21 http://www.mkg.se/uploads/Report_YJT-90-07_Aaltonen_Corrosion_of_pure_OFHC-

copper_in_simulated_repository_conditions_April1990.pdf  
22 http://www.mkg.se/uploads/Report_YJT-93-05_Aaltonen&Varis_Long_term_corrosion_tests_of_OFHC-

coppers_in_simulated_repository_conditions_March1993.pdf 
23 Cf. section 7.2.7 (pp 114-117) in the annex to the opinion dated 26 June 2015 (case document 336), where the 

organizations set out further demands for complementary material (ab 336). 
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4.2.5 A forthcoming article on experiments with copper and clay in an oxygen-free environment  

Note 7 in the organizations’ comments of 31 May 2016 (case document 401) makes reference to the work 
of Stephen Kaufhold and his research associates at the German government research institute, 
Bundesanstalt für Geowissenschaft und Rohstoffe (BGR), which has involved experiments with copper 
and clay in oxygen-free environments where copper corrosion has occurred, despite the absence of 
oxygen. An article presenting the results of these experiments will soon be published in the journal, 
Corrosion Engineering, Science and Technology (authors: S Kaufhold, R Dohrmann and J -Gröger-
Trampe; title: “Reaction of native copper in contact with pyrite and bentonite in anaerobic water at 
elevated temperature”). 

The organizations urge SSM to take account of the BGR findings in their assessment of the corrosion 
processes that take place in oxygen-free environments that include water and clay. 

The organizations find it odd that the applicant has not undertaken similar laboratory experiments. In June 
2015 the organizations called upon the applicant (cf. case document 336) to conduct realistic experiments 
to find out how copper and clay behave in a simulated final repository environment24. 

4.3 New research on the sauna effect 

In the review of completeness och the review of issues, the organizations have pointed out that 
consideration of the ways in which the so-called ‘sauna effect’, i.e., corrosion due to higher concentration 
of salts, may affect the integrity of the copper canisters25. New research findings raise the possiblity that 
the sauna effect might pose a serious threat to the canisters’ integrity, perhaps after no longer than a few 
hundred years. 

Groundwater will pass via cracks in the rock into the deposition holes. The applicant intends to try to 
limit the influx of groundwater into each hole to less than 0,1 liter/min26. Nevertheless, in time the water 
will come into contact with the hot (90-100° C) copper surfaces, and the water will be transformed into 
steam. The steam will then condense in the cooler sectors of the hole and, to some extent, in the 
deposition tunnels above.  

The applicant has earlier conceived of each deposition hole as a hermetically sealed system, in which 
case, the applicant claims, no vaporized water will be able to migrate into the deposition and transport 
tunnels above the holes, and all condensed steam will remain in the holes. This means, the applicant 
asserts, that the chemical composition of the water in the deposition holes will remain the same as that of 
the water streaming into the repository and will not change appreciably over time. 

Szakalos and Seetharaman27 and Grinder28 present an entirely different model of mass transport of 
vaporized water, however. These authors posit that at least some portion of the steam will pass through 

 
24 Cf. section 7.2.7 (pp 114-117) in the annex to the opinion dated 26 June 2015 (case document 336), where the 

organizations set out further demands for complementary material. 
25 See section 7.2.4, 7.2.5 and 7.2.6, pp 105-113, in the annex to the opinion dated 26 June 2015 (case document 

336), where the organizations set out further demands for complementary material. 
26 See the safety analysis SR-Site, in Swedish (case document 45): “Redovisning av säkerhet efter förslutning av 

slutförvaret för använt kärnbränsle, Huvudrapport från projekt SR-Site Del I-III.” [Safety after sealing of the final 
repository for nuclear fuel waste; Main Report of the SR-Site project, Parts I-III]. Svensk kärnbränslehantering 
AB, March 2011. 

27 SSM Report 2012:17 Technical Note. Szakalos & Seetharaman: “Corrosion of Copper Canister”, June 2012. 
https://www.stralsakerhetsmyndigheten.se/publikationer/rapporter/avfall--transport--fysiskt-skydd/2012/201217/  

28 Synpunkter på SKB:s ansökan för slutförvar av kärnkraftsavfall och tillhörande säkerhetsanalys SR-Site” 
[Comments on SKB’s application regarding a final repository for nuclear fuel waste and the safety analysis, SR-
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the bentonite plug and bentonite pellets that have been placed above each deposition hole. The steam will 
then condense in the deposition tunnels and be absorbed by the bentonite in the tunnels. 

The groundwater that enters into the deposition holes has a salt content of 0.95%. The posited mass 
transport of water and steam will result in a concentration of salts in the deposition holes. The salt will 
precipitate in the bentonite, on the copper canisters’ outer surfaces; and gradually salinize the water in the 
deposition holes. In recent years the applicant has studied the sauna effect empirically and produced two 
reports29. 

In its report R-13-42, p. 23, the applicant presents the following conclusion: 
Substantial amount of vapour was able to flow through the pellets filling without being absorbed by 
apparently rather dry bentonite. 

In SKB-report TR-15-09 (p 25), the same researchers conclude: 
The present observations thus strengthen the conclusion that there appears to be a kinetic barrier for 
dry bentonite to efficiently take up water directly in vapor form. 

This latter report offers a clarification, namely, that absorption of water vapor was noted only after the 
vapor had condensed in the bentonite. This condensation caused the bentonite rings to crack, which made 
it easier for the water vapor to pass through the bentonite via the cracks. Among the conclusions in the 
report (p 25) the authors state: 

The development of cracked blocks affected the present tests inasmuch as additional pathways for 
water were opened. 

The results above support the sauna effect model and demonstrate that the deposition holes cannot be 
presumed to be hermetically sealed chambers. 

In all probability the sauna effect will give rise to mass transport of water/water vapor from the heated 
deposition holes to the colder deposition tunnels. This process may be expected to take place during the 
first millennia after the holes have been sealed and continue until the holes are filled with water and the 
bentonite has become saturated. Meanwhile, the water has become increasingly saline. The concentration 
of solute salt will vary between the holes and change over time. 

The applicant’s two reports on the sauna effect show that the concentration of solute salt in the water in 
the deposition holes will increase, and that precipitated salts will be present in the bentonite and on the 
copper canisters. Information is lacking as to how high the concentration of salts in the deposition holes 
may become. There are no chemical limits (equilibrium reactions) that might prevent the development of 
highly corrosive saturated saline solutions, inasmuch as the sauna effect is a purely physical process. 

In their review of the research on copper corrosion, reported in SSM’s assessment of long-term safety 
(case document 411), the authority notes that elevated chloride concentrations in the water in the 
deposition holes may affect a number of corrosion mechanisms, such as general corrosion, pitting, 
chloride-induced corrosion, stress corrosion, phase change corrosion, evaporation-induced corrosion and 
the rates at which these processes progress.  

 
Site]. Docent Olle Grinder, PM Technology AB. Annex 2 to the organizations’ comments of 1 June 2012 (case 
document 146). 

29 SKB report R-13-42. Birgersson & Goudazi: “Studies of vapor transport from buffer to tunnel backfill (Sauna 
effects)”. Svensk kärnbränslehantering AB, December 2013, and SKB report TR-15-09 Birgersson & Goudazi: 
“Vapor transport and sealing capacity of buffer slots (Sauna effects)”. Svensk kärnbränslehantering AB, May 2016. 



 
 
 
 
 

 
 

16(19) 
 
 

SSM has recently published a report by Becker and Öijerholm 30 that supports the findings of Taniguchi 
and Kawasaki31 concerning stress corrosion of copper at even low concentrations of sulphide ions 
dissolved in water. The concentrations are on a par with the concentrations measured in groundwater 
around Forsmark. In their own report, the applicant asserts that stress corrosion poses no threat since the 
sulphide ions present in the groundwater will quickly be consumed due to sulphide corrosion32.  

Currently, there is a lack of information on several key points to enable an assessment of the risk of stress 
corrosion of the copper canisters. This primarily applies to information regarding the content of dissolved 
sulfide ions in the water in the deposition holes and how this content is affected by sulfide corrosion and 
the sauna effect. 

Early on in the process, the applicant stipulated the following “safety function indicators” for the 
repository environment: a pH value of ≥ 4, and a concentration of chlorides of < 2 M. Conformance with 
these values would assure that chloride corrosion cannot occur33. It is theoretically possible, and very 
likely, that the chloride levels in a number of deposition pits after one or a few hundred years will be 
significantly higher than 2 M. 

At present there is little in the way of information or empirical results – neither from laboratory studies, 
pilot studies, full-scale simulations nor measurements of the actual conditions that prevail in the 
designated site for the repository at Forsmark. There is a serious lack of information about changes in the 
chemical composition of the gas and water in the deposition holes over time. Consequently, it is difficult 
to evaluate whether copper can be the corrosion-resistant material needed in a final repository for nuclear 
fuel waste in the bedrock at that site. 

The applicant has furthermore shown that the sauna effect will produce cracks in the bentonite blocks that 
are to be placed in the deposition holes and tunnels. It is vitally important to study the implications of this 
phenomenon for the effective function of the bentonite. The applicant has also reported that it is very 
difficult, if not impossible, to conduct water to the bentonite by artificial means without precipitating 
cracks34. 

In sum, the organizations wish to call attention to the serious gaps in knowledge regarding the possibly 
corrosive potential of the sauna effect as relates to the copper canister. As the situation stands today, the 
portions of SSM’s review report on long-term safety (case document 411) that relate to the integrity of the 
copper canister do not support any assurance that the repository will be safe in the longer term. 

 
30 SSM Rapport 2017-02, Becker & Öijerholm: “Slow strain rate testing of copper in sulphide rich chloride 

containing deoxygenated water at 90° C”, January 2017, 
https://www.stralsakerhetsmyndigheten.se/publikationer/rapporter/avfall--transport--fysiskt-skydd/2012/201217/  

31”Taniguchi & Kawasaki: “Influence of Sulfide Concentration on the Corrosion Behavior of Pure Copper in 
Synthetic Seawater,” Journal of Nuclear Materials, vol 379 (2008), pp 154-161. 
http://www.mkg.se/uploads/Taniguchi_Kawasaki_J_of_Nuclear_Materials_2008.pdf  

32 SKB Report TR-10-67. King et al. “An update of the state-of-the-art report on the corrosion of copper under 
expected conditions in a deep geologic repository”. Svensk Kärnbränslehantering AB, December 2010. 
http://www.skb.se/publikation/2202608/TR-10-67.pdf   

33 See figure 8-2 (Part I, p 264) in the Swedish version of the applicant’s safety analysis, SR-SITE (case document 
45): “Redovisning av säkerhet efter förslutning av slutförvaret för använt kärnbränsle. Huvudrapport från projekt 
SR-Site. Del I-III.” [The safety after sealing of the final repository for nuclear fuel waste. Main report from the 
SR-Site project, Parts I-III.] Svensk Kärnbränslehantering AB, March 2011. 

34 SKB Report R-09-29. Åberg: Effects of water inflow on the buffer – an experimental study. August 2009. 
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5. Further consideration of the deep boreholes method and additional study of 
radiation risks 

5.1 Updating of knowledge about the deep boreholes method  

In comments filed 31 May 2016 (case document 401) the organizations asked that the deep borehole 
method be considered an alternative form of geological deposition and be included among the alternatives 
to be considered in the application and environmental impact statement relating to the final repository for 
nuclear fuel waste. The organizations have provided extensive material in support of their motion in both 
the review of completeness and the review on issues35. 

The advantages and drawbacks associated with the deep borehole method have been detailed in recent 
years at, for example, international conferences in Berlin, Germany36, Washington DC, USA37 and 
Sheffield, UK38. Interest in the method has also been shown in South Korea and Japan.  

The organizations are following developments relating to the deep borehole method in the U.S.A. with 
great interest. A pilot project involving drilling and detailed study of a narrow shaft down to a depth of 
5,000 meters (16,404 ft.) will be undertaken during 2018. This will be followed up with the drilling of a 
shaft broad enough to accommodate the deposit of nuclear fuel waste and testing of techniques for 
depositing and retrieving waste and sealing the shaft. The organizations wish to point out that the purpose 
of this American pilot project has had the storage of nuclear fuel waste in focus from the start. For tactical 
reasons, the Department of Energy has more recently chosen to emphasize deep boreholes on a smaller 
scale as a solution for the disposal of certain military nuclear waste. But the project has, from the start, 
envisaged drilling two holes, a smaller for the purpose of investigating the geology and hydrological 
properties of the site at depth, and the broader to test the feasibility of depositing and storing a container 
large enough to accommodate nuclear fuel waste.  

The project follows a five-year plan. The first phase comprises pilot drilling and hydrological 
characterization down to a depth of 5,000 meters, with an estimated cost of USD 35 million. 

Drilling of the larger borehole and related testing of bore technology, cladding of the borehole, testing of 
different deposition procedures and sealing of the shaft is estimated to cost USD 50 million. When the 
project has been completed, ostensibly in 2022, the method will have been developed to a level 
comparable to that of the KBS method that the applicant proposes using. 

The organizations would like to point out that they have repeatedly urged consideration of deep boreholes 
as an alternative method since the 1990s, but the applicant has not done so. Had the applicant undertaken 
a pilot study corresponding to the American project in the early years of the century, the empirical 

 
35 See section 8.1 and 8.2 (pp 198-226) of the annex containing specific requests for supplementary data in the 

organizations’ comments to the Court of 26 June 2015 (case document 336) and section 3.4 (pp 15-16) and 
Annexes 6 and 7 in the organizations’ opinion on issues submitted to the Court of 31 May 2016 (case document 
401). 

36 Final Disposal in Deep Boreholes Using Multiple Geological Barriers: Digging Deeper for Safety, June 5-6 2015, 
Berlin. See MKG:s website for the proceedings of the meeting (in German and English) : 
https://www.mkg.se/uploads/DB/Proceedings_of_the_Workshop_Final_Disposal_in_Deep_Boreholes_Using_Mul
tiple_Geological_Barriers-Digging_Deeper_for%20safety_June_2015_Berlin.pdf  

37 International Technical Workshop on Deep Borehole Disposal of Radioactive Waste, October 20-21 2015, 
Nuclear Waste Technical Review Board, Washington, DC. Extensive documentation from the meeting is available 
on the Board’s site: http://www.nwtrb.gov/meetings/meetings.html  

38 International Meeting on Deep Borehole Disposal of High-Level Radioactive Waste, June 13-15 2016, Sheffield 
University https://www.sheffield.ac.uk/materials/news/deepboreholedisposal-1.586985. See MKG’s site for a 
”Post-meeting Position Statement” and a link to the presentations at the meeting: 
http://www.mkg.se/internationellt-mote-om-djupa-borrhal-i-storbritannien   
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evidence from that study today would most likely support an application for permission to construct a 
final storage system based on deep boreholes. In light of the difficulties the applicant has had with regard 
to assuring the long-term radiological safety of its proposed storage system, it is indeed remarkable that 
the applicant has not given the deep borehole alternative more consideration. 

5.2 Deeper consideration of the consequences of radioactive contamination from the repository 

The organizations wish to further specify the possible consequences of leakage of radioactive substances 
from the final repository less than 1,000 years after the repository has been sealed. The organizations also 
discuss this issue in section 3.2 “Great risk of radioactive contamination” of the organizations’ opinion on 
issues submitted to the Court (pp 11-13) of 31 May 2016 (case document 401).  

It has come to the organizations’ attention that the Swedish National Council for Nuclear Waste addresses 
the issue in its report, “Kunskapsläget på kärnavfallsområdet 2016: Risks, uncertainties and future 
challenges”, SOU 2016:16, where the authors discuss the risks and effects of low doses of radiation on 
human beings and the environment. The authors write (pp 104f) that the applicant has calculated that “in 
some, what they call ‘hypothetical’ cases, the resulting dose will clearly exceed the established limit”. 
The ‘limit’ in question is the dose that corresponds to the level of risk that SSM has set, a level which the 
applicant’s safety analysis must demonstrate that the final repository will not exceed. The limit is set at 
one-hundredth of typical background radiation in Sweden. 

The Council goes on to treat three radiation release scenarios in which doses correspond to 10, 100 and 
1,000 times the established limit. The consequences of each case are specified in terms of 1,000 
inhabitants of the area above the repository and the expected incidence of cancer in the course of a 
century in that population. The resulting numbers of cases noted represent the ‘extra’ cases of cancer 
above and beyond the 200 cases per thousand that might be expected under normal circumstances. In the 
most extreme case – release of radiation corresponding to 1,000 times the established limit – when the 
dose is ten times typical background radiation, about 100 extra cases of cancer may be expected, an 
overall increase of 50 per cent. 

The organizations would like to point out that the Council has only considered the scenarios that the 
applicant has included in their safety analysis. We should recall that all the scenarios in the safety analysis 
are based on the proposition that at least one of the safety barriers remains intact. This assumption leaves 
out scenarios that might result in considerably higher doses to the population residing above the 
repository. The organizations find it conceivable that should the canisters fail during the first millennium 
after the repository is sealed, the clay barrier will also fail. Further, if water runs through the deposition 
tunnels after the clay has eroded, due to the major differences in water pressure in the  bedrock around 
Forsmark, the ability of the fuel waste itself to retard the spread of radioactive isotopes will be the sole 
functioning ‘barrier’ left. The chemical and microbiological environment after such a development may 
lead to the gradual decay of the fuel waste. Should this happen, doses of up to 100 and 1,000 times typical 
background radiation may occur above ground. That is to say, doses that are 10,000 to 100,000 times the 
limit established by SSM. 

If we extend the Council’s calculations to these two cases, where radiation can reach a level 100 and 
1,000 times higher than the normal background dose per 100 years, we arrive at a toll of 1,000 and 10,000 
‘extra’ fatalities due to cancer. In other words, most of the 1,000 people living above the repository will 
die of cancer caused by the leaking repository. 

The organizations argued in the above-mentioned comments that the man-made technical barriers of 
copper and clay will not function as planned; instead, the final repository may well begin to leak before 
1,000 years have passed. Should this prediction become reality, there is a very real possibility that the 
release of radioactive substances from the reposiitory will cause unacceptable damage to human beings 
and the environment.  
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